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1.0 INTRODUCTION

On 30 September and 1 October of last year (1976) , Lincoln Laboratory’s
*Airborne Measurement Facility (ANF) flew three missions of landings and

take—of fs in the LA area, one each at the Los Angeles International (LAX) ,

Van Nuys, and San Diego airports. The missions were intended to answer a

number of questions raised in connection with current investigations of

**passive BCAS ~,eacon—based collision avoidance systems ) :

(1) How many interrogators make up the environment on 1030 MHz ;

(2) How are these divided between FAA (terminal and en—route) and

other (mostly military) interrogators;

(3) How does this environment depend on aircraf t altitude during

normal landings and take—off s; and

(4) What is the power level of the P2 pulses received from each

interrogator as a function of altitude, and are enough P2 pulses

detectable to allow continuous tracking of the Pulse Repetition

Frequencies (PRF’s) of the local FAA interrogators.

Most interrogators in an area interrogate at fixed rates (PRF ’s),

differing from interrogator to interrogator . This allows the “tracking”

of each interrogator , i.e., the separation of its interrogations from the sum

• total of interrogations received.

*See Project Report ATC—6O, 25 March 1976, “The Airborne Measurement Facility
(AMP) System Descr iption”, G. V. Colby.

**See Bagnall and Kay, “A Review and Analysis of the Litchford Collision Avoid—
• ance System,” October 1976, FAA—RD—77—1.
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2.0 DATA COLLECTION AND PROCESSING

Figures 1 and 2 show the paths of the three AMP missions, superimposed

on maps of the Los Angeles and San Diego areas. The maps are derived from the

1:500 ,000 Sectional Aeronautical Chart of the LA area, and indicate

the principal interrogators observed in the data discussed below.

Twenty seconds of data were recorded at each of the 46 aircraft positions

shown. A receiver threshold of —74 dBm (referred to the AMP input*) was used

everywhere except at position 16, where the threshold was —80 dflm.

The AMF Uplink Data Analysis Program was then run on each data seg-

ment. This program assembles received pulses into interrogations and suppres-

sions, and counts each of these for the data span (here 20 see), as well as

in a normalized fashion (per see). The program has a pulse repetition in-

terval tracker, which separates the interrogation environment into the in—

dividual contributions by the interrogators of an area. The tracker can handle

both fixed PRI’s and also the 8—pulse stagger of the ATCBI—4’s associated with

the ASR—7’s. The range of fixed PRI’s tracked by the program is 1800 to

7200 u s , corresponding to PRF values from 455 to 114 interrogations per sec.

For each tracked interrogator , the program calculates the PRF, the scan

period, the mode interlace, the total number of interrogations received over

a 20—sec period , the peak mainbeain power , and the average angle of arrival of

the interrogations (accurate to ± 30 deg.). Interrogations outside the range

of fixed PRI’s mentioned above, and those with PRI anomalies are not tracked ,

but are listed by the analysis program. Scan period , etc., may be determined

*tn these measurements, the cable loss between the antenna and the front end
of the AMP was 4 dB.

2
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for some of these by hand , if necessary. The results tabulated below, how-

ever, refer only to interrogators tracked by the analysis program.

3.0 PRINCIPAL RESULTS

The “Interrogator Environment Tables” (Tables 1 through 9) contain all

the information necessary to answer the four questions posed in Section 1.

The first three tables show positions 1 — 14, the next three, positions

15 — 27 , and the last three, positions 28—46, i.e., they refer to landings

and take—off s at LAX, Van Nuys, and San Diego, respectively. The twenty right

hand columns of these tables always represent the same twenty interrogators

(9 FM and 11 other), tracked by the analysis program.* The entries under

the tracked interrogators alternate cyclically from table to table among:

(a) Number of interrogations received in 20 see;

(b) Estimated angle of arrival of the interrogations;

(c) Maximum mainbeam power observed .

The first table of each environmental triplet (showing the number of

interrogations in 20 see) gives this additional information:

(a) Aircraft height above ground (HAG);

- (b) Total interrogations per see;

(c) Total suppressions per see;

(d) Total pulses seen by ANF per sec.

This organization of the Environment Tables makes it possible to deter—

mine the number of interrogations, their direction , and their maximum mainbeam

*The notation 4*12AC denotes a mode interlace pattern of 11112222AAAACCCC .

5
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Table 1

Los Angeles Take—off and Landing.
• No. of Interrogations Received in 20 sec. (Tracked In-

terrogators Only).

SC4~ I~~DE NA~~ PU— — SCSI! A . F  437.6 
~.4

~~~~~~ 4°2C E 3 0
~~6 1  

_ _

3.77 4*I2AC D 224.6 ~
~~~~~~~~~—- -- — —

~~~~~~~~~J 3.80 4’UAC C 335.9

3.84 4’ZAC ~ 
— ~~~~

3.86 *c lort o n 273.9 
~ , c~ ~CI IA IA IA N

292.1

5.6 4*UAC A 242.7

11.2 4°L2AC San DiS$i 503. 3 ~. ~C IA IA sD Q
.* C. IA ~ ~ O~ —

12.02 2°2ACA~~~~~,, Q,~• 
33~ ’9 ~~~~~~~~~~~~~~ _ _ _ _ _ _ _ _

IAC

- 

~~~ Iuch ~~~~~~~ ~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~

4 .67 MC Mirsmar 350.0 .~ N

6.00 AAC 8urbsn~ 375 .3 ~~~~~~~~~~~~~~~~~~~~~~~~~

~~~ 

Ei. Toro 390.2

7 AAC Ontarto 450~ Z 
_ _ _ _ _ _ _ _  

_ _ _ _ _ _

‘.~~~ *~c t~x~s~i 378.6 ~~~ o o ~~~

4 b 7  MC lAX 405.2

~~~~ l O 2 2ACA
~~~~~~n~a 330 2 r- I A’~~~~ GI Cl~~~~~

1~~OO~~~~~~~~~~p,~ ro ~~~~~ 
_ _ _ _

_ _ _

TOTAL SUPPUSSIOWS PER SEC

TOtAL lNTEE3jX~,AT1OHS PU SEC

MaCRAPT HEIGHT AJOVE GROUND (Fr ) 
- S S S § 

~
AIRCRAFT POSI T ION 

Cl IA * IA .0 P. ~~ ~~ C ~ .t
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Table 2

Los Angeles Take—off and Landing.
Estimated Ang le of Arrival (deg). (Tracked Interrogators

Onl y ) .

sc~s lo DE NAME PEP

NONE A F 437.6 .~ 3
j 9 4

~~
C E 3 0

~~6 1  
_ _

_ _ _  4
3 7 7 4*12AC 0 224.6

3.80 4*12AC C 335.9
— —

~~~~~~~~ 3~~ 4 4*2AC B 37~~ 0 
_ _ __ _

~ 3.86 AC lort on 2 7 3 . 9  ~ IA ~ N —

• 9 . 8  I2AC 
~~~~~~~~~ 

292. 1 
—

~ ~~ ~~ 

a. a. a.— a. a.

5 .6  4’12AC A 242 .7

TT 4’12AC San Di.g 303.5 ~.4 .4 .4 — .4 — .4

IA .~ P. .4 IA .4
12.02 2’2ACA Clen,nt e 

______________________ _________________

— a. IA IA IA IA P. P. .0 IA IA P..
9 67 IAC San N N IA IA .4 IA a. IA .4 .3 .3359. N Cl N N Cl Cl Cl Cl Cl Cl N5.tcoiaa _______________________ __________________

— — Lon N IA a. a. 0 0 a. a. IA
MC 337.1 ~~ -4 .4 ‘-4 .-I — 4 .  —I ~. IA .4

B,ach ~4 ~l 4 ..4 ..4 .-4 Cl .4 ~
.4 —I

— IA ‘0
4 .67  MC ~Ura mar 350 .0 

-4 
A

P. .4 IA a. .4 ‘0 a. a. .3

~ 6.00 MC Burbank 375.3 ‘~4 IA

~ 4 . 6 7  AAC El Tor o 390.2 ~~~~~~~~~~~~~~~~~~
.4 ..4 _4 -4 -4 -4 .-• — -4 -4 -4

4 .67  AAC On tar io 450.2 . 4 0 . 0

4 . 6 5  MC LAXASR7 378.6
4.. 

_________________

LAX 405.2 ~~~~~~~~~~~~~~~~~IA N IA N P9 P I N

: I~~~(l2 2ACA ~~ —;;-;.
Lagun a .4 .4 .4 ____________________

~~~~ 12.O0 2~~~~~~p .dro 310.3 
_ _ _ _ _ _ _ _

TOTAL PULSES SEEN BY AMP PER SEC

TOTAL SUPPRESS IO NS PER SEC

~UTAL IN T ERROC A TION S PER SEC

AIRC RAFT HEIGHT ABOVE GROUND (Fr)

AIR CRAFI P O SITIOII ~~~ N I A~~~~~~~ I A .0 P . . 4  a . O~~~~~~~ I A . 3  I

7
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Table 3

Los Angeles Take—off and Landing .
Largest Mainbeam Power Seen (dBm). (Tracked Interroga-

tors Only).

I~~D! NAME PU— — — II

0N1 A P 437.6 ~ -

)~5 9  4*~~ £ 308.6

— IA

3.71 4*12AC D 
- 

224.6

3.80 4’IZAC C 335.9

3,84 4*~6( B 378.0

3.86 AC lotIon 273 .9 
_ _ _ _ _ _ _ _

9. 8  12kG 
~~~~~~~ 

292 .1

3.6 4*I2AC A 242.7

11.2 4~i2AC San Diag 303. 3 
________________ 

_____________

a . P .a . P - r. a.~~~ . 4 I A

12.02 2*2ACA 
C1a~~ nta ~ I ~ ‘? i~ 

IA 4 IA IA

IAC 
_ _  

~~~~~~~~~~~~~~~~~~~ I ’ l l

4.72 ARC Banch 
337.1 I~~~~~~~I ’? ’ ~ ~~T~~~1

.4 4.. a.

4 . 6 7  MC Miraaar 330.0 I? 1~
• 

~~ 00 MC Burbank 375 3 ~~~~~~~~~~~~~~~ _ _ _ _ _ _ _

4.67 MC EI Tor o 390.2 ~~~~~~~~~~~~~~~~~~~~~~
g 4 , I I I I I I I I

z ___  ____  —
. - 4 I A N I A O  0. 1.1 .0

~~~~ MC ontar I o 450.2 Ic4 ~c1 ‘? •? 1’ 1 1
P. IA .4 P. IA IA 0. Cl IA 1.4 34

4 .65  MC LAXASR7 378.6  ? ? ‘ ; ‘~~~~I 1 I  ~~1.? ’;4
IA . 4 . 4 0 .  IA . 4 C 4 0 .I A

~~ 4. 67  ABC LAX 405 .2 ? ? I c ’ ’P 4 ; 4 1 1  1 C I IA 
—

~~~~ 12.02 2 ACA~~~~~~guna 
130.2 

_ _ _ _ _ _ _ _

~~~12. o0 2ACA~~~~~~~~~ 
370.3 

_ _ _ _ _ _ _ _ _

t OTAL PULSES SEEN BT All? PER SEC

tOTAL SUPPRESS ION S PER SEC

IOTAL INTE RROCATZONS PER SEC 
—

AIRCRAFT HEIGHT ABOVE GROUND (PT)

AIRCRAFT POSIIION 
— 

.I C I I A .* I A ’ 0 P . 0 .  a .O~~~~~~I A . 4  
—
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Table 4

Van Nuys Landing and Take—off.
Estimated Angle of Arrival (deg). (Tracked Interrogators

Only) .

— —
SCAN ~~ DE 1IAICE PU

- — —
NOSE A F 431.6 ~

_ _ _ _ _ _ _ _  
0

10.9 4~ 2C E 308.6 

~ 1 1
_ _  

.J H

L 7 7  4~~12BC B fl~~~6 -
_ _ _ _

3.80 4*E2AC C 3 3 5 . 9

H- • - 3.84 4’2AC 5 378.0

3.86 AC lort on 2 7 3 . 9  
—

9.8  12AC 
~:~~~1.ton 

2 9 2 . 1

3 . 6  4aI2AC A 2 4 2 . 7

11.2 4*12Ac San 0105 303.5 ‘0

• San I IA .4 ~l ‘0 34 Cl IA .-i
12.02 2*2ACA CIeaa.nt. 

334.9 4 N P. .3 IA a. .4 ‘0 IA

9 .6 7  1AC San IA IA P. IA

Nicola . ~~ .4 Cl ‘0 1.. IA

— Long 7 1
• 4 . 72 MC 84ach • 40 C l

4 . 6 7  MC Miramar 350.0

6.00 ABC Burb an k ~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
_ _ _ _ _ _ _ _

4 . 67  MC El Toro 390.2 ‘ 0 3 4  a . a .

P 9 . 3  .~4 C l a . a .

~ 4. 67 ABC Ont ario 450.2  ~~ N ..4 ‘0 0. P.

~~~~~~~~4 . 6 5  MC ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~O N P . I A I A

ARC LAX ~~~~~~~~~~~~~~~~~~~~~~~ 
_ _ _ _ _ _ _ _

1~~~02 2ACA 
~ suna ~~~~ _____________  —

~ 1.2.00 2ACA P.dro 
310.3

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

101*3.. SUPPRESSIONS PER SEC I A 4 P 9  4fl .4 P. P. IA~~~~ ~~~~P.

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

. 4 I A a . P .~~~~~~~~~~~

TOTAL INTE RRO GAT I ON S PER SEC 
.0 .3

A1RCP.AFT SEIGNI ABOVE GROUND (FE ) S 8 8
A IRCRAF T POSITION 

—

9
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Table 5

Van Nuys Landing and Take-off.
Estimated Angle of Arrival (deg). (Tracked Interrogators

Only).

— —• SCAN I~ DE NAME PU— — — — — ______________________

ROIl! A P 637.6 ~
-

~~~~~~~4*2C E 308 6~~~~~~~~

3.17 4*L2AC 0 224.6 
~ ________________

— — 40 II

3.80 4 12AC C 335.9

3~ 54 ~~~~ B. 378.0

~~~~~ or ton 273 9

~~~ 
292.1 

_ _ _ _ _ _

5.6 4~ 12AC A 242.7

• 112 4a1ZAC San Dial 303.5

12 02 2*2ACA
~~~~~ •~nte 

_ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _

‘0 3 4 4 0 0 .
359 4 0 a. a. P 9 . 4  0 0 . 0 . 0

-• Ntcolaa ~~ .4 .4 Cl ~~ ,~
• — 

MC 
Long 337.1 ~ 

0
sacb ..~ ___________

• MC Miraa&r 350.0

6.00 M C .  Burbank 375.3 ~~~~~~~~~~~~~~~~~~~~

4 .67 MC El To ro 390.2 ~~~~~~~~~~~~~~~
• _ _ _

4 .67 MC Onta r io  450.2 ~~ 
.n .4

MC LAXJ.SR7 378.6

4~~ 7 ABC LAX 4O~~ 2

— —  Mt 
—

~~~~~~~~~~~12.02 2ACA Lagun I 330.2 
. 4 . 4

~~~~~ 12.00 2
~~~~~~~~~dro 

370.3 ~~~~~~~~~~~ 
_ _ _ _ _

EOTAL PULS E S SEEN BY AMP PER SEC

ZOTM. SUPPRESSIONS PER SEC

TOTAL I NTER R OG AT I ONS PER SEC

AIRCRAFT HEIGH T ABOVE GROUND (Fr )

AIRCRAFT POSITION ~ P. 0. a. .-4 4~4 (II .4 34 40 I-

I
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Table 6

Van Nuys Landing and Take—off.
• Largest Mainbeam Power Seen (dBm). (Tracked Interrogators

Only).

— —• SCAM )~ DE NAME PU— — —MOSIR A F 437.6

£ 308.6
• 0

3j 7 4 * 1 2 A C D 2 2 4 . 6 ~~~~~~~

I 3 0 0 4*EZBC C 33~~ 9~~~~~~~~ 
_ _ _

3.84 I.*2AC 8 378.0

3.86 AC orIon 273.9

9 8  X2 AC 292~~ 
_ _ _ _ _ _ _  _ _ _ _ _ _

• 
3 6  4*12AC A 242.7

11.2 4*I2AC San D u g  303.5 I

P. 0 . P .  IA

San ~ 1 ‘0 ‘0 Cl 34 ~~ ~~
12.02 2*2ACA C1e n1s ~~~~~~ 

I i I I I 4 4 I

Cl Cl P. P. P. P. Cl
9.67 1AC San

NSeolaJ ________________________• — — — — — 0. -4 rI .4

4 . 7 2  MC h 
337.1 1’~~’~

4 .67  MC Miramar 350.0
___  ____ — 0 . 3 4  4 0 0 4 0  0 0 . 0 . 3 434

~ 6.00 MC Burbank 375.3 T~ ?~~~I ? I~~ _ _ _ _ _ _ _ _ _

~~~~~~~ 4 .67 AAC E1 TOro 390~~ ~~~~~~~~~~ 
_ _ _ _ _ _

4.67 ABC Ontario 450.2 4c4 ‘? 1c4

4 .65 MC I.AXASR7 378.6

4.6 7 ABC LAX 40 5.2

~~~~~ 1~~~02 2ACA 
~~gu na ~~~~~ _ _ _ _ _ _ _ _

~~~~12.00 2ACA
~~~~~~~~ 

370.3 
_ _ _ _ _ _ _ _

TOTAL PULSES SEEN BY AMP PER SEC

TOTAL SUPPRZ SSIORb PER SEC

TOTAL I NT E R ROGATIO N S PER SEC

AIRCRAFT HEIGHT ABOVE GROUND (Fr )

AIRCRAFT POS1TI ON 
_ _ _ _ _ _ _ _ _

:1
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Table 7

San Diego Landing and Take—off.
No. of Interrogations Received in 20 secs. (Tracked

____ — 

Interrogators Only).

• SCAN !~ DE NAME PU

• .4 — 3 43 4 . 4  Cl

N ONE A F 437.6
3 4 3 4  34

10.9 4a2C E 308.6 ~~~~~~~~~~~~~~1.1 ‘3 1.1.41.4.4.4
.4 8~

3 . 7 1  4~ 12AC D 224.6 
- P. P.

3 P J IaUAC C 335.9 ~~~~~~~~~~~ 
P.. ~~~~~~~~

3.84 4~ 2AC B 378.0 ~~~~~~~~~~

3.8 6 AC or Ion 2 7 3 . 9

9.8 12AC~~~~~~~~1.,~~~ 
1 1.4 40 0.

~ . 6 4 ~~12 AC A 2 4 2 . 7  ~~~~~~~~~~ _ _ _ _ _ _ _ _ _

~~~3. 4*~ 7~ c San Dis~ 303.5 
_ _ _ _ _ _ _ _ _ _ _  

_ _ _ _ _ _ _ _ _

L2 .02  2*2AcA 
~~~ anta ~~~~

4 9 .67  lAG 
~~~~~021I 

~~~~~~~~~~

4 . 7 2  MC 337.1 
—

4.67 MC Miranar 
. 4 . 4 4~~ 4 0 3 4 3 4~~~~~ 4 3 4

6.00 ARC Burbank 3 7 5 .3

—g 4.67 MC El b E e  390.2 ~~~~ a.P.
4°

4.67 MC Ontar io 450.2

4.65  MC LAXASL7 378.6

—

4 .67 MC LAX 405.2 a..

12 .02 2ACA 330 .2  ~~~~~~~~~~~~~~~~~~~~

12.00 2ACA Pedro 
370.3 p..

~~TAL ,ULSES SEEN~~~~~~~~
PU SEC 

_ _ _ _ _ _ _ _ _ _ _  
_ _ _ _ _ _ _ _ _

TOTAL SUPPIESSIONS PER SEC
. 3 4° P 9 ’ 3 4 °  . .4ClCl IA N C 4L0 1.I

TOTAL INTEUOGATIOIIS PER SEC 
— 

40 P.~~~~~~~ W~~C l 0 . 4 0~~~~ Cl .4~~~~34~~~~ •4 -4~~~~•.4

34 P 9 . 4* 1 . 4

AZICIAFT HEIGHT ABOVE 080USD (IV) ~~ 1~!1
AIRCRAFT POSITION 

— ____________

12 
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Table 8

San Diego Landing and Take—off.
Estimated Angle of Arrival (deg) . (Tracked Interrogators

Only).

SCAN !S)DE NAME PRF- — —
SON i A F 437.6

_______________ 
4°~~~~3 4 I A~~~

10.9 4~ 2C E 308.6
.4 Cl C l1 .41.I~~~~ P.ICl 0

— P . 40 3 4  ‘ .~ IA

3 7 7  4*j~AC 0 224.6 
~~~

.1 CIa. IA 0. Cl 0. Cl P. 0 I~. IA
3~~ 4J 4a~~~~ C 335.9 

~~~~~~~~~ ____________

Cl Cl .3 1 . 4  N , . 4 I A 0

~ 3.84 4*2AC ~ ~~~~~~~~~~~~~~~~~ ~~
•
~~~~~ ___ ____________

3.86 AC orIon 273 .9

c 0 0 .0 3 4  0~ P 9 4 °  0. 3 4 4 0 . 4  40.3 4°
g 9.8 I2AC p.ndl.to 292.1 ~~~~~~~~~~

— 40P. Cl ‘3 P 9 3 4 3 4 3 4 3 4 3 4  0 4 0 . 4 . 4  P . 4°  0
5.6 4e12AC A 242 .7  

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

.4 P. ‘~~ a. a. a. .4.3.4 0 . 40 a. . 4 4 0 0 . . 4 . 4  CI
- ; 11.2 4~~l2AC San Diag 303.5 ..4 .4 .. 4N P 9 C l P 9~~~~ C4~~~ ~~~~~~~~~~~~~~~~~~~~~

• 
— 

P 9 . 4 4 0 0 .  .4 P. 0 P.4 Cl r4 0. .-4 P. 34.3 ~ 4
12.02 242ACA ClelISflte ______________ ____________

P.0.0 .  P 9 3 4 3 4 1 .49 .67  1AC San 359 4 4 0 I A I A  4 0 3 4 4 0 4 0

— — — NiCO 1~~ 
‘ 1.4 P91 .1  1.4 1.1 Cl 1.4

4.72 MC 337.1

4.67 MC Miramar 350.0 
___________

6.00 MC Burbank 375.3

4.67 MC El Toro 390 .2 ~~~
• 

4.67 MC Ontario 450.2

~ 4.65 MC LAXASR 7 378.6

~ I~ 67 MC LAX 40~~ 2

12 .02 2ACA I.a~uns ~~~~~

12 00 2ACA 
~~~ro ~~~~ 

___________

TOTAL PULSES SEEN IT AS~ PU SEC

TOTAL SUPPRESSIONS PU SEC

TOTAL INTERROGATIONS PU SEC

AIRCRAFT HEIGHT ABOVE GROUND (FE )

A IRCRAFT POSITION 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ a.&2 a~L&a~
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Table 9

San Diego Landing and Take—off.
Largest Mainbeam Power Seen (dBm). (Tracked Interrogators• Only) .

SCAN ~~DE NAME PRY

NONE A F 431.6

‘ OP . 3 4 0 .  P.1.44° .4
10.9 4a2C E 308.6 

~~~~~ ‘1~’~’ ~ I
40 4° Cl P. P.1.4

1. 77 i*12AC o 224.6 ‘?~~1’ __________________

I — 
34 . 404 10 p4 -4 4° Cl P .40

3. 80 4*~~~ C C 33 5.9 ~~~~~~p~I 1 ~I 4’~III 4ç4 
___________

~4 P.0. 340445 0 P.4°9 3 .8 4  4C2AC B 378.0 
~~ ‘P~’ri~ ~? ? ?  ____________

3. N. AC or Ion 2 7 3 . 9

12AC P:n41.ta, 
_ _ _ _ _ _ _ _ _ _ _ _ _  ‘ ‘p’ ~~~
3 4 3 4 4 0 . 4  1.4 ..4.40.0. 0. 1.4 34 0.

5.6  4*12AC A 242.7
_____ _____ — 

4 4 5 4 0  3 4 3 4 4 0 3 4  CIa. 0 .4 °  4° ‘0 04 34
11.2 4aI2AC San Dial 303.5 ~~~~~~~~ 

__________

A I A . 4 C l 0 . 4 04 . 4 . 4 . 4  P..IN .3 ’0 40 ‘0
12.02 2*ZACA C1, nta ~~~~ — ____________

L67 IAC San 359 4~~~~’f 
_ _ _ _ _ _• Nicotas 

—— 
4 .72 MC 337.1 ‘? 

—
0 4 3 4  P . 0 .  P. 1.. P 9 4° . . 4  0.

4 .67  MC Iliraanr 350.0 111’V’II?I?

6.00 MC Burb ank 3 75 .3

4~~ 7 M C E1 TorO 39O.2~~~~~~ 
_ _ _ _ _

• 4.67 ABC Ontario 450.2
— —

4.6 5 MC L.AXASR7 378.6

~~~~~~~~ AAC LAX 4O~~2

~~~ 
~~~~~~ ~~.~~una 

330 2  ~~~~~~~~~~~~~~ 
- __________

— ~~~~~~~~Cl C l0 . 0 . 0 . 3 4  4 0 3 4 3 4  04
12.00 2ACA 54 370.3 ~~~~ ? 

— ~~~~~~~~ ‘f
• 

- . — — —- 

• 
TOTAL PULSES SEES BY AMP PER SEC

TOTAL SVPPRZSSIOSS PU SEC

TOTAL IIITU&OGAT IONS PU SIC

AIICIAFT HEIGHT ABOVE CBOUSD (IV)

i•1 
— ALRCWT POSITION 

— 
~~~~~~~~~~~~~~~~~~~~~~ 

J~~ J
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power for a given interrogator and aircraft position. For example (from

Tables 1, 2, and 3) at position 8, the AMF received 152 interrogations

• in 20 seconds from San Pedro, arriving from the southwest (245 deg) with a

maximum mainbeam power of —35 dBm (in a total environment of 140 interrogations,

776 suppressions, and 2767 pulses per eec).

Although the P2 powers are not output by the analysis program directly ,

the P 2 power may be estimated to have a power level approximately 20 dB

below the mainbeam power. For the San Pedro example, the P2 power level

would be about —55 dBm .

3.1 Interrogator Population

The Environment Tables answer Questions (1) and (2) of Section 1

(about the environment on 1030 )fllz , and about its division between FAA and

other interrogators) by counting columns with entries in them. This counting

has been done in Table 10, which shows the number of interrogators and their

types seen at each position, and the aircraft height at those positions .

Figur e 3 presents plots of the corresponding three parts of Table 10 for

LAX , Van Nuys , and San Diego , showing the number of different types of inter— p

rogators versus height (above ground).

3.2 Altitude Dependence

• The plots of Figure 3 answer Question (3) of Section 1 (about the de—

pendence of the environment upon altitude). Note that the FAA interrogators,

which predominate in the LAX and Van Nuys areas , are less significant in the

San Diego area .

Figure 4 pr esents another view of the height—type—number dependence.

In this figure, landings have been separated from take—off a, and plotted as

15 
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Table 10

Number of Tracked Interrogators (FAA and Other) as a Function
of Height Above Ground .

S

W a
• Ii 5.4 5

5 0 0 Ii ~
-~ 

U U 0 0 80
• 5 U 0 5 5 0 _ U 0

_ U 00 80 ~‘4 0 5• 14 U 5 0 0 f4 U l.A 80

I U

‘
~~ ~~~~~~~~ 19 54 19
U .~~ U U 

.~~ 
1.4

1 100 1 0 1 00 211. 2800 7 2 9

2 1500 5 2 7 ~~~25 3800 6 2 8

3 3200 6 2 8 ~ 26 3800 8 14. 12

1.4 1414.00 8 14. 12 
— 

27 3800 8 11. 12

S 5700 8 14 12 28 5200 14. 9 13
6 614.00 8 14. 12 29 5300 Lj. 9 13

7 61400 8 14. 12 30 14.700 3 9 12

8 7700 9 14 13 31 5200 3 7 10

9 5700 9 14. 13 32 5000 3 7 10

10 314.00 8 14 12 33 3300 3 7 10

12 2600 7 2 9 314 2200 3 7 10

13 2000 5 1 6 35 2100 3 7 10

11k. 300 1 0 ]. 1500 3 5 8

15 3600 7 2 9 ~ 37 800 2 7
16 3600 7 2 9 38 300 0 2 2

17 3000 6 2 8 ~ 39 1300 2 14. 6

18 2900 5 2 7 14.0 2300 2 5 7
19 2500 S 2 7 141 3200 3 5 8
20 1700 3 0 3 142 3700 3 5 8

~ 
21 800 2 0 2- 143 14700 11. 6 10
22 500 1 0 ]. 144 51400 3 7 10

23 1700 5 0 5 145 61400 14 5 9
14.6 6600 6 6 12
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NUMP ER OF TRACKED INTERROGATORS

Fig . 3. Number of tracked interrogators as a function of height.
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2000 4(b)VAN NUYSI 
R16 LAND~~~~~~~ 0 TAKEOFF

15 16 17 18 19 20 21 22~~~~~24 25 26 27

AIRCRAFT POSITION

TIME (1 DIV. s MIN)
I I I I ~ 1 —t I F I I I I I I I I I I I 1

141
1

0 6000 - ~ 6
- 

• 

‘~ 6
4000 -

~~~ 1c)SAN DIEGCI 3 ~

1000 - 
R27 LAND 

2~4h1~~~~~ 

TAKEOFF

28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46

AIRCRAFT POSITION

Fig. 4. Number of interrogators tracked during landings
and take—offs  vs altitude.
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a function of time. For each position, a small circle centered at the proper

height (above ground) contains the number of FAA interrogators which were

tracked there. The number of other interrogators tracked at each altitude

is written next to the circle.

3.3 P2 Pulse Tracking

Figure 5 presents data relevant to the problem of passive tracking of

P2 pulses, posed in Question (4) of Section 1. Part (a) of the figure is a

plot of the maximum power received from the FAA interrogators near LAX . The

plotted values have been obtained from six selected columns of Table 3. Since

the corresponding plot of P2 pulse power would be approximately 20 dB below the

curves shown (as explained in paragraph 3.0) the figure can be used to answer

Question (4) about the sufficiency of trackable P2 pulses for any assumed re-

ceiver threshold. Part (b) of Figure 5 is similar to Part (a), except that

it refers to the San Diego area. Here selected values of Table 9 have been

plotted .

4.0 ADDITIONAL RESULTS

4.1 ECAC File Adjustments

The ANF analysis program does not automatically associate interrogators

• of an area with the different PRFs detected and tracked by the program. This

assignr.ient of PRFs to real interrogators must be done manually. The usual

method of doing this is to find the PRF in the ECAC Interrogator File nearest

to the PRF tracked by the program , and then check the other parameters.

When identification is made, the interrogator location (latitude and longitude)

19
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FIg. 5. Maximum power levels of received interrogations.
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in the ECAC Interrogator File is further checked for consistency with the

measured angle of arrival , measured ma inbeam power , and number of interroga-

tions received.

The identification process is often hampered by inaccuracies in the

Interrogator File. Fourteen of the 20 PRF’s tracked by the program have been

Identif led with real interrogators (as indicated by the names in the Environ-

ment Tables) despite the fact that 9 of the 14 appeared in the Interrogator

File with one or more parameters in need of adjustment (see Table 11).

4.2 Unidentified Interrogators

Unidentified interrogators (called A , B, C, D, E, and F in the Environ—

ment Tables) must be “located” entirely by the measured parameters given in

the tables, most of all, by the angle of arrival. This procedure locates

interrogators A , B, E (and , probably , C as well) somewhere southwest of the

San Diego path, off the coast, perhaps 10 nm west of North Island. Interroga-

tor D is probably much further off the coast, southwest (215 deg) of San

Diego. The omni—directional interrogator F is somewhere northwest (315 deg)

of San Diego, perhaps off the coast near Camp Pendleton.

4.3 Environment Table Notes

(a) The large number of interrogations per sec at positions 1 and

14 (see Table 1) results from the fact that these positions are just off the

ground, over the runways at LAX where reflected suppressions combine into false

Mode 1 and 2 interrogations .

(b) At positions 4 through 8, an omnidirectional interrogator on

Mode 2, with a PRI of 4071 is followed by one of 20358 ps, regularly , contri—

21
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Table 11

ANF—Measured Interrogator Parameters at Variance with 2—5—76
ECAC File.

PARAMETER OF ECAC FILE MEAS’D VALUE
INTE~ROGAT0R

DIFFERENCE 2-5-76 10-1-76

San Pedro RPM 6 5

Mt. Laguna PRF 2141 330.2

PRF 14~ 337.1Long Beach
• MODE A AAC

Burbank RPM 15 10

San Nicolas Is.  MODE A 1AC
_
~ I

PI~F 300 334.9
San Cleriente Is. MODE A 14*2ACA

RPM 16 5

PRF 300 303.5
San ~iego MODE A 14*12AC

RPM 20 5.5
- -

PRF 295 292.1
Cp. Pendleton MODE A 12AC

½ Norton AFB PRF 275 273.9
MODE A AC

22
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buted about 60 interrogations per sec. It seemed to be located just south

of Long Beach. It is an interrogator on 4071 u s (PRF = 221) which is on the

air 2 times, and then off the air 4 times, repeatedly.

(c) At position 16 (see Table 4), the 330 interrogations per sec

• 
• are mainly due to an interrogator on 320 PRF, to the southwest (mode inter-

lace 1/2/A , scan period = 7.8 see). Many sidelobe interrogations from this

interrogator were received , partially because of the enhanced receiver sen-

sitivity used at this one position (—80 dBm instead of the usual —74 dBm).

• (d) At position 27, most of the 106 interrogations per sec come

from an interrogator with an unstable PRI of 5052 ± 2 ~is interrogati-ig on

• Mode 2, located somewhere to the west (about 960 interrogations in 20 sec).

(e) An omnidirectional interrogator on 100 PRF (Mode A) was

observed from position 29 to position 36 of the San Diego mission. i’fany

interrogations (1200 to 1800 in 20 see) were received from it during posi—

tions 30 through 34. Its angles of arrival seem to place it on the coast

between North Island and Imperial Beach.

(f) The excessive number of interrogations at position 39 (554

per see) comes from another omnidirectional interrogator seen only at this

one point. Its PRF (910 per see) is unusually high. Its Mode A interroga—

tions are coming from the southeast at —70 dBm. It might be located some—

where between Tijuana and Imperial Beach (about 800 interrogations in 20 see).

(g) Some interrogations with irregular PRI have been seen during

these three missions. An interrogator (“Zl”) with a 26— us jitter

in its PRI (8687 ~~ f ollowed by 8713 u~ , repeatedly) was seen through most

23
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of the Van Nuys mission, contributing 2 to 3 interrogations per sea (mode

interlace A/C , scan 3.72 see). Interrogator Zl is presumably located jus t

south of LAX.

(h) A second interrogator (“ Z2 tt )  with highly irregular PRI

of period 9 (full period : 6810, 2831, 2831, 3051, 2831, 2831, 3881, 2831,

2831 us) was noted through the first part of the San Diego mission (positions

28—40), contributing perhaps 7—8 interrogations per sec (Mode C, scan

7.78 see). Interrogator Z2 is probably on the coast south of Long Beach.

(i) Another interrogator (“Z3”) with irregular PRI of period 7

(full period : 4107, 4107, 4107 , 4107 , 4117 , 4900, 4094 us) was noted con—

tributing 3 interrogations per see during positions 24 — 27 of the Van Nuys

flight (mode interlace 1/2/A/C, scan = 5.8 see). Its interrogations were

arriving from the southeast at a rather high level (—40 dBm) . Interrogator

Z3 might be located near Inglewood .

(j) Finally, a fourth interrogator (“Z4”) with irregular PRI of

• period 7 (full period : 4607 , 5692 , 3354 , 4143 , 4916 , 5107 , 5108 i~s) was

seen at positions 17 and 18. Interrogator Z4 contributed 2 to 3 interroga-

tions per sec (mode interlace 1/2/A/C, scan = 5.87 see) at a low power level

(—70 dBm), arr iving from the southeast.

5.0 CONCLUSIONS

The ANF measurements indicate a visible interrogator population increas—

ing with height during normal landings and take—of fs at the three selected

LA area airports (see Table 10 and figures 3 and 4). The number of 1’AA and

other interrogators visible to the ANF increases rapidly with aircraft height
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and then tends to become constant above an altitude of approximately 3000 f t .

The actual numb er of interrogators seen and the FAA/other ratio are area

dependent.

The behavior of FAA interrogators is generally pred ictable from the ECAC

Interrogator File for the area, but other interrogators are either on or off

according to time of day and day of the week, and a significant number of

interrogators not included in the ECAC file are generally received. Although

the total number of received interrogators is not exactly a linear function

of altitude (see Fig. 3), a linear function does provide a first—order approx—

mation for altitudes up to about 6000 ft., where the rate is 2.5 interrogators

per 1000 ft. for LAX and San Diego, and 3 interrogators per 1000 ft. for

Van Nuys.

Li,


