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’ This document presents the r~su1ts of an ana lys is ol t he features ot the

Upgraded Third Generation ATC Sys tern in a proqrarn of eva 1 ua t ion of the impact ~t t he
imp lementation of Area Navigation on the other feature s of the U G 3 RD System. This
analysis includes evaluations of the impact of RNAV on the performance and c O s t s  of
these UG3RE) features and. in turn , their impact on the performance , costs and bt? n efi ts
attendant to the imp l ementation of ~NAV . 
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As a part of this study the LJG3RD System has been examined from the systems inte-
gration point of view . One result of the study is the establishment of the effects
which RNAV could have on UG3RD feature imp l ementation schedule tradeoffs and
interactions . These judqements were based U~Ofl a study of the problems
of the existing ATC system , and the capabilities of each UG3RD feature , inc l uding
RNAV , for solving each of these problems . 
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Earlier studies of RNAV imp l ementation costs and he~~~~t.s have been reviewed and
any areas where UG3RD implementation plans would affect t’~e~~ cost/b enefit t iqurt ”-.
have been identified , and the earli er figures recal cul ated . i~vt ’ri 11 RNAV imp l ernen—
tat ion costs and henefi ts (a i rI I ne • genera l avi a tion • A l C ‘.vs tern and d~ rI i tie ,lssen-

• qer) are projected annual ly t~ the year ?000 . These annual fi qures have been
di scounted to present value totals (1976) , accord i uq to qL: del I t ies issued [‘~ t he
Off i ce of Management and Rudqet. and the resultinq ~enet it/cos t iati ~ ’-. ot kNAV
are presented herein.

~~~ w0,~ , 
- i~ . ~ ~~~~~~~~~~ s ,.,,.ng 

— - — -

Air Navigation . Area Navigation , Lconom— Document s avai i1~1e t o  the puh i i ..
I ~s. Upgraded Third Generation Al C System ,~ Throuqh the Nat I ona 1 ech n I ,i 1 ut or-
Al r Traffi c Control • A i r 11 ne Ope rat i ons , mat ion Se rv i ce , ~ p r i nO I I e 1 d . V i rq m i  a
Cost/Benefit Studies L .‘,‘lhl

I’I S.~~~,.~~~ L I , , s s . *  . 0’ . ~p , ’ ’ ~ ~~~~~~~~~~~~~~~~~ (~ t b .  pag.) .‘ l -  N .‘

Unclassified I Unclassified I
Form DOT F 1700.7 ~~~~ 

-- . 

R~ pr o d uct i on o f comp l.t.d poq e au shor.z ~ d

~~~~~~~~~~~~ ~~~~~~~~~~~~~ _ _ _



~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~- - -‘-- -- -

- 
.

S .

~~ ~~~~~~~~~~~~~: • ~~~~~~~~~~~~~

I
~~~~~~~• (3 . . .. , . .~~~~~~~~~~~~~ I

: 2  .. ‘ I ,
U t~~~. . - 1
~~ 

. 
~~~

.

• 
,
.

-‘ ,‘ -
,
. .~~:a

a

S. I . . 1 . .  
~~~

. I IU)

C

~~ 17 II .. ..~ L I  ‘II SI P 1  I I  I I  flI 1. 1 -~~I’ ~~~~-

- - - - I I

fl ~I -  I I I i I I ~I~~fIh Ii! ‘ : T I l I ! t I j I , !I III~~f I I iI~ ~~~~~~~~~~~~~~ -~~;tit

I l i j I l i l

~~~~~~~~~~~~~~~~ 
~~~~

I ~~~~~~~



_

PRE FACE

The Systems Researc h and Deve lopment Service of the Federal Av i ation
Administration has undertaken a proqraiii to assess the technical and economi c

ç. impact of Area Navigation on the ATC System and the users of the National
P Airspace System. This work was performed under the RNAV Technical Support

Contract to Systems Control , Inc. (Vt), Contract No. DOT-FA72WA-3098, Task
Order No. 013. The work was performed by the Champlain Technology Industries
(CT!) and Aeronautical and Marine Systems (A&M) Divisions of Systems Control .
Inc. (Vt).

The FAA Technical Mon i tor for this work was 0. M. Brandewie and the
Technical Support Program Manager was D. W. Richardson of Systems Control ,
Inc . (Vt). The Project Manager and principal author of this document was
E. H. Bolz of Champlain Technology Industries , Div ision of Systems Control ,
Inc. (Vt).

Th is document is a final report containing the results of studies of
the interactions of RNAV and the other features of the Upgraded Thi rd Generation
ATC System.

The following members of the technical staff of the CII and A&M Divisions
of Systems Control , Inc. (Vt) contributed to the conduct of this study :

E. H. Bolz (CT I) Proje ct management; study methodologies ;
cost/benefit analyses ; analyses of DABS ,
IPC , Upgraded Automat ion , arid ASIC
in te rac t ions

R. W . Sco tt (CII)
Analyses of MLS and WVAS i nterac ti ons

W . Heine (A&M) T
A . R. Stephenson (A&M) Analyses of FSS interactions
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1.0 EXECUTIVE SUMMARY AND CONCLUSIONS

I.]  INTRODUCT ION

This report contain , detail ed analyses of the interactions to be expected
between Area Navigation (RNAV), which is an Upgraded Third Generation System
program , and the remaining programs of the Upgraded Third Generation ATC System
(UG3RD). These are to include identification of RNAV effects on those programs ,
the effec ts of those p rograms on RNAV , and the overall impact which RNAV will

• have on the functioning of the UG3RD ATC system. As a result , this study has
included a detailed investigation of each of the domestic UG3RD system programs .

• The improvements which comprise the UG3RD ATC system are designed to alle-
viate the several operational ari d economic li mi tations associated wi th the present
Thi rd Gene ra ti on ATC Sys tem , both as i t p resently func ti ons and as it would be
expected to function as traffic grows over the next decade . It should be empha-
si ze d that the opera ti onal and econom i c p roblems affect both the users of the
ATC system facilities and the ATC system itself. Other than to imp rove the
margin of safety , the primary motivations for ATC improvements are economic:

• For the aircraft operator the motivat ions are to improve routing
efficiency , reduce del ays and improve operational reliability

• For the ATC system the motivations are to reduce operating costs-
per-service rendered through enhancement of employee p roductivity

The followin g l ist summarizes the limitations of the existing ATC system
as discussed in detail in Reference 52:

• Manual routine control-decision-making process
• Usage of voice communications for routine control instructions 7

• Limi ted ATCRBS survei l lance radar accuracy and target reliability
• High airborne and ground delays due to terminal capacity limitations

(wa ke vor tex prob lem , visibility limitations , runway separation
requirements , noise abatement constraints )

• Ai rborne and ground delays due to surface traffic control visi bility
l i m i tat i ons

• Severe operational and economic constraints on further Category I
and II ILS deployment

U • Inef fi c i ent fl ight serv i ces p rov i s i on ca pabi li ty
• Continuing accidents , i n c l u d i n g  m i d a i r  c o l l i s i o n s

These problems will be aggrava ted as traff ic dens ty increases. In response
to these p rob lems , and as a result of the recommendations of the Air Traffic
Con trol Advisory Committee [13], the FAA has embarked on implementation of the
following list of measures, which comprise the UG3RD system [52]:

• Discrete Address Beacon System -- to overcome the limitations
of ATCRBS system

• Interm i ttent Positive Contro l --  an automated VFR/IFR separation
assurance system

• Flig ht Service System Modernization -- including automation to
i mprove p roduc ti vity

• Upgraded ATC Automation - -  to enhance safety and imp rove controller
productivi ty

1— 1 

--



• I (. ‘ .~~~~
, - ‘, ‘ - Iii 1 ~,,i5 II ’ . - - — Ii 1~~ ~ 1117 -  i ) & ‘ !d t I ~~~~ - ,7’ 113 cos

i l l  I t I 7 ( 1 , O t

• 1 ( 1 ( 1  ‘,dV i ’i i t i  I r  -- - t ( 1 - r i  rou t  iii ; t I ii 1 ( ‘r iCy i ’ i - t  I ac ii l i d to
i l l  I I I t ’  i a  t I n ‘~

• A m rpnrt i i ?  1 i I r i  I I II ( o n t  I I  —— to i i- ; 1 i r i)v t ’  S ; S P ’ V t ’  1 I I once St ’f l SOt ’~
ant i  i U t ( ~~7 l  I~ ’ antro l t~~? . .  t i l i f i .

• ‘. 1 1 7 ’ ‘
~~0 ’ t l ’ A A v o i d a n c e  ‘ v ’ , tt ’ ii ; —— to a l low t loso r ’ i n — t r ~i i I ‘,e pj rd tj . 1n~.

4 ’ H l t ’ r hur l - i  2 nd 1 t i i l l ’ ’ ,

• A7 rc) sa Ii’ - - to i I ’ l l)  roy 1 t ’ i i l i t  4 0I1I d411 ii I t 1 d! i ’ , c,l Pa iii 1 i

ill  n ’ - s e fs~~i tu rt ’ s  t u r : -  ,i CO!~(l lt ’ l  : l ’ I l I  d I V  ‘~O t it i 7 4 1 1 i ’ V t ’ ’ 1’ri t S . i t ’ . ’ art ’ iii

. . r ’ - , l ( ;  st aqe, of i fe v t ’ lo; . ( ‘ nt  7 ( 1 1 1 hi n:pl i ’ i t c 3  O V t  r a W I  LIe t i T l e  S~~,I?I -

50 , i ndividual features nay j r i ;U, ’ - :0  1 111 :1 l’~ I 11ev Ire ,I~~v t 1 o ~~e I  a n d  ret m e d  -

‘ i t ’  ref :a 11711111 ’ C7~~ thi S 1 . ‘J’( d l i  Vt ’ ~ll l  U’V l i l t  ( l i L t ’S  RI~’iV t , i f l t  ¶ 1 ’ r l S  •

o~~’”n1 ,~~ cost ari d ti , t i t t K , “ V i ’ ’i’ 4 , f b i’  ( ‘ t t t ’ 4 ¶ 5  W !I i (7 
~~~~ V l ids t i t i”

t~~~ i 7 , l u i h t V t ’  On tht’ ov ’rol 1 :1~3i~i) P 0 1 7  ii . tr id - ! ‘ t ’ S L ’ l l t S  t I l t ’  I oric i i ’ ions ot  t iIi S
‘.1 i , .

.
~~

- ‘ ~,Ct’ , :~ :T: . tO ~~~ T h -  , i - . iHI S ~o H) 10 ,, V

I I .l t ) i I) I  1 i 0’ l r t ’ )  , 1V -SI I 1 1 11  15 1 ‘ V  I )i I 5 ) 7 4 Y ’ S i  11 1 1  l I l)~ e
1 1 7  0 ‘O I r i  ‘~~ • 

7 rt ’ — , t ’  fl”(~ I t i d  I C’ . W I  l f l~~U i ni “a ‘ 1 - - s i s ch  as 1 1 v ~riq owa ro
)V , ’ v ’ f l O v i  i t~ r 7 S t I  1 1  1 7 . 5 , t i  - 

‘ 7 7 . ’ la s s i ,  h o t i  t ‘ at t ’ ~ i~~i t t ’il I )  ~\A~ or,
I ) 1 ‘ - in pro v i  4 ‘:o r ’  Ii ‘ - , 7 1 11711 ’ , f ’ ,) c m ’  a i ’ p~~ i’ t C 1 1 1 ’ t Ime,’ S i  fl~ C

• 
~‘s w i t  Ii f wi ’  p I - or s ri  1? , a no ( 2 )  1 t 1 71 i I- I l l ’ ave t I i t  1 C 1 t ’ l i t \  of

to”  ~m . ,t c roi  t ’dUl’US t i  y i  i- t ;,o ‘1 1 lie iC t i l I t  i i O ~~t V t  Or ,~rot t’ ,~~r,’s ; ‘o~ he
i; t l I I i ’ t ’ ,l )1 , 7 ) 4 1 ) 1 1  5 7 , 4 P~-,A ’, ( rI ’ ’  

~ 1 ( 7  &1epar t u~’~ “O u t t’ c , W n i t  71 wou ld tie se l f-
‘1  . 1 - l I l t  1. ‘ : t ’ end ‘ t - . - .  i t  IS I ) ~ ’~ ‘ 1  t i c  len t  o t e r a l  1,111 i i i  r ’t ’dI~ t O  ~~ con —
r i  1’’ r w o ’ ~ O I l . - t ~~ ou t 5101111 ’ , [i . , ‘j .. i/ ( l v i  - i i )W I 1  1 rsI t tn~~rL .it’C i k l l l t

0~~’ I r  p ’net i K ~is wHi . Cost . rit V i O ! 7 1~ S 1ll ’OCUI ’Oi It ’t i t hive .1150 h i t ’? ) e S t i :d ,i~ t ’,t .
h~’ - ,1 ’ ( lis ts ,inl her ief i K ire p t ’ i T e l  t I :  ;:‘.‘l ’r a t w e n t y— t i  ye year  :or ioI mn Section
H. Tn , ’ pri sent  S I C  I ion is o r lemi t r i ) t it ’,,I nil’ -. sh~ w inn I t ’ e f f e c t ’ ~ a t  F-1I~AV in an

- p er i l  1~)na l 5E’f l p ’ on CO ( i i  1 7 ( 1 1 -~~L I l iP ’ ’, • Ull! 7 1 t ~’C 1uciio ; t I l t  W O Y S  ~\~1V
w i l l  1 n I t r i C  I Wi ¶ 11 1 flt ’ 0 t i l l  r s  ~~ p7~~’ I’’ 7 1’ -

‘ I tA V p l’OV Idl’ ’ . thi’ ati il 1 t v  t I  0 LI r~~a ’ ’ I i  t l ’ l l’v ‘‘a t e .  This r a f l  ran ’e i n
t ‘~ 7’10 ft it  V f r Q l ”  S f 0  - j l v i  7 1 1  ~ Si  

~0 ft ~- (  “0 ~~ j il t i l V i ’ 1’ 0( 1 ~I 1 !‘Cd “I ~111 1 1 V 1 iC to I
a 1 1 ( I t ’  W i  i ) pro — p t  - ‘ o~ In a - ;‘n~~~ o ’ Cl.  t o  • s 0 1  ‘~~~ - .  t - ‘ ~~

s .c , a to r I 101
no v I I ~~ 7 t ‘ . 7 1 1 1 (ii \ , ‘ V  1’ I S t i  I t ! -  t dP - d’- . l  Cl i  ~~i ’ ’  0 0 , 1 1 .0.  1 5 1i ’O OtlOl anti ci \‘e

~~1 ‘ ~ 1 T h ,,  WI  1 . 1  1 ti pni i ’ i’,fl 1 -  fl ‘ 1 4 5 1  Pt ’ .i iu i~; t e r — s  of ,1V 1011 1 i S  ~ost  , c o c ks  7 t
1 , 7 .  Iml d I ota  inpu t  hi  d r - i  - r  nO t l it 1,1 1 . )

~ ‘AV a~it I’,i i~ n,i i Li~’,’C tSflS an d  f T  I cti t

L I I IW ,) r r t or  r~~e are ,‘ x I l l n e i ~n gIS t ~H tii  1 in ~~ t’rer ,- ~ i ’Si ’ p i ’ O h l C ’ S
i n 5 r~~ 1, lf l  t n - m t. hi t l i t ’ r  a v i o n i c ;  ( - 0 5 1  hniri~ s lowe r cock:l i t w~ t’Ha.d, etc . .  ond
SO I nt S V S  toi l can he nri I ched to the ,-e~ ui (‘orient and to th~ e\~ecte d econo ;’si C

“ ( c o s t s  versus benef i ts  ore .iet ,i i led i n  Re t t ’en. e 0 ).  User hen~ f I  t s  a re

‘ri I “ r :  j i s t  thos e a ssoc i a ted  w i to f i v i  rig shorter ro uteS , as w i l l  be cOm e
cvi dent  1 a t t ’~’ .

0 t i ’  A L .  ‘ v  - ‘ i . ~~A \  , or the Sii~~to :e . i p i’e ( rs  t o  co. ’s1 h .7 Ii’ ,it t e rs  S i nc C

It ’ st r~1c t ,r,:S will ovc- rI dy esi s t  i 04 rOutes (in tIle P1 oh a it 1 t ude O n V I  “017 —
- t l f l ’ I ‘ 10 0 \ I st i  n~ S truc to re wo uld i v0’ i  I ua 11 y he ~l ~~~ 1 1 0  ted) cud a mi \ “ of R\A\
a’ ; I m~~t f l t  lonal t r a f f i c  w i l l  nave t o  t ’ t .’ t o le r . i t ed ,  - C W t ’ \ c - ’ . ~~ -\\ l~~.0V1 4t~S t i l t’
: -o t en !  I I I  f o r  S1 ; i i l t i t ! i lt !‘t~~t ! l  t i o n s  iii A I C  ~,i I 1 t 7 o l 1 t - r  wor~ ioad . p rt i c , . ia r i v  ~ri
‘no ter;’I i n ol  c - ’v i  rc,i :’ :ent thr 1 1 4 ’ )  t I l t ’ 5 7 4 ) 1 5 1 1 1 1 4 1  iCr) ~ SI ’~ - rT.u iqa ted  ~ll’0ct ’i11.?’e S fo r

i t  
____Ii~ 
—.--—• “• .-. 

- 
-I-- ~~~~~~

—
-~~~~~~~~~~

— .,_a_ ~~~~~~~~~~~ - ~~~~~~~ - --‘- - _ rn—- --— — —------ -- -- —-----—----_-‘- — 
‘-~



- - 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
. - -

radar voc tor procedures , thereby reduc I rig that as pect  of  the rada r on trol l ers
workload assoc ia ted wi th providing riavi ~]at iona I qii i dance . hese overd ] I bene-
fits are reviewed in Section 1.3; however , i i. o f  lIlt i’t’ .’s t hen ’ lii i nt roduce

other ways in which RNAV will interact wi th the operations of the ATC system.

In the enroute environment , severa l advantages may he o bta i ned  in addi tion
to shorter routes. rirst of all , a well-ordered route structure , designed to
reduce confli ct points and ease conmtrol1~ r workload , may be designed . This
pa rticularly app lies to the hi gh a l t i t u d e  environment where RNAV will probably
become the exclusi ve navi gation technique . Such a structure can contain
al tern ate routings for major t raf f i c  flows in order tha t ambient wind conditions
rudy be used to advantage . The preplanned direc t (or arbitrary ) route concept
will allow users greater flexibility, although initially it may wake  the
control ler ’ s j o b  more comp lex. As automation is eventually expanded to relieve
much of the controller burden , d i r e c t  routes  may be used to even greater advantage .

RN AV provides the controller wi th added tactical contro l options (parallel
offset and dire ct-to-next—waypoint procedures ) which may be used fo r  a i r s p a c e
conf l i c t  resolut ion purposes . The paral lel offset (which would be most popular)
is easier for the control ler than radar vectors since the surveill ance require-
went and message counts are reduced . The offset is better than an altitude
re cleo rance for the airc raft operator s ince the latter u ’;uall y iiieon’ - operatin g
at a non-optimum altitude.

The primary applications of RNAV to the terminal area are that it (1)
,t l lows ~ i rspace to hi’ alloca ted to the various urn val and departure routi rigs
more effi ient ly , and ( 2 )  promotes self-navigation of the routes , therefore
reducin g controller workload by a con sider able extent. in addi tion , t-he terminal
contro ller ’s set of control options is further enhanced by such procedures as
the delay fan and base-leg extension techni ques , as well as the Par allel offset
and direct -to procedures. One of the udvuntaqes of the reduction to workload ,
bes i des the  eventual imp a c t  on staffing requirements , is that the controllers
are free to more careful l y sequence the arrival traffic , resulting in improved
capacity and reduced delays [37].

The usaoe of RNAV terminal routes also allows special routes to he desi-i-
nated to sateflite airports in major hub areas. This reduces workload and m ay
guarantee confl ict-free paths to these mi nor airports . PMAV con a lso  he use d
for defining IFR noise -abatement routes. These wo uld avoid noise sensit ive
areas and would be designed ~o intercept the ILS (or narrow-beam M:S) approach
course. Departure noise-abatement routes can also he implemented.

RNAV capability may also he used for conducting non- :ri ’c i s i o l st rumemit
approach procedures , Prima ry candid ates for RN/\V procedures ,ire nun-1i ,S run-
ways at major airpor ts , particularly when they are used extens ively for GA
and STOL operations , and primary runways at the many smaller airports wh ich
do not have ILS capacity . -

Many of the above benefi ts , as well as costs , have been quan t i f i ed , the
results of which are presented in the follow ing section.

1 — 3
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I his sec I i on SuII~ IkI r I ies the resu l t  S of  a do t~ l ied • mnm.r I vs s of RN/\V ros t
a rid bone Ii ts pro ,j ec ted over the per jot I o f years t row the present t o  I he
year 2000 . [Fm ’ i ntm’ r~ t. of this s t o n y ,  whi i h is nh’’,n~ ’ 4 hOd ill ‘

~ t ’ t t lO l l  ‘1 i i i

t ieta i i  , i c to prov r do the  ba~, is for mnak I iig educa t o r i  de , I s I ()flS roqa ,‘d I rig
t,he I nip 1 ernen t ot  i on of a rea nay I a t ion roti tes and procedures . An impor ta n t
fac tor In these dec i si ons is the rat io of bet -ref i ts to costs . In order to
properly compensa te for the pass age of t ime encountered be tween the points
where system imp l ementation costs a r e  expended and benefi ts are realized ,
overa ll cos t .s and benefi ts must be I)resented in terms of their present
(discounted) valu e . Guidelines for present va l ue computation proriiu l qated
by th e Office of Management and Budget have been used in this analysis [43].

In References 1~ and 15 , earlier studies of the costs and benef its of area
navi gm t ion , Iota lied methodolog ies were (level oped for RNAV cost/benefit
assessr ’e l l t . . Reference ‘1 ca lculated pro ,j ected benefits and costs for a typi cal
i;rp i n ’rcen t it ion year (i~ R4). However , these calculations have been revised
a n d  ex panded in Ui is report for three reasons:

to ac c ommnoda to any changes in t ’xpe~: ted benef i ts
or costs which have resul ted from the p r e s e n t
study of the in terfure of RNAV and the IIG3RP.

? ) lo allow pro,jec t ions to be ha soil upon t he  revised
tra ff1 c a nil fleet projec t ions ila to con t a  uied in
the Basel ine and Implementation Scenario [1].

3) To proj ec I , a rid to i ll s coun I. to pros en t. v.1 1 ue ,
all benefits and costs from the present . to the
year 2000.

As a resul t , conrprehensi ye and current assessments of overa l l  RUAV tierief i ts
and o’~ t , and present v~ 1 mu’ henef i t / cos t  i’,r t m os , nov he made. In the fol lowi no

I a i r  .irrior L m ’ n r t i  Is and i os ts .ire t ’s I lres~~m ’ (t .1” l f ldt lSt r9 to ta ls . Interested
F pa r t ies  are referred to ‘il’~ t. ion 4 whi ch list s a l l  benefits and costs  by i ndi vidua l

- 7 1  r(: ra f t  type category , which is of interest since the benefi t/cost. r~t ios COO
— v i ny w dr 1 v from t yp t ’  h i  t y p e .  (‘ a no s liou 1(1 , however. be exerc i sod in interpre t i n~i

the homim ’fi 1/i us I. r5 ’ S i j  1 Is for m d  r v m  duo ] il ni ra It. ca 1eqOt’ it’S . The,y express
- 1 1 mmliis try d pii’Pga I o nr’sli 1 t s over a f i xed  t i w o  period , and so express more co nse r—

va l i v e  i ’ t ’ ’ u F t~ than woo l d be oxpec ted f rom berie f 1 t/ t ’Os t .100 lyses a ( m d i  v i  duo
a i r c r a f t -  i n  a given f l ee t  , where the analyses w o u l d  be car r ied  .—~ei ’ li ii’ airc raft.
l i fe t ime .

1 - 1 . 1 RNAV User ( .ost . .

I hi costs  to a i r’~pace users of RNAV equi pane have been compu ted for  the
projet .. t int a i r  cdrr i r ’r f leet  ~nd for those genera l .ivia tion users most likely
to  equip . in general , a i r  ca r r ie r  0 i r’c ru f t  were assumed to equi p over three
ye ar pi r ads , w i t s  w i i ~ — bn dy a i r c raf t  S t i l l’t  l O t )  in I~1I~

1 arid na rrow—bodies in
15-1 3 , ~ t FIO J IlI ( It ’ l l  ill except ions (two—engine , fou,’— & ’nq inie standard body )
(‘f t m l  ~iue to tie l i n i n g  fleet s moo projections. RNAV e q 4 i p a q e  cos t . s were
Like n Ii 1 ,1( 1 4th - ;m i i 7 il~leIl t t i ’i~~ t 5 , spurt’s inventory , one—t ime installat io n i_ ost
.ini ( neW t ra in ing ,  p In , .101 111 ,1 ]  likI i n i te f l m ii~ e and d a t a  li~ nt ’ updu i t  • o s t s . Th e se

~1 -,I — - n
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os t v a lu es are d .’t a I led in Sect ion 1. A standard ARINC MK 1 3 RNAV coot I qur.r-
t ron was assrm n~’(l I or standard body . i i  rt ra f t  , and more sophist  i cated ,m,id ex pen —

ci  ye u n i t s  were presumed t’or the wide body aircraft . Du~ 1 (redundant ~ ins tall a 
-

tions we re presu med thr oughout , althou g h dual i ns ta l l a t i ons  art ’ not required
to obtain RNAV benefits. The suninary air line equipaqt’ cost data are presented
in Table I . 1 . Costs from the present da to a no i nt I udt’d S 111 Cr ’  .1 I OW ,ii t ’ l I l i t ’S .1 rt’
now ego i~i~ii flg

Table I , I Overal l  A l r (‘ inn i or ’  1 gui pane lo st s , 19 Ri— ?U tJO

/Nnte / t)ual (redundunt, Louipage Presumed
Un its Instal l ed f’444?
Acquis it ion Costs $1O6QM
Maintenanc e Cost s 367M
Present Valu e Totalt$ 44:’M

It i s  difficult to predict. which general av Iat ion o perators w i l l  he mos t
l i ke l y  to equ ip wi th  RNAV capab i l i t y .  The dol l ar  payoff ’ is not nearly so large
a’ in th e a i r l ine case , but other op e rat ional  hen ef i t ’ ~ may he realized by GA
operators . The relatively large number of GA RNAV uni ts ‘-o ld  to dat e  a t t e s t s
to their ut i lity . The earlier cost/benef it study [t~1 quantifi es dollar benefits
of RNAV available to GA users ; however, overall benef its to the GA segment have
not been projected in this study since data sufficient to establ ish such a pro-
jection were not provided in Reference 1. To maintain an overall conservative
estimate of RNAV benefit/cost ratio , the RNP.V equipaqe costs applying to those
GA dir t raft most likely to be equipped have been computed and art’ included in
this analysis. Those judged most likely to equip includ e a ll turb ine aircraft ,
and all piston operators who are based it high or niediunm density hub airports.

i Oil to  (non — rt’ c luntla,rt ) equ i } ) aqt ’ I,  F~’e’ une~ , wi t,h j ol t i a I ego i p a n t ’  s t a r t  i n-rn III

198~ and continuin g for four more years . Total acquis i t ion , maintenance and
present va l ue costs are listed in  Table 1.?.

Tab le LU G~ [quipaqe Costs, l~~U-2OOO

/Note/ Si rig It’ iqul page Presumed

- ~Turhine P ist o f l
Unit s Inst a lled V° ’ 34

~I Acqui sition Costs SUO 9. 1M
Maintenance Costs 6.4M

Presen I. Vol ue Tot a I S 76. 4M ~ I IL IiM

1 . ~~.
‘ Air  Carrier Benefits

In Section 4 detailed explanations are given describin g the  data source’- ,
methods ari d assumptions used in pro,jectinq the benefits o~ RNAV to he r’o l I :ed
by air carrier operators . A l l  analyses have heen’r co nducted separate!~ ~or eacha-i rcrat t type category . Four RNAV beriefi t types have been studi ed : tt ’ rmi no 1 are a
route and procedure benefits . enroute route length s av in g s VNAV d~s em - m t procedure
benefit s , and 40 (time control ) RNAV arriva l benefits in an M&S environment.
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Fleet size and operations data worn ’ t~ k r ’mr f rom Reference I , while benefits
methodo l ogies were taken f rom Peference I~. Also , the most recent (lQ7~n )
CAR data concerning operating costs , f u e l costs . sta g e lengths and departure
rates was used (Reference 45). A scenario was deve l oped describing the order
and tim ing of the implementation of ~U4AV (and of 4D) in terminal areas . Over-
all benefits are stated in Table 1.3. Joe l and time benefits are stated directly.
The cost value implications of these savings have been expressed in terms of
m ax imum and minimum potential values. Stating two values was deemed necessary
in order to account for the wide potential variation in future fue l prices ,
and to account for varying airline interpretations of the incremental cost of
aircraft operating time . Specific values used for fuel and for time value for
each aircraft category are listed and explained in Section 4 . It should be
mentioned that the higher of the two cos t levels more closely represents
probable ’ future fuel prices and coninon airline costing policy .

Table l . .f Overall Air Carrier RNAV Benefits , 1982-2000

- T Terminal Fnroute~ VNAV 4 D w t , ’W I  —

~~~~~~~TOTALProcedures1 
- Descent M&S

Fue l Savings (gal) 302?M 373?M 
— 

843M I 2774M t lO,37 1M
Time Savings (hr) 1 1844K 1945K 592K 2355K 6,736K

T OTA L DOLLAR VALU E : 
I f

Low Cost Assumpt ion $ 16?1M $1919M $ 44 1M $1823M $ 5,816M
High Cost Assumption 2/38M 3?b9M 726M 3~l8M 9,84lM

1976 PRESENT VAL UE : 
—

~~~~~~~ 

- ‘   t
Low Cost Assumpt ion $ 37lM I $ 4?5M $ 105M $ 401M 1$ 1 ,302M
Hi n ih (,n n t  A’.’~unfl)t inn 6??M / 1 HM 1 /tIM 683M ? , 1 93MJ

P ‘ t I l l V I  I ut ((0, t’ . - r: hn’~t t ’ S F1 I V  I i l&  Iio (’ been i Iciil a tNt . I he a it ’ I lilt ’
- f  • P nt , n j  t i m  L I ’ , F i n - I ,  1) 4 ’  , i o i t m n t n u t  , i ’  in Table I .4. The n o s t r I l  1 mu;  i’a t 10,

fl 1 ‘. 1. ‘ P - t - -
- ‘ I ’ . II , ‘ - I - I , i’ t i p ’ iii 0 \~ n” , ’ ol t ha I required s i ri p Iv for ~iis I i -

- ‘  ‘ P -  I I I  - , -~~~~
; - “ , t ’ , I r IP ’ ~~t ‘ p i t  i a F p,iyol t 1,0 t 110 a 1 i’l I lieS . I I. cliotil ~t he

“it , - ‘ ‘ - - i  th.i t bonn ’ ’ 1 s :~ i - -
~~
‘ t n  1 ) 11 , u t ’ severa l ty po s  wi  I ] be ava m la b ]  o to

n ’ -1  I~~t p .’  I i i,  m i ~ - ? i n - ,n ’ worn ’ let I o i l .  if  t h i s  a n a l y s i s  for purposes ot
‘ , i t ’

~~
n I I I  i t - i t  1 0 1 1 .

i b i  v I . ‘ A u ’  c,i en j n i ’ Ft i’esr’n t Va lue Benet I 1./Cost Rat io , 1 — ,~O(~C

‘ne on t Vu I tin’ ( :1 )5  I_s

PRI “d Ni VAL Id P1 Nt FITS : $1 302r1
I OW Co’; t / \s s um pt . ion :t 193M

19/b P/ (  RATIO :
OW Co’- I AS ’ ,i i l’pt , i() nl ‘ 

-
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1 3 .3  All Benefi ts arid Costs

Section 4.? discusses in (letai 1 th e results suinwuid ri.’n ’ nl 1)0 1 0W . Major AlP
benefit dreas include the ability of RNAV to allow certain VORTAC stations to
be removed from term inal areas , resultin g in savings in maintenance costs , among
others , and the ability of RNAV to reduce controller work l oad and increase pro-
ductivity , resulting in ATC staffin o reduct ions. Major ATC cost areas include
certain improvements to the enrou tn’ VORTAC coverage network for RNAV route
s t ructure covera ge , and the costs of imp l ementing area navigation in the NAS .
There are also other areas of minor cost or benefit impact , such as in the area
of ATC automation costs (see Reference 8), whi ch are not i ncluded i n this
analys is.

The terminal VOR maintenance savings benefit derives from the findin g [8]
- - that forty-ei ght stations could be removed from the fi fty-four high and medium

density terminal areas included in that ,jnalvs is. While many types of savings
could be realized from this removal, a u onservativm’ estimation was pertoniued
t i t i  li z ing onl y the savin gs in m a i n t e n a n c e o’ t. expenditures. The total savings
(1985-2000) amounts to $36M , or an $RM 1976 presen t, value .

Termi na 1 and en route contro l len ’ product i V i t  y I iiiprovenients h a v e  been the
subject of several studie s [49 ,8] , wh o re it was found that the imp Ienicntati on
of RNAV could result in 10% (terminal) and J4’~ (enroute ) productiv ity improve-
nients. A recent study of UG3RD feature productivity improvements and  r e s u l t i n g
staffin g levels (Reference 50) was used as the basis of a project ion of overall
impact on staffing requirements. The m’e ,ul ts of these pro,ject ions are stated
in Table 1.5.

Table 1.5 RNAV Controller Productiv ity Benents , 1982-U000

~~~~~~~~~~~~~~~~~~~~~ 
- - - ‘ -~~ Saved 

- 
Save V~ilue p

126 Terminal Areas 106 3 $ ?6.4M $ 8.OM

~O Enroute Cent e r. 17 ,0 18 4~ ?. O M ? 1 O. / M

The major ATC cost areas studi ed worn’ for enroute VORTAC improvements and
RNAV implementation costs. Required VORTAC improvements include two new stations
plus convers i on of five existin g low -t ltitude stations to n ig h altitude status .
resul ting in the following costs :

- Capital Costs (1982) $597K
Annual Ma intenance 97K
1976 Present Value Total 84 1K

The RNAV imp 1 ement at i on costs ove r a ten  -year i nip i omen tat i on per i od have been
estimated [44]. These costs amount to a tot al of $l9 ,82K , with a 1976 present
value of $l2 ,949K. This cost daf t is broken down in detail in  Section 4 . U .

Th~ AIC bone f t o’, I ra t io  may he computed t rom t tie present va lun ’ data
~~

- , in Tabl e 1.6. Th ese rt ”ti )t ’, , a ratio of 9.9 , show that RNAV i ’-. extremely
ittract ive from the ATC economics point of view .
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F . l n Al P ‘rt ’c n’nt , V u t i n ’  l~ ’ i it ’ t t i / I  i~’,t R a t i o , I’)~ 1- .’OOO

Present Vu h it ’ Bone fit ’s ~ 1 3(Present Vu I ue Cu’; Is 1 3. 8M
1976 Benefit/Cost Rati o 9.9 j

1 . 3 .4 Air Carr i er Pas r B e n e f i t s

Passenger delay time savings benefits have been computed f rom the a i rcraf t
ti iie savings data discussed earlier , plus average per-flight passenger load
data from the CAB report [45]. The resulting sav in g s wer e costed out at $12
per passenger -hour , from Reference s i t .  The tota l savin gs , shown in Table 1.7 ,
f rom l9~;?-2OO () ,i re ht~t t million passenger-hours (67 ,000 passen g er—years) ,  wor th
over $1 billion to t,he passengers affected .

Tab li’ I . / A i r  Cat - ri o r Pas s en ger B ene fi  ts , I 982-?000

Al rt:m ’ ,i ft I lou n’s Saved b/3~1
Average Pussenqen Load $7.4
Passenger (Fours Saved ~~~~ 5M p

Va lue (‘I ~l?/hr $Y062M
1976 Present Value ~1572M

I , ~~. ~ Over a l l  W~V Benefit/Cost AsSess Ient

Tab le 4 .:i from Section 4.4 is repea ted be l ow , t a r  convenient e , as Table
I . . t i nc I odes al l  of the pnesen t, va lue da ta (a hhrev 1 at ed ‘‘ PV’’ ) 

~ 
rosen ted

in It, I 5 ‘ P  o I on . Two vu 1 ue s o f o vera 11 RN/\V bene f it ~
’ t o ’ . I ru t io are shown

wh u,h ( li t for based on the two i i  nil no fue l / time m o st a ’s ump t. i 1) 115 mont . i oned
‘ i i i  m e t ’ . 1 hu n ’ at” r~n l i i i ’ , of 5. 1 (I OW us t ’ ,) ,tntl 1. 1 h i ghi cost ’,) , o i l her at
wh ich i i  F i . ’’ , t  ra t. m ’ t h n ’  n~x I  nn’nim ’ , i t , t,rai I iv t ’no’y, of RNAV t n’omn the j~u i nt  of  v i ew  ot
I n  (np l ltI l n ,5. A’, dj ’ ,u t i ’ ,’,n’ uI in t .h it sei t . iu ~~i, thes e br’ our’ s iuni  f ’ i c a n t  ly hiqhei’ it
O it ’ m a  en ’ ion ,i I ncru f t  ((F i r ) p on lv with s i nql e , rather tli,t m i dua l , RNAV m i s  ta Hat ions .

A rt , iddi t iiini , i l olnI 1)1 m t  t’ro’ t d ir t’ 1.0 thu fue l t risk , wh it ’h is ,ilso 11s
Ill n ’ , . I l H  1 - - i ’  t i m ’ i~,iqn I t mo lt ’ of t ut,i 1 140 1 ‘ ,IV 110 1 5 t o  vvui’ .10d0, his

I - - I ’ , t i n t  t n  Pe , 1,t It ’ 1 , :1) in excess of Iii hi l i i  on qu loui s , wh i 1 e’~, eotl s the
1 ) 5  t m t , i I annua l mtI t i ~e’,t i c  a ir carrier fuel ConSUi IIpI .iOn i of 7.3 hi]  lio n a lloi p s [4~ ].
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t I t le I .~ I f lvet ’,i I R N A V  P e r u - f  I t/ i n’ -, t  Ra t i os

low C o t  High C o s t
A~siii iup 111111 A s sump 1. iou

‘V A u , ’  (..irn ur ’ r  Penr’t i t s ~l tO?tl ‘
~~ ‘ 1 iN

FtV AT ( , Sy~ t n’i i i Ben efits I t/M 1 3/M
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This  s e c t i o n  u l is t  ussr ’ , rel ative Ph i F~li t t ’ ,it,ii n’ u’ ~o ’ u o r u  t ies ,unul p lans, and
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he  short - t n o:- , o nv  i rani::ont , t hi’ou th imp lu: - ’ ’ n t  a t  ion nt ~~AV t OL nniq mu ’s .  T h i s  h,i s
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• An F Xt t ’ r Idet I  ( : ip o b i  Ii ty F’~SA’.- ’ 0111 t ’ f I t  W , tS  dt ’vu ’ I lt ( i Onj ill tt i P s
Study w h it H retiu I I’( ’S no iit ’w 01’ i ll, u i ’O y t ’ tl n~iv,i i iFs , but w ti liii
1 OU Id S I 51) j f P Cd u t 1 y i’editt ’ t ’  M1)A ‘ ~ Oil RNAV 

~lP FtI’Otl O Ft ~Il ’Ot ’ n’dtti ’es I -

for appropri atel y— equi pjned alt’ s ma ft (Sn’s lion 3.3.3)

• An & ‘x t t ’n’,I ye RNAV ben efi I , it int It’ , I p l ’ ( lj t ’t ’ I ion tf l mouq h the
year ?000 has shown th~i I I hi’ I ‘I tu  p t’esen t v,i 1 no RNAV
benv t t L  to a iN :P’aft opei’ i tou’ ’~ p,I’ ,S ( ’ t I t ~ei ’ s and t he ~\T t ’ sv s te n~ P

will Pt’ - ‘~o ru’ than 5.5 1 11110 5 jr tsi I n s ’  than the co s ts  to I host ,’
pen’ t ii’ ” . ( Set t ion - 3; Append i ~ I’)

‘I-

I’

1— 1- ’.

~~~~~~~~~~~~~ 
~~~~~~~~~~~~~ ‘-~~~ 

--‘ ‘- ---- ------ --- ----- 
~~~~~~~~~~~~~ 

-



2.0 RNAV IMPACT ON TI-F E UPGRADLD THIRD GENERATION SYSTEM

.‘, l DISCRET E ADDRESS BEACON SYSTEM/INTERMITTENT POSITIVE CONTROL

2 . 1 . 1  DABS_Si te _ Coye rage , Accur ~~L and Rel iabi l i ty  Requirements

In this section the effects which RNAV imp l ementation would have on
DABS survei l lance system performance requirements are addressed. Specif-
ically, the follow i ng li s t of DABS per formance measures and i m p lemen ta tion
plans could potentially be affected due to some RNAV system characteristic:

- Tracking Accuracy (range and bearing)
- Track Update Rate (scan period)
- Tracking Reliability (dropouts , garbled responses )
- DABS Coverage Area (at specified minimum altitude )
- Redundant DABS Coverage Area (trackable by more than one site )
- Antenna S ite Loca ti ons
- Antenna Site Implementation Schedule

Fac tors bear i ng on these requir ements are heavil y influence d by the part i cular
operational environment of interest; and for each such operational environment ,
only a few in the above list mig ht be candidate potential RNAV impact areas .
The situations which were considered as being appropriate for study include the
following:

- Enroute IFR Environment (low and high altitude )
- Terminal IFR Environment
- Mixed IFR/VFR (low altitude and terminal)
- Spec i al RNAV Procedures (VNAV , 4D RNAV , app roac hes)

The results of these studies are treated in detail in Appendix A; the major
points are discussed be l ow.

Enroute 1FR - -  The factors which are candida tes for impact include tracking
accuracy, site location.s and implementation schedules . The tracking accuracy
question arises due to the fact that route widths will be reduced in some
situations upon implementation of RNAV. However , the accuracy of DABS is so
much finer than the route widths (+4.0 nm p lanne d , ~2.5 nm has been suggested)
that no changes need be made . The DABS accuracy specification is 0 . 10  in
azimuth (0.17 nm at 100 nm) and 100 ft in range (l~ values) .

• The antenna site location and implementation schedule effects would stem
from the fact that the new RNAV routes would not overlie existin 9 VOR routes ,
and could deviate from them significantly. In the high altitude enroute en-

• vironment these de viations could be quite large , since nearly all higr i alt i tude
airs pace has VORTAC coverage , and thus could support RNAV routes . However, it
is this high altitude region which is by far the easiest to cover , s i nce terrain
and horizon problems have little effect on coverage range of an antenna in most
such situations. Long range nians [5] specify that redundant coverage over nearly
all CONUS down to 6000 ft AGL is t,~ be provided by the mid-to late- 1980’s.
Therefore , coverage above FL 180 over most well traveled regions should be
av ailable well in advance of that time . The low altitude case is , howe ver ,
quite different in that 6000 ft AGL will in many areas include IFR traffic (this
sa me cover age p lan wou ld provide single coverage to 2000-3000 ft AGL for the
most part). However , DABS site imp l ementation plans srtould not be affected for

2—1
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•P. ’ o ;  15 - 1 , 5 1 1 ’ , P , ‘ ‘ t n ,’ V OR n t j t ’’ , w i l l  I n n ’ ret , i i r t i -’d , w h i i t  require coverage
r,’ or ’. i ’ ’ , ’ ‘ . +~~( 

1)11( 1 • low t )  t I t u n i t’ mo u lt ’  t i  ‘-,pl , I ( I ’ P t : p ’ I I t  ‘ , W I l l  he small s i nce
or’(I i nor i I y the p ’t ; t j t  p’ , , t r t ’ ’ .hur’t n I h,i t 1 argo clay lo tion s art’ i nappr’ opri ate , and
lnct? avu’ri RNAV l.oti t t ’ ’ ’ t ,iulnOt day i a l t ’  t or I m iii t,ht’ VURTAC Iirt ’st ’ ltf Iv used to

defin e the t orros ItOfltl I Ii(J monvt ’r i Ii 1) 11, 1 I l’Oti It’ , (hit’ to I ho l im i ted  cove rage rod ins
in the low a l t i t ud e  e ’ riy i ronmiw ’ r it

Ter’mlIina 1 IIR — —  the DA BS pe l ’ l t t r I I ’ n i l t t  t’  factors which are candid,i t 0’, 101’ i m p a c t
‘tue to RNAV in t t ’ n it mii ial IE R opera t ions are t rackin g accuracy, update rate and
tra c k int ; r e l i a b i l i t y .  I o~’ tt ’rinin a I route nav iga t ion , the tracking accuracy
quest ion ago in or  i ‘,~~“, dat ’  to  rn’dun,’t”I route widths.  As before , however , the
r o u t e  widths i n v o l v e d  ( ‘P 5111 pldl int ”d ; ‘1.5 nm has been suggested) are very large
in comparism to tht ’ tr ,IP,ilimiq accur aty , particularly near the DABS antenna , as
these w i l l  Sc. Thi ’ other tracki ng a ~‘ur~iey issue concerns the moni tor in g of RNAV
approach procedures. I I  t ’st of a l l  i I. ‘.hould Ito noted that such procedures Wi l l
Pa unusual at hub , l I m’par t s simiti ’ I t ’ t oO  MIS Wi 11 be ava i lab le  for the primary
runways; RN A V wou i~ ~‘p ’ s o d  t a r  P t :  n ’ It ’ l l - I l  ‘n I.um iw,ly’~ where i t s  ~h, i rac te r is t i cs

ou 1 d a l l o w  lowe r ni muiii s . In t h a t  - ‘ .‘‘‘n I , the’ tt ’rm i no 1—loca ted  DABS Si tes
wou ld prov ’id+’ m ore t h~ rt adequate ‘,ui’vei l la nce 1~cauracy . The issue of approaches
10 oir ’pno rPs wi th 50 resident DABS t a o j  1 ity is treated later.

Ti,:’ t ’ t ’~’ ,t in i nq t e r m i n a l  area pmobln’ iIIS ~ire u pd a t n , ’ rate and t rack re l iab i l i t y
. 1 ’ ‘ a l  t — n a v i g a t e d  SID/ SIA R It rn ti (“dtll ’n, ’’ - - 11) 1’ t i,PUI’ — second scan r at e  i n  p resen t
enliIi,,t 1 115 ,1 usa I ’ , ex [ ) C c t & ’ d  to It~ l it  Inued. in t’ olllpan ison to  radar vector

,t rOS, 101111-k’ , , the f ac t  that the’ RNAV S I [)/STAR routes art? Sn ’ If navi gated rather
I non t a  inq contro l l e t  through groullni survei l lance ~ti u1d cause the i’equ i rement
IUY’  t i :’ t ’l y 1,t 4 Y ’V n ’ I  I 1015 u ’  i I l t O I ’ P P ~ I t 1 t t i l  i n P u t ~ reduced rathe r tha n i llc reast’d .
A’, a result . neltht ’r update rate nor t r ack ing  re l iab i l i t y  requirements need
Itt ’ mo re s t r ingent  for se rv ing an RNAV environment.

M it+ ’ n,I I~ 5,” V F R  — —  The major ‘itelils 01 :n o t ,,’nt l à ] concern here are t racking accuracy ,
updat e rate and re liab i lity , and coverage area. ~he operational factor of
‘.ign i t i cance i s  that Intermit t,~’ nt ‘( 1 , 1  t ‘ ‘ n o  Contro l servi ce is to be provided for
separating VFR/ IFR aircraft. However , it  makes no d i f ference to the IPC sys tem
how an a ir c r a f t  i s n a v i g a t i n g ; whet s : ’” V OR or RNAV , the s i tuat ion to be sensed
and serv i ce  to he provided is the ‘,,t m’ . Ther ,’fore . there would be no accuracy .
updat n,n rate or r e l i a b i l i ty  inPp ,lct . Since we are concerned here only w i th  IFR
a i rc ra f t  from an RNAV point of v iew , the coverage issue is as discusse d earlier.

‘.‘~AV A~’~’~ va 1 ‘ I)aPl ,II’ture ‘ n ’Oce d pj m’ t ’s — —  -‘\I t~ t’ t ’S t ’flt, a l l  a l t  I 5: ‘~urve i 1 lance is
- - a: :~ 1 i ’ ,nt’~ yin,) V O i t . 0 convi u llit ’at h ISS ,inid made C transponder replie s . Since

~ St ’u V w i  ii probably n n l t  I t t ’  ~50, t  05 t l l ( P pr imary means for provid int ~- 1 titude
SP P p O rat  i on 8 1 no changes to’ I ht ’’-,a 

~ 
t ’ocedumn’s d~~ I’& ’t’, lm 1 red . ~ ~+AV were to

ue ,i ’ P t ’ t i  as the p r i fla l’y v P ’ I ’ ( i m ’ ,il qlJ j,1,ISCO sy s tem , ,ind ai rs pace boundaries were
d S’  I (;ned accord i np tat t n ’  procedures ‘ a t  out in Sa m erence S , 110 j i. , roved

~- o n  i tor i  7 5  would I t ’ r a g s  I red . The on ly si tuat ion where survei l lance improvements
~cIu1d be !) eelh ’ n,t 15 that w 5e re a hi g hly accurate V NAV system , and correspondingly
t i ght protected ai rs pace boundar ies , would be i nl p lt ’I nantec,. S u c h  a high pe,’for-
mnce \ \AV c apabilit y is not necessary to achieve the fuel conservation bene fits
s~ s c u s s e d in that rete re nce.
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40 RNAV Procedures -- An arriva l t ime  control accuracy of 5 sec ( l o )  has been
recomen ded as a v a l i d  target fo r 4D ti me con trol performance , and has been
shown to be possible in Appendix C. Such time contro l proce d ur es . therefore ,
require a high degree of survei l lance accuracy . Since time control procedures
would be used only at large huh airports , each of which havin g a loc al DABS
si te , the needed surveil lance would occur within ten miles of the ante nna.
Based upon the DABS speci f icat ions s tated earlier , at ten miles the azimuth error
would amount to 106 feet, and range error 100 feet (lo). A 100 foot error
corresponds to 0.37 seconds at 160 kt , more than an order of magnitude better
than the system being tracked , and therefore sufficientl y accurate for supporting
40 RNAV Metering and Spacing procedures .

0ff-Site RNAV Approach Procedures - -  Consideration has been given to a possible
requirement that DABS monitoring capabil i ty exist  in order that an RNAV
approach procedure may be defined . This stems exclusivel y from the fact that
more opportun i ties for data i nput blunder error ex i sts with RNAV a pp roaches than
with some other approach procedures. Ord inarily , it is not expected of the ATC
system to be responsible for the execution of an otherwise safe approach pro-
cedure . Requiring DABS coverage down to approach minimums would considerably
raise decision altitudes for RNAV procedures at airports where no DABS site
exists local ly,  and in many cases would prevent implementation of RNAV procedures
completely. Should surveillance be deemed a requirement , however , it is not
necessary to monitor the approach dow n to minimums , but only to the in itial
segment of the final approach course , some 2 ,500 feet higher. This would assure
that the aircraft is stabi l ized on the proper course , indicating that RNAV data
entry was not erroneous.

2 . 1 . 2  DABS Data Link Format and Cap acity Requ i r emen t s

The intent of this study was to determine whether the usage of RNAV as the
means of navi gation will impose an added burden upon the data link channel of
DABS . The context of the study presumed that all p lanned DABS data link featu res
are in full use , including Intermittent Posit ive Control ( IPC),  Contro l Message
Automation ( CMA), and Extended Length Messa ges (ELM). The CMA func t ion  i s mos t
t,ignificantly affected , since clearances would be in RNAV terms rather than con-
ven tional navigation terms . The IPC function would not be affected if RNAV
clearances are not used. If they were , onl y the format , not the message count ,
woul d change. Usage of RNAV for IPC functions is discussed in the next section .
The ELM function was assumed to be not at all affected , since it wil l  be used
for weather and other general information , and company communications.

In order to complete the study , an op t iona l RNAV service function was ex-
am ined. Called Route Data Delivery (RDD), this function would automatically
transmit, to inquiring aircraft , waypoint coordinates according to their pre-
filed flight plan. This would replace multiple waypoint storage and manual
data insertion for lower cost systems. It is sim ilar to Digital Data Broadcast [40]
except that the data is tailored to the individual aircraft flight plan , and
i s only transmit ted upon demand .

The study is based upon an earlier study , Reference 7 , of DABS data
link capacity requirements. That study used the projected 1995 Los Angeles
Basin Peak Traff ic Environment. The present analysis updated that study
based on more recent deve lopments in DABS/ IPC plans , and then conducted an
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‘niU i v~i 1 ant anal y’. I’ con’, ideri nq a t.oto I RNAV 01W 1 ronnient . IS these st ud iet~
up l i n k mess age rat i’ ’ . we ri’ de to m i  I nod $ or the fo l lowin g t ro ff i c se g me nts in —
d iv i dua l l y :

— I AX Airport Arm’ I va is ~iitl Dopo rtures
— I nro ut , e Ii R Opera t ions at 10,000 loo t  and Above
( arr I v a I’ . , tiepar turn’s • over’, , w I th ins

- VFR A ir r a f t  in or A llan I inq TCA Boundari e s
— Extended I 0 5th Messoqi’— I quipped Users

Down l i nk message rat  t ’’ wart’ do term i nod I nd iv i dual I y in the follow i sq categories

— Tt ~ hni i ,i 1 Au know I odnir’rni’n t s I n  Up Ii rik Messages
— MI S Po’; i t i or, Mon ‘i for Rej tor t  s
— Pi lot Request ’ s

In ord er t ,o pert orm an RNAV 01 1,1 Iv ’ . s , t, lie n ii t i t t ta i ’ of DABS inn’’. S age f,’ames
¶ th h i t s  are ova i lot) la fo r dot ,i pP r f r,imt -’ ) needod for  O0( Ii mes sage t YU° must

1)1’ known , ‘,ir s e to t a l  chorine] usage depends not (ti l l V on message count • but a lso
tIll frame s per Ii1a’~’..in;e . To ob t a  in I hi’ . d a ta  , nt t’t ,a i led message formats Wt ’I’O de-
ve l oped for each m essage t y~’t ’ • RNAV anti conv ent  it ts ,t  1 . 1 he detai ls of this study
a rt’ reported in Sect m on :‘ of ’ Appentl m ~ A. A s un~iia t ’v of t he result  s • messa ge
ty pes and frame s regu I red , i ‘-

~ proserm I ad in ‘Ta t )  Ia P - I . 1 he numbers at frames
requi re(i are f i  xe’d for most  m t ’ s s , b n I ( ’ ’  t ’ s t  t ’ p t  t’or tw t , I or whi cli an ,iddi t ional
f rame fllOY hO t ,aqnn’d on to pt’OV I (10 iiIOI ’ t ’  n ) t ~ 1 .il I Oni (1,1 t a . ‘~n~ t i Or) P of Appendi x

~ prosen ts the (tot a i lent study of pI t ’ ’ ‘ ‘a  go r,i los , ‘.1 or i sq w i th ,i rev ow of ’ the
(‘01’ li ar study [ / 1. 1 hi’ overall Ii li’l l t l ( f ’ . ,i) ’t ’ prn ’’.n ’ rm I t’d he low .

lIp link Me’. ‘,,i~~t ’ R af t ’’. — — The oV t ’ k  .1 II up Ii nk II(~~,
n, ’ i n l n  r,i It ’ ’ . f o r  the 01111  i’~’ LAX

i~a s I n .mra pro ‘.vn I ott iii I al)].’ , ‘ , , . Not a I ha t~ t ho S~’ m oe’, ‘,a n;~’s won 1 d he di v dod
,ilimon(i ( .‘ipprox IWa tn ’ ly ) f o u r  i riti I Vi .111.1 I DABS s i t n , ’’’ , so I hot  I he overall iiiess ,uii’
rate s ore gui t a  low per ‘, l Ie , Note I ha I the I PC iii’’. ‘,,o~~’’

, dunn nate (ho rest.
T b is r.’’.u l I’. ‘. Inn a t hey t In ‘ U i ’  Iii f t l ’ t t f t n h l ’ l  ion to the ‘.t lu,mre of I r a f t  i n. densi t y .
wh i le  t he romno i sing ii’ias’~aqes art’ in Ii ,lt ’,~ t ’ proport I tIll to  t r a I t  it , dens i t  v .

T iP le P. I DAB S I raise Requ I t’ (’IiI.’ll t ’ . for Pat a I Ink ~~‘Ss,1t 1e5

!MESSAGI TYPE Mt SSA (~t I inme s COMMINTS 
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fV c c t o r / C l o a r I r c e  Radar V et ’ I or 1 Pa’ - a I lood i is S~’t’n ’ni ‘A l I i tude (upl i n k
I ramue 1 Op Ii aii,i reg - 1,t ra’ Sat t i sq (up l ink ’ )

Prox 1 111 1 I y W,irri i iI n j : 1 or I 15’ ISa ’ (upi ~nk
L~~nh’ nl (‘lt s,rant n’s 1 upl in k)
Al plia Ut n ’ ,h r ,t l in ( ‘ S  4 I gli I (‘h ,tr ,tn ta r ’. per - rosIn ’ .11)1 ink)

RNAV /C lea rance RNAV (‘orb t, ist i Amend -
meri t I Of t  sat  , t in’ , I t n .’ . (up] ink)

T o n i  f rame 1 Opt 11 111,1 1 Way po int E)ota (uplink)
Rou t a Do t  .u Ran1ut’’~ t 1 Rogue’ , I k1Pt) Oat a (down l ink
Rout n’ U.. t o  On ’ T i vary I P Iwo I raiw’’, (it ’ I’ W ayp o m t  u p i  ink)
Di I t t  I Rout a

I ‘ ‘ i  i ll), t ‘ 
‘ P Rn ’t~1lt ’S I Dire’, 1, Ratu t. 1 1 5  1, n,tOWli lin k )

Di  n t  I. Ru I .i Rn ’t l u t ’’ . j - I Rn”t;ut ’s I Dj ut ’, I l~t itt ~ I n ’ flat a ( n.k)W lil i nk

~0thot I urn I ion Ml \ 1t 1 n i  l I O n  P ~l nnri 1
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t , t lt , i t t iH  ‘n Rt ’ ; n’t 
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TatlI t ’  P. P !)/1nC’ n t i p Ii im k M,’’,’.,u n i t ’  k,t t t ’ ’ , ( Ii- ’ ’’ .i n j n ’’ . “S n. O l a f )

Mes’ .aq.’ I vt °’ No RN/\ V 1 )1) RNAV

t’ot.t i A l l , Mm’~ ’,,~ iu ’’ ./ 5,’ i . 4 . 1) 3 . ’~Tot .i 1 I PC Mp’,s~~p’’./’iat . 9 .0 ‘1. C)

Total 
- ‘  ~~~0_ I;’ .~ - -

EL M Up l iu ’u k ’ ,/Sec . ?.O

It should be mentioned that the extensi ve usa ge of RNAV routes may actual ly
reduce overall uplink message rate , since the t raf f ic dispersal effect of
RNAV tends to reduce conf l ic t  count. No such effect was quantifi ed or in-
cluded in Table 2. ?.

Downlink MeS~ ,un i t ’  Rates — —  The dt tw n l ink r a t e s , shown iii Table ~‘ .3 • consist  of
three coniponen ts .  The f i r s t  a rt’ I he te ’chn i ca l  or know ledqemnen ts of the up] I tiked
messa ges. A techni cal  acknowl edgement cons 1s t ’ , ot ’ verba t j un ret ransnii t ta l  of
the upl ink ines’;oqt’ on the (town I ink reply. i M Iile ssaqes are not technical  l,y
acknowled ged. The second cate gory i s pi lot rogues Is ; the t ’ate t’or them is
taken from the earl ier study. The third category , MI,S DOS it ion reports • Is
hosed on the assulm ipt ion that four acti ve arri vol runways w i l l  be in use • and —

that reports w i l l  be i ssuod every second. Not,e th a t  th is is a special cas e ;
-

- 

I 
only one DABS s i te  would he receiv ing these reports , and so probably rep,’eser its
a s i te  spec i a l l y  configured for MI S report proc essirq .

Table 2.3 DABS Down link Message Rates (Messages / Second )

Messa ge Type No RNAV 100’~’ RNAV

Uplink Technical Acknowledge 13.0 12.5
Pilot Requests 0.4 0 .4
MIS Posit ion Report lP .0 l? .O

Tota l Dow nl inks / Sec . 25.4

flOD Messa~j,e Rates — —  The overall message rate due to the Route Data Del ivory
opt , i onal fea ture WOU 1( 1 ohv iou’. ly depend UPOO I in’ proport I on of a i rc ra ft w h i c h
,iv .uil them selves of the s erv ic e . The ~i s s i w j L  on n’ ’ n ’ ’i ta re w. i’ . t h a t ~t O of  a l l
II R a i r c ra f t  would use RDI) . The rt ’’ ,u lts  are t ’\ pl’ n ’’.Sed in Ta b le  ‘ .1. w h i n,’h
shows t h a t  api ink’; wou lt i  ir lcrea’a ’  0 .9 II(’’.’,niq(’’, - ‘ ‘a , , a i t n l  ( 1 ” and down i inks w o u ld
Inc rea”,e 1 .0 mes’ ,anIe ’ ,/cecond (4 -

- ) as a r’su It of t U~’ RIIP t u i - n.’ t i , ‘- i i  . There
the use of RBD barely even aff ’ec Is message rates , and so L’ ,’t ul P lit’ hJI idied gui to
t ’a si  iy by the DABS ‘.ysteni.

101)10 P . 4 Ron In’ Pa t o  D,~ Ii very Opt, on Mt ’s ‘.,)n;n ’ R a in ’s
( Mn’s san f n ’ s/ Sac nod)

Mo’;saqe Typo Ra I n ’

Data Uj~l,j nk~~~ J 0 . 5 
-

Data Requect .s 0. 1
Techn ical Acknowledgments O. a
Total Downlink s 1.0
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the opera t. lOll 011 (1 ca llabi l i t  i t ’’ . of  Ut)l) t i l t  t om ’  v , i .t  1 v I rn I ’ I ,t [Ii ,~i t ,i l [i~~t a
Uroadca ‘-,t, ( I)DB ) ‘ by ’ . I aiim (‘.t.., Re tn ’ re mi t .’ 41) f o r  a t t t ’ , .n m ’ i ~)t 1 n.iIi 01 1 fin ’ 11DB n.’ n.t l i n.’n’lI

[)UB Is (It ’ s I q net t In re 11ev. ’ work I .10(1 burden ,iiitt It I tim itle r p0t aol iol for I owou’—
capohi l i l y — RNAV—t ’qu iplIad u’a’m’’. iii I t ’v~mi no l , ti’ .’,i operat ions at  built ,i i upon s

It oper ut.’s by encoding w ay po in i  ,Iot a for all ‘1I1)/’,1AR routes i i i  ii’..’ in the
1*11 C ‘T A(;AN ) (Jrourm (t ru ’sp on dn ’r s m t j iu , i  I - I he’ a i rtioriu’ (Oi l I dn’ ’ ode’. ~od f i I tar’,
(P rough th e ‘t~ to ‘ 1 rpnmm’m • p : c k i m u g no t , f lit’ needenl dat .m and t.or int l i t . 1 ho
(Ir’ound sys ton i i ’ , l ’e 1 a t m  vol y ‘. u h f )  1,~ • 1 rice t tie 501110 ‘‘dat a ta p(’ “ is played oven’
and over ago in until runwa y o n- i  t ’ nm t , m t  ion s change . Airborne ,icn.’e’~s t i nie for a
given route is on the order of ’ thirty seconds. In contract , RD[’) functions by
supplyi ng waypo l ot do to spec i f II In each f l i uh t  (and already known by the center
computer) upon demand thro ug h t he DABS data  l ink. Mult iple’  w , iypoint storage
need not be required of the airborne system. Also , no separate airborne do-
coder unit is needed. RDD would provid e data t h rou ghout  the fli ght, not
just at busy terminals , althou gh the busy terminals ore where such a feature
would be most needed.

2 . 1 . 3  RNAV Inte 9ration with IPC Usage

In teyra t i on of RNAV on t rot a omuiiands with the I PC sys t ems a an have several
benefits, and airborne sy ’,t,elmI comp lex i t ,y w o u l d  i nn.  roasa onl s l i g h t l y  in  t h e
process of add i nq RNAV con I m l  iu ’s “ d o  nh stil av n ’ .ipat’ ill t y  . 1 base hone fits
would apply only to TE R RNAV f l  ig h ts  ond VI R RNAV f l i g h t s  where a flight pl an
I 0(11 cot i nq usage of RNAV is €1  ( n’ tI . One of the problems of 1 PC I s that . wh ii.,’
i t  ~IC t. ’, to prevent a confl  1 at. • i t  tot ’’, noth ill ; t o  rot urn ~i p i l o t  to  his on n i —
m a  I :ourse ot t e r  the thre ,u t ha’. ta. ’ ‘.n.’d . RNAV pron.n.’duni’’- , however, such as
f ) rl ra li e 1 o ff’ce ts , di re : t — to—waypo in I and n ’ ,u n un’ 1 of t ’se t n.’oriuiiands • ma i n t o  i n
navigation in the cock pi t . with t h e  followin g a f f e c t s :

— No d is ru p t  ion of’ nay j gal ion func t i on
— Continuous p 110 t or i t ’ im to lion wit h respt’n. t~ t o in  t e n ded rou te
— Automatic course re,ucn lu 1 ’. it ion a fter I)n15”,l (It’ of thre at

S u h  a techn I que wou 1.1 have no I iup.un. t on I)ABS mime ’ . “age rat .’’. • s I uice two  i i le’Ss ,iges

~m r e’ requ i red for ‘. t,andard I PC (‘ .at I DC I ntl i n .  0 (01’ ,,, int , aft  or I hnt’a I. has passed
blank indicator) . However, I lin t’ RNAV wool (1 prev~n t pi lot di son ion tat ion
pilot acceptance of the I DC 4 1)111 op I could ho t’nhant ad onis i derabl y I t ’ RNAV
messages were ’ emp loyed.

‘
‘ I)

- —~~~~-‘—‘ .— “- --—‘- — ------ - -‘ ‘—-—- - - - - — — -‘———~~~~~~ ---‘--- ‘—S



2~.2 FLIGHT SERVICE STAT ION A U i t M A ~~ON

2 .2.  1 m t  roduc 1, 1 on to the F 55 Sy’. I,t ’ mui

The Flight Se rvice Stat ion sys tenu n ,onu~ Ist ~ of a network of 292 Flight
Service Stations and the as soc ia t e d co nhm uuniicat lons f a n  i l it i es  required for
communicating with the Weather Mes’.n u n jt Switching Center (WMSC) , ARTC Centers ,
TRACONS an d Towers , and each other. The system provides two major functions :
weather data collection , pro cessing and dissemin a tion in the form of pilot
briefings , and f l iqht plan processin g , mostly for genera l aviation operators .
The ISS Modernization Program , an (JG3R[) element , is aime d at eliminating the
inefficiencies inhe rently present in the obsolete conhilunications systems pres-
ently used , in the manpower-intensive nature of the fli ght service ta sk , and
in the widely decentralized nature of the present Flight Service System. The
solutions proposed include particip ation in the development of a new conuuunica-
tions system (I NACS - Integrated National Airspace Coninunications Sys tem), de-
velopment of an automated weathe r p rocessing and f l ight plan f i l ing capabil i ty ,
and central izat ion of FSS f ac i l i t i e s  ‘into a few hubs . This section shall de-
scribe present FSS functions and meth ods , the planned i u m u provem m uents , the inte- - —

g ration of RNAV into FSS pro cedures , and the impaLts of RNAV on ISS capabi l i t ies
and functions. Finall y, a further opt iim~ i function of FSS to aid RNAV u sers ,
by providing flight planning assistance , is br~efly discussed .

ESS Functions - -  The F l i q h t  Servic e Station n.,urre iitly provides the fol l owing
t ’~t I r t , pen fun ctio n’,:

- Pilot Weather Br ief ing ’ .
— Emergency Flight Assi stan ce
- IFP, Flight Plan Filing
- NOTAM Processing
- ATC Communicat,ion’~ Relay
- Processing of PIREPS
- NAVAID Monitoring
- Enrou te  V FR Communications
- VFR Flight Plan Filin g
- Ai rport Advisory Service
- Administrat ion of Air man Exams
- Surface Weather Observ at i a r is
- Military Flight Services

In one of the origina l s tudies aimed at ‘nodern i~:inc~ the rs~ system [16], it was
reconiimended that the last  f ive i t.ems on the list he eliminated or transferred
from the purview of the Flight Service Stations. Since that time , however , it
has been decided to r e t a i n  VFR fli ght plans, and no decision has :~t’en made on
airport advisory service . Administration of airman exams will de~ ’n’tely be
tr ans fe r re d , and weather observations will he tran s:k ’n’ u ’c’d , auto~ia~,c~, ~r con-
tracted out. Military usage of remote terminals accessing the neare~ . FSS hub
will eliminate direct contact with FSS personnel for the most part .

FSS Fac i lit ies -- Current fac i l i t ies  include te letype comm unlcat ion nets (sep-
arate for weather data and for ATC facilities fli ght plan data interchange) , and
c e r t a i n  v o i c e  links. The system is comprised of ?9P indiv ~Pual f Hg ht serv i ce
stations. Weather briefing procedure s consist of manual ccs ;

~H1ation and f i l ter ing
of tabluated and graphic material to obtain data oriented tow~rds a given in-
tended route of flight. Flight plans are recorded ma nual ’~y and comniunicated by
teletype to the affected center, TRACON or FSS. Weather daH is observed and
recorded manually and communicated by t~~l~~t ,yjnP .

2- 7
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Mo t’rn~ii’0 If u g h t  S.’rviu.’ St i n n  ‘- y s t a r

As curr ant ly p1 aimed , the Fl ight. St ’ rv ice Sta l l  on Modern i za t ion P,’oqrai:i [ ,‘4 ]
w i l l  n,oris ist of three’ d is t inc t  ~hasos . The auton uated systen i w i l l  be complet ed
in the second phase (Base line system) , whereas the improvements scheduled for
the third phase wi l l  be required before the total desired improvement in
eff iciency is fully achieved.

Near Term Improvements -- These improvements are to ho ini t iated immied iately
and will serve to improve both leve l of servi (e arid efficiency . Iumi p rovement
areas include (where needed) physical iulant iniprovenients , more uiiodern display
equipment , increased Pilot Auto m a t i c  Te lephone Weather Answering Service (P ATWAS )
dnd Transcribed Weather Broadcast (TW [ R )  ava i lab i l i ty  and coverage , Enrou te
Flight Advisory Service ([FAS ) imp lementation , and certain staf f  relocations.

Base lthe System - -  This intermediate ter m ( 1980-85 ) phase wi l l  include develop-
m erit and implementation of the auton mated capab i l i t y  for aiding the Flight Serv ice
s pec ia l i s t ,  and preparations in ant ic ipa t ion  of consol idat ion . Certa in Fl ight
Service Stat ions w i l l  be consolidated into the FSS hubs as the hubs reduce de-
mand on those stat ions.

Enhanced Sy_stem - -  This long terni enhancement , t-o he in i t ia ted in 1983 , w i l l
result in the complete consolidation of FSS ac t iv i ty  into the twenty hub stations .
Expanded automated capabilities , includin g automated user initiated weather L
briefings and flight plan entry , will be i nip l enmented.

2.2.3 Impact of RNAV on ISS Moder ni .’ation Plans 
- - - - - - -  -

Nine basic functional area s ot the ISS were organized from th e thirteen
areas listed above in a manner such as to improve the vi sibility of’ RNAV impact.
Prim ciri 1-v . the usage of charted RNAV rou te s  was presumed and served as the focus
o f the analys es. However , the prep Fanned direct concept was also considered.
Any areas where preplanned direct ould  have a significant imnpact were so iden-
tified and analyzed. The results sunhiia rized here are discussed in detail in
Appendix B.

Surface Weather Observation s and Air port Advisor y Soryic ’ - -  No impact , in that
observat ions are not conducted on a route-specific basis, and that airport ad-
visories concern only airport-oriented weather and operations data.

NAVA I D Mor m i tor i n~ and PIREP Process itci - -  The only imp act would be that there
w i ll be more routes for which flight crieck arid P I R E P  data must be correlated
and distributed. With regard to prepl anned dire ct RNAV , DIREP S w:ll no lonoer
he charted-route-oriented , but will be geographic-are a-oriented , requiring a
slightly different approach to PIREP processing .

Ma ss P~~-an d In-fl~~ht WeatherJN0TAM Briefin~s -- No impact , i n that t h e
material is oriented to genera l areas INOTAM5 may apply to specific routes ,
which could be either RNAV or conventional; but in ternis of impact on FSS
pl ans , this is in si gnificant ).

~
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m d i  v i - ~~na~ Pro— ,und !m i — }  1 i~ ht l~r ie ’ t  iil~J’. — —  it  u p - I - t I l t  au t oma t e d  ( AWAN S syst.em iu )
proc edures a rt’ con t i uut ’(i , no i II~~ac t ex i  s t.s ci nice wt ’~ t her data orqauii :at ion is

accomplished with resp ect . to the o m i g  im i—d e s t in a t iu n great i rcle p ath , not  a
spec i f I c rou to . S hou hi rou t ~ ‘ — ‘ . u ’ i I i data organ i .~ .u t u on become i uiup I emiv n ted
RNAV does i mm reasi’ the nummi he r of 1)01 en ti a 1 rout t ’5 -

11 R/ L)V I R H i~ ht  Plan i r(1(’es’.i !~ 
- - -  ~NA V an(1 convent u on,u 1 route I i i i  I I & J I oriui,u t ‘-.

are ‘.u ff 1 ci ent ly s imni 1 at ’ ‘.Ifl h that no ‘ . u gum I i  cant 1 nipa t on f l i g h t  p 1 an pro—

~e’.sors would occur , except that  tin’ m n reasod nummitm’ r of routes .i~-a i l a b lo
which must he stored to , mn . Ouiii) I I ‘.h n hu t a val idi t y  check ing , could have an impa ct
on system complex i t y . For p re~n 1 ar m e d  di re t RNAV i ’ i ug pmih 1 is hod waypo in t ’.
no further ’ impact occurs~. If ,irh i t rarv way po in  t ‘. wore to be used , Oil iS’ t juos’ .

error checking would he required . - -

V IR F I m jjj ’i t. Plan Pro e’.’.i nm~ — — S o VI R t i i  ~I t I p I ,mn routes nieed not he
valid i ty— checked • no RNAV i nipa I is I m ’est ’en

Fmmit’ r~en y 11 ~jht A ssi st , l f l t t ’ — —  O t h er I Hin t h  m ’ - S ner’.uli ri el should he familiar
wi th  RNAV procedures , there  i ‘; no s i qn 1 Ii cant i - tt ’

MC Comuni td ~ ions Rt’l ay —— Other t h,In , ~tqa in , re~~ i rin g RNAV t auin I ian ty ,  no ‘ -

RNAV effec t 1 s foreseen . ! -

A j rrii.mn Uxanii nat ions - -  155 w i l l  d i ‘.corn t 1 r i u e  adnii 0 1 5  1 r a t io n  et di u’mnan ex~im mi i n -
a t  ions .

2.4 Opt i&uri1u 1 Pray i ~. ion of I I ij ht  ‘1 n nuumr i ~ As’ m st~~rit u ’

Wim i It’ fli g ht in l1mnn ing as ’ . u s  t 1irm e i tu  H !n’ pp ov 1 ’ ti a I 1 ut egau’ I Os of
users , t b  u s  (ii’ ,n~ US’. i Oil u ’ ii mii i toni t o  the kNAV ~m ’.’~ I ~nmued di I’OI c ,nse , ‘. m nce
I I iqht. 1)lanni m n t j as’; m stance needs am ~~ ,n r i ’ - tde rah ly ,uu -g ’r in I FLit ~-a ’.e. As
ii ‘.cus ’ .ed in data ii in Append x U . III.uny I t eunc 01 I ut oruI,u I ion are needed in
order to  file a t l igh t I la n:

— Mm inmum Al ( i t  ~nIn ’ . (MOU ’t , MF~A~
— W ayp o in t Lo~ ,u Ii (01
— VORTAC As ’-. i gunmen I aunt ( haIn ll’ L v n’r ‘ui ut ’ ,
— Dvtoniiinat ion of S 01 1,11 t ove ra.} t ’ I\ egu,n , y ( s t r eng th , ac~ u racy )
— R e s t r i c t  o f  Area - ‘nv oj , t ii~~t’

When p lanriin ~ tn ,urhi t r n r y  rou * t~, ,u ~ i l o t  p I - 0 s e ~~t Iv hi ’ . no sui t ,~’1e ~u t ies as
inn guaranteeing anlt ’o u,t v ot ’ 51 gnu c vel - age ,mnd mm n im~m m’t’cep t ion a t i udes
,ml though , presumnahl ~ , a - .pe~ Ia I ‘.eu’lt” . of ‘ . igna 1 ~~ 

- age ‘
~~~~~

i -
~ 

•. n i t  ~d be 2redu1 od.
The other i tem’ , at i n ?  n n m ’mat i1tn ire ot to mu a h l ,’ fu’~ s e- ~ i s  • 105 L h,lr~ ~ i t  t hri~tsh
tanidard ~r,u~n h In - o u -  _ ompu it i on,m 1 ‘ r n  ,‘dure’. , a i t  ~inI5 I 0’ 0 0 1 1  u’e cit t ss 1 5 gui t o

n omp iex and t l ine 1 ( I i , n ~1 i n , i .  Wh i le uut ,m m . u t  ion cm th e ’ . ’ p r n s n ’dti r’ s by t h e  55
would not he ,u str a ight I orw,mrnl or e ,t ’ . ~‘.k  ,t  r~ i t  tu l  I - i  th e  c i  gn,u 1
in -ohia m) , ‘,u~ Ii a n apab i l i t  V om i I I  he •i 1 go i t i , t n  ‘ . L ~~i ’ ’ t I ~ d’~ opo u’at em’ ’; . and

wa y nn ~~’n1 the way t o  iqni I ic , mn~ iIilpt’UV I tt ’f l t  ‘. U) I 1 ~~~ ~ I i lOi i t \  ,ind I nit ’1
‘,,tv 1 n~~. - Th e re fo re , it  w ,mc ons 1 doro t to’. 1 rat) 11’ to 1110111 t n  thi s sub: oc t even
thou gh I’ -. not p res e n t l y  a 

~ 
,nnfl ’lt 5”-. 1mup rovonmt’n~ 



2 .3 UPGRADED ATC AUTOMATION

?. ‘
~~. 1 Impact of RNAV on M- .t.eniu~ and 5i1.~ in~J

The int ent of tb is analysi s is t o  ‘v,m l uat.o pnm ’’.en I p I amis for dove I op i r i g
and implement I rig Met or 111 1 1 and Spa I tO) I, M&S ) c apab i l i t  y in the cont ext of’ an
RNAV , or RNAV-tra us it ion . environment. In addition , the spec i f ic  impact of ’
41) RNAV procedures iii excess of that of basic RNAV is to he determined. The
impact areas to he addre ssed imm i ude el torts on procedures (airspace and genera l
r’Qutv l ayout’.), performn~ince (degree of t mmmc control afforded , arm’ i va 1 gate de-
livery accuracy), controller workload , and ARTS comput er  r equirements . This
study ut i I i zes as i t s ha’. is a recent report which dot i nmos in detail an M&S
systeni imp l ementation for the Denver terminal area (Reference 30) .

The prima ry nuot i vat ion behind I ho i mop I emen t a t  ion of M&S sy s t  &‘Iiis i s to
increase airport capaci ty wi thout requir ing new runway construction , and without
requiring new aircraft landing systems , guidance t o1  hnm iques, surv ei l lance systems
or Wake vortex avoidance systems . Iveni as other systemim s are developed which
improve a i t’port capa ( m ty , M&S capabi lit  it ’S wi 11 - ‘ till be requl red to take full
advantage of the availab le runway capacit y potentia l of these other systenis .
The effects which RN A V and 41) procedures will have on M~S porfoniianco is there-
f ire the mos t import ant subject to he addressed. This - .e c t ion suulIiitmm’i ze c the
methodology and results presented in the detailed ana lys is contained in Append ix
C.

Prt’st ’nt M.Ss P~anm - - Me to ,’  m g  and Spac ing techniques have been under deve lopment - ‘

by t h e  FAA s i n c e  the 1 ate 1960 ’s. Met en rig and Spac ing scheme s ope rate by first
Ut ’t or ’ i nq t r a f f i c  i ntni the ternui na 1 ,urea such that the ,i m’r i va 1 nato equal s runway
capac I ty  , L.ons i den uiq that  depart urt’’, must he accommoda ted. Met e rin g is accom —
p ii shed throu gh schedu li rig of holding na Ito rn depart ores . Once the a r r i va l  air —
craft depart the arriva l fix , a landing/departure schedule is establ ished which
n ons iders the ~urr i v a l , and requested departures. f rom that point the spacing
function I ,m kn ’s over, unless some event oct nfl ’S to c,iuse the schedule to he adjusted.
T he spacing funct ion is amp ) i ‘.hed throu gh pdth lt -’n qth .und speed control . The
ha. ii time control I t’chn m n;ue i s  t o  prov ide a I m’spac~ and r out e flex ib iii iv for

we time control areas . The fmr ~. t a rea offers a I~i rqe (leg ree of coo t no) (
seconds) which is usod for orre I lug the proj ected I inal approach gate ann val
~ 50 to meet the sctwdu I i’d art’ I v.m I t imot~ . The second tim e coot ro 1 ar’ea p ro vi  des a
11111 1 ted deqree ot cont ro l  , .tn d is  used t or carrt’c I ins t mime del i very errors whi ch

ii d up wh j im ’  t r a vo rs ins t it ’ f i r s t on Ire 1 a rea , and I or accoui~i~oda t i r ig any I i i  nor
1,t’ t nil nute chanqes to the Sn :  ht ’nl u led 1) , I t  0 arm — i va 1 t m ix ’ . The imos t ‘ecL ’n t plan s

~ 30 ~ ut i l i ze such a scheme . I is des i good in a manner such tha I a no n i nia 1 ammio unt
of airspace i s  required (see Figure 1 .1) for the p ,m th stretchin g function .

~NAV m t  t’~ra I on Con s i de rat ions —— The concept of a coninou M&S s,vs I ow n~m ic re both
RNAV ~nd n ’nn ve flt ion ~m l airc raft woo Id he acconuiiodated las I-moon studied in the past

~ ~‘r ~ n c~~. ~b , i h )  . T i e  l a test  p lan { 3t ] , for the Deniver area , does not L’\ p1 i ’S’ )  t 1~
Cm li’-. i fo r RNAV traff ic . Tht’ t ‘chn i gut’s of Reference’. 35 and 3n have been rev i owed
and sod i f i ed to produce a techni i quo whi ch is di ret t i y  app ii cab it ’ to  he Denver
~~~~

‘ p1 nn . A s t t  i t ground rules tot’ deve lopin g RN AV procedures has been t’st abi i~ ’it ’d
w t i i cb mm oqo i .‘o ‘-. t he ,i I r’.pace des I qn , AIC om i t  no 1 , arid RN\V prn nt od imra 1 prot~ 1 0 , 5

b I t t - a  r on t Ii is i ‘. - - l i t ’ :

.
,
- ~ 

~~~-~~ -~~~‘- - - - - - - - - -~~~~~- ___________
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Oo h a .  t t  M~~ rout. n’ s .ti.5 gt’ t nmet r~ us ed ~m I Ii ~N AV stmouln.i be
in c trn~mton wit h standard M&S rout n ’s , such I ha t a m rs n .m cc i s
I on ’. e rved a mid vi den map c liii too 1 s rod ut ed

— The ( urm t rol capabilit y (I ink’ ontrol lob  l iLy  a m i d  go t o  do —

l m very o t t  ura m,y )  of RNAV a i rt ra t I shun ld t nt ’ oqu i vale m it  to
or hot ter t h a n  t he ‘. t ando nsf apab i i i  t.y

— RNAV proc edum—es used shtmu lii be conven i t ’ll t. t a hot Ii the II i qh
crew and contro ller.

— It shou Id not he m’uu t iriel y required to , ’ the O u t  rol icr to
coniiiuni n ’at o n’xtens i ye n.la t a , suc h as w aypo int  coord inates.

I hose ground ru les impose cons t ra m ut  ‘. on the resu 1 1 ing I-1N”~ Inns . edu m-e des i qn

Th is  no I st’s the (lil t ’’. t. t ori at whet her i t, i s wor th  wh m 1e I a integrate RNAV operation s
within the M&S tt’chn (lot’ . The  ~mnswo r i s t hat there a no sev er ’ a 1 advan I ages to

roa 11 :ed for both the I - l i  qht  c rew am id t he Al C ‘. vs I em. First of a 11 , RNAV
n’mm i no I pran edures have been shown t t I be both off mci emit amid onvn.’mm i em it , , in

t O m  5 t i n  I t )  tOnda mci p r’ocedures , in aua 1 y t I t o  I st  un.1 m os [ ~ 
and i m m a ren.’oui

m ’t ’.ll — t i iiit’ s i miiu l ,i t morn s tudy [ $ 1 1  (set d i ’,c us s i n . n r \  at ~NAV bom iol I t s  iii Section
I . ) . ‘~t ’curit l  I y , RNAV M&S woo lii be Ot  COIH~n i ‘died t h  m augt l I ho n , - .O of pub li shed
‘~~AV M&~ ‘-i l  PtH p m ’act ” ti urn.’s ( ‘ .t ’e exam mip lo , I 1 UnI ’O (. 3) . l t ii ’ . ~~i’0v I des the d i s t i n c t
advantage at imma m rita i rim rig t light crn?w a m it ’ l lt  at ion and s e l l  nov i so l io n  capa bi 1 i ty —

tirou qhout til t ’ pnon. etl um’e . Third , rt’dut I t a r t s  in t o r i  troll t ’u n’.oi’k I ead woul d ho

~
-
~;nen ’ t n ’ nt to r’esul t , 05 iS cli ~n .uss~ d la t  t ’ t ’ . Fourth , and e ’ 11a l - ~ nest inipo rtant

RNAV r’aut os an(l proCedum’ t ’’~ moust be e~. I a t ’ 1 I shed be t’om -’n.’ I tie -~~~~ •-lNA~ t im e contro l
cap.ih i l m  ty may he i l i ~ I emuen ted. 41) RNAV i~ ’ n’\ ~~OL t t ’O I o t u n’ l hot’  i ni~ r oas t ’ m inway

a~ ac I ty (and i-educe dela y’.) t hrough acc i im ’ a t t ’ control O f  a i ’u’i v ,il m iiii i i.

[a t ,h of the above RNAV dec igu ‘ ) t ’ n ) mI i l n i  rul es , and t h e  m’osii l ti rig RNAV M~S p lan ,
ar m ’ d m s t u s ’ .t’ml in detail in App endix C - T he p lan which rest ,  1 ted is shtiwt i in Fi ~iu~’e
C. - ’ . It I’. based on usage of a pub li ‘.hed M&S STAR poet t ’diirt’ (F m gore C .3) as the

‘.osrn. : t’ t nt nov 1 qat ion I mit ori;ia t ion amid w .mv po i nt cot- it - ti i r io t  os dat a .  ~n1 1 route legs
i’m ’ flown i r u the  TO W ay pc n m t  node r i o  ‘ 

~c1M ’ opera t i ur is are .ill awed , it )  Oi~dCt’
‘ tn he n. nns pat ib i t ’  with ~m i ri lO t ’— t ype F~NAV sys t pf f ls . No i ipm’onn tu t ilot show n on

art ) wa ypo i mit ’. a rt ’ u ‘,e~f . Wh i It’ t he RNAV pr ’ocodu r’e ou I d ho based on t h e
“1)1 r ’en. I - ~ o-Waypoi nt ’ RNAV proct ’tlni i - n.’ , a nod i t 1 c o t  i OIl ~ t I 110 t pt’oc&’dtirt’, whereby l i t ’

Inbound rack hearing is spec i fled by the contro l b r  , was St ’ it ’, ted mum order t o
trntral len work l oad ~,n.i i s n.uss ed  l a t e r )  . I lie rOsin I t ii5 rout 11155 dupl j n.’d t t ’

vi n tu ~ l lv oxan. tlv the  pa t  ii’-. w h i c h  radar voL ’toremi a’ rcra t t ~c .1bd lo l l ow.

cc -:po no t ive Cot ’  I Ot’ni .tflco AIIJ i \  ‘~ 1 5 — — 7i n.’ompam’l sOil 01 hi ’ pen ‘ ou ’ - - CoOn  I no
n ) n.t ’ r’O 11 t m x ’ ant ro l l  at ’ i  Ii I’. ,m ntt so t~’ ~te Ii ‘~ cu ’v accne ’ .l~ , o: n~ - o. i ’  - - ‘ id , i’ ‘~ o r’
tech r i  i qut’ with both the ~.t andard RNAV tm ’chni quc and the ‘D ~NAV I 00 1: ’ 1 C :~ ’ ‘.15 been
performe d , an d  is docuriion ted in dota ii itt Append i x 1’ - In eac h ca se • .~.I It ’ St.’ Ii VOi ’\
error P~j - _ bt ’eni mIt ’ter nline (t to the , ‘ ‘ probahi 1 I ty lov e  1 ~, - ~~~ t ’Otit idence ) . “ii so ,
I i-nt~ control lahi l ty — the di t t t ’ ronmct ’ hetw t ’on t he 5O\ i i:Sni , ’ ,i o .I in j i i i l : i tnt i i  moo
n.i’; t- io.”, o c t oP i i sn~ d a’. t h a t  amount at contr ol loIn Ii t v w ’ i t  11 m%oa I P he ova ii
at ieast 95.441 of tI-me time , resul ting in  an equ iv a le n t  t . c r : i’ id c r , t . e  Ic ’vH
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,
~~ va 1 nec t a r  - . vs tn’mil errors for t Pie .1St ’ of ’ roda r vt ’c t or ’ cant ro 1 wi nid
sI or’r or ‘toad i nq and speed non r l t no 1 errors , surve illance s s t e m  error . e t c

are t akeni fr~ o the m’Ot on t tienvot’ M&S aria lys is , Reference .10. The vo l ut’s ‘.e b c  It ’d
are , o f cour se • very i mnport on t s i nce the y af f ect  both P.~ go t e d o l t  Vt ’ l’ ,t~ o uracv
and &) 5 . 44 — c onf idence t I me contra 11,ult i Ii t y . The v,i I ties I an RNAV ‘.vs t emit e,’rers
we rn.’ tak en f ‘—urn t he nec u 11 of’ a r~t i ‘ri t n. omp rohous t ye RNAV t ii gh I t n.’~ t p rag rain
[311 . All  of the error titinpaflont va lut ’s ,ire listed iii Appendix C. In that
Il t n~h t. to ’. t proqr.im a ‘.1 ati on — re fo r i ’ ,n i’d genera 1 niV i a t m  ott RNAV ‘. ys t oni and arm a i t~

.mrr ieu - ‘~ystt ’r~ worm ’ t e s t e d .  The ,i m ,’ carr ie r  syst emm i was t ested in two modes : VC~t’l,
DM( /A i  r D ata nov iqot ion • wh it h is the int ’ttiud n.’xp&’ctt’tt to be I vp i ’ . a 1 of al ri the—
t y p e  . y s  tows (meet ’ . the AR INC 583 Charat t t ’nm st ic ’~pt ’ 1 Ii Cat I t H is  ) and duO 1 V OR/

I DM~ IA i r Do to no vi got i on , wh ~ t h i ‘. represen t a t  i Vt ’ tn t  overt mart’ advanced
‘ .y ’ . t i ’ f l i ’ , . I rio r 11.1 1 nov go t ion wa s min t Ii’s t ed . Loch of t he sys t ems per formed

1 5fl I t i cant 1 y bet t ei’ t Ii .10 t I m ’ mit iri i mumit req uI rernen t ‘. t or t ennui n ob at-ca RNAV perfor—
‘:once s ta ted  in F A A  Ad vIs ory  (‘i rm. tu lo r qO—4 5A (Reference 10). As would he expected . t
a I r t.a rr icr - , y ‘ . tern ;nn’nforniaflce w as tiuiu ’h hot ten tItan genera I ~v mat ion cys temii per —
I ,ip ’ ro, lnct ’ , and the too l t. I p It ’— VOR/ DMI s y to il: W I  s best of a 11 . These results at-c
11 ‘ . cus s t ’d in Appendi x C - ‘

~ ;rm ce neor ’ l v a l l  busy or tad operations ,mt the critic al
“t~ I e m ’ l s t f l O 1~. wi II be .111 ’ tart ’ier /_ arpo,’atc ’ I v on.’ a i rot -a f t  — the AR INC ~

,$3 tvpi ’
- ,vs tent r ’o’ .a l ts were used as reprt’senta Li ‘.0 of RNAV per formance t oo  M&S purposes .
T n it ThI it  i Son 5 t ) t ’  (mu 1 t i p  11’ VOR/ DMI ) s vs tout was c oris t dou’od to be r’e”presentat 1 VC of
.nd v , rn n. n ’d ,  ~) RN~V ‘.v ; t t .’ms . It is important  to the purpast ’s cit t t mo M~S anal ys i s
~~~ sa ke a t l is t  i ~t~~t ion between typi (‘a 1 i ’xpt’c t ed  portot imiance and nmi nimr mu m ii a_11o~a~ lt~

A - S , ‘i~ —4 1~A ) performance. Route w idths must t n t ’ hosed en mini i rilumu ‘.vs toni pet’forrnanc- n.’ .
l?mn ~ ana l ~‘s i s  of typt ta 1 0\llet’t Od M&S pn.’ rto r l i ionn.-e can. howt”ver . he based up on
I vp I ca 1 sy’. teni perforrnantc e • as ~ st  oh 11 shod by f l ig h t  t e s t  .

I hi’ t ’esuj  It’ ; of the Ine rtonudu ut e ar ia i vst ’s - desn. : 1.1 hod it t  Appendix C in dt’to ii
n.e . mr - i u ’  i Zn ’ d iii ,t be ‘ , ,‘ ¶-~ O c t  . ‘ . . I alt It ’ .

‘ 
. s Pt ow’. t lit ’ ‘ i t - n . ‘ ‘I - n. ’ art f - 1 nIt ’ riot ’ be ’ .  e I

ro ciul t ‘. for the I Ii roe I oc I-mn I gun’s b,-t s ott on the use at  i dent t it 0 1 rOn to geonite t r y .
Tn each cas e the control l~ h i 1 ity  of-ito imwd is c i  qni t’i cant. 1’. t ireatem’ tha n that do—
ri ved in Re ference 30 . Thi s i s s imp ly  a i’osul t of I ts.-’ ta ct that the geometry
c lected here a b lows I ouqn’ r path long I hs f t  in t n t [.1(1 1 hut con Id be n.’ut down to

match that desig n. The s i g n i f i c a n t  r’e’ ;uj II in T~hlo .‘. I-n is that RNAV provid es a
o ~ increase , ari d 41) RNAV a . ‘ t ) ’ :  I ncrn’ase , 1mm control 1 j Im i l ily over the sank’ route
geometry . his resci l Is s i nce the ore’ .’. tr ack ac n.’uracv ~f RNAV ~an d p a r t  icuba rl y
I Ps.’ 411 sys tern ) i c mituch bet t or ove r b u g  legs l iOn ) radar ‘.‘n.’c I Ot~ accur acy.  Only
cnn: the Vt ’ my short legs i s t hi’ rat ion vecto r  tech n i quo ‘ore aco . ‘-a I t ’ . Furthermore ,

a long t r a c k  contro l .1,, otm racy of the 41) RNAV s y s t e m  is  out ’h g reate r  than the
no ’ 11 -- l oop ~‘,m so , further enhancIn g cont rail 01) 1 l i t’ .

T ah i t ’  P .  h M&S t o t  cob I abi l i t’ .  I,~~O - . n.’ oti fid~ri~ ‘‘
t

Req ion ~adat- V n.’t . t t - it - ~II~~ i~~A~ M&~~’ 4D RNAV

Pownw intd/ bast i t  i 
-

~~ ‘70 7 ~~~ ~1 st
Final Approach Intercept .

‘ 1 . st ’ t .
‘ 3 . - . sec -1 - t soc

- 

Overall 
- - - - - 

,‘5~ 4 sec 3 1 W ,.’ sec ‘ 
- 

,~~,t1 ~

- -. --  
(S .d  : 1 ) 0 ) 

- 
~~~~~ 3 C ’ t 1 i ~ j c (

~. ¼ -i itiifl~

_ _ _ _ _ _ _  ~ ‘-‘~~~~~~~~~
-‘- 

~~~~~~~~~~~
-- -~
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I hi’ other pn’rfoniront n ’ nueasunt’ , t~~~ t o  do l t  very .u urat v . i s  pe~ I eP in 1 .mhb e
?.6 . For each of the three system ’., t im ’ ~i~~t t ’ del very aria ly s i  s tcos

over the longest ~nd shortest I eq I m’nq I hc - resti It ing in the two numb~’rs ) s  t e a
in each Column ~fl the row labe l ~tI “C~.u to I)e livery I rror ” . In the st ,mnda rd M&S
cas e they are equal . In the RNAV M&~ ast’. the long leg value is virtuall y
the same , wh i le the short leg va l ue is 1.4 sec longer. It should be emphasi:t’n.l
tha t this larger va lue occurs only at  the extreme , the very shortest leg. On
a ll legs in between , the delivery error is simila r to tha t of the lon ges t leg .
The delivery erro r of the shortest leg can be reduced by substituting one radar
vec tor for one RNAV coninand , but in operationa l usage this occasional minor
perturbation would probably be ignored . Thus , RNAV M&S gate delivery performance
is equivalent to radar vector perfornmance. The 4D system s hows a d i s t i n c t
improvement , however , of 33~. The reduction to 7.2/7.4 sec front 10.8 sec results
direct l y front the time contro l capability , and would be expec ted over all of the —

various in termediate length legs. This improved performance wi th 41) does not
depend upon the usa ge of the hi ghl y accurate DABS surveillance system. ATCRBS
is sufficien tly accura te (at short ranges ) so as to allow desire d 41) M&S system
performance.

Table 2.6 M&S Gate Delivery Accuracy 

- - _ 
-~~~~~ 

_ _ _~~-— -  - - _ _ -~~~~~~~~ -- -~~~~~~~~ - _ --.~~~~~~~~~ ----~~~~~~~ -~~~~~~~

Ra~ .ui’ Vec tar M~S M.~S + RNAV 
- - - 

M&S 4 40 ~N.A V I
L~)nt.rol Lxtreme : Long Short 

- 
1.on~ - - 

Shor t  
- J Lon~ Shor t

Gat e Deliver y I
r r~~r (~ :) 10.8 soc 10.8 sec 10.9 sec 12.2 or 10.8* seçj].P sec 7.4 sec t

lnte rarriva l
spa~ tnq (1.’) 7.6 sec 7.6 sec 7.7 sec 8.6 or 7 .6* sec 5.1 sec 5.2 sec~

~ a” ten -

~,~~al ysis o~~ j  11 or t~ sec 1) or S sec 5 sec

*Si1ì~1ler value presume s use of one radar vector coutunand for final
approach intercept.

In order to compare these r&’sul ts wi th earl ion ~~ performance analyses ,
vo l  tue~; for 1 i nterarri V o l  spacin g .tro derived from the delivery error data ,
and 1 i’.ted in Table ? .b. Referertce bP , ,tn ana l y t i c a l  study, derives interarri va l
error values of 11 sec for M&S and 5 sec for  41) M&S . n.tet t ’ re nce 30. the Denver
design study , 1 ic ts t~ sec as t h e  M&S target- . Re ference 33 , a c o c k p i t s i i : t uJ  dt iom i
s t u d y ,  obta i ned a 40 RNAV performance of 5 .4 seconds. As is show n in T a ble 2 . c ,
the ~q and 5 second values , respective ly, are substantiated by the present anal y sis.

Co o1~_e~~W9~~~~a~ J mplicatipns -- An a l y s i s  of the  MI1S procedi~i’~ ~n Appe nli i\ C
shows that a total of f i v e  AT C contro l i n s t r u c t i o n s  are required ~~ perform the
M&S procedure . This is true also with the RNAV version of the procedure . The
difference is that each con~nand in the radar vector case is timmi e-cni ti ca~ , i n
that it must be delivered to the aircraft at exactly the right tiuime so that the
maneuver is performed at the proper time . In the RNAV case . i f  the t echn i que of
spe cify ing the inbound track bearing to the ob jective waypoint I,r~ithe r than
‘.irnp l y the “direct-to ” instruction) is used , all but one of the five cantt’o ’I
commands is no longer time-critical. It may be issued several seconds ahead of
the intended turn time at the controller ’s conven ience . This “0~~l t ’Vn .’S a co n-
c i  Jc ’r . i  il ~’ burden from the control 1cr by si mpl I fyi no hi s task of o ” omn i .‘ irs..
h i “so) I and his t ouirl uni c a t  ions. The one renta l flin g t io e—c ri tI n.- ,il mos sauc is the
speed reduction as the aircraft approaches the ga te .
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I it the 40 RNAV case , work I nod r ut 1m m nil shed I um~ t P i t ’  m . i n  that  r io t  cit 1 , - a no
the orig inal four niessoges not ti uu m o - t ritic a b , but  the tit ~th the speed reduction ,
is eliminated w it h  40. Tending to work against these work l oading reductions is
the fact that more infor r.uation (waypoiru t name with RNAV~ arrival t i m e  -- but not
speed - -  with 40) is transmitt ed in o~~h message . However , these factors one
expected to be outweighed by the b asi n i nmprov ement result ing from RNAV . The use
of 4D also implies air-ground time cynchronization which could be performed auto-
un atica ll y with DABS. Even wi thout OABS , this does not increase workload at
critical time s, since the synchron i zation may be accomplished at any point during,
or before , the flight.

Compute r Requirements Fffects - - The RNAV procedures described here are similar
enouqh to those used in ‘Reference 34 to consider the findings of that study to
remain valid. It was found in that study that a very nom i nal increase of 450
words (in addition to the 16 ,000 required for basic M&S) is needed to accomodate
P~AV. There was found to be no execution time im pact. No similar analysis ex-
ists concerning 40 RNAV usage . Since the 40 cOncet t is just a siniip le extension
of the basic RNAV concept (waypoint arrival times would be assigned internal to
the basic RNAV system anyway), the resulting impact would be very small.

:.3.2 mpdct of RNAV on Control Me’~sa~je Automation

The objective of this anal ysi s i ’ . to determine what , if any, impact RNAV
will cause in terms of Contro l Mes’.ay’ Auto ma tiont (CMA ) sycteni complexity , and m~resulting contputer core requirenments , execution time , and DABS data link channel
~saqe . The CMA f ea t u re ~ ‘, ve ry important  front the point of view of ATC efficiency ,
since i t is expected to signific antly enhance controller productivity and, there-
fore , reduce ATC staffin g costs.

CMA system capabilities are planned for severa l future uses:

• Automatic generation and delivery of Conflict Prediction
and Conflict Alert system commands

• Automating the routine control comi~iiuni cations required
for Metering & Spacing

• Generation and delivery of routine (‘ori trol messages (speed
and altitude changes , clearances , etc.)

Even tually, the majority of routine ATC communicat~ons are t o be automated.

CMA Functi rnal Bredkdown -- The Control Message AuLo ~ution system can be thought
of as cons i s ti ng of s i x func ti onal elements

• Au tomated Mon i toring -- Aircraft tracking, including, for some
func ti ons , assoc iation with the intended route or path . such
that path deviations and route progress are always known .

• Problem Recognition , or Strategy Development -- This function ,
for oxani I) le , would be I ho coutf i  i c t dot u’ct on phase of Conflict
Al e r t , or the arr ival  time ca lcu la t ion  am id path assignment
portion of M&S.

• Control Action Decision —— The actua l declsi ~ n to effect a
s p e c if i c  f l igh t  path devi atio n , cu r tn’lI ~s.’u’ ,i ~po if i c  clearance.
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• ~ , s m  ~‘ P oruuu lo t i o n  — — i i ’ r i vat m on of a spec i fi c iiue s sage
( t o  t hu co n t r ol le r ,  or via DABS) appropriate to the
situation .

• Transmission and V e rif i cation -- The ph ysicab d ct 01

onward i nq a ,tessaqe to a cont ro l n O r t s o  le or t o  .1 DA1~S
s i t e , and co nin un icat~nq the messa g e .

• Compl iance Monitoring -- Deternnination of prope r aircraft
compliance , and co rre c t ive act i on formulat ion where necessar y.

Of these s ix  elements , two could potential ly be affected by RNAV : Contro l Action
Decision and Message Formulation . The first could be af fected since the presence
of an RNAV fli ght plan would change somewhat the planning strategy , since it is
de sirable to keep an RNAV nircraft on an RNAV flight plan , and since under some F
conditions RNAV can provid e more attractive conflict avoidance maneuvers than , I -

for example, the altitude rec)earanee. The second obviously is affected since
now more ses’.oqe types m u st  he handl ed .

~~Av ;m~act Assessment -- The impact on the Control Action Decision phase is
sr r ’ l ;) lv  that the logic will have to he modified slightly, which will result in
c~ s iq n i t i~~ant change to core requirement or execution time . Determining impact
‘,ur the Message Formulation phase is , however , somewhat more coniplt’s. , as indicated
~o)ow . These considerations are discussed in more detail in Appendix C.

F i r st (It all , to compltstel y hand ’e RNAV , two or three more message types
would t-~’ requi red , which would necessitate additional complexity . The actual
computations required to generate the RNAV mnessaqes would he , however , no more
comple’, than those required for convention al control . Since the parallel offset

: nn ’ uvu ’ r ’ would require on the average lower mes\aq ’s to comiiplete than a similar
radar vector  procedure , message count would decrease. Therefore . CMA used
for con flict resolution activities would require a small increase in core memory ,
hut would result m u a slight reduction iii execution time requirement . Concerning
M~s, as d is cu s- ,ed in Section 2.~L l, message frequency would be the same , al-
I r Iu Iu ;n only one additional message type is required , rather than two or three .
‘~o RNA V reduce ’ , message rate hut  adds one more message tv ae . Concern i ng routine
contro l nessages (speed , a l t i tude , baromt~’tnic setting. c learance , etc.). message
rate’ is reduced s l iqht ly ,  as shown in the DABS channel capacity analysis In
A pau ’Ts. l i x  A. Concerning the use of RNAV S~D/ STAR procedures (where M~S is not in
use ) instead of rada r vectors , message coun t drops dramatically since the procedure
is pre-defined ,

It appears that the most significant RNAV impact on CMA wiF .s.’ ~n deve l opment
of the computer logic. A small increase in core requirement wi l l resuit although
t~ie execu tion time requirement is shorter. All of these effects are ninor , par-
t icularl y when viewed in the context that the two CMA functional elements affected
constitu t e onl y a minor portion of’ the entire CMA process.
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2. ~~ . ~ Impac t of RNAV On Cent ral U low Contro l

The Centra l Flow Control (CrC) (oncept is oriented towa rd s ni nii H zinq
airborne delays and preventing ai rs p 1m e congestion through nationwide data
collec tion , planning and flow control on a day- f u - I~m y basis. TWO basic
functions are performed in a CIC system : collectio n ~ t demand arid apacity
data for major high-de ldy airports and forecastin g of high delay situations;
and nationwide coord i nation and control of tr’affic to m ui inimiiize toe im ui pact on
aircraft operators and the ATC system .

Insufficient termina l capacity can stern from hr onical ly excessiv e peak
demand s or from teuitpordry situation’ ; where weather or other factors reduce
capac i ty . Capacity imbalances not only cause added expense and inc onvenience
to the airspace users , but the eXCe SS arrival traff i~ can satura te dvdi ld b l e
holding airspace at the ARTC center involved and spill over into adjacent
centers, compound ing the airspace saturation prob b eui i .

Present CIC S~ystem and Procedures - - A t  p r e sen t  the  Centra l Flow Control
facility is organized as part of the FAA Systeuiis Conumna nd Center. Automa ted
facilities are used to predict excessive dema nd situations at the major high-
delay airports. The prima ry demand datd base is the Official Air l in e Guide
(OAG), as updated by airport reservdtions requests. The capacity data base
is updated by teletype reports from the terminals involved . Three specific
f lo w con trol procedures are used a t p resen t :

• Standard Intercenter Flow Control -- direc t negotiation between
centers to limit traffic in flux bound for a satura ted termina l 

—

• Fuel Advisory Departures -- ground delay adv iso r ies  furn ished to
scheduled departing operators for fuel  conserva ti on pur poses

• Quota Flow Control - -  fo r mal ized procedure where each center adjacent
to the saturated center is a ss igned a specif ic traffic quota , arid
must hold all other arrivals.

I,
These procedures are discussed further iii Append ix C. Since the effectiveness
of these procedures depends upon coiiiprehensive . time l y and accurate inform uation ,
an advanced automation capability is scheduled for development.

Planned Flow Fontro l In~,provements - -  The automated t~ ow contrcl system w hi ch
is planned (‘see Appendix C) will utilize a dedicated computat ional capability .
This system will have direct links with the computers dt eaco o~ the twenty
centers to provide re&l time updates to the OAG data oase. De l u~— i-edict ions
and flow control procedure decisions will be further automated and ~a~r~ v ed.
Dissemination of messages to involved ARTCC ’s will he automita ted . ~\lso . the
system wHI be able to provide traffic demita nd data at predetermi ned key enroute
fixes in addition to the termina l data currently provided . The res u l t  will be
a system which performs much the same function ot t oe  present system , but
which will be much more highly automna ted and accurate due to the n’ea l time
update capab M ity .
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kNAV Im pact Ass ~smnien ~ - -  RNAV (00 J)r’ (vi de two c d p d b i l i t i c s  which can be
of beneTf thT~

’ê
~tft functio n. ~- i r ’ ,t of a l l , RNAV nmm ay be used in some

cases to provide additiona l holdin g fixes at arbitrary points , i ncreas i ng
airspace capacity at the affected center, and so reducing the amount of
d C  activity requ i red . Secondly, an RNAV route structure would provide
added options for congested area avoidance when it is necessary to provide
alterna te routings for conflicting traffic. The flow control process , as
presently planned , is not route-oriented ; e.g. the origin/destination pair
is of importance but not the exact route of flight. Therefore , the presence
of an RNAV route structure does not significantly impact CFC in any other
Wd / .

2.3.4 RNAV Impact on Other Automation Feat

Confli ct Alert and conflict ~~ dic~~ S tems -- It has been demonstrated
through the use of fast-time simulations in the enroute environment [6] that
the addition of an RNAV route structure tends to diminish the number of
airspace conflict situations which occur. This is true such that , i f all
a irc ra ft operated on RNAV flight plans , confl icts are reduced. Also , during
the transition to RNAV operations there would be fewer conflict situations
due to the larger number of routes in use. In termi nal a i rspace , the usage
of RNAV SID/STAR p roce dures w ith integral alt itude res trict i ons min imi zes
conflict potential in that environment also.

Should preplanned direct RNAV operating become commonplace , conflict
count st i l~ w i ll not i nc rease s i gn ificantly, a l t h o u g h  the na ture or ty pes
o~ con flicts (crossing, rather than common route) will change.

RNAV provides for the controller added options for dealing with conflict
situations. These options , discussed in detail in Reference 15, can be used
both to reduce controller workload and save on airc raft operating costs. The
primary option , the parallel offse t , does both. Since t~ie offset is self-
navigated , controller mon itoring and communications workload is reduced. Being
more attract i ve to the con troller , if they are used rather than altitude re-
clearances , fuel savings to the aircraft involved can result.

F l i~ ht Plan Conf1ict Probe-- Once a flight plan has been processed and converted
to cen ter coordi na tes , there is no distinction between an RNAV or conventional
flight plan as far as the conflict probe algorithm is involved. Therefore , RNAV
rout inqs have no effect on the conflict probe system. This would remain true
even if preplanned direct flight plans were to become comonpiace .

Minimum Safe A lt itude Warning -- No RNAV impact is foreseen in t i s  area.

c~~~~,L~ ector Design -- Imp rovements are planned to the phys ical faci ities
furn ished as a part of each control sector console. The major improvement is
to provide flight plan display capabili ty such that the manual flight data
con troller position can be eliminated. While RNAV flight plans will affect
the specific information displayed , there will be no effect on the physical
characteristics of the improvements themselves.

- 
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I nroute Metering -- [nroute Meter i ng is a function which can be provided
us a p art of the Local Fl ow Contro l ([. rC ) process. I nroute Me ter i ng is
the process whereby a low-speed enroute transition segment is substituted
for unproductive holdin g pattern time . This cou ld save a si gnific a nt
amount of fuel. RNAV wil l have no im pact on the E nroute Meter i ng function
i tsel f. However , 40 RNAV cap a bi t i ty could be used in conducting the delay
p rocedure .
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?.4 M ICROWAVI I AND iN (’~ ‘-~Y’~lt M

• 4, I 1 ntrodu t. ion

I he Mi rowavi’ I arid m r ig  ‘~ys t em MI . ) dove lopi mm m ’nt iuroqr am nm wa s mmmcd m v a t  oil
by s.’vora I dot m morn me ’. 1 ri the pm ’m’’ .emi t II S sy ’ . t i ’ mm u , l t i t ’’ .i’ del It mem o it
both opera t ionu I a rid t’cm>noin 1 ( in rio t m i m ’ t , wi lb the’~’ two  cr it  or i a , nl e,’.m m I i mig
to some extort t . 1 he has t dot i i etm t v iii he ii ‘-. sys I em t s t h a t  t t m ~ aon t i nuous wave sys tom m i opera t i rig 1 Ii t it. V III / LII (I t requenc v ha rid , wit i c h moo mis
that the si gria 1 c1m n be ser 1 ous 1 y d i st u~’h~d throu gh mnmu l t i pa t b  r~’ $1 Ot t ion of t cc t s
This problem 1 im ni ts the appl icat t i l i t  v of ILS for prey id ing Category  II a it pro ,mches
and an prohibit I L’~ tmn p i en mm onm t at . i on a t  mm~tnt y a i rpo r ts  due to ex tr om um i ’ lv high s i  t o
propara t ion us t’. . In add it. i mo m , i t S ar m prov iLk ’ mm I v 0mm’ approach p.m th
wherea s an opera t i it ~ tiI 1 need for’ var .mhlt ’  path a rid grail i out proc oil ores cart be
demons t ra ted . ibm’ rm ’su it i s a need I or the M I ‘~. program , whose obj em I t vi’s were
t’ctahl 1 shed as  follows :

• t)eve 1 - i new pu’ i ’~ 1’ . j u in 1 amiul 1 liLt ‘III’ i i  l i t  ‘~ vs I ( ‘ mu m Iuy I ‘I / -
, wit i Ii

w i l l  have nit rea 50(1 per fo rm immnic e c omnpart’d wit ii I od~ y s (UI? - V lIt 11 5

for ‘ , i  I.’ prm’p~l r.lt ion .m,nd insta 1 lo t  t o n.
- 

t ‘.y’ . tern and  w i l l  ri’qu ire 1 .‘ss cuts  I v ,mr m d st ,‘I nqont rt’qu i re’nment “

• Deve lop m hast  s y s te m w i th the  c a p a t ’ m  l i ly  t i t  u us m’ easu ’d pt ’, ’ —
to ritm ,m n u .’ through mimodu l.m ,’ odd it  m o t t ’ . ‘a’ that t im e .mpatu m l i t  v and
t mi st ~on he t at 1 orod t (i S I  Ii’ . I y ~i i t  ( ‘I’ i I1L I com b 1 0fl~~fl I s  o f
V .l)’ 1 0(1’. .11 rpor ( ‘~ .1 nil u’’om ’ ’ -

• I’ r’ mtv ii im ’ I tip ’ ( 141’ V t L .I , 1 1 1 1 4 1 1  1 p lc ’  . l I ) t 1) ’ l i . lm IlL ’ ’ , ‘,ii I h I  I , l I u pl ’ t l ,l ii ~
u .i I u s

t . l I t  Lit ’ ‘.eltS I t ’i t  I or’ u i i m muumimm n tu tu so m u u u l u l t  I till I lit ’ (iIUl LLI mtt I
to ts i ‘.1 en t w 1 l b  ,I I I’ m I ’d It I I ‘ i it t  u i i .mm. i t  I t ’i ’ Is l i t  S . I lii’ S 1 mprm ivemnmt’ m i t

i ri I b c  I hi I i ty m it t he s er~ i t  P re ba t (‘s di rec t - I y t o t Ito ev era I I t im id I
of i miiprov 1 nq pert orm mm~i rim 0 .

• Prov ide ,i c m  rig le s tanda rd  I t i m ’  I he s t  t ina I -. i n— s pa o wh im h wi 11 sat m
t he pr Int i . m  1 ni’eml ’, of I he iv 1 1 , mm l i t  am’v , and 1 nit m’rna 11011,1 1 users
Not only would tb i” ol inn no to the ~mtd i t t  Oni.l 1 mo ~ I s  cit severa l 1i1’ ti

l i t  era I I  nt t ~ ‘,ys tents , hot. it wool d ~dd t (1 t ilt ’ sa t t’ I ‘.‘ of (‘lliort Ienm ’
cipu ’ r m  1 1 uifl , . pi’ r uum 1 I t  11t H . I on’ m’\ anmp 1 o • 1 ‘ u ’ ,’, i’ . i c in t  a iupu ’ .’ uc h  o

~ t m m u ~ u . t f I , m f  u i i  I mf , mr ~ u m s i a l  ? , m I  h ill .

• i ouuujili-t t ’  i ’ ’  ‘ou t m ,, l i t ’~ 
,L lui1lu ’rt t  ~It LI ‘ t i l t  1,  I et i t  c,I ‘ ‘I \ da I t ’ I

ensur e ova m I o h m it  I y t o , ’ oval oat on by at her I ~‘A~
)

the resul ting ML S ‘.v’ t em u w i  II ~m I low lirem 1St ’ lllu ’ ,i ’ .IIl’ .,’ IllOtt t i i ?  a .  m ’ u,~ ‘‘ . i ’~~~’c ut I au

and range f rom t h e  t i r o u i nd  ‘, i t m’s. xp~lrl df’d (‘01111 L 111 1’ ,I I 1 t i l lS W i  11 1 I tmlm ’ 1 ~~
‘ ~‘ i ’ ,i -

I)roFinrt ion ,~1 (iVPr~ItI(’ ( 40”) and Ltteqm )rV 11 .mnd 111 i ,tpahi l it  ios . ~uIi 1 t f l  ~ l i i

I ri( 1 ode add it 1 0110 1 i qna is smi t h ,m ’, I I .1cm’ g u t  miOth 0 ,ilid ‘i t  ‘,st ’d dlul’t oat ~1 ~ U I ,1,i’ i~ 0 .

I ~ RNAV ~nd ML S ‘.vs  tems wem’m ’ do’. u m lmiu ’ml for I m, ’ ‘ .~~‘ t ’ t I I m d t I c n ’ t ’ui t ; ‘ tm1 ’ i ’ 0 s t ’’~
RNAV 11)1’ t’flrt’itjtt ’ ,mni ~l I t ’ m’i ’ l i 1101 rid V m i l . u t i o f l , ~tmid MI “ t o m ’  p r ’ m’ t I s i  en ,Ilul’ u’ oat it .ini~I
ldrimI thU. The r e  i s  ,i tfl ’ ( ’O I d~o a I ~~t)  tent  t ,i l oVu ’,’ l a ;  hot wOt ’mi (tue two si the (hi ’

,‘—1’ t
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M IS was designed to prov i de .m d,’ j,’.’m ’ t i t  . iP’ m’ .l ‘ u~ t ’t ,um l t ’ mt t ’,II ’ t i tt’ u i jui ~~
- ,i~ • mt ~ I t  I:

is a lone lion nmm r u m mo II y .ms.. ri hod I i i  I\~ t ’ .i Nov m gi I ni p i . ‘‘m at e ttme ’’e 15 I h ilt I iami , m
LI S well as opm ’r’ationo I overlap, .m nm. I ‘ l i l t  I’ t 1mev’ . ’ nm .’ i t ’ ’ . ’ , . f l ’  i by w i l l  Lit ’ an t
RNAV/MLS tr ansition ~(l  j u t. Soir m~w tic ’ vm ’ , I imo t ot lo wi ng ‘ t i tu ,i.’ I’ ti.iv ’ tu’eni s ’ Im ’ m t~sl
for study in this RNAV/M LS ilmipa. . I a m mo I y’. i s :

• the RNAV/MLS interface probl em ii
- Latera l
- Vert i cal

• Ron te— followi ng requ I r.’imien ts , and usage for the i.’xom: ut i ant of
noise-abatement approach procedures.

• Comiiiionua ii t$’ of airborne t ommi pu tati ona I a rid disp la y r’equ 1 I’eIliOlt ts,
and MLS usage as a 4D guidance sensor.

• Compi enmentary RNAV/ML S f urn t i onto 1 cu iua hi i t  ( m o , .

The results of the anal ys e ’. ul these top ims dOt ’ rev ioi~t ’d in th is cm ’.. I ion.
wit i be the de ta i 1 .‘d anal yses are con to I ned in Append i ‘c 1

?. 4 , ? The RNAV /MI S Iran’, t ton Probleim

The RNPPV /MLS t,r’dnis 1 1 lOut proli I t i  i ‘ i t t  (‘5 t O  I it’ I Ot t .mt wh u I~’ I he M[S is
- i  h m ~ l iI y prec isP ‘~yst emn , the RN AV mnh t p f  ‘ ‘ iu i lutc m m ” , o u i y -Im u i . p , ~ k lv  a t o r ah ’
0051 finn - findin g t t ’ m lun igut ’s a’~ the muu i n  : 10:1 requita l ,i

~i~tb m i t , .  1145 , ,i t thc-
m t  m’ , ’f  dm . ’ where Mi S data is nm’s  I i’t ’ m m i v e d  , ,ti iy k~-V ~ i l - V I i i IOn m ’i’l’m ) l ’’, wi I
rtot.ed wi thin the MI.S ‘.ys t o in  ~urm d w o uld t I : t ’ , i  be cm uu’i’ m ’ , I t , , hr ,u ,.t~n I lii ‘imiida n..-o
loop . ~Pu’t. ho,’ th i ‘ , u’ m ’ , f t ’ s  arm opt ’ r m t i t n i  1 probici ;- t 1 ’ not du ’~u..’ols ( l io n t hi.’
degree of R~AV del ivery  error to be t’xpm ’t. ted , the qe’omne t ry of I i .. r, ii I t ’S , Ond
the approach taken to the so lution of the problem ,

An ira ly’;i s was ; ,ule m ’t  the u’ t ’l ,i t 1vu .’ lin t t. ion 1 t h e  It ’l i’ m’S t ‘,OH ‘ti stat ion
with respect to the ? .t  t i , t ,~m ’r d i t ’ p i) l ’t ’ . ill t i i t .’ i) t u i ; n  tli ’ri~ Iv i.~ i. i r i
was found tha t for at least ~l0~ at (hose ,i m~’ports , H’ ,‘ t1R A ( wv. w i t h i n  10 m n

of the center of f li t airpo rt. l~e t m ’ r r m n u  to A190—4hA j 10 ( 5 & ’ m ’ ~,mblo P ..’ ’) , i t
may be seen that the mdx i rim um im ?- er’n ’mo ’ exist lily , V I I  ,I Ii ) i i ; i :  u , i ; m ’ i m ’, 15 .1 i’t i S S
too k error of 1. (1 rita . Appen d ; ~ I) on ;t . , I ins ,i lito rt’ I.~~,u i it’d .in i ]  V ’ 1 5  if  the
of let I ’ , of V (1T ’IIAP,’/runway geom et ry t i n - ‘ 0 5 5 —  trat k ,u m h O . I ,  , . ‘,hti,i ld I’,’
m ’ecuojn i ~‘ t ’~I I i t t. thi’  1 .0 nmn v o l t ie I 5 .111 t)ti Io’i 1 f l it I I , :ao ’~ I l l  i ’ -O and or,’eu’ a to-
type RNAV systeimis are expe..,tod to show tom’ hettA ’u ’ - t ’

~ 0 t ’ I ’l,lhl, ,‘ ~s ’m ’ ~,,Ii be 1 . .~~
‘

Three poss ib le procedures m~~u l t ? i’e jS~~m i ID) , t I ’i’ , m  till,: h \~~~~t \  ~ei iv. .’u’~
error and capturin g the MLS track:

• Ut iii ze MLS tw ida nec to effec t I n~ued ii to a p t mit’ t ’ cit t he no,- riO 1
track.

• Li ti li ze ML S gu i  dance to 1 n tercep t the nos t i ,  I tOot ~ .it t Si. ’ li t ’ St

turn point.
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• LJt i li ze RNAV guidance to m mui. mi nt ain current track to intercept
the next segment. Utilize MLS guidance in executing the turn
to the following tr a ck ,

in wide— beam ( It) ) Mt S vnv i n - i oi m n.’n t s , Append i x I) shows tha f. t he t i m ’ s t
( .t ’t Iinique Is h o s t  ,1i)prolir’ia te . lntlo. ’d , t h e  precomt f t r a c k at 11 m m ’ MI S
intercept, point may he intercepted mi s ing standard control laws under the
fo l lowing ntininium final approach leg I(’nt]th conditions: For a cour se w i t h
a ~O~’ turn—to—f ina l (or loss), no ‘.tra i qht fini~ 1 approach leg secimnient is
requi red; for a co u rse w i t .h a l~ 0” turn — to—f ina l  . a 3 rim straight. segmen t
would he requ ired (see Figure s 0,3, 1).4, D.5). As beam-width is reduced ,
t.he’,e condit ions change , In the narrow-heamti case (~ 20” or less), the f inal
approach segment length requ i red i ’. much longer. This is to he expected
‘liv en use of’ the first techni que shown above since it requires that the
present track he acquired , which means that the present track segment
within coverage of MLS must . he long enough to be a c q u i r a b l e .  T h i s  problem
is  t ’l i ml no ted I f the third t -’chn i quo above is used . In that cast’ the errom’
on the present leg is considered to be of no consequence , whil e the next leg
is intercepted properly using MLS data. In any case it is not necessary to
use severe or otherwise unusual maneuvers to acquire track.

The t ransi t ion to MIS ver t ica l  guidance i s  somimewhat mimore involved than
the latera l cas e , and is discus sed in det ail in the appendix. The causes
are : (1) li m itations on descent rate and the pro b ih itio ni against an - :
arri vin g a i r ~ raft (lim n h i nq to zero—out an error; (1 fhe along—track
(onilponen t of RNAV error at the de li very point; and ( 3) di fferonces between
the qeometr’ Ic a 1 t I t.ude rneasur’emen ts of MLS . and the haro—corr em ’ ted a lt I mtm etry
used for 31) RNAV and sta ndard level seqrnent,s . I t en; 1 s imply at  fec t.s s ystem
lo g i . I tern 2 present’~ a s I too t i  on where the m . iu i (Iam lt -(’ c omputer , U~0ri t’OCO 1 Pt
of good MLS dot .1 • must al ter the descent gradient (i t gradient descent is im i
u ,•e) in order to c onipen so to I on’ the del I ye i’y error. I tern 3 i s a thorny
prob lem ‘, i rice , a 1 t.houqh the ML 5 ol eva 11011 dat a is more ,mccui’at e than barometric
do to , I t is i ncons i ‘,tent with it . due to the  0 tfe ( I 5 at tempera tore dev i at i oi ls
on the height /pressure profile , even when I he local ha m’ometr t c t’orr m ’ (1 OIl 1 S
used. Thi s harornetr ii.. al tinietry error (amountin g to ~~

‘ - , 3 ) is s y s t e m a t i c
‘ , m I ( h that a l l  haro a ltitude users are affected equ iValent ly , tan s ing an air—
o rat t opera t I nq on MLS do to to be app.i rent 1 y i n erroi’ by c omp,in’ I son . Severa l
‘.1) 1 ut I OIlS t o  th is problem are a tud it ’d I rt App e ndix 0, The rm ’t’onhiitT’nded sti l ut 1 t imi
t s based Upon t he fact that , us i nq the pro..-edu ri’s an d do t o froimi ‘\i,’ ’t t) —4 hA 10]
,mviml o c i r i ’, ider inc i  all error sources ,tlu rlnt i leve l fi i tht the requl i~~~) ve r t i ca l
‘.eporation it a i r c r a f t  in a mixed (MLS/haro ) efl vli’ti n :tt ’nt is less  I hon 10111111 -

at  and below 4000 ft. AGI . Ih im ’ . ,MLS systems woo ImI a’ ‘1 ’’, iqI let;  o 1 i ii :e
haror imetr i . do to (or ti y 1 t ’V l ’  1 scgment,’~ hosed on ,m mite I r’v 1 ,, bov ’ i~?? t t . , and
I rari s It  ion to Mt. S vt’rt. it  a I q m~ I dance bob OW.

0. 4 . I The Route F’ tl 11 OW ri~ and Noi ‘.r Ahat,emen t I ’ rob 1 ems

The capability t.o navi gate comnpbe x approach paths, i n o 1 udi rig curve d as
w..’l I i .  s t ra igh t  segments , in order to fly over noi so— in ’~om ;’~ i t t  ye an ’eas or

avo i t t  ohs t am je’, has long been a recoumriended fea to em ’ of I hi ’ t I  
~ l’OW,I\-t ’ I aut ,l 1l)~

Sys t t ’ u i t , Si nm -e this ..-ap obi i i I y impl ies  that a wide—h e am im M IS t’oa t um ’i.’ woul d lit ’
prov ided , i t is  of in terest  to determine under w lm u t r a t i O  it . ions I hi.’ h ig hly



_ 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

lire .: I Sm ’ wide— beomn coverage wou Id be am. tuo II y needed , a rid u midem ’ wha t t O r i d  i t  Uris
RNAV guidance could serve the stated purpose. Severa l examnp h’s of ex ist in g
VIR no i se aba temnen t approach procedures which are c aud i do to S for c cmv t’r s ion
to Ilk procedures, g iven the wherew i (ha 11 to n ov i go tm ’ t lte m m i , a m ’e eva lmi ,i ted in
the append i x . The f i rs t  case I s the Po tomnac Rive t ’ Appn ’o~ic Ii to Wa sIt 11111 t aim
Nationa l Runwa y 1 R . It was found tha t such a proc edure could he dup l ica ted
under iFR conditions using MLS. However , the prohibited areas ont either side
of the river are so closely located to the approach path that RNAV (using the
airsp a ce requirem m ten ts of AC9O-45A 1 10 1 ) would not be suitable for the purpose.
Note tha t the application of curved segments to the River Approach is not a
consideration here ; RNAV computers could be progr dnEied to fly curved segments
•iust as easil y as an MLS system could.

Another approach procedure ex ,nmmiinied in Appendix I) is typical of the
‘.itu ation at mtmany airports where prohibited area s are not a consider ation.

~his procedure , the Hudson River Visua l Approach to La Guardia Runway 13 ,
t~t i) i .’es the river a’. a noise ahate imm ent corridor to intercept the IL S course
t o  the runway. Th is  is an idea l app lication of RNAV to prov i de an IFR noise
ibatenwnt capabi lity . The RNAV arr ival  rou te can be designed wi th altitude
restriction s which ensure obstacle cleara nce , but which stil l provide the
proper transition to the ILS gl idesb ope (see Figure D.9).

In conclus ion , RNAV mimay be used .m t a qrea t lildfl~ .11 rports to def ine  no iso
abatement transi tions to ILS cour’ses for h R  use. The case s where M i S would
he required instead are limited to those unusual cases l ike Washin gton Nat ional ,
or those cases where the noise advantage can be gained only through the use
ot an ox treme ly short I i no 1 a pproclc h segment, An outstand i rig adva nt I .itie of the
RNAV procedures is that t hey cou Id be i mi lp I emmien ted in the very ne ar f u t u r e ,
without. wa it I nq fan ’ ML~ (lop 1 oymmicn t . since riO 110W grountd ins ta 11,i f uris ace requ i red.

0 .4 .4 FunctiOn ,) I Compa 1.1 bib I ty

RNAV and MLS sys temiis share tim any t unc t iOnS in  cO mm m mml ofl . First. , a mid ()d n’t Ic u—
Ia r 1 v f or a i P ’ l i n t ’ — I ypm ’ S y S  tei m m s , n’oii to ml~ to s tonai go is prow I dod w i t Ii th(’ RNAV
system , and could be i.ippl ied to the MLS routinqs. Secondly, each systenim uses
paths defined in terms of wcnypoi nts. The fac t tha t MLS may util i.’e certa in
paths defined as segnimenit. s of arcs is not part of the standa rd RNAV concept ,
hut ce r ta in ly  would not hc’ a signif ic ant addi ti-a n f,a s v S t t ’ i;i c oiaplt ’xi ty .  t~ath
v pi’ s ,i~ ‘ys te im is mit  i ii ~‘n’ n aviq at ion i sensor data in SOfliC t aco t i. ) derive route

t i l l ‘ n i ’  k m l t ’ v i , i t  mi i n l f a I ’~i i . i t  t I l t , i loth t ypes ,n ~v’,t t ’ i ’ . ,%014 11 ) be
ru  - i  - i t  *~~~ t i ,  ‘.f,i nit , it ’ t t 1 ight  l a s t e u u m m ’ i i t  a and • u ( I t t t l i i  J ot’ .

The two siq n i I ic ,int iii f t  n ’ n ’onct’a ht’ t,ween RI~A~- ~as ,in iv emit iono l I t~~i t  m ’i~ m~t
of  ) and Ml S art’ (I) that an M1 S senisor’ is emp l oyt’d , and p, 0 )  thd t C i i i ’ . cit I. 1011,1 )
f Ii tht in ’. t rument’. may rimi t be sui t a h l  e for  operations a ~a mi q cu n’ved coo
‘, i ’g-~.’nt- ’, . 1ni c di spl a y problem i s  ( I1 S CUSS Od in det a il mm A pi’endix P. R a s i o a l l v ,
I?IC prob em is tha t conventional instruments do riot On ’OV I do t lie ,in t i ,’ i pat i mlii
nec es s.m rv to correc t I y follow ,i Curved path. Theret o Om’ 501 to new type of’ I Os t t’ (, —

n’ten t , ‘.iit h as <in I lectronic Hor izont a l S i tu a t ion  ~nid~ c.i tor , may hi.’ r’ .,’qni rm ’ti ,
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In order for an RNAV comupu (or I o ‘~t ’ m v  e as <in MI S m OmiipU t Ot’ as w e l l  , i t
shou I ml be configured to accept ML S sensor i nputs and porforirm the nm ’cessan’v
RNAV/ MLS i ntep’foce func t ions. Add it lono II y , i t mmmu s t of course prov ide what
ever MLS funct ions are a ppropr i a to to the ca te?gory landin gs he i rig m, oudu c ted
such as f lare guidance etc . Cons i tler’a hi e cost say I rigs can result I coin b k  i nq
advanta ge of RNAV /MLS equipment com mi mmonta lt ty .

In a 40 Meter i rig a rid Sp,ic I nq onv i ronment it may be des i rob le t a u ti l t  ze
the MIS data front a time contr ol point of view as well as verti t ,al arid Iote,’ai
control . As a result , even hiqher time control acm un’oc los , and there t ore
higher airport capacities , should be achieved .

0.4.5 Comp l ement ary Ca p abilities

In addition to the ~ire<i s I rid It a te d above where RNAV can .~Orflp em nen t  MLS :1
capabilities , two area s remi iain where’ RNAV mi~i,y supp lenment the m’apahi l i t  los cut
the less com mm pl ex MLS ins ta l la t ions .  F i r s t  of a l l  , m ’n ’ta in commn uni tv a in-port
‘I apI i ‘ at I iris of Ml S will provide on I ~v oil flu th a rid elev ation coverage. hut not
ranmme . Where this would be bend i i . .  iab , RNAV c ap ab i l  i t i e s could be used t o
pr ’ o v imt t ’  r,int le - to -t o uchd own data . The other applic ati on concerns C at I and
Cat I,” i t inst allations where no back a.’imnuth signal is provided t ot’ missed
approach guidance. RNAV capabiliti es (mi ld easily fulfil l that  role , where
‘,,jm h .ui tance is needed.

2.5 AiRPORT SURFACE TRAFFIC CONTROL

No interaction is expec ted to ex ist between RNAV and ASIC . At presenit,
no p lan ex is ts  for development of ot t  autonomous , .11,00—coverage, ground navigati on
‘,v atemu . Th e c b o s ~~st  pro ,je~ ted capab i Ii t.y is the usage of MLS cmi i  I—out  guida n ce.
althou gh this would be specific path guidance and not intended for area coverage
purposes.

?.ri WAKE VORTE X AVOIDANCE SYST L M

The WVAS will consis t of various types of soni sot ’s wh ich sh all oithe,’ detec t
(,on(i 1 Lions which are conducive to development at a vortex threat, or shall detect
and track vort. m & i ~s di rm ’ : t. ly . Tht ’t ’ i’ 1’l 110 di re<’ t 1 nt t t ’ n ’~ t lion between f lit ’ W~’ASand ~~AV tapa bi Ii ties. However . ~NAV should be very 1 5 0 1 . ,  1 .ic a cm ’flt en’ 1 t Om ’ 1
I tic providing increased separat ions rm ’qu I red when van’ t ox  ~‘mid i t i  m ill S arc dot i.’c ted .

Appendix t evaluates the application of RNAV I o~ tin 1 gu< ’s t o  , ‘ i ’t ~ x avoidance.
in  summary it Wd s found tha t the  delay f~n procedure Is appr’api’ it~sepa rat ing aircraf t  whi le the trail lug aircraft is not yet ati the s ,’.- c p a t h  ,1s
the vortex — generating aircraft , while’ I he para lii. ’) at set nmancu v or i a .1 ppm ’t~pI’ t ate
when the two aircraf t arc on a comiinon path. In both cases • the ontro i procedure
tendc to ‘;mmi d ~ the trail ing aircraft away fromii the t hrea t as well as increasing
fin a l approach in -trail separation.

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~
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UG3R[) SY~T[M IMPI I MI tUAIIO N CONSIDERATIONS

t .l  LIMITATI ONS OF THE THIRD G[NLRAT ION MC SYSTEM

The Th ird Generation ATC System was developed in the 1960 ’ s as the beginning
of an evolu tion ary development process by which the level of service provided
by the ATC system would be improved , and where the growth in routine manpower
costs coul d eventually be reduced. It should be understood that the 3RD system
was in tended to be a baseline l evel of automati on which in itsel f would not
dramati cally improve service or reduce staffing costs , but which was necessar y
before those improvements which would do so could be implemented . The automated
fac i l i t ies  which were devel oped are sumarized in the fol lowing.

3.1 .1 Capabilities of the Th i rd Generation ATC System

Enrou te Automation (NAS Stage A Model 3d) -- Those features which have been , or
which will imminently be , imp lemented are as follows :

. ATCRBS beacon and primary radar tracking
• Automatic interfacil i ty and intersector handoffs -

• Di g ital display of flight information data
• Automatic flight plan processing, updatin g and forwardin g
• Automatic f ix-t ime updat i ng
• Fai l -safe features

T~n~itnal Automation (ART S III) -- The following features have been , or shall
shortly be , imp lemente d : -. 

-

. ATCRBS beacon and primary radar tracking
• Automated iriterfacility handoffs
• Semi-automatic posit ion handoffs
• Di gital Display of fl i ght information data

— In addition , the fol lowing enhancements are under development:

• Fail — soft and fail-safe features
• Continuous data recording
• Mult i-sensor capability
• Metering and Spacing
• Confl ict prediction

Terminal Automat ion (ARTS II) - -  The following features are a part of the ARTS
II system (presently under contract):

• ATCRBS beacon decoding , with altitude
• Di gital Display of beacon data
• Automate d aides for data reception and forwarding

ATC System Command Center -- Several new supervisory functions have been created
and inte grated in one office . Automated aids have been developed to assis t in
their operation :

-
~~ 3-1

—
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• < c i t  ra I law f ei n t r e  I I a~ m i t t  Cl ( 1 ’)
• t . ’ni t m a l  ~i I i t utit ’ Reservot  ton 0( ih ty  (CA ~

) )
• Airport Reservation Of fm t < ’ (ARO )

The’ above’ I hi rd ‘‘< ‘ rme ’ n’a ti an t a t ab m i t t  i cs a n’ e’ i mm odd i t t  011 ~) th~’ Con t I nu i no
imp rovements he i rig made’ to the’ A t( hCS riot , t h e  a i t’/gn’ound ~intd inter— tac iii tv
conummunic ~tions net, the’ nav iga t ion  ‘,y s tem ir , the U.S system and the Fli ght Service
sys tern,

3 , 1 ..‘ T h m p ’m l Genero t ma n S v s t m ’um int l t a t  ion ’.

Wh t it ’ the e xistin g ‘.ys  Ic ’ i!I ’,e ’n’ v i t t ’ . a Ic Ira fiji. to an adequate ’ ext ent for
he most ~ ti rt , in’. coo s i nn tra I f m C (hot h 1 ram i\par ’  and GA) . Inc roa si rig ATC sI a f f 1  rim:
m)s t s  , hi gh delays and Cont inu in g , rm t m de t t ts proript the mb ov e lopm mien t of enhance-

ment  s to the ’ ~Rfl sy ’ .t e ’m, These I ,ike’ the form of upgraded Thi t’d Generat ion Svc t orn
improvements , and will eventually u I ri no to in the Advanced A i r ’ Tra f f 1 c Manac ~e—
Th ’ nl t Sys tem . ~i ’  major Thm cci Generation ~vsteiU p.’abloir ’-, are as fce l lows , as t i n ’—
sCribt’d in R~ te rence ‘ . ‘ 

. ~- -

Manual Can t cmi — — do ii hero t e ly , the ’  dRi) ‘,yc t oir cl i mb nm i t ;‘cov 1dm ’ tmW antonio t i ug
07) t t ’O I don i ‘— ar i a end f J f l t  t ions . Sl i m Ii <Iii tmimo t. i art ‘. Oti f l’, t dt ’r’e~j f l O t  t ’sxa t’’.’ to

achi .’v.’ s i g n i f i c a n t  new s t.e t ’f inq cost savI n g s ,

A~ CRt~s L i mit at to r i’ . - - Al though radar i ’ i t  ~~~~~~~ e no’ s been ontton ct’d P’. the beacon
r~mn s p onder s ys toni , there a rm ’ mo rt a in Pa’~ i c ii itil t O l l  nina ~, boom w dth , sync h ronous

garb a, miss ed and to I at ’ target s ) wh Ic would pro’. en t the deve I apI’ie ’n t of PC
and many autonta t ion enhancenien t s , and woo l d r’entde r Al C RBS insu lt oh e I mit ’  hi qfl
t ra f f i c  density s i t ua t i ons .

Voice Conimuni. mit ions — — At l ai m i 1 in t l I i  ug the e\tent to whi t O  cont ro l ler  pro—
du t iv 1 t y may he i miiproved , the ’ ,ihat ’nm n ’ ot a do to link capabilit y w i Ii a 1 so re —

‘.ui t in cont i rltle tl V O i  me channel sob ura lion problems .

Airborne ’ and br oun d Do lovc — Due pn ’ rmnmari ly t o  t he i nahi Ii ty cost  , b oat t O ri
rm oiat ’  , t ’ t  c . “t to prov i de aeldi t i ctnal runway ~apobi ii Li Os and effect i Vt’ moni tori rig
and contro l o t ground iuovomncnt I a in poor we-’O thor . a i chat-nt’ and ground dcl ova c m in —
f. m nu e to moun t , portic o lad y as a n’esu l t of the WO ke vortex problt ’mr .

C 0,111 1 m otiUfl (mr ’ i m , C t  tOIlS — — Al though O m i t  -at C O n i t t ’i ’’i I ~i I ~ , - o r  comm inun i 1—
t O r t s  capahi Ii t i es  m O ~~t m nue t o  hamnpe ’r moo t i c  n i~~m ’1 ’3 t I or’s oto pee’’. 1 . effect

on t ro I and ocean to a i t’wav capon It ~y I mnpr ’oVm ’snt’n t S

Ini ’,t rumecnt Land in~ S v s : m ar - -  ‘ma ’  t o  b a s ic  1 imi t a t l O l l ”  at th~’ ~HI J [  
~‘ 5V ’ , t m ’tfl .

Cat I LS cannot ho lm~ l emon t 0mb .it many a i rports where it  is si.’ ci ous ly needed ,
cid Cat II syst e mns hem 011k’ tar more costly than woo Id he just i fied

i i  - d ) t ~e’ n’’~ 1 m m ’ St a Ii Ofl ’ s —— I hrouqh WI do d ispet’ s ion of ‘oci l i t It ’s , manua l p ro—
< ‘ mlLl t ’ < ’ ’ , an.1 ant m geaa l  t ’ml ., m)mlimun i co t  term s networks , the t i  ight ~n’n ’v1 ce system operates

t - ktr ’~tivel y but i i i  a mmra mipowe r-in t cn siv e manner.
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. .- - ‘<J m ’i A~ S FOR ~~~ RI ORMANCi I MPROV I M t NI S

T r m .  A ir Tr aI t i Control Adv isory Coimin i ttee ’ ( A I C A C )  [ 1 3 ]  in l ’1e~’~ recoqnr i :ed
i n n  ny o f t h e  p rob loins a to ted above’ , ant i 0011k’ fort tm w i t h the toil OW I r ig  s~~t Of

general reconmiendat ions $ or upqrad I rig the c~ pah lil t Ii ’s at the Tb I rd (.~enerot i on
Syst o m mm :

• Microwa ve ’ Landing Sy- ~tom
• High cap acity airport des 1 gri s

• Wide implementation of RNAV
• A discrete address A1CRBS wit.h data link capabilit y
• Intermittent Posi t ive Con t rol , for ensuring safety

in the mm ii xed (1 FR/V FR) t m ’at tic environ me nt
• AdditIon al au ton rat ion dave lop im me nts for product i vi ty

enhancement t
A’; a rca ul t , the’ iii m m ’ - point UG3RI) ~wog rain wo a adopted by the FAA . This sect i on
sn.m Ii r ev iew these’ r i m no points , det or Ii rig the spOc ill m problems they are in—
e’nded to solve .

~~.,
‘ . 1 Discrete Address Beacon Sy st e m

The DABS sys toni prov id es vas ti v I mm i p ro ved a ii i’v e iii anne perform ikil iCe arid a

~t at a  link capabi lity . The motivatic ens behind the surve illance improvements ar’e :

• To be able ’ to t rack reliably in a highly dense t r a f f i c  environment
• To track m uch ntore accurately thin ATCRBS

These are requi red to assure hi gh performance of the IPC subs y stem , ari d to al low
i~ivar iced automated im provement’s to be’ imp leniented . Thus the b as i c  m o t iv a t i O n s
are safety, traffic density , con t roller productivity and capacity improvements .

3 .2.? Intermittent Positive Contro l

IP C wo’~ dis~~ss~d m ihOVO , hut it atlou Id be mentioned that IPC al so tends to
c c i i  OVO (:Ont rob It’r work load in lii t i ll ‘Jt ’ ii ’ . m t y  cmi v i rmomlmu en t a

.3 , ? . 3 Ii iUht Se~’v j ot ’ Sta t i on Ant outa t ion

Tn i s prom~rammm WI 11 eventual 1.v pray I tIC equival ent ‘.ii’ im proved briefin g and
I lltpi t piani t i l i n g  serv ice  to genera l avi ation users . However, the prima ry ,
overbearing motivation is F l iqht St’t’v l~ t’ Spec iali st pm ’oductiv itv . Al so, addi-
ti onal  automa ted flight planning set-v i ces may be prov id ed .  s e r v m r - ~’ ~‘~or convenience.

3,2. A li j mjraded ATC Automat ion

Metering and Spacing is intended to improve airport capacity and r’emmuce
delays . In addition , the automation will tend to n-educe controller workload,
and so may improve productivity.

Con t nai l Messaq~’ A utom ua t ion is a i mod exc 1 us I ye I v at i mprov it ~ ca nt t ra i ler’
product i vi ty . I t  i a perhaps the 5 i r im ] lo mac t a f t  oc t  1 VC p1 an m ie ’d Ct..]3~IC t ii~ t’0~~’iiit ’ii I
for  c n’ eat i rig product iv  i ty I nc reas e’~ , and t O m ’ n ’O fore fan’ a e ! ~ in’. 1 ni~ A~ t m)5 I n’i’dtjt’ t 1 OIlS
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Contra I F low Contro l Automat j a m  I i n i t m ’ m t d e ’~ t t o  m i m e t i c , ’ the pn’oci ’ss by
which delays are r’pd a e ’ml (or t nain~s t  c c i i t m ’  ground de lay ) , and a i rspac e ’ sat-
uration is prevented . The resu lt  w i l l  e’ both lower user operating Costs and
reduced controller workload. CFC oat oniation improvements will also enhance
CFC staff product ivity.

Automa ted Confi ict Alert is i n t e n m m.it’d O X e  lmm ~ iv t ’1y to enhance the itiargin
of safe ty in the system .

The Fli ght Plan Conflict probe m a p rima r ily aimed t owards reducing con-
troller workload by elim inatin g pot c ’n t i~~l conflict situ ations before they
occur.

Minimum Sa fe Altitude Wa rrt inq ~~; intended exclusively to enhance t-he
mary in of safety in the system . I

Contro l Sector Design lmprovenk’nts are intended solely for sta ff otfi-
ciency i ntprovements.

The enroute metering concept is designed prima r i lv tar user fue l savings ,
although it has ram ifications in terms of airspace saturation and , therefore ,
con trol ler workload.

3.2.5 Microwave Land ing ~ysten1

The MLS is desi gned prima rily to reduce delays arid enhance operational re-
liability . Three primary purposes ore to be served by MLS. Fi rs t , precision
landing aids may be installed at many airports where it is miow economically
infeasible , due to sitin g problems . to commi ssion an ILS. Second . CAT II and
III landing capabilities may he more easily established at large airports .
Third . noise abatement approach procedure s may he conducted duriri q instrument
con il n  (these may be presently conducted safely in VFR conditions through
radar vectors or visual cues). These al l are delay-reducing and reliability-
enhancing capabilities; thus they will re u i t in user cost s,ivinqs and reduced
inc id ence of a i r s pace sa tura t ion .

3.2. ~ ~ “port_ Surface Traffic Contro l

Si4 ~~ce t r a f f i c  control is present ly  a problem at so v o m a l d in - ports during
instrument conditions. [ventual widespread install ation of Cat Il/Ill capability
will significantl y complicate the ASTC problem since airc raft wil l b ’ operating
under even worse conditions. ASTC improvements wi l l redsce delays ,Iflm l also
ma ke the ground controller ’ s job mu ch eas ie r , requiring fewer persc. ~t’l.

3.2.7 Wake Vortex Avoidance Systen

The wake vortex problem has seriously reduced arrival capacity at virtua lly
all high -de lay airports. Signif ican t  benefi ts to aircraft operators will result
from reduced delays due to successive improvements to the capability to predict.
detect and ovoid wake vortex s i t u ~ tionc . The i’es u l t ini q capacity im prove me m it c
will make airspace saturation Ie~s at a problem , relievin g controller workload. 

~~~~~~~~ 
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3 .2.8 Aerosat

Whi l e not of concern to thi s study , since the objective is the study of
domestic RNAV implementation , the Aeros at system will serve both users and
controllers through si gnificant communications (and therefore control) mu -
provemen ts .

3.2.9 RNAV

As discussed in detail in Section 1.3, RNAV will provide significant cost
savings to aircraft operators and improvements to contro ller productivity as
well. Terminal SID/STAR procedures with altitude separation will considerably
improve terminal traffic organization and reduce workload. Enroute structures
w ill reduce travel time and reduce conflict potential .

3.3 RNAV CAPABILITY FOR OVERALL ATC PERFORMANCE IMPROVEMENT

As discussed in the previous section , the UG3RD program is designed to
produce specif ic improvements in terms of several measures of performance , as H
well as an overall improvement to the margin of safety. The intent of this
section i s to anal yze the effects of RNAV implementation and determine :

• What effect RNAV has —an those same performance measures —

• How RNAV and the oth -r tJI 3RD features will i nteract, and what
impact (either compoundin j or duplication ) this has on those
performance measures

• how ot her optional enhancements to the RNAV concept could further
improve overall system performance

3.3.1 RNAV I~ pact on System Performance Measures

Four specific measures of ATC system performance are considered here :

• Contro ller workload and product ivity
• Terminal capacity and delays
• Airspace con gestion
• User costs and operational convenience

These are examined both in terms of the basic RNAV impact on the performance
measures independent of the UG3RD p ro g ram , and on the RNAV impact because of
in teractions with UG3RD program elements.

Controller Workload -- The basic RNAV effects on terminal ATC cortro ller work-
load stem from two factors : (1) RNAV Sill/STAR routes , being self-navi gated , re-
duce communications workload drastically; and (2) established RNAV routings re-
duce airspace conflict potential since conf lict situations are “designed-out” .
Section 1.3 recites results from a recent RNAV real time simulat ion . For ex-
amp le , rad io contacts per aircraft were decreased by the amount of 20.0% to
39.9~ (arrivals) and of 53.8% to 58.6~’ (departures) by transitioning all traffic
to RNAV routes. These effects are not dependent upon LJG3RD implementation , and
so cou ld be obtained as soon as a substantial portion of traff ic is using RNAV .

3—5 
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I i l l  ,~~ U t  
I

that a w~~l l~~am c ,nn m _~~~~~ ; ~~~~ r0i4 ,’ a t ’  mm ~ ~r~e r I ~ . e i ’  ‘~p a~ 
- - oa t I m~~t - - a~.m:t mm

compari s ion ta t ’ l e  a r e e n t  a~ vi m~ - . ~~~~ . ~ ~ - t m  t ’U i n St - t  ~O~i I . .~~. ant I i c t
count was  ‘educed n by a ‘~ i’ i ’ i t  m mmi N~ tOIL. tN A’ —~t’ .i k c  c i a  - i~ - aunts i m o
experienced a l s o  - I m i r m ’ ; t a o  t~~ n ’ m s t  t on a a 1- l O ~ o’~\ ;  env iro’  emi t . As be fo re ,
these benefits arc ’ avat  l~~m~e’ 1 1 1 0 ,  , c - u O  m i t  at 00 -~~~ . m i al ,’;:~~ri t i t  ion.

Two ~~ R p c a ;  •
~~~~~

- -  c 0 t r t  ~ ~~ - m a t oP - -
‘ P. i n - i ’ ’  ti’ as to  ‘ c ’ 0 uc a

contr oller w r -e , lOOL j . -
~~

- s ’~~~ ’ ‘a  n - c t  i i i  P.O . c a t  al i c r  w~~’’ L i , i~~ is  reduced
through t he  n c ’ ,~ R’~ t ’~ ‘tot ri ‘ ij  m m d  S O n -  I n t l  prOt 1 ~i5 ’ a : -aa rison to the
radar vector  ~&s tt ’t ‘in I it  . ~ o n L  I i~~t reil ic r j .~ ~~~~ a Its fronn i rts I a \3 t i Ofl ol

the s tr ic t tun i ec d~ s c i : i i n o  ‘rn,’ , n l t  m m t~~ ’ - (1~1 ”  ~, a t ~)m ,Oi 0t C t i  t )  M&S. The
usage of 4ll R tIi.AV ~~ ora~ ‘ i d ’ ’i ’S t u r ’ t  ‘ I t O  c ’ l Jc _ Os o m i t  r i  lt ’r ~v m r~ioad ~iy ci 1mm —
atinq one comm unicat ion t vent aer n ?l ’ m a

Th e , n t n e ’r  ~~:~ P .irograa ’: SO ~~~ m i  r ’ ~ t ’ ~ ~i m ~~~~~t~~ a o t o - n q  c aac t ’a t .  For
enroute s’term nr t un i_ i Ofl - ‘ -0 1 c m  , - c a i s i  lc- - ,iti 1’.’ con t r a i l  or mt t ant ion , with
the a d  ot autoi~a~ t ea a c - i  val t i  nit .’ p ’cO ion • 11 ~~~ ra q i l  red o ’~~’’ ani l on ng
and moo I fyi rig am raral t ~aooJs sac ‘r t m ~ a i t  - Poi t~ ~. ar r i vol time is made
good w ithin reasonable ha mad ’.. Psaqe’ or t : t .~ ~~~ . : ‘c’ mnmi ~uC woulu ci imn inate that
requ rement • since a rm - i v u  time contr o l so’ ho a t .  t.m ’l sned by the am rborne
syste m , as dtsc rìbed in Section ?3. .

J~~fl11) ~~ ~~~dcj ty ~~~~ ~~ y~- - -  \ ‘~\~ a- ~~ 1 ‘ i ,  a t . an  ~h~ w n . in a recent
real — time simulation stu.\’ SL IIIY i sir i :t.’m i 1 m m  Sec t  ‘ an 1 ~ , t a produce a c j  gn u ~i cant
net i n~. rease in tern— i aol  m r r ’ v  al c a p a c i t y  . a I csr q c h a cc i r r ta pond i  mc reducti on
in de l ays. Arrival o~c ’ations Oat~~s ,-. ‘r’ sa-’wr to inc rea se more that 3. P .-
(from 76.6 to 79.1 per h im r) s~ n-n1y oy ~w 1t c~Hnq all  operat ions from radar
vectors to t~N,A Y p r ’~m ’lare s . Th i s r- ’sul t t . ’ o ~mi a ~~l , tn 1 On - am ’  in total .~i rival tim e’
(t ime execu t i nq  a r r i va l  p roc edmm r os ~ l t m ~ enr oot ’ - l di nq t ’so ) or . tpprox im ate iy
19 :- (f ro~i a pprox i r ta t t ’ ly 31 t O  ‘ ii i lri~j t m ’5 p c i ’ arri t . l  ) . S . c ’ i  resu lts depend only
upon the imp lementat ion at LNIV . a r i a  ar~ l:ia~’ perm 0~’nt of any other UG3RD feature .

S Terminal a r r i va l caoa -c m t - c  darlrci 1P- ~ ,~‘ m t i  t i o ’ t s  ‘ n -  he i m i ’ t’~ sàh1r .’ thr ough
the app i catu on o4’ 

~NAV to det i t i c  not so ~~~ ten on t a ’praic a pta’ fi 1 as I LS or
narrow— hear ; MLS i a t o  OC C . i ) - Pa m n iq  no 1 50 00 t tt ’ ~‘fl t as’ ’ i LL’C 11 rrcmceaure s during
low visibility cond i t i i r i s ,n in , r e m  -,

~~‘ ~~~ ‘nc a 1 ca o s inc e tie most :‘roducti ye
runways at an airport ma y he ot i j~~m ’U. ~t i ,~~r’ t a r n  o n.’t ’c w i t h  lower can~m c’ ity
which have less—noise — ‘.emm ~ it yr stra - ;n t— i mu a.’ ‘ - : -  . I host.’ routing tech-
niques are disc ,sse0 in Stct jOn P ~1 n a l I t ’ Pc ’ .01  . ~ \c~te  - a t  RNAV no ise—abate—
nient routes , bei n t  STA ~-~ i c o c e d m t  cm ’ ~ - , ‘ e t . -  a.  a a cal a r wC ’ r~, OaO ~nuer any Con—
di ti ons ) . T heso no r ~e - a- atement orOl c : a  -~~‘~~ coo P ~ i api amen tad i0 t , em’m dent
of other UG3RD prow ’

In many cases , stca m q n t - u n  I~~- \V i t r t e o t  a n ’oa t .m ros  :“a~ ~c des~cned for
many runways at am rports wnere on l y ci ccl i ig as ’am’oac hes (or mim e at ai 1) presentl y
exist. Tb m s can - :apnave ape “at ona ’ ‘cl ia ’ r l i t v mao  hence -wince delays at those
airports where lowe r nni f l i t - Inn -a W O~ I d nasa t - Al a r m ’ ~ e ~~~~ a ppm ’~ aches are
d iscusse d in de ta i l i n  1 VORT’\P n’ t ’ q tm 1 “m ’:’:e r t a ana lv  i s I mu ; ‘efe ”e ’flct~ t~

40 RNAV capahi 1 ity nas been st’a-. ’ in t ’~ .’ru1 s t i d ,~s ( s t i - St.’ct ion P.31 to
be able to improve t~~a arni~ al t m-’ e c o ntro l cap hrl ‘t ics of lii ’ l’~eter rmio i  and
Spaci rig techn ique . he annual beet.’ i t  to ho t ’\~)&ic m’J if ~u~ ’m asaqm ~ is summarized
in Section 1.3.
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A l  rs~ ace Co n9t ’st ionu - -  Upon w i d e - p m t a d  m n r l p l e m ’ m m m t t a t  ion . ~\4~ c ou l a  he ut l  1 ~~c’d
to reorqan i ie ho I di rig a i rspace ’ s u m. tm t tnt t Ori t r im.  ct ’a ’ ,t ’O nuimit- m er at ar ’m - i val . i r id
enrou te hold ing Xc ’S W OU 1 d ex I st for am ’ n_ viny the high delay  a i rp o n’ t a . As di a —

cussed iii Section 0~ 3, t h i ’ . o n t O  simtp l i f~- delay t em. hniques and flow col itrm il pro-
cedures as well as m a k e mo lt ’ t ’ l t i m  lent usc’ of ann- space ’ . This Ut iii  cation is
not predicated on any other IJ( 3R1) l) , ’ mim l !aullt .

Another poss ib le ’  me t hod of om mi’ o mm t e arn vol n’out e airspace’ conservati on
wou ld take advantaqe of the -U) RNAV capability as app 1 ed to the enroute
meter ing c o a t .  c’pt .  It may hi~ pOX ’.ul )lO (although i t is yet to be demonstrated)
to use the’ 40 tu rn iomm to allow a reduc t ion  to i n —trail sepam- ation of arrivin o
a m r c r a f t  in the enro utc ’ t r a n s i t m m ” r m  environment on a routine ba . i s , resul t ing
in higher utili za ti o n of availa b le air space. This would be accomplished by
using time cont roi to serve a “ t a t  io n -keep i ng ” function . This would undoubtedly
mean that some prior agreement nm ust be reached as to the exact 40 algorith ms
to be used.

A fina l , hut a \ t r ~’ ur t i y  s ig n I t  mc ~u , m t .  com it n ihuto r  to a resolut ion of the a m ’ —
s a d o ’ conqeati on pr-oh I emit in he t a c t  that the imimprov emen ts to termni nal capaci t
and delays due to RNAV w i l l  resul t  in les s conges t i on  i n  the enroute and ter-
m ’ mi n al airspa ce.

Uc~~n’ .‘os t a intl Opera t i ana l Conven t el iot ’ — — On e- of tho I mripo rtan t impacts
mit RNAV on uset- c 0 a t ’~ Wi  1 1 be -’ t h m m i m l m l h  the m -’\pet.— t e’d posi tiv e impact on terminal
ar ’ri vd I mIt ’  l a v a  - O o ’ n ’at r anal L o m i v ’ ’ r i e r m  e wi I I he ’ enhanced by reduced delays *

RNAV no m sn ’ aba  I. t-n ; m e n t procedures , n nt .m TNAV a pp romi :  tit ~~. to sirr a 11 ai rports . None
of these factors are predica ted on ot tier U G3RD p ro~on-amuis

The I ntc ’qra t ion of RNAV pn’om. m ’cI u mc s with h I nit ,’n’m ’mi t t en t  Pos it i ve  Control
tu r m e t ion . OS d i s m  u~ ’-,et.t in Sect ion 0 .1 , - omi l d  enhance ’ user acce p ta nce  of
the (PC c a p ab u  ii ty . 1 he usage o t RN A V  I PC com m an ds would , fi rat • a l low
cock tn t navigation (and t nt ’m ’ofore oni em rtation) to ha aaint ai ned dun -m g the
iv o dance maneuver - 

• ~inct ‘5e ccr m im. t  , f a t .  i i i  - i t t . ’ the n-etur mm to on- i qi nal track
m t  l t ~ 

- ‘- a ‘ r O n t  S i  - I  • ‘ t ’ I I  ~c i j m ,’ r r t  lO t . ’ c m m n m t . t ’ pt  S arc n o t  ~Ofl~ t’m ’~it ’d w i t h  t t iat

-‘ nm area W he-re a m m u  i~ .mnt. user cOS t SOy 1 IiqS rot s he n— ca l 1 ceo ifl ter ms af
c - u i  page cost s for OG IRI) features m a due to the t a c t  t hat a great aea l of

a r m  tona l r t v  t \ i S t S  betwee’mi P’-A~ ~~~ Ml a ~omm0 ’utaIiona anm.i ~~spiay requirements .
This wo~ hi t e a r , as discussed in t-- ’ec i a’  P. - ‘ , tha ~ L t ~ c o p o o r  11 tv  cou ld ne p m - c —
vided simpiy as an add—on I rccei v em ’ l as  sof tm ~a ’ o  art.i i t ica t i a r~ to e \ i S t l f l c t  or
futur e RNAV syst er- s  - t.:u ra lN,~ - mm o .rel a cou ld no aes I qned spec i  fi cal lv  far
MLS integrati on at a later date , con si dera b lv easi mo t i e  ~t1 S in~ i amen t at i  on and
acceptance proble m .

3. 3. ~ Areas of ntera t ion 01 k~ - V  and Other Pm.lO f .l t Faa tures

The cu hse’c tioni s wh ich fat t om,- ut’,m l with t hose’ ,irm.’ ,ms I~ t ’O? ’ t. l~~tV wr 11
ctupi isO te . to s t i l l er e’ \ tt’mi t , the i:”pra r~ e’’:e’ ntS to sv s t  ma - perfo r t s n n c c  F ’te ’ast.d’aS
which are e’~pec: ted of’ oth er- lOORI r I e~ I a n’ m.’s . Tnt.’sc itp rc Vt ’;”C’fl t a a re’ in the
tc low in~ areas:

dont rol icr ~~ir ’k 1 o,u d — -  The dr,rilo 1 mc cu ’ m u c  t loris in tar t m-a l l t m ’ m’ ,- acK l 010 , partr c—
u l ar l y in tne ten - -ti nat am - mci • wh i t .  ii sho al  d reSt 1 t ;4r m ifl I ne j ’a’l t’ -m t’ntation of
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a r c ’  somewhat m lm mp l I cdt i  ye of I he I re t  c’ ,ide ,d a l e t .  t i t t  t im, c o r m t e ’ mm I )-I -ss ,m & ii ’
Atm tonia t ion Proqr ummm . Of course , RNAV i mm ~iy be imp] enm mc n tad  we t 1 in advance of
CMA , thus a l l o w  i r m m j an orderly prog no’ c i on of ’ workload redum t i oni . When CMA
is implemented , the effect of RNAV on wor~1oad wi l l  probably be reduced.

le rnimi n~i 1 (; ip ~n i t.y and tIe ] .iys — - I nit rm ’,ice(I t ( ’ r lmm i nun ] ,irri vol m .Ipae i ty  achieved
through the use of RNAV techn ig ut’s dee p 1 ic a tes • to some ax t e nt I t he t erm mm i nea l

c p l m  i t  y enh e ncemnmm ’ nt tc expected to re’• m i I t fr om mm the follow in g pr ogramm m s

• Me’ t o ri ny and Spat - i

• W~ike’ Vortex Avo i dant.m ’
• M in row ev o I arid i nq f ys t eimi

A’. i n (Im ( at ed in the M&t, analyc i s di-a un sed in Sa m I ion 1 ’ . 3 , the RNAV irn-iv a l
a p~u i ty payo ft P)c ’. to zero whom M?~S i a I nip 1 em mw- rt ted • e xcep I i n  I he’ 41) RNAV ~a newhere subs tan t lo t  ,epac i ty advant a~en a~~l’ OV i  i i oh I a. There i a I~robob I coimee

degree of m nit a r.u t ion 1w- t w(’on the (01 am m t y of fec I’  of WVA S am id RNAV , a 1 though
no (10 1,1 is present . ly ova i 1 abl e m o men - nm i rig the magni i tcide of’ t he’ a f’f’ec. t • or
who thor it i - - po-~ it i ye or nega t i ye - Re] lab] o re-.ui I c coui 0 be obtained th raui itm
rca i t i mime a i min i at ion . hut no ‘,mn - h • • t nO i en a en’ at  present t p1 annecl

1 m m inmo s t a i t  ii,i t ions f lit ’ tun( Ii (),ta I requ I rc’emmen I Of  MI S t t r  ~iF~OV ide no j a m ’

ohat e - nm ment a pp n-o ac hea (:0cm Id he ‘-.ot I’- h ai l i n  th e in m la r immi m ’e ’ i~~d by the ’ RNAV/ ILS
I n to r(: C~

) t t e’c hni 1gw’ • p m v i  (led that RNAV o~me rot i oct a hoc nine c oninteont p 1 ace be t’o re
ML S i - - wi do I ‘/ i flip I t’men I n’d . As presene 1. ly cone figured , RNAV C01100 t , m mtis t I tu Ic for,
oj them in commth i ni~ t ion with ILS or riot , t he Category 11 / lit capahi ii t y  of MLS .
and - am h~ c no i riterac ti on with Ml S wit Ii respe-’ct t o  that performii~ince nmteasur e
It imm ay be-’ poss ib le  t o  imiaxi mi ze benofi t - , whil e mm m i rt i m mi i ii nq (05  t a  by conihini iiq
the d(lV afl ta c i t ’s of ea(:h n’ . q . RFIAV t’oi’ i n-ea coverage co m mil u m f lO mi w i t Ii a narrow— beaimi

10”) Category Il/Il I M~ S (this miui y invo lve  an Mt S m m m i i t ’i qcira t ion riot present ly
cont .a tied Ill t,he auhi mmi t t a l  hei rig mmi ,imlo t o  ICAO ) . At a i c-ports wh i It a i e  not pre’semit ly
i ’c~cl i ppod wi th prec i ‘ • ion appro~1(:h a i Os • RNAV c’,ini ui nea rly m 1’~0S Inrm iV ide i improved
appr oim tm procedures i t  sonic’ of these ai c-por ts . Thi s ,edv an t age’  would d imini sh
a’, ,l i ‘port - - art’ 0(1CC i I)p(’d with aimi~l 1 (:ontlnun i ty MI_ S co n m f i qurat ions , and a s GA
ope ra t urn ego i p with M~ S av I on i -

~

This di s e d a n  ion dea l’ ; w i t . h  t ho’ ,e aro ,is where RNAV ca nt f rOV i tie ’ a compounded
ben efit , where RNAV i t ’ ,c’ i t cant (‘lth ,emt (’o the pert on - Iii~iiic m’ (11 ,in IIG,3R1) feature . The
lot low ing ,ire exar mmp lc ’ c of cw-’h m e’ , ’-, the prasentat ion i a brief since imiany have’
been mien t i oned earl icr in a di i t t ’  nc ’n i t OO fl to X t .

• I PC pen- 1ornnance is mmm pr- ov emf 1. hrom mqh I ho a ‘- c ’ m i t RNAV . m~m m m m ’ h
me int o ins pm 1 m i t oriental i tint and 011 OW S c m l L l e ” - m ’ e’ e’ e m~~u i’  i t  ion

• If) RNAV ilimprov ea overa l l  M~S sys tem mm pee -I m i m - imam mi co

• 4[) RNAV can I immprov e n ’ r i  rote It’ me e t en rig ‘. v a t  aiim men— f o r m im o n mt ’e
throu gh prov i di rig hi qhc’r t ix d e l i  very i tic ’ m o u n i t y , ,intd
( p o s s i b l y )  by i r t c r m - ,nsi nq a i y - ’ g m , ece  u t i  i i  ~‘,it m m l i i  I h nt.i uqh a t at  m o lt-
kt- - c ’i i i nIt techn iq (les .

• Tim ’ l i s t - I .  t mi- ,I — .~i v i r m g’ . at I n- i he m I ,itm Ia t o  kNAV • m mml O0I ’U it m u m  l i t  y
with t h e  a i rt)ornie MI ‘ ci m u plI f i t  i o nto 1 r n’ m f nl n n -emm in’ m i t , W i  II enhance
mm v e’ ra I I am ’ (e ’I n t ortee m i t  t hose ’ I J GONO t eat urn’’ . .
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Pt) tent. i 0 1 ~ ti e-c I ’, ot I n ht licen ce -nit - - to I he RNAV (.OflCOJ) I

I on ly s t.udi 05 (It Arc- ti Navi gat run (‘atiatci lit me ’s t nai l lit.: dents i ty pro—
,Jen I ion’; and m on t e- w Id I h rc’qu ir e- ne w - n i t ’. indiC ~1 ted a rme ’e -d to i inpn -ov e RNAV
a (t_ unit i n - ’. si gnu Ii cant i y in on’dor I m a  I I m a m  t o  w i  c i t  im’ . ee iay In’ reduce ’s! , 1 or
example- , the RNAV Tank l’o cc. a ~ 4 i  npn ’m it led meduc t i otis in rou It- W j  0 tbs to
P . 5 rim (en route ) amnd - I . 5 omi t (to rum i ii ,i 1) f m om mm cxi a t i nq w Id ths of 4 ntmn

( p 1 us 3. 25° splay) and m~ nil e , respt’m 1.1 ve l y .  The present widths are based
upon minimum RNAV performance as n~ ee i l i t -e l by AC 90-45A [10]. Such ace uracy
l evel c would rio t support the re-due-eel n-ou tn’ widths spec I fled in the’ 1 ask force
report , and so revised , nx ro stringent accuracy mequirements are developed in
tH~ t report. Subsequent ~ena1ys is I ni a route width requirements study [2] arid
a ternni na 1 a rea ron to des ign st udy ; ]  h as shown t h a t  these mnore- stringent
route width requ i rn’etmen ts are not. real 1 v necessary to se’e-vi cc’ the t ra i f i .
(lens I ty projec ted I m e ’  the UG3RD f lu me pe’ri od . 1hema fo ,-e , the devt ’ I opi m et’nt I Of
~t more atm I nqen t ( i r e  to rimis of icc un it  y ) per t’ornii~ince requ I rc’ene’n t for RN AV
W OU 1(1 riOt be jus tified bds0 d upon nncu to Wi d tIe e ri tom i~e ~n 1 on e’ -

In a r Oe- t- thu t 4Lm RNAV proc odu ron nimoy be ir e t I’Odtk tat in  the Mt’ It- r e rm g and
S in, e I r ig envi ronment. however • it Wi 11 ~inoba b I’y be’ ntt’cessd my to c o n -ti fy 4P RNAV
systems as being capable of performing to a spec i t ied  level of’ ac curacy . Th i s
resul t -  s ince 40 control pen’fo rmmto n -e has i mn pi i m a t  i otis in terimis ~f OI nt. ca f t
separation . in this ma ne ionqi tu diri ~ I - Achiev ing the rot a I red accura cy should
not be d i f f i c u l t , si nice ’ such a hi gh pentormuori ce’ sys tom im mci i i  d use the dua l — DM1 /
Al r Do to mode of no vi got I ont , wh i h s ha mi I d e’es em I t in It em ’ fon’imiant. mc iimu c Ii the SOifit?
as that achieved in the al ml the’ gua Ii t y  syn t ern fl i mdi I te sts di SCUS SC ’tI 10
Sec ti on P - 1 and Appendix C - That av ’- teen achieved , widec- terminal area condi ti ons ,
an overd ) 1 a Io nq—t . rack enn ’or t e r f ’o rem m ,lnet .e of 0. Id nimi (1 a) (~ . 1 : SOt a t  160 k t )
it is qu l  to feas ib le  to rm’ m pi i re- ,t u ,el —bM1 n a v i g a t i o n  tom 43 M&S, sl e i c t ’ nearly
al l  potentia l M&S tenm i l nal a an n- served by several e i t ’arby V ORTACs , and Si 1100
a i rc ra f t  ~ilti tude at the approach g a t e  is sufficIent to insure reception in
most cases.

One-’ very ‘ igr i  i f i t ,eni t r~Ose1 I of t hc ’  ,mt tave aria i demotion’. 1’, tha t  no improve ’cl
V!~R (:dpdb 

1] i I.y ~PV0R ) need be’ t.It - 1 m I oyn’mi to a - h i  eve t hi a ,n.’sul t . 1 he’ ret on’e’ • i mu—
plementation could he r ap i d , ,cne d at law A l I’ systeum 00’. 1

I f one presume’’~ that a t ic t i  a RNAV I c -n fo n -mmu ,em i e t ’ S~~m ‘ ,, t i  cat  ion ( ca l l e d  I \ tended
Capab iii ty RNAV ) wore t o he’ n’ ’  t oH I she’d and accepted by i n,iusl ry , it I a f r u i t  fie l
to oval ua to otht’ r p~i t t ’ ec t i a 1 be ne f i t  ‘. wn It Ii COO 10 oe en.’,i 11 ~~~~~ - AC .0— 4bA • ~nd
ex isting RNAV inst- r-u mn e im t. ap p r oa ch l I m i t  aL l t i i ’ tL e l t !a i O m m tn ’ t ) t t l C n ’ i l m e i i )  a cont a ine d i n T CRPS
[39], ar-c ba’e’d upon the ’ niinin na I RNAV calm _ lb iii ty ; m . e ’ ., iow—t.’o’~ ma y - e ’ct ’i vOna —

si nm c i l m ’ VOR/DM { -~e’u ’om , o t t - i  lo n g pn- mioc ’- , - .i nq . no a m n dot ,’, sig nal , e t c  - A eiam ~ Ixtenda ,m
Capabi l i ty  RNAV (LCR~ ‘,~mt ’c ii i -, at con could be c r e o t c d  w t u i c h  would ta l i t t l e  :lmo e ’m’
than reflect the’ per -f orm i ma nOt?  cap .ib ii i  I It ’s )re ’Sefl II -

~‘ bei ng t.iammm om i at rat od by the
avionics i ndus t t -y . whereby hi gh qu al ity clay e’n-cei van-s , di gi tal process i mi and a i r
data updating would be’ consid ered. This spec ific ,et io n could set performance
requirements i nd lv i  dua l I v for the a m ogle VOR/DME and mu ] ti p ie VOR/ DM[ capab i l i t y .

- 
- w ith the latter app lied to the 41) prob lem , and the fo cc: i c ’n ap pl ied to des i gnat ion

a new c las s  of ICR in str -u:mtent apjin’ooch pi ’ocedcie - e ’ a - he- .,’ IC1 ~ lAPS would
a I low t ann i mit ’ rob I y 1~~ c ’ n ’ MOA n than c. on p ne sent 1 y be oh to i nod at in m o s t non — I L~
Iot a t ion’-. w i t hi mrt v m m m i i  - t nt -( is ion , i l c I m e ’o , t& h ~ l,I - Thus , the gap between e’-c l at i rim )

- 
- m)p(’ ra I I onto] rem;u i macm ien I a at man y - . m m , t I I  an ’ a I mp ccn -t a , and t C it pr - mi m i at ’ ot ec.- m ’m e t ut.i I

S dc - - p 1 nymen t , t.o a id  be’ be I dcied e t t e a  t m ve ’Iy at moos t 1 e)t. a t m  an ts un a m ’ ’ ,msoni ~tb I
‘ h o r t  m r i m n - pc—i ’  m a i l .

—



it should be (?im mp h i’ l ied at thin Ita iTe t Ut-i t t h e Lx tonedod [ a i r C t  i n  t v  RN 4V
1 one e~tt , does not depend upon depl oyment of any new , improved perfon-m mi anc a
VOR/ DM11 sys tern. Rather , It wou 1 d ci im p ly be an officia l n-ecoqn it ion of the
performance capabilities presently available and being demonstrated th rou gh
the use of modern signa l processing techniques .

As stated in Section 3 .3.1 , it rela y he possible ’ t.o use 4[) t. i nnK ’ cent  rei l
capabi l i ty in the tern neina l transition environment under contro l of an enroute
meter ing system as a tool to reduce longitudina l separations between a i r c r a f t
in - trail on a rou te . This concept would utilize 40 to provide a relative
station-kee ping function throu gh control of fix arriva l time . The 40 accuracy
requirement stated in an ECR specification would not be affected by this new
function (excepting tha t the higher speeds involved may necessitate a larger
al lowa ble error value i rrespective of navigation accuracy). However , it may
he necessary to standardize the functioning of the time control algorithn t in
or der to realize the needed va l ue for longi tudinal separation. The end result
could be a significant improvement to the airspace saturation prob lem at busy
airports.

3.4 SUMMARY OF RNAV IMPACTS ON THE OTHER UG3RD FEATURES

Present plans for UG3RD system implementation hove been reviewed with the
intention of determining, from a systems implementation viewpoint , where RNAV
(end the other UG3RD features may have an interaction. These results are based
on .in assumption that RNAV will be implemented at an early date , and in the
fol lowing sequence :

1) Designation of a comprehensive high altitude RNAV route structure
2) Imp l ementation of terminal RNAV routes and procedure’ s d i l a r ge

hu b airports
3) Innp l ernenta ti on of terminal RNAV ron ten ar id proc (’dun’es at large

hub airports
4) Designation of a pre litmuin ary low altitude route structure
5) Eventual implementation of RNAV procedures at all towered airpoe’ts
6) Eventual revision and expansion of the low altitude route structure

l’ replanned direct flight plans would he allowed imediately, an d grante d when-
ever practicable. RNAV approach procedures would be designated as requests
are received . Enroute resector iztion would be completed when the majority
of traffic are RNAV equipped (high and low altitude env ironmm ments considered
separa t e l y ) .

3.4.1 I~pjernentation In teractions of RNAV and UG3RD Features

The fol lowing is  a list of the UG3RD features includin g a brief discussion
of the findings of th is study relat ive to interactions with RNAV to be expected
fromu an implementation viewpoint. The major mot ivating factors behind the
development of each feature is stated . The first three items on the list relate
to the MLS program. Mention is made of Category I , II and III MLS capabi l i t ies .
while these have riot yet been explicitl y defined by ICAO . In these statements
the “category ” terms are intended to represent level s of MLS performance which
would allow opera tions in visibility conditions of that category .
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$ ML’~ at Denise lec ’ m n ini ~il a —— t o o  ht-~em n i n t I m m , s ~ mb I~ ) ra te eoe ~— b ’ .,ei ~ MLS
w i l l  he inst alled at a ll muon jo t -  term inal a so that Cate gory I i/I I I
capability liki y ho iri s I. it u t  mcd . .m 110W 1 rig i mim p m oved opera t I 000
rd I abu t ty ,lflml n-odu t j ol la i nt weather— i ndue- eml delays . It i c
a’, suitied that a rio rrow— be- ,eiu i t , m  I eqory II / I II MIS con f I go no lion
on Id ho made- ova l iable , .il I bough this is  not a ~ urrent. I y — 

I 
-

pl Oflfl P( I m ont I iqura I ion -

W I eie-E~eaimm M1.S - - RNAV prey i don the a n- nd oVnrdtje capability i ni
the’ ternil rea l area to a nra t m-i y nov i go to arrival rou ten and
trans i t ions to iirec i ce on Vi n,i I approach mini dance . As denmuonstra ted
in Appendix F~, the Rt~AV a pa b i I it y  cani satisfy the noise abatemi m ent
procedure re-’qu i re ’m mx ’nts it m ’ m .eny ,  hut not all . terminals - Therefore ,
the wi de —beam ML S i mup l enk’net a t me n regu i ne-i tt ’ n i t come ] d be eased ; this
reel qht allow accelera ted I plee i~’n ta ti on of the basic and Category
I 1/ I l l  narrow —beam conf i  t imm r a t I t in ’,

• Mt S at  Smni a 1 1 A l rportc — — ~a tm-g o t - ’- I , nonnn ’ow—heamn MLS capabi l i ty
is needed at a i rports where ~nti o ee-a t i ana l requirement exists.
Th is is par t icu lar ly  true’ whore non—p ros, isb n approach minimums
are high , and where RNA V approach procedures w i l l  no t adequate ly
nice I t he oper a I i ona  1 requ i romeo t . ¶

• OA RS Survei l  lance —— he? surv eb lance i , m t ~~e t m t  I ity of PARS w i l l  be
ri’qu i red for e onto in out ant Ii on i mprovoiuc ’ri t.s arid I N’ - It I S
therefore ,in important 13G ICP feature ; however . OARS i s not-
roqic i rca u I o support RNAV . 1’

• tnt ct-mit I c’nt I’ m - ’ c i i vm ’ I an t i cot  — — Pu is ‘‘ t imid r m 1 y mi tondoel tar the
Vi R and mii i ‘em - t i .‘nv i p- ,mn ntenm t - - and w i 11 t i e ’ OV ide eumme e’ qonm y ‘- m ’par a ii ant
- .t’n~v i c c ’  to  n i o n—co ntno i  led a t  non-aft.

• Control Me’a’~atie Automa t ion — —  S I go i t i  c an t  n’educt ions in A iC
controll er w oe - k load ore’ c ’x pma ted ml n- e’sn It as RNAV is introduced.
The ban m t  rea- . m om ’. a r t ’  t i n t ’ m4 ’ ,i~ m ’ Ot RNAV SI[) ,’STAR iirocc _’d mmnoa , of
kNAV w i tie M&S , a rid a I ant en n -oem t RNAV i-omi to st  e-uc I urn ’ . (‘MA (wi th
DABS Do to I e ok ) i a I h - ‘ im o~ om ’ 1 cmi - tee -u i (III,RD pr -age— din in tenid~d for
c O O  t r’o I le r woe - k 1 oad reti na t I tin - I tie tti ’ii, ’ I Ic t o n  I as pects of RNAV i ni
hi a ~ re- a w i l l  I t t - I 1 ease ’ t non I m e-oh 1 en im mm t ii CMA is l’ti 11 y i nip 1 emerited

• ~a, - t  r — e ’n - i ’ ’  A ct t onma, i lion I n tm ion n~ -nm , ‘at a — — t m ’VO 1 at aemu I or I t m t ’ sm ’
s t , ’ t~~- , ( ( m i n t  I i  i t  AIc ’n ’ t , P ’nm I I e , t at ’,,’ • “-1&~ , ~tSA,\ , . ) is

uc m mt lm ’ n - e~ n e .  ~I m, ’ , e- m ’ t m , Iu ’i v t-~i 1 1 m enn 1 ’ r ’ ’’~’,’ sd1~~t\’ acid N - ’c~/ ARl S
n-e li o hm ii •

• M - c ’ n’ m rig ~ S;t ,cm i 11( 1 — — ~l,\ shout Id  a - p m  i I i - , o~i I Iv u t ip u ’ , lVm ,- 
- t  - -~ I ~y arid

r c ’ m l m j t  c ’ ( Ie ’ lava , , cm mm l m~ I 11 a l .a  I n m m i t  I. moni w e l l  j e t  , m r t  RNAV on mmmi a~’d
RNAV/n —oml a r vn ’ m . tm w e r iv i  n- one i i m no nt , 0’ . (ln ’ m n m ’ ’ ’ , t  c i t  t ’ , I i et d e t a i l  in
Ap pendix C.

• [ n e — mm to Met en- in t l  — — Tb m a pe - agn — a m i m should n-es i t t in a i gem i l l c o mm I I no]
s.iv I nm j- ..

- t 1 1

r 
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• Centra l f l ow Contro l - -  Seve r - c l  UG3RD pn-otj ranm S , such as M~S. WVAS ,
ASIC and RNAV . shoul d produce s i g ni f icant  airport and airspace
capacity improve me nts , whi ch should resul t in reductions to dela y
over the lon g term . RNAV terniinal capacity improvements were
demonstra ted by real-time simulation [3)]. These cap a city
im provements should help to ease the flow contro l proh i em im .

• Airport Surface Traffic Contro l -- Since ground operations must
continue durin g Category I l / I l l  condit ions at  airports where
Category I l / I l l  landings are being conduc ted , ASTC improvements
are needed , part icular ly as Category I l/ Il l  capabil i ty become s
more wide ly implemented .

• Wake Vortex Avoidance - -  WVAS is critical to improve terminal
capacity and reduce delays . WV AS , RNAV,  M&S and MLS Category
T I/ H I  w i l l  work together to result in a very signif icant
ove ra ll impro vement to termi n a l  capac i t y .  RNAV c o pa c r i ty i m m u p a cts
are addressed in Section 2 . 3 . 1 .

• Flight Servic e Stdt ion Modern ization --  This program promi lises
that a large potential cost savings will be availabl e upon its
successful co icep letion.

I t should be emphasized that none of these UG3RD progranmis are in any way
necessary for the successful and beneficial inep lemim en tation of RNAV as the
primary navigation systemmi .

3.4.? I a t en m k- d Cap i liii I Iy I—INAV C m m n m e  opt Icmm pac t

It the l x t , - n mt le ’ t I  C a p a b i l i t y  RNAV (-onecept (t~~i-t , Si- t h o u  _ L3 .3~ worm ’ adopted .
C u t -  pr m i t a n ’ y j m nu lc ,em I. m e ) mt l t i  be ~c a m t i r l i  I liane t n— edi ro~ ti one of the’ sina i i a me - pa r t  MLS
mlepl mm ymi m t ’ n i t Imr Ot f r ~ n 1 . f~ i tfic- - t - t .h ,cri s (’n— v i e m t ; as a pn i mt m te ry C~eLeqoe—y I lon n i di n i g Iou iii t~(a t a imab i ii tv wh Im fm EPI~ lAPs oimld  s u b s t i t u t e  foe - at. the l owest densit y
a i rports), MLS would he imp l emented at specif ic locat ions where Category II
capability is needed in addition to those larger airports for which it is
a] ready programmed. I x It ’rudm -l Ca pth il l  I-v RNAV cou ld ci tin I fi car itl y I improve
operational re l iabi l i ty at the many small airports wehre MLS is not envisioned
to be installed.

i — , , ’ -
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4.0 OVERVI [W OF RNAV COS1S ANt) Ill NI I l l s

The ob jective of the a so t m on m~- t e m der n Vt ’ aunt p n m - - n -n i t  t tee e rve na ii
benefi t— to—cost ratio expected to n- c ’ - - u I t I rein I he’ I nip I c-’nne’n I at i ai m m i t  oroon
navigat ion. The cos t and bent ’ f i t  dot on ut i Ii i’d he n•e I n c oni~t ’ I ak en t ranmi eon r i c e e
RNAV cost / benefit stud i es , pa rt i m - i j l , c n - i v Re t c’rt’nices I~ ar id It’ - and t o  on l e ’s- ,er
extent , References 6 and 31. Modi 11 at ions to those c o s t ’ . and beniefi ts which
resul ted from the present UG3 RD imp a c t  study are also included. A limitation
of the earlier RNAV economics studi os (pa r t icu lar ly  t~ and 1~~) h~a been that
whi le benefits at a part icular po in t tnt time , and cumulat ive iniiplvnx’ntat ion
costs * have been pr esented , t h e  ove n-a l 1 p1 c tu re  from yoan -s 10 !o t a 2000 was
not analyzed. This sect  ion p resort I a I ho result s of a p rese ’ii t — v o l  ii ’ henc e I i  t /
cost analysis ove r that 25 year per iod accordin g to the methods C m n m ”.c H bed
in 0MB Circular A-94 , Reference ’ 4 3 .  Thi - , ana lys is  is a ls o  hosed upon the
latest a i rcraf t  ac t i v i t y  projection s , as prepared by the Offic e of Aviation
Policy [1].

The me thodo 1 oqy of the above—me n I. i oned 0MB t 
- inc m m lan m s based upon the

pre s ent value technique con~eon ly used in f inancial  analys is foe- i riven tnc~ nt
decis ion-making.  It a l low s various bene f i t s  and co a ts  wh ich accn - ue at dif-
ferent. points in time to be analyzed and coniipared on an t ego 1 vol e ’nt t basic .
This is done by adjustin g all costs and benefit s bock t o on ogmti  von lent present
value through a formula w h i c h conside r-s the value at the nionwtae’v resources
invo lved. This formula is :

Present V ,i m o  (Vo l mu ’ n - i n s  lo he r )  t I liii ’s ( 1

where ‘n ’ is the number of yea n ’ - passt ’d La’ fore’ Init ’ as h at - tt t ’ml el t ts i ll a ,, c rue .
and -- r’ I s the discount t. ra te , or v,n lice e m t mooney ( r a u nh  1 ~ c ’ t~ i ~ .11 out l.a , hut
typ ica l ly  grea ter than , an n ual 1 flt c ’rc ”5 I t i c t  01 iat ) l lc ’~ ) . lhe t) Mu~ e i  n- e u b o n r
spec i f icc that a discount rat e c i t  I 0 tie tms~d . I he t~ c ton at li t t 1 at I t lfl is not
spec i fica I ly accounted foe— by this forniiu l a. it is e l i m t mi nat t ’d h~’ exp re-~s i r i g
a l l fut.ure costs and benefits in terms at fI\m ’eI (1’i/a in this c O - -n ’l d oll ,nrc .
Ho th costs and benefits ,ire at ten I m ’ t C by I n t b a t  i one • a rid i t  ut ~ t ’ t t t ’t~t I a

~upprox imm io tel v equa l for both , inf l at i on need not be oS fil I t  m t lv ,,‘ t i f l s  i der -e~t
Fl t ie : t im. i  t i aria in m o a t s di fferont fn— t -t nn m li ce qenoe- i 1 1 n-end t~ f mm m l I_ i l l  on art ’ t bent
if lC  lcc ded as ~se ran mio ter n iii lice’ an ion 1 v - . is  , o- - anc ’ f ut ue - e ’ l i i i ’ I , , os Is m e t  the
followin g anal yses.

T he overal l intent of present value a nm m l v - , m c  I - - t h a t  . Pc m m r ’ t ’ - ,t m m t  m m i c cn ia t a
and hc’net m ts ti , curin g at tI i ffm ’e-eni I I. n ‘ mc -’- , an  ,en l e~ u i c e  lent hoc is - ‘a Ii a m m o ]
lnve s t m ’mm ’nt. tie’, is ions mmma y be i~l~ e le ’ hil seti upon the rc- - i , 1 I P i t t  l ( ’f lt  t~’ t~t ’ ”t  n~e t  ia
However , in  order t a be app l  i i’d —Ott c ’sa t’em 1 lv . a l a -u  c . m I s a e ’ t t r ’  a m- . t - o h dn’sc I - i P~~s

the sequence of event- - no 1~it 1 nc c tnt th e s u b _ i oct i l i v es  I mien I d~ n a mai m n - e m s I t i e - s  I
be developed . The deta ils at the st , m m e r i e i dnve la F e c -0 w h i m. it Ot ’~ t i  n i t - c a  n i mm mp l m ’ -
-ucri ta t iani  of RNAV are proa eni t-c -d in l,~1 c ’n’ 501151’,, t i t mfl s . Iies- ,c ’ve ’r . 11 m m ’ has i ’ , pal ni ts
are as fol lows :

• ‘hosed imm mp l om en t a t  ion at RNAV cci (iii’ ‘ - l  a Iv h m m — 1 ea t
huh’~ over seven ye~i n-s a ta rt i nq in c 1 ti~~, ’

• I go i f iO ‘0’ (If the A i e— Pa n ’ n i  en fleet avon .c ‘ t~u t n’
Vc ’d r period s ta r t . in  in 1 0I~.’ -

• Av ai l oh i t  I v  t i t  a r m  eemroum te RNAV St nt~ I i i - - t ,~
mccci-- . oh 1 , - t o  m c- ,,’ i t  . — ,to r tini ~i m m  100,’
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• Acco nmi odation of 3D descent procedure s starting
in 1982

• Integra tion of 40 procedu re s with Metering & Spacing
starting in 1985 -

This scenario presumes rapid adoption of RNAV by the major airspace users
due to the large degree of payof f available. In the following sub- sect ions
the p resent value cos ts and benefi t s to the airs pace users , to the ATC
system , and to air carrier passen gers , as well as overall costs and benefits ,
are p resente d .

4. 1 USER SCENARIO AND RESULTS

RNAV Equ ipaqe Costs~~~~Cos ts

The air carrier fleet is projected to equip fairly rapidly once RN~4V
terminal procedure s are instituted and an enroute route s tructure is made
avai lab le.  Most recent plans [44] indicate that initial capability will be
avai lab le in 1 982 . Rapid equipage is anticipated for two reason s : (1)
large RNAV payoff potential will motivate early equipage -, particularly in
v iew of high fuel costs , and (2) once started , airlines ten d to equ ip a
given aircraft type fleet with equivalent avionics quite rapidly in order to
achieve uniform ity , to ease training problems and to promote usage of optimum
procedures. Since the busiest terminal hubs will institute RNAV firs t (see
later terminal subsection), and since they will be dominated by wide body
operat i ons , wide bodies are projected in this scenario to initiate equipage
first (1982) followed by regular-body aircraft (1983). A three year equipage
period is projected for each. The result ing schedule , in terms o f percentage
or fraction of domestic fleet equi pped -, is listed in Table 4 . 1 .  Five aircraft
type categories are used: four and three eng ine wide body types (4EWB , 3EWB ),
and four , three and two engine standard types (4ESB, 3ESB , 2ESB). Exceptions
to the uni form three-yea r equipa ge schedule are as follow s :

1) Three-engine wide body aircraft - - A ce rtain number
of DC-1O~s (National Airline s ) are already equipped.
This is reflected in the table.

2) Four-engine and two-engine standard body aircraft --
The numbers of these are projected to eventuall y
decline (see Table 4.2). To avoid uneconomical
equipage , the 1985 target was set to 10O~ of the
1990 fleet rather than 100% of the 1985 fleet, as
was done for the three-engine standard body air craft .

The total air carrier fleet compl ement projection over the twenty-
five year period was provided by the Office of Aviation Policy [1], and is
shown in Table 4.2. However , this data represents total U.S. fleet complement ,
including those involved in international as well as domestic operations . Since
area navigat ion is considered as a domestic navigation system , it is necessary
to est imate the fleet comp lement involved principally in domestic operations .
In order to obtain a basis for such a projection , the most recent Civil Aero-
naut ics Board cost and performance data was reviewed (Reference 45). From
tncs data i t  was determined that the U.S. A ir Carrier Fleet i~ 1975 was
operated according to the breakdown in Table 4.3.
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Table 4 . 1  Per Cent Equipa ge of the Air  Carrier Fleet

Year 4 EW B 
-- 

3EW B 4ESB 3 E B  _ 2ESB

1 976 0.0% 5.0% 0.0% 0.0% 0.0%-
4.6
4.2
3.8

1980 3.4
0.0 3.0
33.3 35.3 0.0 0.0 0.0
66.7 67.7 22.0 33.3 30.3

• lOO~0 100.0 44.0 66 .7 60.7
1985 66.0 100.0 91.0

72 .8 92.8
79.6 94.6 - -

86.4 96.4
93.2 98.2

1990 100.0 100.0

1995

2000 100.0 100.0 100.0 100.0 1 100.0

Table 4.2 Projected Air Carrier Fleet [1]

Year 4EWB 3EWB 
J 

4ESB j 3ESB 2ESB

1975 105 179 522 747 541
1980 160 275 455 959 720

• 1 985 260 475 365 1498 640
1990 410 903 240 15 70 582
1995 530 1515 155 1447 520
2000 650 

— 
2020 60 1416 460

Table 4.3 1975 Average U.S. Air Carrier Fleet [45]

Ai ;cr aft 
~4EWB 

- 

3EWB I4ESB 3ESB 
- 

2ESB

rotal A/C ~92.4 177 .7 468.0 728 .0 486 .2
)omesticA /C~40.5 158.8 283.4 689.5 465.2
)omestic % 43.8 89.4 60.6 94.7 

— 

95 .7
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The figures in Table 4.3 are averages for the year , thus yielding f ract ional
airc raft counts. The aircraft  type c ate g ories represent four-en g ine wide body ,
three-engine wide body , four-enqine standard body , etc. , the same as in Tables
4.1 and 4.2. Under ordinary circum stances , this set of data representing
domestic proportion would be carried throu gh as a p rojection for the  next
twenty —f ive  years . However , a revi ew of the f leet mix pro j ect ion (Table 4.7)
indicates that perhaps some better assumpt ions may be mdde. A pro ject ion was
thus made based on the fo llowing ass um ptions :

• The proportion of domestic seats available from
all four-engine as opposed to all three-engine
airc raft wi l l  remain constant .

• Since 4ESB airc raft are no longer being manufactured ,
an d a certain number are equipped for international
operations , the 4ESB domestic fraction will remain fixe d.

• Three-engine standard body aircra ft will be manufactured
primarily for the domestic market , thus the total non-
domestic 3ESB count was presumed to be constan t .

• The 2ESB domestic fraction is assumed to remain f ixed .

The resulting breakdown of dom estic f leet percentages over the next twenty-
f i v e  years is  g iven  in Table  4 .4 .  The total count of aircraft to be equipped
in any given year i - . therefore the product of aircraft f leet count, domestic
f ract ion , and fract ion RNAV equipped (Ta bles 4.2 , 4 .4 and 4 .1) . These values
are u t i l i zed  in the assessment of both equipage and ma i ntenance costs and
in ascribing user benefits as is done in later sect ions.

Table 4 .4  Air Carrier Fleet Domestic Fraction

IY~f1i~~~Ji~iw~Ifl E!I IIi !! iI 12!i!
1975 . 438 - .894 - . 606 .94 7 .957
1980 .487 .878 .606 I •%O .957
1 985 .5 19 .86 1 . 606 .974 .957
1 990 .538 .891 .606 .97 5 .957
1995 . 544 . 909 . 606 .97 3 .957
2000 .549 .914 .606 •~ fl .957j

I t is necessary to estima te the costs which an airline w ill incur in
equipping each aircraft of a given type , and the recurring cos t s  of maintenance
and data base update , in order to fully assess RNAV equ ipaqe c o s t s .  Cer ta i n
data is available since avionics manufacturers hdve already produced ~ut~’h equip-
ment coniiiercially to a limi ted extent. However , costs of installation include
several factors over and above avionics unit costs. Included are aircraft
rew i r l i m - ;  and idle time , spare part s inventory , and crew/maintenan ce training.
Recurr ing annual costs include routine maintenance and data services. Previously
L8] av ion ics  manufacturers were qu eri ed in order to obtain estimates of these
factors. These resu lts have been updated during the present study through
Iiscussions with Delco , Collins Radio Group and National Am -lin e s [46]. W h i l e
mos t of the costs could not be defined absolutely, est i ma tes we re made as f o l l ows :
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1) RNAV Cost - $40K each (AR I NC MKI3), S11OK each (ANS-70)
2) Spares m v .  - 25%
3) Instal lat ion - $SOK per aircraft

(woul d va ry wide ly based on system complexity and aircraft l ayout)
4) Trainin g - small
5) Annual Maintenan ce - $0 .35/flt. hr . (MK13)
6) Data Serv i ces - $0.35/fit. hr. (MK13)

The RNAV system considered was the basi c  airline AR INC MK1 3 wi th Flight Data
Storage Unit. [~ecause wide body airc raft would experience greater benefits due

• to RNAV , a more complex and sophistic ated system was postulated (siniilar to the
Col l ins ANS-70, for example), an d the various cost categories were increased
accordingly. The training costs listed are estimates. Maintenance cost for
the ANS-70 was increased in proportion to system cost. Data services costs
were al so increased , but not as much since the amount of data is fixed. Costs
ac tuall y used i n- th i s analys i s are p resen ted i n Ta b le 4 .5. These represent
costs for a typical dual installation. Note that it is riot necessary to equip
the wide body aircraft  with the mo re sop histicated type system in order to get
RNAV benefits.

Table 4.5 Air l ine RNA V Equip~ge Costs

~~ategory W ide Body 1
~~tandard Body

Purchase $ l lOK x 2 $40K x 2
Sp ares 55K 20K
Ins talla ti on 60K 40K
Training 5K 3K

TOTAL ACQUISITION $340K $ l43K 
-

Maintenance $ 3K x 2 $ 1K x 2
Data Serv i ces 2K x 2 1K x 2
TOTAL ANNUAL $ JO K $ 4K

The results of this cost analysis show that , over a twenty-five year
period , a total of $1436 million would be spent (at 1976 dollars ) on equip-
men t, installation and maintenance . The equivalent present value in 1976
of these expenditure s at a 10% annual discount rate is $442 million . This is
th e value wh ich wi l l be compared to present value airl ine benefits in order
to determine benefit/cost ratio. The overall airline cost results are presented
in Table 4 .6. In Appendix F detailed airl ine cos t results are presented.
Annual cost results are stated for each aircraft category .

Ta b le 4.6 Airl ine Equipage Total Dollar Costs and Present Va lue Costs

A/C Type 4EWB 3EWB 4ESB 3ESB 2 ESB Tota l

Avionics $ 78.3M $406.3M $ ~2.2M $l22.5M $ 44.6M $663.9M
Inst a l lat ion . etc. 42 .7M 22 1.6M 9.6M 96.4M 35.lM 405.511
TOTAL CAPITAL $ l2 LlM $628.OM $ 21 .7 11 $2 18. 9M $ 79.811 $l069.411

ntenance , etc. ~$ 41.011 $l84.4M $ 7.711 $ 98.3M $ 35.3M $366.BM

‘ TOTAL ~~~~JM $8 1 2 . 4 M $ 2 9 . 4 M $3 17 .?M $ 115 . 1M $1436 .2M

~ij76 Present Value~~[~Thi $2l0.5M $ l2.3M $123 .9M $ 46 . 311 
~~~~
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Fn - renma n i rig RNAV eq ui pa ~; t -  m~ t - - to be cons i i t -  I - t o  c 00cC P-n gent ’r-a 1
av ia t i o n equi paqe . It . is of interest to note tha t RNAV has been well
accepted by the GA population. Many thousands of units (mostly low-cost
single waypoint models) have been sold. However , it is much more difficult
than in the airline case for purposes of the present analysis to determine
GA RNAV equipaqe costs and benefits , since no direc t data representing those
opera tors who would equip to take advantage of RNAV terminal procedures and
route structures is ava i lab le .  In the air carrier case , wi th the exception
of high -time airframes , all a ircraft could be presumed to become equipped
s ince  there i s a large payoff potent ia l .  GA payoff is s malle r and more
di f f icu l t  to demonstrate in terms of direct dollar savings.  Obv iously,
there are other non-quantifiable benefits which mot ivate GA operators . as
demons trated by the number of units sold to date . In order to simplify this
anal ysis and achieve a conservative resu lt , the following a pproach was taken:
[quipage costs for those GA operators most likely to util ize RNAV to get
dollar benefits have been computed , and wil l  be added to the total of RNAV
present value costs. Although doll ar benefi ts for GA users can , and have [6]
been demonstrated , none are presen ted here s i nce t he da ta base requ i red for
their computation over a twenty-five year time pen-iod is not avail abl e . This
will mean tha t the overall RNAV benefit/co st resul t will be quite conserv-
n tive l y expressed .

}or purpose s ot thi s analys is . those GA users presumed to equip are as follows :

1) All hi gh altitude operators (turb i ne aircraft), since
they can get a si gnit i cant enroute benefit.

2) All piston operators who base their aircraft at
one of the high or medium density hub airports,
since they too may potentially derive a benefit.

All or these have been assumed to initiate equipage in 1982, with all
candidate aircraft equipped within five years . The pr-ojections of eli g ible
aircraft counts were taken from the AVP study [1]. Aircraft currently based
at t he hi qh arid iried m iii dens i ty hubs we re determined in an earl icr study [8]
from FAA aircraft registration tiles. The extrapolations used in  this study
were not linear , hut imposed limit s upon the numbers of GA airci-aft expected
to be based at the high and medium density hubs. These limits are expected
o re- -u it from the ev e ntual domi nat ion of these a I rpor-ts by air carr ier  oper—

a~ i ons , as shown in the traffic projections supplied by AVP [1]. As a result.
- - i nqle t’nqi ne p iston aircraft based at large and nnedi urn hubs arc assumed to
remain constant at 19/ 5 levels , while mult iengine piston aircra f . are assumed
to he l imi ted at the extrapo l at ed 1 980 leve l. Thes e projection oata are listed
in Table 4.7.

Table 4.7 RNAV -Equipped GA Aircr-aft Projections
— — -

~~~~~
- --

~~~~~~
- - - -

~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ r~~~~~~
1 Projection Year 1975 1980 I 1985 1990 1995 2000

ATT r i s t ~~~cfw~~e 13V,~ä7 ff 149 , OTi8i 80
~ 

+ 
4 l~~ ~27b 0Qo t339 S4S

Al l  m i s t o n — M u l t i  20, 123 25 ,610 33, 714 44 ,~ 98 59 ,$4- CI~ 79, 3’ t~411 urbine 4 ,OO5~~ 6 b15~~ 9 843 l-~ 45~l ~ 811 ~
RNAV Piston-Single -0- - -0 I 3.966 4 .958 4 .953 4 ,958
RNAV Piston -Mult i -0- - -0- 1 ~~~ 2,O~4 2.074 :1 .074;
RNAV Turbine — 0— - — 0— “ .0~¼1 1 4 , 4:~ 20 .811 29,345 

~~~~~ _ _ _
~~ _ _ _ _ _ _ _ 4 — i - -  — — ~~~ -~~~~~ - -— 
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From the earlier cost study [8], tn avr-rdq e RNAV equi pdge cost for each aircraft
category may be derived. These va lue s include not only RNAV equipment cost.
but also the fact that certain aircraft will require other equipment. For
exam p le , many of these GA aircraft would not ordinarily be equipped with DME ,
wh i ch is required for RNAV operation . These resulting average equipage costs
are l is ted in Table 4.8, wh i ch shows total equipage costs , 1976 present value
costs , and total and p resen t value mai ntenance cos ts , presuming an annual  4%
maintenance cost rate .

Table 4.8 Equipage Total Dollar Costs and Present Value Costs

[ Airc raft Category Pisto n_ Sin~1e[~iston _ Mu lti Turbine Total

Avion i cs Cost per A/C $ 3901 $ 4890 $ 7125
Maintenance Cost per A/C 156/yr 196/yr 285/yr ---

— 
Total Avion i cs Cost l9.341M lO .l42M 209.083M $238.566M
Total Maintenance Cost 13.15211 6.89611 86.389M 106.437M
Total Cost 32.493M ll.038M 295.472M 345.003M

~19~6Pr~~en t V l u e C t  112.32 511 ~ 6.46 3M ~$ 76.4DOM $ 95.1 88M

Terminal Area Airl i ne Benefits

User terminal area benefits were projected over the twenty-five year period - -

- 

- for air carrier operators from two primary data sources. First, previous anal yses
[8] have quantified the benefits wh i ch will become available to air carrier oper-
ators at major terminal areas. Second , the Office of Aviation Policy [1] has
provided detailed projections of both operations counts at the major terminals
and of the distribution of operations by aircraft category at each individual
terminal. These data coupled with the RNAV equip age schedule (see Table 4.1)
are combined to determ i ne a n n u a l  bene fit s for  eac h year from 1982 through 2000,
and the total present value benefit.

The operations projection data from Re ference 1 are illustrated in Table
4.9. The i tems provided which are of interest are total itinerant operations
and air carrier itinerant operations , plu s the air carrier fleet participation
at that airport by aircraft group for t- ~ ch year given. In the earlier study [8]
a few major t e r m i n a l s  were studied (LWR , JFK , LGA , P:~L , DEN , SF0. MIA , MSY , ORD),
and RNAV benefits in terms of fuel and time s~vin q~ for each aircraft type werecomputed . In that study a p rocedure for extrapo atinq benefits to other airports
was develo ped , wh ich was based on a t’-ai~f ic count ni i -o raeter. The parameter
used was the remainder after genera l aviation iti ic r ant operations are subtracted
from air carrier itinerant operations , which results -~ a measure nf air c~.rrier
dominance at the terminal. Since the GA itinerar~. parameter was not ~rov~ded
in the AVP data, a new method of extrapolation was developed so that be~efIts
could be estimated at many more airports than the nine which were studied in
detail. In this case , as in the earlier study, t~ic extrapo lat iorr equation was
developed through regression analysis. The operations count data source used
in Reference 8 and the current study for the regression analysis is FAA Air
Traffic Activity . CY1974 ‘ , Referen ce 47. Various combina tions of those data
i tems from Reference 47 which are also av a ilable in t~ie AVP tra ff~c vr-o)ect :ons
[1], and which represent in some way the measure c-f air carrier traffic dominance .
were tried in order to find a substitute extrapolation i s- lat ~ o ns h ip .  A measure ,
root-mean-s quare error of the curve-f i t  estimate . ~i~s used ~o evalua te the
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Table 4 . -~ Term inal Projection Data [1] - - Denver 

975 1981) 
- - 1985 1990 ~~~~~ 6001) 

-

Air Carrier Opns. 203000 249000 295000 341000 377000 137~’000Itinerant Opnc . 372000 44200(1 493000 500000 500000 500000
Totd 1 Opns. 397000 464000 498000 ~oooon 500000
4EWB ~ 1 3 4 1
3FW 8 ~ 7 11 15 H 22
4~ SB ~ 0 I — — — —

3ESB ~:t 44 45 42 31 40

~2ESB~~ 1~~~~_ I~~
l _ . 4 ) I 4 ~~~~~

34 i~~~

quality of the r-esultir i q curve-fit r-e la t ionsh ip  in each cas e .  The parameter
ti n all y settled upon as the ext rapo l a t io n  var iable was the rat io of air ca r r ie r
operations to tota l itinerant operations. Use of this ratio parameter actuall y
resulted in a loW el- i-oot- mean-square error than the parameter used in the
earlier study [8]. whi c h was air carrier operations min us GA itine rant opera-
tion s . The resu1tin~ errors are stated in Table 4.13.

Tabl e 4.10 Regression lit Root-Mean -Square Error Comparison
(Fuel-Poun ds. Time-Minutes)

Ai rc raf t  Category J 4EWB 3IW B - - 

4 ES B 3[S B ~ESE3
Fit Par~mei~r : 

- - r Fue l J Time 
- 

Fu e l T i  me F ael Tim e Fue l T i  me 1 Fuel ITirne I
A i r  Carr i e r-GA Itin . ~81 ~~~~ 4~5 .082 5 ) t Q74 H.3 ~~~~ l4.4~ .O75

~A i r  Car r ie r/Tota l  It i n .  24 . 2j .O3 ?  11 . 2  .(L~$
1 

] - ~~S 013 ~ .4 .039 13 .9[ .044

The regr ess ion  ~. . r ~v e  f i t s  we r-e app Ii ~-d to t 0~- i- ut  t~ c p’-o~e~ ti c R 5  for all
of t n t -  s i x t y  large and me dium huh air-ports ident i fied ili Re fer-ence 8, exc ept
for F~~t , LGA . JFK and ORD. As d iscussed in that report, these are hi qhl y
special cases whi ch do not conform with the results obtained ror the more ordinary
terminals. Therefore , the raw results of the RNAV benefits aria~~sis were used
directly, rather than the curve-fit acta. ~or those four airpo r-ts .

As a part of this tas~. it ~a-~ necessary to proiecl the ti j il i h and order’
in which RNAV procedures would he established at th~ ‘;r~ h and medi um densi ty huh
ai rpcr ts . Since the establishment of ~-0~AV orocedures Wi il - - IvOl ve a~ rs pace
restr~ct~.ri n~ , route design and ari a~csis. proce cure def ’niticn ano- cc ’itro1l- ~r
education . they c a n n o t all be implemente d at one u s e  . hut w i l l  :~o .~~~sed in .
A schedule for imp l ementu :ion i~as devel oped , w~ ic~i i- - l~ sted in Table -i . 1~
Bas ically, the air-ports are i riplernented in orde i- O~ s~eCro~~s u , i~: s— -u -e c~
L~.S. en p lanem en ts , as obtained from Reference 4$. The pu -pcsc u s ~c cau s e most
airports with s i g n i f i can t l y  large t raf f ic  volumes ci ha ve ~N4V pi-oceouros by
1984.

The procedure used to pr oj ec t  RNAV benefits ~or any given your is as fe1low~ :
r lr st , those a i rpor ts  which wou le have RNAV procedure s ar-c ident itie d from
Tah~e 4.11. Then , eor a given airport , the traffic demand data f~ r the ~ear in
‘~u’~stiun would be t a k en  from a table for the a irpoi-t (like Table - .9~ , uslnc
i n ter -p ol at ion wherc- necessary . Number of operations for each airc raft cate-ior~
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Tabl e 4.1] ~t~ — -i T n r - s i n a ~ Ii- ~~~~i L d t ; O f l  Screaule
(Hi gli and Mcdi t~m Dens ty Hubs)

l e e ntat ion
r

Share of U.S .1 
- -

L Year Eriplanements I _____ ________

1 982 ~5.0’-~ NY ( EWR ,LGA ,JFK), CRD , ATL, LAX
1983 -2.5~ DEN , MIA , SF0, BOS , Ufu , DCA, lAD , ILL
1984 I :-l.0~ MSY , Pt-IL , CLE , DTW , IAH , PIT , STL , MCI ,

I MSP , T PA , SEA , ‘AS
1985 >0.65;- CVG , MCO , PDX , MEM , Pt-tX , SAN , BAL
1986 --Q.50~ BDL , RUE , IND , CLT . MKE . SLC, CMH
1987 -~0.35~ JAX , SDF , SAT , ABQ , DAY , BNA , ORE , OKC ,

I OMA , ROC , SYR
1988 <0.3Y SMF , ALB , BHM , DSM , ELP , TYS , PVD , RDU I

L _ ~~~ ±~~~~~ I J~Y~~ _ _ _

would be generated from the fleet mix data (again , Table 4.9). The her oper-
ation benefit would be derived from the regression equations for that aircraft
type. The air carrier fleet equipage schedule (Table 4.1) would then be con—
sulted to determine the percent of that aircraft category which are RNAV equipped
and so would get benefits. Thus the total benefits for that aircraft category ,
and the total for that airport , may be computed.

In order to express these terminal area fuel and time be ne~~ ts i n dollar
term s , val ues for fuel cost and aircraft direct operating cost (less fuel)
per hour must be estimated. Historic data describing these costs is available
from the Civil Aeronautics Board (Reference 45) for 1975 and earlier years .
However , appropriate values for future benefits evdluation are not easily de-
fined. First of all , the future price of fuel is suhj~~t to much speculation .
Secondly, different air carriers will treat the value of aircraft time differ-
ently, including or discarding vari ous i tems in the direct operating cost
formula. Therefore , for purposes of these analyses , two different sets of fuel!
time cost levels will be used in an effort to bound the expected degree of
benefit in a realistic manner. From [45], the average 1975 fuel cost was about
28~ per gal lon , while published reports indicate that it is c loser to 30~ per
gallon this year. Therefore, a fuel pri ce range of 24~ ~o 3E~t per gallon was
used for this study . The two airc raft time cost levels were defined as follows :
The high cost was determined by subtracting fuel costs from total hourly direct
operating cos ts , using the 1975 CAB data [45]. The low tine cost was deri ved
by subtracting depreciation and rentals as well as fuel cost from total hourly
DOC , and then further reducing the remainde r 2O-~. The result ing aircraft time
cost values are given in Table 4 . 1 2 .

Table 4 .12 Ai rcraft Hourly Cost Va lues Us~~ ~n °r .~t o ~is

~~~~egorY 4 EWB 1 3EW B~~~ 4 ESB I3ESB [2ES B I
~~ qh (DO~i~~~~~i~~lT ~~ bWlOJ W30 t

~~7IT1~ThT5
~
41

[ Low ( less Dep. + Renta1s~~ 2 0 - ) j  99 6 + c~ 

~~~~~~~~

j ]

-
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The . JIilIildry i - i - u It s of the ii r l i ni I rrnn iii I tu ’ni t ’ i- i - I ‘ t h u  I y’; is art ’
t~rt~~~~ t 

e(I in Tab 1 e 1 . iTt . the tot a I tin t ta r vu I ue ol bone Iii a unit at oH
the year- f rom I 982 to ?O0() are l i t  i’d I (U each a i t. r-d ft . c d t  eqor •V - Al so , I he
pre -; ‘n t. va ne ( l~)16 ) of the bt’ne Ii Is i s I i s ted . Append i x F 1 i s I s I he Jet ai I oH
bi’nv fi t data no a yea r - by — yea r bu s i

Tab li ’ 4. 1:1 Over i l 1 Ai r  Carr ie r  I t-nn i na I RNAV Reniel i t - - , l~1$.-’ . 0(10

41 WIt - 
31 WI t 4 1 SR II SB 71 SR T O ]  At

Fue l Saving s (gal ’) tOt6M U73M 44M 86?N hO/M 3077M
Time Savinij s (~ r)~ - - 

204K 440K 23K bR3K 494K 1844K
Total DoV~ar Valu e:Low Cost Assu mption $34f tM $501M $7?M $460M $ 7 1I M $ 1b7/ M

Iii gh Cost As sump t.i on 61 6M 908M 34M 1?RM 451 M .1 3$M ‘ 
-

1976 ~resenu t Vul u t ’ :

L O W (.0 ’ 1 As ‘.UIilF) 1. ion $ /6M $11 2M $ ~ I (IbM $ /OM $ .1 / 1 M
H i gh Lost Assum p t t o r i  I t4M ‘HiM 1 :‘M 

- 
t 6 /M 108M h?7M - 

-

I nroute Ai r - l in t ’  lieui i f i f ;

l i i i .  5r~t. I. on It- . .r i ht ’-~ t he bu— ~ 11 .  lilt ’ t .hod by whi oh (lit ’ enrotu to route 1 t’niqt Ii
i 1. to high at Li tude user- b w as proje ted over the years I rom I 18. to  2000 .

he en rn i .  I t ’  ro u te  I ~‘riq th bent’ Ii t ha’; beo~ deter-m r rit ’d to be 1 .61 - in Re tort ’nce 8.
Th i -

‘ wa’; ~s Li na ted by coinpa ring art expt ’r i men l.a I RNAV route s t.ruc I ure to t he
ex i s t  ing VOR ub-ut ture , arid e x pr-ess i l i j the dist .~iit t’ savinq s in  terms of a per- —
en t of enrou to His t.rnt e (stage length 1 t ’s i ;  I r rmi nuT radi us) . 1 he enroute

ana l y- i - - Wa - _ b i- -ed upon a compari son ci I the prost’li I ,jt’ t route s truc t u re wit ii
..ind i da te  RNAV route s truc lure which was dovelop ’d ‘~po~ if i c i  I l y  to ,— purposo-~of aria I ys  i - ‘ . In th e ana l y’, i - _ • rou It’ I t ’nq Lb henir Ii Is wt’r-t’ OIIIjltI I t~ I t c i r  ca ci t

ihiore t han 40(1 c I Ly pa jr-s . I h ’’.t ’ wer t- I hen u gg roqa t ed I) .l5tsf on a i nii nit’ dem an d
tar eat h ci t.y pa I r. Al so cons I don - i t t  were the effe cts whi t b  rest r io  t oH are i - ~
ha vi’ on pre’ .en t as well -is RNAV m u  t~ r o i j - - - Wea thor- cot i -~ i di-ra t ion~ We nt’ I a. t orctt
in through ,rria ly’; is of ava i t  ,ib it - rou I k ’ - ;  ,,iitl p i ’ ~ f~~i t -rico- - based ciii Iii niimurii f l i g h t
i in& ’s co nsider  m u g  wind t tind 1 I l onu - ~ - Iii t ’ i - ~It-r t o  Ibriujet I henieti t - ; t on any qi yen

v t - i n  , f lit’ number 1) 1 oper~l I ions ,mntl ~rvr-raq& ’ - - t .utje I t’nqt Ii for t’a. Ii a i rc raf t
t .i tt ’ jci ry must be known . I he b~s i t  d a t a  - ounces used for  Liii s study were the
proj i - i  I ed a i r ca rr i or- f loe t. iii x (1 ~rb le 4 . 2) f rom I 1 . the  pro.t ~ ‘ . Ii tin c i t

lim it ’, t i(: f t Ot? t t naL t.i i ) i is  (105 ni h’ t l err Ii er ( s e t ’  I ,rti l o -i . 1 ) , the a in 1 rr
I l t ’ i - t .  t ’i )u1p~1 I t ~ s~ heduul t ’  (Tabl e 4.  1) a rid h i s t o n i  o pe ra t ion s  and stage len gth
I n  La I noun the CAB I4~ 1. 

Reterer ire I d i d m t  provi itc annu , 1 opera t ions L000t

~nd ‘~ I ago 1 ‘nqth on in a i rc ra ft ra teqor’y b as i  - - , ~~~~~~~ i tat i nq the usact ’ ot
his t o n i  c data .

t i e  I t / b  CAb -
‘ at , i st. i t  -

‘ 1 were ~rnaly ;ed in order t i m itt ’1 m m  I no I Ri
m v i - , i f t -  d rifl ua 1 n u m ber of departure- - per t mm r;mied per a i rc,’aft Lw Odt hi ,it t ltlrv cl
i i  r r n I in lcimne~ t i c  oper.i t ions. Also , the avena I~’ Ion ’st i t  ~taqe length ton
each category w a s  omputed . The resultin g data ant ’ st~~t i ’d in laNe 4. 14.

Tabl i- 4. 14 Hoiin ’- . t,i Ih’ t br rtuno ’ -, ~rnud t~ taqe t i n 1 lb I - 1 -  1
IT I~t; n W Il ‘ - 4t ‘- I ; -

~ t -
‘

~ Sb I
h OnK’S h i  ),‘~i,l i

- f  t ires 8,3.4 1 ~ ~t i  1 -~l - 3 2 104 .5 3.’CIC) - 9
A v e r r j r ’  St .r~ e I t ’ni gt ii I / ~~ti . t o t . .  ‘H) - i . ’ I . -
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The erirou te portion of the f l i t  Ih I. m ni on ii d ‘a’ W aS i - -
‘ t 1 lId ted by su ~(, t i-ac t i

n I r~sty ml ] es from the s t.aqe 1 ormg tin I n •ntc oun t for on (J in and deiia ml ure ai rpont
radii . The res ul Li ng en rou to th j~ lance Wa ’. WU It ii~ I oH by I . HI L. , by the number
of depa rtu res and by the numb er of ilon irt ’ç tic a I rc ra f t  sch ed u lOtt to he equipped
for a g iven year to get on route (Ii ‘,ta mict ’ s aved for th u t .r i rcr u ft  type for that
year. To convert distance saved t.o fuel and time quanti t ies , avera ge enroute
speed and fue l consumption must he known . Va l ues for these i tems were derived
from airc raft performance handbooks at  cruise altitude under nominal conditions ,
as described in Reference 9. The per mile fuel and t ime consumption ra tes used
are stated in Table 4.15 . The overall fuel , time and cost savings results are
summarized in Table 4.16. Detailed yea r-by-year results are listed in Appendix F.

Ta ble 4.15 Aircraft Fuel and Time Per Mile (enroute)

L 
- - 

J 4 EW Lt [ 3[WB 4ESB f 3[SB [ 2[SB
I Fue l Consum ption (Tb) 46.7 32.0 26.4 18.0 f 12.8
jrne (~ inJ_ _ __ jp~~73]jp_.l2~~ O.1294 [ o .1279 f O .13?8

Ta ble 4.16 Overall Air Carrier Enroute RNAV Benefits , 1982-2000 

~~~~~~~~ ~~ tWl~ 
- 

~3rw~3 4 E 3  
- 

3E~~~~~? R  TOTA L
Fue l Savings ~~al ) 7O1 M 169?M l 44M 1014M lR lM 3732M
Tinie S n ~ s~~ hrJ 7K 

- 
705K 5K 76/ K 

- ?OOK ~~~~Total Dollar Va lue : -

Low Cost Assumption $346M $ 863M $ 71M $ 12/M $l]2M $l919M
Hi~~~~çpst Assumption ~~~ 153 1M 

~~~~ 
$34M ]J4M 3~~9~11976 Present Value : 

- -

Low Cost Assumption $ 75M $ 1/3M $ ?OM $ l79M $ ?8M $ 425M
Ui~ h Cost Ass~~ptio n 133M ~O7M 30t’~ 7C4~~ 44 M J l lSM

Airline VNAV Descent Benefi ts

Descent procedures have been under study by a i r l ines in recent years as
a result of the fuel conservation po tenti al availabl e throuqh improvements
in procedures. The ob ject ive is to i n i t i a te  a standard descent from cruise
altitude a t the last possible nix nient which will insure arriva l at  the point
prescribed by ATC at the required al titude . This may be approximated throuqh
the use of various procedures and flight plann ing aids; however’. VNAV techniques
should provide more accurate contro l of descent initi a tion point , and r e su l t
in a net savings in fuel and time . In Re ference 8 VNAV d - s  outs wore ana lyzed
in do La 11 in order to quantify the degree of hone F it to be expt ’c 1 - 0  per descent
operation. The results are presen ted in Table 4.1/. They were 1m ’nm ~-’od from
an a n a lys is  of the nine airports stu died in determining terminal m~NAV benefits.

Table 4.17 VNAV Savings per Descent Operation [8]

4EWb EWB ~4E~S[3 3ES B 1 2LSB
Fu &i (1b )  6.7 .~3 8 1 . 3 ]  44 . 1 1  49 .9
Time (m m ) 0 . l32 J 0.239 0.340 j 0.305 J 0.459

4 - 11
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The deter mimi n at ion of overa I I VNAV li -- i t ’ nm t  l i t - ru-  i t s  I am the oar  ~ I d$.’- .’770
was d( conipl i shed in much the - arnie immu r in io r as t he ‘ni -ou t t’ n-out c lt ’riq t b~nt’ti t s
ana 1 ~ys 1 s , nice the s amne data sount es are requ I red . Once the numbi’ m - cit a i nc raft
departures for each a i rc ra f t  c ate g ory ha’. been calculat ed , it i s  mmii i i i p1 ied by
the descent benef i t  va lues.  The ov e ral l  result s are pm-esented in Table 4.18.
Detai led year-by -year re sults are list e d in Appendix 1.

Ta b le 4 .18 Ove rall Air Carrier VNAV Desce nt Benefi t s , 1 982-2000
-  

41WB 
- 

3 [WB J 4[SB 3ESB 2ESB I TOTAL
Fuel Savings (gal) I 3lM l99M 33M * 360M 22 1M fl843M
Tinie Savin~s (hr) 4 8K 91K 15K 26?K 216K 592K
To ta l Dolla r Valu e:

Low Cost Assumption $14M $106M $15M $l84M $127M $447M 
Hi~ h Cost Assu~ption j~~?5M 1 90M 23M ?90M 197M 726M

1976 Presen t Valu e :
Low Cost Assumption I $ 3M $ ?IM $ 4M $ 45M $ 3:’M $lOSM
Hi~jh Cost Assumption ~ - 

5M 38M 
- 

HM /lM j 
- 

5DM 1 7DM

Am i- I inc 4D RNAV Ben efit s

mi usage of area niavi gaL ion ego I pnmen t to provi tie ,It ( jr.it~ t 1 no —of —ann va~
en tr’o 1 ( c a l l e d  4D RNAV ) i ri the cont ox t of a Meter i nm ~ am id Spac i nig (M&S

env i ronmnent has been shown (see St’~ t ion ~ . 3) to have t he pci ten Li a 1 fon u mnpro v 1 nil
th & ’ ,rh il l ty of M&S to s pac t- ai cc ra Ft. • and th ere fumi ’ cm r -t’duce ai-r’ 1 va 1 de l ays
i n arm earlier effort to quantify the de lay-reducin g impact to he expected
(Reference 8) , a simuhttion~ techmn igut_ - was uti Ii zed to- pred ic t  ar r i~ a1 delays
in an M&S envi ronment in the m id— i ~80’ s . This s imula t ion  technique itt ili .‘ed
a model of airport operations which considered the toll ow in g factors :

• The arrival aircraft traff ic demand p a t t e rn (hourly) typical
of a given airport

• The aircr aft type niii x pert  i n ent  to the a i r p o r t

• The in—I ri i I h I m  ililLiflI se pa r i  t i  no requ I nt’nme nt s for— each t ype  at
a i r c ra f t .  in u’-e (3/4/5 liii lo sC h )dr -d t  i t _ ill c r i t e r i a  in et f e c t - a t
that time )

• Tvi i i d  1 approach speeds of t ’,i~ h a u r i t a  f t  I

• I XPP C It ’d n~rnua I * M~~ and 4I~ M&S Al C ~t m-fonmman ce c apa~— lit  I t ’S
a n tm ( : i pat-ed (di sc u’ -se d be low )

• Act mum 1 hi s tori c demand/do I ay d~ t a I on I he a i i- port • ion :sm~fe 1
calibration

belay condi t ici n -~ ,mt e ig ht airport s (ORI), 71 K , I OA , ~R , P H L  , ~1IA . DEN ,
SF0) were analyzed , and the nm --~ui f - , were extrapo 1 a ~od over ~m to t .ml of
tw~ flt v—four a in— po r ts  wh i t _ h  are log t a T candi date s ur~ 4D ~mrot edunt ’s . In
t hat  - , m idy Liii ’ iti ~ v O l -V  ,ncc J r,it i t ’— . tlt~1 eriui m ned t i m tmt i’t ’plt ’sOfl I t t  1 \ 0 

- 
at

m u t m m m u a t~ d MY. S mu t t f -11) M&S sy’.tem’ms wt ’nt- 11 set - .mn id m i ~,Ot - n&’spei t i v ol v
(1  ~) , an~ tr io  -lb ii i i ’ t  u f ’  t ’ s t  ima t ion wa - i taken us tme di t t t _ ’rence i ll tho
amount or do lay which re- u 1 ted. It is the com ic 1 ~~S iOn o t th is study ( 5e t ion

- 1:-
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2.3) that  the automated M&S -,y— ,tenim should be capabl e of a to] i vt ’rv l i t  II~dt v
of 8 sec . n-ather than 11 sec. Th(’ net effect of this improved M&S c apabilit y
of concern here would be a reduction in the degree of benefi t  resu lt inn f r o m:
the usage of the 4D capabil ity. however, thi s benefit would still be substant ial.

The approach used in pr-ojec t i r ig bone fits Iii the yea r- .‘OOO was t a I ir-~ t no -
ova I nato expected boric f i ts per opera t tOri at the twenty— four domes l i t h igh tie Ta \
airports (based on the 8 set - , at -cu r-at y) for- the year 1Oti ~i , and ther m to p roit’ i
the st ’ OV O r all RNAV ope rat i ons at t hose a i cpu ci s for t hi’ r-ema 1 ri iii ii vt ’a n-~ ri a
manner s i mi I ar to tha t  used in  the aria 1 ys i s of t orm i mm 1 1 n~i~~ bent ’ f i t  ‘~ , do - ,cni bed
ear l ie r .  The reev a 1 ua t ion of bene t i ts  wa s per formed by ret ompu Ii nq del av
condi t ions at the ei ght primary a i rports based on the e ight sei oiid M&S a icu rac ’t
and extrapolat ing the nt’ , u 11 s to the remna in i rig s i x t eon term i na is . The nec t i l t
of th is ext i-apol at i on are presen ted in Table 4. 19 * 

wh i t.h may be t -oniparod w i t  Pu - 
-

T a ble ~~~. ~ in Re forence 8. Th o s e ros t i l t  s we n-c based upon the t na i l  I t  demand
proje cted for 1985 , whi :h was taken to be the mmi i ti al yea,’ -10 o 1u t~ndt ionic would
he I nip 1 n’mented . That i rip ] ementa Lion Ha to was 110500 t m m  two I’t ’d S O ! i s  : to  a ll ow
t i n e  for the dove] opmt’n I of M&S sys ton i—, whi h a m-e 40 RNAV — conipa ii b 11 ’ . and s 1 n i t ’
1 985 i -

‘ the Fl rs t year- whore nea r - 1 y a 11 a in’l rio opera t on - s  wo uld  he RNAV — eq 1i~ pped *

there ore all owl rig t he max i niu mmi boric f i t  fro il i 40 to be nea II .-ed -

Opera Lion’, n-a I. ’’; at  nios t. of the t.wori t y —  four a i n ;mon t s t_ O ? i S  Jet-ed are projet_ ted
t i )  i ri: r ~’,iso af ter  1985. It (:001 d therefore be pi-e’ ,uiiied t h a t  dcl a~vs * and so the

- 11) RNAV bone f I t 
* 
would a 1 so inc rem so - Ilowove t- , -,ut h dii l ilt roa st ’ in 41) bent’ l i t

is not, reflected in the re-;ul is pi-e ’~o nt e d be low . The reasoning is t h a t  there
are severa l  fac toi--~ wh i :h should ,li t to  rt’duct’ do 1 ay-~ , or ac I t o  -

‘ I ow the gre- ;t h
of dt ’ lays , over th is t im e period . ‘~‘evon -a 1 of th e - i’ I a c t o r - s  are fea t  I l l _ i’s o f t h e
Upgraded ThIrd Generat ion Sys toni . There fore * I t I - - di Ff i  ill ] I t o  a n t  i c i p a t e  the
exact  trend of delays at sin-h di’. t a n  t po i u u t s  in  t i mu ’ - [or pui -pcmst ’’~ of pm-u i et_ - t I nt_ i
be n e fit -~ to I hi ’ year 2000 * p er—ui i- .. i - i  t- t 41) benof I t h~ s been t aken t o  rema un
const ant  a t  the 1985 level 

* 
even I liouqh t r a f f i c  i -

‘ p no~i ‘ t_’ It’d to i mit  t~i ’.I 50 drama t —

ical l y. It is a n t i c i pa t e d  t ha t  Ill Is e n t i r e  41) bene f i I o s t  i nia t m cmii mrot t ’’-s  i~- m  11
be ref ined in a subsequent t a sk  of t lii ’ , RNAV techn ical support t a s k  cinder cont nat -t

The 40 Rt’~AV bon e f i t  s pru~i r ’ t ion was per fo rmed by mu lt I  t i P  l v i  n i l  t he del av t ime
SdVI f l iJ S  g ive n in Table 1 .19 by t hi’ I , - a t f i .  pro l o t  I lon’~ at 0di h of t h e  di n-ports.
Resul f_ s art ’  (-xpresst’ (l on arm ,u i rcra ft. .mteqory h~sis by t omi s iden’ u 110 the demand—

m m m l  s b i t t  I o,~ ouc h m m  rport ( s i t ’  r nb l i ’  4_ i)) 
* 

and the I l t~ ’t_ 01101 Hui;o pno _ i i i . t  mi i i tm
(Table 4.1). It w i -  a l so  neces sa ry  t 1 m e s t i l n a t ’  th e ino l  s i~ m n m - ~ wh ich  i~euld

dt_ C oIilpdriy t t i t ’  tIolav t~ imm’ ‘ ,d V i fl g ’’ . I aol coflsuiilpt ~Oii i ri t ’ a i .  1 d i  ~ t m n ’ t  cd t & ’.)O’ \
was de tern rued f rom .11 i’t ra f t  pert oi -munt _ -e hanidba uks . The .1i Ii :.- - t ’ d m-,as .mt a
st a ndard ho ld ing  ond i t io n  at  lO, i)O b ft. at ,‘lO ~ IA ~- . T g 0  I- es , - m m :  d a t a  m~
-Mown in Ta bl i ’ 4. ‘() Overall f u e l  . t l imit’ and Hal ar savi flt1~, dI- i’ ShoWn lii Table
4. 71 . Do tail e~l year by year s .IV in I t s  data are l i s t oH i n Append i s I

-I - 13
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Tab Ic 4. 19 1985 Ai m Ii no Per Oporat. ion [te l ay ~ia~ i nqs

Air port EJa m l
,~ 

It in ; ranm 
~~~

ORD 908 ‘ .00
ATL 830 I l e b
JFK 567 1.19
IGA 503 1.7 0
SF0 54? 1.57
tAX 670 3 .07
DEN 404 0.77
PHI 296 0.44
EWR 264 0. ~7
M I A I 455 1 . 0 1
DEW 563 1.15 :-
OCA 315 0.48
PIT 36?
BOS 404 0.17

I CII ‘ -1/ 0.34 -

01W 0.51
MSY 1/4 0.73
tAS 200 O.7t i -

~TL 358 0.61
ILL 133 0 .18
TPA 196 0.76
MSP 74:’ 0.33
SEA 216 0. .‘8
BAL_— - 

141 
-~~ L 0 .70

Table 4.20 h oldin g Fuel Flow

rAT~~~r T  - 

~~~~~ T~TT1~T
Ca tt -’qory ( Ki S ) (lb/ m imi n )

41 WB 400 1 ‘45.3
3EWB ‘nO - 110 .
415B 180 l4~ . I
31 SU 11 ) 100 .11
?ESB 7Ct 66.4

Table 4.21 Over -all Air Carrier 40 RNAV Ot-it of u t s , l985-7b~-1

r -  4Ew B 1~tw ~ J 4150 - 

:wso :mFSIi T PTA I

~~~~ 1 Sav i  nqs~~qal ’Y OOM 
- - 

Q?3M 46M I133M ~ 37 1M ,‘774M
T u r’in Savin~j~ (hrj 261K ~16K ,~ ~K 0’~~K ~‘)t-iK
Tota l  Dollar Va lue : -

Low Cost As s umption $3/9M $ 595M $71M $57’-W ~
, ‘~ 4M

Hi~ h Cost 4ssu~ption 688M 
- 

li)86M 42M 844M 458M 3118 M m
1976 Present Va l ue : ¶

Low Cost As s umption $ 78M $ I ‘t iM $ 9M $1 1OM $ IbM $ 4OTM~
Hi~ h Cost As sumpt ion 

- - 
142M ,‘,‘u)M l4M lOOM l i M

4 — 1-1
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4.? AIC R1NFII1~ AND COSTS

T r ’ u - ini nal VOR Maintenance Sav i ng s

In Re forence 8 , a detailed s t u d y was u-made ol hi gh and tried i urn dens i ty
term nal areas in an effort to dt ’tor nui i no whether low a l t i tude arid termni nal
VO R and VO RTAC s ta t ions may be remiioved , given that RNAV ope rat ions conic to
pred om inate the area . The stud y onsidered not only the require m ent for
area coverage VORTACs as opposed to point-to-point VOR route covera ge , but
also provision of non-precision approaches to satellite airports within
the terminal area boundaries (45 or 60 n m . depending upon area complexi ty).
It was found that in those terminals where four or muiore VORs currently ex is t ,
forty percent of the stat ion ’ , could he removed , result ing in a savings of
thirty-two stations in the twenty hi gh density terminal mreas , pius sixteen
more in the thirty-four medium density terminal areas. Low density areas were
not studied. Removal of these st at ions would result in  severa l types of
L o s t savings : mima i ntenance cost s 

* 
i unproved 1 arid usage (or di sposa 1) * o1 miii ml—

at i on of need for upgrading equipment. , etc. In thi s projection of ATC cost
sa y i r i gs  , only the mai ntenancn’ savin gs were cons ider -ed ; the conservat ive assu nip—
t ion that land val no and s tat i  on sa lvage valu t ’ would compensa e decornmi ss ion i nq
co - ,ts was made . The annual VORTAC maintenance cost which would be saved per
station deconmmissioned would be $48,500 [8]. This figure is based on an
assumption that al l  s ta t ions art’ equipped w i th  dual VOR /TACAN equipm uient for
sake of redundancy . In actual fact , at present . 85 - of VORs are dual and
56. - of TAC ANs are dual , so the actual maintenance costs (and therefore RNAV
benef i ts)  may be so iui ewhat l ower than s ta ted.  k

To establ ish a schedule for -- t u t i on  reunoval * the schedule for terminal
RNAV iiiiplenientat ion , Table 4 .11 , was used. The numbers of stations to be
removed ea :h  year are listed , along wi th  annual savings , in Table 4 . 22 .
Note tha t no stat ions are removed until 1985, to a l l o w users to equip such
tha t the RNAV area coverage may be utilized.

Ta ble 4.22 VORTAC Deconimi r iss ion Savings , 1985-2000

Year Stations R movedT Sav lu m m)s

1985] 36
1 986 0 100 1K
1987 2 7081 :\
1988 5 -

‘

1089 0 7378 K
I . • I
. 1
. I I

- ~~~~~~~~~ I - - - 9 TOTAL. -- ~~~~~~~~ -

1976 PV Savings S 0 ,0 34 K

T enim - i na I Con t ro l  lt ’r Product i vity Sa vmn ~s

I a r l  I or ‘.1 mu l e’~ [4 9 * 15] have I nvt ’s t I qa t e d  t em - ,i mia l ,iflit e m i t - a i m  t o  A T i ’ to ri t roll en
product i v i  ty and tht ’ imt mrove m uien t - , to c u l t  nol li ’i W O r K  la id  ~n m 1 h  m a I m  r— e s u i  t fr om
the ;mplt ’ mmm t ’ n t a t i on  of  RNAV am ; the m i l i r  navi m 1 dtiO fl sv- - toni . it ’s , ’ s l  ad ic ’ — have

4- i tmi

- -
~~~~~

-
~~~~~~~~~~~~~
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~~~~~~~~

-
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if

1 n I  ,i t e l  trio I , w h i m ONAV i - , t i m  m l  i ’ ;u m e~ m I -  I . -- - i -  Ii n I i ~
- 1 I~~t iromitic I i~ it

ici p rov omm it ’ nt - , o t  1 (3 ( t e r - mmmin , i l ) and 1-3 (emmiin ~’ i t ’ u i t i - t ’ -, ) m~ i l l  ne—~m am t . In ordt ’ r —
to) I ritorpre t who I these resul t - , m uro am i iii I o nu s  of - -~ m vi rigs in st~~tI so la r - i es and
bent’ I i I s  

* 
i t. t ’ , ume t’’.-~~m ’y to biav~ ~~~~ I urna t i - s  of st a t I I r ig levels even t i m ’ mme’ ~ Itwenty— I m vi ’ y e a rs  . It i -

‘ a 1 so nee~,, any t hat su h Os t i rmm a t es ne f lo t  I t he pro —

dU I i  V I ty timiprov emne n t.s wh I h w i l l  m ’t’’.u It from cit her 116 3RD I oat mires so as to m i mi t
ovr’r’s I. I m a  to the RNAV say I rigs - I ur t henmmom-e * any e f fem I ci t 116 ~RP teat tires on
RNAV percent con t r i hull on min is I he ret oqn I ‘ed

A study has been perfonnt’d (Retereri e 50) where r ri ove r -all s t  a fl ing levels
to the year 200m) , q i yen tha t the IJG3RI) is i nip 1 enrented , are projected. Tb is
study presumed the u nip l en lentdti on of UG3RL) would occur basically in two Phases
w ith the la t ter  phase, which in cludes Control Mess age Automation , to occur
beg inning in 1985. A review of the UG3RD f e atu m - e s has shown that most of the
features w i l l  not si gnificantly affect the ability of RNAV to reduce controller
workload. However , Control Message Automation , by drastically reducing coniruun-
icat ions workload , muiay have the ef fec t  of diminishing the ability of RNAV to
further reduce workload. Since there is no signific ant analytical or’ simulatio n
data availab le under these conditions , the resultant effect must he estimated.
To be on the conse r va t i v e  side , i t  is ~m ’ ,sume d herein th at  t he con tro l l e r  pro-
duct i vi ty improvement attributable to RNAV is reduce 5O’~- when CMA is imp l emented.

To compu to t ho ’ RNAV impact on tom -mi no 1 omi t no 11 or - , t of f i n g  1 evel s at the
w orm tv — s i x ~ I t it’s -

‘ I tidi ed i n 50 ) , the RNAV I mnp 1 ome n tat I on cchedu Ic in Table
4.1 1 was u t ili. ’t’ot , along w i th  the proj ect ed s t a f f  imi m lev e ls  g iven in [50]. fmu S ,

RNAV ‘,av I nqs wil l j’iha- .o— in as RNAV imp I emmi ont at ion proceeds . EMA wa s iires imme d to
be m i  ti a l ly s t a r t e d  in 1985 and ph ase d— in through 1000. The rcsult ing s t a f f
p osit ion savings due to RNAV am~e list e d in  Table 4 .73 along with total savings
to) year 2000, using the annual value of ’ $74,705 for controll er salary plus
benefits from that reference .

Tab le 4 . 73  Tenrmui no 1 Ar -e r RNAV Staf f  S,m~ I rigs , 1 002—2000

Year Staff Required fRNAV Savings
w i thou t RNAV

108. 1 130 34
1°83 1311 h4
I 08-1 1 29-1 1 15
19 85 12 7 9 107
1 986 1198
981 1 1 1  1 Zn

1 1 ) S ~ q I i ü? -~ so I
1 - 931 I 38
I ~~~ 834 39
1~ 9I 84” 46
1 ‘l’~ ’ 4 1

8 / 3  4 .’ -
1 10 1 OOn -3 _ ; -

191 1 , 89° II
1096 90/ 44
19 97 91h 45
10)8 0’’l 46

933 46
7000 941 47
TOTAl SAVINGS 1063 Man -Yo u -s

-I _
_

ti 4M
lOi ’m V ‘- i v u  m i - - S

I. 
-

k 
~~~~~~~~~~~~~~



I
[n roma tt’ Controll er Productivity S ,m v in ~s

In Reference 51), the future s t a l l i ng  leve l i mupao t of the i69 ~I1 tom’ ti m e
twen ty enroute centers was pro jt’o-te (I to the year 2000. The i mmi pact of RNAV in
the enro ute environm e nt, has been est im ated to he l4’~- . as stated ear l ier .
Contro l Message Autom ation was projected in that reference to he i muipleme nted
enroute in 1 989 and 1990. As before , CMA is presumed (conservat ively) to) re-
duce the RNAV benefit by 5O~: , to a 1’~ productivity improvement. The resulti ng
projected staffing levels, an d the RNAV savin g s , are listed in Table 4.24.
It should he noted that , if CMA were not to be imple m ented , or were to be
de l ayed , the total RNAV savings would be much greater.

Table 4.24 Enroute RNAV Staff Savings . 1 982- 1999

Year ~~taff Req~ ire d RNAV Savings
wi thout RNAV

1 982 10574 370
1983 8961 667
1984 9167
1985 9373 1312
1986 968? 1355
1987 110 21 1543
1988 11948 1788
1 989 1071? 1168
1 990 9476 663
1991 9785 685
199? 10094 676
1993 10506 735
1994 10918 764
1 995 11330 793 1
1996 11948 836
1997 12566 880
1998 1 308 1 916
1999 1 3493 945
TOTAL SAV INGS 17018

I $4??.OM
1916 PV Sdv ing s j  $l?0 .7M

rnrout e V0t~TAC Costs

In Reference 8, a detai led s tu1t v of VORTAC requ I renments f or -  enroute
coverage is documented. In that study i t was found that the hich al tit u d e
RNAV route structure could be fully supported by t i - me e\is t iu u q V0k ~T\ ~’ s t r u c t u r e
with the follow i ng m odi fications: Two new station s added , plus fiv e t’\Is t iu1 ~:low altitude stations converted to high altitude status. The costs ant” as
follows:

Imp lementat ion (198?) S 597K
Maintenance-Annual ~iK
Mam ntenance -198? -?000 1 .843 K
1976 Present Value Total 84 1K

4-17
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RNAV l umi p l ementatiorm Costs

The costs required ( i n - h o u s e  and ontrac tua l ) of the FM to support the
implementation of RNAV have been e s ti m ated by ARD -333 [44). These cost values
are l i sted in Table 4. 25 . They inc l ude the v ariou s R&D , training , route struc-
ture develop ment and j mnpie mont a t ion and ourd I n ot  mon m s t  s requ i red for s uc —
cess fu l implementation . Whi l e th ese est imates ar-c t e n t a t i ve  in  na ture due to
the many variables which may impac t on the actual costs  of implementation ,
they provide a s uf f ic ient ly  reasonable est imate for the purpose of this report.
As such , this estimated implementation cost ($19 ,8?5K ) has been use d in
computing the FAA cost-benefit rat io.  However , severa l points should be
emphasize d:

I ) Approx ima to ly fifty per t en t  of the tot al estim ated costs of
implementat ion have been assumed for implementation pl ann inq
and en route and ternmi na l area route desi gn development . These
costs ($10 ,460 K) , extended over - six years , assume bot h rather
exten sive use of contractor support for fa st-ti me simulation
and analys is efforts prim a ri ly ($3 ,7bOK) and 240 muami yea rs of
in — house effort . by the I AA ($1 

* 200K) , e -‘ t i ma It ’d t~ road I y at
$30 ,000 per mon year. W h 1 le those es t I rio t os appear reasonable
for a sys t enma t 1o approat. h to the developmen t and i iiipl t ’IiiOii t t i t iOn
of RN A V r o ut  t ”~~ • other- app oOt - hes to t he imple m en ta tion  of RNAV
routes might he taken by the I’ AA that could reduce these costs ,
but could possibly a l ’~o result in a l ess systematic and de l ayed
imp l ementat ion .

2) A rather 1 ar-ge tr a in i r ig proqrani has been assume d . These
estimated training c o s t - i ($2 ,100K) extended over t h e  fIrst few
years of th e pro g ram as su me tha t spot i a l lied RNAV t ra ining w i l l
be required initiall y. Af ter  the initial period , it is then

~tssu nw d that spec ial ized RNAV tr a inin g cours e requr-enx’nts w i ll
he red uced and eventuall y totally absorbed as a par-t of s tandard
trainin g pro gr ams at no add u t ion al cm’ -~t . The t o t a l  t ra in ing
c ost. est . i ma to is dependent upon the appro ach taken by the FAA
and may ho reduced depend i mug upon the deqnot’ of on— the — .i oh t ra i ri i rig
that can he pro vided as a part of ex is t  m g  fac i l i ty  tra ininq
proqramiis .

3) It. has been ass umed tri m ’ t. he pu nimo~.t ’ of ~~~~ t i ; m ,u t u rig 1 s ip 1 omen tat ion
cm’, t~s t h a t  some add i t  mor t a l  Al C i-es em tori :o t ion req ~ 1 relents will
be created by the i nteqra t I arm of new RNAV r’ou to- - i n t o  I he ATC
sys tern ; that now chart i r ig m-equ I r-emuue n t- 1 w il l  be at’md~-d ; and that
flight check cost s w ill be increased a~ new RNAV routes are
i mup i emented . Since resoc tori za-t 100 o c c u r s  as a result c i t  other
factors not rel ated to RNAV imp l ementat ion , it can he assumed
that soummO of the rese( - to ri  zat ion w h i c h  ri ( ght be m-equi red by RNAV
as routes are in  t roduceol can ho” a c comoula I od at the s aimm e t i me that
selected sectors ore bei ng modified 1cm ’ other non- i -e lated reasons.
Thereby the cost of RNA V related rest ’i.- tori~’~tt ion can be i’educOd
to seine extent. It has furth er been assumed that sonic , if not.
a ll ox is  t I nq hi gh i11 it udt ’ routes would he phased out as new RNAV
routes (hot,h hi gh and low a it i t udt’ i—cu lox ) tine i mi t rcidu i. od . At

~~~~~—- ~~~::i ~__ _ __ _._ 
_ _ _
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t_ he same t I nie VOR routes wnu 1(1 ~l so gm -a ii no 1 1 ,y he pha ed out as
RNAV routes are i nt reos I rig I y added t o  the sys tern . I he schedule
by which new RNAV routes ~mre in t r oduced and the number and
schedu le for ex i s t i ng  routes  to be de le ted  is unknown at th is
time . T herefor e , f l i g h t  check costs and chartin q costs are diffi-
cult if not impos sibl e to estimate with amm y degree of occur-amy
today . Not withstandin g thi s problem it has been necessary to
establish some broad estima te of what these costs might be. It
has therefore been estimated that the comb i ned cost of ATC sector
reconf ig u rat i on , fli ght checks and chartin g costs directly
attributable to RNAV imp l ementation would total $7,265K extended
over s ix  years. (i .e.. 1979 - 1 984).

4) While It is acknowledged that all of the preceding cost
est inmates are based on jud qement and assumptions , the t o t a l
implementation cost (S19,82SK) allows for adjustments w it h i n
the individual cost components.

~ ) In any event , whi it ” substantial i ncrea-~os in the actual c ost  of
i mnp lemon t a t  ion over thos e es t ma ted mmmi qh t occur , whi ch would
af f ec t . the benefit/cost ra t io  of 9.9 (see Section 4. 4 below).
actual imp l ementation costs would have to r ise to 533.t-’OOK (or
1.7 tim ui es that estimated) to reduce this cost benefit ratio
tO) 6.0.

Ta b le 4 .25 RNAV Imp lementation Costs

Year 
~
j Cos t

197’? I $ 850K
1978 1840K
1979 3520K
1980 4 130K
1981 3130K
1982 2950K
1983 1225K
1984 1050K
1985 lOOK

I 1986 430K
TOTAL $~l9 ,825K

L~~
6
~~~~~~~

2,949K

4. ~ AIR CARRIER PASSENGER BENEFITS

: i  section - .1 • the aircraft time savin gs wh ich  are expe ct ed to i-esul t
f rci- i each a tt r ibute of RNAV (terminal benefits , enrouto route length, \,\-V~1e- . cent s  and 40 at M&S sites) are documented. However , these t ime savings
ire also experienced by the a i r - c r a f t  p assengers and are of henefi I to them .
Recent stud ies  wh i ch  COnipute passenge r time benef i ts due to various AIC imu m—
~rcivt’nents (s uch as Reference 5 1) uti Ii .-e passenger time va lues wh ich  ranqe
from 510 to $1 ~ per hour , and more . In th i s repom- t , a vol Ut’ cit $12 per 

-

‘~ouu
- s m i a  11 he uSOt l  - The resul ti r ig  passenger time benef i t s  ore ox pnossed in

ab l e 4 . (‘6 , wh ich l i s t s  a i rcra f t  hours save d , average passengers per ~u i rc raf t ,

4— 1 °
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and d o ll a r va ~~~ o~ savun q s . !ht ’ Iv i l-O C 1)0’- u i ’ l i ;id da ta  ~-~s taken fro;mm

~~~ CA~ data [45 .~ The overall savin gs fromim years 19~2 throug h 2000 are
58$ m i l l i on  passenger-hours (61 ,000 passenger-years) ,  worth over $7 b i l l ion
to the passengers affected.

Table 4.26 Ai r  Carrier Passenger Benefi ts , 1982-2000

~~A IRCRAF T HOURS SAV [ D: 4LWR 3[WR 
- 

4[SB~ 3LSB ,~~ SO 
- 

~01AL

H ‘r-

~~~~~~ 

~~- ‘~~

60 Torum u in~il Hubs 204K 440K 23K 683K 494K I 1844K
Route Structure I 197K 705K 75K 76/K 200K 1945K
VNAV Decents 8K 91K 15K 262K 216K 592K
40 at 24 M&S Sites 261K 576K 33K 839K 596K 23 55K

TOTAL AIRCRAFT HOURS 6/OK 1812K 146K 2601K 1 506K 6736K

Average Passengers/AC 180.4 117.6 77.4 64.4 50.3 — —

‘ Passenger Hours l2O .9 M~ 21 3. 1M l l .3M l67.5M 75.SM 5$$ .5M ’Value @ $12/Pass-Hr $ l4 5O M $2557M $l36M $2OlOM $909M $7062M
- - .--- - t -

~~
.

~Prese nt V a luePa s~ enger Benef it [ $ 3l0Mf $ 532Mj S 4l Mj~ 468M $22 1M 1 $ls7PM

4 . 4 PRFSENT VAL UF 8ENEFIT/COST ANALYSIS

T he ob jec t i ve  of th is  sec t ion  ix to quantify the attracti ven ess of
~~AV imp lementa t ion  from the standpoint of fi nanc - i al p1 anni m u g. This requi r’es
~flo i x;)ress ion of costs and bene fi ts in terms of their d iscounted present va lues
and then in terms of their present va l ue ben efit/cost ratio. If this m - at i o
equ al - 1 .0. the ( I ) s t  expenditure is te ch m i i c a l l y  j us t  ified . 0/C ( t3e ne f i t /Cos t ~rat ma - . si qni fica ntl y exceeding I .0 impl y a very efficient ut,i 11 .

~~~~~ ion of
1 nvt - ’ . oct f unds .  Discount ing procedur-es sped fied by 0MB (Reference 43) are
te ed in the following inc 1 uding the use of a 1 0~- discou n t rate.

A_i y - Ca i- u- i  or Renef t / C c s  t Rat io

Since both air c rarn ie r  henet’i t.s and costs have boemi well defined , i t is
li0~~s l b  le to compute the henefi t/ cos t no ti os for a in am - i - iem-s i ndependemi tlv cii
other fac to rs . Two ra t i os  are prese nted which represt ’ni the low fue l/a l  rcraf t
t no c O ~- t Oss i4in pt  ì on and the hi gh cost as sunlp t ’m on se pal -a t e l v  . Tne m-esul t s
stated lri Tab le 4 .2 7 , which shows overall benefit cost cat icis o~ 2 .9 and 5. ~

‘

foi - th ese two assumptions. The two assumptions should covem - thc ‘once of costs
to be encountere d , although the h i ghe r cost assum pti on should none nearly ac co unt ¶

~on

Table 4 . 2 7  Air Carrier Present Value Benefits and C c i s t s . l9~~ -.~OO~)

- 

- - 

J 4EW~ 31’Wfl 4ES8 [SB 2 LS B~~~T~ T—\ L

~v ~~~~~~~~ ~49.lM ~?1O.hM $l2 .3M $l23 .9~1 I’~46.3M ~44 -~.2!~ I
PV 8e mm ef u ts : t  

~~~~Low Cost A ’;sui t lit io n I $?32M $432M $ 40M $39?M - $200M $l3O2M
- 

Hu 
~
j ’ 1  Cast 

- 
Ass inppt u on4~ 4 1 4M 7 70M 62M 

- 
O30M 31 1 ‘-~ 2 1 93M

1976 h/C R a t i o :  I
Low Cos t Assumpt ion 4.7 ?.l 3.3 3.2 j 4.3 2.9 -
High Cost As sumption ~.4 3.7 5.0 5.1 ‘ -~~~ I
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actual costs and most airline accounting practices . Such high B/C ratios
suggest that the implementation of RNAV is an ext remely  w i s e  step from the a i r-
l ine point of view . It should he understood , however , that the individual
economics of each inst allation would be even bet ter  than shown by these
figure s . This is a result of the fact that the present analysis considers
a fixed t ime period where RNAV equipm ent is continually purchased as aircraft
are added to the f l eet, even though those equi pped later do not have the oppor-
tunity within the fixed time period to earn a return on investment for as many
years . Th is effect shows up strong ly in the case of the 3EWB aircraft where the
B/C ratios are somewhat lower th an for the other aircraft types , s i nce the
rate of growth of the 3EWB fleet is projected to become , and remain , very hi gh
throughout the peri od to year 2000 (see Table 4.2 for fleet projections).

AT C System Benefit /Cost Ratio

AIC system benefits and costs have also been well defined , and so the RNAV
ATC B/C ratio may be computed , as in Table 4.28. The result , 9.9, i s extreme ly
large , and in view of the benefits to the airlines exhibited above , highl ights
the overall attractiveness of RNAV .

Table 4.28 ATC Present Va lue Benefits & Costs , 1982-2000

TP~~~~n~~Va 1 ue ~~i 1IT3~7fl~i1Present Value Costs l3.8M~1976 Benefi t/Cost Ratio 9.9~~

Overall RNAV Benefi t/Cost Assessment

The present value costs and benefits shown so far , plus the others de-
velo ped in this study are suninarized in Table 4.29.  The other factors in-
clude d are the present value ai rline passen ger benef it s and presen t value
genera l avia tion user costs . GA user benefits have not been projected through
year 2000 In thi s s tudy s ince the forecast data necessar y were not avai la b le ;
this results in a conserva ti ve es ti mate of the overall B/C rat i o. The resul ti ng
overal l  rat i os are 5.5  and 7 .1 , which of course are quite large . Bes ides GA
benefits , othe r factors which tend to make this fi gure conservative i nclu de
the followin g : Fi rs t, the air carrier equipage costs used were high , s i nce
(a) highly sophisticated systems were presumed for the wide body aircraft ,
a lthough they are not necessary to derive the benefits , and since (b) dual

‘ RNAV installations were presumed in all air carrier aircraft . A~so of great
signif icance is the fact tha t recent simulations [37] have shown tr .:t RNAV
can im prove terminal arrival capacity , reducing delays signific a ’.tiy in the
process; these savings have not been included in this analysis. To illustrate
the magni tudes of these impac ts , the substitution of single RNAV sysc er~s for
the dual airline installat i ons would boost overall B/C ratios from 5.5 to
approximately 8.5 , and 7. 1 to approximatel y 11.0 .
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Table 4.29 Overall RNAV Benefit/Cost Rat ios 
-

Low Cost 1 High Cost
Assumption 

— 

Assumption

PV A ir Carrier Benofi~ ’- $130?M $?l93M
PV ATC System u m Benefi ts l37M 137M
PV Passenger Benefits l572M l572M 

~~~~~~~~~~~ f ~ TOTAL PV Benefits $3O l lM 4 $3902M

PV Air Carrier Costs $ 442M $ 442M
PV GA Costs 95M 95M
PV AT C System Costs l4M l4M

TOTAL PV Cos ts $ 551M $ 55 1M

~Benef it/Cost Ratio 5.5 7.1 ’

A final point ot significa nt i n t er e s t  regards fuel savings. [he costs of
fuel saved are included in the above fi gure s . However , since fuel is a limited
resource, the total magnitude of the fuel savinqs to the year 2000 is of in-
terest also. This savings was found to be 10,371 million callous. This amount
si gnificantly exceeds the total domestic air car rie r fuel , consumption for 1975,
which was 7279 mi l l i on  gallons [4~~ . Should~~nerqy cons ervat ion efforts he
carr ied to the point where growth in a i r l i ne  serv i ces~ is curt~ lle d, the over-
a ll RNAV hone fit i n  termmms of t imne a mmd fuel say i ups m~ia v be soiuiewha t reduced.
By the same token , such a situat ion could resu lt in extremel y hi gh fuel prices ,
inflatin g the fue l s a v i n qs doll ar benefit.

4-??
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CONC LUS ION S

The conclusions of this study of RNAV/UG3RD interactions are presented
below . They are organized accordin g to the UG3RD progr auum area affec ted .

5 .1 UI SCRE 1 E A DDR ~ 55 BLA CON SY~.H M

• The adoption of a comprehensive RNAV route structure , and the
trend to preplann ed direc t f l ight plans , will riot affec t the
plans for DABS site locatio n s or i uuip lemut ent ation schedules.

• The DABS da ta 1 in k u s mt ur - e  can be used to trans mit clearances
dnd contro l m umess apes in l-tNAV—co mpatib le ternus with no modifications
to the DABS systemum i tse lf , and with only tuminor changes to the
NAS/ARTS computer software. Different (although not significantl y
more costly) airborne DABS control message displays would be
required for RNAV users i n  couump arison to the basic radar vec tor
control display . Data link chann& usage will diminish slightly
as RNAV usa ge becomumes widespread.

• The DABS data link feature could potentially be used for providing,
on deman d , waypoint da ta to RNAV a i rcraf t  desiring such service
(Route Data Deliveny concept), in order that cockpi t  procedures
mi ght be simplified. This would not increase data link usage
to any si gnificant extent , although there could be a finite
incre a se to the NAS/ARTS computational workload as a result.

. The DABS surveill ance -m ud data link f unctions were not found to
be necessary to the s-i ~~essful ~nd beneficial implementation of
RNAV as the primary navi ga tion systemut .

5.2  INT l RM ITII NT POSIT VL ( O N T  ROL

• The trend to an RNAV environment is not seen to have any
subs tan t ia l  impact  on IP C usage , although any such iu mm po ct would
def in i te ly  take the for ium of a reduction to the IPC requirement.

• The IPC function shou ld recocnL- e the beneficia~ effects wh ich
the prov i sion of RNAV , or i~NAV —co i : ; na iH e , i O S S d O - O S  WOO lu hi-i n~:
to IPC and its potentiai for user acceptance , parti cularly in
terms of the RNAV ability to niai nt ain or~entation ar~ /aoilitat e
re turn  to ori g ina l course .

3 FL I GFfT si RV TCE /\T ION MC ;  RN ThU ON

• Flight service autom at ion will have t o  he conf~qured to process
(inc l uding error and route d i s con t i r t um  de tec t i o r i~ RNAV routes
as well as convent iona l flight plans , a I nouph this sin~p iv wnou nts
to a moderate increase ri data base 51 : c,  n o t  a co ; p I  c a t  ~on to
sysLt~n lo g ic since the f l i g h t  plan for m ats an-e ‘~er’y si nmi l ar.

— 1
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• RNAV ha’. v u r t no II y no of I is I on t hi’ pi epam~ m I a im am m d di’ ii er~ at
mi m a s s or h i d  IV1dUJ I w s i lhei- In - id i m ug s , t ’i  t hor pre— f l i g h t  or
i n — f l i g h t . .

• I hi’ usaiji ’ at RNAV P’ I)II t m ’s W I  II hoVe no of t e~ t. upon hi’ tm - a mm - - f t ’i ’
of fli g ht. p lan do to t rum I 55 to at let t ed  enters and 1 k’ACUNs

• The 1 55 oI1( ep t ( on Id Lw- expanded such that. t l i t h t  planning
st ’rv it ..-’; cou 1(1 be prov i ded ou t omuma t. i ra 11 y to RNAV users , a lt  hon h
tPm is would require sign if i ant changes am id SOilid added I S~ - 

-

capab il iti es.

.4 IJPGR/U) l I) AI C A ll I OMA~ ION

• l b sod upon the M& S te hum i ilues analyzed I n t hi s study , RNAV
procedures ma y be integ ra t ed wi t hu  mm a Mt- f or i ng ,irid SpR inc
environm ent , without  m-eo t i !  - any  s i g ni t  i t  or u t procedum-a I or
so t wore proh I emits . RNAV a rid rem r~- - n t i or ma 1 (radar Vor t tw ) t.ra f l~
iild y he iii x-d fret’ ly in a rm M&S env i ronmuien C..

• Arr i va I t u mu mo ( O f i  t ro  I apa b m Ii ty ot M&5 (tI sOt - rhts , I - ) is not
o f  I or t m ’ d  , e ither pus i t  1 Vi ’ ly 1W mut ’qa I t  V O lv , by C hi’ present i’ of ’
RNAV .

• A i rt m a l t  I line c o n t r o l l a b i l i t y  ro u mge of delay  ava Ia hit ’  t -~pr esse d
on a ‘i t o  t i s t i ’. ol hash -~) or M&S is actu a l ly improved 0 - through
I he use of RNAV procedurt ’ s

• The usape of RNAV w i Itu M~ ’- r e s u l t  ‘- mu a m me t. d~ ci’ t-o --e i ~ om it i-o i l e r
work load throuti h the a hi ii t of RNAV t a a 11ev i ate the rigorous
(Ilsti pl inc of a radar v e ct or - M&S env ironmu ut ’ nt

• 1 he m ntegra t. ion of II) RNAV pm’ore d mire s with i i  a mm NSS env I renuumt ’nt
wi l l improve a 11 lieu - t tmm-u uu orut e Iiie1rsLlres : a r r i va l  1. iwo .outro I
(5 s iS  , 1 ) ,  t j im- con t ro l l a b i l i t y  (0 - iimi pr ri ve iuit’nt.) , and contro l Icr
workl oad ( reduced m-- ~ - -age m ount ) -

• [he u t - q im r r t’m n m’mit of  I I m i- (ou t u -a l Me~ - .it i t Aol cm; at b u m  f ea ture to
~ i ’~ e- -s  - :NA V m- _ wm—i I a- . t -om m v t—ru t i 1 : u o I contr a I inessatmes w i l l  ( I I I  o c t

f i t- I op i r a  I di’s ugmi of 1 .11 1 - - of . MA , hut w i ll  nat s m  al i t  icami t  \-

uiripo t I ove ro 11 computer - . fo ra g e  or rxec m i t i e f l  t 1 itt ’ i’O5O ~ii’ cO
i r — eu i ’ ei m t — —

• hi’ t - nt r o  I I low Con tr e I s y s t eum u , as ~rost.-rm t 1 v p laiti mod . u -
‘ ;ot ~em - ion ted t owa rds speL II i t rou t l ’s at I l ight , a mmd so any RN.-\V I iuipac t

would be ui niu mma 1

• RNAV m u ay hi’ ab le to  pray ide in cm - e , m seti ii i i i  : o t u a i i  at e\ i - j t  1~~iq

V e n t  or i i rs pace fo r ho lding a r r iva l  am i t  m i t  I ; thi s a ni cml from’
1--; l r -n v e: !e i ut  - , c m i v  u — i- din e t ttt’ it i uni -ns maim o f  ho t I

__________  _ _ _ _  _ _  
-_-—-------
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- ~ MI .RUWAV I I AN t ) I Ni ‘Cr n I l M

• RNAV di- Ii very em rui’’~ _ i I I f i t ’ RNAV ,M I ‘- ovt-l’ogt ’ m i m I  e m - I  O t t ’ a m-o
riot - ti C sir f t  h i  10111 iiiag,m I I m u tt ’ 1 0 1 O U - i ’ S i  qim I C i i O u t  t i ’~ iis I 1 1 1)11

m ri ib It ‘i i i ’ . -

• At umm o s t a m i-ptii - t  - - wh en ’  w i di’ f’ -aiii MI S t i v omni j i -  won l it l i t ’ i ru - - t o  I I ott
to support  111) 1 - 1 ’  aba t i ’ um mt-mm I 

~
> m i t t  tnt ii r i -s , RNAV opab 1 i r t it - - - m umo y hi’

u- -oi l l u s t  t - , I . i • w fm I i  Pr nay m t - J u t  t - w r ~i u- — I i oaium MI S ruuu i Io m imermto t  t in
n i - i m m root-ri I -

• Iii a ll hut  vt ’r~ e si i- pt mo mm a I t osO ’ , , a t i-nt’ ‘ curved Ill-o r u li- ’ i s

not ut - i  t - - so r - y  tom - Sot t n - ’ , t u I imuip it ’mnue nt a t  i tri m tn t imom se’ 5ibat eimment
ap p r o a c h  pr’ot edum -t-- - ‘- I ram gf m t I li l t’ — st’sjuu it ’nt pm’ of I it ’s , prosumu t i nq
or (l i nary uuimneuvi ’ r ’ ant. i t i  pat i on t o t  P m n t I (1(1k’’- • may hi’ subs t it utod

• RNAV 11 R no I ‘.i ’ aba t eume-n I u - t n 1- d u i~~~
- wh i t  Pu mmml t’rrept t - \  1- ~t i  Ilif

I IS paths mm y he i m is t i t ut i’d i luI k’sl r a t e ]  
~ at m omm y a t  r- po m- t s -

• ML S e l i - v o l  u aim do t o  _ Li t ’ l I l t )  of a qi—ome t rm t i- 5 tt hi’ r t hair hai-oniie’ t ri C
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i ,~~g l~kNE l IT/COST ANALYSIS CONCL IISWNS

RNAV benefits and costs w ere prujt-t ted to the y ear 2000 , as oxp la i nod
in Section 4 . These do l lar  vol u t ’s were di St 0U11 ted to 1 ‘1/6 prest um I V O l uut ’ s
for total  costs and benef i ts .  The ove n - a l  I u’esul ts ,tre as ía] laws :

• Present value air carr ie r  eq~ 1 page , t’ tk - c o s t s  were esti lik ited
at dpproxifl ki tely $442 i u ri Il i o rm . liemm ef i ts due to a i rl i ne
operat ing cost sa y i rigs wer e os t  I muta ted to be soiuiewh€ -m-e u rm the
nei ghborhood from $1 .30 h i l l  ion to $2.19 b i l l ion , dependin g
on the interpreta t hou of the cost factors romuipr i s irm g a I rcraft
direct oper ating cost to tie i mm cl uded in co m p u t i n g b emme f i ts
Therefore the projected 19/6 present value 5u i r carrier benefit!  ‘

cost r at io will range fm-a iim 2.9 to 5.0, depending upon the sa u mre
f ac to rs .

• The benefi t/cost rat ios di s~ u i  Ised above represent the entir e
a i r ]  l O t ’  ind mr s try (dom es t it ) as a w ho T o ,  but are not a ppro pu- iat  0
as indicators of benefi t/ cos t rat io perta Ining to o h  rcra ft
owned by individual airlin es . For those cases beumef i t s  and
costs should be rmmeasure d over an aircra l ( I c I ifetiu ui e . In the
present case , they were comp uted to the year- ?000. and a l l
equ i page costs for aircr a ft purchased t fmrou qh tha t year’ ar e
included on the costs s ide of the e q u a t m  on. fhus , hemief it /
cost ratios presented here understate the case on an Individual
basis.

• RNAV say i rigs in t .e rm ims 01 ct- t In t ed ti th e e rmra u I i ’ and reduced
termi no I di’ T o y s  w i l l  a I so be expor I Ofl t  tnT by am u’ l I t ie passei mgers
The ov i ’ra II present Va l i rm ’  berm ’ H t of a i r li n t-  p~ s senqer t me
so v i ntjs , C Oiti~~O t in t at 0 VO 1 no of $1 2 per pas senqu-n - — iiou u , I —

$ 1 . 5 1  t)1 II iOn .

• With r m-- tpec t I t s  t O t ’  Aft - y t u — r u r , R NAV IlIi~S1i. t u  costs at md s a v i n g s
in severa l  w a y s .  S i qi m i I it m u i t , c o s t  fot Lou - - ~ i it lude the RNAV
imup lerix-nta t ion c m m t~ en’; i t - a l t  (present val;me ca st  $ 13 iuii l 1 ion)
and enrou to VORTAC i nn u- uv em nvml t s ( ~- 1 ni 11 t e l  ) . Bem met t s due
to os t  s i v i ng s  j r u t  lush: terminal VO RTA C s a v i r r us  t O r ’ i - sCI t y- a lue
s~uV inq S  $8 ni 11 i on) ,  t t - u ’ n i r ( I1 contro l let ’ pead im5 t  lvi t \ - ’ S O V 100 S
($0 m i l l  ion) ,  and enroute t oui t t ’ Ol  len ’ p r t - s i ; - . L iv i  t~ s i V l as( S
($121 mi ll  ion) , resui 1 t j f l s i  in on overa I oeoefi 1/cant ra~ .0 01

• Overall 19- h present v ol no R NAV i~as Is , m mii ~s m rig I h~ ’,i ’ - i

t n t ’  air ] i nes and ti- r u m - u I ov j u t  ia n , over the lreu ’ iod t o  ‘s 0 O  in-
$55] n u l l ] ] ion. Over~m II ulo mu tes t ic RNA V hene~ i t s , to a ir tar p -i eu ’ ’ ,
thu -li - pa’,st -nqers t r iO t h~- Al .: system r’ imit J O I ruin ~.C1 t i n s .uO
h l i i  on resu iti rig 10 dli overal l  bent’ Ii t ‘ s. i 1 - t  r a t  10 r-O l i t ;  1 l ist
fran 5. 5 to / -

5 , -~
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• The present value benefit. cast  rat ios found in  this study ,
which range from 2.9 to 9.9, ~mre extremmm ely high. Mommy

j  projects arid p rogra mm m s are t oils idered justified where the
~ rat io only s l igh t ly  exceeds 1.0 , or even where it is less

- than 1.0 and other (no n - q u anm t i l iab l e)  benefits are

I expec ted to result. M any non-quantified benefits also
are ex pec ted from RNAV , including safety enhancements and
improved efi iciency of operation. Al l  of these factors
speak very favorably t owards early RNAV impleme ntation.

A -~~~~~- - 
,~_~~1i~~ _ 

~~~~~~~~~~



RI I I RI N ( ;L s

I. “Basel in e and Imm u p loi m ie nt a t io n ‘a enor ia ’ , IIG3Rt) An a ] v ’ - i s  Work , FAA , AVP— I O0,
Oc tober 7 , 19 7 5.

2. ‘A rt’ ,t No v i - i a  I ai r Ron I i-  W i l t  Ii R~ - ‘ r um m’ t ’ rnorm t ,“ , A. R. ~ t t ’t iht ’ r rS t mn i  , . r u . Clark ,
‘-ty -; terus (on tra 1 Inc . FAA— R I)— e’ / — - I . tk-ceir utw r 19/6 .

:~. “DABS : A System Ue ’scm - ipt io m m ” , P .1-i . Drouilhet , Mu L incoln Laboratory ,
FAA-R D-/4 -189 , 1R November 1914 .

4. I)AE(S Briefing q i von by RI chard lb s k i n , I AA , ARI )—2 10 , / November 1915.

5. “A rm Advanced Air Traffic Monaqemnieri t Concept flaseti on Lxtens ions of the
Upgraded Third Genera t ion AIC Sys (emit: SuIImumkl ry Report” , R . M. Ifarr is , e t a 1
MITR C Corporat ion , f AA-E M -/ 3-lOA , Mart :h 1~ /4 .

6. ‘Area Navigation h igh A l t i tude Payoff A n a l y s i s ;  Lnroute Fast Timmie
Simulation Results ” • Ric~rdo Cosse]] , FAA , Systems Research amid
Dcv i’] opmen t Serv ice , FAA — RI)— lu - : ‘ In , t)ece iritit ’ m - 1 ‘-1/5

/ . “A IC Per formarit 0 Requ I remm me rm ts tar I)eve 1 op i rig Pro to type Versions of the
1)iss rote Address Beacon Systemnt ” , A. Uaines , et al , MITR[ Corporation ,
FAA-LM-7 3-6. April 1973.

- ‘  Imp leum ment at i on ot  Art ’a Nov iqat  ion 1 mm the Nationa l Airspace Syste umm : An
Assessnment of RNAV Task Force Concepts and Payof f s ’ . W.H. Clar k , et a],
Syste ms Contro l ,Inc., Chann pl a in Techno l ogy industries , FAA-RD- lo-l96 ,
Angus t. 19/5

‘1 . “ Termmi i no I Area Design; Am- m a I ys i - - ,mmid Validation of RNAV Task Force
Concepts ‘ . E .0. McConk ey , Sys tem-~ Con t ro  I , ( i i . . , Cha mm m p ] a i ri Icc huol 09Y
Industr ies , FA A— R E ) — 16—19 4 , Oc t tthp u 19/5 .

10. ‘‘Approva I of Area N,mv igat ion Sy - ,t i ’n~s for Us e i n  the U.S .  Nat i onal
A i rspa cc Sys tern ’ , AC ~() —4 hA , l)ep~i m’ t men t of Ira us por tot ion , F edera l
Av ia t i on  Ad in in~s t r a t i o n ,  February 1-1/ 5.

1 1 .  ‘ 1  O’ ou ’ and T our [) i ni mens io ni ’ i 1 A m - i  N,uv u q a tionm St nay , N.h . Hi -i rmesa th, et ,nl
Rockwe ll Internation a l , Coil in s t~adio Group, I AA - RH—i-i — iSO , dune 1974.

12. “ Provis iona l Signa l Formats t an - t he i l iscret i? Add rt ’ss he5ut cam ~v s t i ’;;
— (Rev is ion 1)~’ , P .R. i)rau i i u r t - l  , ~ ii Lincoln j 000,’d tt )C _V , F / \A—i< ’— ~~ — t ’~’ ,

~/5 Apr i l 11/4 .

1 3. DOT A i r  Ira f i t  Control Adv i stiry Commm m i t tee . H nal Report. Decermuber I 9o ’-l -

1 -; . ‘AA I MS General Spec i i t O  l ion , Va I m r : ; n ’ 2 , A p)st’rl ~l ~ C — Ih ’nar m tt Aria 1 vs s --
0. 0cm 1 dman , e t a] , MI IR I Corpom-~m I i cm , May 1 9 / .i

)-I —

_ _ _  
- ~~~~- --- ~~ - - -~~~ 

-
~~~~~~~~~~



I - . ii afar ; 1 C I rnpa 1 t Of Area Nov m go l ion ’ . I r 1 c H. Ba I ~ , e t ~i 1 , C hamump lain
Te(hrmoloqy Industries, Systems Commtro l , Inc . (Vt), FAA-RD- 15-20, Jul y 1974.

16. “A Proposal for n he Future o I I I i ‘ib I Serv it o Stat ions ” , OST/ I AA Fl ight
Serv ice Stat I Oii I vo 1 no t i on I u ’ , m r - n  , Aug . 19/3

1 / . -- Sys tou r lie- i r m I n t ion : Au thmimo to I I I m qh 1. Serv mit- Sta t ion Sys te mni ” , Federa l
Av ia t ion  Ad n u i immistr a t i o n / Systemnr- 5 Research and L)eveI o~ muent Se rvice ,
Coord i r m dt io n Draft , March 19 , 19/ h .

18. “Fli ght Services ” , (Handbook 71 1 (1 .00), DOT/A ir Tr a tt ic Servi te ,
April 1 , 1969.

19. Iiuck , Henry J., Chief , F AA/SROS , I S S  Bra n~ h/ Syste rmms Design Section
(ARD 442), Washin g t on , D.C., (perso nal discussion).

21’ . Templeton , Bi l ly 0., WMSC F,r i I iti a s C h it- I , National  Co u m im m urm icat ior i
Cen ter/Weather Message Swi tching Center (NARCOM/WMSC), Kansas City ,
Miss ouri , (personal discussion).

? 1 . brothers , [liner , FSS Foci 1 itjes Chief , At la rmt a F 55 , Char l ie  Brown County
Airport , Atl anta , Georgia, (persona l discussion).

22 . -- Imi mp a c t of Area NOV I (JO t ion on A ft Au toiur,i t. ion ” . FAA /SRDS/ARD—1 00, draft
report , Oc tober , 19/5 .

/ 
~~. “Area Nav i qat ion W aypoint Des ig nm at 1 0m m Standards ” , Adams , R.J. , Systems

Control , Inc. ( V t ) ,  FAA—RD—75-12? , August 1975.

24.  ‘Ma ster Pla n for the Flight Service Station ModemnL~ation Proqraimi ” , FAA ,
SRI S, report FAA-FSS-01 , June 1976 (Rev iew Dra f t ) .

‘ Con trcm I Flow Contro l F Oi I Ii ty” , FAA Order / /31) - I I’A . - ‘ 1 Decertmber 1 010.

n - F 1 m w Control t’ rot P (ftiras ’’ , I AA Order /2 10 .  ,‘li , 0 ~1 u m i m n irv 1 9/4

2/  . ‘Ai rpor t  l r m t (mrum ki tioni Rt ’tr itw a I Sy s f emur (AIRS) 5v-~ I e mi m I ) e s i t t mm ’ . Ma rin e] F
M,- s. ln ’ mr ca5 , Ju l ie Sussma n, 001 , iran sportat ion S v s t i ’I ;s Cen t e r .  FAA —R 1)— ’3—~’/
Jul y 19 13.

28. “Centra I Flow Contro l Computer Programum Funct iona l Spec it  m ca t i cnn ’ , June Z~ ,
19/6 , conta i ned in RFP — LGR—6— 7 5 8 / , “Centra l F low Contro l i’n- oct - u ;mrn ing
Subsystem ” .

~- l  S .fI ; ; s l J t . 1 — Ai (j Pit Met.u ’rm nq and ‘-~p is. mm m g with ARTS 111 ’’ , Commmp u t u ’m ‘- tv s t em ~m s
- I rmepr rm- ~ , 

j nit . I AA— RD- . /O—)-~? , t)e emmuher 1 ~/0.

I



~~~~- ‘~~~
- 

~~~~ 
- - -

~~~
-
~~~~~ 

30. “A Proposed M e tering and Spar iu mq Sy’ teimr for Denver ” , R .G . Gados , et a l ,
MITRE Corp., MTR-6865, Mar h 1975.

“An Opera t juno I 1 v~ b a  ii on of I Ii  ijh I. ftc hn ira 1 Lrror ” , R . J. Adonis ,
Champlain Technology Industri es Dlv , System Contro l Inc. ,  FA.A- RD-76-33 ,
October 1976 .

32. “Alternativ e Approaches tar Reduc i ng Delays in Ter mni inal Areas ” , M.Meisner ,
et al , FAA-RD- 67-/0 , Novenmmh er 196/.

~3. “Three and Fou’- Dimensiona l Area Nav i gatior . Study ” , N .B. Hernesath , et a],
Co~~ins Radio Group, Rockwe ll Internat~ona , FAA-RD- 74- 50, June 1974.

34. “RNAV 1uirp~uct on AIC Automation ’ , Ronald Braff , F.O. Yezek , MITRE Corp.,
MTR-661? , 12 March 1974.

~~~~ . “Anol ysi’ of RNAV Utilizatio n and Integration with M&S ’ . Computer Systems
r ’;ineer inq , Inc., fo r FAA , SRDS , CSE-R-145 , August 1972.

‘IL “Automa ted Meterin g and Spacin g w i t h  Area Naviqat ion ” , S.C .Mohlej i , MITRE
Corp . ,for FAA , OSEM , MTR- 643l , June 1973.

3/. ‘ Area Nav ig a t ion/V e r t i ca l  Area N t ~ iqo tian Term uni na l Si m mmu la t i on ’’ , W. Criu m m brim m q ,
J. Maurer, NA FE C, FM-RD-7b -28 , Apr i l  1976.

38. “Appli cation of Area Navigation in the National Airspace System ” . FAA!
industry RNAV Task Force , February 1973.

39. “Un i ted States Standard for Terumminal Instrument Procedures (TERPS)” , FAA
Handbook 8260.3A.

40. “Eva lua t ion  of Dliii ta l  1 ) a t u  I~u’nm a nl r - ,t for Au—ca Na Vi gation ” , K. Warn er ,
M. Hughes , R. [l l i o tt , Sierra Rt ’search Corp. . Cha uum p la in Technology Industri es ,
IAA-RD- 76-60, April 1~ / h .

41 . “A gen cy N u;;me s fo1m Pm’mom-i t i t ’S , ~AA Ht’ad~uarters In~er~~- ; , DOT , Nu;n~cr
75-41 , October’ ~4, 1975.

— 
4 . ‘‘A New Guidance Sy ’ - t  ~m n t a r  A p inn ’ i a t h arid _ an ~~ nq ’’ - ~eCO u’t cm t ~ ~~~ ~a l

Commi t t e r -  1 17 , Rod 10 Techn it al Co’tmn r ssi on far ~~. - u - t r u  1 CS , - 2— -
~~~~

December 1970.



r 

-

~~~~~~~~~~~~~~~

- - - -.

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

—

43. “Discount Rates to be Used in Evaluating Time -Distributed Costs and
Benefits ” , Circular A- 94 Rev ised , Office of Management and Bud get,
March 2 7 , 1972.

44. RNAV I uirp lenient ~m t . ion p1 ~mnis arid cos t estimates provided by R. Ca— sell *

I AA -ARD - 333, Novemmiber 1976.

45. “A ircraft Operating Cost and Performance Report” , Vo lume X , July 1976,
Civ il Ae ronautics Board .

46. Tel ephone Contac ts w ith John Kaufman , Delco Electronics ; Jerry Gaspar ,
Col l ins Radio Group ; and Capt. Roy Berube , National Airl ines , October
1976.

41. “FAA Air Traffic Activi ty , Calendar Year 1974” , DOT, FAA , Off i ce of
Management Systems , March 19/5.

48. ‘ FAA Statistical Handbook of Aviat ion , Calen da r Year 1973 ” , DOT , FAA .

49. “Preliminary Analysis of Impact of RNAV on ATC Economics ” , E .H. Bolz,
Champlain Technology Industries , Divis ion of Systems Control , Inc. ( V t ) ,
~or DOT , FAA , July 1973 (Draf t).

50. “ Estimat iCn of UG3RD Productivity Impac ts ” , DOT , FAA , Office of Aviation
Pol icy , June 1976 (Draft).

51. “ARTS -Il l Enhancenuments Costs and Benefits ” , K. Willis, METIS Corp.,
FAA -AVP-75-3 . September 1975 .

~?. ‘‘,~n m l ivery iew ,m,ud A- i-ssurKui I i f  Pl ,mnis ~imd I’rogm ’ Lummm s f o r  t i e 1)evelopimr ent
of  the 1’ radt ’d I h rd Genera t i  on t, in ’ rr~i f l i t  ( a m u t m ’ u m l S_ys t em;; ’’ , FAA ,
OSIM & MITRE Corp., FAA-EM- 75~5, March 1915.

j

R-4 

-

- - . - -



ArI’I NHX A

)~N/\V I NTE RAE 11 ON WI TtI DABS! I PC

A .1 DABS SURV III LANCE SYSTEM IMPAL V;

INTRODUCTION

The Discrete Addres-, Beacon System is intended to eventually replace the
existin g ATC Radar Beacon System as the primary air traffic surveillance tool
in the U.S. The DABS pldn include , severa l improvements to the basic second-
ary radar capability besides the major improvement , discrete addressing. In
par t icu l ar , improvements in antenna design , the use of mmmonopu lse techniques
for bearing resolution and improved rang ing techniques will result in muuch more
accurate tracking data . The use of discrete address ing and improved data cod-
ing techniques will greatly enhanc e tu’ac~ re l i a h i l i t v  and inte grity by elimin-
ating much of the noise in the pre-~ent radar environment and improvin g signal
noise imun ity . The DABS radar network is pl,tnned to achieve widespread i nn-
p 1 emen tat ion by 1982 [1] and w i l l  I-ni ’ completely i nt t I eme n ted by 1988 . Area
navigation is also expe ted to achi eve widespread i mm p ie rn t ’ntation in the same
time period , and so it i - , of inmpa r- t u m m i e  to examine RNAV procedures and require -
ments in order to determ i ne if there are any ways in which RNAV would affect
the surveillance performance required of the DABS network .

DABS perfor mumance measures which (-oul d potentially he i m pa c t e d  by Area 
—

N avi g at ion include track ing ~ict - uracy ,  track update n-a te , tr ack ing reliability ,
coverage area and redundancy ot covn -n’aq e , m irm i mnum coverage a l t i t udes , an tenna
site locations and site implem entation schedule. The de c ree to which these
m ight he affected is highly dependent mrt ou m the particular AIC environment of
concern and types of procedures r i s , ’d . In the analysis below the bas ic environ-
numents are discussed (enroute IFR , te rn ;na l IFR , and V [k/IFR mm\e d) , followed by
studies of special RNAV procedures (VNAV , 40, and RNAV approaches to off-site
runways).

ATC ENVIRONMENTS

Enroute IFR

The basic jcs i .uec to he addres- ,
~’~I lii ho 0 0 1 0 m m  e I ~ tflVl u’t)nmeri t (high am id

low alt i tu de ) are r~N\ ~ cepara t ion st ,mnida n-ds ,mm ic m’eute 1 t’ca I I t) f lS - no separa-
t ion standards would potent m ,u 11 v iii~ m~~~t iAi~ S u cv ’ i  1 -

~ , InCt ’ me m - 1 : ’ , • ~ on ’eas t he
re location of r-outes clue 10 ~N A~ an,i 1”rc ~m 1 anu 1~’a an roe t P~ ) cu a ice ~ co v er—
age m’etlui rernents or arm te nna - i i  t o o L a t r o ; i s .  W in ft cOu~~i wid ths in the La n- ou t O
envi ronment are  a n t i c i p a t e a  to be c i  i,iht ~y sn~a 1 l i i j im t he f ut  arc i’n~ i ron mo nt
than at present (constant -4 rim co ’m ’mn ’ecl 1cm 4 nm wi t ’i a 3. ’

~ splay beyond Si nm
rein the VORTAC [2]) , the stated DAOS accuracy spec i fi cat ion [3] is so mimucru

narrowe r than the route wi dl ti that such a iii nor ~m -ovens nt in n-o n o width re—

~nrement would h’  inconsequenti al t rom i; t he point at v i e w  cf ~ur’~e m  1 lc ;mt ’e far
‘,1’oc ~rcI t 1 On a-~suran. e . The s ta t  Oti  ~~~ u n _ nc l o s  ai ’ i ’ 2. 1” 10 a: tn~~t ’  (2. 17 nm at
00 nun ) and 100 f t .  in range , m d  current f l ight  t e s t  n’tr~u1ts ~~~~ i n d i c a t e

that actua l per formance co u ld  be ev(’n t ’ - ~ t n- r than t h a t  -
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t lie Ot her i -~sut- oni t ’n’r min tm the ennu ’oute I F K env i t’onmmien t 1 S w ’ iet  her sum ’ v em 1 -
I ance coverage ~‘e~u I remmmvn ts WO O 1 d be a f t e i~ te(1 by t Ime u—e o I RNAV ~, and d i n’ t’C t
ro ut i nqs. I f so , the  resul t could he t hat charmqes i i m [tABS ovn ’n -a gt’ n~’qui reimmeni t
antenna S ~ te 1 Oc~ t i o nm s or i nip 1 cmumoni t ,i I I nun S chedu I ‘ wou I d i - n i ’ net ’ded - I t~ s uc h ~j

prob 1 em were to e x i s t. , i t won 1 d on 1 y he 0 1 s hor t do r,m I i on • howeve u’ , s i ore p 1 an S
C a 1 1 f or redurmda nm t (~ ()V C n~m IV 0 f a 1 ummo - , I I lie en t. i m~ ’ CONUS ilowim I 0 hOOt) f ee t AGL ,
and 5 i rig le cover aq r- t 0 mm much I OW u’u a I I. i t t idt’s ( :hhto ~)O) tee t~ AG[ f im t I he minus t
Pa rt. ) , by the m m ci to 1 a to 1 ~J8tI - 

s [ ~i j - I ni t in’ h I gh a I t m I ude env i m’onmuu ne n t , RNAV
routes may dev ia te  si g nific a n tl y ftnnmn existin g rou t e  l o ca t i o n s .  h owever , the
or i g i n and te rnmin al points are ,1I , ux i u m ia t e l y  the same us for conventional
routes , and ‘~o no problem would exi s t except in the areas between major city-
pairs. The-,(’ are also the areas where DABS would be m mmmple uumented last , since
the termina l hub ~ireas are to receive DABS capability first. However , the high
altitude environme nt is also the area with the leact. severe surveillance re—
quirement , since long itudinal separ ations are lan-ge (due to the high speed air-
craft) and since terrain is seldommm a prob lem in affectin g coverage . This en-
vironment is currently being served well by the ARTCC ATCRRS net, and wi l l  con-
t inue to be until replacement with I)ABS sites occurs . Also, the switch to RNAV
operations actually has been shown to reduce the nunmber of potential dmrspace
con flit:ts encountered for a given leve l of enroute traffic. A recent simulation
stud y [6], which evaluated operation s on the ex istinq high altitude route .structu re
in comparison to RNAV route structures dev e loped for purposes of those studies ,
found that a i rspace con f l i c t s  would be reduced by ovt ’r ‘~n when a l l  traffic
operated along the RNAV routes rather t han on t . ’ie present structure . The trans-
ition of traffic to RNAV was found to present no proh iemim either , slu ice simu-
lati ons using a mix of RNAV and VOR operations showed e quiv ale m ut reductions
in conf lic ts experienced , in view of the abo ve , t h e  high a l t i  tude en’route en—
vironnient 1-; not expected to exhibit any RNAV-relat ed problems which would
affect DABS site inipl enmm ent ation .

Low altitude RNAV routes will ~ulso be displac ed fr c nmmm existing VOR routes,
which trave l from VORTAC to VORTAC . However , these di spl acemn m ent s will not be
v e ry large for the fo l l owing re,isons . I irst. , routes canrmot he di splaced very
far since the nom inal coverage reqiorm of a low altitude VORTAC extends onl y 40
mile’; ; thus the route could not he immo vetl mino y ’ e than ‘1) — ‘h iii 1 e— and yet nina I mm t. a in
an apprec iable amount at coverage along its length. 1 urtherummo re . low a l t itude
routes usually “meander ” slight 1 y as t hey run f roimm GA al rport to ai r p t m r t  • w i t h

each segment be ing fair ly short. Since they are short significant deviations
from d i r -oct routinqs would not be expec ted  to be foun2 . Certa in low a lt i t ude
operators may fly preplann ed di rect  ove r longer d i s tanc es , a lt honL ; h this o ract ice
is not expected to be very conummon . Fl na l iv ,  nm any opera~ crc w I~~i not be RNAV
equippe d * and m any V OR routes will Ot ’ ri ’ I ainod * so a s i on i fi cant ce--con taqo of
low a ltitude tr a ffmi . wi l l  use ex ist ing m’outes. A’~ a t-~’snl , ‘ t ude ~N AV
routings should not im p a c t  DABS site i mmm p l eunenta ti aim ~l u t5  t o  a m i \ ’  c i  qn i ti cant
ex tent.

‘n r ’~j na  1 1 FR

1~~AV o iu n ’n ’ut inn - , j i m t ‘r ’mm n i r na I a ni-i - nay hiv e in  n t cmi 24115 smir v ’ l 1 lance
rn-g ui r’ i’u- i t ’ , fo r  t r t n i ’ n ’  reasofl-~ : , n i . n m - i cy  requm i~e m n ’ i i t  ‘~ t O e i — i ’ c~ si ’ t — f l J V 1  qated
‘,ID/ SIAR pr -nc edo r- ’, , ar id the u’~

,’ of ~N4V for condo t log ins n- sent appr o aches.
hi’ preS (-nt tt ’ri~ I n,m 1 ,ir-ea n -n ut t ’ width r-equ m rr ’ nm n& ’ nt t n t  ‘ ~

‘ numi m s c ’ \ ~1OL t r ’d to be re—
ta m e d  as RNAV is tii l ly imm mp leumme ntecl [ 

~‘] - which w i l l  p n ’inmm ari i~ a t f e ~ th e hub
te rmina l s -~m nmce I heir omn- ra t mo ns  w i l l  no almost tiit ul ly RNA\ . As di scu - -seo under
the enro u to sect ion the DABS accur a c y  i s far’ bet ten - han the 2 nu 1 C regu I ren’nent
and, fo r that oat t o n - , js qu i t i ’ a hit . bet ter il-a n o \lsti n q A1~ -c~s nenlon - -’n cc .
Therefore , RNAV m um mp lon ne ntat on -,hoimld riot ,i t t O L t  ~AL1S a c c um - at ’v rt ’ g um ren a-ni t  s -
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i rmq appr oach P r u t  ,‘din n ’ -  ~ ~indi ~ t i n i  t i i ’ i ’ l  IN ’i\ - no ,l~ n -  e I i n s t  at c i  1 i t s nau 1cl
he noted tha t  t t m ~ i i ’  ( ) t  ~~~ t c n  _ n g - r ’ c k  1 it 5~~ it m m i ~i a n n - l ol l s would no the ox —
cept ion rathe r  t h n n  t h m ’ n - i t  ~t x ~~n r t  pc ‘~ib l v i t n ; r  o . i ~ 1 i i n i i  th e  v e r t i c a l qu id —
ance s m g rm dl for tw t n - - ~ ’ -n I n m, ’ :m t  a~ pro~n r , - - )  ~ l n ’ ns ’a - ,c n m t o u  t t m n s  i s  nii ;~~1y that
nearly al 1 co nminmim nly u t - i n,I~~n’ i t m n - ~_ m v -  ~n ’m ’ , or W i  I I i - c , m t  nnmimncni ~ n ’o Wi  t im 1~ S
and/or MLS, wh m mm wou ld  be used m um ‘s ’~ ,’ n o r _ e  ~ n~N- ’m~ t~iu m t , m n ~~ t ’ . ~ r ims  i s  pa n’t i~ 

—

ular ly true of c los , ’ l v — - ,t n ed P~~’a ~ 
( ‘i rim , -~ i -  , r n - m n ’ n h 1 -  use at RNAV would not

he appropri ate . RNAV w u~m ld be c- ed un~1i’ r the n 1 iaw m mnn ;  i ondi t mo n i ’ - : as a backup
to fai led al rborr mt ’ II S e g u ij n i t ’ n i t .  ~~un l \~ n’ 1’t m o r a l  s i  t a a t  ion~ , or -i ‘i means of
approaching a non— ILS n~m nnt ~ n~’ . In i i ’ 1_ u t no r  c a s e , w n- i , i i  is the oniy omit ’ of
s ign i f icance , RNAV w O m m i O  me ‘_ i 1i’~~t 1~~, i i  pn’ t ’ f e i e n m  t ’ I t )  a t fl n ’t exi st m g  t rocedurt-s
(VOR ,NDB ) by RNAV- eq u m pp e d a m n ’ , ra t  t , n o t -  i nn nm m a ny ca s t ’ s s l ig h t ly  Lrwor iui m ni iimi ummms
would result and .i ci I jog app n -oacn ; m ul t i at  i_ i’m) tm av o i a e d .  ~n nearly all cases
the RNAV appro ach wo u ld t e  c o n i t l u t t i d  at  in- ~ -t as ~~ c~ ate]y, pi-ohabl y mm iore
accurate ly . t t , u r i  inn -  n i t u - r m a t  i ~~~ ‘ prm i. ett ~n r - e s  , c m ’ J  so  woul d be pet-t e r at ie from all
po in t s  of v u n ’~ A l ,~m , s nrc ’ 2A ;i5 n ’  1 :  1’ ; a ¼ ¼ , . n  ‘ C ’ y i;imn roves w~a ’n , a p n r n - c i .  n inq the
, mr tn ’nna (w h nh w a n t r n ’ 0 - i y  ~‘ on i _ h1 - am - t i e d ) ,  ‘~i.ch t h at a.- im n ut t i  errors
are - le s-  t han ) ‘ l i -  n t m r i , : r ’ - n  fee t wi tn in ten mi ie~ rani ~ne , no ~m 1 to r in& 1 of such pro—

‘duurt ’ -
- —~hou Id pm~ - n - I  r ;  ¼ - nub I eumi.

k i ,  n r dm m m ;  t hi’ - ,~~t~ ’ m ’ m c i  - -o il - l l t V l l , i i O c t  ~ IL) a ~~1i~ prcmce d nmn en , w h ic h
wt iu id rep l,lLi non t n ada Ot ~un n- eqs r - o rn e- n t s  , t i i :  c n n  v nm ’r - ia i n in lq  issues other
than accuracy a i-c upda t - te and - n c ~ i-c i a ho lI t ‘, n-eq u i r o l O n  t - - . Pre sent
ATCRBS update rat e t on - m -r m nm ,nl i’a- Jan - s i s  t L J l  Sc i _ a m nis, , f l l C i I  i s  e \ pec te d  to
he cont inued when DABS is imp leunen t ad - Si ‘m i r ’ l i t ’ ~\ \ \  n’outc s arc to be
sel f-ndv lm ia t ed rather t h a n  being c o o t  - -ci cO t h r o n m n n i  grouc i s u rv - e i H a n c c . the
requirement for t i n , ’ ly  s urv , ’i 1 la nce nu m tcr nmm ~ t iam m 1- ~ i~~t iuai I ~

- -d ucod rather
than increased. fil en -e l O’ t ’ , t ’ mcn t - ,-;t; a t n-c mu i n - - Ofl 0 n n ’ j ,  - a hi gher update
r~ te becj uce i~t L lm~- 0,1’ of ~NAV are  / dcpa i ’ t  l i l t  ,m m~ mct t u i m n n ’S . -

~ s i sni  b r  arqument
app l m e- to tne  i ss ue  of track n-H n uhi ii f y .  T ers p or i m y  c’ ,~ro o n :e,~ loss of data

- - not m mmcdi a t e  ly probl enmati ,il for hN-\ n i ,st ’ c - , sm oce hc: wi ii can t I nue to navi -
‘ i a t c  I ‘me dcc I n - i ’d pa to , w i t ’ r id nr c 1 cnn a a i r - m a  t are comm n 2cr_ nt ’ I ~ hare
d i f f i c u lt - to deal w i th unj, -r - - t i ~~fl ~; i i , H t  l c n l s .

Mixed V 1I~,’ if R zn -at it .

Mi XCII V I  k - i l k  u - n f l i a n - -  - p nmh ’ I  1 y p t i t ’ n t ’ n ’ n n 1 , 1 mr - e u end low alt I tude
t nmrra u t o n ’  - v i  n - t - , - I t~. - ~ m - ~ 5: - 
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covered. °owev e r , icm ~ al ti t m n d e  t 0 \ r , i ~~i’ 2 4115 In S UpO - -ad to Ot ’ ~lt -Js t as
goad as ATCRBS . ,mnl ,l so a ~)-‘\~ 5 is  ion ln ’ ,’ n to , co- c- - ’ g ’  s h Oin  0 i i ;  ~~~0\- i ’ . As
s~~t t e t t  before , cvt ’ n tu .t l fU i  1 2f~:;S m nn np l~ - c - r b 1 n ’ n m  m~ 1 re- _ I t  in ~- o~~- re 1e down t o
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SPECIAL RNAV PRDC[DIJRIS

VNAV Arriva l /D ep arture Procpdu c ‘s

VNAV procedures , wh i ;h may tue op t ion al ly used by a i rcraf t  operators in order
to ga in operational and fuel savin g h~nefi ts [8]-. do not affect surveillance
requirements -ince altitude determination is not a surveillance function . Alti-
tude data is determ i ned from the encoded transponder return . If VN AV were to be
used as the primary method of providing altitude separation , and pa rt icularly i f ,
through the improvement of VNAV system accuracies , closer separation standards
were used rathe r than those presently in force [9,10], some form of ground-de-
ri’ed altitude data may be required in order to obt ain accurate survei llance of
the vertical profiles. This would probably be accomplished through the use of
monopuise radar techniques. However , s i nce there are no formal p lans at presen t
to require VNAV terminal operations or signi ficantly reduce VNAV separation
standards , the institution of vertical tracking capabilit y should not be necessary .

Time Contr-ol ~~D)_Navi~~ t ion_Proc edures

The use of Area Navigation equipment which is capable of providing time-
of-arrival guidance (40 RNAV ) should eventuall y serve as a very useful adjunct
to Metering and Spacing automation , since it will relieve the ground-based system
of come t ime control chores and provide more accurate control of arrival time [11].
Through mo re accura te arriva l time control , i nterarr i va l spac i ng alon g the final
dpproach course may be reduced slig htly, wh ich can yield significant benefits in
terms of delay reductions [8]. 40 operations could potentially impact DABS sur-
veillanc e system position and velocity tracking accuracy requirements , s i nce
arrival time control accuracies on the order of five seconds are desired. A five
second time control error is equivalent to a 1 300 ft position error (at 160 kt),
and so tracking accuracy would have to be considerabl y better than that. As
stated earlier , the DABS accuracy specification is 0.10 and 100 ft. whic h shoul d
he sufficient for the most stringent time control monitoring requirements .

0f f -S i te  Located RNAV ~~pp roach Procedure s

This section concerns the possible requirement for DABS monito ring of RNAV
approaches to runways which are out of the coverage region during the final
phases of the approach . The loss of coverage may be due simply to the range
between the DABS site and the airport in question , or to intervening terrain
features . Radar coverage is not at present required for the t ’\e t ;ut lon of RNAV
approach procedures , nor is it required for other types of ins trun ’t -n t approach
procedures. The RNAV capability greatly expands the lie xibili c ,- v,)ilahle for
desiqn ating approach procedures: strai ght-in approaches s ly  often one substituted
for existing circ ling approaches , and in  some cases app roac hes may be desi gnated
for runways for which no approach procedure currently exists. However , due to
its very nature , RNAV is somewhat more prone to the incidence of procedura l errors
than are some other instrument approach techniques. Since procedural errors
during approach can be very dangerous, it mi ght be desirable to require that
DABS coverage down to approach minimums be available in order fa r  an RNAV approach
to be designated . Conversely, it could be required that approach minimums he



— — - --

~~~~~ F
~~~ ~~~~

-c t at the l ower limit of existing DABS cove rage . A un~~or arguinu ent against
such requirements is that the ATC system is not responsible for the proper ex-
ecut’ion of an otherwise safe approach procedure . Even so, the ATC system mi ght ,
a t some future  t ime , deem i t to be a p roper func t ion to pr ov id e surveillance
services as an added safety function . If that should be the case, it would not
be necessary to provide coverage down to approach min iimm um s , however , in order to
assure proper execution of the procedure . Mos t RNAV approach procedures are
designed using a fina l a~nproach path length of approximately ten miles. This
means that the intermediate approach fix may be placed as much as 2500 feet
ni qher than appr oach minimums , which should be within DABS coverage in mos t
--ituations. As a result , the earlier part of execution of the final approach
segment cou ld he mon i tore d , which should provide sufficient protection against
procedura l error since in most cases most or all navi gation data will have been
inserted in the RNAV computer by the flight crew by that time . It is hi ghly
reco mme nded that, for purposes of proced ural error avoidance , the final approach
fix be defined as UME range from the missed approach poin t , rather than as a
separate waypoint. In those cases where no surveillance service can be provided
,at all , the face of the approach plate i tsel f  could be so annotated in order
to  make certain that the flight crew is aware of that fact.
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A .? CANDIDAT E DABS DATA LINK MLSSAGI }- URMATS

I NTRODUCT I ON

The purpose of this study is to determine the possible types of DABS
messages whic h would be appropriate for IPC usage , for or dina ry ATC control and
for control of RNAV airc raft , and to identify the required message information
content, and to design an appropriate data format to accomp lish the purposes
of each message using a minimum number of DABS link data frames. The results of
this analysis are to be used as inputs for severa l other parts of the (JG3RD
Impact Study . Specifically , they will be used for the study of DABS data link
usage and saturation , for the study of a i r borne RNAV in ter face an d d is p la y
consi dera t ions , an d for th e study of Control Message A utomation effects . It
shou ld be understood that it is not the intent of the present study to specify
the message formats in their final fornn to be used when DABS is implemented
but rather to design a candidate set of message formats (particularly for RNAV
control messages ) representative of those which will actually be imp lemented
for purposes of the other analyses to be conducted under the RNAV LJG3RD
Impact Study . The types of messages considered for this stud y include radar
vector instructions (for IPC and general control usage), proximity warning
messages (IPC), ATC clearance messages , RNAV Tactical Control Messages (equiv-
alen t to the radar vector), and MLS approach monitor messages. In addition ,
severa l messages which would serve RNAV users which may optionally be implemented
as a DABS service were identified and studied. These concern the distribution
of waypoint data . The specific message types studied include a filed route data
reques t message , a route data delivery (ROD) message , a di rect rou te clearance
request , and a direct route data request message . These data services may or may
not be implemented as a part of the DABS structure , depending upon demand and
the degree of difficulty associated with their implementation .

MESSAGE FORMAT DESIGN CONSIDERATIONS

The first ~-tep in the development of a data format appropriate to a particular
type messa ge i s to deci de whi ch data items are necessar y i n order to fulfill the
intended purpose of the message , and which i tems are only ancillary to the purpose
of the messa ge an d therefore may be dro pped from the messa ge i f no room i s ava i l-
able. A major constraint upon the way data is arranged and coded di gita lly is
the limitation in computer log ic capabilities which would be available in airborne
displays and interfaces to decode the data. The effect of this is that data i tems
must he coded in the manner for which the data is to be used or presented; e.g.
numeric data must be BCD forma t , alphanumeric data in a character code (six-bit
BCD or ASCII) , and binary data in a natura l binary format. Also , data packing
techniques cannot be used. The airborne units cannot he assumed to have unpack~nc
or code conversation capabilities. The DABS data link format [3~ for both up-- ‘ S - - 

~~~ :“~ ~- -.- Hr~k (~~iu,\ mec~~ges al lows a message text length of 56 bits.
r~’ L.’er, the DABS ~or’iat c~~-~~ins no arovi~ iin far dis;~ ay a’ a r ~~ ’ -icv~~~addressing or pi lot acknowledgement requesting. For up li nk messa ges th ree b~ts
? v’n~ req ’~ir~d for device addressing and one for acknowled qement request; for down-

on ies s~n im r~~r ~~ u-~ ~~~ 
- f 1 - r 1 - ~~ 1r -~ 11L-i C P uc - - -~s~ ~~~~ —i

hit s inn ay be required for display devi e control , message type indication and
message frame numbering. Eac h DABS uniessage frame allow s 56 bits of data , al-
though multiple frames may be used for long messages ; in such cases all house-
keeping required to identify or number frames must be contained in the 56 bit
field. Obviously, the use of as few frames as possible for each message type is
highly desirable in that DABS channel usage is reduced and airborne display system
complexity is reduced. All of these considerations reduce the field available
for ac tual data transmission well below 56 bits.

A-6

- —- -- -- ~~~~~~~
—

~~~~~ - ---- --~~~~~~~~~~~ ~~~~~~~~~~--~~~~~~~~~ -



/ *D—A070 775 CHAPW4.AIN TECItIOLOGY IPØJSTRIES PALO ALTO CALIF F/S 17/7
SYSTEMS INTESRATIOtfi RNAV APC THE (PIRADED THIRD SVCRATIOtI SYS—ETCIU)
DCC 76 E H 804.2. R W SCOTT. A R STEPtENSEN DOT—cAT2WA—30fl

UNCLASSIFIED FAA—RD—77—22 NI.

_ NM
_ _ _ ___ I

_ _ _ _ _ _ _ _ _  I

_  _



1.0

I . I
___________ I

I 25 I 4 I c~

~~~ ~~~ ~ ~~ I(t 
~~



In des iqnin g the message foriiia t.’~ pre .ented herein , compromises were often
rieces’~ary. In particular , in formation requirements were reviewed , data resolu-
tion and range required to serve the specific purposes were carefully eva l uated
in light of the operational uses for wh ich the messages were intended , and
r.o~flnq shortcu ts were evaluate d , such as dropping leading zero bits when appro-
priate or presuming the existence of permanent bit settings in display units .
A prime example of this is the presumption that for all coniliunicatiOn frequen-
cies (which range from 118.000 to 135.975 MHZ) that 100 MHZ may be assumed to be
supplied by the display , and therefore need not be transmitted. An example of

• dropping leading zero bits is the coding of heading coninand (which ranges from
1 to 3600). The fi rst digit ranges from zero to three, and so requi res only
two bits for coding rather than the four bits required to code zero through nine .

• Ac tually, one bit could also be dropped from the second digit since it only ranges
from zero to six. However, the dropping of embedded bits was avoided wherever
possible. In the detailed exp lanat i ons wh ich follow , individual coding conven-
tions are discussed where appropriate except in cases where leading zeros are
dropped , since that short cut was used extensively.

~ET;’~ILED MESSAGE FORMATS

;r ‘~r~~ ~.tent Positive Control Messa~~

~~ riv~tinct message types are required for IPC usage ; the basic positive-.‘l l i ~ ion avoidance conrand , and the proximity warning indication . The collision
ai -~ir ianre comand is merely an automat ically generated radar vector instruction ,

~ i t has been combined wi th other radar vector features into a more general
ATC control radar vector message. It is important to note that the most basic
IPC displays may respond only to certain portions of the message format, which
are those activated when the radar vector message is indicated to be an IPC
co~ iand ; ~iore co~p1ex radar vector displays would respond to the other parts ofthe command. All of these message formats are presented in detai l in Tables A.1
through A.4. The proximi ty warning indication (PWI) is unique to the~IPC function .

Radar Vector (Function #1): This message is configure d in two DABS frames. The
first contains the most essential data , and would activate the simplest radar
vector d is p lays , and the IPC displays. The second frame may be transmitted and
conta ins additional data wh i ch could be decoded and displayed by more sophisticated
radar vector displays.

Trw firs t four h its of frame one contain the acknowledgement request hit (which
hqhts the pilot re ponce push buttons) and three c~v~ce address ~~~~ which would
hf’ ‘ f t  t( the IPC /rada r !p(.tor devie i address. Bit  f ye conta’~ ‘~~~ ~~~ frame nur~h~:
zero in this case. L ’ t six indicates whether this is a~; orainary r~~ar ‘vec tor
or an [PC coninand. In the case of an IPC coninand, onl y data ~tems four , five , six ,
seven , twelve , thirteen and fourteen could be supplied . Item number four (bit seven )
in dicates whether the displays indicated by items five , six and seven (one bit each)
are to be updated or the display cleared. If they are to be updated , the values are
‘~~ r~d is fields twelve , thirteen and fourteen respectively. That is to say , if item
fc~jr were set to zero, and i tems five and seven were set to one , new heading and
altitude values found in i tems twelve and fourteen would be displayed , replacing
any pre-existing values. If bits four , five , six and seven were set to one, all
three displays would be cleare d and turned off . In the case of an ordinary AIC
radar vector command , (item three set to zero), the other fields may be used when
applicable. If i tems eight , nine , ten or eleven are used , then the second DABS
frame will also be transmitted upon the next DABS interrogat ion , since that frame
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(ontdin s the data field s for coninunn1i t ions F requen cy assignment , altimeter
barometric setting and secondary speed jnd altitude values which are used
when ranges of altitude and speed are permissible . Onl y more complex radar
vector displays would be capable of decoding and displaying data from the
second frame . Simple displays could , however , ut i l i ze fi elds fifteen and
sixteen of the firs t frame which indi cate when the stated altitude is modified
by an “at-or-below~ or ~‘at-or-above~ clearance. Data coding shortcuts used
in the second frame are listed in the “Coments” column of the tab le .

Proximit y Warn in~~Indkdtor (Funct ion #2): This message requires but one DABS h
frame and i ’ quite simp le. The di spl ay consists of thirty— six l i qht ’. (see
Re fe rent 3 for a des c r i pt ion of di ‘.p lay) which are cit her off , i 11 urn i na ted or

1 ash nq . Tb is mes saqe wi l l cause one or more of the th i rty— s ix  ii qh I s to be
shed , t U rried on cnn t i n uou si y or turned o f f .  For e~ arnp Ic i t i t  ciii two were

.1 to iero , i tern I u n ’ ’  were set to one and the f i f t een th  hit in f i e l d  four
w + t ’

~ ’
, e ’ ’  to one , th e I itte coth lamp would 1w set to the flash inq stat e , reqard l es s

f t s  p rev io us sta te . Pirect IPC control conEidnds are a l so  included in this
• . d ’’ . requi r inq nine addi t ion a l  b i ts . These are redundantwith the radar vector

dip

At C C I ~s i r~ i~~e Me
In addi t ion to the ra dar vector messa ge discussed above , three other types

1 ded icated airborn e (lisploys have b een identified which would be appropriate
t~ del ivery of ATC ontrol messages. Naturally , these displays could be corn-
bi r ied i n t o  seve ra~ arrangements or comb ined w ith other equipments , such as the
RNAV computer. Ot.her more complex displ ay or coninunications devices , which would
use the extended length message (ELM) format avail abl e through DABS, have not
been inc l uded in this analysis since they are intended mainly for secondary ATC
~. o r i  t ro purpuse’~ and , puss it ) ] y , In’ i va le con*iiun i cat ions purposes . In addi t ion .
such m essages are typically not Lime-critical , and so do not impact peak DABS
channel usage s ign i f i can t ly .

Prec,oded ATC C leardnce Messa ges (I urm I. ion ~ 3 ) :  The precoded ATC clearance
mess age d i s p l ay  is intended for e f f i :  ient ly coii~iiunic~ t m g  routine , repeti t ive

learance messi i( les sii~h i i ’ . taxi learance takeoff  Icarance * 
holding instructions ,

route assignments (~ ID/STAR), c learan e l imit  inst ruc t ions ,  expect further clear-
ance instruction s , etc. The message forma t proposed herein presumes that the
di S[) lay syct eiTi is capable at di spl a y i n~ severa l standard ue~ ‘~aqes (up t o si \tCeti
are provided for airborne and for qriu~d ATC usage ), plus i t  is capab le of dis-
pla ying a five character fix or route name an d a tour dig it time - a t - d a y .  In
this nanner holding f ixes , routes , f ix departure t i n e s , etc.. may he coniiiunicated
wi thout  usage of voice channe ls . Presumably, ce r ta i n  at t~’ese i c ’ ~ , es would
require use of p i lo t  response pushbuttons on the trans ponder. Contro l ever the
sixteen message displays (thirty-two if qround control messages are counted) is
a (.uwp l ish ed w i th  data items two , three and four ; item two instructs to update
or clea r the display , and items three and four indicate wh ich displa y is to be
4 H 1lt pd or cleared. Update or c lear ing of the f i x  .u~i’. aid  time di spl avs are
uri t rol led by the airborne equipment . i . e. , fix n ames are a lwa y s a ss i n ’  I ated wi th
e rt ain iies’~aqes and  time s with others . For example , the l ix name wou l’3 a lways

t i ’  upd~ ted when a ho] din g in st ruc t  i on i s i ss ned , hut wo n lii nut be af fected when
0 to kr ’of t i l~ ‘a r1i n( e is iss ued. The name would then be ‘. 1 ea r~ d when I he ~u 1 din g
se’  sage W OS c 1 eared , or would he upda ted when another iuessa~~’ a a ses 1 t to he
ai I i vat r’d .
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Al phanumeric I)ata (Func I. ion #4 ) :  1 h is di ‘.play i s  uil ended tar aiurs~n l ca t  ion at
clearan ce da ta ~nd other i nfornia t ion in a I rec , t b  1 i t  y - IW O  t ’harac I t’r I amma I
rather than as fixed standard messages (above) . lh is out ept was presented in
Re ference 12. The data is t ransnii tIed in one to four eight. cha ra I er blo k s
one block per DABS frame. Data i tems two and three control displ ay opera tion ;
i tem four contains the addres’~ (one through four) ol t he section to he updated ;
i tem five contains eight characters of data. Item two is used to clear the dis-
play and memory . I tem three is used to blank the displa y but activate memory ,
and then activate the display after all data has been sent.

RNAV Tact ica l  Control Amendment (Furn t. ion #5J: This message is the RNAV equiv-
alen t to the tactical radar vector. Either a dedicated display could be used ,
or the d i sp lay  could he integrated with the RNAV computer and could allow direct
input of impromptu waypo I nt data to the RNAV . This message norma l ly requi res
one’ DAII~ frame ; howeve r , an add it iona I frame is t ransmi tted when w ay pt i  I nit i den t  i —
I i cat i or data is requl red. The waypoi nt ran be i (lent i fied by name , by VOR/Rho/
The to or by I at i t ude/ L ong i tude . Waypo in t name would by far he the mos t common
and would refer to pub 11 shed waypoi n f. n~ime ’~ . (In ly i ni those cases where previ Otis ly
unde i ned i impr omptu wa ypo in t s are requ i red (puss i bly cert.a in meter’ i rig and spac i rig
procedur es) would w aypoint  coordinates be transmitted.

Th e funct ions provided by this RNAV message i m mcl ude a pa ra l le l  offset
commend , a “di rec t. — to ” comm and , a res ume rou te navi gation command • a sequencing
turn c omi~nan d , a fan conuimarid , ciri arriv a l time command , and a time synchroniz ation
niessage . Ordinary radar vector messages may he used in conjunction w ith this j~message , part icular ly for PUrPOSe S of t ransmitting al t i tude messages. Data item
number four is simply a paral lel o f f s e t  command. Item f ive is a “direct —to-wa y -
point ’ command and would he fol low ed by the tag frame containin g waypoint ident-
iticati o n. Note that provi sion is made in this command for a turn cue when the
turn required is significa n t (greater than 30°). This would allow imm ediate
in i tiation of the turn while enterin g the objective waypoint identification in
the RNAV computer. Item six is a command to cease the offset or fan maneuver
and reacquire the standard route track . This would norma lly follow those coniiiands.
The sequencin g turn conmiand spec if ic’ a d is t a nce before or after the waypoint at
which to i n i t i a t e  turn to the next . waypo int. This would he used for execut ing
t rombone maneuvers and certain M&~ pat te rn maneuvers . The x 0 c ommand c d ] l S  for
a i1r’p~rture from tr~ck at the Indicated departure bearing from track. This is
typically followed by a resume navi gation command. When field ten is set to zero
and a time value (f ield nine ) is given . i t is interpreted ;a spec iy the arrival
time for the waypoint g iven in the tag frame . When f i e ld  ten is set to one and a
t ime  value is given , that time is present t ime-of -day , and should be used to set
the local clock. No tag frame would be transmitte d .

When the tag frame is transmitted . rneld f ive contains ei ther waypoint name
or coordinates , depending on the setting of f ie ld four. If coordinates are to be
transmitted , the ATC system must have prior knowledge of which coordinate system
to use , Rho/Theta or Lat/Lon . Ways of accomplishing this are discussed in a la te r
sect i on . The tag frame also contains waypoint al titude for use when more ~tppro-
~riate than a radar vector altitude message.
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MLS Data Mon itorin g T ecPrn iq~e

MIS approach ddt.a monitor ing is considered as a candidate method for cc-
duc i nq independent para 1 ii’ 1 runwa y separat. ion . The Mt S dot a , being quite accura Ic
would comp~Iement radar tiata . Furttw rinurt’ . hi under (let et’l on On(1 prevent ion
would be accomplished through dm’ t ccl i on of’ i miipropor Ml “~ qii i dance s i qna ls aboard
the a i rcra ft be i rig mon i tored . I he m u on I or would he at amp Ii shed throu gh a
di rect link of the MIS unit with the I)A3~ transponder. Mon i tor replies would
he el i ci ted by the ground radar throu gh a norma l interrogation conta in iri q the
MLS unit address in the “Air—to- Ground Da t a  L ink Message Source~ field ( see
Reference 3).

MLS Approach Monitor (I’unct ion # 1 1 ) :  Provision is made in thi s air-to-ground
niessaqe for azimuth , elevation and r’anqe data relative to the antenna site .
These data are natura l binary or offset binary format , which would probably be
the types genera ted by an MLS sensor’. Furthermore , sensor indicators are prov ided .
Field six allows for the selection of approach or flare guidance. Field seven
allows reporting of marker beacon passage . Field eight indicates rece pt ion of
back course guidance. Field nine automatically reports the primary MIS channel
tuned , to prevent ambi guity .

Qptional RNAV Message Services

This section discusses additional services to RNAV— cquipp ed air ~ raft whichco cl d be provided through use of the DAt~S data link. Both of these sel’vices in-
volve the delivery of route waypoint data through the DABS data link directly
into the airborne RNI\V computer. The l’i rst such service would serve t o  si gn i fi -
cantly reduce data insertion errors and p ilot workload at cri t i ca l  t imes for
those a i rc raft not equipped wi th hulk Iii qh 1. p1 an data storage amid recall ca pa—
h l i l t  ie’~ , which would inc I ude mos t ~~~~ m vo te , corpora ft and commuter t i rl inc iii —

‘ .trumnent operators . The service would be oval lable for those who f i le 1FR
fl ight plans, and would include automated delivery of data for the filed enroute
segment , as well  as data for the departure and arriva l segments selected by A T C .
The service sha ll be referred to as Rou te  Da t a Del ivery (RO D), ari d includes two
types of messages: an Air/Ground tio ta request and a Ground/Air data delivery
message . This service would apply for charted RNAV routes or for prep l anne d
direct routes where standard route segments or waypo ’int s are used. The other’
service described here involves more automation iniprovements than s imply a OARS
data hookup, although the data del ivery asp e ct  is s im i l a r .  This se rv ice would
be intended to provide route waypoint information . co ;~s ider inq s ta t i on  coverage,
restr icted areas and minimum enroute a] ti tudes , for p rep i armed direct fl ight
where only the origin and destination (and inte rmediat e points if desired ) are
speci f ied , but other wayp oi n ts a 1 ong the route are req ui red t a pray i de t a r  nov i —

qation station coveraqe . This service obviously wou ld require an additional
software capability to generate those intermediate waypoints, cons ideri ng es i c t 1 r i~
station coverage data. Such a service may be provided by the Fli ght Service
System. The messages presented tit’re ~~~~~ I tide Air/Ground tb t o  request s wh i an

d f ’ used ci t.her fo r prr. S i  led II R routes or air’ — S i led VI ~ rant ings.  T oe
Grcmunid /A i r d~ t,o tran sini t ta ] is ident , lea ] to the ROD above . I i no] 1 • a iii&’ss~ qe
~s ~I 1sc im ’ ,’~ ’(1 whi h au ld he used t o  provide (automat ica ll ‘

~ de~ mi led a i rc ra f t
~‘ae arid av ionics a~’;p

] eine mm d a f t  I a I he Al C sys tem upon reque’~t . Tb is ~nes’ ~age

c~ Id be ~sm’d to i’t ’ , l a c t ’ the net ~‘ s s  1 t y  t am ’  supp ly in g  s uc h (Iota san al l v  when
filin g a f l ight plan , and so cou ld speed up the f l ight planmi i rig proc es s.
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RNAV Route Data Re jue st ( Iunct ion #6 ) : ihi s luessaq e is used for requestin g
automated transmis sion to the RNAV computer of waypoint data for a prefiled
route or for departure or arriva l segme nts assi gned by ATC (5 10/ STAR da ta ) .
I t is intended express 1 y for those operators not equ ipped with a f l i g h t  plan
do to h~m sm ’ from which to ‘a ’ bt’ t such dat a by route or procedure riOuk’ . Al l  of

he RNAV messages di sc us sed tue 1(1W wou Id ha VO the ‘. omit. ’ dev m t ’e odd u’ e s , a i t liough
the mess age type i rid i ca tors WOU Id to’ di f ferent . Do to it em t h m’ee at t h s nIp s sa q t ’
indicates whether the request is for a p ret’ i led f l ig h t  p 1 an or for a rout e to
he flown VFR . If i t is a V IR reque’~ t , t he route i dent i f i cat  ion number wo uld be
‘~upp l i ed in field eight , lie 1 dc four through six i rid i cate the t Vp.’ of request

e . , i n i t i a l  request for data , request for next 5t’ t of do to , or a repeat rt ’ —

quest for do to ch e cki n g . lie] d seven gIves the max i mum number of woypo i m it s to
in’ tr~mncmii i tteci . Note that this serv i ct ’ wou 1(1 he s t i l t  able for a l l  users , whet her
they he equ i ppe (1 w 1 tb single waypo iii t s ys tern’5 am ’ systems capable at ct ara c Vof marty waypoi n t.s . Th i s message iii it  i a h’s t. ronsini t. to 1 of’ the ROD iliO s s a g e s  , be low .

Route Data Del i very (I unc t ions 4 / and #8): 1 best two message provid e the RIlE)
f urict ion in ci the r the Rho/Th eta (1)  format or t he Lo t “Lan (8) forma t . Fac h
is~ ssa ge conic i s t s  of two DABS frame s t or each wayp o i n t  tr ansmmm i tted . The f i rs t
frame i n  each case starts by li s ting the  wayp oint name in field four . The
Rho / Th eta format fo l lows wi th  those pa ra meters in f ie i  ds f ive and s i x .  The
‘S e c  and t came then contains VOR I dent and F requencv in t i e )  ti’ S four and five .

i ru t  a l t i t u d e  arid inbound track angle are cont .a i ned in  f ie l ds  s i x  and seven.
Notr ’  t h a t  m t was necessary to resort t am an a l titude resol ut .ion at fiv e hundred
I * ‘ ( ‘  t i l l  ()r’dt~r’ to f i  t a l l  the data iii the tWO t l’aili(’’~ . lb is  i s  s o  i t  ~b le for a 11
pho ‘ ac’ , at fli ght except final ‘ipp roach ( wh ch WO O l 11 r’eq ii i re 0 t weli t V  t oat u’es 0-
lot ion not provided by any of these nmt’scage s) , and so does not s ig n i f i can t l y
ompromise the utility of the message .

The Lat/ Lon forma t message is organ i zetl so that the lot  i tude t a ke s  LIE) the
remainder of the first frame . The second frame cont ain ’, lon gitude (t’ield four) ,
associa ted VOR frequency (field five ) and a ltitude (tie ld six).

I rburiie Fi ll n~ --Pi rect Route Clea rance lone t. ion ~l) :  Tb i s mess age a 11 ows f i ii ri
of an i’~’R direct f l ight. plan a~iiendment , or a l low s VFR a i r c r a f t  to s pec i f y  a d i rect
route such that ATC would provide waypoint data along that  route upon request.
This message requ i res two DABS frames, the f i rs t  of which would contain the ori gin
waypoint identifier, the filed enroute alt itude , arid on ind ica ti oii of whether
this i s  an IFR amendment or V I R request . (fi el ds I tsr. 1 ye and s i x ) .  The St ’~ and
frame contains the destinati on waypoir’m t amid filed ai rspee d in fields four and
five .

dim’e& t koute Data i~equest (~ unct ’mOn # 1 0 ) :  I h i s  cle’; ’.,iCt ’ ~~~ 
‘‘

~~‘~~~~~ tC ~~~’it ’ m’~~ te
data request (‘6’), ext:e ~ t i t  i s  muc h s impler .  (‘fn lv the ~a~’isunt ‘~~~~ts ‘ s . nun’,~s’r
(00 is origin w ay po int  at the t i  rst waypo nt to  SO’ t roosmi t ted ~nd t Is number ~t
~. t jpo i nt s ne’ed be spec if  i ed . ATC would assi gn on i gue fau x’s to each u~a\  ~s cit wh i t O
W ) U  Id COfl S i St of three ~har~i(: tees and two digit ’.. li t ’ t hret’ ah5 mi ’at ’ em’ s was 1 a be

a m  ~ue t.o tha t  fli g ht th a t .  day and t he tw o  tI i g i I w a s  Id aim ’ . t t s t e  f i t ’ xu~ a ’  of
‘.m ’ quenm . ‘  number. The on g in ar id des f .m n,m l ion woype in ‘. S a L :  ‘ J re t a i n  s’ i i . om ’ i ~ i no I
ii,’’ , not ian , , Up on i’se at iou of the dot a request . the dat a wa~ Id be turn i ‘t ied
S n rough the u~d~

) funt t ion C functions / and ~
)
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Cap ab ilit 1 Report (I unct ion #L~): lb u s  c a p a b i l i t y  report message could opt ional ly
be provided as a means of simplify in g the fli ght planning procedure . It would
be transmitted upon request of ATC , and would provide information helpfu l to
on trollers , to the Metering and Spacin g function and for providing the RNAV

data services discussed above . In particular , the DABS messa ge di sp lay ca p a-
bili t i e s  of each aircraft would be described in detail through this message ,
which would s i m p li fy and facilitate operation of the DABS control message auto-
ma tion delivery function . The mnessaqe would be delivere d by a simple hard-wired
dev ice easily tailored to each individual aircraft ; no pilot intervention would
be requ ired for the use of the device. Most of the fields in this message are
suff i c i ently explained in Table A.4. It should be added that the purpose of
f ie ld  three , airc raft type , i s to provide aircraft weight and speed class data
for the M&S system uu . Als o , fie ld nine provides for non-ELM displays of types
other than those discussed here .

I
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‘I~~ r M: N~ IMI AL

~~: ~~ I h ) I ( . :1 .

Un ’ ~ob 0’  t I V t ’  u! h i ’ . l v i ,  ‘ . I I I  s Di IIit t t I , ,  d U n  t W h i c h  kNAV im-
I eu;en t it 1 (111 W i  11 P i 1 i  V i c  l~~ ) I ) t I I) I ‘ c t.. r ’t ’ s ’ it Id i ’ r . ’ k~ ‘~. i t .  I~ !I ‘ SY ‘‘ t I l  it ci 1. 11K l 4 ’ c d  s~(’

m d  data L i n k  S’~’ t . t~ - ty . i t  c . h s ’(u d tat ’ riOt t’d it l ilt ’ out set I hat t h e
pr inc ip~il c o n s t r a i n t  on DABS survt ’ I I lame  anti da ta  1 1 uk syste ni  cap acI t ies is
nut a func t on of t in’ DABS s i qna I onlia t I tse 1 f • hot of  he au t.,1l~ 1I ted ai rc r a f t
t r o t  k i n q  data handi in q  an~ i r it e r ro hit  tim hedu l ~~ ( c C~~U ipinent ~h ich w i l l  he
~st 5’ tI ‘0 ti nt rol [)ABS perot ion . M o , the apoci t ~~ of  iie data chann els

I o r i r i e ’ L f  ing tht.’ DABS ‘c~~ tt ’  r omput i rs wi  f i t  NAS ari d AR1” ~ oinputers , Oll i t  t h o s e
computers themselve’. , l i i i i i  t DABS I i l - t i  I t y .

I t other’wi “e ur iro ri ’ , i’ ,i 1n0d by l i i i  ( ‘ I ’  t t ’ 11V 1 ’ (I A~ i~oS i r l t e rc ro qdt  ~t_ ’ii’ , a DABS
. ‘ ‘ r isor’ is capa b le of c o n i p l i ’ t i r i ’j  t s i s i . i I i t O t I s ) ’ I 5 1 t 1 0 ? 1  ~ P ( ’ ~~I )J  I’ ’ . pt . ’r st ’coi i d , or
-, 1 ri t t rrCII~,r t 1 OIl ’ . 4 ’ r ~~ t ’ ~~ ‘ e ii f ‘ 1  0 • , ,( 0 ’  51 ~4i a ) 54r ’,t ’ C Of id ‘ ,

~ ~~~~ I ‘ ‘ ~
‘

( t ’~~ i ic i~~ i o r is ’  t roll l~ ’ t O r ’~’Ii. 4 ’ f l.  I t ~~~ I t 1 ~ “ i~~ t ~~~‘~~
‘ s ’ i ’ V ( ” i i V  ‘c i ) IIC rCI , ,‘ ( ‘ f ). + O could

tn ~‘5iCkt ’d f l y i 5 irl ’ ,l t ’ DAB”1 ‘ c I t o , ,i t t i ( l , 155 II~ii’l ’ ,~ b in5 51111 1 CIt 01 r’ t r5i t t d.~ IIIIUthS
would r ’ dta e th i  ‘ . Vo l 0, III p ra t  t i l t ’  • ‘~ 1t ’ ’c t ’d U, ’Ofl O?iO lysi -, 01 115’ p ro ,iected 1995
env i ronment in no a’ , A ns;i ’ le’ c ho’ -, in • a e~ k ~ou n ~ Ii 1 I I ) C)  ci~ i ’c rat t wou ld he
trarkod at  a n y  ~~ f l c  lint , 0110 1 1 ’ ? W Ith Id  ~ l( ’ dC ’ L ’OIlih i 1 ‘ ned Ii’’ 1 - f ’  o ,c hU r t ’ Si tes

~~
. The’ it ~5 L4 l I 1 hlq I ntt ’ i t ’0’ i 1it 1 sIN rO t  ‘ i’ woU ld JO interroqat . ion replies

,c f c C &0 cO f l d  tot a I to r  a 1 1 s i  t i c  . ~? I 1” W s 4 1 s t t O f ’h”I n dos  i s  of the ac tua l
I y r’e~ u i  rt’~ient t o,’ t n t ’  aat . ,lilI ,t t ( ‘(I C ’ i u i p h t ’ l i t •~ -‘Oi1 t t )  contro l i)ABS operdt  i O f l

15 ( 5  rac k a 1 rc rc a f t  - I t S y r l t h , c lh _  h A l . ’ i ,~ I l  1 t y  i s  t o  be s u 5 o r t  Osi as expec t ed .
t i le nunlt)et ’ of t e r ~r c s l ; o t lOfl rt’ p l it ’’ . wo iii sloin - b c  ( I C  t he 5dI~tO linmt)er Ut t r acked
d l  ~~~C r a f t  ) , .i v ice a synchroni .i’sI CO l 1 , WOald tie t I ’ d f l ’ cI  it  elf by eac h a rc r a f t
upon &~o t_ h  af l t t? f l f ld  ‘ c o n . Tht~ire t I t  ~il dAo ’~ r IC k l l i q  i apoCl  t v  ~~ ~‘C s i I,it r i  soinewnat

• IC I,flt ’f Il , ‘CVICI ICO ’ DABS 5 m c  t f l t ’ ’ . t  Ni nroni ; t’d  -~~i es must be t r , i r i s ’ i I l t t t ’d it
• ,ort . o in po ints in time (( ‘pot II’ ) . Ihiwt.’Ve’I’ , t ift’ DABS S i  I Sdtut ’dt iOfl POl f l t
s t i l l  far exceeds any puss ihie for eseen t r a f f i c  load.

The add i t ion of  data link t ’ 1 1 1 , I t I  I t  i t  ‘~ ii t hi’ i)ABd fun 5 t i o i i  1I1LI’OdSt.’’-c t n t ’
I y ni essaqe 1 i’ni1 t ii i ’ s ) i i h  ‘1 t o 1 ’ )  i i i  5 . 1 , 1 5, Ul1~ Oc t O t  I. h~c )’ c t ’ DABS s’ i ~ria 1 s’ w h 1 C ti

s o n t a i f l  ‘~‘5’aqes . Howov~ n ’ , ~h r : ’ /  S t l ’ h t t 5 r t ’d W i f , i  l i nk  t f 5 1 1 1 s ’ L i s ’ s i O n  (i d i t n i e n c O i l ’ ’

‘ t rU i l in l i l ( IC s i round/ai r) Li’, ~i1 ~~i ‘ c I ’C ’5 ’ ~~ N i t hor • r~5 iC ~ inq int errogat ion rep ly
or , ‘,‘ l i t f l  1.011 1 .‘a t 1 Ofl C e l  ,- , h~ t ’ t ’ t 0t~ ’ * 

n ci I ow ( ‘\ C t ’ :’  1 1ins to be di ‘.ctis sed
l i t ~~r ’ , i la ta  link 1, 15. ’ ’ . h O t  ‘ ‘~ ( ‘ S ’ c , I N I  t ’ ~ U s i I i O  LOl ’s ’ i ,t ’ s’~ c ii , , i 5 , _li i l)’ that some

h l e c 5 i ~ t t i ’~ do ot bon ier ouro t i on . h i ’ pf ’cI’ h inn s not trot ’ ‘or th e DABS [\tended
t I h l I t h  Mt ’ ’ ’ c~m~~t ’ (

~ I M) 5 a p ~bi h i t ’,, ~~~~~ a soc4’11i 1 i’ S ‘ . 0 .  FhO~~s’si stO wi  ~‘i hiqher
1lata con tent  is usO ( 1 for transmi it  ui~ 1 :rsier V 0 U:Ut ’S o~ ~l~t t5 ~ t o  ~~ • ‘: ii ly
( ‘ Cl ii i pped al rt ’ r~a ft on a l ower—pr iori t.y das ’i s

h is  tr ia l  ~‘~~c 1 ”  •~~a l 1  , L ) t h ’ c l  51t ’r St e5 iCl  ier s t s ’ S t ’ 5 ’ , ’ i i h  0 i’è(~141 !‘iiCi ~~~~~ s ’V stCill
t~ [ 

~
‘j, updatt ’ i t for ret er i t  dovelon~ tsnt S I N  IlO5’~a~~5.’ for~sat 0nd u’,,’ ne ,

a r 1  t !ion dote rmi no t rio 0v ’ .~ree of I’h , l1I N5.~ in DABS S* i i p t ) C t  sIN cwia t ion s’0~~0s ’ 1 1Y  re—
• c l Ct iI ,I C o v i d i n O  that R NAV is i i n pbe i n t ’ r ’ t t ’d as the p~ ‘ nna i ’’. ;ovIs i a t iorl s y s t t ~~i , i n

.m ~~1i t i on , t no added im p i t_  t, ot s1i; . , or t  i na an opt i Uflc i l  ~N0\” ~t’~I U I ~C ’ , l~loul e Ba ta
‘-l i ver’ ,’ (ROD), deter :u i ’~ed ,

A - I /
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ANALYSIS

h f  ci p resort t ott III Re to  rein / , ‘‘ A t  c~ n t  i nilci n n  ( c Rt ’ t 1 i i  i rt ’ilien I ‘ f o r  l~ vt s ] 5i1i —

i n t J Prototyp e V t’rs ion s i tt the Iii ‘ , r ’ ’ ’ t t ’  A d O n i s it ’ O& , t r l  5yc , tt ’m nn ’’ , i s ’  IJs ’ i’tI t~ the
ha’ , in of thi c c St  t i d y .  In th a t  i

c td I or ’ t ’ nn t ’  . th e ‘P1’ I I I ’  ~I I i i t t ’ i c - , ia~, in t i~a f t  i~
110th’ 1 deve loped I on’ I r c t ’ Iii thi ’ A i r  I t  ,~ II n [ t n t ro I A iIv I 1 1 c r I O h ’ ’  I t  t i ’ t ’

13 1 was u c ced , a It houtj h t ha t  t ra t t i  1 1(11(11 1 W O ‘c I tin h i t ’ tir ’oken (lOW ?) o m dent i t v
? P i o’~t’ n 4 I n t ( ’ r s  of a i r c ra f t  IC t ii~i l 1~ ~ir ’ rn v in q/ de pa r t  i in q t A x  airport , th ose on

1 na I approach , those II R , thu s’’ in io~, i t  i ye control i t t  airspace , those in m ixed
.tir spai .o and VIR a i r c r a f t  in 1LA ’ s. l h - ’ I .A . Basin dim ensions are 60 x l~ 0
i los , and i t woo H he PIS t i’d I ha t t U i  r or more DABS it t ’ s would serve the

a rca . Al ‘~o in Reference I the has i~ i, ovt ncaq ,* • surve ill arice range and accur acy
antI updat e rate’1 • and bas ic  do t a  I ink performance requi rements 5i re di scussed
as they apply to ti5t ch of the seg ments of t r a f f i c  idont I fied earl icr. The
analyse s included requirements for Inter m ittent Positive Control (IPC) system
performance.

In Retorence 7, liv ’ ’ tab le ’ n t  data at nn te r es t  t o  ( n i s  5 ina l v s i s  are pre—
,tO l t t ’sI ; these tab it ’s , labeled Table ~~~ t ~irouqh ,i— 7 in thdt  report ,  are rt ’—
produced and a t t  ac hed 5it t he  t?fl(I t if  I h I ‘c di SC1i s’ ’~ iOf l . Pit ’ were den red under
tn e  prt’’ amption t,I’iat pre’ eni t n d v i t j a t  t o n a l  p r ’oc t ic t ’s is ni I~i ho continued into the
I ~~ t I C C  per — i ud ; t n i s  was not 1 nit ended t a e’ccl ode ~INAV . but merely to mainta in
a t on’~i’ rvo t  l y e  point of v iew on t h i ’  1rs ’ ~~s b~~~t ior ~ that RNAV w o uld resul t  in a lower
ivt’ n ’a l 1 data link ( O~~.ts 1 ty requirement. The t i i’ ’~ ’ ‘

~ t ep  in the’ present analys is
f l s t ’ c he*’ri t o  review th e  r’t ’su l ts prese nted in thos e tab l e s  based upon recent de—
Vi ’ lopmcnt ’ c 

* 
i n n  lud nnq ii nil de firi i Li tin o ’ dAbS ba sic cji ’no l f o r m a t s and inter—

t_ hanqe prof  ot ’O 1 11. ’ , and deve lopment of t ;,rndi dat e do t  a l ink Tiles soqe formats
1(01 4 . , ) .  N w  t i h i ’ ’’ novi ’ been ii ’ v ’ i o pe ~I ~is a r5.’’,,il . The only s ig n i f i can t

it  ft reni ,. en are as a rt ’Su I t of ( 1 )  the fat ’ t that seno ra to mne ss ant. ’s were used t ~i
c t .O f l ,  1 1 1 1  t IL ’ , t ( l l 

~~ 
d i  r ’ .pt ’et f  N arid alt. i t  Isht data , and a lt imete r se t t  m g  and con~nun—

11 ‘it . ions I requenc y dat a in the earl ier report,  where as t hose have been conihi ned
into  s inq ie  message’ in the later a n a l ys i s , a n d  (

~ tti e t ,ict that certain n~ ssages
‘ have been found to requ I rt two DABS t ra’~’:~- i ss ion frame s rot her t nan one • as pre—
s~ise d t a r t  I or. ~ho rev is ed tables ar t ’  p r ’ s o n t ,”d below ; each is discussed i n
, riti ’r that  the d i f fe rence s w i t h  the on is p i na l  ta b les T:IOV be ex p la ined .  Each is
t o l l o w, cd w i t h  t h e  equiva lent  tab le q i v t ’n t h I , h t  RNAV is  imp l emented , so that a

11 reCt comparison of the  RNAV e f f e c t  may oc ihicidO .

LA ’ S 
~T!’~Y°J~~ ,

a_p~i~ depa r t u re ”

The cnanOes :: O L l I c in INI’ 011 C i  I t iOh’ .~ c~ O C t  ) 4 5 ’  ‘k ~~~ “\, d . WhCCO

~t i t i  tude , heading and soeoa have’ dt ’ i ’ i & ‘ O: ;t-i :rt ed iri t o a ~~iO,~ r \L ’s t ~~b ’d SSciOt? and
l”~~’ l J ! i j  i t IOn freque ncy ,ur I O al tin ~etcr so I inq 1nre 5. ’op s ’ l ’ i 05 ’i . In l~~’~ i’ThIL’i’ , .

~~ numbe r oi rant en ~t bi~I li’,nvt ’ hil idj i l ; pa It t ’)’?) 1;esi,s ’ I n r Cs ’ won’ t ’  t a k e n  to ot.’ ‘goa l
).O I,iIr ’ ;)i’~~’er i  t 01 ann n vo l di ri,’r~m ft 0 I d  I ,q i ~ ( ‘ s , 

• wh e rea s ’  it is felt to he more
5) l is t  1 C to I rt ’o I most ot the ~t rr 1 VO 1 S OS nov 1 no been hi’ 1 d at  one t 1 isO UT ’ 011 —

trier i f th~it many a i rcra f t  are in the holdin g ;i ,i It Orl’ , and so 0. T’5 such rhossaqes
~~~~~~ arni vol , rather t h a n  t) c ‘h , a r e  pr i ’ s ’ u i ’ i ed ,  ;t ~ 

c ’,o Ifl s’ ‘ Yb , , ii~~i in T,uiie A.: i i i i—
,, ‘ T I O  to ci s ig n i f i ca n t  sav ing s  in Inoss , Iqs ’ ,‘~t t e  ove r  Inc ciii icr st udy siOS~’ri bed in

The • t t  to the table ex:’ laini ch ar iot ’s’ ;‘ode ti Ta b le .~—S , Ref—
t’r o r c e 7.

A Id
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I tb  ‘ A Ii

Uplin k Message Rate s -- IFP  Arrivals and Departures
LAX TCA (No RNAV )

Frames Minutes
Message Mess a es/AC Per in Mes~,~gçsJAC/Minute

_______________ 
ARR DEP Message Control ARR_ DEP

Radar Vecto~~~ 8 3 20 0.40 0.15
Corn. & A lt. Set.2 2 2 2 20 0.20 0.20
Route or Runway 1 1 1 20 0.05 0.05
Ground Control 3 4 1 20 0.15 0.20
Enter Hold .75 - ‘1 20 0.04 —

Leave Hold .75 - 1 - 20 0.04 —
Total 0.88 0.60

Reference 2, Tabl e 3-3 
-__

1.09 0.70

tFourteen individual arrival messages conbi ried into eight , six departures
messages into three .

2Three arriva l and departure messages combined into two.

I

Table A.5-R

Uplink Message Rates - IFR Arrivals and Departures

LAX TCA (100% RNAV ) 
____ _______

Frames Minutes
Message Messages/AC Per in Messag~~JAC/Minutc

________________ ARR DEP Message Control ARR DEP
510/STAR 1 1 1 20 0.05 0.05
RNAV Amendment 1 - 1 20 0.05 —
Radar Vector 3 1 1 . 20 0.15 0.10
Cormi. & Alt. Set 2 2 2 1 20 0.20 0.20
Route or Runway 1 1 1 0.05 0.05
Ground Control 3 4 1 20 0.15 0.20
Enter Hold .75 - I O.u~ —-
Leave Hold — .75 - 1 20 0.04 s —

Total 0.73 0.60

A - l Y  
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the nt” ,ui I’ , of an i’t iu 1 V O l in t  ClOd I ~~
‘, 1 11510 (1 , Wfli ,’n( ’V t ’ t ’  ~O55 j h lt ’ , R’NAV pro-

i~dures rt r shown in Tab le A. 5— k. l it that table the eig ht arriv al radar vectors
a ri’ rep laced wit h a SI AR route nies sage , one RNAV route ome ndnn en t t or sequent ’ I n u t
purposi”. and three radar ve(;torr,. The vector ’ , are for ‘ peed c han ges not shown
on the STA R procedure , and the fin a l ‘a’qw’nc I nq turn on to the  it pprod ii course
‘
~ inn i 1 a r y , the Ui ree departure radar vi ’ I. ors are  rep 1 aced by a ‘s l i t  iles ‘,~~&j~ and
one vector. Of the ness age ra te’~ wh i Ii ri’ . u 1 t , 1 ri the a rr i va I ca ne i t i s lowe r
whi le  in the departure case the rate is t he saline . Therefore , as expected , the
use of RNAV procedure s helps the situ ation rather than hu rting it.

[nroutt’ Operat mon ’~ Above 10 ,000 I

The changes made in the or i q i n~t 1 t oh Ic ( 3 — 4  ) are ‘ hown in Tab ii’ A. 6, whe re
a I t i t  ode , headin g , speed and f requent y ass I qnmen ts a n’e onnib I ned i Ott) radar Ve t b r
mess ages of one frame length (al t . • head i it t i s speed) and  two t’rame s 1 engt h ( in—
cI ud i rig commun i (at ion frequenc v ) . ~ t hen ’ dat a  rema I ii’, a” be fore . The res ul t s do
not d i f f e r ’  s ign i f i c a nt ,  ly w i th  the earl ir ’r ana ly s i ’ . / 1. wi th sonic message rates
be ’ in g h i ghi’ r and ‘,oine 1 owe r . The ri’’ n i l ‘~ it t the ego i vo l on t RNAV aria 1 ys is are
pre ’s t ’n t i’d i nn 1 oh It ’  A . — R ; ‘~1 m qh t. redun t m otis in overa ll umie s sage r o t e  re~~ 1 ted frouni
the rep I acemnne n t of ‘ .onnte radar vi’ ton mv ’,’5aqes w i th  RNAV contro l ine s sages . The
RNAV me’. ‘.oq t’s~~tri’ the ‘s I I)! 5’! AR rout t ’  iir ’ ’ , ’~ ,n ge and RNAV Rou t t’  Amnendnnen t . lines SO ge C

I he nt’iina in I ,tq radar vec tot’’~ a rt’ f or ’ s peed c han gras ~iiic1 roninnun ‘ii. at. ion t requency
iipdo t (~ ‘ c

V~ R A i r c raft i n n

I he changes innade in the or n 1 i  Ito I I oh it ’ (3 - h )  of ~~~ 
c ( ( c f l ~ I c 7 are s howii i n

Ith Ira A. 1. Ago in , a it, i t  m t~k’ , head i n,r
~

, ‘,peed I rt ’que ‘ Oh y ,tnd ~nl t I met or so f t I rig
niics’~dg c ’ ’  ire comb i ned i n to  one—ar id t w o — I  r’ame radar v ’  to n me’ ’ ,age ’~ . I ‘C adv i soi’iex
were a 1 so 0’, t i nn~i t i’d for th I s ( ant’ ;  the va li me ’ s used are t he sonic as wore dec m ved
in the can li e r aria I ys is . The re’ u l I ‘~ of an equ 1 va lent RNAV ana I yn i s ’ ore shown
in Figure A. / — R , w here a s Ii qh t r(’t114C t I Oil i 0 li~OS sage ra te  t’i’ sit it n

tnt~ I Averd~e t lpl ink Mes’ ,a~~n R~ t t ’

The résul In in T~~b i i ’ s  A. ‘ i , A . b  int l A. 7 , p lo ’  the t’t ’sul t s of an IPC iniessago
rate an alysis from R et  e ’ i ’ t ’ I i t  t’ / (

~wh I ( In n ’ i ’ t ers to Ri’t ‘rence 14) • art ’ sunnn’na r i :ed in
Tabl es A. 8 and A . 8— R. T he’ ,e re’ u 1 t, s ‘~ hon Id he conipa rt ’iI wit h Tab i t’  3 —5 from Ret’—
rence I. The ‘a t a b  1 ( ‘ ‘ m u .  I t ide t hi’ ,iti ’ , alut  e nunmher’~ of an  rena 11 10 ~‘~ ih category

It  use • ‘. ij i tT t h . t t  I hI ’ o V e r t  1 1  liii’5 ’,,i h I ’ ,‘ t t  t ’ ili ,ly tie ( ‘St m a t  o t t . T1i ’ I ‘I’ lIi’’~saqc ’ ra te
e’~ t i mate ’’, in Tab Ira ‘ a ni’ hosed upon Ret e renice 14, 1 t shou ld he itndon ’c tood t hat
these est irna t.e’~ pre’~ume d tha t  t he IPC inr~

c ,sage ; w ot .1 ’ t  t i e  ) ‘ept ’ a t e l  in i vo ry  sc ’Oni .
However , th i’ rr ’Iie ’t it ion ‘,h tu Id not t ie nec essary d i i  ordi i t -  I ’ the m. ’ ~

‘ t h e  DAI~b
jr, now structur ed . 1(1 1 onvert the rept ’t . i t lye nie’ ’,oti e rat  en q m v t ’n ‘i~i —b a i rc ra f t
ic r min it to ; Posit m y r a  Con t,rol —O .b per aii’ t r a t t  per m inute)  to onie ’~hat - i ’ ’~s, iq es

t ol l owt’d by it i,anr e l i o t  non inmi ’ssoq e when the threat. n s ovi~h , 1 t wa’ pre s um ed 0

t rio t each PW I i tuat ion los 
~n ave rage of ,‘ iii nut e’ befor e t .ha nisie or t ’ a nuc e l  l o t i o n .

wh lit ’ the 1~)” it i ye coot rol ‘~i t u , t t  101 1 WOO lii last  1 i i i  r i i t t ”  ),i5is ’e ’d u 1 on the t hi rt,y
second threat ri t.t~ria ) . Presunininq an average ni dii rei ’n’ l  i t  ion r i t e  of 4 seconds ,
new V a lue ”, for PWT aler t / ant c ’ l im” ,’, ,t it ’ rote ~nnI t o t ’  Cti ~. i t 1VO t ’ n ;t  nH  i’ontrol/
c an ce l ;tra’ , ’ ,aqr ’  rot c ’ at 0 .40 arid 1 , 11 mt’’ ,’~,t n’s per minute were ’ el e m ’ m \ t ’t l , The s e
a rt’ th e ’  vo l  ut ’ , USra (I ill Tilt) 1 e’, A. b ,n nul A. 8 I~ . I urt heni ;iin i’ . ret ne:ien t s n t he PW 1
al i t IPC threat -ev a I uat I an I ec hni 1qut”~ i uni’t ’nit ly under dove igii ’nt t h Ou h i t  t ’etltict ’

he~ e v a l u e . ’’ . even mitre . I t ‘,humi Iii to ’ n t t t t e l  t lia t hi’ I ‘s nTl ( ’ ’ ’~ t p ’  I O u ’ S  ‘,t~tiw ri in
Tab le A.8 are ni ’Iat , iv el y la rge ( .onnpore’d fit Al P ulI ’’ , ’ i ’ ~t ’  n , t ~ , ‘5 011 1 ~ t i t ’ i i I L i ’ , i ’ I tu ’ n’ t ’

A- ‘st 
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Up li nk Messa ge Rat e s “ ilk inrout e
Above 10,000 ft. (No RNAV )

Message an ArrivalsJDepar tur es Overs Withins l
____ 

Per 
_______

Radar Vector 1 4.5 2.0 0.5 4.0
Vector with Corn Freq . 2 2.5 2.5 3.4 3.0
Route or Runway 1 1.0 1.0 - 2.0
Route Changes 1 0.2 0.3 0.2 0.4

Total Frames 10.7 8.3 7.5 12.4
Contro l Life 33.1 40.2 59.3 46.8
Messages/A C/Minute 0.32 0.21 0.13 0.26
S Traff ic 34.9 24.8 1.3 24.0

C Overa l l Avera ~~ _ _ _ _ _  _ _ _ _ _ _  
0~~~~~~~~~~~~j  0.26 H

Reference 2 , Table 3-4 
_____ 

0.26 
______ 

[ 0.32

t~1t ) ii ’ A . la— IT
Uplink Message Rates - IFR Enroute

Above 10 ,000 ft. (100% RNAV )

Message Frames Arrivals Departures Overs Wi th ins
- - Per 

- _____ ______ _____

SID/STAR ‘I 1 .0 1 - 2.0
RNAV Amendment ‘1 1.0 - - 1.0
Ra dar Vector 1 O, h - - 0.2
Vector with Corn . Freq . 2 2.5 2.5 3.4 3.0
Route or Runway ‘I 1.0 1.0  

- 
- 2.0

Route Changes 1 0 . 2  0.3 0.2 0.4

Tota l Frames 9. 1) 7 . 3  7.0 11 .6
Messages /AC/M inut e 0 .2 /  0 , 1~ 0.12 0.25

Overall Average j l : ’ L

—

A- H 

_ _ _ _ _ _  ~~~~~~~~~~~~
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1 ,111 I i ’  A. /
Up Iink Message Rdte •

~ VF R Aircraft
in TCA and VFR Highways (No RNAV )

Message Frames Messages/AC Minutes Messages/AC/
Per Minute

Radar Vector 1 2 20 0.10
Vector wi th Corn. & Alt. 2 ‘1 20 0.10
IPC 1 

— 
2 20 0.10

Total 0.30
i~~erence ~~ Tabie 3-5 ‘ 0.40W

l’(t I) I t ’  A.  1—8
tJp li nk Message Rate - VFR Aircraft
in TCA and VFR Highways (100% RNAV )

Messages Frames Messages/AC Minutes Messages/ Ad
____________— ________ Per 

___________- ______ 
Minutes

RNAV Amendments 1 1 20 0.05
Vector with Conini . & Alt ,. 2 1 20 0.10
JPC 1 2 20 0.10

Total 
_________ _______________ _____ 

0.25

L _ _ _ _ _  _ _ _  ~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



is so much tr aI t Ic . A IC inmessaqen ,t rt ’ roughly propor’t cana l  t o  t r a f f i c  dens ity ,
wh i I e PW I / I PC mnec ’~ t j t ’ ’~ are roughly proport ional to the square of t ra f f i c  density~
sin ce airspace conflicts tend to exh ibit such behav ior (see mass tiow analogy
in Reference 15) .

As may hi’ seen Icy coiitpa r i rig T ,ih It ’ A , 8 8 w i t h  A . 8 , 1 ho use ’ of RNAV rt ’duc es

I he number of Al C— re lo t  i’d ln k ~’~’~aqes by (I . nnessagra ’~ Iier ’.e 011(1 (1 ’  ) a I ong with
which t here should be an equiva lent  ri’duc t.i on iii I he cOinii)l ex i ty of t tte c’onnputer
hardwa re requ I red to ret e ‘ I  V t ’  , ‘ ,c hetlu It’ ,irid m u on  i t  an ’ I r a n msmn i  s ’ ~ 1 on o t such  me ssages ’

i nd ’  • ,i’ , ‘ 1  ,t  t,(’d bet ore f r ’ utn u ITt ’ ti ’r ’t ’nt e ‘ / , I m e  average I)ARS interrogation ra te I s
643 i o t ra rn oqa t .  ion ’, per ‘ , e ’ c  c o t i t  , I hi’ othle ’ iI toirderi 0 mm I)A RS c, tm ,n ,m n t ’l usage of’ 1 ,T
uutt’ ’ , ’ , , ige ’s per second i ’~ nt t ’ql  i i 1 i t m l e ’ . 1 1 m m ’ , is pdrt.ii mml ~ir ’Iy true Un n i t . t ’  inmost , su ch
nies saqes W i l l  he transi: i i t t t ’ t l  ii ’ , ‘t  i c o n ’ t  o f  I hi ’ standard t racking or synichro n i .‘at ion
i nt er r o q a  t I on (Note i f  ‘~yr i (  hntm — - DAIIS I S jum p 1 emer m t ed , the 643 interrogat ions front
[7] nearly doubl e’,).

xtend ed Lefl~,th Messaje ’~
In Reference I. the ‘,uh.t t ’c ’t O f I X t m ’ tu d 1 ’d I h - m a O  Ii Mes’ ,oqt ’ service is an ia1y ~’c’d

f roimi both the point ’, at  v raw of t ’ x t t ’nded A T C  i ; em V ice nness ,iqes and co m pany un uessa qes .
It concludes that rt ’as o nable iuuc ’~ini M I,t t o m ~iti t i c  t he I tOh peak traff li. period
w o u l d  be 156 character ’, ae r ‘ s  a n a l ,  ‘ s i n c e ’ I to ’ I t  M to t— mat pm c v u d e s  for an $~

)
c rc dr ac ten data block [1 ~

‘ , t,wo odd it i ulia 1 1’)ABS mm’s ‘ . i e t m ,’’~ :~ ~e ~
‘ s’ i,’ C O ti d  WOU 1 d he re—

g m  i red t.o provide ‘,uc h s erv ice . Thu’ I hi ’ t o t  a I me ’s ‘~a t ie count wou ld hi’ 15 ( non —
RNAV or l4.h (RNAV).

Down link Mo’ ’~a yi’s

L)A RS response nmtt ’’ ’,,iqt ’’~ to I I in I t a t  has m c  t a t  t ’~~t i t ’ it ’ ’ , : “ ur\ ’ t ’ ii a m u , t ’ Responses
(riot , of concenmi here ) , Te hn i’

~ t I Ac know It dgt ’mneni 1 s t ’ii ret  a ‘it ot U~ l u  um k ed dot a
to th e ’ ground for error ( Iet ( ’ct m on ) , MIS ‘ (i ’ , m t t ou m ~i ’p i . t ’ t  (au opt m ona 1 i. opab~ ii ty
to prov I di’ for c lost ’ Iy - - ’.pacc d p,ir ’inl lel nmct c~ay m mmon i t o r i  iiq ) , and i1

~ lo t  Request s .
In addi I ion , Re Ference / erroneously 1 s t ”  ~~1 lilt ,lCkii OW lt ’dc It ’iut ’ui t of ftP and ATC
coniniand’, or ’ rt a lume ’ ,t ’~ a’; being downl ink Ik’ ’ .’,dtIi ’s au a id i ng  t o  pr1’’ .ent f ormats.
these dd ta ore tranis nn i it . ted as It it ‘,t’ I I mugs in t l it’ norma l in I er’ n ’o’)a 11(111 response
m n~ ssag e, which i s riot , a data I in k mnmes so l m ’ . A l l  up l ink ,uies ’~aqes re ce ive t e c h n i c a l
acknowledgements , no lb I ‘; con In’ i ba ton Ii ) tot.a 1 c lown Ii uk messages s a]  re,id~ de-f ined. Reference 1 e’~t i mmm a tes that.  thi ’ it i lot ren t imost ‘~ or da ta will occui ’ at the
rate of three t mn me s i~’r hour ‘eer iii i’ i i i  t (0 , 4 mo ’ s ’ nac t ’s i t ’ ’ ‘ ocand cav era l 1
While this is probably rat hoc’ high , i t  s - m a l l  in t t ’ I:~~ m l’  son to  the  other number ’s
ond ‘,o will not he changed here . Rot n’ u ’nli..e -/ a l s o - - 5 O t t ’ S , ’ tac t 1, ’ mh ’ s ’SiI ’ t t,~S POt’
second would be recei ved ch~t ’ a he Mi maui t O e  ~o, ’ t  t m ’ ’ i’ . 1’I’~ wao~ m1 n’ c’’.ult t m ’ i.’uc;i
numon i tui’i nq three a m  rt ’ raf t  Ofl O R  f m o f  t i ’ foni’ ,I)h t ‘ so , . , ’ 0 1 ’  pr’ ’ ’L . , i ’il t i c’ \  u st. in
l ’O )~~, with an upda t t ’ r a t e  ot aim e m t ’ m ’  a t  tutuul , i b m ’ ’ Va ui,’ ç l~ ,’st’t’i. uut ’~ j —, lOa ’u t ’
compared to the other Innes’ ;,t ile t r t ’ m l u t ’ n t c y (I 3/ct ’ct ’iu t t f -  m l  serv i c e s ) .  This ‘~~ c v he
necessary to ach i i’ve a ht (Jhor de’qrt ’m ’ t m t  ‘ uii t, ral 1.0 011 ( 1W very c lost’ r Um t W d\  SpaCi ng
It, should he recoqn I zoO that Lb i s i s ann ex . t ’p Ii ona I ~~~ ‘ e only O u t ’ 0 t the OARS
s i 1 ( 5  in the area would he rog um ‘‘0 t o  support i t .  ‘‘ m ’i ’siuo ~, ’ l\ ’ . ‘ .pi ’ ,. al 11 u ’ o c e  s s i f l y
Pqmfl pment. would tie developed liii’ toni to v ’t nil the  at’e r m ’ m ,tu ue’~ e t a  1 tlow~ 1 ink no—
gui rernent ,’, are ‘~un uuiuani zed in Tab le A. ~

)
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Tab I e A .  It

Total Avera ge IJpI ink Message Rate
1995 Peak Traffic , LAX Basin (No RNAV )

Aircraft From Me ssages/AC/ Number Messages
Category Table 

-— 
Minute of AC Per Second

IFR Arrivals A .s 0.88 67 ‘1.0
IFR Departures A. ’~ 0.60 67 0.7
IFR Holds i\. ’~ 0.25’ 16 0.1
GA Overflights A .c 0.24 280 1 .1
IFR Wi thins A. 6 0.26 50 U .2
PWI Advisories 0.40 1010 6.7
IPC Comands 0.11 1010 1 .9
VFR in TCA A. !  0 .30 2 5  1.3

(0.20 ATC ) (0.9 ATC)
_________________  ______ 

(0.10 IPC) 
______ 

(0 .4 IPC)

Tota l 4.0 ATC
_______________ _____ _____________ 

9.0 IPC
1Th .i

Reference 2 , Table 3-6 4.8 ATC
______________ _________________ 

113 . 7 IPC

~It was presumed that each holding aircraft would
receive an altitude recle arance every four minutes .

*These values were taken fr orri the text .

lab It ’ A .8 -R
Total Average tiplink Messa 9e Rate

1995 Peak Traffic , LAX Basin (100% RNAV )

Aircraft From Messages /AC ! Number Mess ages
______ ____ 

Table Minute of AC Per Second
IFR Arrivals A . ’ -R 0 .13 61 0.8
JFR Departures A . u i~~ 0.60 67 0.7
IFR Holds A . -R 0.25 ’ 16 0.1
GA Overflights A.6 - cT 0.21 280 1 .0
IFR Withins A , t i - R  0 . , ’S 50 ‘

PWI Advisories 0.40 1010 5 .7
IPC Comands 0 .11 1010 1.9
VFR in TCA A . / - l t  0.25 265 1 . 1

(0.15 ATC) (0 .7 ATC)
(0 .10 IPC ) (0.4 IPC)

lotal 3 .5 ATC
__________ ______ 

9.0 IPC
— * ( ‘ t ’ e  ~tb it ~ A , B fun ’ r m o

A- ; ’4



Table A .9 Downlink Messa ge Rates 1995 Peak Traffic , LAX Basin

- . , - .. .. ~1~~~~~~LSeco~Ld .
Technica l Acknowledgment* 13.0 (12.5 RNAV )
Pilot Requests 0.4
MLS Posi t ion_Rep~~ __ ~~~~, ~_!,?~0

TOTAL 25.4 (24.9 RNAV )

*/No te/ ELM messages are not technically acknowledged

Route Data Delivery Opt ion

Route Data Delivery (ROD) i s an opti onal ca pab i l i ty which  coul d be used for d is-
tr ib u ti n g way poin t data to equ ipp ed ai rc r af t  au tomat ica l l y upon request of the
ai rborne DABS unit. It would serve as a substitute for an airborne data base
in the RNAV system , or manual input of waypoint parameters . The impact of ROD
on DABS channel usage obviously depends upon the number of aircraft which would
use this service . It was assumed for present purposes that 50% of all IFR air —
craf t would use it. The cases of the TCA arrivals/departures , wh i ch would use
standard SID/STAR procedures , an d of other IFR operations , which  woul d use ord in-
ar y enroute transition s to approach procedures and standard departures to enroute
waypoints , are considered separatel y.

TCA Arri  val s/Departure s

An uplink rate of 0.6 messages/AC/minute for the SID/STAR data results from
an assumption that each procedure contains six waypoints , and each waypoint re-
quires two DABS frames, and each ai rcraft is under control for twenty minutes .
Presuming 50% participation of the 67 arriving aircraft :

TCA Up link Rate = 0.3 Messages/Second

The down l i nk rate for data requests i n thi s case i s negl ig ible .

Other IFR Operations

The uplink message rates for the other 330 IFR aircraft were arrived at
th rough the fol l owi ng presump ti ons:

• Basin Dimensions = 60 x 120 nm
• Way point Spacing 40 nm
• Approach Waypoints = 3
• Departure Waypoints = 2

j
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T at ’ rc” ,u Its ,tro pne ’se ut i’d nut tab h’ A , Ii,) ,

Table A. it) Non— ICA lIR it 1t l ink Ra t e ’ , - ROt)

Category 
-~~~ W ayDoints

____  
Contro~ Frame Msg,1~L /M in % ‘T Overall

______  
R~~iJ Appr 

~~~ 
TotaT Life 

____ ____ 
Lraftj sJ,Avera~ieArr ival 1.5 3 - 4.5 33TT~ 2 0.?’/ 34.9 T

Departure 1.5 - 2 3.5 40.2 2 0.17 24.8 ~O.20
Overs 3.0 - - 3.0 59.3 2 0.10 16.3 /
W ithins 1.5 

.,~!....., ..  
2 6.5 46.8 2 0.28 

- 
24.0 0.28

Category Overal l Number Participation Messages Total
______ 

Averaqe - 
A ircraft 

______ _____ 
Per Second 

_____

Arrivals
Departure s ~ 0.20 280 50% 0.5
Overs )

W ithins 0.28 50 SO t. 0 .1 0.6

The downl ink message rates are b~”t~i upon the following presumptions for
numbe r of data requests:

• Arr ivals 0 , 5 for route F 1.0 for approach
• Departures 1 .0 for departure + 1.0 for ro ute
• W ithin 1.0 for departure + 1.0 for approach
• Overs 0.5 for rou te

Tim e . ‘i vo lot ’’ , to n n’ ntj t e ’  i l m t  n t°’~~ i t ’  h , m  i n inco n iv , m ’ -~ ’~-~ s i t 1  ul ,1 0 w i l l  Pma ~t’
~c l t ’’ ,iel y be ’em n di’] I v e ’ e ’,’ t  t i e ’ C O t t ’ t ’ i i t e r n  nil I t o ’  [AX area. 1 he i’ t ’ su Its art’ prt ’s~uit t ’~lm u  T oh it ’  ‘ ¼ , 1 1  (one r , m - , ’ per OO”~at t t ’ )  , us i im i at her d~ c a (can I ro 1 1it ~’ • t’t c
I rc uc , Tab it’ A . 10.

Table A. 11  Noi m —1 CA R 1lai~t u l t nik Rat ~~s — ROt)

Cate gory I ft1PSs4,~~,,,S iMc o ’\
j t ej .~p,,pr f~~p ,_ I Tota ” / Min l A i~~j ”et~ o no total

oThJ~
) - 

- ‘T~~ 0.05 1 -~~ I
Depar tu res  1 - 2.0 0.05 ~ 0.04 0,1
Overs 0.5 - - 0.5 0.01 ;J
W i th i ns J ,. LJ 1 “.0 Q,04 0.04 L0

~~~~~i.i ~~L

A -  ‘n

L ~~~~~~~~~~~.



( till’, id e ri ~q a 1 1 y,u’’, ot opn’ra I on’, , the U~ in ink ,t~~tt down I i nk Oat a r at  OS ,
nnc l ud i nq tt’ hn ical a.:knowledqeuuw’nts , tor Route Data Deliver y service art’:

Up in nk Rat e 0.9 nw’ss~n ges/socondDown link Rat e 1. 0 um ies s age c /sec ond

If  added to the other RNAV data l ink messa ges , overall  uplink rate becomes
15 , 4 nwss aq es per second , and down li nk rate become s 25.9 messages per second.

_________________________________________________ —— ~~~~~~~~~~~ ______
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(Reference 1)

Table 3-4

TACT ICAl. UPLIN]( MESSAGE RATE FOR IFR.
ENROU TE AEOVE 10,000 FEET

Arrivals Departures Dyers Within s

Altitude 3,9* j •5* .8* 3.1*
As sigu~oent

Reading 3.0 3.0 6.0
Assignment

Speed .8* .2*
Assignmen t

Voice Frequency 2.5* 2.5* 3,4* 3.0*
Ass Lgnmerit

Route Clearances 1.0 1.0 2.0

Route Changes .2* •3* .2*

Total message/aircraft 11.4 8.3 4.4 14.7

Control Life (mm ) 33.1* 40.2* 59 3* 66.8*

Messages/air craftf .34 .2t .O~ .32
minute

% of Traffic 34~9* 24.8* 16.3* 4Q *

Overall Average
messages/aircraft! .26

minute

* Based on peak day Chicago ARTCC December 1968

A-29
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TACTICA L UI’I.IN K MESSAGE } A’fF:s FOR VFR A 1}~cl~Al”c
IN rC A AND VF’R UIGH WAYS

Message No. Messages/Aircraft No. Minutes Average
Type in TCA or under ito. of mess~ ges/

VFR Highway control 
— 

aircraft/minute

Altitude 1/Flight 20 .05
Assignment

Heading 2/Flight 20 .10
Assignment

Speed
Assignment 1/Flight 20 .05

Voice Frequency 1/Flight 20 .05
Assignment

Altitudes 1/PlIght 20 .05
Setting

IPC Advisories 0.1/m m 20 .10

Total — .40
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( Refert’rnct~ 1)

T a b It ’ ,~~
- (~

AVERAGE UPLINK MESSAGE RATE FOR l995~,
PEAK TRAFFIC IN LAX BASIN

Aircraft Per Air craft N umber Average
Category Message Rate of LAX Basin

(Messages/airc raft/ mm ) Aircraft Message. Rate
(llessage.s/s.c)

IFR arrivals 1.09 67 1.2

IFR departures 0.70 67 0.8

IFR holds 0 16 0

CA overflights 0.26 280 1.2

IFR withins 0.32 50 0.3

IPC advisories 6.0 1010 100.0
In mixed airspace

IPC coumnands .80 1010 13.6
in mixed airspace

VFR’ s in TCA / .40 265 1.8
VFR highways .30 ATC 1.3 ATC

.10 IPC .5 IPC

T
0
T ALL -—-• 1700 118.7
A 4.8 ATC
L 113.7 IPC



( R’f ’ r ’enc ~ 7)

i l t I l t ’  3 7

DOWNLINK TACTICAL MESSAGE RATE
FOR LAX BASIN DURING PEAK TRAFFIC

Type of Downlink Average N uniber
Message 

— __2f Messa ges/Sec

Technical Acknowledge ment 118.7

Pilot Acknowledge ments 18 .2

MLS Position Report 12.0

Pilot Requests - 
0 .4

Total =149.3

II
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I

A P P E N D I X  B

RNAV INTERACTION WITH FSS AUTOMAT ION —

B.] INTRODUCTION

The Upgraded Third Generation ATC System (UG3RD) includes , as one of it s
n ine major elements , the cons ide rab le revamp ing and enhancemen t of the fl i ght
service station system. Th i s i s referred to as the Automated FSS Program.
The near term FSS improvements, many of wh i ch are designed to facilitate tran-
sitlon to the automa ted FSS environment, fall under the auspices of the FSS
Modern i zation Program. The purpose of this portion of the study is to address
the potential impact of RNAV imp l ementation on the current , interim and auto-
mated FSS system.

8.2 1SS SYSTEM DL,CRIPT ION

This section presents a brief description of both the current and auto-
mated flight service station systems . The leve l of detail provided has been
limited to that necessary for the understanding of the RNAV impact analysis.
More detailed descriptions can be obtained in References 16 , 17 , 18 and 24.
The automated FSS program p l ans have undergone modi fi cati on sig nificantl y in
certain areas recently. Reference 24 is the most recent official definition
of future p lans , while the other three documents give historical perspective .
The FSS descriptions contained herein are based upon these documents , and
upon meetings and subsequent discussions wi th FAA/SRDS [19], NATCOM/WMSC [20],
and Atlanta FSS [21] personne l , and are believed to be current and accurate
with regard t~ FSS concepts . Supporting documentation of the finer details of
ESS opera ti on , however , are not availa ble. For the most part , any areas of
uncertain ty which are of major importance to the FSS concept have little , if
any , bearing on RNAV impact.

8.2.1 FSS Functions

For purposes of redder familiarization and to provide a framework for
the description of the current and future FSS systems , a listing of the basic
ESS functions will he presented in this section . The functions are reasonably
self-explanatory and the detailed presentation of their purpose and method of
accomplishment will be deferred , as this is an integra l part of the RNAV im-
pact evaluation .

The fl ight service stations currently perform the followincj basic functions:

(1) Surface Weather Observations (airport advisories)
(2) NAVAID Mon i toring (NOTAM processing)
(3) Mass Pilot Weather Briefings
(4) In dividua l Pilot Weather Briefings (and PIREP ’ s)
(5) IFR/ DVFR Flight Plan Processing
(6) VFR Flight Plan Processing (initiation of Search and Rescue

operations
(7) Emergency Flight Assistance Service
(8) ARTCC/Pi lot Backup Comunication (rel aying ATC/pilot messages )
(9) Law Enforcement Assistance
(10) Administering Airman Examinations
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Automation Improvements :

As the progra ni name implies , consider,ible’ i niproveiiients in n the drea of auto—
ii nation are envisioned . These are to he supported by a Centra l Aviation Weather
Processor (AWP), and by computationa l ta ’ i l iti e s at each ISS. The major areas
of automation improvement will now be described .

Aviat i on We at her Proc essor

The Central Aviat i on Weather Pro (essor (AWP) will provide weather data
serv i ces to each ISS. It will be the l ink between the WMSC and each automated
FSS huh computer. This will include ’ both alphanumeric and graphic data .

Centra liza t iori

The mos t ‘.trikinq proposed alteration to the FSS system lies in the area
of centralization . The origina l automa ted FSS plans called for an ult imate
reduction to 30 “Hub” FSSs . Later I)ldn’. included Class I and 11 hub facilities ,
which were to be used jointly by both classes of stations. More recent plans
have reverted to the “Class I onl y N conce pt , with a total of 20 to 30 stations
envisioned. Colocation with the ARTCCs is being investigated . The centrali-
zation of FSSs still facilitate economic improvements . Undorhurdened stations
will he more responsive to traffic patterns and workload leveling benefits will
resul t.

In conjunction with the Aviation Weather Processor , each hub can automatic-
ally accomp lish a variety of the manua l functions currently perforutned by FSS
per sonnel. In particular , a hub will be able to assemble weathe r briefing in-
formation tailored to specific user requests (autonuatic route hrief ’ings . for
example). In i t se l f , th i’. cap ab i lit ,y is a major time saving feature . Longer
range  enhancements include the dev(’l opment of voice response systems (VRS) .  In
addition to it ’ s use in individual pilot pre—flight briefings , the VRS would
permit the AW P to compile and disseminate all standard mass weather briefin gs
w i t h o u t  spec ia l is t  assist ance . This includes all N AVAI D broadcasts and PATWAS
service (Pilot Automatic Telephone We a ther Answering Service).

A’; opposed to earl ier plans where much automation W eIS centra lioed in one
location , the current automated FSS plans are providin g for an increased amount
of the general automation capabilities to be resident within each FSS . The
Aviation Weather and NOTAM Sy s t e m  ( AW ANS), now operati onal in Atlanta, includes
a resi dent nati onal weather data base and software support for C h~ a utomatic e~-
traction of airport , airpor t-pair arid region-orie nted weather infau ’i :at ion.

Pilot  Se 1f- Br ief in~j Te rm inals 
~~~~~~~~~~~

The PSBT is a CRT d isplay w i th  two-way channels t.o the neare ’st hub FSS
facility. It has two prima ry lunct ion ’ .; it is the input/output device for the
.c utom ati c weother bri efings , and it provides a mean’. C a  I He fl i ght plans. In
the e a rli e r automated FSS plan’ . in ’ .  many as 3,500 PSR1s w on’ t ’ e ’ i n v i s i u n e d .  These
were to ho ava i labl o ’ at as many airports a’; I)OS SiL ilm ’ to provide easy pilot access.

‘ 1 ’ or iq ina  1 p lan ’~ ass umed that the i’SRT’. t tiulel oh  l o ina te ’ I I t’ tit’e’(l tc )t ’ SpOt i~nl 1st
stervention in a’. much as 90 percent of the pre—fl iqht br iefings. This would

f , i c i l j t , e t c ’  considerable reduction (or lack of lmiCI ’ e’ ,I’.’.’) nn F5S st .nfHng. This
as’,umption , however , i’. highly critical to the sucoe ’ss of the , onct.’pt , so much

C—s
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so tha t curren t p lans are p lacin g far less emphas i s on the wi des p read use of
PSOTs. Present. plans call for usage of automated terminal facilities to assist
the Fl ight Service Specialist , with only a limited number of remote (direct
user) terminals deployed. Th is phase of automation is refered to as the Base-
l ine System in Reference 24, to be completed by 1985. However , plans also
ex ist for an Enhanced System to be initiated in 1983. This Enhanced System
will provide more automated capabilities , and will include widespread usage
of low cost remote (PSBT) terminals. The lowest cost terminal being studied
is the “Touch-Tone” (trademark) telephone , usin g Automatic Voice Response for
computer- t o-user co nin unic ations.

Av iation-Automatic Weather Observation System (AV-AWOS)

The final major area of automation improvement is the projected AV-AWOS
capability. The AV-AWOS components would be located in many areas , comparable
to the current FSS loca ti ons , for examp le , and woul d automaticall y perform the
ESS su rface weather observat i on function and input the data to the WMSC . Th i s
is a long term improvement in that advances in the state-of-the-art are required
to produce economical and accurate mechanisms to measure ceiling , visibility ,
etc. Since RNAV and conventional weather data requirements are essentiall y the
same , when and if this system is implemented is not of concern in this study.

6.3 RNAV IMPACT EVALUATION METHODOLOGY

At the outset , as well as during the conduct of this study , there were no
major areas of RNAV impact which were ininediately apparent. This is not unex-
pected , however , in view of the fact that the UG3RD is intended to be a coor-
dinated package of ATC improvements . On the other hand , significant degrada-
tion of the FSS or RNAV capabilities need not result only from “major” or ob-
vious areas of interface. A prima ry purpose of this study , and its associated
methodology , i s to insure that the specif ic RNAV and FSS impl ementat i on p lans ,
which have been changed considerably s ince their original development , w i ll
not resu lt in any program incompatibil it y .

There was one ground rule adopted in th i s study which has a significant
impact on the study methodology and results. Specif ical ly ,  the study objectives
were assumed not to include an evaluation of the viability or adequacy of the
propose d FSS improvements . In this regard , the only assumption made was tha t
the quality of serv i ce provided to conventional nav ’igation users should also be
provided to RNAV users .

Since RNAV implementation is not relying on the incorporation of addi’,,ionai
functions into the FSS system , the methodology adopted for this st-ad” involves
a detailed examination of how RNAV implementation will affect those f~rctions
wh ich the FSSs are now performing or are expected to perform. Both the current
and automated FSS systems , and charted and pre-planned d i rect RNAV scenarios , are
consi dered. In retrospect , however , the relat ive implementation timing of the
two programs did not become an important factor.

RNAV impact on the FSS system may take any of three distinct forms . The
first includes direct impact on the FSS system induced by difficulty in processing
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R NAV user reque-’’. I ‘. . The ‘.ec ond is I ‘~~~ u iiipa t e OUSO e l liv I h&’ ne ’ ’.e’~’. u C v to  pi’o~ n do
wi i quo or ex~e anchn ’ t l  .ii~ab 1 lit i t ’ ’ , in th e genera 1 support ~ t RNAV i op lenuc ’nt at non .
La ‘ . t 1 y , any i nab i i it v of the I 55 ‘,y’. t eni n 1 o p m v  I do RNAV users wi t hi a comparable
leve l ~ servi e 1’. indirect ly attribut ed as an FSS impact.

The nine thodo I oej y I or the exam i rio I ton of the 11db V i  d u n 1 I 55 tur n’ .  t ions and
RNAV r.equ I remen t. ‘ . has been dov I ‘-o’ cI ‘.o th a t any po tern t a 1 n nupat. t c i t  the above
types w i ll he uncovered . The nuethodo logy involve’ , a six— step process , as
‘,~ : I’ i lii’ I be l ow :

1) Deli neat ion of the purpose of the fund ion
2)  1 xami nat _ i on of the’ current method of accomp l is hment
(3) F xann i nat ion of the future ow’ t hod of acconip Ii shmen
(4) De ternu I not ion of the s i quil l  cant pa route t e’rs re 1 at i rig to

adequa t.e pe rformance of the function
(5) Determination of RNAV differences and/or unique RNAV serv ice ’

requi moments
(6 )  [valuat ion of RNAV inu ip ac t (by means at esta b lish in g wht ’then’

or not RNAV difference s or I~NAV imp l emen tat ion will  a U ~c t
the s i go if n cant tuno: t ion paronueters

This (‘VOl ua Li eli c t s i c  o’.s ha’ . been app Ii i’d t,o ea(:h I 55 tune  t ion , and the
‘ . t . e p— by—s tep rosn i 1 1 ’ , a no pres en ted be low .

R.4 RNAV IMPACT EVAL UATI O N

The purpose ot t in i ‘. set t i  on i S Ic 1  t ies’. ml be t int ’ t’esu U s  c t t  the RNAV impact
eva lua t ion . Iach ol I hi’ ton ha’. ~ e 1 sS I ninc t I c0ns are c le ’sc ribed iri det an 1 , in —

1 wli rig t he in ’  purpose . urrerut ,lritI In l i m o not hod’. 01 Oc t elilIp l i’. PIilIe ’ uu I , s j qfl l  I 1 (‘all t
im nc t i  on paramet er’ . , RNAV — pecu l ia r  ,‘t ’e iui u mom ent S duct I un n ail v , RNAV i iunpac t ( n  1

any ) . he c lOS mi pt non ’. on to i nod hi’ i’e lii .1~ t’ I ci 5000 t ’ \ I t’nn t redundant I w i t hi reqa md
C ii the previous SOc t ions and intent. to na 11 y redundant me ’ 1,n t n ye I 0 1 h’.’ me ter~’rn’e
m a t e r i a l  . They are furnished in the lot  en ’c’st of provi cling a St ’l I — ce nt a bnt ’d
anal y’. Is - Areas wherein no RNAV i nup ,nt I was revealed ,nre ‘.los’. n’u bt’ei w i t h  the leve l
of detail ne~

_ es’.amy t o  support t he c d i e  l o s t  on and t o  p,’ov u tie the reader w i t h
‘. ij f f ic nent in format ion f c  r e— e va lua t e  the e ’ O f l ’ .  ins ion it  o’hanqt ’s to o’urt’t’nt I 55
p lan s are made.

B.4. I Su r fac e ’  Wea l hot ’ Obs t ’ rvat ions ,nnid Air port A dvi si ’S~ S O t V 1 ’ . e ’’.

Purpose of’ Func Ii on

More than two-I tn i n - its of I h~~ I 5’.’. c i it’n’Oli t lv t ak e hc ’ ici ’ 1~ ‘. “
~ .:, . ‘ wea t  h e r

ohst ’mvat 1 011 ’.. The pni mary purpc i’.t’ c i t  this fun’.’ t I c l i  i ’ . I, 0I’ c 11, 1 t ,  1 ‘ ‘‘ ‘nb C I OIl

to the Nationa l Weather Servi’.e . Apprc c~ u iuua t el y ha i f  of t o e  ~sn’. i t  t~ a t ne ’n’
observations uti ii:od ov the NWS arc’ provided by the I S S  i ’eetwork.

Where ISSs arc ’ located on airport s with out cont u’ol towers . they .ilso pro-
vide airport advisory service. This service includes provid in~u p i l o t s  wit.h
bas ic  airport-or ien ted weather data (wind , barometer. et c .), runway- in-use in-
fo rm ation and any pertinent local t ra f f ic  data.

I ;
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Current Method of Acco mp i 1 shnnen t

Eloth of these ‘.erv 1cm ’’. are ent I re I y man ual oxen: n ’ .o~. , condu ted at  t int ’ I SS
‘.i to. The wea the r  i nforma t I on i’. d 1st ri buted throughout the weather dot a sys t en
via the Service A tele typ e circuit. Airport advi sory n nt o r nnu at i or m Is dissemin ated
as ~ par t of the weathe r briefin g activities (described later).

Future Method of Accom p I i~ hment

With an ultimate reduction to approximately 20 I SSs , it Is apparent that a
change in the weather data collection system is necessary . The exact plans are
not definitized. The requirement for weather observations may be the lim i tin g
factor in the speed with which the FSSs can be consolidated and elimin ated . It
m s anticipated that a reasonable quantit y of small FSSs , devoted almost exclusively
to weather observations , will be required throughout an interim period . These
FS5s will also continue the airport advisory service as necessary . The long-term
plans , however, involve the FSS disc :ontinuance of both functions. In addition to
the AV - AWOS system , the al ternat ives for weather observation include transferra l
of the function to the NWS and/or the use of priva te contractors ( BOs , for example).
Airport advisories may also be accomplished by IBOs , hut , and in contrast to the
weather observat ion function , complete discontinuance at m a n y  non-tower airports
is considered a feasible approach.

~i~ ni ficant P~ rarnieter

While weather data m u s t  sa t i s f y  a variet y of self- evident crit eria in order
to be useful, there are no significant parameters which have any bearing on RNAV
impact.

RNAV Di fference

None

~N~Y ! P ~ c~
None

13. 4. ~ NAVAI D Mon itor in~ (I rtclu de PIRUP data)

The purpose of NAVA I I) morn i to r i n i 1 is  to 5, t n i t . i i n u  a i’i’ c ’ m ’ ~ know le ,.u a’.’ ill I t~e ‘. C d t u S
cl  the ‘,AV7\ ~ ~)‘ . M i c- .t ‘~15~’. , Vt) l f lAi ’. , N~~ . , ,1liel SLS , :c ’ Ss art ’ -

‘ ‘n t c ) i ’Cd ti_v the b ~~ -

The complete FSS rospon’. i bi ll ty in t i n  - ‘ an ’ e ’a inc 1 :dc’s V e r b  t i  c a t i o n  a the mal —

funct ion , NOTAM issuance , n o t i  t I cat ion of main t enn ~ ce Oi’sCub:, ’.’l ~~ no act i~ a —
tion of alternative NAVA Ds where availab le .

Cu r r en t  Method of Acco~~ i i shment
The ex is t in~ N A V A I D s  ~V0Rs , VORTAC s and NDBs, in particular) serve two pri-

mary functions : to support instrument navigat ion and to t~ro~ a c a s t  wea ther and
~OTAM data . The facilities are monitored pr ima ri ly by means o~’ automa t ~c mon i-
to rir it ; c i r c u i t s ,  incorpora ted into the hardwa re, wni cti alen ’t ESS ~i’.’rsonne~ when a

uflc t lo rn ‘..c & c u t s .  tt~’ autO mat ic  innon itoring capat l i  l i t v tar a VOR qen’.’rall y i n—
d u n e , receiver haroware’ mounted ~o as to rec’.’t v c ’ the ~~ si .: :als as CSt ’V emanate
in one di rn’ 1 t on . I rn thi s manner , ‘.1 gnu I hi as • s nei: ’.~t h ,1Ib~ ibt ’?li ’l’,I 1 m d l  ‘.t ’ 1eV’ .’ 1can he c hecked ,  “tqn al pt ’ r t u rbat ic i ns w h i c h  a t  t e c t  o n ’ . - cc ’ ’t ,mu ~ 1t ’r ’c t  ions ~.‘.ua l lv
Lafl ( I( i C. he detect e l  ; however’, f rom a hi rc1w~ l’ t’ s t  ,undpoi ni C s flO’~~O~~~::mOnrei~jon~ ) or’ dt rn ’ c - t ton a l i i r , s uj t a b m  lii v o? sianals ‘a’n’.’rallv s t e m s
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from mu it n— p a th otto ’ . t ‘-. ( s ’ . o  1 lop ing ) 1 Pie’SC are usual lv rt’pt’.mt able ’ or p’ rrai~e’nt
per t  c i rhat  ions and hOnct ’ . dote ’ . t ab  it ’ by I P’.A I l l qht inspect ions , Pt I at reports
(PIREPs ) , h owever , prov ide the onl v real—time data on an rhorne s i  qnal su t tab m l i t
The FSS recept i on of the aud io broadcast chann els of the NAVA IPS provides a
up mon itoring capabil i ty.

Future’ Meth d of Accom plishment

No major changes to the man it itt ’ noe l $ un’.-t ions are cmv i s i  oned iii the ,iut o-
‘rated environment , except that moni tor ing wi 11 hi” I urt her re’nnxi t e’.l t o  the I ss
‘ ml ’  t a ,  i li t v -

, i  -Jn i i co in t l’aron~’ I or

VPRC AC (or VOR ‘DM1 ) I act li t  ic’s pr ’.rv id~ v i r t u a l ly  a l l  at the na v i g a t io n
,uit pOrt  ton ’ RNAV oper a t ions , his is t rue now and will cant tone to  be the’

ca s e ’ C ‘m,’ou c lhOut t he ’ I, inn’ I ramt’ of i nit er’.’st in t h i s  st ied~ , Con ’ to  iii non” .’ sOphi s—
ca C e ’,i I~NAV ‘.vs ten’, ar e ‘.‘upah I’.’ of process i rig dM1 or \‘d~~ ~.1 qua is f ront two

s C a t ions m1~~~,-0 , inde pendent VOR or L)MI tue i i i  t ic ’s are .nl so of concern . No

~~AV ‘,v s I eSil ’, i, t  ill :e’ NPLTs . The use of V II s t d t  loris or navi gation sate ’l ii to’.
no t con’~ i de ’r ’e ’O in th is  s tudv . —

L 
The ’ s i  gri t t icant  a sp e c t s  regard n ii~~ I he’ no rm t o r i  mc ~ t N- \V A ID ’ .  inc lude t i ’ .’

‘, i gn u I t r’e’nqt Ii , 001 “0 ,nn d h i  .i’. as t h~ y e’’. i s t wi t In iii the ’ e n t i r e ’ i nit ended req t ori
ot  cov e ’ rage .

~~AV D i i i  t’re ’.’

Re’ct,i m ’iI t r ig C he ’ Use ’ at NAVA II i  ‘,j e l u , n  I ’ , , I~NAV di I f  di ’s I n ’.ii:: ~lI1\eti t lemOl na~l e na I i OIl itt a very import a nt way.  I ridi ’,’ t ?~‘.‘ ,lss ut n n p t non that  th e ’ a in ’ ’. m’a ft
Cu d 11 ~ ‘.1 .nv on or near ’ f lit ’ i t ’  route ’ . conve ’ntiona I V OI~ or ~‘PI~ l~ system s

u t  i I i  .‘ e ve”~ I ow of t in e’ av ail ,th ii ’ VOI~ rad i al s~ RNAV rout c ’s , on t he’ cit t ie ’t’ hand
wh ie:h ~~~ hi t y p i c a l l y  not ove’m ’t ’i y t hi ’ Vdl ~TAL ’ , t ruvorse .iiiel I he ’n’et e~ nh  i i :e
li, Ii iV r’adial’ ,,

RN A V ilp~n.. t

Iii ,t h a ’ - t i’d ~N4\’ et i ’.’ 1 t’ ’.’ lut i i ’ .’ Ib I , N A V A l  Li pi’ t ’ C  0 n’ I : , m lm ,  ~
- 

~, :s~ ~he ’’.’ked an d ‘‘on -.

~t or -ed in v irtua l l~ the ’ sa ble ’ way as t oda\ lo spi  I t ’ 1 no t a c t  “ ,m t non” .’ \ Pm~ ~~~~~~ i a 1 ’.
~ i 11 he ’ r’.’ I ~t’d upon . t he’ f l igh t  i n’.peci ion an’ I’ IF~1 C ‘ ‘.lat 0 W i 11 , t i J ~ c ’m.i t I ‘.‘o I 1’ . pro-
“ ide t h e ’ appt’opri ate tnt orniat 1 011 , As RN~\V route s  am’ .’ t’e’n’ t i t’i cu am id u’,’.’’.j ,
eve r’ , ourt i u l u r lv in an I nt cni tnn on- t r a ns i t io n  pe’t ’i ~“.l . t here m~ 1 1 he ’ bb Ot ’ O t ’ i’~~~~ t’”

it ‘i I e w e  n ’ t Ii .nht s eo’. h than I s  un’ront I’. the ’ ‘.‘,‘n ’.e . he’ i”.’gui b’ tnil, ’’I C t ‘a C t i’”
.1,, t 0111,1 C i ’d FSS ’. he ’ oh I ’.~ t e l  .1’. c ,nn iitnttd,t t e’ t ine ’ t i le i’e ’O sc ’O iaint ’ c ’ t ’ Of I’d , . b ’ . ’ - - ‘ on ’ \Pi AM
purposes • , iHOtiel c r tht’,’’, conis t i t  ut.e ’’. a ‘.1 go i t’i ca nt impact . Moi’e’ d t ’ . ’ .  le s s )  Oil ill
C M i s  ro ;,n r’~t will he p r’o’~ 1 dod in See t to r i  .4 . -1 .

_‘\s ~ 
‘ i ’ ~ i ctfl fl t’ei di re ’c t RNAV at t a tins c~n’e,n (or of i ii .‘ at  to n , C lie dn ’oC ’ ion

i’ ~~~ ente ’d I’ I ~[ P clot 0 W i  11  be’ es ,ng~er a t e ’d . I u,’t her ’ , i C c~ I i i  ‘ c ’ ,b~’,’ .’sS ,iI’\
C ‘ b e ’ I SS aut c Mlb ,nt . 1011 cap af ’  I l i t  i i ’’, he dos i etmie ’ d s o C hat ~ ~~~ ~‘ dat a , iii ~~~ I t t  c li’

:o ~~r’ - - a Sc ) AM ,la to ‘. tii Lit’ on ’g,iii t .‘ed re 1 ~nt i ye t o  ti e ceocn’,u’.M t.a 1 region .
“ .1 ~ ~i e ’ t ’ ‘~an  n’ ’ .n ei ~‘ ~, ) a t  I’.’’.’ t e’ ’.l. n ‘-. i ‘. an Imnpact i ni C hat i t  ‘~us t  he a. ‘. oillO ,tat oct
Wi tn ‘: C Si ’ s~~t twar ’e’ ‘.yst,cnis , but. rio ‘b ,n ,1~ e l ’  di I 1i t~U t \ is  ant 1’.’ 1 n.it~ ’.I

_ _ _ _ _  ___  - 

0 

-- ‘- ‘- -

~~

- —-



13.4.3 Mas ’, P r o - I l  i~ ht and I n — Fl i~jht We’,ithe’r/NOTAM Urie’ t’ir ~~s

Purpose of Fun ction

Mans pro - f l i g ht bm i s ’fine V . .n re ’ inntended to provide suff ic ient weather in—
format ion for the pilot , to make ’ a pri’l i n i tinamy go, rio—go , decision. Mass in—
flight br ie ’fnn qs provid e a moans for t h e  pilot to receive reasonably current
wea the n- informat ion as the fi i cjht progresses. When the weather is stable
(predictable) and not unduly severe , the briefings sat is fy virtual ly all of
I ~n’ in - flight wea her r ’e ’gui rn ’mnmen t’ ,. tInder tr more adverse condit ions, personal
attent ion on the p a r t  of ‘.~ ~gce’m i al ist nmay be needed.

Current Met od of Accornp l ichn~ nt

The FSS specia list has access to virtuall y all aviation -oriented weather
dat a via the Service A teletypo and the Weather Message Switching Center in-
clud ing many airport , regional and route (airport-pair) oriented weather fore-
casts prepared by the NWS . These forecasts including regional information and ,
in most cases , directional information (i.e.. major routes) are disseminated
by the FSSs through the PATWAS serv ice . Taped weather briefings are also broad-
cast over NDBs wh ich thus serve both pro -flight and in-fli ght functions. In
add it ion to the use c ’c t  NW’ s , in-f lig ht briefings are broadcast over VOR stations .
These include TWEBS (continuous transcribed weather broadcasts) and hourly
scheduled broadcasts. Weather information is broadcast over more than 900
VORs .

Future Method of Accoi~pHshment

roni the p il ot ’ ’~ po int—o I—vi ew , the automated F S S  svstettm will provide
omparable , I f not i dent. i cal • mass wea t hor di ssenii no hi on func t ions .  Expanded

PATWAS operation In env i si oned . hot I he use of NDRs ,nnd VORs w ill re’into in un —
chanqn’ l . Wit h req,i mel to the F SS, t her e  m ay he au tonina t ion i nnpmovemt”n Is to ease
work load. Of pri me importance is f lit’ pot cmt. .11 crea t  ion of autoniia t Ic voic e
respon ’ .e capabi ii ty. This may evolve ’ into any cit seven-a l forms ; however • the
e’s~,encc~ of the capat ci Ii ty is that the’ I SS S~~Oc ial 1 s t  can extract voice rather
than text from his system. The’ content will he identi cal.

-i

Si~ n i f icant Parameter

L
C h ~’ pc n r ; ’’ ,n ’ Ot ma’ s t e r i e  C inqs i - . to 1I ’ c lV I c e  c’ .’ner ’,m 1 db ’ e ’O 10 Co t i t i .j t i  Ofl s SU~ t— able to r  use b~ 1;any i lo ts , hencc ’, sIl l t .m tele for , 5 ¼ ’ ‘‘S many ‘- pee l  i’c ‘outos .  - ‘

wh et her or not I no rc eu C e ’s ar e  i~NAV is , the re I ore . no c O n s c ’  ~~‘.
‘ .~~ e and t Sd I \ ’

are no significant p a m ’am e ’t e’rs n ’e l a t i n ;  Co  1-CNA\

RNAV D I f f e s r e - irmc r’

N one

PNAV I nbpan I

None

B- i d
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r nd iv i d u a l i’ r ’e ’ - l i  ~ht , i r t c l  ! n i- I l iyh t  Br ie f  i rm ~ ’,

Purpose of Fun t momn

tinder rnon i i rio I c I ri urns t. , rm n e c’s , I he nib s I i intportdn t we’d then - brie ~ i rig i n tIne
I no I pre— f i n qht . wool her hrio t i rig • t he’ purpose of wIn i e li is t o  fac i i i  to C e ’ the ’

i’m t i r e ’  t l i gh t  p1 ann i nq process ( i n n ’ .  I ud I nq route and a 1 t i tude sele ’cti on , deter—
ni in a t i orn of fue l re’cl ui r’ements , e t c . ) .  In-f l ight briefings serve a variety of
functions a’ dict ated by the p articular situations , The need for personalized
in -flHht briefin gs generally implies that unusual, adverse , or at leas t unex-
pected weather is i nininent.

Current Method of Accornp,lishtnent

F ‘s ’~ we athe r  data acqul n it 1cm t s  an cottipi Ished in the same ma cinn er as
- Ic’’,, r itet ’j pn ’t ’v iou sl y. Pre—t hej ht ‘ r n e ’f i nm c ;s d n c ’ di’; ’b ,em im i ,Ited p r ima r i l y  by tele—

10 to  is p e r c e n t  .1— i ’ C um n e tue t ‘.‘ ‘.f in person . In the ’ current environment ,
very 1 it t li ’ r u to l ba t io n  ~dle a t e i  l i ty is av a i l ab l e’ and t f l e ’ briefings are , therefore ,
M i fl 1 v )e ’ rnc ma ii zod - In— f l igh t  bri oIl  nics a (‘ c ’ prov i ded v ia  two—way radio commun—
i. at  en-  . A part  ~ t t h i s servic e ’ i ‘ . ,‘c ’ temr ’ t’d to as the Enroute Weather Advisory

(~ ~A”e ) ,  T h i s  • an sists at the use of a s ing le  frequency for all pertinent
55 or pi b C  we ather ,n’.lv i nor te s. A n y pi lo t nnoni tori m g  I no frequency Wi l l  obtain
11 n’~’ levont woo l her data  Wi thoen t ,nc Ii VP 50 Ii ci ta t i arm .

~e ’,nth (!e ’ t ’ . i’~ t ’t i r e , ; - ’ art ’ the’ m e e t ~,rteor init ensive , activity conducted by the F
1 i,, ? it - .e ’rv ice s t a t  ~onc . Th Is l i o n e l  n on  is  the prii t~ target for automation
-~~e ravom i~’n t

u l i e n ’, ~~t -  I he ed , e t  A . , ce
~’;1’ 11 nh iii e ’n

Cons i .ie’r,~hle n’e’,e ’arc h has boe ’nm devott~d to devising a mechanism which w i l l
I n . i l j t , n t e ’ p i lo t  s e ’ b t - b r i e f i n q s . ihis rosulted in the development of the PSRT
( t ’ i lot Si ’ 1 t— Brie ’t t r i g  T e r m i n a l ) .  The ie- ,or , by invokin g various slc)leort prograntts
arid lot iri inq 1 115 e j e ’ f l e ’ n’ ,il route at  11 nq ’mI , a d d  obta in detailed ro ute oriented

~k’ d t M e ’ r ’ Si ’’i~~ f in5s ari d til e  S i n  ~ 1 l in ’li plan. High levels of PS1VI util i zat i on
we ’ re ’  a e - y 1 o t ‘ee ‘, t i e  ‘5” of the a v-i ‘.1 1 1101 an toma ted I 5 ‘

~ 
p 1 a in . Ct ’ r t a i n potent i a]

however , have cau se ’.l r ’e ’,n ’~ enia bl y najor cha n ;~;o’~ - The dSt~1 , in I ts t ’l f
a vee’ , vu ’ 14 db C e ’ c , r ; ab i 1 1 ,, b~as bee n n’rdt ’ fm ;ol C 01’ u’ - ‘“11’ ,i r’i 1’. t ’v I h’.’ FSS

An i nteritt i automated e~ a C e i 1 ~tv  . current ’. tn opo’ ’a t ion at the’ H
A t ,n r i t , n ISS . invo l ‘.‘o’, di lot /Fste Ie ’ C t 5 e t m a m t e  e0 i~ii iti n1i~~,it iOn • as tec ’ f ~~ ’e ’ , hut s p e c i a l —
1 s t ’ ’, u t ili/ci t lOn e e l  whit is  e~S~~e~ i 1t n u l l ’ .’ a - F ’ n ’ i e’t ’ iiig 11 ,110 , ,mni , i infe r r i o t  ion
a c ce ’s’, in par t i cu la r , i s  improved. Thi s pr’oc’.’d, ’.’ b ury he’ •~nIi,i ;..~0 0\ t Ile use

of recorders for either the ’ p1 O t s ’ e l m ’ ~5~~
’5 ,- .ii 5t -~4rii , - ,1 t ,On s . 1, ’ ,‘ s a - le. the

speC 10 list , at  t e n ’ an in 1 ti a] universal mon wi tn tht” pilot. , im,iy ~l Oc t  to  re~’or,,i
the brief in ’; . Tn j ’ , , ,mn then he re’;ela yed to the pilot , as man s- tines os needed ,
i~ i thout fa rt  it ’ v ’  s p e c  1,1 l i s t  i nte”v t ’ re t i cm . Longer range enhancements i nval ‘.‘e auto—
:“,ltiC voice m’e-~ponse systems (V~ s). With this cap aht 1 it y . t h e’ spec ia l i s t  woul d
m o ot v ia the CRT various route’ bo .at i on  data , hut then rather than having to
read the br iefing off of the displa y, the VRS would pr’odl ct’ a recording .

~ ‘— 11
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Inn — H e~~ i t hr m e t  i i i ’ ; - , w i 11 e ’’ ,- - o n t  Ia II y he , i rb , C , , e t e d  in II t ’ ’ ,d~’ e ’ W I ’ .  0” ~ I’ c ’ ’-

H e;h t te r I Cf I f le j ’ , - S I i~( I’ t he  r ’ e e pe 1 r ’e ’ imii ’ r m t for 101 ’’ - , (flid ii .s’a iii —  t H gm b r i e ’ 11 nn q s

are s om ewhat l ess standardi zed , b ’ ,’ eiinphas is w i 11 be placed on recordings and
VW , ,

An t hi~ I nhani od (1 umnq — I erni ) Sy s tern ut an tom b t i cnn i mnipv’ovetne n I n 1 nip ] ennen t t’d
remote’ n ice r ternii nal ’. wi 1 1 become mare w I despr esnel , However , the n ntornnat ion
hdndl m g  prob l ems (those affected by RNAV ) arc the s , c c t -  icr the cane’s of either
remote user or hub Fli ght Service Specialist teni iinal s ,

Si~ nif ican ,t Parameter/RNAV Differenu’

Pertaining to the’ type or accura cy of weather iniforniation , there is no
difference emanating f rom the use of RNAV. With regard to the FSS capabilities ,
the number of “routes ” for which weather briefings are stored may have a bearing
on the efficiency of the FSS operations , during the period of transition to RNAV .

RNAV Impac t

The primary impact of RNAV stems froiii the existen ce of an increased number
of a v a ilable routes . This will produce no irttp act , however , ‘if the route pn -o-
( (‘‘k, I 1I(j  e e e i h ~ii4 tpr l e l e i t ,  e (A r’rI ’Iitly h oning aL l  1 i!e~1 ( i n  A t 1~e n t d )  is comntinmu e d. The’
specialist obtains the r e l e v a n t  w e a t h e r data by means of specifyin g the airport-
p air and a “ route width ” - The’ syst f’nmm collects all weather reports emanatin g
from the region defined by the great circle arc connecting the airports amid the
width of the hand. The width is a variable and values of’ 25 to 50 m iles are
typical for routes of medium length. Logic of this type is unaffected by the
actual existence of routes (charted or pro -planned) , Also, the differences be-
tween RNAV and VOR routes of ntediu tin length are cer’ta mi lv sufficientl y subtle
that the suitability of the “great cmr cl e arc/route’ width ” conc ep t is not de-
pendent upon the specific type of route be ing considered.

Alternative logic, such as the pro-storing of route data , may he more
expedient and reliable. However , it th i s is adopted , some RNAV impact will
result. Either more route storage will ~~~ required or see-vice to conventional
users would be degraded. Further , ro ca pab i l i t y  to acconviodate pre-planned
direct RNAV routinqs would exist.

B .4.5 !FR /DV FR Fi ,~~ht Pla! o sm~~

The FSSn currently accomplish I[~ f light plan ’m proces- -~inq for ttiost general
av iation , commute r , and supplementa l a i r- .ar ;’ i e ’r an d n ni l i t~~”. -VF R ) fli g hts.
The purpose of this fun, C ion , r e l a t  lv i ’ to its h I d e s  1 011 11 U-c ’ FSC i~~c’~’,1t jOr15

is that the fac i lities wh~- r ’ t e v  f l i g ht pl ans c,,ri L - t~ 
‘
~~~~~ ore c ‘cuc.-’a and

direct p 11 ot/ATC contirmun i cation in ten t c ’ re it . The’ rSs~ a~ so yin ’ C - ’, t’l i ~m n t p1 an
content val id i ty .

Current Method of Accom plishment

The function is pert’oriut ’c t h r ~uqh the sam e’ foci lit i .’s ,u~d 00e~~~~t1 r ig

scenario as the individu a l p r o — C  I igh; (and i n — f l i g h t  C e” o , i ; e ’t ’ hr oi ings . F l ight
pl ans are fj led by th e ’ rss sped al i -~t ~,r’a,’d up on 1st  •~b’ b ;at ~Ofl ‘‘o :01 ‘.‘ed ro m .  the,’
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p~ ~o , i - n  tt’ l~~ph~~n’ ui -pe rsu ’b ~p re - f l i qh t  ~ m m g ,  or based upon two—way radio
cor T l r u r m l c a t i o n  ~in - f 1 i qht). “Filin g ” of the plans involves their corrinunicat ion
to eitne r an ARTCC or tower by mnm eaus of teletype or interphone (if  departure is
i niu tm i nm e ’nt). As with the weather brieftn qs , the function is labor intensiv e and
very little automation is currently availab le.

Future Method of Ac complichment

I nip ruveninen I. of I he III qh I. p 1 an I i liii q p rot ’edure by ti ie’arn S e) a u t ontia t i oni 1 5

‘It ’ -
‘ I r a t e  be , hu t the’ extent of i nnp rnve’nien t i s 1 i itt I ted by the requ i red information

I’XC? i ,irie li ’ between the pilot and th~ 155 . When the PS[3T concept (for use by pilots)
become ’. more widespread , the e onv nun m catmon burden will be shifted to the pilot.
‘et n em -w i de , the FSS specialist will have’ to continue to listen and make a record
o~ t ’n’ necessary fli gh t plan data . Recording the pilot ’ s verbal fli ght plan nmay
“ a l t  in time sav inq ’~ and nmay f a cil i tate a nilnor amount of work load leveling
~since the plans need not he processed exactly as they arrive ). The use of
t’o CR1 when it becomes coupled with the ARTS and NAS automation will consider-
iD l y reduce the time required for FSS/ATC comunication .

S I jni t i ca n t  Pa rame ter

Tnt ’ primary concern of the pil ot is that the fli ght plan be accuratel y
‘r’ansmi rod to the ARTCC. The time require d to do so is of secondary importance .

~4hi~~’ (ILc u racy is logically equally important to the FSS, the time required
ta r  ~ i l a s p e c t n  of the ftlin g procedure is critical.

RSA ~ Ji fe ronce

~r c  only pert inen t d if f e re nce ~‘ t w t ’ ~’ n m RNAV and conventional navi gation is
the manner in which the route is geographicall y described.

~NAV I:rpact

The phraseolo gy used to describe charted RNAV routes corresponds perfectly
to that used for conventional routes. A route identi ii er is used to represent
a s e r i e ’ — , of route ceqnm ents , Route inters ections and reporting points are given
names. The convent ional use of a VOR on ’ VORTAC name to depict a segment end-
‘,JOint is ana logous to the use of a charteP and named RNAV waypoim it. A pre-
vious FAA [‘2] study to deternmine t h e ’ impact of charted RNAV routes on ARTS and
NAS automation has conclu ded that the RNAV and conventional route formats are

e At ~ 1c ie ntly si mila r that no impact on the f l ig ht  ~l~ mi data processors will occur ,
rhev di~ conc lude , however , that the additional number of routes would cause a
O O C I e  eate~ C ~~1act . dowever , ~ n l m s  m m pdc t w i l t a isappe a r as m~M~ 

‘
-
~~
‘ > ‘ “

~~~~~
‘
~ - c-”- - -

completed. The r i rs t  conclusion , perta ining to f l ight p1-a n forma t ap2 l ies a lso -

‘

to the FSSc (i.e., no RNAV impa ct will result) . Whether or iot the quanti ty of
routes wi l l  produce an impact w i l l , lo gically, depend upon ~ hCt. he-” or not it
is neces ’ .dry to store the routes within the FSS facil ities. F lii ht ~‘lati yen —
‘b uat ion cannot be full y accomp lished wi thout access to stored route data .
This is necessary in order to chec k “ spelling ’t and route continuity . It ‘is
u ri t i I pa ted that the upgraded AT E au tonia ti Ofl will include an appropr i a t-e corn—
; ,ter ‘,e ’rif ication capability . If this capabi lity c o m b  b~~ ,IdCe ,’SSe,’J by the FSS
or ’ to’ used to el in ~;ifl,i te this port ion i~ the FSS f’unction , there will tet’ n~
i - c a , I . O t ne rw i s e,  ,id~ji t iona l FSt’e c u c i p u t e ’i’ s t On ’ae le  wi ]1 hO ne& ’ teO . ~~d 1I i4 , I

-,e’r’ j ’iL ,n t lO n of the route descriptions is not viab le , stnc e ‘it de’te,rts the
purpose of the automat ion .

F~— I _
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With reqard to RNAV pre-p lanined (Ill -o ct . severa l uncertainties exist. The
advantage of pre—p lannod dir e ct 11 iqln t is that intone’ fl e x ibil i ty is available ’
in the selection or construe l ion of routes . In order that this benefit he’ real-
I zed , the number of wa ypo I ot s po ten I i ,i 1 ly a va i lab 1 e nuns t be adequa Ic’ . The
current trefl(I [/S J i c t oward the use ut charted RNAV wa ypo int ’. with dua l des iq-
m a torn (labe ls ) . One do’, I gina tor woo l (I convey the ’ wa Y~~O i nn t i nca t i O i l i l l  t e’ t’ms of
1 at. i tude and 1 ong it ude or rad ial ,imul e l m “t ance re lativ e ’ to a spec ii i ed VORTAC .
The other de’,iejnator would be a pronounceable five letter name . This concept is
consistent with what i ’ being done today . In order to define an IFR route , the
pil ot would need to convey to the ’ FSS specialist only a list of pronounceable
waypoint names . If this approach is adopted , the impact on the FSS system will
be very s imi lar  to tha t of charted RNAV .

However, the numbe r of waypoints required to provide adequate support of
pro -planned direct fli ght has not been established. It is logical that as the ‘

numbe r of waypoint s is increased , their pronounce ability will be degraded . It
is not impossible that the concept of pronounceable waypoim’its may be d i s m i s s e d
altogether. If this occurs , wdypo irm t designators nay take the forimi of a ran-
dom composite of di g its , letters or a connih inat ion thereof. Comm iunication be-
tween the pilot and the flight service specialist during the initial flight plan
filing process would be more difficult , time consuming and prone to error. The
PSBT concept would have i n’viiensely increased value under these circumstances and
would vtrtu al ly eliminate the impact as far as FSS is concerned. In addition ,
the impact would be partially offset , particularly in short to imm ed i um it distance
fli ghts , by the use of routes which are , in fact, direct and , therefore , re-
quire only a minimum number of waypoints.

8.4.6 VFR Flight Plan Processing (Initiation of Search and Rescue Missions)

Purpose of Functi on

The primary purpose of VFR fli ght plans is to provide a record of aircraft
dest ination , estimated time of arrival and general route description . This
expedites both the initiation and conduct of search and rescue missions in the
event that they become necessary .

C r e  Method of Accom2lishrnent

VFR fli ght plans are constructed by the FSS in tt’e same wa y as are IFR
plans and involve the sante f l ight plan data. In cont rast to  IFR plans , it is
the responsibility of the pilot t,o activate the p lan by meoos of conmiunicating
the actual departure titne to the FSS. This is done by two-~~,y raul o after
take-of f .  The FSS w i l l  then transmit (usually by t e ’e~~~m e) tr’,L ’ d li ~ ht  plan to
the FSS nearest the pilot ’ s destination . It will t h e - b i  tee n& kd ~~ sas r t’nse until
the pilot calls in to close the plan. If this is not done within a proscribed
time period after the ETA , the FSS w i l l  act ively attempt to locate the pi lot
v i a  radio communication. If not located , the FSS will notif y the Coast Guard
A’1 ’- Ftr~e, and other 

appropriate organizations to initiate search and rescue
oper,:~tions .

Future Method of Accomplishment

Construction of the flig ht plan will he accomplished in the samiie wa y as
for IFR plans. Transmissio n of the plan w i ll be fac il itated t’v the use of the
CRT and high-spee d inter-ISS comiinunication channels . Sinde ’ Cu r fewer FSSs wi ll
ultimately exist, less inter—FSS commun ication will he.’ nt’,. ’;sa;’~ ,

te 11
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Si ~pi fi~~~~t_~~ rame ter

As with h R  plans , accuracy and proce ssing time are of fi r’~t om-der i niipor-
tunce . In fart , the processing time W as the primary motivating force’ behind
earl ier plans to el iminate the function altogether.

RNAV Difference

The only differences caused by RNAV imp l ementation and/or use are the
specific routes utilized and the route description formats.

RN Imp act

The description of a VFR route is a less formal procedure , dictated by the
variety of actual navigation techniques which may be used. The forma t used need
onl y be manually interpretable; no automated verification is needed. Predominant
ijs~ of “RNAV direct” routes is anticipated and these would be the easiest flight
plans to process. The filing of charted RNAV routes will , as with IFR plans,
have no impact. There is no reason to suspect that the RNAV VFR flights will
be any more d i f f icu l t  to describe than any other VFR flight .

B.4 .7 Erner,~~nc~~Fii ght Assistance Serv ice

Purpose of Functi on

The primary purpose of emergency flight assistance serv i ce is to provide
aid to distressed VFR aircraft. The service is also applicable , however, to
hER aircraft , particularly when there is a loss of ARTCC or tower radar contract.

Current Method of Accom p lishmen t/Fu ture Method of Accomplishment

Emergency assistance is logically a non-standard operation and will alway s
involve the personal attention of’ one or more flight service specialists . The
facilities to be utilized in the automated FSS environnnent are essential ly the
saute as those used today . These include two-way radio conriunication equipment
and a network of direction finders . Remote cotmtunication outlets are currently
i n use to extend the radio range of the FSSs. In the automated environment,
the reduction in the number of FSSs wi l l  dictate far more extensive use of the
remote outlets ; however , the mode of operation will be the same .

Emergency assistance involves three basic activities:

(1) Deternm inin g the a~rcraft l ocation
(2) Providing navigational guidance
(3) Re-orien ting the pilot

Depending upon the particular s i tuat ion , performance of all three functions may
cr may not be necessary . The leve l of effort in each area nnay also vary . The
onl y accurate explanat ion of how the functions are performed is simply that all
a vailable information and capabilities are utilized.
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A- w i  meg  ton I I be - p u t  r i ot ~~‘ I , in ri of h t s pus i t  n on , efforts to establish
h ‘. p u ,  i t i urn rica -, n n e  I mmcl e~ nn y ( if th e ’  I CII  I OW l u g :

( I )  I i  lo t ’ ’ . ‘ I qh I, m g  of d i ’ , t. i nut i ye 1 andnrnarks
( ? )  ADI , V Ot~ On’ DM1 read i rigs made by the p i l ot

~
) One or m u o n ’ di rect ion f i rnder responses

Nav iq d tio n ,a ’; , j’,tance . dn be provid ed in any manner con sistent with the p ilot
am-I a i r c ra f t  cdpahl l l t n e s .  The po’;”ibil i t i es vary fromnn the prescription of
headin g’, to the construction of a new instrument-navi gable route. Re-orientin g
t r w  pilot, when nece ssary , i ’ , usually accomplished as a part of satisfactory
performance of the location and guidance activities.

— Si~ ni ficant Pdrameter

[og ica l ly , a variety of factors affect whether or not emergency service will
b~’ succe ssful. Only one factor, however , bears any relevance to the RNAV dis-
cu ’~sion . Specifically, this is the extent to which the specialist is able to
i i t i i t z e  the capab i l i t ie ’ , of the’ pi lot and his avionics to faci l i tate the location .
guidance and or ientat ion ac t i v i t i es .

RNAV Difference

Log ically, RNAV-peculiar requiremnents result only if the distressed air-
cra f t  is RNAV equipped and the avio nics are operational. Further , the RNAV
equipment can be ut i l ized , if necessary , i n a manner s imi lar to conven ti onal
navigation . However , RNAV provides increased navigational capabil i t ies. Under
appropriate circumstances , it ntna y he possible that RNAV could be used to fly
,nn independently navigable course ( i . e . ,  to avoid weather or terrain , for cx-
ample) when such would not he possible for conventional nav igation . Also, the
ability of RNAV to facilitate approach es to uninstrumented runways , or to
locate a nearby airport during poor v is ib i l i t y , can very conceivably have a
considerable beneficial impact in a critical situation .

RNAV Irni pa ct

There is no RNAV i mm np oct that stems from unique RNAV requirements. Further ,
can e xpect that in the vast majority of instances wherein emergency assist—

(Ince in provided , the existence of RNAV equipment w ill be inconsequential .
i t i’ , p o s s i b l e , howe ver , that ei rcuntnst ances will arise when the unique RNAV
(dp ~-1hi l i t  ic” can be’ ut,i ii zed to more greatly enhance safety than can conve ntional
na vi ga tion . 1mm these situations , it is assumed that the rss systemim will incur
a res pons ib i l i ty  (and hence impact ) for being fully fanmiliar with RNAV operations.

R. 4 .~ Re1a y m n~j ATC Informat ion and ARTCC / Pi lot  ~~~~-up~~~mni icat i o ns

r urpos e ’ of Iunc t ion

T r~’ current FSS ne twork includes a radio cormiunication system which is
more e”n un:pa~ ’ me ) than that of the centers and towers . The ~SS sy-~te’m is,
therefore , u ’ e d , wh e ’ l  rmec ~ ssary and pos’~ i te le’ , to  supplement (expand ) the cen ter /
tower inform ation. It . d i S O  serves as a hack—up comu nun ication c a p a b i l i t y .

_ _ _ _ _ _  — ~~~~~~~~~~~~~~~~~~~~~~



Current Met hod of Ac conup ii s hnnen t

the f 1 i q h t serv ice 5 t~
j t ionS e ,I Ii C olt ilhlU n 1 Cd te w 1 th the AR I C Cs a rid towt,’rs V 1 ,1

I n te rphon e , regular’ telephone and te l c’type . FSS/p i lot, COflV1*ifl 1 c , i t i cnn I s acconin-
p 1 i shed pr i nna n. ii y by the two—w ay radio tie twork . The rio twork i s e’ \ fe rns  i ye ,i ml
inc l udes , in ~ddi tion to faci ii t i e ’s at approxim ately ~O() l SSs a va r ie ty  cii

renrKjtc’ con~nunica tion outlets (RCOs). Ihe RCOs are generally located in such a
manner as t.o provide reasonabl y comprehensive low alt itude coverage .

uture Method of Acco~pjishment

The automa ted FSS environment will includ e the sanw’ basic cont ltuu ni icat ion
capabilitie s . Far more extensiv e usi ’ of RCOs is envision ed, hut th is wi ll 1w
functional ly identical to the replacement of FSSs by a remote capabi l i ty .  The
potential “joint use” ~ART CC/FSs col loc ation) concept will , logically, enhance
ARTCC / FSS con ii iun ication .

Si~ n i f icant  Parameter

The success ot the coniiiunications t’unc tiomm in dependent up on the time re-
quired for , and ac(’ura (y of , the transmissions.

RNAV D i f ference

The only difference in the conmi n iuni rations required by the use ot’ RNAV
stems fnonnm the occasional use of different phraseolo gy .

RNAV Impa ct

In re’ là ted ‘, t. ud ‘s [1 5] , RNAV has been shown t o produce con t ro 11 e r (hot h
terminal and enrou t.e) cominniuni atjon tun ic ’ benefits. The phraseolo gical di t’fer—
ences Will , there fore , not adversely impact . the FSS. The only FSS impact is
the  requirement for RNAV familiarity. The use of pre-p lanned direct RNAV will
have no compounding effect.

B.4.9 Airman Examinations

PuTpQse, pf_ Fu nc~J on

The purpose ’ of FSS adni inistratio ri of airman exan ininations is to expand the
loc ations at which such tests may be taken .

Me t h od of Ac c p,lJ~ h men

The rsss accomp lish this function simply by the provisi on of space’ amid
~~am monitorin g . In an automated environment, this function will he discontinued
since the advantage of widespread facilities will disappear.

I t — l i
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RN AV Impact

Curren tly, there is no separate RNAV exa rnn ination , and hence , no RNAV impact.

II. 4. 10 Law En forconn ee ri t Ass i  stance ,Inn (l Cus toms Servi e Support

those’ I urn I ion’ s ,i re i nert oni nn eel ,i’ , ,hnl ,i’ .’;i ‘.t amn rr ’ ’ .e ’  rv l e t ’ to th e ’  law and on l oins

~c c j ~nc ne ” ~. There-’ i’, no RNAV intert aee 4end no direct RNAV i mpact. in view of the
fact that run RNAV intt pact has been identified which will adversely affect FSS
capacity or ,t.affi nn q requiremnent s , the capability of the FSS to provide this
ass is t a nce shou ld he unalte red by the imp lementat ion of RNAV .

• ILS SUMMARY ANt) (;oNcLusloNs

A’, Wd S  previously mentioned , the impact of RNAV imp lementation on the I SS
systemt r could have taken any of three forms . These include an increased d i f f icu l ty
in hand ling individual RNAV user requests , increased burden associat ed with the
genera l support of RNAV operations or ann inability to ~c rov n do com in pam-ab ic ’ service

RNAV user’~. B~ ’,e ’d upon the analysis of the previous section , processing of
RNAV request’ w i ll he more difficult or more t ime consuming only under certain
potential RNAV pr o-planned direct imp l ementation scenarios . Moderate , but not

~~~~ ~j 11 c’ e ’ ’ ms I t  t’ronmi RNAV data bas e ’ s i ipp u m ’t i’e’qu i e ’ t ’imi e ’ii t .S in the
i n f u r  im ~ 1 r ,e nus i t  ion r’nv I r’nin nim en i t . No ee ’ea w,ns t ciund wher e 1 m n th e ’ I ~‘~S system Wi 11
he 4 nab 1* ’ to prov i e i t ’  C on tmp~n r ab  I e sup~nar t to RNAV u’u ’c ’ s . in t hi s regard , however
there is an e ~c opt i on of a sont iewhat extr a nne ’ou’ rca ture which w i l l  be addressed .ms
a ‘,epara t n  enti ty in ~ O( t ion EL 6.

The pr ima ry areas of RNAV impact are sumarized as tejllow s :

(1) Inc ,‘c’a ’ -,~ cJ d i f f  i :u 1 ty nm han d Ii nie~ pin’ - p1 anniod cli rec t [Ii qh t.
p1 ann

The p0t n’ ri t Ia 1 boric fit ‘. of RNAV pre— p1 ar m ed di nec t I’l l ej h t s tenri
f rom th e ’ i oc reaseci nunriher of “waypo in ts “ which will he made
(Iva n I nb i n ’ for  the purpose’ of construct i nq routes. The exact
mariner inn wh i ch the waypo in ts will be’ named or ot he-’rwi s’ dos —
i g n at e ’ d ha’~ not . been i ’s t,ah ii nhn ’ ( m  - There wil l he es s e n t i a l l y
no RNAV 1 ninpac t on the’ ~“S s y s  t erti i t  p ronouricoab le waypol nit
1, ’’ , n c)m n ,h t . or’~ (I re mit  i i i  -‘ee l . i f  t h in  15 r 1 e e ~ h (’ ‘dSP , however ,
I ))/p n lot coninunni cat Io n I n~~e ’ ~,iv be’ ‘, j e ) f l i I L ant  lv ntip~cte ’d.
Me ’ v ‘ I opmnln’n I of I. he s uppor L i  ye dat a t~~i’ t he qu an  t i i i  ~i t ion
of t i m  is i mup ,n c t was not. within the se. opt’ of this s t  dy

(2) c)a La ba u support red o i r (’nie ’n ts

I)u r I rug the RNAV i nnp le -i mme nt a tion period , an increase d niunimber
of route’s w i l l  exist. There nre a variety of FSS

u r ic  t icon ’ , which require ,icc ’t’’~n tO t im e geog raphical de ’~~c c ’ 1  pt b u s
e e l  t he’ route ’’.. I he’se in clude I’l l qh t plan yen t’ i c ’at ion and
NI) tAM ! F’ I RE P p ro~ ‘ ‘ . s 1 n q . The i rnpac t. on t he I S S v ‘. I em st e ’ms
I n ’0m~ lit ’ m ’ e ’e~ iI I r. ’t tm e ’ t n  t t o t - additional e’omputt’r st O m ’ .m c ) e . This
i m u h ), hc t s riot. con s 1 de’n ’ i’d to bc’ of’ Co m iSe ’qtie ,’ f lc e’ I f pm ’opc ’ m’ y
p l.emnn i e ’ el Ion ’ . in •n pr o—p i anmn ed di n’ec t e ’r iV l  oms~- e ’n t  , I t i e ’ cern —

I nimp ac t w i l l  be ’ ln ’ e ’ m  Icr wh i le ’ h i gh a it it ~~1, ’ cha i’t eel
rout c’’ ,nre’ nm,j i n it ai nod , and ~ons I dec ’ , nt e ly le’. c , it  and whe n
t no iou f t ’s  are deleted - 
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( 3 )  FSS t r a i n in g :

th e’ t i m  t that the I S’~ ‘.p~ 
na ii ’ t ‘. tins t he fant ilia c ’ wi th

RNAV operations in arc obvious RNAV impact. The basic RNAV
(.apatu iii  tie’s , howev er a cc ’ riot onnp lox and extens i vu I ornia I
trainin g should not ho r ’e ’ (~ulroul .

I re ‘~ununa ry , t he’ n’e a no no a in’ as cit  RNAV I nepac I. wh leb pose’ any nn~nj or di f f 1  cul t  v
inc the’ des i qn or opera t. i no o I the ant onti,i toni I “S ‘,ys tent . There are several fac toe’s
however , which nius I. be eOns I dered. 1)1 i~ri nnary i ntportance is that cont~inuni i cat I on
time must ho viewed ,us a c ritic a l f a c t or in the development of pro-planned
direct. i mp lementa t I on plans , arid that adequate core storage should he ava i lab le ’
in the ISS system design for handling the increased number of routes during the
transition to RNAV .

8.6 FLIGHT PLANNING CAPAB iLITIES WITHIN FSS SYSTEM

The study nniethodoloqy appli ed in n the previous sections involved analyses
(if the functions or services which the FSS system is currently performing or is
c ’ x p e c t ’ u  to perform. Si nice the c u r r e n t  RNAV imp l ementation plans are not relying
o n the activ ation of additiona l ISS functions , all areas of potentia l direc t

— ~~.N AV i r np ,ect .  can be i dentified in this manner. However , based upon the RNAV im-
pleme ntdt ion pla n s dS they now exist. , there are severa l areas wherein RNAV pre-
planned direct users will not receive service comparable to that. of charted-
route RNAV users . In n genera l t e rm s , the difference in the servi ce ’ stems from
the cnbyious fact that they may not rece i ve the information which is normally
made available on a chart . Whether or not this information will be provided ,
how and by whom , arc all undecided t s ’ .nces at this time . As such , there i s no
proper way to assert the l t  an RNAV innpact . w i l l  result.

W it ,h the use of automation , howev er , certain pertinen t “flight, planning ”
servi ce’. could he provided and these would greatly enhance pre-planned direct
capabilities. Further, there are ceverd i reasons why the performance of this
function would he best accompli shed w i t h i n  the FSS systenni . A discussion e’c f
t h  ~~‘, issue wi tIn in the eon text of RNAV I Ss interface is , therefore , consi dered
appropriate .

— T h e  use of pro-planned rou tinc i’ will necessi tate ’ a variety of procedura l
and operat iona l changes. Of g reate ’s t i m portance is the tact that the ATC syst t ’~
will be granting IFR clearances Ion- ‘ceute s which, it least conceivably, have
never been flown . The impact of this situation can be best brought into per-
spective by listing sev eri l of the basic pieces of information whic o generally
appear on or are i niiplie d by an airwa y chart. Th pse ’ include :

(1) M inuu tiunt enroute altitud e (MEA)
(~~~

) Minimum obstruction clearance altitude (MOCA)
(3) Min in iuti i reception altitude (MRA )
(4) Minimum crossing c it itud e (MCA)
(5) VORTAC selection and changeover points
(6) Wa ypo int location
(1) Ade quacy of signal coverage (strength and accuracy )
(8) Restricted area avoidance

B- i q
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Assoc iated with each of the above is an I AA activity , such .Is t.opceqm ’aphi ca I
erm a lysi ’. arid t I igh t d ice kin g , whi ch e ’ t i i , i n ca t  us t ronm i .nu I M nn ’s Fe ou s ib n i n  t v  t in i l ure ’
an adequate love I of safety. 1 t ie ’ I M is - .cpahle ot ae ’coniinimoda t. ini ej I h e’se’ re’’.ponis —

ib l i l t  I ’’~ due to the t a t  t t h a t  t Im e ’ nn uu n ib e ’ r ol route ’’, I’ . Ii ri i t e (a 1 he it large’)
and the ’ result  ‘. c an he’ di s sc ’ m i ri ce te n t t o t h e ’ use’ c ’ s (vi a char t ‘, ) -

Inc a pre’ — P 1 annie(l d I roe t urn v I roue nnnen I , a di I’ feren t a ~npro~l cli innus I he adopted
o ne a I terna I i ye ire vol ye ’s t he’ dc’s i gm ol genera l purpose charts which would allow
I tie’ p 110 t to pe nfonumn a 11 of t lie’ p en’ v I ous 1 y mont i onied func I i ons . 1 h i s would b~
df ld  logous to t.hv 1iii ot ‘ ‘. ut i i i  i,i t i on of s ta r idand V IR c h a r t s  , w i t h  an ,mdcl j t i Once 1
re’qu i rennenm t, to obt,a i cm it’ ta i led V () RTAC cove ’ raqe i nt’onntta lion. W h I l e ’ t h  I s approach
n vi eib It’ , i I. woo 1(1 lead to n o n  — ‘; t ariclard s t  at ion and waypo I nt procodu C’ c ’S and
w(iu Id be ((endue 1w’ to 1)1 unde’rs . the FAA prov is ion ot a real — t I nt~’ comput cr1 :1’d
sen -v icc’ to acconnnp l i sh th~ ne fun tior n s m ay be a feas i He and benefi c i ,.fl al ternat I ye .

There are essentially only two FA A orqani :dt ions which could accon nnp l is h
fh,” .e’ tasks , the Air Traffic Se’ rv nce ’ and the FSS5 . Incorporatio n of the functio n
w i t h i n  the ISS syst.cmni is consist ent with the oper ation al concept that the FSSs
1e rov i nit’ 1 nformat 1 Oct e,\c h ,ene le arid other f l ig h t  e l  ann i nq ass i sta nc e ’ (1 .e. weather

t n t  NOTAM se’rvi eec ) , wh n 1 e the A I C provi des operat 1 OT id  1 support for di rhon’nie
aircraft. Within the strict context . of this study , t h i s will intnpact the FSS
‘ .v - ,teint only it the decision is made t h at .  t he FSSs will assume th is responsibility.
An au xiliary conclusion of this stu dy,  however , is that this alternative has
‘.u f t i m  cent m e n t as to warrant fort her  i rmvest I qa t ion .
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1OCt’C~Se i ’U t lW l ’ y cd~- a-  t t v  c ’ ’ - !  C ’ , ” ~o i ’ - . ’ ‘ hit r S I - m y  - )  t ’~ ‘ l e t ’ - ’ e i f  t r I ’ v e ’ I t t  i n n s
unpm ’octo c L i e t II:’ - - ,, , i t ’ ’ ,

~ , - f l  , l  n i l  ~ 1 , / dc  ‘ i e ,l~ ~~~~~~~ 
e P i ’ ~eu jbi  ‘ ,~ h e S S  1 in , and cv

itteans of c iose Iv C~~t l t ,’ c e i  ‘ ‘is  i f l~~ ’ ’I ’ , ‘ ‘ c ’ ’  V I , mt i j  - + ‘ n i t ’ f : c e ’ ,’ -.

~ n ’ u ’ i v a l  sp ,u in- : .  11mm
abi 11 ty o a n n ~~~ - .v’~ t c ’ -  1e j~i’e ’ I’ c ’ ’- ‘ tnt ’  ‘.e , ti c ’ 1 i ‘ l I  t ( ICR I i ci in de pend e n mt

n’i t id e’ V 1000 the C,O1 d 5 !  ii a ’ ‘ ‘ i i  - c ’ ‘ ‘ ‘ c n n  c i  I I O c t I t e ’ ve ’  I ope c ! ,irnd i m im I n 1 ‘-

mnente ’d 1 !l t ie ’ Sv ’ ; t e ”i. c 0 o f  1 ‘ t e e  - - - i i !  ~‘ e l  I l o t  c r - o r  va I ‘~t .R  l ot ; ,  bnnwev c’r . i’ ,
depenide ’ni t it’ i’ni e i t fic ’i’ sy ’  , c ’ ’ - ; m , I t ’ t1 i’ ’ ’ ’ ’, ‘ in Ii . c ’ . ‘.u rv c ’ i  I ion s c’ dCcU)’d ( 

~
y , mci lot !

L’cit’etre i icr ‘ ‘ S f 1 0 0  C C ’ I, r I c  V P ’ i d t  1 t~ , .m t O t  e’,tf t i I i ’ t t ’ cll Ot w iry and wind fore-
c a st  errors. As ct lv , mn i ce ’ ! ( - ‘n ’ ’ m ’ ’,c l t en hm i igu e . c e ’~’ i’’ ; c le ’ni n c ’n ’od ( RNAV ,cnsl 41) t, i mn m e

control ) , they wi in n torn a I t c c t j ~e t  ‘ i , ’r , ’j v ,  I ‘ . 1 5 ( 1  i rig e f l f  t ’~i I at  curary.  T he’
re la t i ve ’  pt ’ r le i re e t , nnmi e’ o~ en ’ m 15 ( 1  5:’ , ’ e nm g - y ’ .t t ’cti ’~ [ni ’, e ’e upon e c i l t e ’  Vt’ ( . t e n .

techn1 ie,i cmc ’~ , RNAV tot  h,m iqu - ’ - ‘~~
‘ -C t m ’ ,. i t  end t e n t m n m e ; m i c ’ ’ . i ’ t he’ e, e’ni tr .e 1 subj ec t

of th is  ccc t i OIl ,

The prin ~n’v ntm o tiva t ion t’t ’’ii nn d * he’ i i I i : e i e ’w ’ n t t , I t  m m  (it Mg’- ‘.vc t e ’nmm c t’ ’. f e
I Cle ’I’ e ’ ,uce’ .1 j u’pen’ I e - ,np~ne ,’ t~~’ n it ‘ t in t ’ ro ll! i n ’ iii : new rmi nnw ,i y C nit’ , ic~ti( loin , ,nnn d m n e l t ’ ; e rnc e l—
ent  of  c m e’ ~’j a n ’ t m 1! l , t n m l i i ’ ’ ‘.

~~~
‘. t ciii’ . , so I (1, t nn e t ’  t h n m i e t u e ’ ~, , s ue ’v c ’  ( I I ,nn n e

syste ’is t e e ’  w o k v o n - f o x  ~‘~n i c L nnie C ’ ~ v ’ . e~- - ~ - vt’n a’’ ~i f It ’)’ ‘- V’ t ’ i l ’’ , . 1 ) 1 ’  tm ’ ve  loped
which i c ign ’ov . ’ d j u ’ t c e m ’ t  d d i e d (  ‘ t y ,  ~~~ t ; ’ ’ t n i  l i t  ne ’  W i l l  ‘.t i l l  be n ’ e’ q n i i t t ’ e I  t i

t oll adva ntage i e t  the t v - C l a b l e  n’U’1W ,~- V  n ; c ,n~~ j t.y po t c ’ n i t . i .m I of t h ese ’  othe ’n ’ sy s t e n ie’ .

Meterinmu and Spacini : I’ , ic , t r O t  ‘~ t it ’tI I t t t ’ n U e l t )  ( c e ~m t n’oI ~c f t lOch approach g~~t c ’
,m e’ n ’ iv ce l ‘ Pi e’ US i nle,i p a t h  ~t i ’e ’ t  hi n t ’ ,n~~~ ‘ - ‘ro~ ( on i t v ’ o l  t e c  hnn iqut ’ s  ( i t r i mm mani  ly  the

- T t tt s ,n in’ r~i f t  m e - ri \‘ n 1 ‘;~ 
- ‘ ‘ ‘ ‘ii t I e  C c ’  1 1 cli v 1 dod i n t o two e) ’ t iK)~ (’

control ,mn ’en s where pa t t i l e ’ c m e i l  Ii i toH I ’, it  i e e ni ,‘,nI,cr vt ’  tm’ t og  is appl nod . The
i cii t Ia 1 a c — e m  ( c ) are It’’; i e; ned C 1i ‘ e ’ ~ iv e t c .  ,t I an’ ‘ if ,  tree itt  l i e m c ’  e e n t une I I ,chc ill  ty
(three ’ t i  ‘‘iv e’ i lin ut e’s i ’ i ~~i lm iu nT1 dcl ‘y ‘ ‘ ‘ t i l t  i t t  h St )’t’t ( h i nn t t  . T hi s w id e’ hit i tude
of i’onn t .r ol  in rie~’f’s’~m,’y j~~~ ~~~~~ f o  ,u ec ’ ’ ’ ; e l  - t m  m u  t m t l  ,e i re r,n f t sc - ’q ueneci nq and to
~e ne ipents,n t e’ ‘ e n ’  !e ’ r ’ i r t r m a  I i n ’,’ i v m  I mt ~ c i ,  - m e t ’ -  ‘ . , e n ’ c m emle n e, ’i m ’ .,1 1 e’ Ite’ hm InJinne ~
p a tt i ’m ’n m de pa r t  um ’ e’ t i nm me’ r,m!i ’ e ’ - ’ nit ’s’~, ‘ t e e ’ - c O i l  c e ’  1,uh i I m ‘ y of the subsequent contr iel
, nc ~e,n (s ) I’; m n t tn c h narrower , ‘; i m t e ’ I hey i~~’ e - m ’’ ’ i ’ i,in ’ i I y n t  c-ui tc ’ f for error t u on (if
He ’ ) iv m ’ r y  t t i c - c ’  n’n’,’or’c wh i~ Ii . 1 c C  ; i :n Im nmt i  i , n  I t ’  i t ‘ 5 ’  c ’ .e’ i i c ’ i ’  C i t nu tn ’ c e l  t r e e s , m d  fo r
,nc ’ co t ’ mt ’ e~,lo t ciq itt 1 “0)’ Upef ,) C ,”, I~ ti e ’ ~

, e ’ - C ~ ‘ n v i  1 I i c it . se t i t ’ e t  ( l ie .

1 ‘ i i  v ‘ - : , ‘ t t ’ , ’  iii’ ; i n tel ‘d’s” i n l e t  I t ’ , ‘i gRe ’ ’ . W i l e ’  eIr V c ’ I t e l c , ’ e t  f e y  e i i ~e i i t c ’ ,
‘‘ y’ . I t ’ l l ’ , I i c ’ i I ‘m r ’r ’ i n n i un cl e ’,’ c e i t i t  t n t ’, ‘ t e e  I tn t ’ I A/\, f lit’ c’e ” .mi I t ’ . t e l  w In t e h w e re ’  r’ c~po rte ’d

‘t ~,‘ t c ’n’~’ci, ~ ‘e) , i n n t f  c n i , m m n c ’ e C U ’ , ‘u!e’ .e’e i n e’uu? c m  ‘ . _ 11cc ’ “1’.’ - i i + ’ c t i i , ’ t  c y  t l e ’ve ’ lnpt ’ e t  fey

~
‘ !“l e ’omis I . eel bce S me .1 1 1 v ¶ I we + j u t , ’ e - c t  ‘ C - m e I ,i i ’ i ’ , t ’ . ( l e t  - I c C ’ ,’, end I t i ne ’  ciui t r ’c 1

~Icns a ‘ 11, 1 1 i ; ’ l c’ t ’ ,n e - ‘ t e c t e ’i e t V i ’ - ! e ’  I C C  c c c v  f e l t ’  ,t I mn n.n , c e f ; c i ’ , t i e ’ e n t  t o  c i t e ’
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,i rr i Va ) time . These I e’ e bin i que’s have t le ’e ’ l(  sub se’cp o’nit I ~- n-c t t e n e ’d 1’’.’ I -\A MI I I~I
and others to result inn a proposed set of M,~u5 It ” , tim i m p .  ‘ ‘ . wh n~’li f e n ’ * ’\ - d C ’ sc ’Ve ’i ’ d I
improvements over the ,‘ , i i ’ I ic ~ - t c’ ho iqmn ’’. - I on’ ‘ \ ,t i ie It ’ , f lu’ c ; ~ c i i i t  elI .11 i’ ’~~’,R e ’
involv ed is redu ced and t.he cove r it y of I he’ I urn’s m ’ee Iu cree l i s re’duct ’eJ . 1 tnt ’ sO
techniques have been dpj) lied to prodcic e’ ,i ‘ .pt ’ 1 t i e  M&S cit ’s n clii t o n ’  I fi t ’ De’nvt ’ r
Termina l area (see Re f’ere’nc e’ 30) , wh i t , hi w i l l  I orm I he’ has is I or M&S ‘. iou ) at non
tests to be conducted in the near fu tu re ’ ,

The Denver M&S desi g n of Referen ce’ 31) was spec it  i*.:ally chosen as the basis
of the study of RNAV integration , ar-id of ’ 40 RNAV inte gration , c ine c it is currently
under s erious cons i deration for te ’~ti nej and eventual implementation . Therefore ,
i t was cons i dered to be advisabl e ’  t o  demonstrate the ability of RNAV (t . 40) to
operate within that framework nue: h that RNAV oin’r~n t  ions dould he introduced in a
compatible , evolutionary manner. ibis is  not meant t o  i n n n p l y  that  the design
studied is necess ar i ly the optimum t echo i quo which coo Id he dove loped under the ’
assumption of an a I l -RNAV (or 40) envir onment. lnmmprov enmients in n terms of control-
l.nbi 11 ty, do I ivory .ie.c,uracy on wor’k I tool ti n 1gb 1 ti e ’ ,ich iov~chl t’ i t  suc h ,inn approach
were t,aken . However , such studies we’re not considered to he w i t n i c i  t h e  scope ’ of
t,h is task since it is concerned wi tin RNAV int ee~ra L on w i t h i n  t hc ’ U t H R[) s y s t e m  ,in
it  is presently defined , not  as i t  mi ght. he defined i t a d it ’terent set of ground
ru les were adopted .

The M&S technique dove loped ton’ t)c’n ym ‘c’ i ‘, i Il us t rated in i- n gore’ C. 1 , w h i c h
was taken from Reference 30. As t ra I t ’  i , apimc’od che’~ Point A for North traffic
or point A’ for South and West tra f I n c  , they are ,i ’ ,s igned a t ’i nu n schedule time in
the sequence of arrival a i c-craft. I n ’,n f f 1  c fro nnn th e I as t ,n rc’ i va 1 along ann exte ns lOu
of the approach course and are” qenem ’.c li v ass I qned ~irr n yce 1 ‘.1 of with pr i oc’i ty oven’
other traffic since the dpq,’ec’ et emi t i’d l a bi li t y al ’,iitc t the ’ lIve r’ . route is  much
less th an that for the o t lie n ’ ~i rr i va I c’ctu It ’” , Wh i It ’ m ’ada n ’ V OC I e m’ 10,) (ik1~ he app lied
t o do 1 ay a rr i va 1 to point ‘-, A or A ’ wh~nm e ’ x t ra 1 on He 1 ,m ys  a m’ c ’ needed , the spdc i nq
function would ordinarily conuimnence upon crossing po int ’ . A or A’ . As an aircr at’t
approaches A (or A ’), the M&S systet n suppli es an outbound heading , nid speed value
to the controller , based upon the an~ount , of 1e’l.m y required. wh ich he then c ommon-
icatec to the f l i ght crew. This he ciehirm e f is derived by fir s t comp ot in gate (point
G in th ‘ ft qure ) arr iva l t I mc ’ bce ‘ed u P~n~ the nominal route’ 1 ennqt Ii (the nom i nal
route is shown ~ms the so l id  l i n e ’ cornntn t imn e ;  points A , . U, P 1 and (i~ , (late arr i va l
t ime is then adjusted by select, I nq eIther a longer or shorter route ’ to achieve ’
scheduled gate arriva l time . From Poi nt A , the  1 ai’e le ’ s t  delay would n’e’sul t fromtt
t ,he more northerl y route to point 13 . whereas t h e  si mm ,tl le ’~ t, would result t room head ing
direct ly to point P ( th is would only ha done where an e ’ s& ess iv ely lartac time qap
in front of the a i rcr af t  exi st ’,). No rma lly, the dep ,mr t’u ”e’ f’neadinm q would be in n
some direction other than towa rds c e i l i l t  P. As the’ ai m ’c i-a tt depam ’ t s po int A at  the
requested headin g , the M&S sys tetin pen od i ca l ly  pen’t ~i c - , r. ~n~then’ c , ii:giiit at i on in
order to schedule the next turn . F room the qate’ ari’i :. t i lk’ S ,‘ h’ mI :,le ’ . ,i flO~~i na
time for arrival at point P is computed. Period ~‘a 1 j y  lt ’ t ’e ’ d t t e ’:’ ~5c ,mnt v al l i e ’

error at point P q i ven n tha t the a inn rat  I. itni’uediate ly turn’ueo di  re ’c t i v  I owards t h a t
point from present posit ion is c cwnput.ed, This value ’ is ca lled the d i r e ct course
error (DICE).  It is monitored by the ’  ‘.y’.tem and , is It approaches .‘ero , the air-
craft Is instructed to turn dir ect to PO~ 

,it P (hero 0 it  w~ u Id arrive at point P
on schedule) . The flight is then a l lowed to progress mn )tl 1 it intercepts a ci n’c Ic
(cal led the P—arc ) of’ fixed radius a bou t  point P~ . a~ wit  i , ’~; time the .ii n-craft i s
instructed to turn to in tercept the’ app roa ch COurse ’ . The h ’ ,idi flta l’e’e5 (lected is
(,ompu ted to re’s u it in a zero gate .mrr i Vd 1 t l one error . Nontia 1 l,y t he ,1l i’ , r at  i In —

tencep I ‘ . the 1 OCel Ii .‘t” r course aut,onoinious ly . However , m f ‘ i c c ’ t~~e l i ll S ‘
~ e1e’,’m~i’,’drequ n red by M&S , last minute 1 c it  ci Ii ;e r’ course iii te~’e, e ’p t V c ’c, I III’S ,imid 5 ’ ’ ‘00 con t rol
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instructions may be issued . Speed control is achieved by select ing the point
(prior to gate arrival) where the reduction to approach speed is allowed ; e.g.
a late speed reduc tion advances gate arrival time , and vice versa .

In the M&S procedure , initial (gross) time control is achieved in the
departure from Point A and the turn towards Point P. while t ine control is
obtained from the turn at the P-arc to intercept the final approach course, and
f r om speed control . It is readily apparent that the success ful at ta inment of
time control accuracy is dependent upon the controller ’ s perforttiance in issuin g
the heading /s peed clearances in a ti i m n ely manner. The control ler would be cued

- 

-



i nn t he’ t e a  i t  own rig lni nn nl c ’r , ,i( ( ( i ntl n non l e t  f~e ’ t  e’t-pn,. p - 0). As I h, ~
- a 1 c , e ’ 1 01’ di rOt

e e t j  V ’ ’ , t ’  f ’ l ’ t ’ OI  t e e  1> eIpt ,c sem i I I ( -‘(I set ) e Is d isp l~i yc ’,I ‘,ue, hi t h, the’ ~
‘ on I i o u  or

mt~ y tn ’
~t e n I a nd t u n it ’ hi i 1 1 c a n i n e , e ’  I ne~ t ru~ t iOf lS ,lc enenl 1 tie) l v .  fit ,’ uc t’or t he

ne xt tur ’n i i ‘. the appno o h of the a in r a f t  to the 1> —ar e  , at wh i, In I l ine ’ time
con t.ro I I en de li ver ’ th e’ I nd 1 ca te st c otuipu ted heading c onilila nd . -\ s the’ dpj )I’OaC h
course is neared , 1) ICI is aqa inn d i sp layed so that a f t  mm 1 1 d c , ,ili .‘e ’r intercept
V C ’ ( t(nr ’ aca y be u ‘ ,‘,ue” I i f  miceded . Like ’wi Se’ , the L)1CL i l I c l i c  at 1 1- ~ used for
t im -i n ; the fina l speed reduction clearance , which prov ides the’ n ee ccd gate
tinne del ivory accuracy. At the t )at e ’ , M&S ceases to consider tn t ’ airc raft
si nce the ~ipprtiac h I tst’l I Should not he interfered with. S ince,’ d l i  of these
contro l instructions are t line ‘ n it it. a )  , they tend to i mit u ’e ’~l SO t he I i v  c i  of
control icr workload relative to other types of instruc t ions , ) h in re sul ts
since the other routine comun ications messages nimus t be work ed 10 ,m rcau ncl the
time — critical ones, requi ring innore’ planni rig, ~un nd 1 inn i t m n i ’ i  op I I outs . Lach
approachin g aircraft would typically requ i re five such tim ne ’ - c r i t , ic~ l instructions
under norma l conditions .

The present M~S conf igur a Lion is h,i ’,e’ ei ent i re ly  till the’ use ’ of radar vector
nay i qa t ion 1 o acco unip ii sh the pa tIn I c’nq then i rig t u ri~ lion. The lid ~ I e , (  t i Ofl iittprov 0—
rnents . Are a Nay i ga f 100 ,nnct 41) f t inmie ’ — re’ t e ’ n’e ’ u m t o  ) m a y i ga Ii ~iu~ , c ’dn , fl e iW e ’Ve ’ i’ , L~t,’
integ ratc ’d wi th M&S ~n such a nlkn nmer tha t s i gn h t  ica ’ c ; nuti ) n ’ ov ec ’~e,’nnts wn 11 n—esu lt.
As will be shown later in this set t ion , RNAV can serve’ to s - : m ~ i t  mc ,nn t  ly decrease
control 1cr workload wi thou t. inmpac t i nq time control per oc’lnklnct’ • ~- mc i 1 e 41) RNAV - -
L dfl further reduce workload and at the same time im l e r o v e  gat i’ a r r i va l  t ini t ’ control
acc uracy.  Furthermore , both RNAV and 4D RNAV can lu ncr t ’ase t ~ t ’ ,mn ;oun ’m t Of t imite
controllabil ity avai l able from a given M&S rou te ge’onuietry . The e f f e c t  ~f
including these RNAV capabilities on M&S software arid c ore s to t ’ ase ,’ requirements
is not significant in comparison to the overall allo tmn ent t am - the M~ S funct i on.

C .1 .~~
‘ Irit , e~rat’i on o,f, RNAV Capabi l i t  j t ” ”~

S i n c e  RNAV can potentiall y reduce c O o t  rol le r  won il c ’a’a t ,1 nd t ,hen’t on’ 0 improve
controller effectiveness and capa , I ty )  , and siru ,’e the i n t e g r a t i o n  c~t RN)W with
M&S is a required precursor to the introduction of 41] I’INAV , which ~an i ncrease
airport capac i ty , it is i itt p o rt €i nt I t )  ,uretul ly co r ns iden’ a l l  dspects of RNAV
opera t i ona 1 capabilities when p1~n n n  I rug the approach to  i ~it e’gl ’a t n orm of RNAV with
M~S . Sever>n 1 ground rules shou lit be observed to I nsure the elf ec t ivories s of
RNAV ens an M&S tool . F i rs t,, the basic routes and M&S geometry which t ornmi the
b~is I M~1S systenn should he in . (mElon with RNAV routin gs . I - e. the san~e delay V
areas Should be used so that ~dd it . l ona I a i rsptnce i not re Hc I i ’t’J , and the same
bas 1 rout inqs should be used so t h a t  t o e  RNAV tro t Fic ln f i’I’ac ~n s~ 00t hi~ wit - h
conventiona l traffic , and t o  s ionp i  I ly  ~‘ ontrol 1cr pi’o~ e’e u n ’es a i d  ‘~ ~O ’O op c o n —
tent. Second , t,he ~1NA ~ M&~ desig n shou ld resul t i coc ~i m ’ o ’ c m , , , .” i  ‘ :~ ~c on t ro ’

~lab il ity and dcl k’e,’~ ac~ orai y ) w h i c h  Is t’ssent_ ia lv ‘~~~, ;~ . ‘- :: t~~
- nil ova

with bas ic MAS. Third , the RNAV proc edures ennployeei sho uld be op~’c ’ot ioiia1ly H

conv enien t to both the flight crew and the controller. Fourth. i n  order to
f~ If ill the pronmi Sc’ of reduced c o nt r o l l  c i ’  workload , it  s ~~~ ld not he neces sa ry
for the con troller to he routinely required to t ra n s c i t ,  .‘~~, ,ons ivc ’ data i waypoint
,oord ’unates , etc . ) in order for RNAV to integrate ’ pi’operlv w it h  MI~S. 

‘ nose
lat ter  two ;e, ->i nts arise due to the l u r i ct  iona 1 ,np~m hi It tI c ’s et t~ > ’V~ ~n ~~1

d i lt~ n - mn i~l’~’\V syste ’Iro-, . RNAV , of I odIr ’-,e ’, ~l’OV ide ’S they ~‘ , p ~i0l  1 It ~,e, ’ ~~~
-

I ret . t I y t ie a rh i tra ry pc’nints , and so c ontrol len s cou let pen- I — c i he ~i,\n t’un cticn
by co~tlr’ i f l i ca t i fl q waypo int coord inates  ton’  each ìt ’’ n .  h is w ’ c  ci - - , ‘ase ,i

work lo i~
) burden upon p m 1 c’mts and c oni t,ro lIen s and c;n’ esn t iv  i t ic ’ ‘0~c SO It Ii tici e, ’m ’ potent i,i 1
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and so wou ld he’ umm ,n ( (e ’pt ,lb le ’ . A ‘,1 e , - ,y s t e ’ i m i capa b n I it it ’s di f fer . 5 l ’~~It ’ ~~~~~~~~

system ui s , by their rid ture , a h o w  I I nqh t 1( 1 or I RUM a w av po i nt . I he ’P’ c ’~ ore •
radar vec tor nt iod e cml M& ‘ cou I d be v n m - f  cia My dup t i c  0 t ~c1 ( ‘ ci (‘110 m’ t Pea n n i t A ,i t \ \ \
boar ~~~tj ;  d i re(, t to f e e  j im t I’ 41 t  YVY It e ’ ,n u ’ l ine ) ; di  roe t to l e a  in n t I’~ ; di e ’ t’ e ’ t t c i l e a  ne i l
(i reduce speed to  ii / kno t s” ) . I luwi’v or • , nue ’ li no enn ’ade ’ sy’. 1 ems be mb I e)ent’n ’ t 1 1 ’ ,
have t.tu i s i np ab ii i  ty nnor is it mdv i s~ L eIt ’ tea I un’ t hoe’ 011111 1 nc ’~~t e ~ -v’ t e e n opc’i’at l e i t i
by add I fl9 it. There’fore’ , a I terna Le y e ’  means of del i nu i nei I he l e e ths minu s t be
dove’ loped

A candidate RNAV M&S plan for route geometry and procedures has been
-te ve l oped which fulfills the re,’quirenments outlined above. This plan is i l lus t rated
In F I ‘~uu ’e ’ h .~~, W f ’ui ( ’h should he con t np mre d with the earl icr figure i I lu stratin ici
the radar vector M&S geometry . The two relate very closely, as is evident in
the following (only the northerly arrival route is discussed ; the South/West
route is functional l y identical): As stated ear lier , in i tial control delay may
be exerc i sed durinq the arrival to Point A by radar vectorin g awa y (to the West)
from the path to A . and then turn i ng towards A at the appropriate tunic . While
this uumaneuver is not to be applied routinely, it is easily duplicated using
RNAV by issuin g a “parallel offset ” instruction fol lowed by a ‘cancel offset” on’
“ -l ir e” t-to-A” instruction. The departure front Point A to the East involves the
routine delay leg which is an integral element of t-he M&S technique. Using
radar vec tors (with heading qiven i in ~~

“ increments) any departure hean- inq from
- I p;-e ’o~ just te I y 60’’ 1, 1 ?O’’ (ntice ej rnet Ic ) may be I ssued to an a i rcraft  depend i ng

; c e n t,hc ’ 0111011 ri I of de lay tnt. i ci pa ted tea he required . Then , as  the n i rc rat ’t
V r ’(e C C ’  I ’  ~ Icing tha t h e a r  in l e t ,  t he’ d in-oc t course ’ error ( PICI ) in a r r i va l  ti itte to

n I P i s compei ted pe r  i ud i ca 11 y inn on-den’ to U e ten imi i no the po i nit at wh Ic h the
a ini r1e t t. shou 1.1 be’ V e t  tore’d ti ire ctly towards point, P to meet scheduled arrival

- To dup I I(.ti It’ the ele ’p mr tmcre trout A us ing RNAV wou lii he very di fficult
with a i rI i no type ‘vs tents , si rice they cannot depart e , front ” a waypo i nt at a
‘,;e ~n i t  It ’d b e a n - i t t ; .  A so lut ion would he for ATC to transiii i t coord inates of an
) t ” ,) t ” t  t , ive wavp ctin t to the aircraf t  prior to i ts ar r ival at Point. A. This,
however , would cause the communications and workload problems mentioned above ,
m d  sit is not cicCCI)tdble.

Upon further exant ini at ion of the goomitetry involved , it was found that the
degree of ‘t”’ . “ introduced by this procedure is influenced prima ril y by the
choice of e - - v -md bearing to Point P~ not the outbounid bearing froiim Point A.
The outbouna tea ’ing affects soitmewh,,mt the li ts t-o t h e  amount of delay avail-
‘ib 1 e or (iri t i .. by choice of i nhou od hearing to P. 1 hero f ore, the uiuniben’ of ’
c h o ie  c’s iv an lahlc for  outbound hearing may be s i e t n i f i c a n t ly  reduced frotit the

— w e ’ i v e ’  , e v , 1 i ] , j h l ~ ’ w i t h  e’,n dnr yet to e ’ s to Ih n ’ep or ‘ , t i t e a r  Use ’ with :~\-~V ~tfle ~‘n oi~’es
t e i ’ i’ , ed , c t ’ v t ,  l w ’ , I I , C u k ~~~t se ’ he t’ e ’ eI~~, c’d t e a  the 5 .I flt ’ s e t  - ~1n m ’ c I ’ . ’

ml lmns tr a te’s nun au ’i’ ,Ir e t Ine ’nt us int l tour hoiceS : 11i’ rsum ’ lur ,’ be,mr ~ n ’ -~ ‘i ~‘0’’, 7C”
t)1)’’ m cml cI i rt’c t t ea P U,’O’’). i he’ n’ou t_ e’ direc t t.o P ~, w hic n i s  ln~-n , - ~O c t 1 t 1 t ’i1
t h ree I to  I’ m t  t h e ’ — i r e  ) is the mior itma l , short route used wh en lr , lt t ic  is not at a

1 1 1 0  l’ ne~~ C ;o ‘ i to tim requ i re M&S open’a t ion • or when an arrival St i’OaH g ao ecc 141’S
The’ Ii rct three c h o i c e ’ S  ~~uld he accompl ished by desi coo t  i rig three ob ,~ec t ive
w i  ~:-o ri ’ ‘, (shown ,ns L • ~ and N) to create the 50” . 70’ and ~)0” tra, ~ heon’i rigs

r’( c,~ . 
~~ t , -~ no ~b istw d as a part c it  ,ifl RNAV M&S ~ AR pc ’ceced ure , and so w ,i~,ld

be ’ , - , ‘
~~ ~ fl i c C  t i ;  r - .‘ A TC US 1 nq waypo i nt n~nittes • not 0001 cli mm t~’s . The o~-~’-c e a1, i’ t’

l,i be c, ~~~
‘ e a t  ‘ 1  se’vpra i w ,n ys ‘v the ii qht new , depen d 1 mi e : on R\\ i ’  sv s  tei~

mp at i i l i t  n e - s . F or e~ acui p le’ , the ctiom ’d m utes cou ld  t e e ’ entered trod th e S7AR p l a t e
sOt ’ F igi r e C. ,

~ 
) upon n’e’ce’ I pt el f t t tt~ ci c ,nn ’ tn ~’e to  Pol nit I • M o’ \ - Ui’ . a l l

~ ny po irits ‘. c c i  Id he pro— st Dl’OeI 111 se ’e Iilt’nt 0 ~n s a part  or no RN ‘eV o n  to has~’— and then cal leO up by using the ‘ ‘ d i r e c t — t O ’ f’unct  ion • wri ‘,‘n w oo ‘ a be an
e’t t  re’mely simple procedure . Once’ the a t  rcra t t has ~li’t n ”t i’ Ci Ofl t it l e ,’ cit I lest’

L 
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Figure C.3 Example RNAV M&S STAR Procedure
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three tracks , the direc t course error to P would 110 cotmiputed as hefot’~’ in order
to determ ine th e poin t at which the aircraft would be cleared direc t toe Po i nt
p .

In order to i l l us tra te t, he point , t, hat, the c ho i c e ’  ol ci c’pa r t,u no hoa r i r ig t roe ;
Point A can be l in i n i te ’d consi de ra h ly wi thout  ,t ft er t ing c ’ ( Inn t ,rc) l 1,el i c I f,y tea It o im i t
P. Table C . I has beeni cons truc ted wh n: h s bows the! ml n I in un mi am id nia x n mmmii pa t In
lengths ava i lab le ,  through the selection of the point at which navi gation iS
initiated to Poi n t P. for each of the three choices. The maximu m path length
was compu ted by adding the path length front A to the objective waypoint (L,M ,orN )
to the distance measured front the waypoint to intercept the P-arc enroute to
P (this rou te is shown •is the dashed line from Point L). The m imi n i n ni u m path
length was arrived at by first selecting a suitable method for deter m ining the
initial point at which the direct—to -P clearance would be given after departing
A. The route (shown as a dashed line also ) was selected so that the nomina l
magnit ude of the turn on to the f ina l app roach course would not exce ed 90° . The
resulting path lengths are as follows :

Table C.l PATH LENGTHS AVAILABLE USING THREE A-POINT
DEPARTURE BEARINGS

Departure Ob,jective 
— 

Pa th Lenyth (nmi)j
- 
Bear in,~ -‘ - Wa,ypoint 

- ~~~~~~~ -‘ ~~~~~~~~~~~~~~~~~~~~~~

5c~ L 9.0 23.7
7O~ M 8.0 18.4 ,

90~’ N 7.4 15.6

L _ _  ~~~~~~~~~~~~~~~~~~~~

As is evident from the Table , a grea t degree of overlap in path length control
i s ava i la b le ; there fore , these t hree routes are more than adequate. The fourth
route (direct from A to P) is for use when a ouch shorter route is appropriate;
i.e., when no traffic immediately precedes the aircraft in question.

In the radar vector case , when the aircraft reaches the P-arc , it w ill be
assigned a heading designed to resu lt . in zero ar~’i\-o1 time error at the gate
(a f te r  final approach course intercept). Furthermore, a fina l course-inten’cept
vector imn ay also be issued if needed for additiona l control. In the RNAV case,
the first of these vec tors cannot be intitated for the sante reasons the
departure vector front A cannot be inmitate d. An alternative soL.tio~ wn ich can
serve the same purpose is to clear the RNAV airc raft  e.’:’,rect to flo’,;t ~~~ as no
crosses the P-arc. Then time control would be obta i ned oy issu ’t’mq a clearance
to proceed direc t to the gate at the point where direct course error w~i~,ld be
zero. As is the case with radar vec tors , speed control may he used once the
a i rc ra f t  has been issued fina l approach course intercept instructions.

0. 1 . 3 ~NAV Con t r i  b u t  io ns an l Limi tations

There are two pn it im ary reasons for integ rating RNAV into t he Mete ritic and
Spacin g system. First , it has been shown that RNAV teriiiina ’l area operations
prov ide economic benefits to the airspace users, redic ~’o cont ro l le r  workload ,
and increase airport capacit y (see Section 1.3 ‘nod Reference 

~~
) .  Tnc’rofore , i t



- .

F is of’ importance to continue the imple nne,o n t a t ion ot RNAV a’~ M&S procedures art’
introduced. The second reason is that RNAV proc edur es must be established in
order that 40 RNAV can be introduced , which is necessary in order to achieve
even better interarr ival  s pacin g con t rol , hence greater capac i ty. Also , RNAV
proc edures can a l low the use of MIS a’, a position reference durin g the final
stages of arr i’~a l , this will also improve M&S pertonmia nce.

kNAV shou I d a I so produce sonic o t her benef it as ant M&~ too I I On’ be) th the
a I m ’s pa(. e’ user and MC ce)nt,ro 11 e’m ’ , I’ I r’; t of a 11 , I hreauqh publ ic at. I (10 Of RNAV
M~ S SI A R procedures , t, he’ U li ght crc ‘w w I I I a t a 1 1  I n mime ’s be ~ bit ’ to renin a 1 fl

C or I e ’nm t , t’d and noon i tear proej ross throughou t the ’ , I t ’ I ’  va I Iirocedure . A 1St), an
a i r c r a f t ,  w i lt be’ ab le’ to connp ie t .o i t ’  a r r i va l ,mn (l appro ach inn art orderly
itmanner with out. siqn i I ie:a nt interrupt ion to the M~SS s y s  tonin e ’v i’ ri inn e ’vent- of ,m

oiimn t iu nic ,, ct ions fai lur e ’ . In c o n t r , m ’ , t , , unt e le’ r M~S vet ’ t ea r in g , or ient ,ition i Wi 1 1
F. 

riot be as esi ii ,y l nm , n i r i t a  i nc,’(I Si  n n ( : t ‘ I n t l  t I e ’ , I I I t i l l 1,0 te’re ’Ii ( t ’  w i l l  be ava m 1 able ’
un t i l  I he I u a ii ,‘em’ i iii t. c ’ m ’ t e p t .e d - Co nt ro 1 1  em ’ work load w il l be n-educed to
a c c ’ rt ,a i n  ox tent w n I In RNAV procedure ’’ , e ’v e ’ n t  t,houeth the rnun tnbe r eat coni tnimurn i cat i earns
reclu i red I or M~S c e n m t r t e  1 m i t  e~ c h  dl’ ,’ iva I ,)~ e , ’, n o t  c lian cte ’. ihe ~t),’kl oad
m ’e ’dej(, t. morn s a re ’,ii It .  ot the fact, t,h~n t , under m’ , ec l,t r vec tin’ M~ S procedures .
each of the c ontrol i n structio n s is ti mime ’ — c ’ n i t. is. , c I ; i .e .  each  instruction nmnust
tee i 5’ ,LiI’(l pni ’( i Se ’  ly  wtnenn the a I rc ra f t  turn or speed cI h,cn&je i s requ i red in
order for the sic ~’; i re(l degre e’ of c:omit , ro I I t t  be ac ’h ie ’ved . Il si nc ( RNAV , however ,
th e’ in str u c t, t o r i ’ ;  may be’ ‘ .‘ ,im em l m i  , tel v , mr m e t’ e e l  t h e  l r m t , s ’ mne leei n,m ntt ’ uver sit t er
both t h e  ob ,je ’ et iv e ’ w ay pcm n mi t t i,Iiltt’ , I l ie i  i m tbos ,tti c l t r,it~ t e t ’ t m ’ i i m e j  , ire lit ’ m ’ ,Sue ’cl .
I he I n i t  k bear i m ncj ‘,t , i  I (‘(I WOO 1 (1 t , ho’, c ol t t,rea l I he’ i n n I a t  wt i li lt  t l i t ’  t u rm i W c m~i 1 d
t ie ’ I 0 1  1,1 at eel , r n  t }ne’r tha n the I mu  nt~ of  tnt ’ mu(’ssa e (e ’ - Si no e coos t sot (he
e tinnntm uni i t ’ t t , loris W OO hi rio Ioni ep ’r be’ I l i ne ’  c m ’ i t . i c a l  , m I i s n ie ) I nne ’ c ’ t’’~san’y I ear the
nni t.ro l Is ’r t e e  as  t , t ~’ e ’ t i i I l y p lan the ’ t t i ’c t e ’ ~’ ari d I i I m i n I m e j  e a t he’ v ,l r mtlu ’ , ~‘ciU t j ilt s

am id MI~S Innessaqe ’; wIn Ic 11 WOO Id he’ flc’c .e ’’,’, ee ’y under h i c t O  Ira I t  i t leve ’ I s.’OTlc l it n ous
I t  I’ , I l ’ ,et s ’ : ~Ii e ’e  I e e l  l ti ,it . I he’ IJ’ ,,Icje ’ c i t  RNAV Its Inn ngc l e ’ - ~ w n  I I  in n l i e ’, t e ,I’ ,(’S

m mmd mi t ,,I III ill ’ i iimprov (’ I lie ’ t m ul e ’ s,’ m )ni t r e e  I 1, 111 I 1 i t  y arid eja It ’ do l l  vc,’r’y ,ts.’ c urdcy
nv ,c i I alt Ic ’  wu lb M~ S em ’ , lug ‘,t , amn e l anei i’ ,mt la i ’  V t ’c f e w  t t’ s. ’ him n t 1 e m e ’ ’  , As i ‘~hown in
t I me ‘ , t I i e ’ ,es luerl t, ‘ , m ’t I, Ott , I-~NAV ret lmm (, ‘‘ ,; ‘t ’ i’ I Va I t 1111 1 m i t t e’rrc )n’’, oven’ a 11  bii t t h e
r,horte ,,. le g ’ ,, where erron’s ar t ’  ‘1 lt i h t . Iv worst’. 1 hose’ va ri ous tti ’nii ’~ i t s art’
and l y ze ’d  f ur ther in the t ea l lowin g ‘ .e ’ s. I. ion.

1 .4 (‘ti nt t v—u i lab n l i t  y am nc l Gate ’ lie ’ It  very As. c ’Ij i’ ae ‘~

I n c  in I ” , ‘ e S 1, 1111 , Me’ I O I ’ i n t e (  ,m l ie1 ‘ p,lc ’ i i i  I c e  ho 1g m ‘‘ t i ’ , ’ ,: ; e - i  1 v.’ m ’~I I mi ~ m ’ ch’n ’

Ii ) e l i ’  I s ’ r mfl j i l t ’  t he’ d t ’ e t  I’ m’ t ’ of I, title , e i t O  I ret I1 , chi i t v  ~IV,I I 1,11) 5 ’ ,i Oct t ’ S t Oe I e~ l q~i t e ’
— ‘ ,Ie ’) iv o ry mc o r e , j t ”, un itte ’ ,’ g iv en ‘el ‘, ea t  ~ liel t I t e m  -

‘ l i c e ’ I n c  1,.,i ’ e , m s t ~
- M,SS

us i rig r,e 1,mr Vt ’ c I ( m r ’ , ~1~’,’ - w i t  Ii I’ INAV pm’mioediir ~ s 1!it , t ’dl ’~I I t ’d , ~~~~ ~
‘,\‘ - ) ,t , e ’J 00 t n t ’

li e ’ ea t  4 1) RNAV 1 , 1 p,Il) 1 1 I I i t” , . C e C i l  I IS) I1 , t t i  I i ty a nd Ii’ I m v e ’r ae~ i~r, - \ ‘  e t Ve S been
aria lyieel t mi’ ic ie r  i nn q t, l is ’  m’ ,iel ,e r v m’c t e l l ’  l e e  I t l i 1 g i l t ’ it i i<~ It ’ie  ‘ i i ,  t ’ .1(1. mm t nm t
anti I y’, I ’ ’ , whi m tm e , ’,e ’et t lii’ t ’ ~~m~’ ( m y  m nm I m e O iI ’e,’ t . , I t WtI ’~ ci t  I e ’l’ : ,:l li t ’’; I i,, I it ’

t, iiem ’ c ,on i t r ’ t ) I 1 , 11111  i t _ ,y ,Iv ,ni l( lb le ’  (t (lII’ , m d l e ’l’ iml( I t o t  t n ~ m I  I i~~ l i t t l e ;  lt d mit ,‘\ t ,  t int ’
1 ) 1  P 1’ , ~~~~ ‘ , s ’ ~ timi d’, ( , C) ni t i l l  , ) ,iriel I hat t Ile )‘ t’ s t i  III d c ’ Ii V ei ’,v e) ’l ’ mO ’ n “, e l m
the ’’ orejt’r tt f i t)  ‘ ,,n . ( ; e , - ) . Inn I ha I I t ’  I e ’m ’ t ’ l i t ’ e ’ the d5\V e ,l’ ,e ’  n , m ’ . not , m m m , t  1 V. ’ t ’,i , I no
‘ ( C C I I I ’  a’, pet I ‘ , o f  I t ic’ ~I nm I 1 y’. I S I e 5 111 11 c l int ’ El sed have ’ boe’ni e \p ,t i t e l  ed on’ 0 ~e~’ns ’, I e’ ti

in th e p n’ e’Se ’ ti l ,nn i , t I y’, n ’ of RNAV M~~S pl ot e’ctemm’ e’’~ . I n  ,t~ld it t omi  , the ’ c ’ ’,,n~ t M&S
m il l i e’ It ’ y u sen t i ll I l i t  s tudy was riot cle ’ ’ ,e, i’ I bed as, s, min ’a t o  I v in t i c ’  m’ t ’j d mI ’  t

I 1 is ’ m ’ s ’ I  c ) n ’t ’ , I l it ’ 1 ,01,11 ’  V t ’ s. ton M&S c ’ ,l’,s ’’~ have ’ iee ’e ’nn l’ e ’ — ,ttl ,I l~ - t~~, a long w i t  Ii the ’
“~ti’\V M~t~ ~nol Iy’.t ’ ’ I l l  e i l ’ e le ’ l ’  t_o prenl:ic e ’  ~ e c t i ’ -. is te ’nt m’ ,’s~, I t s . in a] I 1St ’’ ’ t I l t ’
j t ’ t i t ! i t ’ t  I” .’ e i e ’ p  o I t ’ d  ri F gOre 1; , ,’ was h e ’d .

e )
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T he’ aria I ys i ‘, in Ret erenc e’ ft) was in tended to exp res s M&S ccitt t rea h a  hi l it  v
(mfld delivery error on the ha s in of ’ 2 e ~~~~~~ tdt ion’, (95 .44’, e,’ori f’ I s.lens.’t’ leve l)
Con tm I lability i s the d i f  f erecice between the lonties t a rid s heart i’s t pa ths f rou t
one point to another expressed in terms of trav el t i nn u~’. If there were’ riO
navigat ion and control errors , contro llabi lity is esis i ly computed given path
lengths and speeds. In the presence of such errors , controlla b ility is
dinni n ished . Contro ll dbi ii ty may be determined to the 95.44’ - conf’idence level
by using the methodology developed in the next sect ion, which is dif ferent than
tha t applied in Reference 30. An oversi ght in tha t reference pertaining to
the computation of delivery error exi sts as fol lows ; whil (’ error sources in the
I long track d i rect ott (e ’ . q . • to n 1w 1 rid for ec ast error) were comn ’-~ i de’red ,those in the cross track direction (e.g. crosswind forecast error) were not ,

Cross trac k er ror s a f fec t bot h delivery error and contro l la b il ity . T he resul t s
of these new analyses are presented after the next section , which discusses
error sources an d relationships.

Error Sources

In Referenc e 10 , t ime list be l ow of lo values for navi g ation error sources
is presented . These v al ues are used in the new analysis without change ’ except
for surveillance error. This tracking error is dependent upon qeonnetry , but
is so smal l that a const ant value (0.08 nil , lo) was used throu ghout ntiost of the
analysis for simpl icit y.

Ta ble C.? Nav ig ation Errors (Reference 30)

One Si gnna V i  ues

A lon~ Track Errors:
Airspee d Control Error 5’-: - of lAS
Wind Forecast Error S knots
Radar Azimuth E rror 0.25°
Rdddr Range E rror 255 It.
Pilot/Controller Response Variabilit y 4 sec .

Cross Track Errors
Hea d ing Sensor Error 10
Win d Drift Error 3”
Pflo taqe 

-- _____ 

1° 
-

The cross trac k errors in Table C. 2 acjqr eqa te int o o nìet ~‘n’m’w ’ value of ‘

6.63° (2 c ) . The a] oriq track error’s , except ton’ the p11 ot/contro 1101’ respOnse
var iab i l i ty  (compliance error) sun n to result in ~n net error which is a function
ut airspeed , distance flown after the M&S comnidnd , and posit i on with respec t to
the radar site. As sta ted above , the position effoc t s Wt~~5’ di sn-eq,irds.”d tItrough

— a ssunnption of a constant surveillance error compo nent. Thi s allows corustruc t is.en
of Figure (, .4 which shows the SI)e’e’el ~nd d ista nce ~t fec ( 5  on d, error. lii S

I qure in used in the subsequent control la b i li L y and del nv er y error aria )YSI’S .
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- - - “-U. - 
-
~~~, —

~~~. I



‘
~

IIUP
~ 

- 
~~~~~~~~~~~~~~~~~~ 

- -  ‘v—~~’-~-—-”--- ’ ~~~~~~~~ ~~~~~~~~~~~~~~~~~~ ‘ ‘ ‘ 

~~~~~~~~~~~~~~~~~

I SOkt 
~~

‘ b O Lt
/ /

/ /40 ‘ /
- ‘ ~~~ l8okt

/ /
/
, 

/ ./
/ 

/‘

/ /  ,/

30 

~~~~~~~~~~~~ 

/
/

/ejm / “

~
“, ~~ 

?0 “/
‘D (I) - ‘ 

-

L + 7
C- /

- - - ,
C C  4,

I, /
, le  / ,‘ -
‘It ,‘

‘1’ c i  1 () / /
,‘-, -‘ , -
‘0 L

- - ‘

~~ 
.
~~

0 - 

~~~

‘ 

;~-
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I i’ ,e ,e ’ e ’ I . 1 A I t ” t c j  I r ~, K t n - i ’ R e ’ I , t t 1

~he ~~I 101/ , on tr ttl i c r  response v , cr ’ t , i e t  Ii t~ ‘ np] tOll i  e” ’Ol’ represents
h u nev I t a b le  var ’ t m t  ten s in tim e t ’ t ’ t m m , I red I o r t in ‘ c’untro l 1 or to i ‘‘i t late an

t i m i j im a net a rid l e t ’  t ile ’ I~ 
iii )  I I I C  I l i i  1 T I l e ’ I itt ’ ‘ - ~J e ‘s c ’P ‘~ ,t m l t ’1 ,v en ’  — I his error

art c c c c , I  1 )1  ,‘ 1 ’ ;  e ’ hot Ii I he ’ ,i I V l I c J  l i e ,  k ,inct t m o s s i - c ,  ~ d i  I’d’ , c - I S ,  ,lc ’~’~ ii,i I It ,~
i ; ee o l  ! m ;m ’  r , ~ - i t it e 1 t i ’  c c  t im ’  turn nve vt ’d , n I i cO in ’ e’ C _ b I lit ’ no 0(1 C 1 1 ’ - ‘it o’~ are’
ii I ,j ’ , t r ’~~i i’d , I ~‘ cis  I t i e ’  I l i ~ure. th e ’  ros ’ ’ t r o t  k ,‘ ,m m ; Ipc e nte n u t cii c,Siepi I , h I C t  OI ’ I ’Ot ’

‘ I  ~ ‘‘ 1 0

w itt” n ’ n ’ ’ m ’  I - v .  fl i t mie l i ’  of the ’ t umv ~rn
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F igure C. 5  Propagation of Co mpliance Error

The along track component of compliance error is the difference between the
arriv al time at the actua l turn point amid the intended arrival time at
Point ‘ A ’ , which is the pro jection of t he turn point on the intended rou te .
T hus , the along trac k component is

At A t 0 + ‘ - (t0 +,\ Cos c )  = ~s (l - Cos C i ) .

In each case (along and cross track), the resultin g contip i iance error component
i S  (,onmI hi ned with either along and cross track errors on the subsequent leg in a
Poot— Smirn -Square (R”iS) fashion.

The pr inna my Iiun’pose of ’ Lb i s amia 1 ys I is to do ternm ii no arriva l t. lim it ’ control
accuracy at a point. Nominally, this would concern along track control errors
only. However, at each turn point any cross track error which t’\iStS propagates
to some degree into the along track direction of the next leg . This is true
at any turn point , i ncludi ng final a pp roach course intercept. Figure C.6
i l lustra tes this relat ionship.

From the figure it can be seen that , having been off course by the amount ‘ ,

an aircraft travels a different , distance tot the course interce pt po int on the
nex t leg than it would hdve had it been on course. This error is as follows :

Ad - 
- 

= 1-Cose
- A gina Ton i’ Sin O

Ad A = A T O n -9--

T here fore , dfl~ cross track error component propagates into the alo n~: t ”a ck
(lire (;tion , and thus becomes a time contro l error component , in the antount of
the tangent of one-half of the turn angle . Tota l tull e control t”nn ’or is then
found by computing the RSS of all components . inc l ud ing this cross tracN error
contributor . 

_ _ _ _ _  _ _ _ _  
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I
Intended Ac tu al Irack
Trac k ‘ -

4

Cros’~ Trac k
E rror

In ten (Ie I “ - - - - - - 4 Projection of
Turn Poi nt , ‘~~

>‘
~~ -~~~ ~ L Turn Poin t

Course 1nt~rcept
Po in t

F it lur e (‘ o c , r ’ t c ’ , ’-, Track I rror I’ rop aqat ioni m it t )  A I c e n t c ~ I m a ,  k I) j t i iensi ~ ni

Iii order that RNAV MAS proc edure’~ c a n  he ana 1 yzed t n t  a nnam iiien’ ceat mipa no hi e
tu the radar vet tom ,i’ , e ’  , u’ e ’ a ’ , t m n i , nb i t ’ e ’’;t , t l I k l t e ’’, ~) l RNAV ‘,vs t em pt ’rt ’ot ’ m n anc e in
art M&’, c’nv i ronnntent umiIn’ ,I - c ’  ohio i ned . I AA Ad v i ‘~ory ~

‘ u~-~ lOt  A C c 1O _ 4 I e c ’~ çI~c’terence
10) ‘ , I  e t c ’ s  the ltlini v! ~i :  m’ i ’ i l i i rt ’d RNAV sys te nu f h ’ e ’ l ’or ’ i i ;4mt le e ’ in the teruti t no I

eflV 1 m ’uili nt ’ nt t in te ’ t ’ v ’ , t i f  ‘~~d ”,yst ,t ’ni  error Itm aqn i t:~c I e’, , wh ict m are ,issuntm ed t o  be
1 ndt’p~ nt1e’nt, and ,t(1el t t i  vt i mu an RSS Mariner ’ . ‘T he’se’ conmponen t s ore list ed in
Tahh ’ li . ( i c  v a l u e s ) .  l e a  pu t. t i i e ’ - ,e ’ iii 1 I’,’ ’, l i e c t . iV e ’  w i t h c’ ’s~ni’c:t to  Tab le C. ’ , which
I j ’, t ’ , t h e  I - c I~ v c l ’ , fn u r either . oi tt potneni t. error ‘,oiit ’ c en , ot i s i c ler that at a rouge of
20 nit ii ‘ ‘v f roili the ref (‘r(’mice VOP TAC . crea’-, s track errol’ s mt ~iy be t n 0\c ’OSS of 0.8 ni
(I’ ) inc along t rack errors in excess ea t 0.6 m mmi (i~ ) t,r’x~ct value s cle ’perid on
qeounie try ) . I n a c tua I proc t i ce , RNAV per fomnmm 4.n rice WOOl 0 be expec ted to he better’
than the it linimunt i standard . This would in par t icu l a r  he expected of RNAV systenus
intended for use in a i r  ca r r ie r  (and Lìcs i ness jet ) ,‘i m’ ct ’ott , whict’n nuake up

Table C.3. Area N,ivi qat ion M jn iu tu nn (‘
~ p~tbi ii ty (i~om ’erem1t t’ 1 0)

r ’~~’ —~~~~- 1 0(’i11 I 11,i  t ~0’ c ’, C

O n ’ “e I c~n,i ~,u1 L I C S  I

VOP [ i’l’ei l ~ 1 . c ’

o n’ u ’,r’ 0. ‘li i

cii’ I . ~, - CI ~,Ilui~t,’
Co m n~ c ,~ t,c’r rror /1• ,“ 1,’e Itil
I’t i lej t d t It ’ 1 r’ t ’om’ 0. ~“0 ni

L -  3
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nearly all operations at airports for which M&S is intended to be intnp lenii ented .
Performance should he better wi th these systeimis because , f i rst  of a l l ,  higher
quality sensors are used and , secondly, add iti ona l sensor inputs are ava i lab le
(Conipa ss/Ai r Do to Sys toni a rid in some ca sos redund ant VOR/ DM 1 ) . I n order’ to
obtain an estima te of actua l perfo rman ce ’ to be expec ted , the resu l ts  of recent
flight tests of various types of RNAV ‘;y stennns have been analyzed . The fli ght
test programs are docunnuented in Referenc e II. Of particular interest are the
results for three systenis , since they spa n the levels of capability to be
expected in future termina l area operations. The first is representative of
the low end of the performance spectrunm u , the sing le way point, general aviation
RNAV system (King KN—74). The last is a hi gh capabi l i ty  niu ltisensor (dual
VOR/DME plus Compass/Air Data ) airline system (Collins ANS—7 0). In the middle , - ‘

and perhaps most important , is the a irline qua li ty system typ e which wil l  be
most prevalent , the single VOR/DME /Con tipass/A ir Data system which is representative
of the basic AR INC 5i~3 Ch a racteristic (Mark 13 RNAV). The specific system tested
was the Collins ANS -7O operating in the sing le VOR/DME m ode. No inertial
reference systems were tested . The results of these tests ar~ presented in
Table C.4. It is apparent that even the l owest capability system perfomnis better

Table C.4 RNAV Systenti Flight Test Results

One ,~i n~~_Val~ es,, -- Termina l Area operations

Cross T,r,aç_k Error Alon g, Track Error
Gener al Aviation 0.48 nyu 0.42
Corporate/Airline 0.30 0 .26
Multisensor 0.15 0 .14

than the b a s i c  requiren nnent (0.48 nnii cross track erron’ is  le ss th a n the pi lo taqe
error component alone as stated in AC 90-45A . not even considerin g the either
error components). The other systems are obviously even better.

For the study of Metering and Spacing with RNAV , only the c ross t ra ck
component is of direc t i n t e r e s t.  The along track component does , however ,
di rect ly  affec t 40 RNAV perform ance , and so will be discussed later . For
purposes of this M?~S ana l ysis , the cross track error value for’ the basic a u ’ -
line system (0.30 mit, 1c c ) will be used since tha t syste ’mn is rcprc ’se nta t ive ’
of the uu4nj ori ty of sys tems to be expected in the nea r future . In m e  ana I~ s is
ot 41) RNAV M&S performance , however , the values for the ~u l t~ si,’ , or svst~ i
(0. 15 nun cross track , 0.14 nu t along track , le ) w i l l  be ust ’~ S~ 11c c ’ i’  it , ’ ‘ m i t t  —

sensor system is representative of the more soph isticated 40 kI’~AV s\-st ’C to
be expected in the later time periods.

The RNAV Metering and Spacing procedures analyzed here art’ the us.c~te ot
clearances to a waypoint at a specif ie d bear i ng inbound . The alternative , the
u se of the ‘‘Di rect—To ” featur t ’, Was h ot consideri’tl . mi ol nu t it i’~ each a vi ab le
candidate , but because the other procedure lessens com u tr oile r workl oad since
the ness ages are no longer as time critical; e.g. an M&S control coii~itand may

C- 14
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he corrvtunicated nu~ir cy sec onds dhe,ed of I ?le i Cc ) mint w men ’c’ (bc turn is t o  s t a r t  , ami d
therefore a t  the t o ut  cc ) I lem ’ ’~ e e e r e v e ii i e ’ mn t ‘ . II ’ , i r n j s t,nrid ,urd radon’ Vc ’c ton’ t c ’~ hoiques
or the RNAV ‘‘ [) i rec I.— T o ” messa ge , the m ii e ’’ s a ej e  uuu u ’,t . t ie ’ I)re ’ us eiv j ic ~’d i m i j r c t  t m  i—
potion of the point where the nnn ,nnc uvt ’ r is lea cc c i i mu , r’t ’e I uu i r i n u ~’ ’0’e~n ten ’ control let’
invo lveninent. Since’ the ~n tua 1 t in iiin e) ni l the turn i rut t ia t i on  point 15 nO io oqen ’
dependent on the connup Ii once tam tor (4 ‘Sc’ i,t nici ’, , I ,e t i’ouun Table c. ’) but is instead
dependent on the airborne equip nmueri t . turn i n iti a tion accuracy is controlled by
the system cross track accuracy (0.3 riu uu , lo).

Effec ts of Arr iv a l Tiut ie I rrors or e cc i utn’o l l ,ibi l n t y

Under radar ve c tor cond i t i on ’., a c t c nt . r ’ n I tC ) l i I ,dild is i ‘ ,Smi t ’ dl at a part ucu la r
point in t i n e  in order to el inim in ot e the t i n e ’  ot utro l  errors which have bui l t
nip since the last oum imu and , OS we 1 1 ,u ’, tea lu ’ ’e ’ ~u ~ir’c ’ cIe t ,e rumii ned d e la y in t h e
arrival of the a i r , n ’ ,n f t  at the e l i  I e lean spa s, i c g  ~iu,’pc ,’,ots . Two I ~u~’ tot’s int ’l uence
errors in the r’c ’’,uu l l i i i ; d c , t  ion ~y (.ttn ’ ,u t -

~ rat t.: the error ti f the survei I lance
systen im , and t rue ’ p 1 i i i  - - c c r i t r o  1 lc -u ’ i - c ’  c ’ e - , i o l e s e ’  v at ’ C oh i 1 1 ty ~hout a nonimi rma 1
response t t~ -e (e, onl; l t f l~c e ’  error). Ac I I i ghI  i~~~~~

’t ’S’~ i ’ :, , o ther errors accumnu late
due t,o win d ’, , ‘ ‘t ie r e ’ c ’ r ’ em ’s  . e t c  Ld e c’l o~ th es i -  t ’ i’ i’or soru ’ccs is independent ,
and so the i u’ ‘,tot i s t  i c ’ , Cci i in a u ’ e a e c l  - s C e u c u - ’ c l l , , e ’ ’ t c ’ h j e a r i . When t ru e n ex t
cj ntro l C CCf l ~j f ld I’, I ‘~ ‘,~ t i’J • I li t ac LUci i ih I , I ( c d  em’ m’ o i n  m ’s,’ oocu )c - nsat.ed . After the

1,ts t o on~- ,t rid , flO f ~ ~
‘ I h e r ’ - c C ; c ’ p e ’ t C ’ ~a i , H  cim e mm ’ s , 3 :n, ‘- ,el ~ h1- an O C I U U  I a ted erron’ as

C the at  rcraft c rosses ‘he  i , i t ’ ’  I’ , t~ e s- 1 tea de l ive ry  c ’t ’ l’or , which is related to
i n t er ar r iva r ’ p ’ t ’ e c m ’  , I ‘ it ’ t p c e r I t i  ty i~~~’ c r i  wh~., n ot rp o n’t ,irm’ ival capdc’i ty depends.
Successful operation c i t  I He ’ Met ( ‘ P ’ l i c e h i d  Hp,sc h I d  f u n u c t,ion depeti ds upon the
abi l i ty  of the sy’~t e ’ i:. to sel e m t i v C c ’ , c l e i , IV  , c1 i ’ ~ col t a r r i v a l  tim ue at the ciote .
Therefore a cert a in ome~ i ru t  t u t  de lay  l ’’xihil ~~~y 

i,c,i l ted ootitt ’o ll~ tii i i ty )  i’~
required . The row contro lab i ii t y  ce a route coni i e~~il’ ,i t iOu I iL IV bt~ 4. c 1fl~cu t ed by
simply subtrac t i nt l the ‘ - nu r tt ’ ’ ,t pa t ti l e p ip t  I ron; tI C i o r m m i e ,’s t .  ,nitd a~e~c 1yir iq
not imind i speeds. l O w t ’ v t ’’ , this ~ea’ I m ’ e e  of control lain i ty is not avat lab lea 100
of the ti umm e due t ii t r ue  e r r o r s  ~hic h acc 3 1,1 t e a  as t O t  f ii qht Pl’Od i )‘ t,’~~SCS . I 01’
example , if an airct’ ,e I t were ,issiq m nr ’d t (c ’ C i t  \ iui iUuil ct t ’ I ,c e ’ t’Ou t,m’ , ‘at due to winds,
etc . wandered c t f f  t h a t F ’ c c uA t.C (ufl 1 “ f l t C l ’ t e !  c r at e ’ , the a m r o rot t would be unavoid-
ably early. Wonder i m l c 1 in the e~ lien ’ 0 m ’e ’ (  I o i; , to oc h i t ’ ve  a on t~eu’ route , would
have no ef fec t e n  go t ’ ,ir ’~’iv, n1 I u s e ’ ‘, i C u e ’  t c

~’ M~’sS ‘~V ’ , t c ’c ,  wo uld senSe t h e  error
and be able to s h o r t e r , th e ’  r ’c i c t t ’ a t  t I m  next - o c t  cc i i  point. S in c e the ti ut me
control error qu e r t t . ; t i e s  , u n c i e ’ ’ ,e e ’ ht’d i n  m ’ h,de u I t n t  i t ,  t ,ea r icts (,~Ig • 44 - con—
i tea nc e h’vea~ -- , i t  i’ a l s o  : c c e , c 

~‘~le t o t  t ’ t c ’t ’ n i t ’  t t P ~c ’~ ’ l ’Op ea t cont ro l—
lab i i i  y ~iv,i n lab lea (a ’ , t i c  in m e a l  c5 ‘ ci  hy , ‘ , ‘ ra i ’ )  I ot t tt t ’ ‘h - , ‘i  on I t denic t ’ 1 eve 1

i nil i nq :‘ t t M r l t P c H iii 1 ii ‘ -v ( I i  V I I  ~J(’ t e ’m ’nu i n~ st C c ’ 1(1 tm’O 1,1 P 1 - t \ ’  ‘Pd :~,c I l ilt ’

co ntrcm l errors ~beaes r- e t  a - c i p t  to -ns ,’ly ~ic ht m ’.,~ ~~
‘ , ,  o~ 1’ - c ’ 2 ~‘ C ’i’Ou’ \ ‘ J i ) ,O .

This results 51(1cm’ t ( - e  ( ‘ I ’ S ’  i - h i  ~ t. ~ mU~~ t •Cl i ,np i  , c ,  n1 ,, ‘ n- i ) ’ ’ ‘ 5 m it

contro l ~n h n -m ’test e nd lo n c ;~’st P ’e i . s t i ”,~ , c\’, 5~~,eH ’ cI c t  - ‘c t’, ~r ze Hi ~t c  ~ea , i c  H i c ’V t~
‘ dX 1 T C4 , . ‘ ‘‘i i ’~~, ~c)r t ’ X , u i im ~i1e, i~~ u t t i c  ted onl y wh ’c the c ’ t ’ ) ’ ch t ’ S shorten 11’ path ,

r i Ot when : n i e ’ - ,  l t’ ne ith pn i t .  S i , t ii l ,t t ’ly, the ca ll i t - - ’ to  ,i h iev e  m t i j i t c r ; i j n i  m u c ’iay
1 ’ -, t f f n c t e c t  ~ he ”it the r’r ’rors lt ’ nc i thp’fl I ‘ ‘ I t  fi rot ’ea c ’m ’ t han  when (lit ’s , ‘~hor ’ten it .

~nus , n,nntrol lability is I inti I t’d  L’v t Ot ’  e ’ t ’m ’ m ’i’~ ~ c m c v  wuen they cn on . 
~fl

sense, and riot. the other . l t C e O ’ t ’ t o m ’r , lie ’  3 -  c O l t t,li t ’ I ’ t ’c,’it ’ to tce s i t t r ’ J O t & ’d 0t~
~he ion 1 eas t  po~ ri i c ’ n j t h  t.o achi vt - ‘ 0 . ’ t - ~ c o o t  de mlce Ill l , C’ ~ i I) c ; (Pt ’ ,iv,i i 1 i h i 1 i t ~-
~ f it  least tha t ~di 1) r’ng I It would niot c c -  I ru e- ,‘ e l  i t ’ Hut , ‘ c t - c  r I he’ 1 , t i  -

val ue’ . I h i’, va l ice ’  repr’esents it ie ’  pea rut  curt t i t ’  c o o s ’- l anc c r t n t u ’ j t c ,, ’ leon Pc ’~ ’ cti ,t w n i c h
~t icn cu mrenc e ’s l ie (hence ’ dot — i .5t = ~~~~~ it s - c l ev e l ) .  t law eveu ’ ,

r ‘— c  I

‘
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wha t we are truly interested in is knowledge to a specified confide nce level
of the difference i ri pa th 1 enqths (contn’o l hnbi ii t,y) , not the I enqth ot a
specific path. Figure ’ 1 .1 i l lu s tr a tes a simple’ case for purposes of disc ussio n .
Neglectin g v e l oc i t y  corntr o l , the l imi ts of control in this case are paths PQR
(shortest) and PQ’R (long est). Without errors , the control lab il ity availa ble
is the difference in path lengths , shown as “C” on the Figure. however ,
r’andomiu errors ‘l and e lim i t the p a th lengths available to those shown in the
exa utuple (dotted lines) , Given the values that e1 and e2 might adop t at any
gi ven moment , the resulting controllability would be:

c = C - (e 1 + e., ) , where C = LPQIR - LPQR
T he e 1 and e - te rnis are however independent, randon uu variab les , and so t h e i r
s ta t is t ics add in an RSS fas h ion ra ther than al geb ra icall y :

dc
c 

= 
2 

, where C C I = [ (e 1 ’ )

T herefore , the 95.44. controllability is:

C95 44 
= C - l.69~~~~

2 
+ ~~~~

(ii ’ , where (1 1 =

c95 44 = C - l.69~
’
~~
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e

~
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Fi gure C./ Cont rollability Examiu ple

he approach taken to assessin g controllability was to e\a mt ine the io m ’ugest
and shortest . p a t h s independently. This was done bec ause the oc tnt rol errol’ terms
Ir e  nil i t u l y  ‘,e n s t t . i v c  to geometry , and the qeoutnetry of the longest and shortest

paths are fdr d i f fe ren t .  Als o , the long path con (and does in this case) have
more control points thin the short path . and so nontn’ol lah’i ity e ,~ um1 ’ t  he
cisS eSsed see’jmiment by s egment , but omily ci’ , the d i tec’ c’nc e he :wc c c r i  the ot ; ’ est
and shortest pa ths , as degraded by deliver y s,’m ’r e,cn ’ n . (In I i ’d ai’e C, ‘ each 
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to of fset ,  sonte of the delivery error. To the first approximation , Gate
del ivery error ( 2 - )  equals accumin ulated arrival time error less one-half of
the con t ro l l ab i l i t y  (s ince speed would nonitinally be reduc ed at the ni iidpoint
of the path , the correction factor is one-half of the total controllability).

C. 1.5 Contro l la b i li t y and Delivery Frror~~~s_u lt s

Th i s  sect ion describes the resul ts  of the methodolo gy of Section C . l . 4
when appl led to study the three c,uses of I n iterest: M&S with radar ve c tors,
M&S with RNAV , and M&S with 41) RNAV . The detai led analyses are sunuviuarized
in Table ’s C .~r (radar vec tors), C•6 (RNAV ) and C.? ~4D RNAV). Only one will
he rev i ewed here for brev i ty , and then the sununary results will be presented .

Ana lysis

Table C.5 contains the analys es of the longest and shortest paths usin g
the basic radar vector M&S technique. The analysis table identifies each
leg, states speed , head i ng , travel time and other characteristics. The
first column (fronn Points A to L) shows the accu m imu la ted along track error
(Ite nnn 8) component at. L , which includes all the components in Figure C .4
plus compliance error , OS a ffec ted by I tem 1, turn ,nnqle . I tentm 9 shows
c ross track error due to Table C.2 contribu tors, and Iten u n 10 includes con mi pl i—
onc e error. The turn angle to the next track (Item 11 ) is used in derivin g
total arriva l control error at Point 1, (2o~ . The amount to be corre cted by
path length degradation (1.69, ) is then shown , followed by the raw control-
l ,ihi Ii ty O V O 1  lablc’ at tine ontrol point , which must be greater than 1 .69 ‘\1’~ a
to assure (95.44 - )  tha t sufficient contro l exists for error compensat ion .
Since no correct ion requirement can carry over fr ci num the last leg . I t e ,~im lb
i 5 ?e’ro and I tenmi 18 , to to I correction , equal S I temim 1 3. The mmmii i no] path
length in I tem 6 is then reduced by ~f2/ 2  timuies Itemmi i,q to yield 95.44 -
confidence path l ength (in seconds). Delivery error , havin g been compensate d ,
is zero .

The second leg of the procedure , fronmu point L to the P-arc , is simi lar to
the first leg until Iteutu ii is reached . The turn angle to the next track
is zero, so cross track error (loes riot contribute to tiu iue control error,
although it would be corrected on the subsequent leg . Since the P-arc is a
fixed control point , nll of the conunpensation would occur on the subsequent
leg , hence the entry in I tem lb . Al SO , I teuit lI~ Id 11  he :ci’n C , and Item 20,
del ivery error , contains the time control error frotti item L.

The third leg , from the P—arc t o t  Poi nit P . w i l l  he used to (‘eoC ioe,’nsate l’nir
both the errors on the previous leg , plus the newl y acc uutmu lo tea t,’i’ rors . The
errors on the third leg are sta ted in I tenits 1 ~‘ amid 1 3, whi c h is Cot C i~~d red wI th
ova l  lable contro l labi l i ty  to insure the correction C O I l  he made. The erron’
front the previous leg is emitered in i tem 16. which is also c hecked agains t

C ,IV,I liable Lontroi 1 ,cbj ii ty. The errors are combi ned in I tetu 1$ and used to
adju st path length . Iteumu 10.
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The last 1 ej, to the Gate (Point G) proceed s (1~~ before with time contro l
error as Item 12, The controllability available from speed control is not
su f f i c i en t  to correc t for the error (Item 14), an (l ~o a net delivery error
result s in Item 20, On the bottom line the raw delivery error is corrected
for the effec t of speed contr ol to yield net gate delivery error (2 ), Total
path Ienqth (95 .44 ’~ confidence l eve l )  is l is ted in I tem 19 off to the far
r ight. This entire process is repea ted , as shown in the second part of
Table C .5 , for the shortest path length , yielding qdte delivery erro r- in that
case and path l ength , from which control la bility is determined dfld listed on
the bottom line ,

• Resul ts

The results of the analyses summarized in Tables C .5 through C ,7 show
two definite RN AV effects , both of which result from the same cause: that
RNAV is a more accur a te contro l too l (in terms of deviations from intended
t rack)  than radar vec tors over a l l  hut the  shortest paths. The dominant
radar v e c t o r  dq(Jreqd t,s ’C cross track error term of 6 .63 0 (2s ) quickl y exceed s
the O ,tc  mi (2- ) cr05’. track error term expected to be typical of air carrier
type P- NAV systems , as path lenq th excec,’ds five miles , Even the errors measured
10 f l  iq ht tests of a low cost genera l av iation system (0,96 mi , 2L ’) ) are ex ceeded
for path lengths greater than eight miles . The other significant contr ibutor
to cro ss t rack error af fec t in g shor t pa th len gt hs i s com p l i ance  error , wh i ch
i s s l igh t ly  grea ter in the RNAV case (0,6 ui , versus  8 seconds 0,4 mi at
180 kt for radar vectors) , As illustrated in Figure C.5 th i s error onl y
si gn i f i c a n t l y im pacts cross t rack er ror when tur n ma gn i t u de i s lar ge. The

Table C,8 M&S Controllability (95,44’~. confidence)

Rej ion Radar V ec to r  M&S M&S-+RNAV 
- 

M&S~4[) RNAV
Downwin d / Base Le’j 2 1( 1, 1 sec 293 , 5 sec ‘ 312 ,2 Sec
Fina I Approach I nts’rcept :7. 7 sec 7.3. 7 sec 47 .6 sec
Overa 11 

- - 298 ,4 s e -  31 / 2 St ’C 359,8 sec
(s , ( )  iulr ’s) (5,3 ruin) (6.0 ruin)

Table C.9 M&S Gate Deliver y Ac cura cy

Radar Vector M&S M&S+RNAV M&S+4D RNAV
- 

Contro l I xtreme : Lony Short LOn C I Short Lornj 
- 

Short
Gate Del very I, rror (?t ) 10 8 s€ e 10 8se l() ~ 12 2 orlO c~’~ ~ 7 2s t, 1 4 s e.
Inte rirr iva l Spaci nq (1~ ) 7 ,6 st’( 7 ,(t ~~I’(

’ 7,/seL: 8,6 or 7 . t’ 4’ set . 5,lse (’ 5.7set,’
Ian ~‘r Ana lyse’, ( 1 )  11 or 8 ‘,t ’< 

— 
11 t t r’ 8 SL ’( 5 sec

* Sma I 1cr value presumes use ot one r- ,id ,r r vec tor comma 0(1 t LW ti nal approach
intercept. 



two effects of this RNAV contro l ac cur acy are tha t RNAV significantl y improves
controllability over a given geometry while maintaining approxiiua t-el ,~ equi~ a 1en~
gate delivery accuracy. These resu l ts are shown in Tables C.8 and C.9.

Table C,8 shows tha t RNAV improve s overall contr ollahih ty by sever’al
percent , froiri 5.0 to r , ~ flu flute s . A l 1 of the inc r ’ease 0CC urs in ~~~ ‘ 5J(tw rlwi ur d
base leg area ,~ the area of major time control activity , the controll ab ility . 

C

in th e fina l dppro ach intercept area , the “fin e’ tu ni ng ’1 area , decreases
sli ghtly. Table C.9 shows the gate delivery error at the extremes of control ,
the longest and shortest paths . Over the longest path , RNAV shows v i r tua l l y
no ef fect ; the 2~ error is 0.1 second lar ger in the RNAV case. Over the
shortest path , gate delivery error increa ses somewhat with RNAV , from 10.~ to
1 2 .2 secon d s . However , t h i s  inc rea se on l y occurs when the very shor te s t path
is used ; all paths in between the shortest and longest woul d exhibit ga te
del i very errors similar to the longest path , 10.9 seconds. Furthermore , when
the shortest path m ust be used , gate delivery accuracy can he reduced to 10.8
seconds through substitution of one radar vector couiula nd for one RNAV coniuand
(final approach intercept) , as shown in Table C .6. Therefore , RNAV procedures
can be implemented without any detecta ble effec t on gate delivery accuracy and
w i l l  resul t  in im proved contro l la b i l i ty.

The effec t of 40 RNAV as an M&S control tool is quite dramatic. Not only
does the usage of 40 control , as provided by an advanced RNAV capability (0.3 ml ,
2C -- as proven during recent flight tests) , p rovide even m ore accurate gate
delivery time ; an added bonus is the dramatic increase in controllability
wh ic h a lso  resu l t s , 6,0 minutes as opposed to 5,0 minutes for radar vec tor
M&S. Significant increases occur in  both the downwi nd/base ‘leg area an d the
fi nal  a pp roach in te rcept area .

Note that the 4D benefit m ay he achieved using either DABS or ATCRBS sur-
veillanc e, since even the ATCR BS accuracy (0.25°) is sufficient to provide
adequate surveillance for a 40 M&S system . Raw sensor accuracy would be better
than 2 sec. (lu ), and the tracking al g orithm would significantly improve that.

The gate delivery accuracies determined in the present study are put in
perspective relative to earlier analyses of M&S potenti al in Table C .9. Refer-
ence 32 derives values for one si gma int e rarriva l error of 11 seconds for M&S
an d 5 seconds for 40 time control , Reference 30 lists an M&S interar n iva l
control error of approximately 8 seconds as the target. Cockpit simulator
studies , Ref erence 33, resulted ‘in a 40 RNAV interarriv al time control error of
5,4 seconds. Table C ,9 lists the results of the present analysis ‘in term s of
one sigma interarrival control accuracy (interarrival a cc u rac  equ als absolute
t im e contro l ac curac y t ime s . 2). As the table shows , these l d t L ’Cs~ results are
consi stent with the eight second (MA S) and five second (40) results developed
in the earlier studies.

C .l.6 Controller Workload Re sults

The Mete n inq and Spacing procedure usually involv e s the use of fi ve contro l
points star ting at point A on Figure C.2. A typical sequen (’&’ of points is the
departure ’ from Point A , the turn towards point P . the turn towa rds Point P 1 at
the P-arc , the fina l turn to intercept the final approach course , and the speed
reduction after final approach intercept. In the Cdst ’ ot basic rad ar vector M&S ,
the timing of each of these con t rol messages is L- ri tic al . The introduc tion of
RNAV routes and procedures does not reduce the number’ of contro l points , s i nce

C-26
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the RNAV pru .edu re’. were ‘.pec i t c a l  ly di ’s igned I a be couui patibl e with the  stand-
ard procedures. A I ‘.n , if the s imp I r’ RNAV “Direct. b ’  command were use d as the
primary contro l coninand for MA S pro(.r’dures , these commands would be just as time -
critical as the radar vector coninands . However by mak i ng use of the capability
of all RNAV systems to proceed dired to a waypoi n t alon g a specific track bearin g ,
the t i me-c r i t i ca l i t y  of ’ th e contro l c oninands b r  a l l  tour turns would be far re-
duced. I he M&S automa t ion would prow i n e  the t r1u(: k bearing I nfonnat ion to the
controller ahead of the turn . [he control ler cou ld is s ue the dir ect co umin and at
his convenience rather than within a very few seconds of the target turn point.
While the message count remains the same , the organizationa l and coninunications
burden on the controller is considerably relieved .

the same result with regard to non-critical timing would be expected with
40 RNAV . However , the need for the final M&S messaqe ,the speed reduction , is
eliminated since the 4D system takes care of that. The refore , the message count
is reduced under 40 RNAV conditions . Countering the trend to lower work l oad
leve l’, with RNAV i s the fact that . RNAV and 40 messages contain more information :
RNAV add s a waypoint name , and 40 adds an a r r i v a l  time to that , although aircraft
speed is removed . The ba sic M&S message would con t a i n  aircraft i den tifie r ,
headin g , speed and altitude . The waypoint name would not he expected I r  s i a n i f i ~
cant ly complicate the message . Inclu si on of arrival time (minutes , ‘~ t ’ ond s ) cou ld
increase the communications burden and the possibility for erroneous interpreta-
tion to a minor extent, until Contro l Messaqe Automat ion is implemented. How-
ever , these factors would be expected to be outwei ghed by the advan t ’ ‘; in term s
of time-criticality .

The use of the 40 technique al’ ,o requires that the airborne sy c t . ’ - .~~ i-

chron i zed to the ground clock. However , thi s oCr v he done a t  any t i ri - r ‘ d ~~ 
or

before , the f l i g ht (a highly accurate airborn e ~lo’.k is not required ). a work-
l oad leve l is not increased. Naturall y , if DABS is in use the synchro nization
may be accomplished automatically.

C. 1 . 7 Comput er Requ i rements impact

A pr evious study of the (ore requ remn’n t and execution time i uli pact s of in-
t.n ’qr a tmn q RNAV procedures with Meterin g and Spi ing appears in Reference 34 , an d
is sunina ri zed in Re ference 8. The corn’ requ i n’men t impact  i very sma ll (450
word ’ . added onto a nominal 16,00() required for MAS ), based on analy sis of M&S
procedures simi lar to those described herein. There was found to he no OXt’L’ t l t ’ i O f l
t ime impact . The 1 isp lay data block on the ant r’a I b ’ s si_ ape must be emi l arueLi
‘.l i qh t l y to accomm odate the waypoint name (five character s).

No si iri i l ar ana I ys i e xi s t s for  40 RNAV corn’ req u i rernent 5 and n ’ XOi . m t  1 on tim ’
- f . 

impact. However , since the 40 t ’rm n ctlei is really a very simple extension at the
RNAV concept, and waypo in t arrival tim e s would he assigned wi thin the work ing s C
of the basic M&S pro gram even though they are not communicated to the control ler ,
it seems that the 40 impact would he limited to again slightly enlarg i ng the

- - display data block 1.0 accorrinodate that new data.



(.2 CONTROL MESSAGF AUTOMATION SYSI [M COMPL EX ITY I MPAC T ASS ESSMENT

C .2 .I Intr oduction

Con trol Message Automation (CMA ) is intended to be a major ATC controller
productivity enhancer. The CMA syste uim will take advantage of the planned DABS
data link and air borne control comma nd display capability in order to auto-
matically communicate computer-formulated coninan ds upon ATC controller approval
(rou tine approval shall probably be requ i red as CMA is initiated , al though i t
may be el imi nated for certain command types , e.g. Metering and Spac i ng , as
time progresses). CMA is one of the mos t important UG3RD automation enhance-
ment s since it has the potential for produc i ng large reductions in controller 

- 
-

workloa d , therefore reducin g staffing costs .

Control Messa ge Automation will eventually be used for severa l ATC purposes :

• Resolution of potential airspace conflicts , based upon a conf lict
predic t ion or a l e r t ing  c a p a b i l i t y.

• Au tomating the routine control communications of M&S, an d 40 M&S .

• Prov ision of routine control messages (altitude changes , speed
changes , cleara nces , etc . )  

-

‘

The usa ge of SID/STAR procedures in general , an d RNAV SID/STAR procedures
in  par t i cu la r , w i l l  sim p l i f y the CMA task , just as they can be used at present
to simplif y the radar controller 1 s task. Natural ly, the CMA sy stem can de l iver
amendments , in the form of parallel offsets , direct-to-procedures , deviations
from specified altitude , etc , to the pub lished procedure at any time , where
such deviations are warranted .

The followin g sections will discuss further the CMA process , an d the
expected i mpact of RNAV on CMA system complexity .

C. 2.2 CMA S~s tern Elemen ts

A control message automation system may be thought of as consisting of
six elements , as fol lows .

Au toimmated Monit orin~j -- This function includes aircr att tracLin~ , as done
present ly in the ARTS and NAS automated systems , althou gh the surve illance
system would be DABS rather than ATCRBS. In addition, however, many CMA
func tions would require association of the tracked airc raft with its intended
rou te or path of f l i ght , such tha t track deviatio n and fli ght progress are
always known . For example , the M&S func t ion re quires knowle dg e of the
aircra ft with respec t to the command track and intended arrival point.

4 Problem Recognition , or Strate,~jy Dev,~~~pment -- This function is highl y
dependent on the particular CMA func t ion of i n teres t . It is the conflict
detection portion of a Conflict Alert or Con flict Predictio n system . it is
the arr ival time determination logic in a Meterin g and Spacing system.

C -28
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Control Action Decision -- It is at this stage that a specific decision as to
the type of deviation from the present flight plan is required to achieve a
specific objective; e.g. headin g change , altitude change , speed change , or a
combination.

Messay~e Formulation -- At this point a specific message is formulated for
delivery to the aircraft. A voice imiessage for controller delivery , or
DABS format message for automated delivery , or a combination of both would
‘-esu l t. -

Transmission and Verification -- At this point the message is forwarded to
the controller ’s console or to the DAUS site for transmission to the aircraft.
A signa l indicatin g successful transmission would be expec ted in return.

Compliance Mon itori ny -- Subsequent message generation would then be held
up until the system determined whether- or not the aircraft was , in fact ,
c omplying wi th the message transmitted . If so , t h e  CMA function resumes.
If not , a controller alert message would be sent to the control console , and
a contingency contro l message intended to compensate for the aircraft
inaction would he generated by the CMA function.

C.2.3 ~NAV Im pact Assessment

Only two of the above six elements of a CMA system ~~uld he affected to
any degree by the presence of an RNAV flight plan. The “Control Ac ti on
Decision ” function is affec ted sli ghtl y, because RNAV provides two additional
contro l options (parallel offset and direct—to). This may influence the
contro l decision process tor the following reasons. First , if an airc raft is
on an RNAV f l ight  plan , it is desirable to keep him on RNAV so that he m a y
resume navigation easily after the i tu at ion has passed. Secon d , these
lateral RNAV control instru t ions will be , i n some cases, more desira b le than
an alt i tude rec l earance from the point of view of the aircraft ,  or more
desirable than a radar vector , which requires closer monitoring and usually
more control messages , from the point of view of the ATC system . The net
result is tha t recognition of RNAV t l i qh t plans would influen ce the design of the
logic of the “Contro l Action Decision ’ phase. This should not significantly
affect the computer resources requ ired , however .

The other phase affected by RNAV is the “Mess age o roolat ion ” phase ,
sinc e the presence of RNAV capabilit y requires that the system be capable of
generating more types of messa ges. a obtain Ci better idea of the influence
of RNAV on CMA requires a more detailed breakdown of :~essage con~i1erat ions ,
as fol lows .

Me ss a~je Types -— Inte gration of RNAV adds two message types for con f li ct
prevention (off~ct , direct -to ) and one for M&S (direct-to at specified track
b r rin q —— SQE~ ~~c t ion C. 1.2) to  t.he number of ocs ,dqe— ~or which capabi l i ty
must he provided .

C-?9
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Types of_ Compu tat ions — the ompu tat ions requ i red to generate the RNAV
messages are no trmore comup 1 ex than I hose required for conven t i ana l control
For example , a para 11 e 1 o f f s e t  i s no more di ff i cu I t to generate t han a
radar vec tor procedure . RNAV actua l ly s imp l i f i es the cons i dera t ion of
winds in the M&S system .

Messa~jes per Conflict Incident -- A latera l umm aneuver with RNAV requ i res two
messages : a p a r a ll el offset followed by a cancel offset, although they can
be combined into one , such as by speci f in g the po in t (or ela p sed di stanc e or
time ) after which the offset is cancelled . Alternatively, a ra dar vec tor
procedure requires at least two and sometimes three messages (depart track ,
roughl y parallel track , return to track). On the average , RNAV wou ld
invo lv e fewer messages.

Messa~jes per Arrival for M&S -- In Appendix C it is shown that RNAV requires
the same number of messages as radar vec tor M&S. In addition , 4D RNAV M&S
uses one fewer message .

Routine Control Messa~jes per Aircra ft -- RNAV would have a minor ef fect on
the number of ro ut ine control messages del iv e red . These inc l ude control
mr ’s’;a’jes , speeds, altitudes , altimeter baronmetri~ settings, etc . The RN A V
effec t- is a sli ght reduction to m essage count, as demonstra ted i n the DABS
channel capacity analysis in Appendix A.

RNAV SILl/STAR Iapa c t - -  Where and when MAS is not in use , the existence of
RNAV SW/STAR procedures will si g nificantly reduc e mess age counts in
c om nparision to automated radar vectoring of the aircraft. Where amendments
to the SIP/STAR procedure are needed , the parallel offset or direct-to
mn’s s ag es arc very eff i c i ent means of ac hi  evi rig t he needed deviat ions. Such
reduct ions in mess age counts were not reflected in  Appendix A . s ince  LAX i s
presumed to be an M&S terminal , an d so th i s  d iscu ssion woul d not app l y.

It I S gui te apparent that the i nteqr,1 t ion of RNAV will requ i rn ’ some
,J (á (jj tlo ri,i 1 effort in the develop ment of CMA. Also , the resu ltin g computer
code will be sl i g h tly longer , refle c tin g the added complexity . however ,
e x e c u t i o n  time requirements may actual ly he shorter- due to the reduction in
onssCnqn ’ counts. la c h of these effect s are expected to be minor . They appear
to he even more insign i  f i can t  when viewed in  the Lo nt exI that the ‘Contr ol
I)ec i s ion ’ and C

~M esst ( 1 o For mu la t i on ” Sec t ions at CMA com ic t it ut e only a min or
port ion of the overal l  CMA function. ihe majori tv of computer- resources are
involved in the various other necessary aspects of Contro l Mecs a oe Autom ation.

C-30 
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C.3 RNAV IMPACT ON CENTRAL FLOW CONTROL AUTOMAT ION PLANS

C.3.l Introd uction

The Central Flow Control (CrC ) fac I Ii ty c omprises a u~r o r  part of the
FAA Systems Conii~ind Cen te r .  The pri ma ry objectives of CFC are to p revent
o r minimize costly airborne delays which result from period s where aircraft
demand exceeds capacity , and to prevent saturation of enroute airspace nea r
l arge terminals due to excess arriva l aircraft. Both excess demand and
insuff icient capac i ty can cause such s i tuat ions. Insufficient terminal
capac i ty may be either chronic (inability to service ordinary peak demands)
or temporary , as caus ed by severe weather or shutdown of necessary navi-
gatlona l or ATC facilities.

C.3.2 Present Flow Control Procedures

The flow control process consists princ i pally of two basic func t ions .
The first is the collection of demand and cdpacity data and the recog ni t ion
and forecasting of excess delay situations. The second is the coord i nation
and control function to minimize the delay impact on operators and the ATC
system . Basic f low control  p rocedures ar e def ine d in two FAA Orders,
References 25 and 26. These de f in e the f low con trol p rocess an d p rocedures
to be used . At present , th ree bas ic f low con t ro l procedures are used for
the minimization of arriva l /departure delays at n~ijor airports and prevention
of a i r s pace satura ti on .

Standar d In tercenter Flow C trol -- This  i s the process by wh i c h a ARTC
center will recognize that the capacity of the center to absorb delaying
arr ival aircraft  to a large termina l wi thin its jurisdiction (or i ts  capaci ty
to absorb departing and enroute traffic wi thin the existing route structure)
is or will be exceeded . At that point , arrivals to the center from adjacent
centers would be restricted . This is the standard , ori gi nal f low control
procedure . The CFC system was established to coordinate , ex ped i te and
minimize the aircraft opera tor impact of these activities.

Fuel Advisory D~p~r tures -- This  is the p rocess wh e reby aircra ft houn d for
certain cri t ical airports are g iven the option of accepting some of the
anticipated delay on the ground prior to departure . This ground delay is
then cons id ered when determinin g an a ircra f t’ s position in the landing queue
upon arrival to the terminal. The intent of the FAD procedure is to save
fuel .

- 
- 

. Quota flow Con trol — -  Quota Flow Control (Q Flow ) is a more formal i.-ed
version of the stan dard f low control tec hn iq ue . The a cti on taken depen ds
upon the location of the departure terminal relative to the Q Flow terminal .
and airc raft opera tor desires. Upon sa turation of the arrival center , arrival
quotas will be set for that center and each adjacent center. Departures
within those specific centers bound for the high delay terminal will or’din aril~
he assigned ground delay , althou gh an operator may request air delay if he so
desires. Long distance flights (originating beyond the adjacent centers) are
delayed in the adjacent centers in order to not overload airspace. If , for

— 
. reasons such as insufficient fuel , they desire to land at a different airport ,

-t
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the gr - uund de lay expn ’r ~~ m n ed there ouru t s (ow ,mrd . 1 1  i- hot -m it ’ di’ lay in
deter -rn m m  rig quo t ,t p r i o r i ty . Fuel  Adv i sary Depmr lure prot edures may be
used i n  4. onjunc t ion wi th t) Flow .

Proper exec u t ion and t i in i nq of such proc edo res depend s u pan C ouimprehens iv t’
t i m e l y  and accura te data collection and delay predic t ion. Presently, such
procedures are automa ted , although the traf f ic demand data i nc lu ded i n the
system is limited and not necessarily timely. Reference 2 1 documents the
existing prototype air traffic flow contro l automation system (the Airport
Information Retrieval System - AIRS) . This  system is primarily oriented
towa rd s predicting termina l saturation conditions ; it does not spot potential
enroute congestion points. The mim ajor source of data is the Official Airline
Guide data tape , which is updated period ica 1l y. General aviation aircraft
operations are inc l uded only  as estima tes, or historical percentages ; no
rea l time flight plan data is included . The Airport Reservations Office (ARO),
dIso located in the Systems Command Center , furnishes rea l time inputs con-
cerning changes to schedules and other traffic for ARO Terminals. Airport
~opa city data is taken from local daily estimates and projections periodically
furnish ed by each termin a l via teletype . The automated facility then estimates
aelays and holding stack requirements on demand , and w i l l  determine Quota F low
quota da ta .  It also aids in accomplishing Fuel Advisory Departures by listing
out up -to-date departure time estim ates , and accepts rev i sed departure time
e stima tes in order to provide revised delay/ holdin g stack results.

Sinc e the existin g AIRS system does not consider specific routings , there
is no direc t RNAV im pact. Manual procedures are used for assigning weather
or congestion avoidance routings , and an RNAV rou te structure would provide
added rerouting options. Also , RNAV could be used in many cases to increase -

‘the available ho ldinq airspace by providing hold ing fixes at arhitra ry points.

C.3 .3  Future Flow Control Features

An automated flow contro l system is planned (Referenc e 2t~) which replaces
the present AIRS system , and pr-nv ides car sI dora hi y Improved d~ La iO u oct ion
and forecasting services. The system will use the 9020A computer located a t
Jacksonville ARTCC , although the main flow control staff will remain at the
Systeri s Commirm a nd Center and operate the system remote ly.  Presen t p lans  i n c lu de

mp 1 err:entation of the s s  toni in  two phases , the Basic ~vst.t’iii and the Enhance—
we nt Packa ge. The end result w i l l  be a ~~stem u with ca pabilities includi n
d irect l ink~ t o each of the 20 ARTCC compu ters i N  order to prow l Oc m’ea l time
updates to the DAG Traff ic data base. Features to ~e provided w H i  inc l ude
t ra f f ic  load summaries , delay predict ions, demand predict ions . o~ipot er
genera ted flow control advisories, and message p r e p a r a t i on  duLl U S \ O - j f l 0 t~~Ofl F

to the ARTCC ’s. In addition , the ability to provide traffic dendn~i sa :ar-ies
at key enroute fixes shall be inc l uded . System activ ity is to be centcred
around the arrival/departure traffic at fifteen “pacing ” airports whi ch
generate the prepondera nce of traffic deidys. System capabilities will
include the ability to automat ica l ly  generate aol Advi sarv Dep a r t  ur e det 01 led
reports and Qu ota Flow reports and au toma t i c a l l y trans m it that data to the
affec ted centers.

_ _  
_ _ _  -~~~~~~~~~ 

_
~~~~~~~~~~~~~~~~~



- --,‘

C.3.4 RNAV Impact on Uut.ur e ‘-~y c t emn

The future CFC sys tenm will a ou m p Ii sh muc h the same task s as the e ~ is t i rigsys tern , except tha t the process w i ll hi’ more highly ~iu touma ted . a mmd mmmcli
imiore accurate , because the ARTC C direc t computer coum~nun icati on cap ability will
a ilow the fli ght p l dn data base to be kept much more current than is present ly
possible , ~nd for severa l other reasons. The planned capability to provide
projec ted f ix  loading data for vari ous f ixes  in the enroute and terirminal
environments is a new capability. On the surface , it woul d appear that RNAV
implementation would significantly im pact the comp lex i ty of th i s  task , since
the RNAV routes will traverse different fixes than conventional rou tes.
However, this is not the case. The exact routing of individua l flights is
not exami ned by this function . Instead , an ascr i bed genera l routing is
es ta b l i she d where by if any of a set of 255 (maximum) fixes, wh ic h represent
segments of center or terminal airspace, are traversed by the general or
typical route or flight , tha t fix name would be attdched to tha t flight plan
recor d for future reference. The fact that RNAV and conventiona l routes
between given city-pairs will not ord i narily deviate seriously from one
will render the RNAV distinction to be of little importance for these purposes.
T herefore , RNAV impact on CFC operations will be insi gnif icant except that,
as stated before, RNAV (-an be used to provide more holding airspace (in
some cases), an d to p rov i de more f l ex i b i l i t y in assi gn in g rerout in g s for
wea th er or con ges t ion avoi dance , which are manual procedures.
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APPENDIX D

MLS SYSTEM IMPACT

0.1 INTRODUCTION

The present Instrument Landing System (ILS) was developed in the l94Os
to meet the then current and projec ted operationa l requirements. To date ,
the ILS has provided highly usefu l service. However , the technical and
operationa l limi tations inherent in ILS impose constraints which are signifi-
can t in todays term ina l area environment.

Of primary concern are the mult ipath effects characteristic of the VHF/UHF
ban ds of the ILS . These effec ts make s i t i n g of ILS systems d i f f i cu l t  if  no t
v i rtu a l l y impossible at some airports requiring precision landing aids. The
nmu l tipath effects are realized as reflections from local obstructions , such —

as hangars and large aircraft near the runway, causin g perturbations of the
prima ry guidance signal. These perturbations are difficult to overcome in
the VHF /UHF band . - -

The primary means of reducing multipath effects i nvolves proper siting
of the ILS antenn a. This can be achieved through extensive si te pre parat ion
which could be both difficult and costly. The multipath/siti ng problem is
becom i ng an ever increasin g concern as the num ber of airports  requ i r i n g
precision landing aids increases. This concern , together with the added
benefits of wide area coverage and reduced minimums (especially in  adverse
weather conditions) has encouraged the development of MLS.

The increase in the density of traffic in the termi na l area has emphasized
the requirement for approach paths which differ from the straight-in approaches
cha racteristic of ILS. This requirement stems from two factors : (1) the
need for greater utilization of terminal airspace, and (2) the desire for
red uce d noise over popu l a t e d area s. Both of these fac tors su pp or t the con-
sideration of both c’~r~ed approach and steeper descent paths (typical of STOLand VTOL a i r c r a f t ) .  The add i ti onal a pp roa ch pa th requiremen ts d ictate the
need for a precision landing system providing volumetric navigation support.

These land in g a id requ i rements have led to the M i crowave Lan di ng System
(MLS) developmental program. The followi ng objectives were established for
the MLS program:

• Develop a new precision landi n g guidance system by 1977 which
will have increased performance compared with today ’ s UHF /VHF IL S
system and will require less costly and stringent requirements
for site preparation and installation .

• Develo p a basic system wi th the capabilit y of increased per-
formance throu gh modular additions so that the capability and
cost can be tailored to satisfy differing requirements of
V~mr i Ou~. a i rpor ts  and users.

0-1
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• Prov ide for curved , multip le dpproaches so that approach paths
can be selected for minimum noise impact on the community
consis tent with aircraft flight cha racteristics. This improvement
in flexibility of the service relates directl y to the overall goa l
of improv i ng perform ance.

• Provide a sing le standard ~or the signal- in-space which will satisfy
the princ i pa l needs of the iv il , milit ary , and internat iona l users.
Not only would this elimin ate the additiona l costs of severa l pro-
life ratin g systems , but it would add to the safety of emergency
operations , permitting, for example , a precision approach of a
civil aircraft at a military installation.

• Complete essential development at a sufficiently early date to
ensure availa bility for evaluation by other ICAO members.

Anal ysis and ex per imen ta tion has shown that many of the objec ti ves
enum era ted above can be achieved at mim icrowave frequencies where a narrow 

- 

-

beam can be generated wi th a relat ively small antenna . In 1967, the Radio
Technical Coninission for Aeronautics (RTC,4 ) formed a special committee
(SC-ll7) [42] to lay the ground rules and guidel i nes for the coordinated
development  of the MLS .

Basicall y, the MLS is an air derived system [42], that is. ground stations
will generate and transmit coded signals which will enable an airborne
receiver / processor unit to derive its precise azimuth angle , e leva t ion  an g le
and range data . This data will be suitable for display to the p ilot or
for use by an autom natic flight control system. In addition , provision is
made for the ground - to-air transmission of auxiliary data providing runway
identification , the condition of the runway, the operational status of the
guidance system , and weather data .

An important feature of the MLS design is that of modularity whereby
configurations having different levels of performance capabi lities and costs
can be ada pted to sa tisf y the diverse requirements of various users. Because
of this performance modularity , all airframe and ground-based components of
the system will be fully compatible with each other . This imp lies that in
any particular operationa l situation , the service provided by any combination
of a ground facility and an airborne unit is limi ted only by the capability
of the less sophisticated of the two .

The coverage volun;e provided by the MLS is shown in Figure 0.1. Current
plans dicta te that azimuth coverage be provided within a 20° sector syniuetric
about the extended runway centerline. The eleva ti on an g le ran ges from 1.5’~ to
22° and the maximum DME range is 20 nm . The maximum altitude for MLS cover-age
is expected to be 20,000 ft. This coverage is adequate to support a wide
var iety of approach trajectories.

MLS position coordinates are defined with respect to a runway centered
reference frame ra t her than the 360’ north-reterenc ed hearinq sy stem of
RNAV . Sl ant range measurement is similar to the s l a n t ran ge a v a i la b le from
DM1. The addit iona l measurement , el eva t ion  an gle, is a s u b s t i t u t e  for the

0-2
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ci it ne ter . However , un l i ke the ha rowe t.r mc a l t i m e t e r - , t he ML S—derived a 1 t i tude
is Commlp Ute(I W I  th respec t to the ground i ndependemi I of the local barometric
pressure set t i rig . 1 he nvor i ii ‘, i liij I a r it . i m ’ s in the types of nieasu remlm en ts
insures tha t. 0 OllIiiOfl for - r i m i ’  ~m() pro f ) r iat~ for the Is IS 1 U (lu id,Ifit (’ comput ations
req~ i red 1)1 ho ( Pm RNA V a rid Ml S - f b i  ii of  the (‘qua t ion sets on be dot i nod in
t erms of a WdYPO I ni t rm ’ fereric ed sys t ou r .

1 bough 1w i l a m in t or-mn , RNAV 4imid MI S sys Looms ,ire riot. s inn I am -  in t m in ct ion.
MIS i s pr imn a r- ii y in tended as a proc i si Ofl I and i rig sys tern t o serve the gu i dance
roqu i r~einen ts üt a h i gli dens i t .y Len in no] area . RNAV was conceived as a means to
~rov ide p01 nt— to—point  nov i go l ion apahi ii ties. R F’JAV is i nt.errdod
t.c) serve the enrou to no vi ga t i on t uric t ion and a I SO W I 11 be ut  i i i  :ed
i n the termina l area to acquire the precision landin g ,iid , or to f a c i l i t a t e
approach pro(.edures where su c h ai (IS art’ unava ii at) it’ . Thus , given that each
sys tent 1 s des i gnied t o  serve d i ffe ren I roqui remen I , it should not be surpri Si ny
tti~r t the error Spe(: iii cot ions for each ar-c wide ly different. For the high
proc i sian rm ’ ( f u i roments of the term ina l area , MLS is expected to sat is fy  the
err’or- budget shown in r i ~ le I). 1

l o b l e D. I

RI (;A 1 4 ? 1  ~I ~ Sf )ec1fic ,mt .i (~rs (l~ )

~~ f i qur ~ t. ion Il F

~b n ’ r - m t ion , I  I (l~p C a t  - I Cat .  II (at. I I I

DM1 
-91.4 mu 30.5 on 6.1 in

(300 ft..) (100 ft. ) (?o i t .

R mnd ain A

Tot. m 1 9! .4 on 30. 5 iii 6. 1 mu

A/ 

-- _ _ _ _ _

K i as . 1 .~~) oleqp’r’es . 090 deg rees - 03e deqm-ees

Random . (165 degrees . 033 deqrees . 0~’4 detr ret’s

lnt~i I . 1-1 1 degrees .096 degr- t ’rs . ~~~~~

i

i

u~ I- , .050 dog rot s . 050 t1etim ’e~ s .050 degrees

s’  .05~ degrees .0Th  deqr’ees .035 degrees
- . , 0 / / doqi -et . .061 dog m’ees . do 1 ~leu rot s

• •. •‘~ r • o -  1 m g  i bi o compared to h i t s
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The acc u r a cy  requ r- t ’ i im c ’nt for RNAV a,.e howni in Tab le 0.~~. Th~s~ a I ut ’s are
1 n i i o , m t i ye of the ii i mm i IJ ioan ~ic (:opt lI) 1 t ’  e r r or  t o !  e r , Inn&t ’  lou . ar m RNAV ‘y’~ I t ’i~~. in
genera 1 , IIIOS t RNAV in’. t o ll at ions doe m ye pos it ion in t ornmma lion wit Li gr ’ea tot -
prec is  ion than ind icated by the mnn ini mm iu n ii i’oqu I remt’nts of A (’~)0—’15A 1 10 1 . Fli g ht
t es ts  of severa l reprt ’sn’nm tat i vt RNI\V sys tows deiiinns Ira ted th I t ar t  . 1 he
resu l t ’ . of these exp e n - I non ts • per foriuc’d in su ppm- I of a study 0 t iii gu t
technical error (Reto renico dl), ar m ‘.hown in I qure 0 .3 . These stati st .hS
were o f t  ri v en from ,i n en ‘~emh li a no 1 y ‘ I s of a sen io ’’~ of tests conducted at
NAF LC ~i nd a t the M lami 1 mmd h o rny r r- t, ennu i no I area s and I. bus th i s do to m i i i qh t
be more represent ative of the o rroir , incurred pr- i or- to MLS si qnia I recep t lor m.
The subjec t of RNAV/M I S transit ion i s  ci signi I icant aspec t of the MI S system
i;;~pI( . I dnal ysis and thi s considerat ion is the pr inc i pa l subjec t of di scussion
in Section 1).?.

Al though the RNAV and MI.S comput a t ions d i sp lay  simila r characteristi cs
the ex act ummethod of rou to ’ fol 1 ow l rig may d if for. RNAV rou Los t i re genera I ly
specified as grea I c i t- c  lo seqnmments between stat ion—r e t  erenced ( r a n ge  and
hea r ing rc ’i at i ye to tot ion) or ojeograph ic referent 0 ’d (1 at it ode and iomiqi t ude )
waypo i n t s . The pr’mo  i so n o t  ur e of ML S roti te do fin it i on ha S not  been sp ec iti ed
Rou to def in i t ion may co ns st of s iimi i l ot -  RNAV waypo I ru t Spec i 11 cat ions or as
c urved 1 ni. s between waypo i nts . I ur theruiiore , the  M l S ii e , isu r e m i i en t  s are runway
rr-’ferencm,d . Sec t i on 1). 3 presents a inure deta i led tIi scuss ion  of the poten t. liii
rou to fo I l  ow l nq di f ferences

As di ‘- o u s ’ ,o t  prey m o m ’ . ly , a hi Ot Iogr’ e ’ t ’ tt t uinlilori l l i t  y ox i~~ t ‘~ bet ween
the compu tat I ona I n-ego i rement. of RN/’OV  a rid ML S - 1 rn (tie t o t  eros t of w in i mum
t ous t avionic ’, it is highly dr’’ ira t )l (’ to combin e m ’ . mu~ h at  the oml t)Odrd soft-
ware amid plo-s t t o n i  s us lois’ , i hi e. I hi s an he a th it ’v eot t hrou~ h proper pi’e—-
proo or , i rig t i  Mt . S and RNAV niieasur ’r ’ni ieri t . ’-~ t o tra ns ta r—i ll the moo suremneot . s into a
tOflVi100 t onrd i no to ‘.ys Loin. Ihe ‘•ut )se q ue ’ni t (J Il l (ItlOt o oiiipu t 0It i o,in s comi then be
per formed by a coni~iion sot. of software al or I thnns . The c Omputa t 101)01  C iiiipa t. — 

- 
-

b i l  I t y  is d iscu ’ ,sn ’d in det ail in Soo t i o ri l).4.

In l i k e  imma nn er It. is highly o1t ’sim ’~h tt to have ce ist oni l  i t y  in the d isp lays
for RN AV and MLS . To th of these cytems essential lv d n splay course tlev i at i on
hence it m s t e a s i t u  it to hove a c ouninon d i  

~F~
1 ~iy s h mred by both r’a thor than

hay I rig redundant di sp I ~y s  . A hr i t ’  I tli cross ion is a] so pr -esm .wl ted in Sect ion
0.4 regarding displa y requ irem ;m ents.

1\ guidance so home w i th  the poteni i i_ i l fun’ htn ~t 1 i i~~ a ii- rs~ i i n  no
o n e  ternnii n o I mrea at the f a t  urt ’ is  41) gui ,banca . 1 c m i d  i t. mon o runt rol

parameter  is along tr i ck or t mm’ t. ont i ’o l  . Though ro o t  O o c t s ’~ o i ’ I 1 t’ aqul reol
o hi ‘, cid it i t  iona 1 COn tm I api hi l i t  v c m i i  prow de t ~~~ ‘ has tar i ’  i0 i~i Ti. ~~t ion
of meter ing and spac m o )  concepts .  Sinc e 41) guidance i ’ - pri o r i  l y osao ’ ul ian~sequenc ing ~~~

‘ a i r  ra ft (espet i,i l 1 .y in the terminn,u l a r - e r ) a pa ten t  i i i  ~o t & r t a t ,-e
prohl c m  an s o ,  ho tween 4 1) R NAV ant i - 10 Ml S. The I und,uiiient a I aspe cts of -~~~~

~ 4 1 O r n t C constitut e t.Fie t h i r — ol sob jo’ I. at discussion m l  So. t.ion I) .4 where 0

( .ompa r i SOIl (it RNAV a rid ML 5 41) t) U ot~ 11( 0’ 1 5 presen tt’tI -

Al t ’ hI Jh RNAV o i l  Ml S r r r ’  un i t ‘ ru l e d  t o  serve 1 iv e r ’~t I t i r O  t urns, ther m ’ are
‘.~‘ V e r o  .oro’a ’-, in wh it Li th e font, t lonia I t o p r t l i  l i t  us  cot RNAV n i g ht Me ‘ad I 0

0. eM 
- 

- - ‘nt the ap~ r , o  lana i cl i t v ’ IC t or i~~~t i  c of Ml 5 . 1 ho~~e’ area s are i dent i t i ed
aflol c i i  S( u’,’ ,t ’d I a r t  h t p  in S o c  t ion  1 . 5.
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Table D .2

AC9O-45A [.iO j RNAV Errors

F I NAL AREA FIX DISPLACEMENT P~RE1~ (95% PROBABILITY )

DISTANCE ALONG TRACK FROM TAN GENT POINT
0 5 1.0 If, 20 ,~~ 3u

0 (~~ t r ~. )  .~~~ .9 1.2  1.4  1. 1 2 . 0
(ai g Irk) .7 

- .7 .7 .8 .9 1.0
5 ( x  t r i ~) .9 .9 {i.O 1.2 1.4 1 .7  2 .0
(alp, Ir k )  .6 .7  .8 .8 .9 1.0 1.1

0

Z 10 (x  t r ~~) .9  .~~~ 1.0 1. 2 1,3 1 .7
H 4 ( a l p ,  I r . ) .8 . 8 .9 .9 1.0 1.1

0— ‘1
~ lj (x  i r e )  .9 . 1 1.1 1 .3  1.5  1 . 8

C) (~~ 1g  rk) 1.1 1.1 1 .1 1.2 1.2 1.3

~~ 0 20 C x  I c  k . ‘~ 1 . i 1 . I I .3  1.6
( a L ”  t r y ) 1 . 3  1. 4 1.4 1.4 1.5

Z5 (x Irk) 1.0 1. 1 I..I 1. 4 V( : o l p ,  I r k )  1. 6  1 . 6  1.7 1 .7

j i ) ( x  I r k )  1 . . . 1 ... V
(alp, Irk) 1.9 1.9

0 TO FIND T HE CROSS TRACK AND ALONG TRAC K 
~~~~~~~~Ei POR AT T H I S  P O I N T , E N T E R  TA B L E  WITH TANGENT

DISoAN CE AND DISTANCE ALONG TRACK FROM ~ .
I TANGENT POINT, i .e . ,  when th0 distance to ~~ 

- :.~m 
~ (lCd tt~~ uM i -iq t rack distonc c’ - hO , the X t rack 3

~
_
.-
o
~rerror is I ~~0 MM a i d  1 uiOfl~) track error s d NM. ‘,A . IY SM

DISTANCE ALONG TRAC K
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Tabl e I) . ~ Terminal Area Fligh t Test Errors ( l o ) ,  Reference 31

Sys tem General Aviati on Air Carri er 
— 

Air Carrier
- Type (basic System) (i /o + Air Data) (Mul tisernsor)

.°\lon g Track
Error (nm)

Bia s .21 .03 .04

Random .42 .26 .14

ota l .41 .26 .15

Crosc Track
Error (nm )

Fflas .19 .1 2 .02

Ra ndorni .48 .30 .15

Tota l .52 .32 .15

0.2 RNAV/MLS TRANSITION ERRORS

i n the RNAV env i ronmen t the ach i eva b le pos iti on accur acy due to navi gat ion
errors is highly geonmetry-dependent. The primary source of error is the VOR
error which creates a range-dependent position error . Hence , troe closer the
a i rc ra f t  is to the cjound facility the snua ll er the posit ion error. For most - -

prima ry airports a VOR/OME faci l i ty is located in the proximity of the runways.
Depend i ng on the fina l approach geometry and MLS coverage pattern this may or
may not be the most desirable location.

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~- -~~~~~~~~~ --



The geometry dependence is best. illustrated by example usin g the error
quantities of Table 0.2. Conside r the geometry in Figure 0.2. A 90° turn to
f i nal is assumed for a fli qht path terniminatin g at a 10,000 foot runway. The
MIS transmitter is assume d to be 1oc~ted at the end of the runway , providing
covera ge within a sector 6O’~ either side of the extended runway centerline .
With a 7 ,500 foot turn radius the final approach path length is assume d to be
2.13 nm. Thus the tangent distance to a VOR/OME faci l i ty located at the en d of
the runway would be five nm from the descent path (the tangent distance of five
nm corresponds to one of the rows in Table 0 .2) .  Assume three potential VOR/
OME facility locations : (1) directly opposite the intersection of the flight
path wi th the MLS boundary , (2) at the runway , and (3) six miles beyond the V

runway . The along-track distance to the RNAV/MLS intersection (point A) is 0
rim for facility 1, 9 nm for facility 2. and 15 rim for faci l i ty 3. Table D .4
shows the corresponding cross-track , along-track and vertical deviation for 3°
and 6° glide slo pes , respectively, at point A (RNAV delivery errors at the MLS
boundary ) due to VOR and DME errors for each of the three facilities. In Table
0.2 the cross-track error values contain a 0.5 rim fl ight technical error .
Table 0 .4 show s the cross-track error with and wi thout the flight technical
er ror component for comparison purposes. The vertical deviation arises from
the propagation of the along-track deviation into the vertical channe l which is
characteristic of 3D RNAV systems . For comparison , the vertical deviation is
presented for CTOL (3°) and STOL (6°) type descent paths.

Table 0.4

Position E rrors Due to VOR/DME Errors for
Three Fa ci l i ty Loca ti ons

Cro ss-Track Cross-Track Along-Track Vert.Dev. Vert.Dev.
(with FTE) (No FTE) CTOL ( 30 )  STOL (6 C )

Facil ity * nm nnn nm Feet Feet

1 0.90 0.75 0.60 191 382

2 0. 9M 0J~4 0 .78 249 498

3 1.20 1.09 0.80 255 510

* These refer to facility locations illustra ted on Figure 0.2
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To es tab i i sh a ha’ . n s for (‘xa ni i i iii nj the i sSue I tivo l v i ny RNAV/ML S trans i t ion
maneuvers , a survey was accomplished to locate the nearest VORTAC station
rela t ive to the 23 airports within the 20 busiest terminal areas of the
continental United States. For at least ~O~- of these airports, a VORTAC was
located within 10 nun of the runway. Thus , referring to Figure 0.2, both the
cross track and alon g track errors should not exceed 1.0 mi nim in a majority
of cases. Again it is appropriate to reiterate the fact that these error
specif ications represent the innaxim unnm tolerabl e accuracies f o r  an RNAV system
and thus the resulting error dpproximnidtions should be regarded as conservative
estima tes of expec ted RNAV errors at the transition to MIS covera ge.

The impact of an along track devi ation is only snqn if ic ant when time
control is implemented . The resulting error could be compensated by a
speed reduction or a modification of the path length. The effec t of a cross
track error is realized as an in m nn ne di mlv indication of a deviation from the
intended track to the pilot or tVh C latera l control system as the aircraft
transitions from the region of RNAV operation to the M IS covera qe sector. At
least three sta tegies h~ve been sugges ted as appropriate nnaneuver sequences
to null out this devi&tion (Reference 33). These three involve the following
procedures :

• Utilize MLS guidance to effec t i nnmm ned iate capture of nomina l track

. Util ize MLS guidance to intercept nomi nal track at next waypoint

• Utilize RNAV guidance and ma intain current track to intercept next
segment. Utilize MLS gu id an ce i n execu ti n g the turn to fo l low i ng
track.

Of the three suggested transition omianeuv ers, the first procedure is probably
the most acceptable alternative. The most attractive aspec t of this procedure
is the fact that , from the contro l standpoint, MIS is regarded as just another
navigation signal inpu t in tha t no special functiona l considerat ions are
accorded MIS. The transition to MLS cov erage is not unlike the transition
during Rr4AV operation from the coverage area of One VORTAC station to another .
A significant consideration involv in g this procedure is the limitation on
airspace available to execute the necessary correction strategy . Another
consideration is the flight crew and passenq -r m’eac tion to the possibly abrupt
maneuver sequence required to null the devi~ t~ons indicated by the MIS
navigation data .

To investi gate the l imi ta t ion on the airspace required to \~\ute the
transition maneuver , two typ ical approach path scenarios were onsidered .
The two approach geometries , shown in Figure 0.3, involve ,i 90 and a 180°
turn to intercept the final approach path.  The turns shown are def i ned by
1 nm radius arcs. For the geometry shown , a devi ation to the left of track
represents a worst case situation for the 9(~ turn-to—final procedure since
the corrective maneuver must be acc ompl ish ed in a shorter d i s t i n c e  than that
for a dev iat ion to the right of the no~ in al track. This iso was exaisine d
‘urtho’r to determine the geometric coni d i Lions for wh ich the nn- ritt could
e~ i n m a t e  the cross track deviation pr i or to the turn t o  lndl by executing
ri 30~ tra k intercept state qy . This strategy nis o inv olves a roll—in and
rol l — out maneuver along a .H’ nm n -adi us a r c (a standard 3”/sec turn at ihc- Lt)

1)— l i) 



I

I
•
I O s..
• ‘ ~~~~~~

-.
I %
I I
• U

- - I I
I 

-

~~~
— I 0

I i~~~~ IV I / I
I ~/ I 

.

~~~ 
-
~~

I , I
I 

n—
‘/,

I I
I I

V 

~~.*— I ~~~ — — — — — a — a — a —

,
0•

4~3 4-) / 9-

U >-,

L O L  / ( U -~~ 
4-)

— .~~~~~~~

0 >

L) 0 -J .
~~

L
— — — — r 

- --

-

LI—U- :3
I

U-

~~~ ~~~~~~~

- - - - - - - -

~~~~~~~~~~

-

~~ 
~~$~- -

C 0-
0- Q)

0-1 1



V -  

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

-

~~~~~

- —

~~~~~~~

- - - -

~~~~~~

- - - - —-

~~~

- - -

Th e t hree l)~lrdn1eter~. i m o v  i v ed o m m m im i o m i t ~ -
- , I . n m ~ t In t Io ’ im’ee el M~ S covera ge ,

the 1 en(J t. h ot ~ t he t j i i,~ I nppro.o ii t ’ j - i  - i i  ? , ,i n ool I foe l~1’4AV sy s  t eon ‘ n m ~or observed
u t . the point of Ml ~ nr i t .o ’ r& t ’pt inn . f it jo ~~i - t o n t  , - t ’ la t  i o o ? i ’ ,

~m i I o s  .mrt ’ shown in
I I (jon ’ U. 4 where the ‘ tour I i s  t ~ o ’ , i Li I e ~ n n i , i  ~ o I i l i r t ) , m ii I ~ n ‘~ 1° I o I t od ,m s a
f u n c t t O r i  of the ct -~~;’ , t . r ,oo  k dev j a  t n o rm I t o o  I t irt ’e Ml S overage ro ut iqu,- ,m t  ions .
The inni n inimunu seqnmme no t 1 (‘1mg t h  I s ‘ t O t  ii ~ ii.o ~ tl m ( ’ or m oo t I V i  -~d mio uv o ’n 014 1 ii he
acconip 1 1 s hed before the to rn to I i na I i ‘ i ii i t i ,n ~ e I . As sum i rig tha  t a t 1 ca s t
a 3 mm  leg 1’. requ ired to stahl Ii. ’ the a i r . r m t t  on t i n m l  approach , th is
information m d i  otes that , wi th  a I nm~ rn-s tra~ k (levma tion, sufm icient
air space is i v an lab lo’ t im execute the t r o ns i t ion sequence for both the 40’
and the 600 cov eo - n go on f ig u ra t i ons  - Inn- the 20’’ . overage c m  pa to i i i  ty , at
least a 7 nm f i no 1 approach leg lion s t he prov i dod to  enable the correct ive
miianeuver.

A s im i l a r  a na l ys i s  was ac oi t i hoof to ,- tnt’ l~ 0’ turn- to-fin a l ~oroc ’dure
except tho t. one add i ti ona 1 pa rome t ’r , n ’ enq t.h i t  t he t ’ ;  between e )nsecut i ye
90’’ turns , WOS inc l uded in t On ’ t’V,a I O i i i  ion. In t h i s  c i s o  t he riqo t of t rack
dcv iat ion represents t he worst iso s i t u a t i o n .  The r e s u lt s  for th is ~~~~~
are shown in F inure 0 .5 wher e the n i i in imoni i o i n t l  a~ ; t -oa c h ~eq is d is~ la ’,ed as
a funct ion of the turn st o immien t length t o e  -~~ le t di~ i- i t ’ va lues i t t  ML S
cOV r og copah i Ii t.y mo d L ross tm - o k div i i i  ion ‘‘ ev e - i  it t n t ’ point ot Mt S
‘cigna I reception. this iqure otom mi l i- i  t o ’ s  t fia t ,n ‘

. mm t i n a l . -
~~ ro,oo.h leg

is suf f ic ient  w hen a 60’’ (over age o. t j iah  i l i t  ‘
~ 

is  ‘r oy dod wh i le t o n ’  the 40”
cas e 4.5 mm is requi i- i’d . The n - v - ti i t ’  m l ’ - .oi - i~w om is t  rat t tha I a om it lncc nus turn
is more appropriat e thin a S O q( I t ’ i i t  e l  t to ri seq lnef lem ’  w t h on i nter m mm ed l a te
stra ight line segment.

The question of t 1 ight row and posse noj er o - e m c t lori s has i - t een t o ci Ily
considered in the s pec i t i  cat ion at h O  maneuver s t o - a t  t y  to oc omp ii sh the
reduction of error in curred at. MLS it:  r opt  ion . Ooth initial and fin a l ~“ /s ec
turn irma neuv ers were t~~t t ored in t ho’ dv term in,i Lion o r t he a long t r a c K d I stance
requ i red t o COFii[) I etc the trans i Li on ¶ m o w  kNAV to ML S si 910 1 ove r m ie - S ince
th i s standard turn procedure i ‘; e ite m - t n t  lv a very on mon proc t ice • i t  I S
unlikely tha t such a s trategy wou ld ro so any see ions obje ctions .

The correction maneuver suggested in t Ii i a no V’ ; I s was only in tend ed to
serve as a basis for the examin,ot on ot a i r s~~o , o at li i  .~tt  ion ~ il the transi tion
from RNAV to MLS. The m l  Ia] t ic:; and ~0” : r o t  i- o pt sI rat  env miq ht a m il v he
ippropr i ate when the indicated do ’v i i t  t o ri fo-om 1 n i~ i rio 1 t r o  k exceeds a

(j i ven threshold. When the de lis te d en - a m - is 1t ’ -e~ th~o;i t h e  1 ni- oa ’- n - t  ~~i . then  a
bank ang le conunand prnpor Li ona I t a 1 rw  k 0ev lat ion we; ii -na a : o -  a . o~o ro pn - i ate
strate gy . Further, sin c -e MI ‘~ 1 ’ , 0 oct  iris. l ’.t’ I V  b i t  o h )  Ii Ii — - - .r o ,
re l a t i v e ly  ii 1 t1 ’  d i ; oi p m m  01 t O m ’  s i p .  m i  I hi ’ t O n i rol l ,mw ~,0ul-  ci ’ m t ’o;uii-e d
(n od thus a quicker response shuu 1(1 liv o xpec ted .

[T ase d i n  the p i- nt ’ I i  nq anal y~~ s , it i m pp.t n i t  1 co I t Pt ’ d i —  eon  t i i i  .1 t

in the -; I goal i nt i c r  I ty  ex per i  one ci at I ho’ r i r s  i t  1 Ori I e s  ~ \ \ \  to ~ ~
5 ’  m i s  m ly accon immodat ed wi th the bro oder covera ge Mi S ccnf 1 qura I ion s l o t

a I n ;; dcv lotion o- t ;presented a proc I I vo l  0 1 r  b O U n d  on t int ’ ii ~ ant iou i tv
e’ per  i~~n~~~J at the f r o n d  tion l ounda ry , it wa de:nor istratt ’oi that, I or t~~’ -cal
- i p p r - ) l L r  e a ” e t r i e S  . the necessary c o r r e c t i v e  mia ni uver nil I-t i’ ac .  sup ii shed
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within the available airspace . With a 600 MLS coverage capability , a 3 nm n
final approach leg for either a 900 or 180° turn-to-fina l approach profile
affords ample time to acconm ip lish the required tra n sition onmaneuv er prior to
the turn . As the angular extent of MLS coverage decreases , the m in imum
d istance f ina l  a pp roac h le g increases to a l low suff i c ien t space i n wh i ch to
accomplish the transition strategy. With 20° MLS coverage , a close-in inter-
ception of the MLS signal is practicall y impossible when a 1 nm discontinu i ty
is assumed . In this case it might be well to consider an alternative transition
maneuver such as the previously mentioned strategy where the capture of the
MLS-defined track is achieved at the next waypoint. Also , the previous
discussion rela tes to the si tuat ion where it was required that the MLS-defined
track be intercepted in advance of the turn to the fina l approach leg. If
only the narrow beam MLS covera ge were ava i la ble , then it woul d be appropriate
to consider a transition strategy similar to the ILS capture procedures in
current prac ti ce .

U n l i k e  the latera l case , the consideration of appropriate maneuver
strategies to accom plish the verti cal transition presents a very confusing
dilemma . There are two princ i pa l causal factors contributing to this con-
fus ion . F i rst , i t is im prac ti cal to consi der an immed iate correction to
the MLS-defined flight level since a “fl y-up ” maneuver in response to a low
al ti tu de in di cat ion woul d be i neffi c ien t i n v i ew of the fac t tha t in  level
fli ght the aircraft will eventually intercept the desired vertical flight
path along the nominal descent gradient. The second and perhaps more signifi-
cant issue involves the assumptions inherent in the association of pressure
wi th altitude . Aircraft with in the same column of air are all subject to
the same error due to a non-standard temperature lapse rate . Likewise ,
aircra ft at different altitudes above a given geographic area all experience
the same variations in indicated altitude due to deviations of the local
pressure from the broadcast reference. Thus it is assumed that pressure-
altitude is a valid ind icator of the vertical separation between two similarly
equipped aircraft since the indicated pressure differential between aircraft V

is rela tively insensitive to local variations in pressure-related factors.
However, the errors attr ibuted to non-standard lapse rates and horizontal
pressure gradients strongly influence the interpretation of pressure as
ind i cative of the height above the local terrain. Similarly, when an aircraf t
sensin g altitude derived from MLS range and elevation is introduced , the
same factors contribute to a false indication of vertical separation between
the MLS-equipped aircraft and the aircraft equipped with a barometric altimeter .
Thus the separation standards must be increased according ly to accommo date
the variety of aircraft altitude sensors . The net effect is best demonstrated
wi th reference to the respective error budgets shown in Table D.s for the two
system environments: a uniform env ironment of all baro;n~tric alt lw ete r
equipped a i r c r a f t  and a mixed environnient with both oarooi ietric and MLS-derived
altimeter systems . The 3cm errors shown were ohtai:ied from Reference 11
assuming an a ltitude of 10 ,000 f t .  and an MLS range of 20 moo . For the uniform
environme nt the errors attributed to lapse ra te and pressure gradient effects
do not cont r ibute  to the minimum vertical separation since , as previously
in d icated , all aircraft experience these effects to the SOU1C deqree . In the
case of the mixed environment , these error effects are significant and thus
i nf luence  the determination of the minimum vertical separation. The VNAV
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Table 0.5 3o Error Budget ( f t . )  - 10 ,000 f t .

Error Effec t Uniform Env ironment Mi xed Env i ronment
Baro Baro MLS

Instrument 150 150

La pse Rate 300

Pressure Gra dient 800

MLS Elevation 388

VNAV 150 150

FTE 250 250 250

Vertical
Separation 956 

- 

1750

equipment and flight technical error va lues specified for the barometeric
altimeter configuration are those suggested in the RTCA coninittee report on
the minimum operationa l requireme n ts for VNAV equipment (Reference 10). For
the MIS-equipped aircraft it is assumed that the VNAV equipment error is
negli gi ble since the implementation of MIS would require a dig i ta l  ca pabi l i t y .
Thus the VNAV error primarily attributed to the coarse computational abil ity
of an analo g system would be diminished. The minim um vertical separation
requiremen ts were determi ned by

6n/ V~~+ 300

where cm is the RSS combination of the errors assumed for two verticall y adjacent
aircraft. As shown in Table 0.5 the required sepa ration increases dramatically
when an aircraft sensing altitude without reference to barometric pressure is
introduced in the uniform baro-altin meter environment (This conf1~ ct wi th  MIS
is  not peculiar to the RNAV environn iment but would exist in any situation
where the indicated -altitude ia pressare derived , i .e. the termi na l area
where radar vectors and designated flight levels are provided).
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The Increased sepa rat ion requ i renn o ents due to the inclusion of MLS in the
pressure-altitude environment would discoura ge the use of an immediate transition
stra tegy to MIS-defined altitude at the coverage boundary . If the i nmuinediate
trans ition strategy were adopted , then the current separation requirement of
1 000 ft. would have to be inc reased to 2000 ft. to acco mmoda te the mix of
alt i tude sens i ng instruments. However , since the lapse rate and pressure
gradient errors are inversel y proportiona l to sensed pressure , it woul d be
advisable to delay the transition to the MLS vertical reference until the
l ower al titudes where the errors have a less significant effect on the required
separation standards. This strategy should not have a severe impact on
the objectives of termina l area contro l concepts. Unlike the lateral case

V whe~e prec i se pa th control is a requirement for effective metering and spacing,
the accurate determination of aircraft height above ground level is only a
critical factor during the fina l approach phase. Outside the termina l area
vertical separation assurance is the dominant consideration.

To demonstrate thi. effect of altitude on the minimum separation require-
ments, consider the er,or budget shown in Table 0.6 in which the errors
encountered at 4000 ft. are displayed . In addition to reducing the lapse
rate and pressure gradient errors , the decreased altitude also resu lts in
l ower sug~jested values for the VNAV equipment and flight technical errors
(Reference 10). The resulting minin iuno vertical separation indicates that

Table 0.6 3o Error Budget (Ft.) - 4,000 Ft.

Error Effect Baro I ML S~~
Instrument 150

La pse Ra te 12 0

Pressure Gradient 320

MLS Elevation 223

VNAV 100

FTE - 150 150

Ver tical 998
Separation
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7

below 4,000 ft. (AGL), the current 1 ,000 ft. standard would be appropriate
for the mixed altitude sensor environment. Thus , it is reasonable to
suggest that the transition to MLS vertic al guidance be postponed unti l the
aircraft descends below this level and that above this level all aircraft
rely on barometric pressure indications for altitude reference.

Two alternative vertical transition strategies were considered as
appropriate to accomplish this objective. The first alternative involves
a transition to the MLS vertical reference as the aircraft enters a sector
about the extended runway centerl i ne. This sector might coincide with the
final approach maneuvering area proposed as part of the RNAV terminal area
design concept. This area is defined as the sector 22 1/2 degrees either
side of the fina l approach course to the runway in current use. This 45
degree sector extends 15 to 30 nm from the airport location while the
limi t on the vertical extent of this area is established in accordance with
the particular requirements of a given area . The identification of this
MLS transition zone with the final approach maneuvering area is particularly
convenient since the maneuvering area is intended to serve as a dedicated
region within which approaching aircraft are free to maneuver wi thout fear
of any conflict with crossing traffic. Thus any limi tations imposed by
the increased separation standards in a mi xed sensor env i ronment would be
of no consequence since crossing routes are already prohibited by the
requirements of the terminal maneuvering area. The only provision required
to guarantee adequate vertical separation would be the establishment of a
suitable bu ffer zone above the terminal maneuvering area . If the vertical
dimension of this area were limited to 4,000 ft. then a 1 ,000 ft. buffer
would be appropriate . If the. vertical extent were greater than 4,000 ft.,
then a 2,000 ft. buffer zone would be required since separation standards
are usually quantized in 1 ,000 ft. increments . Another consideration
related to the identification of the MLS vertical transition zone wi th the
fina l approach maneuvering area involves the availability of sufficient
airspace in which to accomplish the corrective action required . The
significant factor in this respect is the expected error at the transition
boundary . Based on the error statistics specified earlier , upper bounds
of 200 ft. and 300 ft. were estimated for the MLS and barometric altimeter
systems, respectively. Thus a 400 ft. error was considered representative
of the worst case error to be expected at the transition to MLS vertical
guidance. Also , an extremely demanding approach path was formulated to
examine the vertical maneuvering requirements. The test case shown in
Figure 0.6 involves a 3 nm final approach segment with a preceding 180
degree turn-to-fi nal along a 1 nm arc segment. The transition to the final
approach maneuvering area occurs along the turn segment 2.9 nm distant
from the fina l approach fix. Assumi ng that the aircraft must be stabilized

• on the 3 degree fina l approach gradient requires that a 4.5 degree glide-
• slope be mainta i ned to remove a 400 ft. positive deviation. Undoubtedly

• this corrective action would stimulate harsh criticism from the airli ne
fraternity ; however, it should be recognized that the required maneuver
is not impossible and very likely less improbable than a 3 nm final approach
segment. Further , the resulting vertical flight path is not unlike the
two—segment noise abatement approaches which have been executed wi thout the
benefi t of MLS vertica l guidance. For the negative altitude error at
transition , level flight along the turn segment leads to the interception
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of the nomina l glides lope in advdnce of the final approach fix. Thus ,
even in the extreme case illustrated , it is not unreasonable to require
that the vertica1 transition maneuver be delayed until the fina l approach
maneuvering area is encountered .

The alternative approach would be to delay the transition to MIS vertica l
guidance until the aircraft descends below a specified level above ground
as indicated by the MIS-derived altitude. The most appropriate threshold
would be 4,000 ft. since , at this level , the minimum required vertical
separation is less than 1,000 ft. Thus the transition procedure could be
implemented without affecting the current separation standards. The
question of sufficient airspace in which to accomplish the corrective
vertical maneuver is not as critical in this case as it was in the case of
the sector defined transition zone. Given a typical CTOL descent gradient,
an aircraft penetrating the 4,000 ft. threshold would have at least a 12 nrn
track segment remaining to be flown before the aircraft encounters the
runway threshold. Assuming a 6 nm fina l approach path along which the
aircraft must maintain a stabilized configuration , at least 6 nm are avail -
able in which to remove the vertical transition error. Wi th a 400 ft.
vertica l deviation at the 4,000 ft. threshold , a descent gradient of no
more than 4 degrees (nomina l 3 degree descent plus 1 degree correction)
shouldbe required to remove the error before the aircraft encountered the
fina l approach fix.

Comparing the two alternative strategies , it would probably be more
advantageous to adapt the latter procedure . The princ i pal reason is that
a transition criteria based on altitude above ground level could be
established as a standard operating procedure to apply almost universally
to all terminal areas. The sufficiency of the separation standards based

• on assumed altimetry errors should not vary significantl y between locations
since the pressure-induced errors are roughly proportiona l to the height
differential between the aircraft instrument and the local pressure
reference at the airport. As two aircraft with identical static instrument
errors descend to the level of the reference station , these pressure sensitive
factors should converge to zero. Thus the 4,000 ft. transition threshold

• above ground level could be adopted as a standard without modi fying the
1000 ft. vertical separation criteria to reflec t variations in the elevation
of individua l airports . For the first case, the definition of the final
approach maneuvering area is not well established since the vertical extent
of this region could vary with the particular requirements of each terminal
area . Further , the second alternative is most desirable from the standpoint
of software implementation requirements. To cue the transition to MIS
vertical guidance requires sensing only the MLS-derived aL~i tude above groundlevel and comparing this with the specified threshold. For the first
technique , a determination of both the azimuth and local altitude are required

• to detect entry into the vertica l trdnsiti on zone.
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0. 3 ROUTE FOLLOW ING

A l though RNAV and MI S are us ua I I y ~n s I th’rvd mu I ua I I y v x~ I us m ye
fldV I ga t ion con cept s a ppropr late t u the u r u n  te a ml term i na I area phases
respectively, it should be rea l i zed t hi I. ~NAV ou Id he a pp Ii t’d to the
term na 1 area to go in some of I he opera I I ona I (Idva ml taqes expet: ted at MIS
either in advance at ML S iinpl ementa t ion or in lieu of MLS at a irports where
MIS implementation I S  a d i s t a n t  r ea l i t y .  These operational advanta ges inc lude
reduced noise exposure, Increased runway utilization and i mproved obstacle
avoidance.

A c lass ica l  exaiup lt i l lustrat ing the potential benef its of MLS guidance
for latera l path control involves the current visua l approach procedure to
runway 18 at W ashin gton Nationa l (Figure D.6 ) and the consideration of
MLS in extending this procedure to app ly to condit ions when instrument
f l ight rules preva i l . Primarily intended as an obstacle clearance and
secur ity measure , the UCA visual proce(lurv also serves to min imize the noise
impact by concentrating the noise over the Potomac River . The procedure

• is definitely a visua l approach , applicabl e whenever the cei l ing is at least
3500 feet and v is ib i l i t y  is at least ~ .~ mi les.  The approach is init iated
after direct ion is pray ided by radar vectors to a point it) nm northwest of
the termina l at an a l t i tude ol 3 ,000 ft. . . whereupon the a I rcrat t  proceed s
to v isual ly  fo i l  ow the river to a 1 ind 1 mj on runwa y l~ . The noini nal ground
track could be approximated as a sequenc e &n s tra qht — line and ar segments
(Fig ure 0 .7 )  so tha t , w ith  appropriat e moclit Lo tio n s , an autop i lot/ g uidance
systemn driven by MLS -derived ndvigot io nl ddta could execute the procedure L
without reference to visual ly acquired ground features. The benefits derived r
from the imp lementation of this MLS procedure relate to the increased
u t i l i za t ion  under IFR condit ion s at th is re lat ivel y noise insens it ive
procedure, and also to the increased ut i l i za t ion  of runway 18, now c r i t i ca lly
hindered by insufficient landing aids. Unfortunately , due to the uniq ue
security restrictions about the federa l Office complex , land ing guidance can

• only be prov i ded when the vis i bility and ceil ing exceed 1 mu and 7~’O ft. .
respec tively. Thus , this pi rt i ~ . u l  ic ly o~iplex curved approach coo Id resul t in
a substantial benefit to operations at Washington National.

Although an RNAV computer could be configured to pen ~t guidance along
a curved approach path such as the previously indic atcJ H \ ~ivcr approach .
it is doubtful that when implemented he system could prov ide the necessary
precision dictated by the requ i remen Is I or that t. rved procedure . or
examp le , in the c: o se of t he DCA R v er ap~’roac h . t he svS te rn ~as t ~~ c n; tra te
an accuracy on the order o t . 1 rim ~1c(or( la no. e w 1 h ne mmmi ii~ i th of the
Potoma c River corr ldor. ~ho~ ld thi ai~ ~~ L ~Cvi~~~L s •qni fi can t 1~ rem the
course of the river , then the ~ onii t h u s  ( ‘stab l i ’ hcd to nui m iimi . ’e ic sr
exposure ti re v io la  ted . Thus if there u~~ i s i s  u requirement for su~ ~ a comp lex
cur ved approach there must a lso ( X i  st  re ini u’eint ~ it I or a prec is  ion land ing
aid such as MLS , since the conditions di ct at ito ~ ~nc ocea fur such prec ise
contro l over the achieved ground t r i  ~ can only he sa~ ~st  ed w i t h  au
accura te navigat ion source.
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Segment Radius , nrn L.ength, nrn Time at 120 Knots

A-B 1.95 2.09 62.74
B-C 2.27 .74 22.06
C-b 1.72 51.68
D—E ‘1. 23 0.98 29 .42
E-F 1.04 1.03 3Q 33
F-G ‘1.96 0.82 24.72
C-H ‘1.89 1 .40 41.85

Figure 0.7 Arc Segment Approach to OCA - Smiuuway lL~
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specifying the radius of the arc and the direction of the turn. This is
easil y accomplished by defining an additiona l waypoint indicating the center
of the arc or alternatively by spec i fying, through waypoint s , the inbound and
outbound tangents to the arc together with the radius ot ~urvature .

Another common factor involves the computationa l requirements shared by
both RNAV and MLS. In both concepts the control functions perforitied by either
the autopilot or the flight crew require that the compu ter output identical
gui dance parameters indicating the lateral, vertical , and head ing dev i a ti ons
of the aircraft from the nominal path characteristics. Thus the guidance
computations performed by the RNAV computer could also be applied to deri~e
track deviations in support of the MLS guidance function. The RNAV guidance
equations would apply directly to the MLS situation provided the format of
the MLS navigation data is in a compatible form. The tasks performed in
support of the guidance function involve (Figure 0.10): the storage and retrieval
of standard instrument arriva l and departure routes , the sequencing of waypoints
i n accor dance wit h the a i rc raf t’s achieved progress, the reconstruction of the
nomina l flight profile from the specified waypoints , the compu ta t ion of a i rcraf t
deviations from the nomina l path characteristics and the guidance to execute
a turn in anticipation of a segment transition , or to achieve precise contro l
along an arc segment of a curved approach procedure. The data storage
capa bility provided wi th many airline -grade RNAV systenis is applicable to the
MLS subsystem and should be high liqhted . The availability of such a memory
capaci ty would significantly simplify the design and hence reduce the cost
of providing the MIS function by using the RNAV processor . For the general
RNAV /MLS system shown in Figure 0.10, the navigation functions for each must k
necessarily be identified as separate subsystems since, in general , the RNAV
processing requirements are dependent on the type of system i nvolved and thus
common RNAV and MLS computational components cannot be identified wi thout
reference to a specfic RNAV configuration. For example , when OME slant range
and barometric altitute are both available and combined in the RNAV computer
to derive horizonta l range , then the same computational elements could be
shared wi th the MLS navigation subsystem wi th altitu de determined by MLS
range , elevations , and the reported elevation of the transmitter site . In
fact this approach might be very desirable in view of the previous comments
regarding the non-simultaneous transition to lateral and vertical MLS guidance
to satisfy vertical separation requirements. On the other hand , if the RNAV
system derived position coordinates from i nertial measurements , then it is
doubtful that any commonality would exist between the RNAV and MLS navigation
equations , since the RNAV subsystem woul d involve a dynamic integration of the
aircraft equations of motion while the MLS subsystem involves a static trans-
formation of coordina tes. In total , the dorsinant factor in the consideration of
RNAV and MLS computationa l requirements is the fact that a significant portion
of the computationa l burden can be sha ed by S~otF, concepts . In fact , MLS
could be considered as a supp l emental sensor augmenting the navigation
capabilities of RNAV in the termina l approach phase. Thus the implementation
of RNAV wi th due consideration of MLS requirements would ease the transition
from the current ILS approach con trol environment to the projected Microwave
Landing System.
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Another related factor involves the disp lay of guidance parame ters to the
pi lot to enable manual flight path control or to monitor the performance of
the autopilot . As prev iously indicated , the guidance objectives for both MLS
and RNAV are ident ical. Thus , wi th the exception of the flare , touchdown ,
and roll-out where only MLS is applicable , a common di sp lay conce p t would
serve both objectives. However, the prospect of curved approaches suggests
additiona l display requirements. This requirement is best illustrated with
reference to pilots1 genera l adverse reaction to the possibility of curved
approach procedures performed under instrument conditions. In general pilots
prefer a stabilized instrument approach from the outer marker to the runway
threshold. Along the stabilized approach the aircraft is aligned wi th the
localizer beacon and set up on the proper glideslope . This relatively simple
flight path minimizes the demands on the pilot’ s attention to the instruments.
If the current display philosophy were employed to guide the pilot in main-
taining a curved path , then constant attention would be required to track the
continuously changing flight path, since the cockpit instrumentation in common
use reflects only the instantaneous state of the aircraft. Under visual
conditions the reaction to curved approach paths is noticeably different since
visual curved approach procedures are in common use to achieve low noise
approaches and to avoid obstacles in the vicinity of the airport. The
obvious difference in the reactions to curved paths is that, under visua l
conditions , the features indicating the projected ground track enable the
pilot to establish his maneuver strategy in advance while , under instrument
conditions , he must respond to ai ’ immediate indication of the deviation from
the nomina l profile without reference to the intended flight path in advance
of the aircraft. The obvious key word in this discussion is anticipation .
If the display indicating guidance information would enable the pilot to
anticipate the control actions required to maintain the desired flight path,
then the stigma associated with curved approaches might be elimi nated .

In this context , the Course Deviation Indicator (CDI) type of display
would be total ly inadequate , since no predictive information or general
orientation is displayed . The flight director type of display is better ,
since the fl ight direc tor mechanization includes course ang le data and could
be confi gured to provide the necessary antic ipation . When comb i ned with an
orientation disp lay it could be suitable for both curved and straight segments ,
either RNAV or MLS. Electronic Cockpit ~.isplays (Attitude Indicators and
Horizontal Situation Indicators ) have already been shown to be particularly
suitable for displaying the intended path during manual and au toma t i call y
controlled curved approaches .

The last factor common to both RNAV and MLS involves the control of along
track position or equiva l ently the management of time-of-arrival at a given
reference point. This concept of time control , commonly referrea to as 40
guidance , is primarily intended to serve the anticipated requirement for the
scheduling of airc raft along the approach course and thus achieve a more
efficient traffic flow in the high density terminal area . The latter control
concept involves two distinct operation al functions , meterinq and spacing.
Metering occurs as aircraft enter the terminal area and involves the orderly
transition of aircraft into the approach pattern . Spacing occurs in the
approach pattern and along the approach course as aircraft are maneuvered to
achieve an ordered sequence of arr ivals at the f inal approach gate . Since
MLS guidance is confined to a 1200 sector about the extended runway center line ,
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i t is very l ikely tha t the metering pru es’ wi  1 o t  ur out s i dt’ t he Mt ~‘

coverage vol ume . Therefore , metering s hould be res iarded as an RNAV - ,‘ t ’ 1 a ted
function. Thus the pr ilnary impac t of Ml S on 41) gui d~nt. t’ chou Id iwol ye
only the spacing concept. Reca ll ing tha t ML~ represents a more a~ ~‘urate
source of reference within the fram ewor k of RNAV operat ions , i t  i s app ar en t
that the introduction of MLS should not influence the basic design of a
spacing algorithm but only i mpact the degree of precision with which this
func tion can be performed . Thus MLS im plementation with 4D processing
capabi lity should ultimately result in a more effic ient flow of traffic and
a hi gher runway acceptance rate .

D.5 RNAV /MLS COMPLEMENTARY CAPA BILI T IE S

The concern of this section is the identific ation of means whereby RNAV
coul d supplement the basic MIS configurations to achieve some of the opera-
tional advantaqes avai lab le wi th th(’ more complex configurations . The
lowest category of MLS service invo l ves the imple m entation of only elevation
and azimuth elements to serve the requirements of small community airports.
Since no collocated DML is provided with this l owest category MLS, the obvious
app lication of RNAV to this configuration is the addition of range to touch-
down information. A waypoint located at the airport would indicate this data
and aid in the fina l dpproach guidance. Also, the lower capab il ity MIS
ground confi gurations (Cat I and Cat I/Il) may not have a back azimuth
element for guidance on missed approach. In this respect, RNAV could
supplement these configurations by pr ov idin g the basis for missed approach
qu i dance. Further , the early introduc t ton ot RNAV to accomplish this
objective would also ease the later transitio n to M1.S missed approach
guidance for those i nmplementations includ in g a back azimuth element. Another
potential application for RNAV supplen ~?n tinq MLS involves the small angle
covera ge implementations . MIS with onl y a 200 azimu th scan woul d not permit
many of the curved approach paths poss ib l e  with the broader coveraqL’ con-
f igurat ions. RNAV system capab i l i t ies  cou ld thus he applie d to realize the
flexibility of curved approach paths to intercept the narrow coverage MIS
guidance for precise control along the fina l approach leg.
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APPENDIX E

RNAV JNTERACTION WITH WAKE VORTEX AVOIDANCE

E. l INTRODUCTIO N

Aircraft generating lift create a counter-rotating cylinder of air behind
each wing termed wake vortices. Wake vortices are invisible under norma l con-
ditions and contain energy that is directly proportiona l to aircraft weight
and inversely proportiona l to aircraft speed . The higher energy vortices
created by heavy large-bodied aircraft can present a hazard to following air-
craft especially during landing and takeoff. This problem becomes most acute
in the termina l area where the larger number of aircraft on the same fli ght
path increases the probability of an encounter wi th a vortex and where there
is little time for aircraft to recover due to the lower altitudes involved .

In the absence of operational meap~~ o detect , track , and/or predict
the location and severity of wake vortices , the FAA has maintained safety
by increasing IFR separation standards from 3 nmi , which was in common use
prior to the introduction of wi de-bodied heavy aircraft , to 4, 5 and as much
as 6 nm (for a light aircraft following a heavy aircraft with 300,000 pounds
gross takeoff weight or larger). This increase in separation standards has
reduced airport arrival and departure capacity and poses one of the major
obstacles with respect to increasing capacity in congested areas and reducing
associated delays. More specifically, the imposition of the 4/5/6 nmi spacing
during IFR conditions , and the practices used by pilots during VFR conditions
to assure safe separation , has caused better than a 10% loss in runway
acceptance rates under IFR conditions and a lO%-20% loss in the VFR rate.
This loss in capacity is based on today ’s mix of airc raft and will get worse
as the percentage of large heavy aircraft increases .

Thus , the operational problem addressed by the Wake Vortex Avoidance
System Program (WVAS) is the problem of inadequate airport capac ity at major
hub airports caused by separation standards imposed to provide protection
against encounters wi th high energy wake vortices. The technical problem is
the problem of learning more about the characteristics of wake vortices to
the degree necessary to reduce separation standards and increase airport
capacity .

The basic approach being taken in the WVAS program is to gather data on
the characteristics of wake vortices and their relationshi p to meteorological
data while at the same time developing and testing various means of detecting
their presence and location. In conjunction wi th those efforts, studies are
also underway to determine how results from prediction and detection techniques
can best be combined to provide an operationally useful system. Thus , the
program is , for the most part, still in the exploratory development phase
although some efforts currently underway, such as studies to establish
functional requirements and system specifications , could be considered as
being in the early phases of advanced aevelopment.

E.2 POTENTIAL RNAV INTERACTIONS

The WVAS is clearly a termina l area System, primarily in the vicinity of
the runway . Since the WVAS is essenti ally a means of detecting wake vortices

E- 1 
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and alerting controllers to the required separation . its implementation does
not have an impact on RNAV .

There is , however , a subtle RNAV impa t on the WVAS. Thi s i mim pac t i s not
adverse in that some of the RNAV chard (:teristic s can he b ene fici a ll y a pp l i e d
to aiding the avoidance of wake vort ftes . These RNAV ch ardcter istics i n c l u d e
parallel offsets, delay fans and trombones . Imnp l emmm entation of these particul ar
RNAV-related maneuvers , in the termina l area where wake vortices are a problem ,
provides the capability to circumvent any potentially threatening trailing
vortices shed by preceding aircraft .

Consider for example Figure E. 1 where, because of a persistent wake vortex
detected by the WVAS , the aircraft separation must he increased from s1 to S2 .
The trailing aircraft can use either a delay fan or trombone as shown in the
figure . The problem with the trombone procedure is that the trailing aircraft ’s
path would tend to be downwi nd from the vortex-generating aircraft. Because
of drift , due to the wi nd , the vortex may move into the path of the trailing
aircraft . The delay fan , on the other hand , will not only prov i de increased
separation between the aircraft but also m ove the trailing aircraft out of the
path of trailing vortices (with the exception , of course, of an adverse cross-
wind causing the vortices to drift into its path). The delay fan departure
ang les for increased separations of 1 , 2 or 3 nmi are shown as a function of
distance-to-go to the turn to baseleg in Figure I.?. Wi th a reasonable
warning time (distance-to-go greater than 5 nmi , for example) the departure
angle is not significantly severe (less than 15°). Conversely, if a standard
fan departure angle (such as 45°) were to be utilized , the distance prior to
the turn to baseleg where the fan would be initiat ed could be modi fied to
acconinoda te varying required delays . In either case it would appear that
delay fans would be a viable means of providing adequate aircraft separation
for wake vortex avoidance. Naturally, any such maneuvers (whether RNAV or
radar vector) resulting from an unanticipated wake vortex problem would upset
the Metering and Spacing function.

For straight-in arrivals a parallel offset could be used to avoid a wake
vortex threat. Figure [.3 shows this RNAV technique as applied to straight-in
wake vortex avoidance. For effective vortex avoidance the offset must be
specified on the upwind side. The parallel offset not only removes the
trailing aircraft from the path of the vortex but also provides a delay which
increases aircraft separation.
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