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I. INTRODUCTION 

(23 As a part of the DABS") Design Validation and Refinement task , 

measurements were made* of the performance of key DABS sensor elements under 

a wide variety of site and traffic situations. DABS had previously been 

tested extensively at the DABS Experimental Facility (DABSEF) located in 

Lexington, Massachusetts. The goal of these field performance measurements 

was increased assurance that the engineering developmental sensors being 

procured from industry would meet expectations when installed at typical FAA 

sites. 

In order to perform these measurements a Transportable Measurements 

Facility (TMF)(*) was designed and built to implement the DABS sensor "front 

end" including DABS/ATCRBS transmitter, two antennas, monopulse receivers, 

and DABS/ATCRBS reply detectors. Digital data were recorded €or computer 

processing at the Laboratory in Lexington. This computer processing imple- 

mented the remainder of the DABS sensor functions and also performed various 

recording and analysis functions. 

Correct operation of the TMF was verified initially by comparison with 

DABSEF while co-located, and while located a half mile away at Ilanscom Field, 

Bedford (Mass.). Following verification, the TMJ? was taken to eleven sites 

where a variety of tests were conducted. A brief survey of the tests is 

included in the next section. This report covers sensor range and monopulse 

azimuth accuracy performance on DABS and ATCRBS equipped aircraft, and the 

* 
During the last half of 1976 and early 1977. 
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t o t a l  r e p l y  process ing  performance of t h e  ATCRBS mode of DABS, inc lud ing  b l i p  

scan r a t i o ,  t r a c k  c o n t i n u i t y ,  code and a l t i t u d e  r e l i a b i d i t y ,  and performance 

i n  c r o s s i n g  t r a c k  s i t u a t i o n s .  

A .  Survey of TMF T e s t s  

1. Objec t ives  

TMF tests w e r e  s t r u c t u r e d  t o  suppor t  sensor  des ign  v a l i d a t i o n  and 

re f inement  and inc luded  o p e r a t i o n  wi th  DABS s i g n a l s  and w i t h  ATCRBS s i g n a l s .  

A companion o b j e c t i v e  w a s  t h e  c o l l e c t i o n  of d a t a  t o  ' c h a r a c t e r i z e '  d i f f e r e n t  

sites. S ince  t h e  performance of a r a d a r  o r  beacon depends upon t h e  propaga- 

t i o n  cond i t ions  a t  t h e  l o c a l  s i t e ,  i t  w a s  necessary  t o  determine which f a c t o r s  

could be a t t r i b u t e d  t o  t h e  sensor  des ign  i t s e l f  and which w e r e  s i t e  dependent.  

The s i t e  c h a r a c t e r i z a t i o n  experiments  u s u a l l y  involved c i r c u l a r  f l i g h t  pa ths  

and employed ded ica t ed  a i r c r a f t .  

The p r i n c i p a l  antenna used w a s  t h e  DABS mod i f i ca t ion  of t h e  ASR-7 

antenna ( r a d a r  f eed  modified t o  inc lude  a beacon monopulse f eed . )  A second 

an tenna ,  a s p l i t  'hogtrough'* (with i n t e g r a l  omni), s o  a r ranged  as t o  g i v e  a 

s u i t a b l e  monopulse response ,  permi t ted  some i s o l a t i o n  of p a t t e r n  dependent 

e f f e c t s  . 
2.  S i t e  S e l e c t i o n  

The TMF sites s e l e c t e d  were Boston, Washington, D . C . ,  P h i l a d e l p h i a ,  Los 

Angeles,  S a l t  Lake C i t y ,  L a s  Vegas, and Warwick, R.I. Boston w a s  c l o s e  t o  

* 
Designed and b u i l t  by Cossor,  L td ,  of t h e  UK. 
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t h e  Laboratory and hence a good f i r s t  p l a c e  t o  shake down o p e r a t i n g  procedures .  I 

I n  a d d i t i o n ,  Boston had been under s u r v e i l l a n c e  by DABSEF f o r  two y e a r s ,  and 

d a t a  taken  s imultaneous w i t h  DABSEF and t h e  Boston ARTS showed ample evidence 

of f a l s e  t a r g e t  r e f l e c t i o n  problems. 

Washington, D . C .  h a s  r e p o r t e d  f a l s e  t a r g e t  problems, low round-rel ia-  

b i l i t y ,  e t c . ,  and h a s  been t h e  s u b j e c t  of several s t u d i e s .  Los Angeles h a s  

been used f o r  y e a r s  as t h e  p r o v e r b i a l  ''worst case'' a g a i n s t  which system 

des igns  are compared. "LA 1995" w a s  t h e  g o a l  f o r  s a t i s f a c t o r y  DABS d e s i g n  

wi th  an i n t e r i m  "LA 1982" when t h e  ATCRI3S problem would peak t h e r e .  

P h i l a d e l p h i a  (Clementon, N.J.) i s  t h e  planned s i te  f o r  t h e  t h i r d  Engi- 

n e e r i n g  Development Model DABS and t h e  s i t e  of t h e  t e n t a t i v e l y  planned DABS 

o p e r a t i o n a l  t r i a l s ,  s o  i t  w a s  important  t h a t  TMF d a t a  b e  taken t h e r e .  

S ince  t h e  FAA i s  cons ider ing  a move from i t s  p r e s e n t  s i t e  a t  S a l t  Lake 

C i t y ,  i t  w a s  reques ted  t h a t  t h e  TMF t a k e  d a t a  a t  two p r o s p e c t i v e  si tes,  one 

near  t h e  p r e s e n t  s i t e ,  and another  several m i l e s  away. 

A t  L a s  Vegas, t h e  radar/beacon s i t e  is  i n  a "bowl" surrounded by moun- 

t a i n s .  P l a c i n g  t h e  TMF a t  t h i s  s i t e  thus  a f forded  a n  oppor tuni ty  t o  t es t  

t h e  o p e r a t i o n  of t h e  sensor  f u n c t i o n s  i n  a severe m u l t i p a t h  environment. 

The Warwick, R . I .  s i t e  w a s  s e l e c t e d  f o r  s tudy  of niult i-sensor s u r v e i l -  

l a n c e  n e t t i n g  w i t h  t h e  TMF "cooperating" (no t  i n  real  t i m e ,  b u t  i n  subsequent 

s i m u l a t i o n  e x e r c i s e s )  w i t h  t h e  DABS experimental  sensor  a t  DABSEF. 

3. Improved S i t i n g  

Advances i n  primary r a d a r  s i g n a l  p r o ~ e s s i n g ' ~ )  promise t o  reduce ground 

c l u t t e r  s i g n i f i c a n t l y  so  t h a t  improved s i t i n g  of t h e  radar/beacon s e n s o r s  can 
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be considered. At three of the TMF sites -- Boston, Philadelphia, and Los  

Angeles -- a remote site was also selected (Deer Island, Clementon, and Brea, 

respectively) to determine if adequate or improved coverage of the airport 

could be achieved from a site offering promise of long range coverage. 

4. Data Collection 

Many experiments were conducted at each site with each experiment 

generally providing one or more magnetic tapes containing 20 minutes to an 

hour of data. Table 1-1 shows the numbers of experiments conducted at each 

site. 

In the first group are the system calibration runs done after each move 

of the equipment. The antenna pattern runs were made at least once for each 

antenna at each site to determine the influence of the terrain on the patterns. 

Then as part of preparation for each data run, or sequence of runs, a mono- 

pulse calibration was made to verify correct surveillance operation. 

The second group listed in Table 1-1 are the normal sensor operational 

modes for a DABS sensor, These include data from both antennas. The remain- 

der of this report is concerned with the TMF Normal Mode ATCRBS experiments. 

The third group used b4.F in some of its special modes, for purposes 

such as recording fruit and other interference. 

B. Comparison of TMF and ARTS ( B I - 4 )  Performance 

Nearly all of the TMF sites were near ARTS (BI-4) installations whose 

coverage very closely approximated that of the TMF. Hence, by merely 

arranging ahead of time for the simultaneous recording of ARTS data, a unique 

4 



TABLE 1-1 

NUMBERS OF TESTS IN EACH TEST MODE PERFORMED AT EACH TEST SITE 

Site - 
IInternal System 
Calibration 

c v  

ASR-7 Antenna 
Pat terns 

P S  

ASR-7 Antenna 
Calibration 

Cossor Antenna I Calibration 

a, cr: 

DABS 

ATCRBS 
w/ASR-7 Ant. 

ATCRBS 
w/Cossor Ant. 

ATCRBS-ASR-7 
Listen Only 

ATCRBS-Cossor 
Listen Only 

DABS 
Listen Only 

ATCRBS 
Spotlight 

5 

1 3  29 22 7 

3 5 6 4  

1 3 0 2  

0 0 0 0  

2 1 2 0  

2 3 0 0  

3 4 6  

0 1 0  

0 1 0  

0 0 0  

0 - 0  0 



opportunity was available for the detailed comparison, under nearly identical 

conditions, of DABS performance with that of today's ATC surveillance stan- 

dard, ARTS. A number of such comparison experiments were run, and the 

resulting ARTS "extraction tape'' obtained and forwarded to DABSEF for pro- 

cessing with the corresponding TMP data tape. 

6 



11. PERFORMANCE OF THE ATCRBS MODE OF DABS 

A .  ATCRBS Reply Process ing  

The f lowchar t  shown i n  F i g .  11-1 d e p i c t s  q u a n t i t a t i v e l y  t h e  way i n  which 

r e p l i e s  are s o r t e d  as ' r e p l y  process ing '  proceeds.  

used i n  l a t e r  s e c t i o n s  t o  compare TMF performance and ARTS (BI-4) performance. 

F igure  11-1 i s  a composite of TMF d a t a  made by combining t h e  performance of 

54 TMF tests taken a t  t h e  e leven  si tes l i s t e d  i n  Table 1-1. Performance 

percentages  were weighted according t o  t h e  number of q u a l i f i e d  (def ined  i n  

F i g .  11-1) r e p o r t s  occur r ing  i n  each tes t .  

This  same format w i l l  be  

The ATCRBS Mode r e p l y  processor  assembles one o r  more r e p l i e s  i n t o  an 

i n i t i a l  r e p o r t .  If a s i n g l e  mainbeam r e p l y  occurs  t h a t  i s  n o t  geographica l ly  

near  another  r e p l y ,  i t  i s  assumed by t h e  r e p l y  processor  t o  be  f r u i t  and 

dropped. A l l  s i d e l o b e  r e p l i e s  are  also dropped by t h e  RSLS. 

t o  reach s u r v e i l l a n c e  process ing  are one-hi t  r e p o r t s  t h a t  happen t o  be near  

another  r e p l y  (bu t  f a i l  a code o r  a l t i t u d e  c o r r e l a t i o n  t e s t )  and two h i t  

r e p o r t s  with one Mode C and one Mode A r e p l y .  The f i r s t  s t e p  i n  s u r v e i l l a n c e  

process ing  i s  t o  f u r t h e r  e d i t  t h e  r e p o r t  stream t o  dec ide  which r e p o r t s  should 

be  c a r r i e d  forward. In F i g .  11-1 t h e  p e r c e n t  of r e p o r t s  e d i t e d  o u t  (10.54%) 

i n d i c a t e s  t h a t  even w i t h  most f r u i t  dropped i n  t h e  r e p l y  processor ,  about 10% 

of t h e  r e p o r t s  i n  a d d i t i o n  can be  e d i t e d  o u t  due t o  v a r i o u s  causes  such as 

c o d e / a l t i t u d e  swap ( s e e  Ref.  4 f o r  a complete d e s c r i p t i o n ) .  

The only f r u i t  

The format of F i g .  11-1 always r e s u l t s  i n  100% being  t h e  number of 

r e p o r t s  t h a t  p a s s  through t h e  e d i t i n g  process .  Note t h a t  w i t h  ARTS (BI-4) 
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COHBT 
REPLY PROCE S SOB 

I 
I 

110.54 96 
I 
I 

SEPCRT E D I T I N G  
1 -- 10.54 X J D I T E 3  OUT 
I 

( 55.9 X A L T - E Q U I P P E D )  
I 
I 

REAL V FALST 
I__-----------------__.---- 

I I 
99.30 X 0.70 X 

I 1 

I I 
I,> 6-04 X -I---- 0.45 X < - - I  
I I 1 
I C I D  NOT I 
I START A I 
I TFACK I 
I I 

93.26 % (MACE FELL 0.25 % (MADE P A L S 2  
I TRACKS) TEACKS) 
I 
I 

TRACK I N I T I A T I O N  TRACK I N I T I A T I O N  

-I------------ 

I 
I 
V 

P29FOFHANCE SUEUARY FOR ' Q U A L I F I E D '  REPORTS (*) : 

ALL CROSSING 

BLIP /SCAN 
OLD ALTITUDE 
OLD CODE 
NO. CF  QUAL. TRACKS 
TRACK NC. ERROR- FGACT. 

2 TRKS ON GNE A/C. 
2 A/C O N  CNE TRK. 

RANGE ERROR STD. DEV. 
AZIUUTH 3XROR STC-DEV. 

97.45 96 96.14 96 
1.19 % 2.59 R 
0.58 % 2.3u % 

182. 

0.01 
0.0: 

0.04 DEG. 
22.69 FT. 

( * ) Q U A L I F I E D  REFORTS ARE FROM TRACKS THAT: - AXE ASSOCIATED XITH 10 OB NORE EEFORTS - CCCUR AT A N  ELEVATION ANGLE BETWEEN .5 A N D  40 DEGREES - BR2 AT A RANGE EETWPEN 2 AND 45 N. N I L E S  - COYRESPOKD TO A N  AIBCRAPT WITH ENCODING ALTIMETER. 

F ig .  11-1. Reply p rocess ing  f l o w  diagram: average  ove r  a l l  sites 
( 5 4  tests). 

. 

8 



d a t a  t h e r e  is  no e d i t i n g  s t e p  because d e f r u i t i n g ,  i f  any,  precedes  t h e  

record ing  and t h e  remaining r e p o r t s  do not  possess  t h e  necessary  a t t r i b u t e s  

t o  permit  f u r t h e r  e d i t i n g .  

Only a c e r t a i n  percentage  of a l l  t h e  r e p o r t s  pass ing  through t h e  i n i t i a l  

e d i t i n g  process  are from a i r c r a f t  equipped wi th  encoding altimeters. This  

percentage is  noted (65.9%). 

The DABS sof tware  programs perform f a l s e  t a r g e t  tests (based on geometry) 

t o  determine which r e p o r t s  and t r a c k s  are real  and which are f a l s e .  Though 

i n  t h e  a c t u a l  programs t h e  tagging  of real and f a l s e  i s  accomplished dur ing  

t r a c k  i n i t i a t i o n ,  t h e  p rocess  i s  e a s i e r  t o  fo l low as shown i n  F ig .  11-1 where 

99.30% of a l l  r e p o r t s  are f i n a l l y  c a l l e d  real and 0.70% are c a l l e d  f a l s e .  

The real r e p o r t s  w e r e  processed as fo l lows :  93.26% became a s s o c i a t e d  

wi th  rea l  t r a c k s  and 6.04% w e r e  used t o  t r y  t o  i n i t i a t e  t r a c k s  never s t a r t e d .  

S i m i l a r l y ,  some of t h e  f a l s e  r e p o r t s  (0.45%) w e r e  used t o  t r y  t o  i n i t i a t e  

t r a c k s  t h a t  d id  n o t  s tart ,  and some (0.25%) a c t u a l l y  combined t o  form f a l s e  

t r a c k s .  Note t h a t  i n  t h e  DABS sensor  ATCRBS mode process ing ,  t h e s e  f a l s e  

r e p o r t s  and f a l s e  t r a c k s  are f lagged  so they  do n o t  need t o  b e  processed 

f u r t h e r .  

The ARTS (BI-4) d a t a  w e r e  processed through t h e  s a m e  geometr ic  f a l s e  

t a r g e t  tests.  However i n  t h i s  case, ARTS does n o t  f l a g  t h e  f a l s e  r e p o r t s  

and t r a c k s ,  and they  proceed through t h e  system f o r  d i s p l a y  t o  t h e  c o n t r o l l e r s .  I 
! 
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B. Qua l i f i ed  Tracks 

To c o n f i d e n t l y  r e p o r t  system performance i t  i s  important  t o  be  as s u r e  

as p o s s i b l e  where t h e  a i r c r a f t  were and what they  w e r e  doing,  and t h a t  t h e  

d a t a  w e r e  no t  being per turbed  by some unknown anomalous propagat ion  condi- 

t i o n .  Thus a subse t  of a l l  t r a c k s  w a s  s e l e c t e d  and r e f e r r e d  t o  as "qua l i f i ed" .  

Each of t h e s e  t r a c k s  had t o  have 10  o r  more r e p o r t s  s o  as t o  s o r t  ou t  p o s s i b l e  

spu r ious  o r  r e f l e c t i o n  t r a c k s  t h a t  might have passed t h e  f a l s e  t r a c k  f i l t e r .  

It a l s o  had t o  have an  a l t i t u d e  code t o  permi t  confirming an  e l e v a t i o n  be- 

tween 0.5' and 40'. 

r e p e a t a b l e  way from s i t e - t o - s i t e .  

nmi. The 2 nmi and 40 l i m i t s  s imply recognize  t h e  expected performance 

degrada t ion  i n  t h e  "cone of s i l e n c e "  above t h e  r a d a r .  

r eco rd ings  were made a t  maximum ranges  of 60 nmi t o  200 nmi, b u t  t o  enab le  

comparison wi th  ARTS (BI-4), a s t anda rd  cut-off  of 45 n m i  w a s  chosen. 

0 Below 0.5 t h e  a c t u a l  s k y l i n e  came i n t o  p l a y  i n  a non- 

The range had t o  b e  between 2 nmi and 45 

0 

Most of t h e  TMF 

The percentages  g iven  i n  t h e  upper p o r t i o n  of t h e  f lowchar t  shown i n  

F ig .  11-1 inc lude  a l l  d a t a  taken  even i f  t h e  r eco rd ing  w a s  made t o  200 n m i .  

The s ta t i s t ics  a t  t h e  bottom of t h e  f i g u r e  p e r t a i n  on ly  t o  those  t r a c k s  t h a t  

are "qua l i f i ed" ,  i. e . ,  f e l l  w i t h i n  t h e  2 t o  45 nmi range  and 0.5 t o  40° ele- 

v a t i o n  l i m i t s .  

C.  Reply Process  Performance Summary 

A t  t h e  bottom of F ig .  11-1 performance i s  summarized f o r  q u a l i f i e d  

r e p o r t s  i n  two columns. The "All" column r e f e r s  t o  t h e  r e p o r t s  from a l l  t h e  

10 
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q u a l i f i e d  t r a c k s .  

t r a c k s  when they  w e r e  c r o s s i n g  o t h e r  t r a c k s  ( i . e . ,  w i t h i n  2 nmi range and 1 

beamwidth i n  azimuth) .  

The "Crossing" column r e f e r s  t o  t h e  r e p o r t s  from q u a l i f i e d  

A DABS sensor  i n t e r r o g a t e s  each ATCRBS-equipped a i r c r a f t  w i th  Mode A and 

Mode C each scan)  (approximately twice  each s c a n ) .  I f  t h e  Mode C a l t i t u d e  i s  

rece ived  wi th  a l l  b i t s  'h igh  conf idence ' ,  i t  i s  s e n t  ou t  t h a t  way. I f  one o r  

more of t h e  b i t s  is  "low conf idence , '  t h e  a l t i t u d e  is  f lagged ,  which means 

t h a t  a new a l t i t u d e  update  w a s  n o t  made t h i s  scan .  Each t i m e  t h a t  occu r s ,  

i t  i s  denoted as an  "old" a l t i t u d e ,  (1.19%, 2.597) s i n c e  a t r a c k  f i l e  would 

no t  be  updated. There would be  no e r r o r ,  however, un le s s  t h e  a i r c r a f t  

s imul taneous ly  changed a l t i t u d e .  

a l l  ' h igh  conf idence , '  we  say  t h a t  t h e  code update  i s  o ld  (0.58%, 2.34%). 

Both t h e s e  q u a n t i t i e s  can b e  determined f o r  t h e  ARTS (BI-4) as w e l l  as f o r  

TMF . 

S i m i l a r l y ,  whenever t h e  Mode A code i s  n o t  

I n  a d d i t i o n  i t  i s  p o s s i b l e  by p o s t - t e s t  t r a c k  f i l t e r i n g ,  e tc . ,  t o  

determine how o f t e n  an a c t u a l  erronous t r a c k  would have occurred.  ' 2  TRKS 

ON ONE A / C '  (.01) i n d i c a t e s  t h e  f r a c t i o n  of t h e  t o t a l  number of q u a l i f i e d  

t r a c k s  (182) which would have involved two t r a c k s  being e s t a b l i s h e d  on 

one a i r c r a f t .  Likewise,  ' 2  A / C  ON ONE TRK' (.01) t h e  f r a c t i o n  which would 

have permi t ted  two a i r c r a f t  t o  have been er roneous ly  l a b e l e d  as on one t r a c k .  I 

I 

I 
I 
I 
I 

I 

I 

I 

I 

I 

I 

I 
I 

I 

I 

I 

I 
I 

I 

I 
I 

I 

I 

I 

I 
I 

, 
I 

, 
I 

I 

I 

I 

I 

I 

I 

I 
I 

I 

I 

I 

I 
I 

I 
I 

I 

I 
I 

I 

I 

11 
I 



The las t  two s ta t is t ics  i n  F ig .  11-1 are t h e  range  (22.69 f t . )  and 

azimuth (0.04 deg.)  e r r o r  s t anda rd  d e v i a t i o n s  ( i . e . ,  j i t t e r  e x c l u s i v e  of 

b i a s ) .  

e d i t i n g  o u t  t u r n s  and o u t l i e r  d a t a  f o r  s e l e c t e d  t r a c k s  

These are de r ived  by a p rocess  of f i t t i n g  a 2nd o r d e r  polynomial and 

( 5 )  . 
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111. TMF/ARTS COMPARISONS 

Figures  111-1 ( a ,  b)  through 111-6 ( a ,  b)  show one test from each 

of t h e  s i x  sites where TMF and ARTS (BI-4) d a t a  were recorded s imul taneous ly ,  

and t h e  TMF w a s  l o c a t e d  nea r  t he  ASR. I n  each f i g u r e  ( P a r t ( a ) ) ,  t h e  s tandard  

d a t a  from t h e  ARTS (BI-4) is  on t h e  l e f t ,  and f o r  t h e  TMF is  on t h e  r i g h t .  

P a r t  (b) of each f i g u r e  shows a p l o t  of t h e  r e p o r t s  as seen by ARTS (BI-4) 

and by t h e  TMF. 

With few excep t ions ,  t h e  TMF d a t a  show improved performance i n  every 

ca tegory .  

s i t u a t i o n s  are 5 t o  15 percentage  p o i n t s  h ighe r .  I n  both range and azimuth 

accuracy ,  t h e  DABS improvement i s  a f a c t o r  of 3 t o  6 .  

The b l i p / s c a n  r a t i o s  both  f o r  normal and f o r  c r o s s i n g  t r a c k  

Having viewed some d a t a  from each s i t e ,  t h e  r eade r  w i l l  have perceived 

t h a t  t h e  s t a t i s t i c s  do n o t  va ry  s u b s t a n t i a l l y  from s i t e - t o - s i t e  (except  f o r  

t h e  percentage  of f a l s e  r e p o r t s  -- as it  should because f a l s e  r e p o r t s  are 

caused by l o c a l  r e f l e c t i o n s ) .  I n  view of t h i s ,  a l l  t h e  d a t a  from F igs .  111-1 

through 111-6 have been combined and presented  as an "average" ATCRBS Mode 

of DABS and ARTS (BI-4) comparison i n  F ig .  111-7. I n  t h i s  f i g u r e  t h e  improved 

performance of t h e  TMF can 'be  seen  i n  every ca tegory .  

I n  a d d i t i o n  n o t e  t h a t  g e n e r a l l y  t h e  performance of bo th  t h e  TMF and 

ARTS (BI-4) degrades i n  c ros s ing  t r a c k  s i t u a t i o n s .  This  i s  t h e  expected 

r e s u l t  of synchronous g a r b l e .  Though t h e  effect  i s  n o t i c e a b l e ,  t h e  TMF rarely 

l o s e s  a t r a c k  o r  drops i t s  b l i p / s c a n  r a t i o  g r e a t l y .  

updates  (o ld  a l t i t u d e  and o l d  code) are a l s o  a f f e c t e d  by synchronous g a r b l e ,  

bu t  t h i s  i s  no t  s e r i o u s  u n l e s s  i t  a c t u a l l y  c r e a t e s  an e r r o r .  

A l t i t u d e  and t h e  code 
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2090C 2090T 
REPLY PROCESSOR 

I 
I 

100. X 
I 
I 

BEPCRT EDITING 
I - 0 .  X EDITED OUT 
I 

( 57.46 X ALT-EQUIPPED) 
I 
I 

REAL V FALSE 

I I 
99 -82  x 0.18 X 

I I 

I 1 
I-> 3.73 I _-- 0.13 X <-I 
I I 1 
I EID NOT ~ I 
I START A I 
I TRACK I 
I I 

96.09 % (MACE REAL 0.05 X (MADE FALSE 
I TRACKS) TBACKS) 
I 
I 

--- 

TRACK I N I T I A T I O N  TRACK INITIATION 

----- 
I 
1 
V 

PEPPORMANCE SUMHARY FOR *QUALIFIED' IEP@RTS(*)  : 

ALL CROSSING 

BLIP/SCAN 97.0 X 91.5 X 
OLD ALTITUDE 0.6 X 4 .1  X 
OLE CODE 0.7 X 5.2 X 
NO. OF QUAL. TRACKS 49. 
TRACK NC. ERROR FRACT. 

2 TRKS ON ONE A/C. 0.081 6 
2 A/C ON ONE TRK. 0. 

RANGE ERBOR STD. DEV. 134.82 FT. 
AZIMUTH ERROR STE-DEV. 0.196 DEG. 

(*)QUALIFIED REPORTS ARE FROH TRACKS TAAT: - ARE ASSOCIATED SITR 10 OF. HOBE EEPCBTS - OCCUB AT A N  ELZVATION ANGLE BETUEEN .5 A N D  40 DEGREES - ARE AT A RANGE BETUEEN 2 A N D  45 N. MILES - COERESPOID TO A N  AIRCRAFT UITH ENCODING ALTIIETER. 

ARTS (BI-4) 

REPLY PROCESSOR 
I 
I 

112.49 X 
I 
I 

PBFORT BDITIUG 
I - 12.49 X EDITED OUT 
I 

( 58.55 X ALT-EQUIPPED) 
1 
t 

REAL V FALSE 

I I 
99.53 I 0.48 X 

I I 

I I 
I > 4. X 0.37 X <,I 

I I 
DID UOT I I 

I START A I 
I TRACK I 
I I 

95.53 X (MADE REAL 0.11 X (MADE FALSE 
I TRACKS) TRACKS) 
I 
I 

TRACK I U I T I A T I O N  TRACK I B I T I A T I O U  

I- 

---- 
I 
I 
V 

PERFORMANCE S U M H A R Y  FOR 'QUALIFIED' REPORTS(*): 

ALL CROSSING 

BLIP/SCAN 
OLD ALTITUDE 
OLD COD2 
NO. OP QUAL. TRACKS 
TBACK NO. ERROR FRACT. 

2 TRKS ON ONE A/C- 
2 A/C ON OUE TRK. 

RANGE ERROR STD. DEI. 
AZIHUTH ERROR STD-DEV. 

98.6 X 100. X 
0.4 X 0.0 X 
0.1 X 0 .0  X 

56. 

0.0178 
0. 

0.036 .DEG. 
19.799 PT. 

(*) QUALIPIED REPORTS ARE FROM TRACKS TEAT: - ARE ASSOCIATED UITA 1 0  OR MORE BEPORTS - OCCUR AT A N  BLBVATIOU ANGLE BETUEEB - 5  AID 40  DEGREES - ARE AT A RANGE BETPBEU 2 A U D  45 1. MILES - COBRESPOUD TO AU AIRCRAFT WITR ENCODIUG ALTIUBTER- 

DABS (TMF) 

Fig. 111-l(a). Reply processing: Boston, MA (TMF vs ARTS (BI-4)). 
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4021T 402lC 
REPLY PROCESSOR 

1 
I 

100. X 
I 
I 

FEPORT EDITING 
I -- 0. X EDITED OUT 
I 

( 72-82 X ALT-EQUIPPEE) 
I 
I 

PEAL V FALSE 

I I 
------- 

99.63 X 0.38 x 
I 

TRACK INITIATION 
I 

TRACK INITIATIOW 
I I 
I,> 3.59 X '0.37 n <-I 
I I I 
I D I D  NOT I 
I START A I 

I 
I 

I TRACK 
I 

96.04 X (HACE REAL 0.01 X (HADE PALSE 
1 TRACKS) TRICKS) 

-------- 
I 
I 
V 

PERPORHANCE SUMIARY FOR 'QUALIFIED' REPORTS (*) : 

CROSSING ALL 

ELIP/SCAN 96.0 X 92.0 X 
OLD ALTITUDE 3.0 X 9.5 X 
OLD CODE 1.2 X 5.9 X 
NO. OP QUAL. TRACKS 157. 
TRACK NO. ERROR TRACT. 

2 TRKS ON ONE A/C. 0.0446 
2 A/C ON ONE TRK. 0.01 91 

RANGE 3 R R O R  STD. DEI. 135.03 PT- 
AZIHUTH ERROR STC-DEV. 0.148 DEG. 

REAL 

REPLY PROCESSOR 
I 
I 

108.93 X 
I 
I 

REPORT EDITING 
I - 8.93 X EDITED OUT 
I 

( 72.55 X ALT-EQUIPEED) 
I 
I 
V FA L SE ------ 

I I 
96.9 X 1-09 X 

I I 

I I 
I-> 3.11 X 0.54 X <-I 
I I I 
I E D  NOT I 
1 START A I 
I TRACK I 
I I 

53-79 X (MADE REAL 0.55 R (HADE FALSE 
I TRACKS) TRACKS) 
I 
I 

TRACK I N I T I A T I C N  TBACK INITIATIOU 

I 
I 
V 

PERPOBHANCE S U I I A R P  TOR QUALIPIED'  REFORTS (*) : 

ALL CROSSING 

E L I  E/SC A N  97.3 X 96.4 X 
OLD ALTITUDE 1.6 n 3.0 X 
O I C  CODE 1-1 X 4.0 X 
NO. OF QUAL. TBACKS 296. 
TRACK N O .  ERROR PRACT. 

2 TRKS ON ONE A/C. 0. 
2 A/C ON ONE ' I R K .  0.0034 

RANGE EEBOR STD. CEV. 21.084 PT. 
AZIHUTE ERROR STD-DEV. 0.043 DEG. 

(*)QUALIFIED REPORTS ARE FROM TRACKS THAT: (*)QUALIPIED REPORTS ARE PROM TRACKS THAT: - APE ASSOCIATED T I ' I H  10 OR HORE BEECRTS - ARE ASSOCIATED WITH 10 OB IORE REPORTS - OCCU6 AT A N  ELEVATION ANGLE BETWEEN -5 A N D  40 DEGREES - OCCUR AT A N  ELEVATION ANGLE EETYEEN .5 A N D  40 EEGREES - ARE AT A RANGE BETWEEN 2 AND 45 N -  HILES - ARE AT A RAWGE EETYEEN 2 AND 45 1. HILES - CORRESPOND TO A N  AIRCRAFT WITH ENCODING ALTIIEIER.  - CORRESPOND TO A N  AiRCRAPT WITH EUCODIWG ALTIIETER- 

ARTS CBI-4) DABS (TMF) 

Fig. I I I - 2 ( a ) .  Reply process ing:  Washington, D.C. (TMF vs ARTS (BI-4)). 
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6013C 
REPLY PROCESSOR 

I 
I 

I 
I 

REFORT EDITING 
I - 0. X EDITED OUT 
I 

( 56.17 X ALT-EQUIPPED) 
I 
I 

100. x 

REAL V FALSE 

I I 
99.89 X 0.1 X 

I I 

I I 
I-> 4.1 X 0.08 s <-I 
I I I 
I DID NOT I 
I START A I 
I TRACK I 
I V 

95-19 X (HAI:E REAL 0.02 X (MADE FALSE 
I TRACKS) TRACKS) 
I 
I 

--I-I- I 

TRACK I N I T I A T I O N  TRACK I N I T I A T I O N  

-_I---- 

1 
I 
V 

PERPORMANCE S U M M A R Y  FOR 'QUALIFIED' REPORTS (e) : 

ALL CROSSING 

BLIP/SCAN 91.9 X 78.3 X 
OLD ALTITUDE 3.8 X 6.3 X 
OLD CODE 2.6 X 11.7 X 
NO. OF QOAL. TRACKS 87. 
TRACK NO. ERROR ERACT. 

2 TRKS ON ONE A/C. 0.069 
2 A/C ON ONE TRK. 0.0345 

RANGE ERROR STD. DEI. 132.938 FT. 
AZIHDTE ERROR STt.CEV. 0.191 DEG. 

(1) QUALIFIED REPORTS ARE FROM TRACKS IRAT: - ARE ASSOCIATED I i ITE 10 OR MORE 6BFCRTS - OCCUR AT A N  ELEVATION ANGLE BETWEEN .5 AND 40 DEGREES - ARE AT A RANGE BBTSEEN 2 A N D  45 1. MILES - CORRESPOND TO A I  AIRCRAFT WITE ENCODING ALTIMETER. 

ARTS (BI-4) 

6013T 
REFLY PROCESSOR 

I 
I 

111.51 X 
I 
I 

REPORT EDITIBG 
I - 11.51 
I 

x EDITED OUT 

( 57.83 I ~LT-EQOIPFED) 
I 
I 

REAL V FALSE 

I I 

I I 

1 I 
I,> 3.08 % 0.25 X <-I 
I I 1 
I t I D  NOT I 

I I 
I TRACK I 
I V 

I TRACKS) TRACKS) 
I 
I 

0.42 X 99.58 s 
T U C K  I N I T I A T I C N  T BACK I N I T  I ATIOI  

START A 

96-5 'x (MAtE REAL 0.17 x (HADE FALSE 

------ 
I 
I 
V 

PERFORHANCE SUMHARP FOR 'QUALIFIED' REPCRTS (*) : 

ALL CROSSIBG 

BLIE/SCAN 99.4 X 98.6 X 
OLD ALTITUDE 1.3 X 2.4 X 
O I t  CODE 0.4 X 2.0 X 
NO. OF QUAL. TRACKS 159. 
TRACK NO. ERROR FRACI. 

2 TRKS ON ONE A/C. 0.0126 
2 A/C ON ONE 'IRK. 0.0063 

RANGE ERROR STD. DEI. 22.896 FT. 
AZIHUTE ' I R R O R  STD-DEV. 0.036 CEG. 

(*)QUALIFIED REPORIS ARE PROH TRACKS TRAT: - ARE ASSOCIATEI: S I T E  10 OR MORE REPORTS - OCCOR AT A N  ELEVATICN ANGLE EETWPEN .5 A N D  40 tEGREES - ARE AT A RANGE EE'IWBEN 2 AND 45 1. MILES - CORRESPOND TO A N  AIRCRAFT R I T E  ENCODING ALTIMETER. 

DABS. (TI") 

Fig. III-3(a). Reply processing: Philadelphia, PA (TMF vs ARTS (BI-4)). 
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N 
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7017C 
REPLI  PROCESSOR 

I 
I 

100. I 
I 
1 

RPPORT EDITING 
I - 0. (r EDITED OUT 
I 

( 36.99 I ALT.BQUIPFED) 
I 
I 

REAL V FALSE 

I I 
99.53 I 0.47 X 

I I 

I I 
I-> 14.08 I 0.42 X <,I 
I I I 
I DID NOT I 
I START A I 
I TRACK I 
I V 

85.45 I (MACE REAL 0.05 X (MADE FALSE 
I TRACKS) TEACKS) 
I 
I 

TEACK I N I T I A T I C N  TSACK INITIATION 

- 
I 
I 
V 

PERFOEBANCE SUMBARY FOR 'QUALIPIED' BRFCETS (*) : 

ALL CROSSING 

EL I F/S CAB 91.7 X 84.7 X 
OLD ALTITUDE 4.2 X 9.5 X 
OLD CODE 2.4 I 6.8 I 
NO. OF QUAL. TRACKS 74. 
TRACK NO. BRROR FRACT. 

2 TRKS ON ONE A/C. 0.0135 
2 A/C ON ONE TRK. 0.0811 

RANGE EEROR STD. DEV. 99.30 FT. 
AZIMUTR ERROR STD-DRV. 0.143 DBG. 

(*)QUALIFIED REPORTS ARE FROB TRACKS TRAT: - ARB ASSOCIATED MITE 10 OR MORE REPORTS - OCCUR AT A N  ELEVATION ANGLE BETWEEN - 5  ANC 40 EBGREES - ARE AT A RANGE EETPPBN 2 AND 4 5  N .  MILES - CORRESPOND TO A N  AIRCRAFT P I T R  ENCODING ALTIMETEL 

ARTS (BI-4) 

7017T 
REOLI PROCBSSOB 

I 
I 

110.32 X 
I 
I 

REPORT BDITIBG 
I - 10.32 X EDITED OUT 
I 

( 37.31 I ALT.EQUIPIBD) 
I 
I 

REAL V FALSE 

97h9 I 1.7i I 
I I 

I I 
I > 6.72 X 0.52 X <,I 

I I 
EID UOT I I 

I , START A I 
I TEACK I 
I V 

91-12 X (BATE REAL 1.24 X (RADII FALSE 
I TRACKS) TBACKS) 
I 
I 

TRACK I N I T I A T I C N  TRACK INITIATIOU ' 

I- 

I 

I 
I 
V 

PEBFORMABCE SUMMARY FOR @QUALIFIED@ REPCRTS (2) : 

ALL CROSSIBG 

BLIF/SCAN 96-7 X 94.7 X 
OLD ALTITUDE 1.4 X 3.0 I 
OLD CODE 0.8 I 2.1 X 
NO, OF QUAL. TEACKS 192. 
TRACK NO. ERROR FRACI. 

2 TRKS ON ONE A/C. 0.0141 
2 A j C  ON ONE I R K .  0.0211 

RANGE ERROR STD. EEV. 41.54 FT. 
AZIMUTB ERROR STD-DEV. 0.059 DEG. 

(*)QUALIFIED REPORTS ARE FROB TEACKS TRAT: - ARE ASSOCIATED WITE 10 OR MORE REPORTS - OCCUR AT A N  ELEVATICN ANGLE BHTPEBN .5 A N D  40 EEGRBES - ARB AT A RAUGB EPTPEEN 2 AND 95 U. MILES - CORRESPOND, TO A U  AIBCRAFT P I T E  ENCODING ALTIMETER. 

DABS -(TMF) 

Fig. I I I -4(a) .  Reply process ing:  Los Angeles, CA (TMF vs ARTS (BI-4)). 
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9005C 
REPLY PROCESSOR 

I 
I 

100. x 
I 
I 

I - 0. I EOITED OUT 
I 

( 51.18 % ALT.EQUIPPED) 
I 
I 

SEPCRT EDITIUG 

REAL V FALSE 

I I 
99.57 x 0.42 I 

I I 

I I 
I,> 6 - 8 8  I ' 0.39 S <,I 
I I I 

TRACK I N I T I A T I O U  TRACK I N I T I A T I O U  

I 
I 
I 
I 

92.69 
I 
I 

DID'UOT .I 
START A I 

' TRACK I 

1 X (MACE REAL 0.03 X (MADE FhLSE 
TRACKS) TRACKS) 

V 

I 
-I- 

I 
I 
V 

PERFORMANCE SUMMARY FOR 'QUALIFIED' REPORTS(*): 

ALL CROSSING 

BLIP/SCAH 93.0 X 75.4 x 
OLD ALTITUDE 3.3 x 1 2 . 2  x 
OLD CODE 1.0 x 7.1 s 
nc. OP QUAL. TRACKS 23. 

2 T R K S  on otm A/C. 0 . 0 4 3 5  
2 A/C ON ONE TRK. 0. 

RANGE ERROR STD. DBV. 1 0 9 . 0 3 9  FT. 
AZIMUTE ERROR STC.DEV. 0 . 2 3 6  DEG. 

T R A C K  no. ERROR FRACT. 

(*)QOALIFIED REPORTS ARE FROM TRACKS THAT: - A R B  ASSOCIATED FITB 10 OR MORE EEECRTS - OCCUR AT A N  ELEVATION AUGLE BETWEEN .5 AND 40 DEGREES - ARE AT A RANGE BETPEEN 2 A U D  45 N. MILES - COEEESPOUD TO A N  AIRCRAFT WITE ENCODING ALTIIETBR. 

ARTS (BI-4) 

9 0 0 5 T  
REPLY PROCESSOR 

I 
I 

110. X 
I 
I 

BEPORT EDITIUG 
I - 10. I EDITID OUT 
I 

( 55.65  X ALT.BQUIPPED) 
I 
1 

REAL V PALSE 

I I 
99.69 1 0.3 I 

I I 

I I 
I,> 2.52  X 0.3 I <-I 
I I I 
1 DID noT I 
I START A I 
I TRACK I 
I V 

I TRACKS) TRACKS) 
I 
I 

TRACK I U I T I A T I O U  TRACK I U I T I A T I O I I  

97 .17  X (MACB REAL 0.0 I (MADE FALSE 

------ 
I 
I 
V 

PERFORMANCE SUMHARY POR lQUALIPIED1 REPORTS(*): 

CROSSING ALL 

BLIP/SCAN 98.0 I 95.0  I 
O I D  ALTITUDE 0.8 x 8.8 x 
OLD CODE 0.8 x 7.0 I 
no, OP QUAL. TRACKS 28. 
TRACK EO. ERROR FRACT. 

2 TRKS ON ONE A/C. 0. 
2 A/C 01 ONE TRR. 0. 

RANGE ERROR SID. DEI. 2 0 . 0 6 5  PT- 
AZIMUTR ERROR STC-DBV. 0.033 DEG. 

(*) QOALIPIED RBPORTS A R E  PROM TRACKS !?BAT: - ARE ASSOCIATED PITH 1 0  OR MORE EBDCRTS - OCCUR AT A N  ELEVATION ANGLE BETWEEN .5 A N D  40 DEGREES - ARE AT A BAUGE BETPEBU 2 A N D  45 U. MILES - CORRESPOUD TO A N  AIRCRAPT WITB ENCODIUG ALTIMETER. 

DABS (TMF) 

Fig. I I I - 5 ( a ) .  Reply process ing:  S a l t  Lake C i ty ,  UT (TMF vs ARTS (BI-4)). 
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l l O 1 O C  
REFLY PROCESSCR 

I 
I 

100. X 
I 

l l O l O T  
REFLI  PROCESSOR 

I 
I 

106.26 X 
I 
I 

REPORT EDITING 
I - 6.26 I EDITED OUT 
I 

( 59.08 X ALT-EQUIPOED) 
I 
I 

REAL V FALSI  

I I 
99.76 X 0.29 X 

I I 

I I 
I-> 2.54 X 0.24 X <-I 
I I I 
I DID NOT I 
I START A I 
I TRACK I 
I 

I TRACKS) TRACKS ) 
I 
I 

TRACK I N I I I A T I C N  TRACK I I I T I A T I O I  

V 
0-0  X (MADE FALSE 97.22 X (MATE REAL 

I 
I 
V 

PERPCRMANCE SUMMARY FOR 'QUALIFIED' E lFCPTS (*) : 

ALL CROSSING 

I 
REPORT EDITIBG 

I - 0 .  X EDITED OUT 
I 

( 55.25 X ALT.EQUIPPED) 
1 
I 

REAL V FALSE 

1 I 
99.93 x 0.06 X 

I I 

I I 
I-> 1.85 X '0.06 X <-I 
I I I 
1 E I D  NOT I 
I START A I 
I TRACK I 
I V 

I TRACKS) TRACKS) 
I 
I 

_1_- 

TRACK I N I I I A T I C B  TPACK I B I T I A T I O U  

98.08 X (MAfE REAL 0.0 X (MADE FALSE 

---- 
I 
I 
V 

PERFORNANCE SUMMARY FOR 'QUALIFIED' REFCRTS(*): 

ALL CROSSIUG 

-95.5 X E L I  F/SCAR 94.3 x 
OLD ALTITUDE 1.2 X 8.7 a 
9LD CODE 0.8 X 8.2 x 
NC. OF QUAL. TRACKS 64. 
TRACK 80.  ERROR FRACT. 

2 TRKS ON OUB A/C. 0. 
2 A/C ON OBE TRK. 0.031 3 

RANGE ERROR STD. DEV. 102.526 FT. 
AZIMUTE ERROR STE-DEV. 0.129 DEG. 

(*)QUALIFIED REPORTS ARE FROM TRACKS TEAT: - ARE ASSOCIAIED S I T E  1 0  OR MORE FEFCRTS - OCCUR AT A N  ELEVATIOU ANGLE BETWEEN .5 A N D  40 DEGREES 

- CORRESPOUD TO A 1  AIRCRAFT WITR ENCODIUG ALTIMEIER. 
- A R E  A T  A R A U G E  B E T W E E N  2 A N D  45 n. MILES 

ARTS (BI-4) 

B L I  E/SCAU 
OLD ALTITUDE 
OLD CODE 
110. OF QUAL. TRACKS 
TRACK no. ERROR PRACT- 

2 TRKS ON OUE A/C. 
2 A/C 08 ONE I R K .  

RAUGE ERROR STD. CEV. 
AZIMUTE ERROR STD-DEV. 

98.5 X 95-2 X 
1.6 X 4.0 X 
0.3 X 3.0 I 

130. 

0. 
0. 

0.036 DEG. 
24.037 PT. 

(*)QUALIFIED REPORTS ARE PROM TRACKS TEAT: - ARB ASSOCIATED W I I R  10 OR MORE REPORTS - OCCUR A T  A U  ELEVAIIOU AUGLE BETIIEEU - 5  ABD 40 CEGREES - ARE AT A RANGE EETWEEU 2 A U D  4 5  11. MILES - CORRESPOUD I O  AN AIRCRAFT MITE 3NCODIIG ALTIMETER. 

Fig. III-6(a). Reply processing: Las Vegas, NV (TMF vs ARTS (BI-4)). 

,, ' 8 > 1 .  
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comc COHBU 
REPLY PROCESSOR 

I 
I 

I 
I 

BPPORT EDITING 
I 

I 

I 
I 

100. x 

- 0 .  n EDITED O U T  

( 60.32 x ALT.EQOIPPED) 

REAL V FALSE ---- 
I I 

99.74 x 0.27 
I I 

I I 
TRACK I N I T I A T I O N  TRACK I I I T I A T I O N  

I,> 4-68s 0.'25 x <-I 

I 

I 
DID NOT 
START A 

TRACK 
I i 

95.05 % (HADE REAL 0.02 X (HADE FALSE 
TRACKS) I TRACKS) 

I 
I -- 

I 
I 
V 

PERFORHANCE S U H H A R Y  FOR 'QUALIFIED' REPORTS(*) : 

ALL CROSSING 

94.55 I 86.86 X BLIP/SCAN 
CLD ALTITUDE 2.72 x 8.34 x 
OLD CODE 1.45 I 7-47 x 
NO- OF QUAL. TRACKS 102. 
TRACK 113. ERROR FRACT. 

2 TRKS ON ONE A/C. 0.0415 

RANGE ERROR STD. DEV. 123.88 FT. 
AZIHUTB ERROR STE-DEV. 0.16 DEG. 

2 A/C ON ONE TRK. 0.028 

(*)QUALIFIED REPORTS ARE FROH TRACKS TEAT: - ARE ASSOCIATED PITA 1 0  OR HORE REPORTS - OCCUR AT A N  ELEVATION ANGLS BETWEEN . S  AND 40 DEGREES - ARE AT A RANGE EETPEEN 2 AND 0 5  N. HILES - CORRESPOND TO A N  AIRCRAFT PITH ENCODING ALTIMETER. 

ARTS (BI-4) 

REPLY PROCESSOR 
I 
I 

109.30 X 
I 
I 

REFORT EDITING 
I - 9.30 X EDITED 001 
I 

I 
I 

( 61.9213 x ALT.EQUIPPED) 

REAL V FALSE 

I 

I 
98.38 x 

TRACK I N I T I A T I O N  

I 

I 
0.18 x 

TRACK I B I T I A T I O N  
I I 
I,> 3.401 0.40 x <-I 
I I I 
1 DID. NOT I 
I START A I 
I TRACK I 
I V 

94.98 I (HADE REAL 0.38 I (HADE FALSE 
1 TRACKS) TRACKS) 
I 
I 
-_I-- 

I 
I 
V 

PERPORUANCE SUHEA9Y FOR 'QUALIFIED' REPORTS(*): 

BLIP/SCAU 
CLD ALTITUDE 
OLD CODE 
NO. OF QUAL. TRACKS 
TRACK NO. ERROR FRACT. 

2 TRKS ON ONE A/C. 
2 A/C ON ONE TEK. 

RANGE ERROR STD. DEV. 
AZIHUTA ERROR STt-DEV. 

ALL CROSSING 

97.99 x 96.63 I 
1.39 x 3.04 I 
0.68 I 3-01  x 

192. 

0.0051 
0.0045 

0.04 DEG. 
23.88 FT. 

I*) QUALIFIED REPORTS ARE FROM TRACKS TEAT: . -  - ARE ASSOCIATED SITH 1 0  OR HCRE BEFORTS - OCCUR AT A N  ELEVATION ANGLE BETWEEN - 5  AND 40 DEGREES - ARB AT A RANGE BETWEEN 2 AND 45 N. MILES - CORRESPOND TO A N  AIRCRAFT P I T H  ENCODING ALTIHETEE. 

Fig. 111-7. Reply process ing:  average s i t e  (TMF vs ARTS (BI-4)). 
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I V .  SITE-TO-SITE STATISTICS 

One of t h e  o b j e c t i v e s  of t h e  TMF f i e l d  tests w a s  t o  determine i f  DABS 

It w a s  noted would work w e l l  i n  many d i f f e r e n t  s i t e / t r a f f i c  environments.  

i n  t h e  l as t  s e c t i o n  t h a t  t h e r e  w a s  a gene ra l  s i m i l a r i t y  i n  t h e  e f f e c t  of 

s i t e  on both  TMF and ARTS (BI-4) d a t a .  I n  t h i s  s e c t i o n  t h e  s t a t i s t i c s  of 

t h e  t o t a l  sample of TMF experiments ( 5 4 )  run a t  a l l  sites (11) are examined 

and t h e  causes  f o r  d i f f e r e n c e s  considered.  

A .  A l t i m e t e r  Equipage 

F igu re  I V - 1  shows t h e  percentage  of a i r c r a f t  seen by t h e  TMF t h a t  had 

ope ra t ing  encoding alt imeters.  This  i s  no t  a performance f e a t u r e  of t h e  TMF 

bu t  i s  an i n t e r e s t i n g  s t a t i s t i c  on t h e  a i r c r a f t  popula t ion .  The percentage  

v a r i e s  from about 45% i n  t h e  L o s  Angeles area t o  over  70% a t  Washington, D . C .  

and Clementon, N . J .  A t  Clementon, s e v e r a l  runs  a t  long range  were taken  and 

thus  a h igh  percentage  of h igh  f l y i n g  a i r  carriers a long  t h e  E a s t  Coast could 

be seen.  

B .  Bl ipfScan Ra t io  

The TMF b l i p / s c a n  r a t i o  is  shown i n  F ig .  IV-2  f o r  a l l  q u a l i f i e d  t r a c k s .  

Most d a t a  are  98% o r  g r e a t e r .  I n  c ros s ing  t r a c k  s i t u a t i o n s ,  F ig .  I V - 3 ,  t h e  

b l i p  scan r a t i o  dec l ined  2 t o  4 percentage  p o i n t s .  

C .  Old A l t i t u d e  (No a l t i t u d e  update  t h i s  scan)  

F ig .  I V - 4  shows t h e  pe rcen t  of r e p o r t s  s e n t  ou t  by t h e  DABS sensor  which 

d id  no t  have an a l t i t u d e  update  t h i s  scan .  F ig .  I V - 5  shows t h e  same i t e m  f o r  

c ros s ing  t r a c k  s i t u a t i o n s  where t h e  percentage gene ra l ly  i n c r e a s e s  (double ,  

o r  more i n  most c a s e s ) .  
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BOSTON-MA . . .  

DEER-I SL. -MA 

WASHINGTN-DC 

CLEMENTON-NJ 

PHILADELPHIA 

LOSANGELES. 

w 
t- 
u 
v) . BREA-Ch.. . . . 

S ALT-L AK E-U T 

LAY ON-UT . . . 

LA 5-V EG A S - N V 

WARWICK-RI.. 

I ATC-79(IV-1) I 
I '  I I I I I I I I I I I I I I I 

r 

- I 
I 

1 
1 

1 1 1 I I I I I I I I I I I I I I 
1 0 .  2 0 .  30. 40. 50. 6 0 .  T O .  80. 0. 

Fig .  IV-1. A i r c r a f t  w i th  encoding altimeters (pe rcen t  of ATCRBS 
equipped a i r c r a f t ) .  
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BOSTON-MA . . .  

ATC-79(IV-2) I 

DEER-I SL . -NA 

- I 

WASHINGTN-DC 

I 
- 1 
-- I 

CLEMENTON-NJ 

I 
PHILADELPHIA 

LOS-ANGELES. 

w 
I- - ,,, BREA-CA. . . . . 

S ALT-L AK E-U T 

LAYTON-UT.. . 

L AS-VEG AS-NV 

WARWICK-RI.. 

F i g .  

I 1 

9 0 . 0  9 2 . 5  95 . o  

V-2. B l ip /scan  r a t i o  ( a l l  t r a c k s ;  p e r c e n t ) .  

9 7 . 5  100.0  
I 
, 
I 

I 

2 9  
I 

I 

I 



BOSTON-MA . . .  

DEER-I SL . -MA 

WASH INGTN-DC 

CLEMENTON-NJ 

PHILADELPHIA 

. LOS-ANGELES. 

W 
I- 
L.( v) BREA-CA.. . . . 

S ALT-L A K  E-U T 

LAYTON-UT.. . 

L AS-VEG A S-NV 

WARWICK-RI.. 

90.0 9 2 . 5  95 . o  9 r  . 5  

Fig .  IV-3. Blip /scan  r a t i o  ( c ros s ing  t r a c k s ;  p e r c e n t ) .  

1 0 0 . 0  
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BOSTON-MA . . .  

DEER-I SL .-MA 
t 1 
I 1 

WASH INGTN-DC 
... I 

CLEMENTON-NJ 

PHILADELPHIA 

LOS-ANGELES. 

w 
I- - BREA-CA.. . . . 

5 A L T-L A K E -U 

LAYTON-UT.. . 

LA S-VEG fi S-NV 

WARWICK-RI.. 

_- I 
1 

1 

P 
I I 

I 

0 . 0  0.50 1 . o o  1 . 5 0  I 
I 

I 

Fig .  IV-4. Reports  wi thout  a l t i t u d e  update  t h i s  scan  ( a l l  t r a c k s ;  I 

p e r cen t ) .  I 

I 

I 

I 
I 
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BOSTON-MA . . .  

--- - I 

DEER-I SL . -mA 

WASHINGTN-DC 

CL ENENT ON-N J 

PH ILADELPH I 

LOS-ANGELES. 

W + 
c( 
v) BREA-CA.. . . . 

S A L T-L A K E -U T 

LAYTON-UT. . . 

LA S-V EG A S -N V 

W A R W I C K - R I . .  

I I 1  I 1  1 1  I I I 1  I I  I I  I I  I I  I I '  

I 

I 

Fig .  IV-5 .  Reports  wi thout  a l t i t u d e  update  t h i s  s can  ( c ros s ing  
t r a c k s  ; percen t )  . 
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Note t h a t  n o t  updat ing an a l t i t u d e  each scan  i s  n o t  n e c e s s a r i l y  a system 

e r r o r .  

changes a l t i t u d e  w h i l e  t h e  t r a c k  a l t i t u d e  i s  be ing  coas ted .  

The only  t i m e  an e r r o r  occurs  because of t h i s  is  when t h e  a i r c r a f t  

D .  Old Code (no code update  t h i s  scan)  

F igures  I V - 6  and I V - 7  show t h e  p e r c e n t  of r e p o r t s  which d i d  n o t  have a 

c u r r e n t  updated code. F igure  I V - 7  i s  a s u b s e t  of F ig .  I V - 6 ,  showing o n l y  

those  r e p o r t s  i n  c r o s s i n g  t r a c k  s i t u a t i o n s .  For c r o s s i n g  t r a c k s ,  t h e  p e r c e n t  

of o l d  codes j u s t  about  t r e b l e s .  

E .  Track Number E r r o r s  

The number o f  "2 t r a c k s  on one a-rcraft" ani "2 a i r c r a f t  on one t rack" ,  

t r a c k  e r r o r s  expressed as a f r a c t i o n  of t h e  t o t a l  number of q u a l i f i e d  t r a c k s  

(F ig .  I V - 8 )  o c c u r r i n g  dur ing  t h e  d u r a t i o n  of t h e  t e s t ,  are shown i n  F i g .  I V - 9  

and F i g .  I V - 1 0 .  

F. Range E r r o r  

The s tandard  d e v i a t i o n  of  range e r r o r  ( r e p r e s e n t a t i v e  of bo th  DABS and 

ATCRBS mode performance) is  shown i n  F i g .  I V - 1 1 .  Range e r r o r  is  seen  t o  be  

q u i t e  uniform f o r  a l l  s i tes except  f o r  Los Angeles. T h i s  may have been due 

t o  t h e  f a c t  t h a t  i n  Los Angeles (and i n  Brea) a very  long p u l s e  w a s  rece ived  

f r e q u e n t l y  causing b u f f e r  overf low.  The ARTS h a s  a l s o  s e e n  t h i s  e f f e c t ,  b u t  

t h e  source  h a s  n o t  been l o c a t e d .  

G .  Azimuth E r r o r  

The monopulse azimuth e r r o r  i s  s p e c i f i e d  i n  t h e  DABS Sensor Engineer ing 

0 Requirement t o  b e  0.1 . This  i s  t o  b e  m e t  under t h e  wors t  case f r u i t  envi-  

ronment t o  b e  seen  u n t i l  1995. I n  t h e  absence of t h i s  much f r u i t ,  t h e  mono- 
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BOSTON-MA . . .  

DEER-I SL. -NA 

WASHINGTN-DC 

CLEMENTON-NJ 

I -  

I a 

PHILADELPHIA 

LOS-ANGELES. 

W 
t - 
v) BREA-CA.. . . . 

SAL 

LAY 

- LA K E -.U T 

ON-UT.. . 

- VEGA S-NV 
-- 

I LAS 

WARWICK-RI.. 

Fig. I V - 6 .  Reports  w i thou t  code update  t h i s  scan ( a l l  t r a c k s ;  p e r c e n t ) .  
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BOSTON-MA . . .  
4 

1 
- .  

DEER-I SL . -MA 

WASHINGTN-DC 

CLEMENTON-NJ 

PHILADELPHIA 

LOS-ANGELES. 

w 
c- 
c( 
v) BREA-CA.. . . . 

S A L T-L fi K E- U T 

LAYTON-UT.. . 

L A S ~ V  EG FIS-NV 

W A R W I C K - R I . .  

0.0 0 . 4  0:8 1 . 2  1 . 6  2 . 0  2 . 4  2 . 8  3.2 3 . 6  I 
I 

Fig. I V - 7 .  Reports without code update this scan (crossing tracks; I 

percent). I 
I 
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BOSTON-PIA . . .  

- '  DEER-I SL. -m) 

WRSHINGTN-DC 

CLENENTON-NJ 

PHILADELPHIA 

LOS-ANGELES. 

BREA-CA . . . . .  

S A L T-L A K E - U T 

LAYTON-UT. . . 

L AS-VEG A 5-NV 

. .  

WARWICK-RI.. 

I -  

t 1 

Fig. I V - 8 .  Number of qualified tracks. 
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IATC-79(IV-9) 1 
I . , I  

I 1 1 . 1  I I  I I I l l  I I I I I  I I I I I  I I I I I  I I I I l l  

BOSTON-MA . . .  

DEER-I SL . -MA 

3 
W A S H I NG TN- D C 

CLEMENTON-NJ I I 

PHILADELPHIh 

-, -=g LOS-ANGELES. 

W 
I- - 
v) B R E A - C A . .  . . . 

S A L T-L A K E - U T 

LAYTON-UT.. . 

LA S-VEGAS-NV 

* + 

WARWICK-RI.. - _  
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p u l s e  e r r o r  w i l l  be  smaller. A s  seen from Fig .  IV-12, most s i tes had an 

e r r o r  ( s tandard  d e v i a t i o n )  between 0.04 and 0.05 degrees .  

While t h e  d a t a  presented  relate t o  ATCRBS measurements, they  are r ep re -  

s e n t a t i v e  of t h e  azimuth e r r o r  performance f o r  t h e  DABS mode as w e l l  s i n c e  

e s s e n t i a l l y  t h e  same monopulse techniques  are used i n  both  cases. 

H.  

F igure  IV-13 shows t h e  pe rcen t  of a l l  r e p o r t s  c r e a t e d  by t h e  r e p l y  

processor  t h a t  are e d i t e d  o u t .  Recall t h a t  a l l  s i d e l o b e  f r u i t  and a l l  main- 

beam f r u i t  no t  nea r  ano the r  r e p l y  are dropped i n  t h e  r e p l y  p rocesso r .  How- 

eve r  because t h e  r e p l y  p rocesso r  receives only  about two Mode A and two Mode 

C r e p l i e s  i t  o c c a s i o n a l l y  has  r e p l i e s  w i th  some b i t s  garb led  and does n o t  

have s u f f i c i e n t  d a t a  t o  p rocess  them, so  they  are passed on t o  s u r v e i l l a n c e  

p rocess ing  where d a t a  i n  t h e  t r a c k  f i l e  can be  used t o  r e s o l v e  t h e  problem. 

F igu re  IV-13 i n d i c a t e s  t h a t  from 5 t o  15% of a l l  r e p o r t s  are e d i t e d  o u t  i n  

t h i s  s t e p .  

E d i t i n g  Out of Bad Repor ts  

Though one cannot compute t h e  amount of  f r u i t  from t h e  d a t a  i n  F ig .  IV-13, 

i t  i s  g e n e r a l l y  f r u i t  t h a t  causes  these  ambiguous r e t u r n s ,  so t h a t  t h e  rela- 

t i v e  amount of f r u i t  i s  c r ~ d e l y  i n d i c a t e d  by t h e  b a r s  i n  t h e  f i g u r e .  

S ince  t h e  percentage  is  h i g h e s t  a t  Brea, i t  can be i n f e r r e d  t h a t  Brea 

had t h e  h i g h e s t  f r u i t  rates. 

formance seen  a t  Brea ( e . g . ,  F i g s .  IV-6 and IV-13), and t o  a c e r t a i n  e x t e n t  

a t  L o s  Angeles,  where t h e  t r a f f i c  w a s  a l s o  heavy. 

This  accounts  f o r  some of t h e  poorer  per- 

I. Percent  of F a l s e  Reports 

F igure  I V - 1 4  shows t h e  pe rcen t  of a l l  r e p o r t s  t h a t  w e r e  l a b e l l e d  f a l s e  

due t o  known r e f l e c t i o n s .  S a l t  Lake C i t y ,  Washington, D . C . ,  and Los  Angeles 
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are t h e  most severe. The heav ie r  t r a f f i c  a t  Washington and Los  Angeles make 

t h e i r  problem q u i t e  important .  It should be  noted t h a t  i n  Washington, D . C . ,  

t h e  TMF l o c a t i o n  near  t h e  ASR-7, w a s  a c t u a l l y  a ve ry  poor cho ice  because t h e  

t e rmina l  b u i l d i n g  complex caused approaching t r a f f i c  on t h e  main runway t o  

r e f l e c t  badly.  Moving t h e  TMF a s h o r t  d i s t a n c e  one way o r  t h e  o t h e r  would 

have helped cons ide rab ly ,  and i n  f a c t  t h e  c u r r e n t  ASR-7 l o c a t i o n  reduces  

t h e  problem t o  about  equa l  t o  t h a t  a t  LAX. 

A s  seen  i n  F ig .  111-5(b),  t h e  t r a f f i c  a t  S a l t  Lake C i t y  w a s  l i g h t ,  bu t  

what t h e r e  w a s  of i t ,  w a s  l a r g e l y  concent ra ted  i n  a NW-SE c o r r i d o r .  

c o r r i d o r  l i es  a long  a mountain r i d g e  be l i eved  t o  have caused severe m u l t i p a t h  

and t o  have con t r ibu ted  t o  t h e  l a r g e  number of f a l s e  r e p o r t s .  

This  

4 4  
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V.  SUMMARY 

Based on data from tests at several different locations, this report 

has shown that the ATCRBS Mode of DABS performs well and that the range and 

monopulse performance common to DABS and ATCRBS is accurate and stable. 

These data give confidence that the engineering development DABS sen- 

sors being procurred for NAFEC testing, which are functionally identical to 

1 .  the DABS (TMF) should achieve these performance levels: 

< 25 ft. - DABS and ATCRBS Range Error (St. Dev.) 

DABS and ATCRBS Azimuth Error (St. Dev.) - < . 05O 

ATCRBS Blip/Scan Ratio 

ATCRBS Blip/Scan Ratio (Crossing Tracks) 

- > 98% 

> 95% - 

.- 
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