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PREFACE

Ihi s d o c u m e n t  was  p r e p a r e d  under  the  s p o n s o r s h ip  of the Office
of Systems Engineering Management , Federal Aviation Adm inistr ation ,
as p a r t  of t h e  A u t o m a t e d  Terminal Service (ATS) program . ATS is

o n e of a nu m ber  of ad v a n ced , a u t o m a t e d  a i r  t r a f f i c  c o n c e p t s
h e i n C  d e v e l o p e d  t o  s e r ve  t h e  f u t u r e  needs  of t he  n a t i o n a l
a v i a t i o n  sy s t e m .  The  c o n t e n t s  of t h i s  documen t  r e f l e c t  comments
f r o m  v a r  i oti s rev i ewers on previous dra ft versions. The author
w ishe s to giv e special acknowled gement to Charles 0. Phillips and
A lan Robertson for their extensive contributions to early draft
ve rsion s and to Robert Reyers , NAEF C , and Richard Telsch , MITRE
c o r p . , f o r  t h e i r  he l p f u l  comments on the final version.
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1. INTRODUCTION

1 . 1 BA C K ;R O U N I )

l’he [- \ A / O S E M  has generated a description * of the baseline

A u t o m a t e d  T e r m i n a l  Services (ATS) concept. The primary emp hasis

of  t h i s  c o n cep t  is t o  p r o v i d e  a i r p o r t  s e r v i c e s  to p i l o t s  v i a  an

n c c r r 1 n f l c d , au t o m a t e d  s~- s t e m .  The  b a s e l i n e  ATS s y s t e m  has  t h r e e
p otential areas of application. First , its primar y role will he

as a s u b s t i t u t e  f o r  a control tower at those airports just reach-

inc th e criteria for tower installation . Second , the system could

he i n s t , m l l e d  a t  u n c o n t r o l l e d  airports where  a m a n n e d  tower  is no t
vet j c i s t i  l i e d , hut where additional safety is required . Third ,

the system could he u sed  as a s h i f t  r e l i e v e r  d u r i n g  o f f - p e a k  h o u r s

at some airports that h a v e  a m a n n e d  c o n t r ol  t o w e r .  The ATS con-
cept has been subjected to analysis and simulation by the MITRE

Corpor ation . As with a ny  ma jor system under d e v e l o p m e n t , i t  is
des i r abl e to cond uc t t es t s in a l ive environ men t in o r d e r  to
ful lv char acteri :e and r e f i n e  s y s t e m  p e r f o r m a n c e .  T h e r e  is  an
ad d iti ona ~ mo ti v a t i o n  for conductin g fl igh t tests. The .-\TS con-

cept relies in l a r g e  part upon the ahi t it v of a p ilot to gain

access to the system , to communicate with the system through

e a r  i uis t tin sponder codes , to comprehend the sy s t e m  m e s s a g e s  , and

to choose an appropriate course of action when advised of a con-

f l i ct. The hum an responses to t hese si tua t ions are , the refore ,

i m p o r t a n t  elements a f f e c t  ing the operation of ATS . The  most

real is ti c  method for stud y i n g  t h e s e  responses is flight t e s t i n g .

1 .2 A I S  l I , I G I  T I  151 OB.iICTI V I- . S

I l ~e over a ll ob jec t ive of t h e  f l i ght test pro~~r .mni i s to oval -

U. t e  t h e  l e n s  i 6 ii i  tv of t h e  -\ l’S system . Wi th in t his ohiec t I ‘~ c

he  c c ’  a r e  t w o  c a t  t’’’or los of Al’S fli ght test oh l ect i v e s  : (1

t h o s e  e u t i c e c  nod  w i t h  v e r  i l v i  ug the b asic advisor y capab I I it ics

) f l i c e  o f ’ S~’s~~ern s  E n g i n e e r i n g  Management , “ \  I t e s c r i p t  t o n  of t h e
Ph:i s~ I \ ‘ i t  r I : ’  a t ed i’ t i c  t nat Concept , ‘‘ U . S . Pep I . o f  I r I i i  t. ‘o t t  it o t t

l ’ e i  ru \ v i a t  i o n  A d m i u t . , h a s h i n g t o n  DC , N o v e m b e r  1 9 7 h  , 1 .-V-\ 1  ~t Th

-
~~~~~~~~~~~~~~~~~~~ — - -  -~~~~~~~~~~~~ --- -~~~~~-— ---~~~~~~~~~ 
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of IFS and (2) those concerned with evaluating pi l ots ’ responses

and reactions to various ITS messages and their ability to use the
inform ation c o n v e y e d  in the  m e s s a g e s  in an e f f e c t i v e  w a y .  l’fc e
first oh i ective seeks primarily to assess how well the system

~en e r , i t es m e s s a g e s  when  i t  is o p e r a t i n g  w i t h  d a t a  f r o m  a l i v e
environment. These  objectives are concerned with the mechanical

m d  e l e c t r o n i c  a sp e c t s  of t he  ITS s y s t e m  o p e r a ti o n  and h ave b een

~er~ ed ITS Validation Objectives. The second category of objec-

tiv e s deals w i t h  p i l o t  r e sponses  an d op i n i o n s and is  r e f e r r e d  to
is P i l o t  E v a l u a t i o n  Ob j e c t i v e s .

L 2 .1 A F N  V a l i d a t i o n  O b j e c t i v e s

The most important validation objective is to evaluate and
i-~r r oy~~, i f  n e c e s s a ry , the message generating capability of the
\T~ sys tem. The basic ATS n 1 gori thms provide for the delivery of

m e s s a g e s  d epending rcraft speed and position , a i r c r a f t ATC

s~~ri~~.cs , and p i l o t  i n t e n t i o n ; e . g . ,  d e p a r t u r e  ve r sus  touch  and go .
f l u r~ n g t h e  f l i gh t  t e s t s  t h e  s y s t e m  w i l l  be p r e s e n t e d  w i t h  t h e s e
situations , and i ts performance will he measured and evaluated.

1.2.2 Pil ot_E v a l u a t io~~j~~j ec t ives

The p r i n c i pal objec tive is to evaluate how well all of the

elements of the ATS sy s t e m  w o r k  t o g e t h e r  to  p r o v i d e  fo r  t he  s a f e
and efficient flow of aircraft in an airport environment. The

Th i l i tv of the p ilo t to use the advisory informa tion to his hene-

l it is to he assessed. Ano ther  o b j e c t ive is to c h a r a c t e r i z e  the
p i 1 o~~’s percep tion of the timing and content of the ATS messages.

‘~ i I m t evaluation of all aspects of system operation is to be

c o l l e c t e d  r i n d  anaiv:ed to reveal an y  unacceptable aspects of sys-

~‘p e r a t i o n  t h a t  may warrant modification either to the ATS con-

c e p t  i~~se if or to some detail of message delivery .

3 71 : ST M I I T H O I )

S i n c e  f l i g h t  testing is at best an inefficient process for

o b t a i n i n g  e n g i n e e r i n g  d a t a , i t  i s  i m p o r t a n t  to  p r o v i d e  an a d a p t i v e2
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r ind  f l e x i b l e  t e s t  p r o g r a m  as p a r t  of t h e  system development and

r e f i n e m e n t  p r ocess . Every attemp t should be made to avoid flight

t e s t  e x p l o r a t i o n of i s s u e s  t h a t  can be s t u d i e d  by ana l y s i s  or sin-
u l a t i o r i . I h e  f l i gh t  t e s t s  s h o u l d  focus  upon g a t h e r i n g  d a t a  U n -
attainable by o t h e r  means  and u n c o v e r i n g  p r o b l e m s  t h a t  may h a v e
bee n o v e r l o o k e d  d u r i n g  o t h e r  e v a l u a t i o n s  of the  c o n c e p t .

I . . I ‘i on -r vpes

T h e  flight tests will use three types of missions . First , -

there isill be Professional Pilot Missions (PPM’s). During these

missions trained professional pilots will fly planned patterns ,
v : r r i : I t i ) n s  in p ilot behavior will be minimized , and the automated

sy stem is il l  receive concentrated attention. Second , there will be

s u b j e c t  Pilot Missions (SPM ’ s). During these missions general

a v i a t i o n  pilots will fly general aviation aircraft throug h spe-

c i r m l l v  p lanned patterns . For reasons of sri fety and coordination ,
:i profession al p ilot will be in command of the subject pilot ’ s air-

craft a n d  will have ultimate responsibility for the aircraft ,
a] thoug h the subject p ilot will fly the aircraft. Every e f f o r t

w i l l  he m a de  to provide a normal cockpit environment for the sub-

l e c t  p i l o t . S u b j e c t  p i lo t  t e s t i n g is expec t ed  to lead  to  v a l u a b l e
i n s i g h t s  c o n c e r n i n g  p i l o t  use  of the a d v i s o r y  messages  of  t h e  svs-
te rn  i n  b o t h  c o n f l i c t  s i t u a t i o n s  and r o u t i n e  f l i ght operations.

T h i r d , t h e r e  w i l l  he N o r m a l  A i r p o r t  M i s s i o n s  (NA M ’ s) . D u r i n g
these missions the primary emphasis will be on having general
a~ iation p ilots use the airport where ATS is located in  normal

fli ght activities. V~h i  Ic some pilots may he asked to fly certain

t,j’es o f  upe lat ions , such is missed approaches or touch-and-g a s ,

t h e  aim w i l l  be to mimic the activities of a typical ,~eneral

.iv m a t  i ou airport.

.3 .2 I i g l i t i e s t s

In order to accoinp i ish b o t h  the System Va li d a t ion and the

‘I to t I c : I  I mu t t ion ohject i yes , f l i g h t  tes ting w i l l  I~ ’ accomp 1 ished

i n  t 1 , r em 1 . 4 1  t s .

3 
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I’ ar t  I i. i l l  consist of checkout fli gh t s .  ‘t h e  f u n c t i o n  o f
th ese (li ~ - } rt s is to debug the m a jo i components of the s y s t e m .  ihe
ohS oct iv ~‘ cr1 t im is phase is to get the s urve ill zinc e , t rackin g

:5ess ,ibe generat ion , and message del ivery subsystems in w orking
order in pr el’arat ion for the fine tuning to no done in suhs c ’qiieot
p h a s e s .  th is w i l l  he accomplished throug h PlS’l ’ s.

Pa r t TI is- ill consist of validation tests and some p i l o t  eva!-
ion te sts . These fli ghts wi l l  occur at N - \ F I C . Most , ii not

il l , U I  the fli ghts desi gned to meet the validation objectives

w i l l  he F l o w n  durin g this part of the test. This will he accom-

~i i sned with I~IS ~. Any major bugs in the subsystems wi 11 he

FixeS at this time . In addition , the objectives dealing with the

pil ot ’ s a b i l i t y  to interact w ith the system will he accomplished

p r i m a r i l y wi th SPM ’s. P ilo t op inions of the system will also be

c easrired during the SPM ’ - . . .-~ome NAM’ s will also be carried ou t

durin g this pa rr -
~~~ L , C  test to measure system and p ilo t perfor-

nau-:e under a wider eariety of conditions. An interim report ,

r,hic h w i l l  be written following the NAFEC tests , will describe

the major results of those tests and detail plans for the Part III

t e s t s

I’art III will consist of \AM ’ s at a general aviation airport.

This part of the fli ght test constitutes the final evaluation of

t h e  concept. The primary emphasis will be on pilot reactions to

I n : !  eva lust ions of system character istics u n der  the variet Y of

con d itions encountered at a general aviation airport . -\n interim

report describing the results of the Part I ll tests w i l l  he written

at th e ir corciusion. In addition , a fina l report on all -VI’S f l i g ht

test activities will he prepared.

The present d o c u m e n t  p r e s e n t s  the  requi  remnCO t  f o r  t h e  P a r t  I
tests at N-IE EE and the Part TI ! tests at a general rivi a t  ion air-

r or 1 . F h c ’  f l i g h t  t e s t  r e q u i r e m e n t s  fo r  t h e  c v a l , i z i t  i o n  of erich of

t h e  ITS se r v i c e s  a r e  p r e s e n t e d  in  sect  ions  2 th r o u g h  ‘ . I n  er i c h
sec t i o n  there is a short descri ption of the service , a l i s t in g of

ho ncr j or i s st i e s  i nvo 1 veil in i t s eva twi t i on , a n d a d i  s cuss i out of

t h e  m e t h o d s  t o  he m u s e d  i n  t h e  eva I m i n t  ion . ‘t h e  de s  c r I p t  i on of ’ I h e

~~~~~~~~~ :; ~ a’ - 1-~ - -
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t e s t  n u e t h u d s  p r e s e n t s  t i m e  t \ I ’es of m i s s i o n s  t h a t  w i l l  he required
: i l o n g  w i t h  i table sh ow ing the measures to he taken and the sources

of data -d re re those ttme a sii res can he most easily obtained.

A l t b r o r g h the servic e s are described separately, it should not

h e  -msstinrcd that they w i l l  he evaluated separatel y. It may be pos-

~ih tc to gather l u t a  on s e v e r i l  s e r v i c e s  d u r i n g  t h e  same  m i s s i o n s .

The  s c h e d u l e  of m i s s i o n s  t h a t  y i e l d s  t h e  m o s t  e f f i c i e n t  e v a l u a t i o n

o f  t h e  se r c  ices s h o u l d  he ur : ; e d .

S
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2. SYSTEM ENTRY

2 .  1 VEI l  ( ) P I R ,-\ I I O N S

I n order for a pilot fl y ing \FI( to  g a i n  access  t o  t h e  services

p r o v i d e d  h the II’S system he m u s t  c a r r y  out  a system Cfl tr proce-

d u r e  c a l l e d  Log in. the purpose of the log in procedure is to estab-

li sh a conununicat ion link between the pilot and the ATS system.

se of the Log i n  procedure confirms pilot intent to cooperate w ith

\TS proce du res .mn d provides a m e a n s  f o r  t h e  ITS con .pu t e r  to  a c q u i r e
rio a ircraft id ent i fi ci t ion to be used in  d i r e c t i n g  v o i c e  m e s s a g e s

~o tha t p ilot. Since the benefits the system provides v..tn ot he

c’ tm ’t rii n ed w ithout a successfu l Login , insuring the smoo th coordina-

ion betw een the p ilo t and the system the procedu re requires is one
of the top priori ties of the fli ght test program. If lo g in errors

occur frequen tly, either because of  system malfunction or p i l o t

~‘t ’ r t o r m a m i c e , a c c e p t a n c e  o ’ t h e  ITS w i l l  be jeopardi:cd.

The -I I’S c o l u c e l ) t  d e s c r i p t i o n  p r e s e n t s  two  a l t e r n a t i v e  Log in  pro-

c ed u r e~~. I n  b o t h , t h e  p ilot b e g i n s  Log in  on a r r i v a l  by tun i ng to

r e  a i r p o r t ’ s L o g i n  f r e q u e n c y  a b o u t  15 m i l e s  f rom t h e  ai  r I ) o r t  and
sq u a w k  i n g  t h e  a i r p o r t ’ s ass i g n e d  transponder code. On depart ure

“h e u-’i lo t squawks the code when he is on the ramp . In both cases

~he sy s t em  t h e n  b r o a d c a s t s  a m e s s a g e  g i v i n g  t h e  a i r c r a f t ’ s p o s i t i o n .
I m o ”  t h i s  p o i n t  on t h e  t w o  Lo g in p r o c e d u r e s  d i f f e r .  In  t h e  T r a i t s  -
oo nd -U r I I )  p r o c e d u r e  t h e  p i l o t  is g i v e n  a un i que t r a n s p o n d e r  code t o
b~ u~ cd as h i s  11 1 . Once t I m e  p i l o t  s q u a w k s  t h a t  code , t h e  sv ’-r t em
s e n d s  a u e s s i i g c  t h a t  t h e  a i r c r a f t  i s  l o g g e d  i n .  -I I I  s u b s e q u e n t  mes-
sages to that a i r c r a f t  w i l l  he p r e f a c e d  w i t h  t h a t  transponder code .

I n  t h e  V o i c e  I D  p r o c e d u r e , t h e  n i l  ot s q u a w k s  t h e  z t i  r p c r t  code
and t h e  sy stem sends  a m e s s a g e  g i v i n g  t h e  a i r c r a f t ’ s p o s i t  i o n . The
p m  l o t  i s  a s k e d  t o  ‘‘ say  y o u r  I I ) . ’’ T h e  p m  l o t  b r o a d c a s t s  a Jesc  r i p -

ion ot h 1 s a i rc r a f t  , wh i ch  m a y  i n c  hide a por t ion  of t h e  t a i 1 num - -

h e r .  I l i e  s vs  t e r n  t h e n  r e c o r ds  t h e  d o s e  r i p t  i o n  . the desc r i Pt I ott ttt ;tv

he in to 5 seconds long. However , it is expected that “ ‘t ’e ,tier-

a ’,’ I t w i l l  he short er . The I Il i s then broadcast b a c k  t o  t h e  p i l o t
l o n g  w i t h  a discrete transponder code. Once the r m i lo t s q u a w k s

em
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the code he receives a message t h a t  he is logged , and  i l l  subse-
quent messages are pref aced with this Voice Ii) .

° m i e  o f  t h e  m a j o r  i s s u e s  to be resolved during the fli ght test
is whether t h e  Voice II) procedure will allow re la tive l y error-free

Login. despite the fric t that t h e V o i c e I D pr o c e d u r e  t a k e s m o r e
time and m equires closer coordination between the pilot and the

svs tc’mfl , i t  ha s  the following advantages over the Transponder I I )
proced ui-c :

r u . Messages s e n t  with a Voice  II) are similar to those nor-

r n a l l r ’  r e c e i ~~ed front controllers. This should allow the pilot to
recogni:e more ea sily messages  d i r e c t e d  to him. Since the pilot

has other cockp it duties to perform , listening for an arbitraril y
a s s i g n e d  code that may differ by only one or two numbers from
another aircraft’ s may he more difficult than listening for his
i nn 0 i cc

h. Ihe Voice ID allows pilot s to identif y other aircraft
r o e - i  vi tug m essages . Since the a ircraft type and tail number may

I i : ’ r i a u  t of the [I) , a p i l o t  w o u l d  o f t e n  be a b l e  to l o c a t e  a n o t h e r
r m i u - r m I t  r ecei v ing a message and thereb y get a better picture of
‘h o  t u a f t i c  s i t i r i t  m o n around him. This could only he done by in-
t e r e n c e  w i t h  t h e  T r a n s p o n d e r  I D .

c . ‘ru i e thet ’ potential benefit is that there may he fewer re-
f r i e s t s  for repetition of a message with the Voice II). Althoug h
sor e  t o r ~r r o f  m c s s - i g & ’  r e p e t i t i o n  s e r v i c e  is c o n t e m p l a t e d  f o r  ITS ,
i t  I e m  w i I I  r u t  he de te r m i n e d  u n t i l  the flight test . I I pilots
i r e  i f  t i-cd to m -quos t a repetition of a message t h e y  did not

crui Sers t inS , t h e  higher inte l Ii g i hi Ii ty of the Voic e ID s h o u l d  pro-
duce 101-er requests. This means t h a t  a l t h o u g h  t h e  V o i c e  I I I  pro-
cedmire i s m i l d  take more time on the Log in channel , it would result

in fewer niessago s being sent on the operational channel.

iliesc adv in t agv r 5 to the \‘oice ID make it imp ortant to thor-

I y t e st and m I ci mig t h e  procedure and expose it t o  p 1 lots is i t im

ur m r i ’ umi g  lci&’ l~ of experience. -\l though some p r e l m m i n a m v  t e sting

of th~ l r m r m s l i i u i : l m m III procedure s h o u l d  be p l a n n e d , a n il I e v: ulim a t inn 



- I of it w i l l  occur onl y if the Voice II) procedure is unacceptable.

In addition to the type of II), there are two other aspects
of  log in to be tested. First , the abilit y of the system to deal
w i t h  t w o  pilots attempting to log in simultaneousl y wi fl he eval-
uated . When two aircraft squawk the airport code at nearl y the
same time , ITS requests the first aircraft to log in by including

t h e  aircraft ’s position in the request . However , if time a i r c r a f t

ar e n e a r  each other or one p ilot is not sure where he is , they nay
both at tempt to log in. ‘the sys tem is capable of dealing with this

s i tua t ion  in several ways . It can request that a pilot restart
Login , and it can recognize which aircraft is squawking the trans-

ponde r code it has g iven , even if it is the wrong ‘nircraft , and  re-

ques t that the other pilot log in. Wha t is not clear is how p ilo ts

w i l l  reac t to this situation or how long the Log in p roces s  w i l l
take. Second , the feasibili t y of an ITS system with one frequency

for both Log in and Lical messages will he tested. This single-

ch anne l system has the advantage of allowing pilots to hear each

o t h e r  log  in  and t h e r e b y  i n c r e a s e  a w a r e n e s s  of t r a f f i c  i n  t h e
area. However , the point at which the number of messages saturates

t h e  c h a n n e l  or becomes  u n a c c e p t a b l e  to  pilots must he determined .

Once  L o g i n  has been successfully completed , an Automatic icr-

u n i n a l  Information Service (ATIS) message is broadcast. This mes-

sage includes the active runway, wea ther , numbe r of aircraft logged

into the system , the frequency of the ATS tactical channel , and spe-

cial inform ation such as that found in NOTAMS . A s traffic densit y

increases i t may not he necessary to broadcast the AV IS message

after every Login. This would increase the capac ity of the system.

H ow e v e r , the point at which the message need not be broadcast after

every t o g  in mus t he established during the test as well as tim e

acceptability of this procedure to pilots. In addition , the sing le

channel version of ITS (toes not broadcast the AIlS message after

Log i n  b u t  on a r e g u l a r  ( e . g . ,  e v e r y  3 minutes) schedule. Ilow we l l

this procedure works with high density traffic must he e s t a b l i s h e d
d im m ing the tests.
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I FR OPERI F I l1NS

‘rho system entry procedure for a pilot flying IFR is somewhat
different from the procedure for VFR flights . How dif ferent will

depend  on t h e  equipment a v a i l a b l e  at  t he  p a r t i c u l a r  Al’s a i r p o r t .
Basic a ll y there a re  three possibilities:

I . t h e  airport has  no RCO an d n o di gita l interface with the

n e a r e s t  A l E  f a c i l i t y .  On a r r i v a l  i nt o  the  airport area the p ilot
i s g i v e n  an IPR transponder code for ATS by the approach controller

- over the approach control frequency . The pilot then switches to
the ITS tactical frequency 10 miles from FAF and squawks the code.
the system recognizes the code and requests that the pilot log in.

From t h i s  point on the procedure is the same as for a VFR flig ht.
On departure the p ilot receives his clearance by telephone . It
contains the discrete transponder code assi gned under the ~ational
Be acon Code Alloc ation plan for his IFR flight. When the pilot is
on the r amp read y to depart he squawks this code. When ,-\l’S sees a

transponder on the ramp with any of the codes allowable for IFR
fli ghts , it assumes an IFR departure is ready and requests the air-
craft initiate Log in. ‘I’he rationale behind having the IFR aircraft
log i n  on the tactical frequency is to avoid requiring the pilot
to m a k e  two frequency changes .

There are two aspect s of this IFR Log in that need to be

probed during the tests. ‘l’he first is the timing of the handot’f

to and from ATE . On arrival once t h e p i l o t  s w i t c h e s  t o  t he  ITS
frequenc y 10 mil e s from PA P the approach controller cannot talk to

the p i l o t .  Furthermore , un t i l  the p ilot is logged he cannot receive
\ lS u ; t ’ I ’ v i C o S .  t h e  smooth functioning of this hando if and its ~‘mccep-
;mh i I m t v I o p 1 lots and vomi t ro llers mim s t he demons ti -at ed d u r i n g t h e

t e s t s .  -o ’con t l  , the impact and ut ce eptab i l i  tv of I.og i n  on the tact i

c a t fre qiu ’mi cv m u s t  he  a s s e s s e d , e s p e c i a l l y  as traffi c dens  it s’ in-
c m  eases.

he  a i m - p o  rt h as - in  R C O  . (in a m r  i v a I t h e pr ~ ‘,‘dim m e  for

p i l o t s  i s  the S ine u m s  l o s c r i h e d  . m h o v e .  However , t h e  i p p m ’ o a . ’h c o n —
i - u i  I I c i w 1 1 1 h r  a P 1 o t o r’u ‘in m t o t  • a r u t  1 1 n ccc  s s a m v h m e u k  i n  t o , t he

A I’ - c i t  a t u t u  - I a I I t he  is m \ ‘ I 0 t cite hd own . On dep a  r t im r e , t l ie  P 1 1 c iii

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



receive his clearance over the RCO but otherwise the procedure is

t h e  same as above. However , the departure controller cart m o n i t o r
a n d  if necessar y break into the ATS channel.

3. If the airport has a di gital ground link to ATC the pro-

cedure is greatly simplified. Here thc transponder code and ID

are sent directl y to the ATS computer. The pilot simply squawks

his IFR code, lie is alread y logged into the system . In addition ,
the ITC controller receives surveillance data on the aircraft until

touchdown . On departure , ATC tells the ATS computer the transponder

code and departure route of the aircraft . Again , the p ilot does

not have to log in , and the handoff to ATC can be done automatically.
l’he ma jor i ssues to be investi gated here are the timing of the hand-

o’f a r u d the acceptability of the procedures to pilots.

~~. all three of these cases the pilot has two other options

he nay wish to take at this time. First , he may wish to make a

practice IFR approach tm Ie does this by simp ly informing the ap-

proach controller. The controller then gives him an appropriate

transponder code. When he logs in the system , it notes his inten-

t~ on in its initial message to him. Othe rwise , the Log in procedure
is the same as for a full s-top landing. Second , the pilot may wish

to cancel his IFR fli ght plan. He does this by informing the ap-

proach c o n t r o l l e r  and then switching frequencies and squawking the

regular VFR Login request code .

2 . 3 SYS’lLM E N ’r R y  E V A L U A T I O N  I SSUES

I)uring the fli ght tests , data will be gathered to answer the

fo l lowin g questions about system entry :

1. What proportion of ID Logins are erroneous for both pro-

lessiona l p ilots and subject pilots with both high and low den sity

t r a f f i c ?  Does experience with ATS reduce the number of errors ?
N l i ; m t  is the source of errors ” Can errors be reduced with p ilot

t r a i n i n g  or a c h a n g e  in  t h e  s y s t e m ?

2, Are \‘oice Ill ’s inte l l i g ible to pilots? h ow long am’ e

fs there a p referred c o n t e n t  f o r  V o i c e  Ill ’ s?

h o
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3. When two a i r c r a f t  a t t emp t to log in simultaneously, how

l o n g  does i t  t a k e  to r e s o l v e  the c o n f l i c t .  How o f t e n  does t h i s
occur?

4. 1)0 pilots prefer the Voice ID over the Transponder ID?

5. It what level of density does the sing le-channel ATS

s a t u r a t e ’? Is it a c c e p t a b l e  to pilots? It is preferable to p ilots ?

ô . What s o u r c e s  of error are there in the JFR Log in proce-

(litres? Can p ilots complete the handoff smoothl y ? Is the timing

of the h a n d o f f  a c c e p t a b l e ?

I s  t h e  Log in  on the tactiëal frequency for IFR fli ghts

a c c e p t a b l e to p ilots? How much are Log ins delayed under hi gh
- d e i r s i t i ’  c o n d i t i o n s?

M . W h a t  i n f o r m a t i o n  shou ld  he i n c l u d e d  in  t h e  A V I S  m e s s a g e ?
W i l l  p i l o t s accep t a reduction in the frequency of its broadcast

with heav y traffic?

2 . -I Si S tM LN1 RY ‘lEST MLTHODS

‘lost of the data needed to answer the evaluation issues for
vI:1~ - p e r m t  ions can he gathered from PPM ’s and SPM ’s during the

tart IF tests. PPM ’s with two general aviation aircraft can he

used  m~e n e r a t e  data ahout the timing and intel I igi hi Ii tv of

l , o t t  i t t  m e s s a g e s , s y s t e m  mut a 1 f u n c t ions , and sys t em perfo ruu mance w i t h

s im iml t :in e vuis l o g i n .  These missions will also reveal how experi-

m ’ n c c u l  p i i  t s c a n  h a n d  1 c the Log in procedures . Quest I Otis about

the hand Ii mu g of I PR ham idoffs and tog ins can a Iso he eva 1 tia ted with

~ l i i i  u u ~~ I’ am - t I I . lIoi ’.ever , the d a t a  needed to ev a lu a te issues

I th 1 11% dens i t v  t r a f f i c  a b o u t  acce ptability of procedures to

p i l o t s  a m - RI l og i n  errors - i s  a f u n c t i o n  of pilot experience should

he u~. m t i e  red its t rig ~I”l ‘ s . Data on message repet it ion I’C(ltIeStS and

:ii ’ e e t t i hi I i t v  s i t h  h i g h m l e m t s i t y  t r a f f i c  s h o u l d  r e c e i v e  a p r e l i m —
I mu . e v a  h i i a  I I ott dot- I lu g Par t I I

It i s 1’ \ E i e i ’t  ed that the Part II tests w i l l  al l u w  a ch o ice to

be iriad (‘ l i t  ~ ( ‘( ‘ml I t i e  I I )  l~ r o c e d t i  res and t h e  s 1 ng I e n c  u s u u s  i l o i t h  I c
ch - iumnc I opt i on . A vi ’  m s  i o n  of -\‘l’S con t a i n  i n g  ( t i  i’ cu I t P e~~c o p t  I Ot i s

- -  - -  ~~~~- ~~~- - - _ _ _ _ _ _



w i l l  then be installed at the operation al site selected for ti m e
Part III t e s t s .  ‘t he primar y emphasis of the Part I I I  t e s t s
should he on two types of evaluation. First , the system should he

e x p o s e d  to a large sampling of p i l o ts , aircraft types , and commu-
n i c a t i o ns e q u i p m e t m t .  The measu res  t aken  t h r o u g h  a q u e s t i o n n a i r e
or i n t e r v i e w  fo rm w i l l  be e s p e c i a l l y  i m p o r t a n t  here . Second , the
e v a l u a t i o n  of t he  s y st e m  under  hi gh d e n s i t y  t r a f f i c  conditions
sho uld he comp le ted during Part III .

T a b l e  I l i s t s  the me asure s that wi ll be needed to evaluate

the system entry issues. Also shown are the mis sion types during

which data will be gathered and the sources where the data can he
mos t easily found. Also , the table breaks the test into hi gh and

low density fli ghts. The low density fli ghts will require two ,
or i t  t h e  mos t , t h r e e  a i r c r a f t . The h i g h density fli ghts w i l l  re-

( I u i r ’ e  at l e a s t  s i x  a i r c r a f t  i n  the a i r p o r t  ar e a .  The m e a s u r e s  t h a t
are listed for the i n’- ~ensity tests will generall y also he taken

during the hi gh density tests. Note that most of the data can he

f o u n d  on e i t h e r  the  audio  recorder  or the  p i l o t  q u e s t i o n n a i r e .
Some software hooks will be needed , however , to allow detailed
anal ysis of system performance.

1 2 
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3. SEQUENC I NG AIDS

Once a p ilot is logged into the system , he gains access to

the services provided by the ATS. During normal VFR operations

the most basic services the system provides are sequencing aids .

The a i d s  a r e  i n t e n d e d  to make the  p i l o t  aware of t h e  t r a f f i c  i n
t h e  v i c i n i ty  o f  the airport and his position in that traffic.

The h i s t o ry  of  a c c i d e n t s  a t  u n c o n t r o l l e d  a i rp o r t s  shows  t h at  t h e

m a j o r i ty o c c u r  in the traffic pattern area and that pilots do not
see each other in time to make an evasive maneuver. The sequencing

aids were desi gned with this history in mind. They were also

designed to improve traffic flow at the entry-downwind merge

1)01 at

In normal VFR traffic the ATS system is desi gned to g ive each

p ilo t advisories at two noints:

1. As an a i r c r a f t  approaches  the  downwind  leg of the  t r a f f i c
pattern the pilot receives an advisory  message  g i v i n g  the position

of all other logged aircraft in that vicinity. This message is

broadcast to aircraft entering the traffic pattern by way of a 450

e n t ry  to  d o w n w i n d  and to  a i r c r a f t  t r a n s i t i o n i n g  to d o w n w i n d  f r o m
a crossw ind leg.

2. As an aircraft fly ing the downwind leg flies abeam of the

runs av threshold ATS sends a mes sage  a n n o u n c i n g  the  number  of  logged

aircraft ahead in the landing sequence .

3 . 1  S E Q U P N C J N G  A I D S  E V A L U A T I O N  ISSUES

One of t he  m a j o r  q u e s t i o n s  to be addressed  ( i n  a d d i t i o n  to
testing whether or not  the  sys tem sends t r a f f i c  a d v i s o r i e s  a t
:i;’pi opr i ate times) is the impact of non-transponder-equ ipped air-

craft on system performance and acceptability . Even thoug h the

proportion of equipped general aviation aircraft is increasing,
t~iei~ wil l  always be aircraft with malfunctioning transponders.

C u r-rent p lans call for pilots of these aircraft to make self-

reports of their position over the ATS frequency . It is uncle ar

14



a t  present whether these reports will degrade system performance

or annoy or confuse other p ilots. This should not happen if pilots

use good communication techniques. A potentially more serious

proh ietm i , however , may be that p ilots do not make reports , and some

of the other aircraft in the pattern are not aware of their pres-

ence.

For the test of the sequencing aids service , data should be

gath ered to answer the following questions :

a .  ,\re  t h e  seq u e n c i n g  messages  b r o a d c a s t  at  t he  a p p r o p r i a t e
times , namel y jus t before pattern entry and abeam of the runway

t h r e s ho 1 d’?

b .  A r e  t h e  m e s s a g e s  d e l a y e d  or o m i t t e d  in  h i g h  d e n s i t y
traffic 7 \c cording to pilots are the messages received on time

t o  be h e l p f u l ?  i)o t h e y  f a c i l i t a t e  t h e  f l o w  of t r a f f i c ?

c . Do p i l o t s c o n s i d e r  the m e s s a g e s  u s e f u l  despite the pres-

ence  o f  u n e q u i pped  a i r c r a f t ?  Do p i l o t s  p r e f e r  t h a t  t h e  n u m b e r  of
messages he m i n i m i i i : e d  in low density traffic?

d . I)o the messages increase the pilots ’ awarenes s of traffic ?

e. l~i ll p ilots without working transponders g ive self-reports ?

3. 2 S1~~Ul-NC IN C  A l  US TEST ME TU OD S

Ihe data needed to answer the issues about whether the m e ss a g e s

are he i n ~’, sent at appropriate times in low density conditions can

he gat leered from PPM ’ s d u r i n g  the Part II tests. All of the other

issues , how ev e r , require medium to high density traffic; i.e.,

m o r e  t h a n  t h r e e  a i r c r a f t  f l y i n g  in t h e  p a t t e r n . l ) a t a  on t h e s e

q u e s t i o n s  c o u l d  h e  gathered using SPM ’s , hut N A M ’ s with a ques-

t io n na i re w o u l d  he m o s t  e f f i c i e n t .  I f  t h e  messages are received

‘ cm I m imic , (‘y en under hi gh dens it v co n d i t i on s , th e p a t h e r i n g  of
cv i , l i ’ u i c ~ on w h e t h e r  t h e  m e s s a g e s  i n c r e a s e  p i l o t s ’ aw a r e n e s s of ot h e r

t i l t  I c  i~ I I I  he e s s e ru t i a l  to the flig ht test. If the system is

go i rig t o  tie Ip p r ev cml t accidents at u n c o n t r o l l e d  a I rpot’tc i t  o m i t ’ —

i ’e ab le t o  i n c r e a s e  a w a r e n e s s . .\lthoug h the issue s involving the

m ~ip ; i c t of  on ‘ q u m  i pi’ed t i  I rc raft otu sy stem per fornianc c a n d  a c c e p t  a -
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b u ll y should receive some preliminary test during the [‘art II
flights , the questions can best he resolved during the Part LI I

f 1 i g h t ~~, T h i s  i s  e s p e c i a l ly  t r u e  of the question of whether pilots
of unequi pped aircraft will give self reports.

iahle 2 lis ts the measures , mission types , and sources of data
that will he needed to evaluate the sequencing aids issues. As can

he seen the sequencing aid evaluation relies more heavil y On the

p ilot questionnaire and the software hooks than the system entry
eva I nat ion .
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~J . THREAT DETECTION SERVICE

If the sequencing aids service works as desi gne d and if it
c o u l d  he i s s u n i e d  t h a t  a l l  p ilots f1~ flawlessl y , there would he no

need  fo r a t h r e a t  d e t e c t i o n  s e r v i c e .  w h e n  a P i l o t  a p p r o a c h e s  t i m e
t r a f f i c  p a t t e r n  a r e a  he is  made  a w a r e  o f  o t h e r  t r a f f i c  in tli i’

i C i f l i t v , a n d  as  he  p a s s e s  a b e a m  of  t h e  r u n w a y  t h r e s h o l d  h i s
p lace in t h e  l a n d i n g  s e q u e n c e  i s  n o t e d . C o n f l i c t s  s h o u l d  n e v e r

o c c u r , but unfort u nately , they will , liven at airports with

s~~i l l e d  and d i s c i p l i n e d  p i l o t s  and a tower  c o n t r o l l e r  c o n f l i c t s
occasionall y arise. I n  f a c t , one  of t h e  p r i m a r y  f u n c t i o n s  of  a
t , ~er controller is to assure separation between aircraft. ATS

incorporates this function by providing warnings to two or more
c o n f l i c t i n g  a i r c r a f t . The s e r v i c e  is d e s i gned for the ATS traffic
area (S-nile rn d ii c ’ , ~&ii O ft AGL) and is geared toward alerting

p ilots to com i flicts. However , threat detection for the rest of the

\TS radar coverage area will be extended to logged aircraft. The
detection logic examines each aircraft pair and compares their
re lative posi tions and velocities. The criterion used in deter-
minin g that a conflict exists are time to collision , m i s s  distance ,

and  r a n g e .

The most difficult service to set flight test requirements for
is threat detection. There are three reasons for this. First ,
there are an im i finite number of combinations of encounter geome-
t r i e s , p a t t e r n  l o c a t i o n s , a i r c r a f t  p e r f o r m a n c e  c h a r a c t e r i s t i c s , and
pilot experience variables. Obviously, some subset of these must
be chosen for planned tests. Second , the conflict warnings g iven

to p i l- ~ts are not commands. They inform the pilot of a conflict

hut do not tell the p ilot to take a specific action to avoid a
c e l l  is ion. It the present tunic it is unclear how pilots w i l l  react

to such messages. Some p il ots , however , may react to a i r m e s s a g e
h y making maneuvers that put them into another and more serious
conflict. The va rie t y of such reactions obviousl y cannot be ( I t ) -

t i cipat e d in advance to allow specific requirements to be set.
Third , the ex act timing of the conflict messages is not co n sta n t.

18
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No rtu al vat - iations in the surveillance and tracking systems produce

v a r i a t i o n s  i n  t h e  timing of messages.

The b asic prob l em with setting requirements , the)), i s  to
s p e c i f y  a s e t  of  c o n f l i c t  s i t u a t i o n s  to  test , while at the same time

l ezni mig the test schedule flexible enoug h to further exp lore situa-

tions that m a y  appea r during the tests. A reasonab le solution to

these prol - le m ns is to p l a n  to t e s t  the c o n f l i c t s i tu at i ons  e x p l o r e d
by the \II RI. Corporation and at the same time he read y to further

exp lore other serious conflict situations that appear during the

t e s t  phases. This strateg y has the additional benefit of pro-

viding sonic v a lidation for the simulation. If the simulation p r o v e s

t o he icciimat e , it can he a tremendous aid to intensive investiga-

tions of nes conflict situations .

The con fl ict s selected by M i TR E  to s i m u l a t e  are those which

h a v e  a h i s t o r y  of  o c c u r r i n g  at uncontrolled airports. The follow-

i n g  f o u r  s c e n a r i o s and their variations were simulated:

1.  O v e r t a k e  on d o w n w i n d .

2 .  (the aircraft entering the pattern and another on downwind .

~~~. One a i r - c r a f t  entering the pattern and another on cross-

~c i nd.

I . One aircraft on final approach and another turning from

base 10 f i n a l .

l~ i t h  t h e  a d d i t i o n  of  a c o n f l i c t  w i t h  an e n r o u t e  a i r c r a f t  t he
mos t frequentl y occurring conflicts are covered b y t h e s e  s i t u a -

ions. The test plan , then , should include planned fli ght scenar-

los t o e  sp lore these five types of conflict.

- i lHIU -\I l l l i : I  ION EV Al U A T I O N  I S S U E S

l i m e om jor issue s to he eval uated during the threat detect ion

te sts ir e ( 1 )  w h e t h e r  alarm Imiessages arc sent on time to enable

I’ m I i  s t o  meso I V (’ con 11 i c t s and ( 2) w h e t h e r  p ilots react to a I i  rio

- i ’ - -~~~ i s ’ t ’ s  ~ P u t t  ing themse lves in f u r t h e r  c o n f l i c t s .  \n  i m p o r t a n t
c e l  - it e ’,I ssim e is w h e t h e r  f a l s e  a l a r m  m e s s a g e s  are sen t. It is

19



c o m m on  p r a c t  i c e  to h a v e  a i r c r a f t  w i t h  d i  I f er en t  1 c cztor rmi,irc C c h a r -
ac t e r  i s  tics fi ~

. i n  the pattern not onl y with her i zont a 1 epa r at i o n
h u t  a I s o  w i t  Ii v e r t i c a l  separat ion. Iii ghc r per lormanc (- i i  re i a ft

tend to fl y hi gh e r  and ~-‘ider patterns . If a ir c m a l t  do tu Iii ’ ~-

‘lode C tr ansponders but are ye rt i cal I v separat ed , lu - t c cci m a e

h r ’ a d c a s t  an alarm message. This m a y  he arlno ’.i nj’ to p
~ 

lot ‘~

cause dela y s in other service messages. Sin c e the \I~ il t i c i  i thi~~
m ye t l i e  h i i ’hest priority to alarm messages , h ay in m’ ía I S C  .1 I i t  r s

in heav e tr a f f i c  conditions could disrupt the other se t e i c&- s .

~ he m v  a r e , th e)), three major areas that v~us t he e x p i  ored Jur

in the threat detection tests:

I . \re the timing and order of the alarm mt-ssig ~-~ — iO m c i - -m i t

to m’ p i l o t s  to avoid collisions ? A re they ;ic cepta h le to p i l o t s ?
i)o f~t ls e aLirni s occur frequentl y ?

2 . h ow are con e~ j ct s reso I ved ’ A rc- so”e- con 11 ic t s

difficult t o  resolve than others °

3. I)o p ilot-generated avoidance m aneuvei~ produce :id~l i t i n ; i l

confli cts ?

4 . 2 THREAT I)EI’ECTION TEST METHOI)S

-111 tests involving planned flight scenarios will he conducted

d u r i n g  the l’art II tests. The system validation issues involving

the deter m ination of whether the alarm ittessages are being sent as

designed should he conducted using PPM’s. Most of the b asic tests

can be done with two aircraft. The questions about p ilot accept;r-

h i l i t  and p ilot avoidance maneuvers must he done with sub ie ct

pi lots fl y ing p lanned scenarios. The flight experience of the

~uh ftct pilots chosen for the tests should vary widel y . It i s

I rtipo rtant to measure the react ions of both new and exper lent - ed
p ilot s  to the alarm messages.

Perhaps the most difficult issue to resolve during the fli ght

tests w i l l  he the impact of conflicts or false alarm messages

during heavy traffic . Because the ATS algor I thin s put the highe st

priority on conflict alarms , a series of conflict or false

20
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al a rm ii m essages durin g heavy traffic could seriously di srupt the

o t h e r  - \ i ~~ -~e r v i c e s . Howeve r  d i f f i c u l t  i t  is to  set up conflicts
i f l  l i t - i ’. c t r a f f i c  (six or more aircraft in the pattern) , they must

h” conducted before the system is moved for the Part I l l  tests.
- 

Sonic v et -  important data on threat detection can he gathered

dur i m i~ i-i c- \AM’ s during both the Part II and the Part III test s .
t lnI)lani~ed conflicts wil l  arise. System performance and p ilot

reactions during these conflicts should he carefull y scrutinized

for clues to potential problems. If any appear , further tests at

N .-\ Fii ’ or an intensive simulation effort may be called for.

Table 3 lists the measures , mission types , and sources of

dc~t;a for the threat detection evaluation. Note that the evalua-

t i o n  o f  t h i s  s e r v i c e  r e l i es  n e a v i lv  on s o f t w a r e  h o o k s .

L~. -
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5. IFR SERVICES

Once a pilot flying IFR is logged i n t o  the  s y s t e m , he g a i n s

access to the services given to pilots flying \‘FR . In a d d i t i o n ,
he receives services specifically desi gned for IFR aircraft. These

are of three basic types:

- 1.  I E R  a n n o u n c e m e n t s  - I F R  arrivals w ill be announced when

they fir -st enter the ATS traffic area . An announcement is also

h r-oadcast when the aircraft is 3 miles and 1 mile ft-on the center

of t h e  r u n w a y .  One f i n a l  announcemen t  w i l l  n o t e  t h e  I P R  a i r c r a f t ’ s

s e q u e n c e  to land . IER aircraft departing the airport will receive

s i m i l a r  m e s s a g e s  at  1 , 3 , and 5 m i l e s  f rom the  a i r p o r t .

A p p r o a c h  m o n i t o r i n g  - During the entire approach the sys-

tern w i l l  compute deviations from the approach centerline and broad-

cast significant deviations . If the aircraft has a Mode C trans-

p o n d e r  a message will he broadcast if the lowest minimum descent

altitude is penetrated . The p ilot will also be informed when he

has pas sed the missed-approach point.

3. O u t b o u n d  h a n d o f f  - At an a p p r o p r i a t e  o u t b o u n d  h a n d o f f
range , a message will prompt the pilot to change frequencies and
contact A’FC .

5.1 IFR ShRVICflS EVALUATION ISSUES

‘ho a large extent the success of the IFR services will depend
0)) t I m e  cooper -at ion oh ’ A’ft facilities in the vicinity of the - \l ~
a i rpor t - llowever , t h e  f I  i ght test s h o u l d  c o n c e n t r a t e  on w h e t h e r
th e ini”-s;rges are broadcas t at the correct time and whether the~’ are

:Iccchc t ab Ic to p i lots - Has i cal Iv , there are on 1 >’ two is sues i n  t he
‘‘‘.a  I r a t  i o n  of  t h e  I FR s c r -v i c e s :

I . A r e the I E R  a n n o u n c e m e n t s  and a p p r o a c h  m o n i t o r i n g  m e s s a g e s
h ro ,idc as t at the a p p r o p r i a t e  t i m e s ?  A r e  these messages dela yed or

otm m r t t ~‘d u n d e r  h e a vy  t r a f f i c  condi t i otis? I f so , i t hi s ac~
- ’’p t abl e

to p i lots ~

4 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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2 .  I s  t h e  o u t b o u n d  h a n d o f f  comp l e ted  sn io ot h l v ?  I s  t he cmless age

dc l ayed in heavy traffic? I s  t h e  t i m i n g  o f  the procedure ac- ec- l )t ;ah ) l C

to p ilots and ATC facil ities?

2 1 FR SERV IC E S TEST METHODS

‘l’hc questions involving the timing of messages in low density

t r a f f i c  c a n  he  answered with PPM ’s during P a r t  I I .  E v a l u a t i n g
the appr-oach- rn onitor ing messages will require fl y ing planned pat-

terns x ith deviations from normal appraches. The timing and

acceptab ihte of messages in heavy traffic should receive a pre-

linina r- v test with NAM ’s during Part I f . The complete evaluation

can he done during Part III. Evaluating this service does not rc--

qui re using SPM ’ s.

T a b l e  4 lists the measu r es , m 1 s s i o n t y p e s , and  s o u r c es  of data

f o r  t he e v a l u a t i o n  of I F ”  s e r v i c e s .
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6. PATTERN MANAGEMENT SERVICES

l’he functions of the pattern management services are to ma i n -
• rai n  a standard traffic pattern , to keep cont rol of pattern den-

s i t y ,  accommodate special operations , and reduce waiting time on
deN .rture. Basicall y there are three types of messages:

1 . Messages to maintain the traffic pattern — I’ilots w i l l  he

req u i r e d  to fly a standard ri ght or left pattern with s tand a rd
entr y amid departure procedures. A pilot attempting to enter the

traffi c area in other than the entry corridor r e c e i v e s  a w a r n i n g
that he is making an improper entry. Pilots who are in the traffic

p attern and not conforming to the standard pattern will also re-

ceive a warning that they are flying a nonstandard pattern. These

:‘.e-.sages w i l l  not be given to IFR aircraft , and they are not de-

s i g n e d  to be restrictive. They will , however , require some dis-

c i p l i n e  on the p a r t  o~ ~- i~ ots using an ATS a i r p o r t .  In  a d d i t i o n
to a ttempting to maintain a standard pattern , the ATS sys tem will

ils o d r a w  s p e c i a l  a t t e n t i o n  to runway  changes . Messages  to a n -
nou m r ce the o p e n i n g ,  cl o s i n g , or r e v e r s a l  of a runway wi1l be g iven

at 1-minute intervals and continue for a sufficient period to allow

the aircraft to alter their flight paths. The major issues to he

explored during the fli ght test are the acceptabilit y of these

“Iessages to pilots and the establishment of specia l conditions

u n d e r  which the criteria for generating these messages should he

n a d e  e i t h e r  m o r e  s t r i c t  or mor e  l a x .

2 . Messages to reduce delay — A large fraction of the opera-

tions at a general aviation airport are practice flig hts. ‘Ib is

can result in si gnificant delays to aircraft waiting to depart.

\US has two procedure s for dealing with this pro hl emn . First , i t

r e i r r e s t s  individua l aircraft that have been executing multi p le

toi mch- and-gos to join the departure queue , thereby creating a break

i n  the circulation around the pattern . If delays are s t i l l  too long .

\ l -  can request that all touch-and-go operations he stopped for a

U I xei length of time. There is al so a special message to req u e st

cc- s sa t I on o I 
~ 
rac t i cc oper a t i ons on a c ross in g ru r nW ; i  V . ~~~-o rid 
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.-\TS can attempt to open a “slot” in the pattern to enable the de-

parture of several aircraft. It does this by requesting that an

aircraft passing the runway threshold extend his downwind 1 mile.
I)uring the flig ht tests the major issues to be explored will be

a dj u s t m e n t s  of the  t i m i n g  of these messages  to e f f e c t i v e l y  r educe
delay and the acceptability of these messa ges to pilots.

3. Messages to accommodate special operations — ATS allows
a pilot to use an alterna te runway as long as the pilot makes

k n o w n  his intention by using a special transponder code at Log i n .
The sy stem provides announcements to alert the rest of the traffic

t o  a c r o s s i n g  runway opera t ion  or a nons tandard  d e p a r t u r e .  A g a i n ,
the major issue to be evaluated during the tests is the accepta-
bility of these messages to p ilots. In addition , some further ser-

vice messages for cro ssin g runway , tax i , and takeoff operations
may be exp lored during the tests.

6,1 P.-\TTL RN MANAGEMENT SERVICES EVALUATION ISSUES

[)ur ing the flight tests , data will be gathered to answer the

following questions about pattern management services:

a. A r e  t h e r e  special conditions under which criteria for

generating nonstandard pattern messages should be adjusted? Are

the timing and content of the nonstandard pattern messages accept-
able to pilots?

h . A re changes in runway status accomplished smoothly? If

not , should the timing and content of these messages be changed?

c . A re the messages that are desi gned to reduce delay effec-

t i v e ?  Sh ou l d  the criteria for their generation and order be ad-
ti s t e d f o r  special conditions? Ar c the timing and content of these

t J l e s s ;JgPs  a c c e p t ab l e  to p i l ot s ?

d . h oes the sy stem effectively accommodate alternative runway
o p e r a t i o n s  and nonstandard departures? Will additional services he
r e q u e s te d to increas e the flexibility of the system? Do pilots con-
sijer these messages an asset to the system?
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6. 2 PATT E RN MANAGEMENT SERVICES TEST METHODS

I-or the most part , the pattern management services w i l l  h ave
to be evaluated during the Par t III tests. The variety of s i t u l a -
t ions that have to be flown to adjust the criteria for messages

and to measure delay under high density traffic conditions can he

a c h i e v e d  most effectivel y at an operating airport. In addition ,
the evaluation will be made to a large extent on the basis of a

sampling of pilot op inion . This can be more easily gathered at

a general aviation airport. Professional pilots flying planned

missions during Part II could be used to insure that the non-

standard pattern messages and the runway status message are de-

livered on time in low density traffic. However , even here the

final evaluation will be completed during Part III .

Table S lists the measures , mission types , and sources of data

for the evaluation of the pattern management services.
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7. PILOT AND EMERGENCY AIRCRAFT SERVICES

The function of the pilot services is to provide assistance

to a pilot operating in the radar coverage area in addition to
those services alread y described. At the present time two ser-
vices have been developed , although additional services may he in-

vesti gated during the flight tests. The two services arc:

I. Position fix - To obtain a position fix from ATS the pilot

squawks a Separate published transponder code . Only logged air-

craft can utilize this service. On request the system will broad-

cast the number of miles and the direction in degrees to the air-

port. The pilot then returns to his assigned code. This message

has a low priority in the system and it may be turned off in heavy

traffic. It is not meant as an emergency service but as an added

convenience that can be obtained if the channel is free. The ma jor

eval u a t i o n  i s sue  is  t n ’ ~ a d j u s t m e n t  of the criteria for terminating

the service in heavy traffic.

2. Message repetition - A pilot may miss a portion of a

message which was broadcast on the tactical frequency. This ser-

vice is intended to allow the pilot to receive that message. I-how-

ever , at the present time it has not been decided specifically how

the pilot wil l si gnal the system that he wants a repetition , or

whether all messages can be repeated rather than just the general

messages to all aircraft . These issues will be decided during the

t e s t s .

In addition to these pilot services there is one other
service that has not been discussed : a service for emergenc y air-

craft . Any aircraft squawking 7600 or 7700 in the airport traffic

a r e a  will be g i ven emergency status by ATS. Announcements of the

aircraft ’s position will be broadcast at 1-minute intervals and no

messages will be directed to that aircraft . When the aircraft de-

parts from the traffic area or lands , a final message will he sent.

rhe major issue to be resolved during the tests is whether ATS

recognizes the code and broadcasts the messages.
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.l P I J O F  -\NP EMERGENCY AIRCRAFT SERVICES EVALUATION ISSUES

D u r i ng  t h e  f l i g h t  tests , data will be gathered to answer the

following questions about p ilot and emergency aircraft services:

a . Does ATS give accurate position information on r e q u e s t ?

.\t what l e v e l  of channel saturation and/or traffic density should

t h e  s e r v i c e  he o m i t t e d ?  Is this point acceptable to pilots? r
1). h o w  s h ou l d  p ilots request repetition of a message? Should

a pi l o t  he allowed to request a repetition of all messages or only

g e n e r a l  m e s s a g e s ?  How many requests are normally made? Can some

c h an g e  he mad e i n  t h e  sy s t e m  to reduce the number of requests?

c .  Does t h e  sy s t e m  respond at 1-minute interva ls to an enner-

gencv code? Is this procedure acceptable to pilots?

7 .2 [‘[LOT ~\ND EMERGENCY AIRCRAFT SERViCES TEST METHODS

:\lI of these services should be evaluated during both the Part

II and [‘art IM tests. During Part II PPM ’ s can be flown to gather

d a t a  on t h e  a c c u r a cy  of the position fix message , the generation

of  e m e r g e n c y  a i r c r a f t  m e s s a g e s , and  t h e  p r o c e d u r e  f o r  m e s s a g e  repe-
tit ioni . [‘he Part III tests would then be used for adjusting the

criteri a for omission of the position fix message , assessing p ilot

acceptance of the emergency aircraft messages , and evalua ting the

message repetition service with a variety of pilots and equi pment

and  at h i gh traffic levels.

[ab le 6 li sts the measures , m i s s i o n  types , and sources of da ta

for  the e v a l u a t i o n  of  the p ilot and emergency aircraft services.

I
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