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D1-:vF:1 .O t’!\I l ’ N T  OF A I)L SU R l :T l :  A D O l f  I .hS BLA t  ON ~~ s r t : r ~i

1. INT I-W L)I ’CTK)N A N D  PROG RAM O V I  f l y

A. Intr oduction

t his is the t w e n t y — f i rst Qniarterl ‘ I i  r I  ‘~~ . i i  r ’~ U’. ( ‘ r f l l~ w o r k  pc rf or i - i  by Linc oln
Laboratory between 1 January and 31 March  1°77 t it v t ’ i r r p  a 1) i s r  t e t i ’  Addre ss  Beacon System
(l)AB S). This effort  is supported by the 1- edt -ni l  “ v i a t u n AU n i u i t ~ tx - at tun through Interagency
Agreement DOT-FA72-WAI-261 between the I AA and t h e  United States Air Force.

• DABS is an evolutionary upgrading of t h e  present I A~\ AT( Radar  Beacon System (ATCRBS)
employing discretely addressable t ransponders  and incorporat ing a ground-ai r -ground data link.
DABS will provide the improved surveillance and communica t ion  capabili t ies required to meet
the needs of an automated ATC system in the 1980 ’ s and 1990’ s.

Under Phase I, Lincoln Laboratory carried out a detailed system design of DABS based
upon design studies trade-off analyses , and exper imerr t s .  This system design was described
in a set of engineering requirements for engineering development models to be designed by the
Sensor Development Contractor (SDC), and subsequently evaluated at NAFEC during Phase II of

• . the DABS Program. The completion of these requirements document s represented the nominal
completion of Phase I.

During Phase II , Lincoln Laboratory is continuing to support the FAA as DABS System En-
gineering Contractor (SEC) Major areas  of responsibility during this phase include: validation
and refinement of the designs specified , assisting the FAA in monitoring the SDC , and using the
DABS experimental facility to perform IPC flight tests.

B. Program Overview

Program highlights of the report period were as follows:

(1) Delivery to the FAA of a coordination version of the Proposed DABS
National Standard.

(2) A winding down of the TMF field experiments with the re turn  of the
Facility to the East Coast, and initiation of DABS sensor netting exper-
iments in conjunction with the DABSEF sensor.

(3) Reduction of TMF taped data to provide monopulse and fade characteris-
tics for the Salt Lake City and Las Vegas airport sites comparison of
elevation lobing performance of the ASR-7 and Cossor antennas at

• Las Vegas, and traffic distribution and density data for the LA Basin

• (4) Briefing of several FAA groups on the results of IPC flight testing.
The essential message of these briefings was: A g”ound-based sepa-
ration assurance system is feasible , but the current IPC implementa-
tion is unacceptable to pilots — revision of the present set of algorithms
is essential .

(5)  Continuation of SEC services to the DABS sensor contractor.
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( . Report I ’ recis

Sec tions nf th is  Quarterly Technical Summary contain l’Iia se II ta sk n t - p u n t s  as follows:

Section II — Fn vi ro r in i i -n i t a l  C h ar a c t e r i z a t i o n .  Monopulse er ror  and fade
l - ~ t - 5 n U r - i 1 1 r f l t S  ma i l s -  i t I s  \ •~~4~ i5  ai rport  us ing  t i l t -  ‘ t M ! ”  i n ’  r r r ’ s r n l r ’ r l .

‘lots of t i n i ’  reduced data serve as t h e  basis f o r  a quant i ta t ive  comparison
of the  l a s  Vegas  s i te  w i th  other potential DABS sensor sites. Constant-
al t i t ude , radial fli ghts over the Las Vegas site and the two Salt Lake ( i : y

sites provided data useful  in comparing the elevation lobing patterns of t i r e -

modified ASR-7 and Cossor beacon antennas. Tables present elevation pat-
t ern  nulls and their locations for both antennas at each site.

‘ F \ l I - ’ data taped at Brea , Ca l ifo rn ia , have been processed to determine typ-

ical present-day aircraft distr ibution and density in the LA Basin. Plots of
nr sun d ay tt and “ Mond ay ” data , each set referenced to two peak-densi ty  loca-

tions , dep ict short-interval total t raff ic  count and grap hically illustrate t r a f -  *
IL distr ibution.

Section 111— Aircraf t  Rep ly and Interference Environment Simulator (AR IES) .

The AR II -~S equipment is noted to be well along in its checkout phase; current

emphasis is on checking the computer interface and on preparing diagnostic

software for various ARIES subunits. A compu~ r r  program to generate a

small, but expandable t raff ic  model is being written. Parameterized , the

constants of this program may be selected at will to increase total numbe r of
a i rcraf t  and to vary t r a f f i c  flow pattern s represented.

Section [V — E x p e r i m e n t al Fac ilities. Activity reports for each of the faci l i ty

areas supporting DABS development conclude the QTS. DABSEF effort is
diminish ing  with the termination of IPC flight testing, and the TMF has re-
turned to the East for participation in two-sensor DAB S network experiments.

Its present location is Warwick , Rhode Island (approximately 50 nmi from
DABSEF).
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I I .  h - N \ ’  LIB )N\ i  l- NTAI. C I I A R A C ’ I I - :RI ZA’l R IN

• 1) \ i tS  ‘ i \ I I- P , ’r fo r rni : i  i s e  Vs Si te

I .  Sit ’ - ( ‘h ar a ct e t ’ i , , a t i r

1’MV s i t ’ - i- h : , n : i c ’ t e r i z a t i o , n  u s i n g  c i r c u niu fe r e n i t i : u i f i i g l u t~ • a-a s  cu i rr i e d  uni t a t  th e I.as Vegas
s i t e  i i i  I- ’c - b n - i a r ’ ~~. D ies , -  l’ h i c l i n s ‘ i s - r i -  i i t t ’n d - ui  l u  ~v s t t - m : r i i i ’ a l l v  pro be  the  i ’over ag ’-  vo lume  and ,

i i  - n -  h u l a  r e  t u i t i o n , show a ny  regions ot’ f a d i n g  or u u u u r i p u l s e  d i s t u r b a ne c , as b - s i ’ n ib e d  in the

pres -eding  - s - v e n a l  l) ,\ t l S  q u a r t e r l y  rep orts .

l i ar  g r ’ ’ i p bis showin g n i o n op u l a e  ccu r - a cv  and f a d i n g  1 )1- I.as \‘ ega s are given in Figs.  I l — I
ana l —

~~ - i -h  I a r  r e p r e s e n ut ~ a 3°  a z i m u t h  wedge , sh ow i n g  in Fig. II — I the rms  vu lue  of mon i opu l  Se

i i i  ir s  ov er  t h at  wedge , and in Fig.  1 1—2 the a v e r ag e  of the  d l i  fades  over tha t  wedge negative-
r i n g  t ’i r ’ ,ve:u k signu:iisi. l a s  V e g a s  is one of those sites , like Los Angeles . at w h i c h  m o u n t a i n —

( i l l s  t e r r a i n  e l imina te s  some of t h e  coverage volume.  For this  reason , i t  was not possible to
f l y  in a region extending  t h ro u g h o u t  about  1800 in a z i m u t h  and up to about  j~~~50 in elevat ion — the

1
’ l e g i o n  in  w h i c h  r i o  data is plotted in Figs. l I — I  and — .~~. Otherwise  the resul ts  are  s i m i l a r  to

wha t  has  been seen at other sites , wi th  monopulse d i s tu rbance s  and fad ing  appear ing  in cer ta in
di rections , and wi th  these dis turbances  genera lly decreas ing at the h igher  e levat ion angles. On
tine whole , the Las Vegas coverage qua l i ty  is about “ medium ” among the TMF sites tested — def-
ini te l y not as good as the resul ts  at ( lementon and def in i te l y better  than  the results at LA Airpor t .

2 . Ef fec t  of Ground Reflect ions on Elevat ion Pat tern

Among the TMF experiments performed at Salt  Lake City and Las Vegas were t --s ts  to de-
termine the effect  of in-p lane ground reflections on the elevation pat terns  of both the A S R - 7
beacon antenna and the Cossor beacon antenna.

The shapes of the free-space elevation pat terns  for the two antennas are quite  d i s s i m i l a r
and are expected to result in d i f ferent  elevation lob ing pat terns in the presence of i n-p lane re-
flections. The Cossor antenna has a wide elevation pat te rn  with a ha l f -power  beamwid th  of
44 deg and no vertical pattern shap in g, whereas  the A S R - 7  antenna vert ical  pat tern  is shaped

to provide a Z-dB per degree rol loff  at  horizon and a cosecant-squarod rol loff  above 6 deg. The

gain of the ASR-7 at the horizon is approx imate ly  6 dll down from its peak gain of 25 dii  at L d e g

elevation.
The elevation pattern of each antenna was measured by recording, in the no rma l  TMF edge

event mode , the rep lies from a discrete-code a i rcraf t  fl ying a prescribed radia l  f l ight  path at
constant  altitude. The accompanying amp litude vs range p lots were generated via the normal
ATCRBS surveillance processing routines at I)AII SEF.

Elevation patterns were measured at two TM F locations in Salt Lake City. The ter ra in  at
Site 1 in the direction of the radial  f l igh t  is rura l  f l a t  ground for approximate l y 3 to 4 miles;
beyond is the Great Salt Lake. At Salt  Lake Site 2 , radials were f lown in both the north and
south directions. The ter ra in  to the south is ve ry  f l a t  for a p p r o x i m at e l y  2 miles;  b eyond that
the salt f la t s  extend for another 8 miles.

The app licable ter ra in  in Las Vegas is f la t  s emi-ar id  land for  approx ima te l y 10 miles. The

heights  of the ASR-7 and Cossor an tennas  above ground were 32 and 38 ft , respectivel y.
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Fi g. 11-3. A m p litude vs range , ASR-7  Fig. l I- -i - A m p l i tude  v s r an g e , ( uss r
antenna , Las Ve gas ( a i r c ra f t  inbound an tenna , Las  V e g a s  ( a i r c r a f t  ou th iound
a t 7500 ft) .  at 7500 ft) .

• F igures  11-3 and -4 are amp li tude-vs-range p lots for the radial f l igh ts  pe r fo r mt -d  it
Las Vegas and are typical of the plots derived from the o ther  sites. Zero c ount is equc i i - a l en t
to a received sign al strength of — 9 5  dflm with each count being equal to U . s 7 dii . Thie solid
c urve  on the plot depicts the theoret ical  received signal s trengt h in the  absence of m u i l t i p a t h
induced  lobing.

Table Il-I summarizes  the depths and elevation positions of the p redominan t  lohing min ima

l’or each antenna as measured at the two locations in Salt Lake Ci ty  and at Las Vegas.
The ASR -7 antenna with its low-angle vertical pattern rolloff exhibits fewer lobing nul l s

and less severe fading than the Cossor antenna.  Lohing present in the ASR-7 ve r t i ca l  ir a t tern is
confined to elevation angles of less than 2 deg. Cossor lobing fades are pronounced up to an ele-

0 vation angle of 5 deg.
The null positions of the minima are identical for both the A S R - 7  and Cossor and are more

or less consistent from site to site as would be expected because of the s imi lar i ty  in ter ra in .
The elevation spacing of the minima in all cases is 0.6 to 0.7 deg.

H. Anal ysis of Present-Day LA Traff ic  Densities

TMF data collected at Brea , Ca l i f o rn ia , last  November  have been processed in order to
-; obtain statist ics on a i r c ra f t  density and distribution in the LA Basin .  The Brea site is about

20 nmi inland from the Coast , well  situated on a terrain peak , about 1 500 ft above sea level.
Since t r a f f i c  varies with day of the week , data sets were selected from M onday ,  15 November ,

at approximatel y 12:30 p.m. PST and from Sunday, 21 November , at 11:30 a .m.  PST. In both

cases , a data span of 150 scans was selected (approximate l y 560 sec) and the “ range window ”
was open from 0 to 80 nmi.
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TABLE I l—i

LOB ING M I N I M A

Sa lt Lake City Site 1

Null Position (deg ) Null Depth (dB)

ASR — 7 Cossor

0.7 11 15
1.4 8 19
2.0 9
2.7 4
3. 4 4
4. 1 7

Salt Lake City Site 2 —  North Leg

Nul l Position (deg) N u l l  Depth (dB)

ASR—7 Cossor

1.1 9 7
1.8 I 7 15
2.5 6
3. 2 7
3. 9 8

Salt Lake City Site 2 — South Leg

Nul l Position (deg ) Null Depth (dB)

ASR-7 Cossor

0.3 — 14

0.8 14 18
1. 4 5 15
2.0 7
2.6 9
3. 2 8
3.8 11
4.4 12
5.0 12

Las Vegas

Null Position (deg) Null Depth (dB)

ASR-7 Cossor

2.0 5 18
2.6 5 13
3. 2 5 15
3.8 19
4.4 22
5. 0 15

4 5.6 5
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Fig. 11-5. Total n u m b e r  of a i r c r a f t  vs scan number .

The tota l number  of a i rc raf t  was determined f rom “ snapshots ” of f ive scans dura t ion .  In

Fig. 11-5 , solid lines represent  the number  of “ correlated t racks ” defi ned as fo l lows :  t racks

1 , r e C s r i \ ’ i n g  at least one cor re la t ing  report  dur ing  a f ive-scan  in te rva l .  In general , the  n u n m h er

of corre la ted t racks  seen dur ing the f ive-scan interval  wil l  be greater than the ac tual  n u i~ber

of a i r c r a f t  - i t  any instant .  Non-discrete codes occasionall y generate false t racks  of short dura-

tion which a re  counted in the total. Also , the in terval  over which the count is made is approxi-

mate ly 18 sec in duura t ion .  This is long enough to allow a i r c r a f t  that  are taking off or l and ing
to be included in the count al though they may not overlap in time. The dotted l ines p lo t the

average number  of correlat ing reports per scan during the f ive-scan period. These represent
a loiver l imit  on number of a i rcraf t  since all a i r c ra f t  do not necessarily generate  corre la t ing
reports every scan. The instantaneous total number  of a i r c r a f t  f a l l s  between the two curves.

I s ing the “ correlated t r a c k ”  method of counting a i r c r a f t , da ta  from the 30 snuapols ts were

then averaged to obtain a density function in the ground p lane. This is presented in l-’i g. 11-6

and is given in mult ip les of 0.01 a i rc ra f t  per square nmi taken over a radius  of 10 miles .  V a l u . es

are  given in hexadecimal  (where -\ = 10 , B I i , etc.) and a re  t runcated b y d r u g ; - i n u g  a n y  d u g : t s

to the r ight  of the decimal point. The maximum value shown is C which represen ts dens i t i e s

between 0. 12 and 0.13 a i rcraf t  per nmi 2 . This amounts  to approximate l y 3 i  a i r c r a f t  wi th in  a

radi us of 10 nmi .
The point of max imum density is (X , V) = (— 1 0 nmi , —1 0 nmi)  svhich is e r  l un g  Beach.

This spot was chosen as the center point for range dis t r ibunt ion c a l r c n l - u t i n u s F i g u r e  11-7 shows

the average range distributions in histogram form. Associated a c c u m u l a t i v e  range  d i s t r i b u t i o n s

are  given in Fig. 11-8 on log-log paper. Figure 11-8 indicates tha t  there  are  37 a i r c r a f t , on the
average , within a 10-nod radiua  (which is consistent with the symbol C a p p ea r i n g  in F i g. 11-6) .

-~ This is the highest t ra f f ic  densit y yet observed in any of the T\ I F  da ta .
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I l l .  AI I R RAI - T R l - l l ’ l . V  A N I )  lN ’r l - : l t l -E l i l -~N( I ;  I : N v [ I E I N J \ I ! - : N - r
S I M U l A T O R (Al l IES )

~~ A. 1)evelopnu-nt Status

1. l l ~ c— d o u I - c ’-

The Ah t l I ’ S  equi pment  f at i r i c l a t L o n  is tow essentia lly cocop b-te , and all d raa  1-cs (cave  been

rack ino uu t i -d .  ~‘is of I Api -i l  1977 , t l i c -  checkout  p c -o c c-du c -&- is a cli a im ing (see 1 January  1977
l ) A l l S  QTS, Table V — I ) .  All t he  cards in t I t e  digi tal  d r a w e r  h ave bet-n bench checked.  The an-
alo g u l r i i v i - , -  also -onip le tecl the benc h ( - I c c i - k  phase dur ing  t l u i ~ quar ter .  A subsystem consisting
of c an e n ile cop u ‘c i -ss i )  r , t h e  n -u adorn Process generator , 0011 di gital t a r get ca rd , and one analog
ta n -g -t  c a n - il has heec n  configured and used to successfully genei -atc random rep lies. Some switch-
ing t rans ien ts  it i- c-c observed in the out put d u r i u c g  this  test , and modifications are now being made
to t t ue di g it all y controlled switches and attenuatoo -s to eliminate these transients.

The cur ren t  ch eckout emp hasis is on the computer interface cards. Vt l i en  these  ax-c opec-
aticig correctly, more extensive subsystem tests can be made and computer-based diagnostic
programs can be used to more extensively test all tine AR I I - S equipment. I- or this comp lete
checkout , the ARIES self-test unit must also be used. This unit is now completely fabricated ,

- . and its analog components have been bench tested. The digital portion is now in the process of
checkout.

During the next reporting period , it is anticipated that the equipment checkout for A R I I - S
will be completed and the system will be moved to DABSEF for final system testing.

2. Software

In the software area , all tine microcode for both DAB S and ATCRBS/All-CaU processing has
been completed and tested using software drivers. The rest of the interrogation processing code
has also been completed and is read y for testing . This is being defe r red until  the ARIES equi p-
ment checkout is complete.

The major current  software emp hasis is on writ ing diagnostic software for the various
ARIES devices. This should continue through April and part of May, at which time the emp hasis
will shift back to the real—time software.

3. I’arameterized Traffic Model

The ARIES traffic model is also currently being worked on. For use in system checkout ,
both at DABSEF and with the DABS sensor being built by Texas Instruments, a “ smafl” t raff ic
model is being generated that starts out with only a few targets initially and grows to around
80 targets. The program that generates this model is parameterized, so a variety of models
wi th  different  numbers of targets can be generated. This also provides a means to check out the

AR II - S model conversion software which converts from the MITRE 1982 Los Angeles Basin Model
format to ARIES ’ input format.
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A. [) AII SI - E-

~~ Six A~ l l  experiments , fi ve l h ’ (  f l ights , and two s imul t aneous  T M I -  t - x p t - c - i r n e n t s  were

suppon-t ed by h )A B SI - 1- dur ing t t u i s  r i -po r t ing  period.

I n i t i a l  p r o c c - s s i n i g  of data  fr o i n c  Salt l a k c -  ( ‘ i t o Sit ’- i i ; l : i ~-tont , ( t a m S i l t -  10 , and  Las

\. c p u s  Site 11 has I - c- n  cornp l& ’t cd .  h ’ ro i ’ , -ss i n u u . u  fec W a r w i c k , Rhode Island Si t , -  IZ  h a s
h a - ) . l u u n u .

• Thie f inal  version of tine Sl) i ’  was  - r e a t c - h  incorporat ing th o e LTAC 5 I1’C algorithm , and the
final  II ’C missions were flown using th is version. Ou t -  of th u e f ea ture s included in th is  version
and in the playback version was the capt i h i l i t v  of recording I l ’ C  data on ATCRI3 S/AT ( ’lUIS
encounters.  With  this  freeze (the t w e l f t h ) ,  developmental work on the SDP in support of IPC

nSissions was ended , and any additional software work on th is  system will be in the form of

maintenance.

a
B. Avionics

• i~
’ Two DABS transponders have been fully ipdated and shi pped to t h e  f A A  for dis t r ibut ion

to othe r users. Retrofitting of the remaining transponders to fully reflect all modificat ions
continues.

Termination of the IPC fli ght program has resulted in less use and therefore less evalua-
tion data from the transponders. TMF measurements and AMF flights have, however, shown
up unacceptable performance in multi path environments. Benc h simulation of multi path situa-
tions has permitted tracing the reduced performance to a specific design feature of the tran-
sponder on hand rather than to a general weakness of the system. The specifications in the
National Standard have been changed to exclude the design approach which has caused the problem.

A small effort is under way to place a universal display/ interface on board the aires-alt.
The key element in this system will be a microprocessor which manipulates uplink and down-

link data resulting in the equivalent of an intelligent airborne terminal. This effort will have
major impact on the design of an automated transponder test system because a transponder-
microprocessor interface will be established which can be operated for that purpose as well.

C. TMF

On 5 January 1977. the TMF completed its measurements at Salt Lake City Site I and
was relocated to West Layton, Utah Site 2. The second site , located approximately 17 m il es

north of Salt Lake International Airport, was evaluated as a possible location for a Joint beacon/
radar facili ty for Salt Lake , Hill AFB, and Ogden Munici pal Airport.

On 28 January 1977 , the TMF was moved to Las Vegas to evaluate the effect on DABS pro-
cessing of in-beam mult ipath known to be prevalent there . Figure IV- 1 shows the location of

‘5- TMF at Las Vegas Airport. The Tl\-IF completed its activities at Las Vegas on 16 February t~~77

• and was moved to T.F. Green Airport in Rhode Island where it is currently located (Fig. [V-2).
6 The location in Rhode Island was chosen primarily to support  joint DABS netting exercises with

-. the DABSEF facility in Lexington. Table fl-I  summarizes the TMF schedule and recording ac-

- .  
t ivity for this reporting period.

D. AMF

The Airborne Measurements  Facility is presentl y assigned to the BCAS flig ht test program.

1°.
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_ A c q u i s i t n t c n n  a n t d  ( on i t r o l  a v st - n u  ) I a n - t  c t  Sl’J . —~~ - O n n c p u t ’ - r )

A / I )  A n a l o g  t o  Digital
\ I X ’  A i r  l a - I c - c i s c -  ( - n t -r

\ I) !? A i r  I ) , .’ f c n c s c -  I d e n t i f i c a ti o n  / nu-

. A ( . t _  A hoo ’ - ( r ou t id  Li-v -I
A I \ lS (‘on ip at ih ie  IX)D -A T( hlc ~acoin S~~~t -  a

A l L( • A l t i t u d e  l-~c h c o

A i r b o r n e  M , - a s u r - n r n - n t s  h - a c i l i t v

AT( HB S Monopulse l’ i - u cc - s s i ng Su b sv s t c - m
A l’G A z i m u t h  Pulse U c c i c - n - a t o r

A RB  A m b i g u i t y  h ie so lu t i  on Bit

A R i E S A i r c r a f t  Reply  and In t e r f e r e n c e  E n v i r o n men t  S i m u l a t o r

A h l l N (  Aeronaut ica l  Radio , Inc.
ARSR Air  Route Suc-veillance Radar
A R TU C  Air Route T n a f f i c  Control Centec ’

• ARTS Automated Radar l e r rn ina l  System
ASCII Amer ican  Standard Code for In fo rmat ion  In t e r c h ange
ASH Airport  Surveillance Radar
A TA Air  Transport  Association

ATAS Aircraf t  Tone and Audi o Syste m
ATC Air Traff ic  Control

• ATCAC Air  Traffic C ontrol A dv is on ’v  ( m a c a l t E c  c

AT( BI-X A’rCRBS Beacon Interrogator  (\ I od t - l  N )
ATCRBS Air  Traff ic  C ontrol Radar Beac on Sv st

Au Angle [nit

BCAS Beacon - olli sion Avoidance S o st ia

BDAS Beacon Data Acquis i t ion  S v s t c - n u

- .~ BRP Beacon Rep ly l’rocessoi’

( -  C’limbi ng

CA ( ontrolier A c k n o w l c d g i n i c - n t

C AS Collision Avoid ance  S v - t c - n i

CAT Controlled ARIES Targets

- - 
Cr) Common Dig i t i ze r
CDM Cock pit Disp lay Mon itor
CF Close Fi t  a l g o r i t h m )
CIDIN Com m u n i cat i o n s  ICA () Dat a  I nt e r c h a n ~ c- \ c ’ l - v c ’rk
C O M M — n  BA I l S  Message Type l ) e s ig n a t i a l  In  - -\ , I I , U cr I ) c ,

See F A A - R D - 7 4 6~
(A )N t ‘S C on t e r r n c n o u  s Uni t ed  St a t e s

r
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~1’ Collision Point
IL l ’\ lE  Ca l ib ra t ion  Performance Monitoring Equipment

- I ’ m  Central  Processing I n u t
( ‘ I ’V  C or r o l at i c c n  Preference Value  (NA S h
C h iT Cathode Ray  ‘rube
( ‘( 1W Clasc -  Range Window
(-sc~ Cosecant Squared
(“l’U Crossli nk Transponder I n i t
CW Cont inuous  W a v e

I) Descending
DABS Discrete Address Beacon System
DABSEI” DABS Exper imenta l  Faci l i ty
DABSIM DABS Sim ulation )software program)
DABSLST DABS Performance Measurement i’rogram ) sof tware)
DAS Digital Acquisi t ion System ARTS) •

dBI Decibels With  R e s p e c t  to “ Isotropic
d Bm Decibels With  Respect to 1.0 Mil l iwat t

I .,. DCAS DABS-Based CAS
DCFSK Direct-Coup led Frequency-Shif t  Keying
DF Direction Finding
DG Design Gain
DIM DABS Interrogation Modulator
D M E  Distance Measuring Equipment
DMID Downlink Message Identification (No.)
DOD Department of Defense
DOT Department of Transportation
DOT Range Times Range Rate (vector “dot ” product)
DPSK Differential  Phase-Shift Key ing
DRP DABS Reply Processor
DSF Digital Simulation Facility (at NAFEC)
DTSD DABS Traffic Situation Disp lay
DV&R Design Validation 8’ Refinement
DYNO A High-Efficiency Interrogation Scheduling Algorithm

ECAC Electromagnetic Compatibility Anal ysis Center
EER Envelope of Error
E L M  Extended Length Message

-
- EN Envelope of Null s

E-SCAN Electronically Scanned Antenna
ER Engineering Requirement
ERP Effective Radiated Power
ESC Experimental  Sensor Configuration
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G a i n i  ‘l i me (cc c ctr c cl

USC I h i g h c - S ~ceed ( ‘hann el ) SEL -86  computer )

1 AC, ’ l n stan ta  ne ca l s  Ai rh u i rn e  C o u n t

I AR Interrogation Arrival Rate

IC A( I ln t e r n a t i c i n a l  C l v i l  Av ia t ion  O r g a n i z a t i o n

1( 11 Integrated Cance l l a t i on  Rat io
Ii) Ide n t i f i ca t ion
WI-’ Ide n t i f i ca t ion  Friend or Foe

IFR ln st rc c c i i ent  F l igh t  Ru les

II SLS Improved Interrogat ion Sidelobe Suppression
I l S  Ins t rument  L,anding System

I/O Inp cct/ Output

IPC Intermit tent  Positive Control
IRO Increasing Range Oc’der

LAX Los Angeles International  Airport
LEA Link Elevation Angle
LED Light Emitt ing Diode
1,05 l ine of Sight
LR Link Reliabili ty
LSB Least Signif icant  Flit
LSI Large Scale Integrated (-t ion)

LTC Link Test Configurat ion

Mb/S Megabits/Second
MC’ U Modulat or  Control Uni t

MII, Militar y

MILS Microwave lnstr t c m ent Landing System

- . 
M1~S Microwave  Landing System
M N A S  M a x i m u m  Number  of Sensors

MS \ l - c x i m u c m  Number  of Sectors

MSI M e d i u m  Scale In tegra ted  (-t ion)

MSL M ‘an Sea I ,evel

MTDS M i l i t a r y  T a c t i c a l  Data Systems

M T I ,  M i n i m u m T r i gg e r i n g  l eve l

M ( I) S L M i n i m u t r u c I sable l ) - ’c I t S  Signal Level

~ 

:~~~~~:~



-- -_ - - --— - -
~~~~~

- —--~~~~~~~~—

N n u t i u c u a l Av ia tnon  F a c i l i t y Exper imenta l  Center
National Aviation Systemic

N l)ata Ava i l ab l e
[1-: U n i ted S tab - s  -‘t n - c a y  Anti  — ‘t i r ’cr a f t  Sv st c -m

N ( )/. Ni n - I c c a  I C Ipe r e t i n u e  / ccn e

NIl’l ’( ’ 1 ’ N e w —  l i t - a l — T i  i i ,  (‘ , i n t n - ccl  I’ rog r ’ acn

N h(/ . N , a I l t ’ t c i i ’n  to Zero

Nil/I I)i Ih ’re c il i -  l v  I - :c c c c c t c - d  \ h i Z _  ) f l u x  r i -versa)  equals “I “)

N’l’I)S Nav al Tot ti, oh I)ata System

OAT Outside Air Temperature

ORW Open Range Window

C)SEM Office of Systems Engineering Management

PA Pilot Acknowledgment

l ’AM Pulse Amp li tude Modulation
PAR Pulse Ar r iva l  Rate
PCA Positive Control Area
PCD Production Common Digit izer
PEM Position Entry Module

PIAC I’eak Instantaneous Airborne Count
PLE Pseu do Leading Edge
PLL Phase Lock Loop
PLRACTA Position Location , Reporting and Control

of Tact ical  A i r c r a f t
PPM Pulse Position Modulation
PRF Pulse Repetition Frequency
FRI Pulse Repetition Interval
PROM Programmable  Read Only Memory
PRP Pulse Repetit ion Period
PSK Phase-Shif t  Keying
PWI Pilot Warning Indicator

QSLS Quadrature  (or Quantized) Sidelobe Suppression
QTS Quarterly Technical  Summary

11AM Random Access Memory
RAS Readout;  Ai rc ra f t  State
RFI TF ’ Radar Beacon Test Faci l i ty (at  NAFEC)
11CC Regional Control Center
R D I  Rep ly l)elay l i t ter
RIANG Rhode Island Air National Guard
RIIJ Range Interval t ’ n i t
I IMS E Root Mean Square Er ror
ROM Read-Onl y Memory
RPG Random Process Generator
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1(51_ S I l t - c e i v e  S u h c - I c c t c i ’  S i c p p n - c ’s s c o n i

li-I ’ h o u nd ‘I’ i’i I)

h i c ’a I — l ’ i n n c c ’  ( c ,nt n ic l  l ’ r ’og c - a , c i

l i i i  ia _ S

S~c I ’ S u c - v e i l l - c u c ’ ’c’ nt n ’ctl C c c n n c i i u n k - a t i o n

S u p p r e s s ion  A u - c - c v a l  [ i i i ’

S \Vc  Su n - l a c e •-\a ’ , cu sl i ,  Vt ave
- I’ Su i’ve I l l a c u -e and (‘ o m mun i ca t i o n  Processor

SI )C - S y s t e m  I )eve l c c p n u e n l  ( ‘ oat r act o c

,Seciso r I )emons t  r a t i on  Pn -cu gc - a m

SEC Syst em I-~ccg ine e  c- in g  ( ont n e c - I c c

SE! - Sy s t em  Eng inee r ing  I a I , , , i ’ a t c  c v , Inc .

511 - ’ N l u l i t a  i v  I l - I - ’

SIR Sigm a! -tic—Interferenc e Rutiuc

51,5 Sidelobe Suppression

SM Short Messa ge

SM It Signal -to- Mc clt ipath (Signal ) Rath c

SNII  S i g n a l- t o -N u c i se  Rat io

SF1 Special Pu lse Iden t i f i ca t ion

SPM System Prog ram M a n a g e r

SI ’WI Stead y PWI (i ndicat ion )

SQV Sampled Quantized \ ideo

SRI)S System Research and L)evelopment Service

SS Sum of Squares

SSF System Support Facility (at NAFEC)

STC Sensi t ivi ty  Time Control

SWD Sliding Window Detector

TACAN Mili tary Aircraf t  N avigat ion System (Prov id ing
Range and Bearing f r om Station)

TAr) Technical Arknowledgment , Downlink

l’ATF Terminal  Automation Test Facility (at NAFEC )

TA!’ Technical Acknowledgment , [plink

TC -\ Terminal  Control  Area

T(’R Transmi t  Control Regis ler

TI)!’ Technical I)evelopment Plan

TM!- Tra nsportable Me a suremen t s  Fac i l i t y

TOA Time of Ar r iva l

TOl) Time of I ) ~u v

Transpor ta t ion Sy stems Center , DOT , Cambridge . Ma ss,

TT!. Trans ist or-to -Tn ’ansi stor  Logic

TWG Transmit  Waveform Generator

[‘Ml!) t plink Message Identificatcon
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h- H Visua l  1’ light  Rules
V Ol i  Very  h igh F requency  Omni range  (Provides Bearing Data)

VOIITAC Combined VOR and T A C A N  Faci l i ty
VPQ Video Pulse Quant ize r

V / S T O I ,  Ver t ica l/ Shor t  Takeoff  and Landing

ZF L A G/  AT( ’RRS Per formance  Measurement  and Diagnostic
I - I  ,AGSTAT Program ( s o f tw a r e )

ZRT Zero-Range  Tr igge r

22
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1) AII S l)OC I - II EN TS ISS t  E l )  h l ’t I I N C  ( c i  N I AI l (  )IIA’I’OH’t

I , \ v a u l a h c l c ’  f r , , m c c  \ a t c c ’ c i : c  I i’ ’c h i m i c a l  I n c t ’ m ’ u c e I ‘ c c i  S c ’ i ’ , ’ c c ’ t , s c c u - i r i e l u c - I d , V i rg in ia  ZZ I  51)

I
Qua n t c ’  r l y  1’ c l i n a c - a  I S u n n i  mc a n - c c  -~~

— I- , \ - \ — h i D — 7 . i — -14 QTS I 1 A p r i l  l ’ 7 ~ l ) i - v i - I cpn ie r i t  I ’ a I ) e - ,c n i - t i -  • - \ d d n - c- a~
h t c ’ a c , , n  S \ ’ st t ’ n ,

F A  \ — R l ) — 7 2 — 7 6  QTS ~i 1 J u l y  ‘ c 7,~ D e v e lop c i ie n t  c c l ’ a D i s c r - t c ’  ,- \ d c l r t ’n - c
Beacon  S y s t < ’ n n i

I - A A — R D — 7 2 — I  17 QTS 3 I C I c t , , ) c c ’ r  I ‘l 7 ~ I ) ev e l olcm e n t  c f  a Discrete  Address
Be acon Sys tem

F A A - R D — 7 3-1 i QTS 4 1 J a n u a r y  l ’ i 7 3  De velopment  of a Disc re te  Address
l t c - accc n  System

I- ’A - \ — R D — 7  1—48 QTS 5 1 A p r i l  1 1 7 3  Development  of a I i i  s e n t - t i ’  Address
Bea con Sys t c - c c i

l - A \ - R D — 7 3 - I O 1  QTS 6 1 Ju l y 1q73  Developme nt of a Discrete  Address
Beaco n Sys tem

I- A A - R D — 7 3 - 1 6 5  QTS 7 1 October l ” 7 3  I)evelopment of a Discrete Address
Beacon S y s tem

QTS 8 1 .January  l ’ 174 Development  of a Discrete Address
Beacon System

FAA-RD-74- 85  QTS 9 1 A pril I ’Y’ 4 I)evelopment of a Discrete Address
Beacon System

FAA-RD-74- 1 36 QTS 10 i Ju l y 1074 Development of a Discrete Address
Beacon System

FAA-RD-74-167 QTS 11 1 October 1 174 Development of a Discrete Address
Beacon System

FAA-RD-7 5-4  QTS 12 1 J anua ry  1975 Development of a Discrete Address
Beacon System

FAA-RD-75-67 QTS 13 1 A pril  1075 Development of a Discrete Address
Beacon System

FAA-RD-75-114  QTS 14 1 Jul y 1975 Development of a Discrete Address
Beacon System

FAA-RD-7 5- 166 QTS 15 1 October 1975 Development of a Discrete Address
Beacon System

‘ F \A - R D - 7 6 - 1 0  QTS 16 1 J anua ry  1976 Development of a Discrete Address
Beacon System

l -A A -R I ) - 7 6 - 8 2  QTS 17 1 Apri l  1976 Development of a I ) iscrete  Address
Beacon Sys tem

I ’  \ A -R D - 7 6 - 1 26  QTS 18 1 July 1976 1)evelopment of a Discrete Address
h Beacon Sy s t e m

F-\ ,-\~~RD~ 76-174 QTS 19 1 October 1976 l)evelopment of a Discrete  Address • 
-

Beacon System
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l- ’,\A -l J l ) - 77 -7  Q’I’S 20 1 J a n u a ry  1977 l)evelopment of a Discrete Address
-‘ 

Beaco n Sy s t e m

~~ 1 , -’u A — l l D — 7 7 — ( c - !  Q’l’S 21 1 A p ril 1 ’ , ?  l ) i - v e l o p n ent c , f  a I ) i s c r e t e  Address
Be ar -on S \ - O t c - n l

I t - ’ ’ -  t I t ’  p I n t

!- ‘ ,-\ , -\ — R l ) — 7 2 — 7  A T C— M  ,i4 ,i~,n a o r v  I’ c ’? 2 n i t - n - n - c c g c c t u c r c  S chedul ing  i- . 1. K e l l y
for t I c t -  l ) i s c  n- c - t e  Address
Beacon Sy s tem

l ” A \ - I I I ) - 7 2 - 3 0  AT( ’ -9 12 April 1972 Final Report , Transponder G. V. Colby
Test Program E. A. Crocker

F \A - R I ) - 7 2 - 84  AT ( ’ -12 14 August  1972 A Comparison of Immun i ty  D. A. Shnidman
to Garbling for Three
Candidate Modulation
Schemes for DABS

F 1 A- R D - 7 2 - 7 7  ATC- 13 14 August 1972 Parallel Approach J. B. Allen
Surveillance E. J. Denlinger

F,\ . \ - h i I ) - 7 2 - 1 0 0  ATC-15 29 November 1972 The Influence of Surveil- J. W. Andrews
lance System Parameters G. Prado
on Automated Conflict
Detection and Resolution

FAA-RD-73- 126  ATC-19 17 October 1973 Interrogation Scheduling A. Spiri’Ion
Algorithms for a Discrete A. D. Kaminsk y
Address Beacon System

1 ’
FAA-RD-74 -4  ATC-20 28 January 1974 The Effects of ATCRBS P2 W. H. l-Iarman

Pulses on DABS Reliability D. A. Shnidman

FAA-RD-74-20 ATC-22 19 February 1974 Summary of Results of An- J-C. Sureau
tenna Design Cost Studies

FAA-RD-73-160 ATC-25 28 November 1973 DABS/ATCRBS Transponder J. R. Samson
Bench Testing Program J. D. Welch

E. B. Becotte
F .A .  Crocker
H. D. Schofield

FAA-RD-74-17 ATC-27 1 March 1974 A Summary of the DABS T. J. Goblick
Transponder Design/Cost P. H. Robeck
Studies

FAA-RD-74-142 ATC-29 13 December 1974 DABS Timing: Clocks, E. 3. Kelly
Synchronizat ion and
Restart

FAA -RD-73- 17 5 ATC-30 9 November 1973 Provisional Signal Formats P. H. Drouilhet
- 

,~ for the Discrete Address Editor
Beacon System

FAA-RD-74-62 ATC-30 25 April 1974 Provisional Signal Formats P. B. Drouilhet
Rev. 1 for the Discrete Address Editor

Beacon System (Revision 1)

F A A - R D - 7 4 - 5  ATC-3 1 13 February 1974 Report on DABS/ATCRBS 3. B. Samson, Jr.
Field Testing Program E. A. Crocker

r
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I- \ \ — h J h I —  ~-l —~ ‘I  , \ ‘F C—3 !  4 l-’cb r u a n - v  i d 1 7 4  ‘l i ce  I’ f f u - i  I r cf i ’) c a s e  l - n ’ro r I) . \ ,  Sh n j d n i a n i
t i n  t l i & -  I )  P SI ’ . l i i - ,  c - o c r
10- r t’c cc ’ c c i  n , ’ c -

4 I ’ \ \ ‘ h 1 1 ) 7 - I — ’  I ‘ t I C — I  I .15 A pr i l  j ’ c 7 - )  ( ‘ n o ’ . su e , , !  ), l ’ ss ci ~~- I ’ m- — 1) .  I t e i c i e r
u c c c t s  h r  t I l i ’  I I  ~- ) Y —  \-\S I I .  I- ’. \ ‘ande vc - n i c i c -

c u t  c - r ’ f c  c -

I- \ \ — I I I ) — ? - 1 — c  l - \  ,-V l ’ ( ’ - — I 3  I i ,) ( I  t c , t , c - m ’  1 7-I I ’ n ’ c c - , c , --w c c c , c !  M ’ ’~~~- - n ’ ’ ’  ‘ ‘ ‘ n ’  — I ) .  l t c ’ n c c - r
Re v.  I c c c  i t s  I ’  u l l c i , - I )  - \ t - H ~\ - \ S I I .  1” , \ ,o de\ - - c l i s

I c i t  &- r i o  ‘ - ) I t ,  - - i — c c  c i

I- ’ \ - \ — h t I ) — 7 4 — c - I  ,‘\ ‘l ’ ( — I - l _t ’1c A p r i l  1 174  I’ n c c \ i 5 i c - c l l i t , ,  l i c k  C ; .  \ .  ( ‘ olb
l i n t - r i , , ,  - ~ r , , u i , ( a n ’ ’I  f u r  ‘he 1’. I I .  !t ohe ,-k
I )  \ I l S  I — j , , , c , : ~ c 1. I ) .  \~ e B-h

h - ’ ,- ’u , - \ — R I ) — 7 4 — 8 3  - \ ‘ l ( ’ — 3 5  24 M ay  1974 !‘r c c v i c — i c c c c a h  ‘c I , - - ~s - ~ ’ ’ -  I - c c r —  P. h i .  Fh ,b e ck
n o t e  a c u c h  l ’ ,- c c c , i - c c l c -  f u r  t h e  .1. 1) . Vt u - I c - I c
DAB S I l ’( ’  “ A l  I ) i e j u l a ’ _

l ” A A — h i D — 7 4 — 8 4  ,- \ ‘ i ’C —3 k 20 i \ I a v  19 74 l’ u - c , \  i s i ~ c i a l  M c - s s a g c -  h - o r —  1. 1) . ‘A el h
mats  and l’ rotocols for the  C. V. ( ‘ u l h v
DABS ~2 -( ica r act€- r Alpha-
n u m e r i c -  Disp lay

F A A - R D — 7 - l — i 4 4  A T C — 3 7  15 January  1975 An Anal ysis of A i rc ra f t  G. J. Schl ieck er t
L-Ba nd Beacon An tenna
Pat terns

F,-\ A - RI ’- 7 4 - 1 4 5  ATC-38 13 December 1974 Further Studies of ATC ’RBS A , G. (‘ameron
Based on AR 7  S-Ill Derived
Da t a

F,-\ , - \ — R l ) - 7 - I - i c 2  A T C— 4 0  4 M a r c h  j ’ t 7~~ DABS l ’ pl ink Encoder  J. R . Samson

-~ F,\ \ — h i ! ) - 7 4 - 1 n - t i’- AT C’ -4 1 .18 A p ril i ’ 7 5  DABS Link Per formance  G -I . Sch-u l ieckert
Considerat ions

FAA - ;D— 74-189 , -\T(’ -42  18 November  1Q 7 4  l ) ’\ I I S :  A System P. B. Drouilhet
l) escription

h - A - \ — I i I ) — 7 4- i ’ 7 - \TC —- )  3 8 ~J anuary  1975 DABS ( ‘hannel  Managemen t  l- . 1. Kel ly

F - \ - \ — R D — 7 5 — 7 5  -\T( ’ —44 16 M a c  1975 Model A i r c r a f t  1. -Ra nd I - . ‘A’. M a \ ~r r - a t) c e r
Beacon A n t e n n a  l’attern
Gain M a p —

1-’A A — R D — 7 5 - 8  A T C — 4 5 16 May 1975 N e t w o r k  \ l a c i a g e n e u - it I I .  F. Vandevenne

l- ’ - \/ - R D- 7 5 -Z i 0  ATC-46 June 1975 Plan for Fligh t ‘I ’ u - s ’ i ’ ~ 1. ‘A’. Andrews
Intermi t tent  I’ o c - i u t i \  ‘- J . F. Golden
Control .J. ( ’ . Koegler

• \. L. l\lcFarland
M . h ’ . Per ie

• K.  B. Senune

F \ A - R F ) — 75-23 ATC-47 4 April 1975 Scale Model Pattern Men -  K. J. Keeping
sccrements  of ,-\ i r c r a f t  J - ( ’ . Sureau
L-i3and An tennas

l - A . - \ - R I ) - 7 5 - 6 1  A ’ I’ ( ’ -48 12 September 1975 DABS l) ownlink Coding J. T. I3arrows

FAA-RD-75 -62  ,-‘cT C-49  25 . l u u l y  1975 DABS I p link Coding .1. T. Har rows

I- ’AA-RD - 7 5-9 1  ATC-50 17 I c i l y  1975 Impact of Obstacle Shadow s A. Sp i r i d on
on T ’tl onop ti l se ,- \ z i m c c t h
l- stin~ate

r
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l”A A- R D- 75 -92  ATC—51 20 February  1976 l iAR S Sensor Interact ions 1). R e ine r
‘~ i t h  A’l’(’ l-’acilities H. I-’. Vandevenne

~ FAA— R D— 75—9 3 ATC—52 12 March  1976 l I A R -S Mo d u l a t ion  and ( c c l —  T. J.  Goblick
dig I)es ign - A S u m m a r y

V A A — R D — 7 5 — l  12 AT(’— 53 3 February 1976 S u m m a r y  of I ) .-\ RS A n t e n n a  J — (  . Siireau
Stu d i e s

F’A A — R D — 7 5 - 1 i 3  ATC-~54 2 February 1976 l) esign \ a l i d a t i on  of the  I ’ . M a n n
N e t w i c r k  N l : c n c a g c n u e c i i  L I .  F. Vandevenne
l -u nr t io n

F A A - R D - 7 5 145 ATC-56 14 November 1975 Discrete Address Beacon ‘A’. II. 1-larman
System (L I A R S)  Test Plan B. Reiner
for FY 1976 V . A. Orlando

F 7 c \ - R D - 7 6 - 22 ATC-57 16 March 1976 IP C Design Validat ion J. W . Andrews
and I- light Testirg — J. C . Koe gler
Interim R e s u ’ts

FAA - R D - 7 5- 2 3 3  ATC-60 25 March  1976 The Airborne Measure-  G. V. Colby
mont  Facility (AME ’ )
System Description

- . FAA-RD-75-234  ATC-6 1 9 June 1976 Empirical ( ‘haracterization J. Leeper
of IPC Tracker  Perfor- A. Tvirbutas
mance Using DABS Data

FAA-RD-76-2  ATC-62 23 March 1976 Beacon CAS (BCAS ) — An V. A. Orlando
Integrated Air /Ground J . D. Welch
Collision Avoidance
System

FAA - R D - 7 6 -3 9  ATC-65 31 January 1977 The ATCRBS Mode of DABS .1. L. Gert z

FAA-RD-76 -2 i9  ATC-72 4 February 1977 DABS Monopulse Summary D. Karp
M. L. Wood

F AA — H D - 7 7 - 3 0  A T C — 7 3  25 April 1977 Air- to-Air  Visual Acquisi- 3. W. Andrews
tion Performance with Pilot
Warning Instruments (PWI)

Technical Notes

1972-38 4 December 1972 The Use of Supp lemen ta ry  R e ce i v e r s  L. 1 , Kell y
for Enhanced Positional Al- , -in r a c  v in
the DAB System

1973-7 9 February 1973 A Max imum-Like l ihood  Mu l t i p l e -
Hypothesis Testing Algorithm , wi th  an 1- . 1 . Kelly

• App lication to Pul onop un ise Data Ed i t ing

1973-44 18 December 1973 A z imuth  — Elevation Estimation Perfor- T. P. r t lcGart s-
mance of a Spatially Dispersive Channel

1973-48 26 September 1973 An Optimum Interference Detector for B. .1. MrAulav
- 

- DABS Monopulse Data Editing T. P. Mc Gar t v

1974-7 25 February 1974 Models of Mult ipath Propagation Effects  T. P. McGart y
in a Ground-to-Ai r Surve i l lance  Sy stem

1974-12 12 March 1974 False Target E l imina t ion  at Albuquerq un e -\ G. Cameron
Using ARTS-Ill Software
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19 75-(u 17 Jul y 1975 Ef fec ts  of Local Ter ra in  and Obstacles A. Spir idon
Upon Near  Horizon Gain of L-I3and
Beacon Antennas

I 1975 — 1 1 2 5 March  1975 The Stat is t ical  C h a r a c t e r i s t i c s  of l) i f fu se  T. I’ . M c  Ga rl y
Mult ipath  Radia t ion and Its Effe c t on

- An tenna  Performance
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