
AD A075 783 NATIONAL AVIATION FACILITIES EXPERIMENTAL CENTER ATL——ETC FF6 17/7
TRANSPONDER PERFORMANCE ANALYZER (TPA).CU)
OCT 79 C HAZELWOOD

UNCLASSIFIED FA ~~ NA—7 9 29 FAA —R D— 79—54 NI.

_ _  
_ 

_•
II !UUIfl!.!.! Ur II



hp rt Ni. FAA RD.19-54 
~~~~~~~~~~~~~

~

TRANSPONDER PERFORMANCE ANALYZER (TPA I

CL) D C
~~r\

~~~~~

‘- -a 
~~~~~~~~~~~~~~~ __ • \

— “-

Carl Ha zelw ood

I(3
°S7~rEs 0*

OCTOBE R 1919

FINAL REPORT

0~3 Document is ova l IthIe to the U.S. public throug h
the National Technical Informaflon Service,

Spr ingfield , VIrginia 22161 .

Prepared for

U.S. DEPARTMENT OF TRANSPORTATION
FEDERAL AVLATION ADMINISTRATION

Systems Research & Devek pmwt Service



NOTICE

The United States Government does not endorse products
or manufacturers. Trade or manufacturer’s names appear
herein solely because they are considered essential to
the object of this report.

‘ F



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

________ 

T.ch nicol k.port Docum .ntation

\
J ~~~~~~~~~~~~ 

( 
_

_..- 2. Go~.,nm.rt t Acc .ss ton No. 3. R.c.pt.nt i Catalog No.

4. Tt t l ,  and S~ bt t t l •  ~~
_
~ .port Oat. __..._...__

• Octoö.~ 1~979 
~I TRANSPONDER PERFORMAN CE ANALYZER ( TPA ) ‘~~~~~.,(o,mèng Organtzaflon Cod.

ANA—180
__________________________________________________________________________ 8. P•ffonn.ng O,gonization R.port No.

7 . A~ thor ’s~ - - —

Carl Haze lwood I) ~~L; - 

~ FAA_NA_79_29~J .—
-

9. P.tfo~n~ ng Organiza t~~ omø and 10. ~Woe~ U~ t No. (TRAIS)
Federal Aviation Administrati on ___________________________
N a t i o n a l  Av i a t i o n  F a c i l i t i e s  Exper imenta l  Center  II. Cont,oct ot G,ont No.
Atlantic City, New Jersey 08405 03 1—241—830

13. T yp. of R.pots and P.~.od Cow.r .d
12. Sponsot ing A g.ncy Narn. and Addt.ss I

U .S. Depar tment  of T ranspo r t a t i on  .~~ ..... Final  •~~

Federal  A v i a t i o n  A d m i n i s t r a t i o n  Mardi L976- Mare ~~ 78
Sys tems Research and Development Service Pan~~~~~~~~~ 1•~~~9~~~~~~’

W a s h i n g t o n , D . C .  20590 
_______ 

ARD 24 1
15 Supp l.in.ntary Not.,

16. Ab ,tract

~~The purpose  of t h i s  doc ument  is to desc r ibe  the Transponder  Performance Anal yzer
(TPA) used for measurement of aircraft beacon transponder performance
ch aracteristics. The system was developed at NAFEC utilizing both “jfl—house
de signed and commerc iall y available equipment . The system is fully
self—s upportin g , is housed in a mobile bus , and has been used for ramp testing of
transponders operating in general aviation aircraft and for bench testing of
sof t—the shelf units. _______

_ _ _ _ _ _ _  
H

17. Kay We,d, 18. Oiatribut ,on St.t,mant ________

T r a n s p o n d e r  P e r f o r m a n c e  Anal yzer  Document is available to U.S . public
General Aviation through the Na t ional Technical
Aircraft Beacon Transponder Information Service ,
Performance Springfi eld , Vi rg inia 22161

19. S.cuv ~’ y Cla..~f . (of th .s ,.p.vt) 20. Slcuri ty C loss i f . (of th u peg.) 21. No. of Pog.s 22. Pruc .
U n c l a s s i f i e d  U n c l a s s i f i e d  32

Foqm DOT F ~7OO.7 ( 8 7 2) R.production ol co mp I.~.d page aut ho r ls •d

/ /
( /

L -~~~~ -- -- -

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

-

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

-

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

- 
_  _



~ .
~~~~ 

...
~~~ 

-

:1— !~‘
~

I

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

~~ —‘
C •~~ 0~., 

0

E§
• ~ ~~~~~~~ $ _

~~~ O t

.0
I •.. 

—E~~~2 ~~~~~~~ E — — — E E

< U 11 01 61 91 LI 91 51 91 Cl II II 01 6 9 L 9 s i £

no oil iii liii ill iii iinI~i vi III! 1111 110 liii liii III liii liii liii III III 111111111 1 1 111 1111 110 111 1 1111 liii Ill I1HIII 111111111 III III liii IV 11111111

h i h u h u i t 1 1 I ~ 

:~
‘ ‘i’ ~‘

~~

‘

~ 

~ 
iIiIilili

~i: 
s h u n liii 

ill 
It u l ~ ~ 

i~s :s~ ~

I S~~e~ ~~~~~~~~~ u’~~~~- E E E — — — _ ’E ’E

C ~~~~ .. ..
.9

I ~ 
‘

a
-s . > ~~~

u 
.

I iiiI~ u~ tIh~1~ll ii

I ~~~~~~



- ----- 
:~

- - 
~~~~~~~~ -

. ~~~~~~~~~~~~~~~~ 
— ,.—-...-- -,~~~

u.--- 
~~~~~ ~~~~~~~~ ~

.. -.--—-~—--.-

Pt-

TABLE OF CONTENTS

Page

INT RODUCTION 1

ATCRBS GENERAL DESCRIPTION 1

ATCRBS PULSE TRAIN DESCRIPTION 3

Interrogation 3
Transponder Repl y 5
Other Requirements 7

T RANSPONDER PE RFO RMANCE ANALYZER (TPA) 7

Airborne Test 7
Bench Tes t 7
R~~p Tes t 8

TPA GE NE RAL DESCRIPTION 8

Test Procedure s 11
Initialization and Calibration 11
Test Details 14
Hardwa re Details 19
Sof tware De tails 28

1.11



LIST OF ILLUSTRATIONS

Figure Page

1 Air Traffic Control Radar Beacon System 2

2 Time Intervals Between Pulses 4

3 Interrogation Pulse Time Relationsh ips 5

4 SLS Opera t ion 6

5 Reply Pulse Train 7

6 Trans ponder Performance Analyzer Van 9

7 TPA Block Diagram 10

8 TPA Horn 12

9 TPA Operation 13

10 Compu ter Printout Sample 15

11 Sensi tivity Chart Interpretation 16

12 Echo Suppression 17

13 TPA Func tional Block Diagram 20

14 PMG Block Diagr am 21

15 RF Control Unit 23

16 Rece iver Block Diagr am 24

17 Bracke t Detection 25

18 Pulse Spacing Circuits 26

19 Buffer Memory 27

iv

_____ J



- -
~~

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

- ---- .-— ..-—--- --— -.. - - . --

~~~

- - - -  

I
INTRODUCT ION

The evolution and development of automated air traffic control (ATC) systems
have provided 8ubs tantial improvements in air safety, traffic flow ,
ef f i c iency ,  and utilization of the national airspace. A major part of the
improvements has been in the development of automatic data acquisition and
repor t ing systems . One such system is the air traffic control radar beacon
system (ATCRBS) which determines aircraft position , altitude , and identity.
These pa rameters are critical to aviation safety and effective , efficien t
ATC . The opera tional performance charac teristics of the various systems and
eq u ipmen t processing these parameters are then of extreme importance to
public safety, ATC , and the Federal Aviation Administration (FAA) .

Dete rmination of these performance characteristics requires comprehensive
techniques for measurement and anal ysis. The Transponder Performance
Anal yzer (TPA), described herein , is a system designed and developed
expl ic i tly for statis tical data collection and analysis of airborne beacon
transponder performanc e characteristics. The TPA was not designed nor
intend ed to perform any type of certification tests in exact conformance with
the national standard .

ATCHES GENERAL DESCRIPTION

The ac ce lera ted growth of aviation has far exceeded the capabilities of the
unaided air tra f f i c  controlle r . As a result , ATC systems and equ ipment have
evolv ed from simp le manual cont rol , to primary radar—aided control , to
sophisticated data acquisition , computer processing, and display systems .
This evol ution , however , req u ires more precisio n and reliability of the da ta
and eq u i pment involved . Primary radar provides aircraft information in terms
of di stance (range ) and angle (azimuth) from the radar site , bu t does not
provide aircraft identity and altitude information. Further , primary radar
is an analog sys tem subjec t to ground cl utt er , wea ther , scin tillation , and
radar cross section , and hence requires wide separation criteria for safe
ATC . The use of ATCRBS can avoid or minimize most of these problems .

Unlike pr imary radar , which is passive as far as the aircraft is concerned ,
the ATCRBS (also referred to as “secondary surveillance radar ” (SSR)) is a
cooperative system and requires an active device onboard the aircraft to
respond to ground—based interrogations (see fi gure 1). These interrogations
are very specific , rigidly controlled radiofrequenc y (RF) pulse groups (code
trains) transmitted by the ground equipment (on 1030 megahertz (MHz)) to
interrogate all aircraft within the area of coverage . Upon interrogation ,
th e aircraft beacon receiver (transponder) transmits a coded rep ly pu lse
trai n back to the ground station on a different frequency (1090 MHz). This
repl y contains the aircraft identity selected by the p ilot and , when the
aircraft is properl y equipped and interroga ted , the aircraft altitude . The
ground—based equipment can then automatically decode the information and
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determine the aircraft range , azimuth , identity, and al titude . The
c o o p e r a t i v e  equ i pment onboard the  a i r c r a f t  p r o v i d e s  s t ronger  signal replies
than rada r skin paints and elimina tes ground cl utt e r by rep l y ing on a
frequency differen t from that of the interrogation . Discrete aircraft
emergency codes are also provided in the ATCRBS system.

The ATCRBS actuall y consis ts of a ground—based rotating directional antenna
sys t em , an interrogator/receiver , signal processing equipmen t , and ac t ive
aircraft transponders . In operation , the interrogation pulse—group is
transmitted from the directional antenna and triggers each airbo rne
transponder located in the directional main beam as the antenna rotates or
scans by the aircraft. Measurement of the signal round—tri p transit t ime
( the inter roga t ion and rep ly) de term ines the range (rho) , and the mean
di rection of the interrogator antenna during aircraft replies determines the
azimuth (theta) of the rep ly ing airc raf t.

ATCRBS PULSE TRAIN DESCRIPT ION

A brie f desc ript ion of both the interroga t ion and rep ly pulse train is
required in order to understand the TPA . More detailed information and
speci f ic at ions for both interroga t ion and reply are con tained in FAA Order
1O10 .51A “U.S. National Aviation Standard for the Mark X (SIF) Air Traffic
Control Radar Beacon System (ATCRBS) Characteristics ,” and Radio Technical
Commission for Aeronautics (RTCA) documents; DO—144, “Minimum Oper at ional
Characteris tic s (MOC); Airborne ATC Transponders” and DO—iSO , “Minimum
Performance Standards (MPS), Airborne ATC Transponde rs .”

INTERROGATION.

The basic interrogation consists of pulse pai rs (Fl and P3) which are
tr ansmitted by the rotating direc t ional antenna normally at a repetition rate
of several hundred pairs per second . These pulses are nominally of equal
amplitude and are separated by time intervals dependent on the mode of
interrogation (see figure 2). The primary modes of interest for purposes of
this document are the mode 3/A (identity) and mode C (altitude). The other
mode s are not used in the civil ATC system and will not be considered in this
description . The time interval or separation between P1 and P3 in mode 3/A
is 8 ÷0.2 microsecond s (jis). The airc raft transponder decodes this t ime
int erval as an “iden tity ” interrogation and responds with the aircraft beacon
code selec ted b y the p ilot. The time separation for a mode C altitude
interrogation is 21 +0.2 ~s. Again , this interval is decoded , and the
transponder rep lies with the aircraft altitude derived from a pressure
altimeter , air data computer , or other device.

3
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The above i n t e r r o g a t i o n  pulses , P1 and P3 , would p rovide  proper  o p e r a t i o n
unde r  ideal c i r cums tances  and c o n d i t i o n s ; however , the  real  wor ld  environment
is f a r  f rom ideal and p resen t s  many p rob lems . Among these are imper fec t ions
in the p a t t e r n  of  RF energy rad ia ted  f rom t h e  d i r e c t i o n a l  antenna (s ide
lobes) , r e f l e c t i o n s  of the rad iated energy f rom nearb y objects , and
i n t e r f e r e n c e  f rom o the r  sources .  In order  to a l l ev i a t e  these problems , a
t h i r d  pulse  (P 2 )  is t r a n s m i t t e d  from an omn id i r ec t i ona l  an tenna  to suppress
or inh ib i t  rep lies from transponders which mi ght  o therwise  be t r i ggered . The
P2 pu l se  occurs  2 +0 . 15 ~s a f t e r  the P 1 pulse (see f i gure 3) and is
t r a n s m i t t e d  a t  a powe r level such t h a t  the P2 energy  a t the aircraf t
r ece iv ing antenna is greater  than the P 1—P3 energy f rom the s ide lobes (see
f i g u r i 4 ) .  In f i gure 4 , t he  d i r e c t i o n a l  a n t e n n a , hence the  main beam , is
p o i n t i n g  d i r e c t l y a t  a i r c r a f t  B fo r  a normal  i n t e r r o g a ti o n , and the power
level of Fl  and P3 received by a i r c r a f t  B is much greater  than the P2 power
level  received from the omn i a n t e n n a .  A i r c r a f t  B t r ansponder  d e t e c t s  the
powe r leve l of P 1 as be ing  much g rea te r  than P2 and respond s w i t h  the  normal
repl

y . 4
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FIGURE 3. INTERR OGATION PULSE TIME RELATIONSHIPS

Alternative ly, th e P1—P3 side lobe powe r level received by ai rcraft A in
figure 4 is much lowe r level and is below the powe r level of P2 received from
the  omn i an t enna . The t r a n s p o n d e r  in a i rc r a f t  A d e t e c t s  the  leve l of P2 as
greater than P1 and suppresses its repl y. In act ual practice , the P2 powe r
leve l from the omn i is adjusted sufficientl y h i gh to cover the side lobes but
low enoug h to allow good main beam penetration and coverage .

TRANSPONDER REPLY.

Upon proper interrogation , the airborne transponder generates and transmits a
rep ly pulse train encoded with either the aircraft ’s identity or pressure
altitude , depending on the mode of interrogation. The rep ly consists of two
f raming pulses (Fl and F2) spaced 20.3 ~js apart; 12 data pulses , and one
spec i a l purpose pulse position , all spaced in increments of 1.45 ~.ts from the
first framing pulse; and a special positi on identification pulse (SPI) spaced

~+ .35 ps after last framing pulse. The repl y pulse train is shown in fi gure 5
and is 20.3 ~.zs duration for either mode of interrogation.

In the case of mode 3/A interrogation , aircraft identity is en coded in th e
A b C D pulses providing a capability of 4,096 (2 12) discrete codes. For
mode C , the aircraft altitude is encoded in these same A B C D pulses ,
providing altitude capabilit y from —1 ,000 feet to +126 ,700 feet in 100—foot
increments.

The X pulse position indicated in the repl y in f igure 5 is used by the
military. The SPI pulse is the “iden t ” pulse transmitted upon request of the

5 
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controller in mode 3/A onl y. This normall y results in special ind ications on
the air traffic controller ’s display which ident if y the particular aircraft
re sponding to the ident request.

Fl  F2 SPI

JIILJU1ILFLIHUUUULRJ1 R
ST CI Al  C2 A2 C4 A4 X DI 81 02 82 04 B4 SP DENT

REPLY CODE 7777 WITH ‘DENT .

FIGURE 5. REPLY PULSE TRAIN 79-29-6

OTHk~R REQUIREMENTS.

FAA Order  l O 1 0 . 5 lA , the  ATCRBS n a t i o n a l  s t a n d a r d , d e f i n e s  o the r  r e q u i r e m e n t s
and characteristics of both the interrogation pulse train and the repl y.
These requirements include pulse shape , duration , timing relations , relative
amplitudes , dead t ime , suppression t ime , etc. Requirements for specific
parameters will be discussed in pertinent sections of the TPA descri ption.

TRANSPONDER PERFORMANCE ANALYZER

The TPA is an automated , mobile test system designed to test and determine
aircraft transponder performance characteristics in the operational , real
world environment . Three test modes were considered in the desi gn; airborne ,
bench , and ramp tests. Procedures and techniques for measurement comp ly with
the hOC unless specified otherwise by the national standard .

AIRBORNE TEST.

The airborne mode is not performed due to the variability of the test
conditions and complexity of equi pment required to perform the tests.
Generall y, parameters requiring measurement of si gnal leve l cannot be made in
airborne tests due to uncontrolled variables such as space loss , antenna
gai n , vertical lobing, etc. Other parameters involving measurement of t ime
can be made , but with difficulty and sacrifice of reliability in the
measurements.

bEiNCH TEST.

The bench test mode is the most thorough and complete of the three modes;
however , it does require transponder removal from the aircraft . This is
h i gh l y undesirable for reasons of t ime , manpower , and convenience. Further ,
the transponder is not tested in its normal operating environment , including
the antenna , cables , and coupling . Bench tests conducted in the TPA do not
include bandwidth , r ep ly rate limit , and sensitivity to continuous wave (CW)
or interference , and are limited to vary ing onl y one parameter at a t ime .
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RAMP TEST.

The ramp test mode is the most productive , expedient , and cos t ef fec t ive of
the three modes. This mode does not require transponder removal or
hard—wired connec t ions or cause any interference with aircraft operation
excep t a short test period while the aircraft transitions from the ramp to
the runway or vice versa. Fifteen parameters (table 1) can be tested in this
mode . In summary , the ramp test mode provides the most benefit per unit cost
and is the confi guration described in this document.

TABLE 1 . MEASURABLE PARAMETERS

1. Minimum Trigger Level (MTL) (Sensitivity)
2. Repl y Power Output
3. Repl y Frequency
4. Side Lobe Suppression (SLS) Decoding Acc uracy
5. Mode 3/A Decod ing Accuracy
6. Mode C Decoding Accuracy
7. Pl/P2 Power Ratio Required for Suppression versus Signal

Level
8 . Dead Time
9. Suppression Time
10. Pulse Width
11. Pulse Spacing (Pulse—to—Pulse)
12. Pulse Jitter (Pulse—to—Pulse)
13. Mode 3/A Delay Time
14. Mode C Delay Time
15 . Fl—F2 Spaci ng

TPA GENERAL DESCRIPTION

The TPA is housed in a bus—type vehicle (figure 6) for maximum mobility and
handling ease. The electronic equi pment consists of a special low—powe r
transmitter/oscillator , an AN/UPX—1 4 beacon receiver , a pulse mode generator
( PMG ) , RF control unit , rep ly processor , digital clock , computer buffer ,
computer with magnetic tape and disk storage , a display terminal with hard
copy p r in ter , and other elements necessary for timing, control , analog— to—
digital (AID) conversion , etc. Figure 7 is a block diagram of the TPA
system .

In normal operation , the controller processor computer issues commands or
instruc t ions to the PMG wh ich establishes the pulse rate or repetition
frequency and spacing betwee n interrogation pulses. This control of
repetition rate and pulse spacing is used in measurements of transponder dead
t ime , suppression t ime , decode accuracy, and other t ime dependent parameters.
The PhG also controls the RF control unit which contains diode switches ,

8 
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attenuators , and circuitry for amplitude and path selection of the RF output
from the transmitter. In the ramp test mode , onl y a direc t ional ho rn antenna
is used , and all pulses are transmitted and received via the horn (see
figure 8).

The transponder repl y is processed through the receiver , intermedia te
frequency (IF) amp lifie r , and various circuits for measurement of pulse
amp l i t u d e , w i d t h , spac ing, etc., and is eventuall y recorded on magnetic tape

~or future anal ysis . Pulse width , spacing , and timing are measured  u s i n g  a
IOU—Mhz oscilla tor t ime source . The ca thode—ray tube (CRT ) terminal provides
a visual output during test and maintenance procedures , and the printer p
p r o v i d e s  a hard  copy p r i n t o u t  for  immediate  ana l y s i s .

TEST PROCEDURES.

The norma l procedure for ramp testing is to (1) locate the TPA alongside a
taxi ramp, (2 )  posi t ion the aircraf t over a calibrated posi t ion marker
(f i gur e 9) ,  and (3) have the aircraft transmit a specified beacon code for
a p p r o x i m a t e l y 30 seconds , then cont inue on .  When the aircraft is moved into
the cal ibra ted posi tion , space loss , horn antenna gain , and cable losses have
all been prede termined . Measurement and analysis of the 15 para me ters a re
then possible.

INITIALIZATION AND CALIBRATION.

The init ializat ion and calibra t ion proc ess req u ires thorough bench testing
and calib ration of a transponder to be used as a standard . The power output ,
s e n s i t i v i t y ,  pulse  spac ing , pu l se  w i d t h , and o t h e r  pa rame te r s  are  c a r e f u l l y
measured and calibrated . The transponder is then connected in a closed loop,
and the  TPA e q u i pment inside the bus checked and calibrated on a dail y basis
d u r i n g  the  t e s t  period . Closed loop r e a d i n g s  s i g n i f i c a n t l y d i f f e r e n t  f rom
the initial setup are used as indications of problems within the system. The
t r a n s p o n d e r  is then  connec ted  to  an a n t e n n a  which  is p o s i t i o n e d  over t he
des i gna ted  t e s t  mark  on the  taxiway . Software parameters in the TPA are then
adjusted with offsets to provide the proper calibrated values when the
transponder is interrogated with the horn. The offsets are site parameters
and vary from site to site , dependent on immediate surrounding surface area
(concrete , grass , macadam). This techni que acco unts for cable losses ,
co up l i n g  losses , etc , within the system . All other test transponders are
then compared with this standard .

The taxiway marke r is normall y loca ted as near the TPA side of the taxiway as
reasonabl y possible , then a distance of 50 feet measured to the front of the
horn. The horn position is also marked so the horn can be located back to
th e same position . The distance and horn height above ground (30 inches)
were determined by expe r imental measurements as an opt imum to cover all the
various types of general avia t ion aircraft and antenna placement . Horn
hei ght adjustments will result in a 1— to 2—dB change . However , aircraft
t ype (a i r f rame)  and antenna placemen t on the aircraf t present far grea ter
variations and problems . The aircraft surface area , airframe desi gn , antenna

11
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plac ement , and he i ght above ground are all factors which affect the power and
sensitivity measurements. These techni ques and procedures are a best
compromise between the variability of the following; cost , t est
t ime/transponder , aircraf t operator convenience , safety, and adequacy  of
data. Again , the tests are not certification tests but rather data
collec tion tests which will be statisticall y a n a l yzed for general tr end s
rather than subjected to individua l pass/fail criteria .

TEST DETAILS.

An examination and interpretation of the data printout will provide a better
comprehension of both the hardw are and so f twar e involved . A ty pica l
t ransponder printout is shown in figure 10. The iteration rates ,
inter rogation rates , int erroga t ion signal levels , t iming , etc., are software
or progr am con trolled and can be changed as requ ir ed by local or operating
cond it ions . The top header gives the aircraft identity (A—C I.D.) , A—C type ,
tes t No., tr ansponde r (XPNDR) type , code , altitude , frequency, and power .
These parame ters are manually inse rt ed from a keyboard . Te st number is
usuall y preentered . The XPNDR type , if available , an d repl y frequency, as
read from a spec trum analyzer , are entered manually from a keyboard . The
code and altitude are derived from N consecut ive interrogations , where N is a
program variable.

The da te , loca tion, tape I.D., and file number ar e previous ly ent ered in
cont rolled header blocks . The next area in figure 10 is a graphical display
of transponder sensitivity and response under the various test conditions .
The first horizontal line of data represents transponder response with no P2
pulse transmitted in the interrogation. Each dot represents a series of N
consecutive interrogations in which the transponder replied to at least
90 percent of the interrogations .

The TPA transmitter/signal source is a low—power , crystal—controlled
oscilla tor with a maximum powe r output of +25.4 dBm . Space loss , coupling ,
etc. , reduce this power to a start level of —46 dBm . This powe r leve l is
then decreased in 1—d B steps under software control until the transponder
fai ls to repl y to 90 percent of the interrogations . The decrease is then
continued out for 10 more steps to insure that the first one or two failures
to repl y were not random occurrences. The dots plotted then represent the
minimum tri gger level (MTL) of the transponder . In this case the MTL is —74
dbm , the lowest power level at which the transponder replied to at least 90
percent of the interrogations . (If the response is less than 90 percent , a
do t is not plotted.) In this particular case , the l ine of dots represents a
total of at least 580 interrogations (20 per do t , 29 dots). Additional
interrogations at power levels below —74 dBm are not shown . The repetition
rate for this test is adjusted in accordance with the MOC . The MOC specifies
—71 dbm MTL as acceptable , wi th a 3—dB cable loss in the aircraft .

Aft er the MTL test is completed (no P2 pulse) , the test is repeated with the
P2 pulse transmitted , but at a power level —18 dB below the level of P1 .
Again , the powe r levels are decreased from maximum TPA powe r down to the
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leve l where  the  t r a n s p o n d e r  f a i l s  to rep l y 90 p e r c e n t  of t h e  t ime (p lus  10
more s teps  as b e f o r e ) ,  in t h i s  area , a dot  is p l o t t e d  i f  t he  t r a n sp o n d e r
f a i l s  to  respond to a t  l eas t  90 pe rcen t  of t he  i n t e r r o g a t i o n s . As shown in
the  example , t h i s  p a r t i c u l a r  t r a n s p o n d e r  f a i l e d  to  respond to  a t  l eas t  90
percen t  ( 18 out of 20) of the interrogations at the —75 dBm power level.
The t e s t  is cyc l ed  through 16 a d d i t i o n a l  t imes , excep t  t h a t  the  P2 p u l s e
level r e l a t i v e  to P 1 is increased  in 1 . 5— d B  s teps  each c y c l e . ( The L 5— d B
steps  are a program v a r i a b l e . )  The —9 dB (P2 is 9 dB be low P1)  is the
minimum level difference cited in t he  n a t i o n a l  s t a n d a r d  at which the
transponder must respond to all interrogations . The next reference level is
O dB , where P2 P1 , and the transponder must be suppressed to at least 99
percen t  of the  i n t e r r og a t i o n s . The area f rom —9 to 0 dB is u n d e f i n e d , and
the  t r a n s p o n d e r  may respond or may not respond in t h i s  area and s t i l l  comp l y
w i t h  o p e r a t i o n a l  r e q u ir e m e n t s .

Ag a i n , the  dot d e f i n i t i o n  changes  a t  the  P2 > P 1  l e v e l .  Dots  now r e p r e s e n t
poin ts where the transponder is suppressed to less than 95 percent of the
i n t e r r og a t i on s ; i .e . ,  a dot r ep re sen t s  a po in t  where  the t r a n s p o n d e r  rep l i e s ,
but should not . (The MOC specifies 99—percent suppression , how ever , the TPA
uses 95 pe rcen t , based on 20 interrogations . Each repl y equals 5 percent ,
or , co nve rsely , suppression for 19 out of 20 interrogations is 95 percent. )
Recall , in the top portion (—18 to —1.5 dB), a dot represents a point or
cond ition where the transponder did not rep ly to 90 percent of the
interrogations , whereas dots in the bottom area (0 to +6 dB) represent
condition s where the transponder should have been suppressed but did rep l y.
Chart interpretation as performed by the computer is as follows (see
figure 11) :

No P2 MTL R>90% PLOT DOT

—18

R’(90% PLOT IX) T

—9 — 
Undefined “gray ” area. R<90% PLOT DOT
Transponder may or may
no t rep ly.

—O  -
Transponder mu s t suppress
a t leas t 95% of time , PLOT DOT

R>5%.
+6

R P e r c e n t a g e  of i n t e r r o g a t i o n s  to w h i c h  the  t r an s p o n d e r  r e p l i e d

FIGURE 11 . SENSITIVITY CHART INTERPRETATION

16

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

~~~~~~~~~



-
~~-—-~~~.~~~~~ .. • 

- - -

~.CHO SUPPRESSION. Transponder  echo s u p p r e s s i o n  tests are not performed in
the TPA because of its limited power . Furthermore , power levels sufficientl y
h i g h for the test may result in unnecessary interf erence wi th o ther
o p e r a t i o n a l  systems in the area. This test can be performed in the bench
t e s t  mode and is n o r m a l l y pe r fo rmed  on “o f f — t h e — s h e l f ”  u n i t s .  The t e s t  is
p e r f o r m e d  b y f e e d i n g  a d e s e n s i t i z i n g  pu l se , 50 dB above MTL into the
t r a n s p o n d e r  3 .5  ~.ts before the P1 pu lse . The desensi tizing pulse activates
t he  echo s u p p r e s s i o n  circuitr y , then the P1/P3 pulse levels are adjusted so 9th at the transponder just replies to 90 percent of the interrogations (450
ou t  of 500) .  The d e s e n s i t i z i n g  p u l s e  (P0) is then  moved forward  in t ime
(int erval between 20 and P1 increased), and the level of P1/P3 again adjusted
to  g ive the 90—percent reply point . These measurements are continued out
beyond the  15—u s decay t ime s p e c i f i e d  in the MOC . The resultant response is
a function of the transponder echo suppression curve . A typ ical p lo t is
shown in fig ure 12. Dots are points where the transponder is suppres sed .
Care must be taken during the measurements to avoid PO—Pi pulse t ime
intervals used to initiate the various repl y modes; i.e., t ime intervals
coi nciding with mode interrogations .

P1P3 SIGNAL LEVEL (RELATIVE TO P0)
-20 -70

S S S S S S I •

3 • 5
— 0 ••...••a......•..

0., ~ 9 5
U = • • • • • • • • • • • •.• •.• • • • •. .• •.• . . .• . . .

15.5 • • • • • • • • • • • • • • • • • • • • • • • • . • • . . ... . . . • • . • • . . . . . •e• . . • •
1 1  

•.•.••.••• .•.•.••..... ••• ... .•.•S... •..• ••••.••••••.•

22. 0 •.••.•••••••.••

79—29— 12

FIGURE 12. ECHO SUPPRESSION

DEAD TIME. The next area of the printout (figure 9) pertains to “dead t ime”
and “SLS suppression t ime .” Defini t ions of dead time and suppress ion  t ime
are  g i v e n  in t he  HOC . Dead t ime is measured b y us ing  two consecut ive
interrogations (interrogation pairs) and checking for response from the
second i n t e r r o g a t i o n .  Both i n t e r r o g a t i o n s  are  of proper  pulse  amp l i tude  and
s p a c i n g ;  however , t he  t ime i n t e rva l  or s p a c i n g  between i n t e r r o g a t i o n s  is
varied , starting at 20 ps , then increased in l—~ s steps until the transponder
c o n s i s t e n t l y r e p l i e s  to 90 pe rcen t  of t he  second interrogations . The inter
ro~zation “pair ” repetition rate is reduced to 250 pairs per second to avoid
t r a n s p o n d e r  rep l y r a t e  l i m i t s .  Each dot on the  p r i n t o u t  r ep resen t s  a ser ies
nt “n” interrogation pairs (2 n interrogations total) in which the
transponder rep li ed to the firsL ‘o~.t not the  second interroga t ion a t leas t
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90 percent of the t ime . The result is then a p lot of transponder dead t ime .
Dead t ime in the example is 40 ~s.

SIDE LOBE SUPPRESSION. Side lobe suppression (SLS) t ime is measured with the
same technique using interrogation pairs (not to be confused with the P1/P2
suppression pair) and varying the t ime interval between interrogations . The
P2 pulse level of the first interrogation is set equal to +6 dB above P1 to
be certain of activatin g or tri ggering the SLS circuitry. The P2 pu lse is
not used in the second interrogation (P2 = 0), and transponder response is
checked , starting at 20— .ts separation between the first and second
interrogations . The transponder is interrogated for a series of 20 tries.
It the transponder does not repl y (is suppressed) for at least 95 percent of
the ti me , a dot is plotted . The t ime interval between interrogations is then
increased by i—l.Ls interval until the transponder consistentl y replies to
90 percent plus 10 more intervals of the “2nd ” interrogations. The resultant
plot is the transponder suppression t ime . FAA and MOC requirements for
suppression t ime is 35 +10 u s .

DECODE ACCURACY. SLS , mode 3/A , and mode C decode accuracy is shown in the
next area of the printout (figure 10). This is a measure of the pulse
spacing tolerance (P1—P2 spacing for SLS detection and P1—P3 spac ing for
modes 3/A and mode C detection) over which the transponder will properl y
dec ode and respond to the respective interrogation modes. The MOC specifies
an SLS tole ranc e of ÷0 .7 us; however , the national standard , which take s
precedence , specifies a tolerance of +0.15 jis . Both documents specif y a
tolerance of +1.0 ~is for modes 3/A and C.

SLS . SLS decode accuracy is determined by interrogating the transponder with
tne P2 pulse set to +6 dB above P1 to activate the transponder suppression
circuitry, then the t ime interval between P1 and P2 is varied from 1 to 3 us
in O .l—~ s steps . A dot is plotted for each series of 20 interrogations in
which the transponder is suppressed (does not repl y) to at least 99 percent
of the intertc~gat ions . The resulting plot is then a measurement of the t imes
the t ransponder detected the P2 pulse and suppressed as required .

hOLIE 3/A AND C. The mode 3/A and mode C decode accuracies are measured by
eliminating the P2 pulse and vary ing the t ime interval between P1 and P3.
For mode 3/A the interval is varied from 7 to 9 ~i5 in O .l—us steps . For
mode C , the t ime interval is varied from 20 to 22 1is , again in O .l—us steps .
In each case , a dot is plotted if the transponder rep lies to 90 percent of
the interrogations.

PULSE SPACING. The lower portion of the printout pertains to transponder
repl y pulse characteristics. The numbers are in strai gh t forward dec imal
numbers. The Fl—F2 spac ing is the bracket pulse spacing measured with a
100—MHz clock. Pulse width and power—out are g ive n fo r Fl and F2 ,
respectivel y. Pulse width is measured again using the 100—Mhz clock , and
power—out is processed through A/D conversion circuitry . The delay time ,
pulse—to—pulse jitter , and average pulse spacing are measured using the
100—?1Hz source and gate circuits to control the number of cycles gated 
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throug h to holding reg isters . The holding reg isters are then dumped to
butfe r memory and input to the computer upon detection of a proper response.

it is important to note that , in all tests , the computer and software control
the number of samp les , t ime intervals , dot representations , etc.; and these
parameters can be changed by software modificati on . The particular number
chosen (20) appears to be a reasonable compromise between data quality and
aircra t ramp t ime . This t ime become s important to the aircraft operator and
to grouod traffic control to avoid delays or traffic backup.

HARDWARE DETAILS.

The TPA system is composed of both commerciall y available and specialized
National Aviation Facilities Experimental Center (NAFEC) desi gned/constructed
equi pment , all inte rfaced and assembled into an operating system. Figure 13
is a functional block diagram depicting major elements of the system. As
seen from the diagram , the controller processor controls the transmitter via
the P~ G and RF section. The transponder rep ly is routed through the receiver
to the decoder , A/D converter , and other data collection circuits. The
outputs from these circuits are then buffered and fed into the controller
where they are recorded on magnetic tape or disc .

CONTROLLER PROCESSOR. The controller processor is a Digital Equi pment
Corporation minicomputer , model PDP—l1/20 , with 24k of core memory, two
magnetic tape drives , one dis c drive , a printer , and various buffered
interfaces. All TPA timing , control , and data collection commands are issued
under software control. System timing , samp ling rate , points per sample , and
other test parameters may then be changed by modification to the software .

PULSE MODE GENERATOR. The PMG is a NAFEC— desi gned unit which converts the
computer commands into specified pulse relation shi ps and generates the
necessary control si gnals for system operation . The P1 , P2 , and P3 pu lse
intervals and widths are generated in the PMG . It should be noted that the
pulse widths and amplitudes are constant , and only the timing rela t ionshi p is
varied within the PfrIG ; however , amp lit ude control signals are generated in
t he PNC .

Uh~ PHG (fi gure 14) consists of a 20—MHz oscillator , divide—b y—2 ci rcuit ,
pulse rs p stit io n timing control , reset control , fiv e divide b y—1O counters ,
computer—controlled selector circuits , compare circuits , drivers , and RF
~utp ut central reg isters. Briefly , the PDP— 1l establishes the desired
interr )~~~t ion pulse spacing and relationshi ps in a so f tw are control , which is
output and stored in the selector circuits. This is a digital number wh ich
de t ines the relative t ime for the specified pu lse P1 , P2 , and P3 to occur.
Meanwhile , the 20—MHz oscillator output is divided by 2 to 10 MHz which
clocks the reset control and PRF timing control.

The 10—MHz clock is also gated through to the t ime control counter . This
counter is a five—stage , divid e—b y—1O—per— stage counter which counts t ime to

° • 1— u~ increments. The counter outputs are then compared in compare circuits
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with the contents of ind ividual pulse selector reg isters. With the exception
of PRT , coinc idence produces an output which is used to drive PIN diode
modulators in the RF control unit. The PRT output is coupled back to the PRF
timing circuit , which causes the t ime control counter to be reset and start
the count over again. One—shot circuits limit the output pulse widths to 0.8

~~ 
The RF output control circuits are simpl y holding registers which drive

A/D converters for P2 pulse amp li tude and final RF output level control .
This amplitude contro l is accomplished in the RF control unit.

TRANSMITTER. The “transmitter ” is an accurate CW , low—power , constant—
amplitude oscillato r operating at 1030 MHz . The RF output is gated through a
PIN diode modulator for pulse width and timin g control. Output leve l from
the oscillator is +25.4 dBm ; however , cabl e los se s , space coupling losses ,
etc. , reduce the power leve l at the aircraft receiving antenna to
app’-oximate l y —46 dBm . Calibration procedures determine the precise losses
and power levels prior to the start of each dail y test run .

RF CONTROL UNIT. The RF control unit contains modulators , cir culators ,
couplers , attenuators and other circuitr y required for transmitter timing and
amplitude control. Control signals generated in the PMC are used to direct
the RF energy along the proper path for the particular test being conducted .
Two paths throug h the RF unit are provided for the ramp test . One path is
for the P1 , P3 pulse s , and the second path is for the P2 pu lse . As shown in
figure 15 , the low—level oscillator output is coup led to a three—port
cir culator , then a 3—dB hybrid splitter. The two outputs from the splitter
are fed through PIN diode modulators where the P1 , P3 pu l ses are gen era ted
through one modulator and the P2 pulse generated in the other modulator .
Control inputs to the diode modulators come from the PMC and serve to turn
the RF on and off. The RF output follows the control pulse input timing and
widt h. The P1 , P3 output from modulator A is fed throug h a manuall y
controlled attenuator which is adjusted during calibration . Modulator B
output is fed throug h a voltage—controlled attenuator where the amplitude of
P2 is controlled from the PMG . The RF outputs from the two attenuators are
then combined in a second hybrid to provide a sing le— channel output. This
single output is then fed throug h a second voltage—controlled attenuator for
overall amplitude control from the PMG . The attenuator output is then
coupled to an isolator and circulator , then transmitted by the horn antenna.

This particular horn , (figure b) used by tho TPA is a standard gain horn ,
Model 12—0.9 , manufactured by Sc ientific Atlanta Inc . The Model 12—0.9 has a
nominal gain of 13.7 dB with an E—p lane beam width of 4U° and H—plane of 350 ,

calibrated at 1.0 GHz . The horn measures 23.23 inches in length , by 21 .93
inches in hei ght , by 16.25 inches in width. A Model 11—0 .95
coix-to—wave guide adapter is used with 40 feet ot RG—214 coax cable with a
nominal loss ot 3 dB .

KESCEIVFR . The receiver use s th. front end ot an AN/UPX 1~ beacon receiver
and operates at the normal tr . c~II4 ncy of 1OQ~’ MHz; however , the regular IF
amplifier has been r . -p laced with i preamp lit icr , a lo~ a~~ith mic (log) IF
amp li t  ic r , and a [ill. ,r IF am p l i t i .r (see fi~ ti r ib ).
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The preamp is used to drive both the log and l inear amp l i f iers , which are
connec ted in parallel for separate func t ions . The log amplifier has a wide
dynamic range of approxima tely 60 dB , and its output is used for AID
conver sion of transponder replies. The l inear IF amplifier is a high—gain
amplifier that reaches saturation with an input signal of approxima tel y
—65 dBm . Output from this amplifie r is used in the repl y processo r fo r pu lse
wid th and t ime—dependent measurements .

LOG A/D
I F  CONY

UPX-14 POWER

LOCAL OSC 60 MHz IF 
ONLY

FILTER ,MIXEF PREAMP ~ dB

LINEAR
I F

PULSE
WIDTH SPACING

79-29-15 ETC.

FIGURE 16. RECEIVER BLOCK DIAGRAM

REPLY PROCESSOR. The reply processo r is a multifunction unit which contains
various circuits for reply code detection , bracke t pulse detection , and pu lse
spacing measurements. Outputs from these circuits are then used as data
inputs to the computer and as tri ggers for other f unc t ions (see figure 17).
Fl—F2 bracket pulse detection is accomp lished wi th a digital delay line
having taps at each end feed ing “OR” ga tes , which in tu rn feed an “AND” gate.
The propaga t ion de lay through the delay line is 20 .3 us , such that properl y
spaced bracke t pulses would provide coincidenc e and an output from the
bracke t decode gate circuit. Adjacent taps are provided off the delay line
and “OR ’ed” together to extend the range of detection from 20.1 to 20.5 ~zs.
Upon bracke t detection , the 12 code bits are loaded into a holding reg ister
for transfer to buffer memory . At the same t ime , a “rep ly” signal is
generated which notifies the computer that a proper reply was received and
initiates data input commands . In the event no reply is received , a signal
is also generated which notifies the computer to log the “no repl y” but does
not read any input data. Note that the Pl—P3 pulses are used to genera te an
“accep t” or enable signal which per mit s the reply or no—repl y si gnals to be
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generated only wi thin the expected t ime of repl y. Thus , exc essive noise and
extraneous signals are blocked out

Concurrentl y, coa rse and fine range reg is ters (f i gure 18) have been rese t to
zero or cle ared , wi th the P1 pu lse , and a 100—MHz clock is gated into the
reg is ters , s tar t ing wi th the P3 pulse . All received pu lses are then fed to a
“leading edge ” de tec tor which generates a transfer strobe . The leading edge
detector output is gated into the fine and coarse range counters , then
transferred to a temporary holding reg is ter and eventuall y to the buffe r
memory . If a leg itimate reply is not received , the buffer contents are lost.
If a leg itimate rep ly is r ece ived , each consecutive pulse dumps two words
into buffer memory where they are stacked up. These binar y numbers are then
used by the software to determine pulse spacing of the reply. Pulse width is
determined by using the l inear amplifier output for detection , and ga t ing a
100—MHz clock signal into a counter for a resolution of 10 ~is .

FINE RANGE COARSE RANGE

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

B U F F E R  BUFFER
M E M O R Y  M E M O R Y

F 1 f F2 ’ 1 2  CODE PULSES
14 P U L S E S  TO B U F F ER

MEMOR Y IN 20. 3 ~ 
79-29-17

FIGURE 18. PULSE SPACING CIRCUITS

A commercial A/D converter digitizes the peak of the reply pulses it receives
from the LOG IF amp lifier for input to the buffer memory . This converter is
used for transponder power measurements onl y. Seven bits are available for
computer input with a resolution of 19.53 millivolts/bit. Strobe pulses for
A/D operation are generated from the l inear amp lifier circuitry.

BUFFER MEMORY. The buffer memory is an interface unit wh ich provides
temporary storage and multiplexing of input data to the computer (see
figure 19). The buffer consists of four message memoriea , a four—to—one
multi p lexer , a firs t—in—first—out (FIFO) memory, and a six— to—one
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m u l t i p l e x e r .  Data f rom the various TPA sources are assembled and temporari l y
stored in the message m e m o r i e s .  Each of the four message memories is 96 bits
wide (6 words x 16 bits/w ord) and is multi plex ed down 4:1 through the
multi p lexer to the FIFO memeory . The FIFO memory is 100 bits wide (96 bi ts
p Ius 4 control bits) and has sufficient storage for 10 messages (10 messages
of 6 words per message). The FIFO output is then multi plexed down from 6
word s wide (96 bits) to one word (16 bits) for word pa rallel input to the
computer. The data are then recorded on magnetic tape for future anal ysis.

SOFTWARE DETAILS.

Three separate sofLware packages were developed for TPA use; one is
calibra t ion , the seco nd is ope ra t ional so f twar e , and the third package is the
da ta red uc tion and analysi s (DR&A) software . All three packages were
devel oped at NAFEC ; the operational software in computer assembl y lang uage
and the other two in FORTRAN . It is again noted that the software initiates
and commands all func t ions and activities within the TPA , including the
gr aphic display and hard copy printout . The printout for indiv idua l aircraft
tests is available within second s after termination of the test. The data
redu c t ion and analysis package provides outputs in the form of graphical
inf ormation and printouts for the various parameters tested . Listings of
these programs are not included in this document ; however , they are available
from NAFEC .
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