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Approximate Conversions to Metric Measures

Symbel When You Know Multiply by Te Find Symbol
LENGTH
in inches *2.8 centimeters cm
# feet 30 centimeters cm
vd yards 0.8 meters m
mi miles 1.6 kilometers km
AREA
in? square inches 6.5 square centimeters cm?
#? square feet 0.09 square meters me
ya? square yards 0.8 square meters m
mi? square miles 2.6 square kifometers km
acres 0.4 hectares ha
MASS (weight)
0z ounces 8 grams 9
tb pounds 0.45 kilograms kg
short tons 0.9 tonnes t
(2000 1b)
VOLUME
tsp teaspoons 5 milliliters mt
Tbsp tablespoons 15 milliliters mi
floz fiuid ounces 30 milliliters ml
c cups 0.24 liters |
pt pints 0.47 liters 1
qt quarts 0.95 liters 1
gal gallons 3.8 liters 1
#«* cubic feet 0.03 cubic meters m3
vd® Cubic yards 0.76 cubic meters m3
TEMPERATURE (exact)
°F Fahrenheit 5/9 {after Celsius °c
temperature subtracting temperature
32)
*1.1n = 2.54 iexactly), For other exact conversions and more detailed tables, see NBS Misc. Publ. 286,

umts of Weights and Measures, Price $2.25, SO Catalog No. C13.10:2886,
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Approximate Conversions from Metric Measures

Symbol When You Know Multigly by To Find Symbol
LENGTH
mm millimeters 0.04 inches in
cm centimeters 0.4 inches in
m meters 3.3 feet f
m meters 1.1 yards yd
km kilometers 0.6 miles mi
AREA
cr;vZ square centimeters 0.16 square inches in?
m square meters 1.2 square yards ya?
kmz square kilometers 0.4 square mijes mil
ha hectares (10,000 m?) 25 acres
MASS (weight)
9 grams 0.035 ounces oz
kg kilograms 2.2 pounds Ib
t tonnes {1000 kg) 11 short tons
VOLUME
mi milliliters 0.03 fluid ounces floz
| liters 24 pints pt
! liters 1.06 quarts qt
} liters 0.26 gallons gal
m? cubic meters 35 cubic feet "
m cubic meters 1.3 cubic yards yda
TEMPERATURE {exact)
°c Celsius 9/8 {then Fahrenheit °F
temperature add 32) temperature
°oF
°F 32 98.6 22
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INTRODUCTION

PURPOSE.

The purpose of this effort was to
determine the performance characteris-

tics of transponders in general aviation:

aircraft in an operational environment.
BACKGROUND.

At the request of the Airway Facilities
Service (AAF) and the Systems Research
and Development Service (SRDS), the
Federal Aviation Administration (FAA)
Technical Center was commissioned to
provide data from general aviation
aircraft transponders in calendar year
1979. This report 1is essentially the
continuation of Report No. FAA-RD-
79-56 (reference 1).

TRANSPONDER PERFORMANCE ANALYZER.

GENERAL DESCRIPTION, The transponder
performance analyzer (TPA) is an auto-
mated mobile test system capable of
testing many transponders while operat-
ing in the aircraft or in a laboratory
bench mode of operation. The TPA is
fully self-contained and housed in a bus
(figure 1) for mobility. The equipment
consists of a modified AN/UPX-14 beacon
transmitter/receiver, directional horn
antenna, voltage control (digital) PIN
diodes, pulse mode generator (PMG),
radiofrequency (RF) control unit, reply
processor, digital clock, computer
buffer, minicomputer with magnetic tape
and disk storage, a display terminal
with hard copy printer, and other
elements for timing (e.g., control and
analog-to-digital (A/D) conversions).
(see figures 2, 3, and 4.)

TPA OPERATION AND PROCEDURES. The
minicomputer issues commands to the PMG,
which establishes the pulse rate and
spacing between 1interrogation pulses.
The PMG also triggers the transmitter,
which generates a low level of RF power.
The control of the pulse rate and pulse
spacing 1is utilized in measurement

of transponder dead time, suppression
time, decode accuracy, and other charac-
teristics. The amplitude of the RF
is controlled by voltage variable
attenuators that feed the horn antenna.
The horn antenna transmits and receives
all the RF pulses between the TPA and
test aircraft. The transponder reply is
processed through the receiver inter-
mediate frequency (IF) amplifiers and
various circuits for measurement of
pulse amplitude, width, and spacing and
then recorded on magnetic tape for data
reduction and future analysis. A
100-megahertz (MHz) clock is used to
measure the pulse width, spacing,
and timing. A cathode ray tube (CRT)
provides a visual output during the
test. A thermal printer provides a hard
copy printout for immediate assessment.
Figure 5 1is the TPA Block Diagram.

In the ramp test procedure, the TPA bus
is located alongside the taxiway and the
aircraft under test is positioned over a
calibrated reference mark (figure 6).
The aircraft pilot is requested to turn
on the transponder and squawk a speci-
fied code. The test requires approxi-
mately 30 seconds. When the aircraft
transponder antenna is over the refer-
ence mark, the free~space attenuation,
horn antenna gain, envirommental condi-
tions, and cable losses are accounted
for in amplitude dependent measurements
such as transponder power output and
sensitivity. The computer software
automatically controls interrogation
signal amplitude, spacing, and rate and
records the transponder response to
the interrogation signals. Typical
processed reply characteristics are
shown on the computer printout (figure
7). The TPA calibration and test
procedures use the United States (U.S.)
National Aviation Standard for the IFF
Mark X (SIF)/Air Traffic Control Radar
Beacon System Characteristics (reference
2); The Radio Technical Commission for
Aeronautics (RTCA) "Minimum Performance
Standards Airborne ATC Transponder
Equipment Testing Procedures" (refer-
ence 3); and RTCA "Minimum Operational
Characteristics—Airborne ATC Transponder



Systems'" (reference 4) for guidance
and control of test signal characteris—
tics and measurements of transponder
response.

DATA COLLECTION.

The 1979 data collection included five
air shows/fly-ins and two general
aviation airports in the Atlanta,
Georgia, area. The air shows were
selected based on expected number of
aircraft, geographic area, travel
requirements, and other considerations.
The two general aviation airports were
included at the request of the FAA
Southern Region. Air shows selected
were:

Reading, Pa. (air show) May 1979
Dayton, Ohio (air show)  July 1979
White Lake, N.Y. (air show) Aug 1979
Opa-Locka, Fla. (fly-in) Oct 1979
Kissimmee, Fla. (air show) Nov 1979
Atlanta, Ga.* (fly-in) Nov 1979

*(DeKalb and Fulton County Airports)

DATA SAMPLES.

More .than 700 aircraft were interrogated
in 1979 by the TPA bus at the various
air shows and fly-ins. Of these, 690
were considered valid samples for com-—
piling statistics., The invalid samples
were the result of duplication of tests
by the same aircraft at another air
show or daily return to the same show.
Duplicate data were automatically dis-
carded during data reduction. Another
cause for invalid data was aircraft
movement from the calibrated reference
point before the data collection process
was completed. It is noted that all
data samples were from voluntary
participants in the program.

PARAMETERS MEASURED.

Transponder test parameters are listed
in table 1. The parameter values are
recorded as a function of interroga-
tion signal conditions and represent
the average value tor a number of

interrogations at each condition. The
test results are automatically compared
with the national standards (defined in
reference 2) and an output provided
for operator use. The data are also
recorded on magnetic tape for further
analysis.,

TEST PROCEDURES.

A very high frequency (VHF) communica-
tion channel was assigned by frequency
management prior to the air show/fly-in
date. This information, along with
other general information about the TPA,
was utilized in Notices to Airmen
(NOTAM's), Automatic Terminal Informa-
tion Service (ATIS), brochures, and
handouts for advance publicity.
In addition, signs directed the aircraft
towards the TPA bus testing area and
parking facilities. Once communication
was established, the volunteer pilot was
directed by a member of the TPA team to
the calibrated mark on the taxiway
(figure 6) and advised to operate his
transponder on a specified discrete
code. When the personnel in the TPA
bus detected reply signals from the
transponder, they entered the aircraft
tail number and reply frequency via the
CRT keyboard.

The directional antenna (horn) used to
couple the signal between the aircraft
transponder antenna and the TPA bus is
a Scientific Atlanta standard gain horn,
model 12-0.9. Calibration and dimen~
sions for the horn are taken from the
Naval Research Laboratory (NRL) Report
No. 4433. The nominal gain at 1.0
gigahertz (GHz) is 13.7 decibels (dB).
The E and H plane nominal beam widths
are 35 and 40 degrees, respectively.
The average height from the ground
to the general aviation transponder
antennas is approximately 30 inches.
The horn is set at that height. A
coupling factor due to height variation
is taken into consideration as part of
the measurement tolerance (reference 5,
pages 48 and 49). The distance of 50
feet between horn and aircraft antenna
is used for separation and clearance



TABLE 1.

TEST PARAMETERS

Measurement
Characteristics Specification Tolerance Remarks
1. Dead Time No greater than 125 us
2. Suppression Time 35 +10 pus
3. Reply Power At least 48.5 dBm not *3 aB* For aircraft operating
more than 57 dBm below 15,000 feet.
4., Frequency 1090 +3 MHz
5. F] Pulse Width 450 +100 ns +20 ns
6. Fp Pulse Width 450 +100 ns +20 ns
7. Semsitivity 69 -77 dBm +3 dB*
“ 8. Delay Time Diff. Not to exceed 200 ns :}0 ns Delay variations between
modes (e.g., A, C)
9. Reply Jitter Not to exceed 100 ns +10 ns
10. Mode A Delay 3 +0.5 us
11. Mode € Delay 3 +0.5 ps
12. F; - Fp Spacing 20.3 +0.1 pus +20 ns
13. SLS Decode Accur. 2.0 +0.15 ps Interval between Pj Py
14, Mode A Decode Accur. 8.0 +0.2 us Interval between P} P3
15, Mode C Decode Accur. 21.0 +0.2 pus Interval between P P3

*Measurement error and/or antenna coupling factor include variations due to antenna height, lobing,

reflections, etc.




taken into account
during calibration. Calibration of the
TPA electronics utilizes the state-of-
the-art test equipment and a reference
transponder. The reference transponder
is measured for the 15 parameters
directly by the TPA equipment (bench
test), and the parameter values recorded
for comparison purposes.

purposes and 1is

The reference transponder and antenna
are then placed over the calibration
mark on the taxiway and the measurements
repeated. The transponder is interro-
gated as in normal operation and the TPA
equipment adjusted by offset’ voltages
and computer parameters to produce the
same readings as previously recorded
from the bench test. This procedure
accounts for coupling factors such as
free-space attenuation, ground effects
(i.e., lobing, reflections, and shield-
ing), cable losses, power level set-
tings, gain of the horn, etc.

RESULTS

Measurements of the 15 parameters from
all 690 samples obtained in 1979 were
compared to the standards. Table 2
indicates the percentage of transponders
meeting the standards for the 15 charac-
teristics measured at the individual
shows and fly-ins as well as composite
data for 1979. A measurement tolerance
is also. indicated to allow for possi-
ble measurement error and/or antenna
coupling. These are taken into consid-
eration in the calculation of power
output and sensitivity.

Table 3 shows the percentages of trans-
ponders which met some number of the
standards where the parameter number
varies from 1 to 15. Figures 8 through
19 are the composite data (690 samples)
for each of the individual parameters
for a total of 10,350 measurements.

From table 2 it
mately 14 to 16 percent
standards for reply power,

is noted that approxi-
failed to meet
sensitivity,

delay time difference, bracket pulse
spacing, and mode C decode accuracy.
Examination of table 3 composite data
shows only 42 percent of the 690 trans-
ponders tested met all 15 parameters;
that is, 58 percent failed at least one
parameter. Thirty-five percent failed
at least two parameters and 21 percent
failed at least three parameters. This
does not necessarily mean the transpon-—
ders will not work in the normal ATC
environment, but it does mean marginal
performance. For example, power
exceeding specification would simply be
detected at longer ranges. Greater
sensitivity could also result in detec-
tion at longer ranges, but could also
result in "ring~around" (transponder
would respond at many or all azimuths).
Reduced power and/or sensitivity would
result in only shorter range detection
and would not function satisfactorily in
long range operation. The other param-—
eters could have varying effects
depending on what direction and how much
the parameter 1is out. The possible
causes for the transponders being out
of specification are lack of, or defi-
ciency of, maintenance. It is suspected
that many of the transponders are not
checked and calibrated as required by
regulation. Secondly, the transponders
may be checked and certified on the
basis of bench checks which would
not include the antenna and associated
couplings. This could affect the power
and sensitivity of the transponders
performance.

It is also noted that the data in this
report includes data collected at Peach
Tree/DeKalb and Fulton County Airports,
Atlanta, Georgia. The Atlanta data
indicate slightly better performance
than the air show data. This is attrib-
uted to the greater number of trainer
and executive business type aircraft
tested as compared with the air show
data samples. It is probable the
maintenance/calibration schedules for
these aircraft would be better than
the privately owned aircraft because of
cost and tax write-offs.



*Measurement Tolerance provides for measurement error and/or antenna coupling factor

Reading (66)

TABLE 2.

Dayton (128)

PERCENTAGE

White Lake (56)

OF TRANSPONDERS MEETING STANDARDS

Opa-Lock (167)

Kissimmee (165)

Atlanta (108)

Composite (690)

Meas.¥* Spec. Meas.* Spec. Meas.* Spec. Meas . * Spec. Meas.* Spec. Meas.* Spec. Meas.* Spec.
CHARACTERISTICS Toler. % 2 Toler. % 4 Toler. 2 b4 Toler. % 2 Toler. 4 Toler. % )4 Toler. % X No. a/C
Dead Time 100.00 100.00 98.21 100.00 99.39 99.07 99.57 687
Suppression Time 92.42 96.87 87.50 92.81 93.94 99.44 .93.62 646
Reply Power 25.76 74.24 28.12 89.06 32.14 83.93 37.72 85.03 18.18 76.97 34.26 90.74 129,13 83.77 578
Frequency 95.45 89.06 89.29 95.81 95.15 91.67 93.33 644
F) Pulse Width 4.55 87.88 4.69 92.19 1.79 91.07 4.19 88.62 4.85 88.48 2.78 94 .44 4,06 90.29 623
Fy Pulse Width 3.03 86.36 10.16 94.53 5.36 52.86 2.99 93.41 1.21 89.70 6.48 94 .44 4.60 92.17 636
Sensitivity 22.73 74.24 27.34 87.50 28.57 85.71 34.73 87.43 44,85 89.70 21.30 87.04 32.02 86.52 597
Delay Time Diff. 0.0 87.88 1.56 87.50 1.79 82.14 1.20 .86.83 3.64 83.64 1.85 89.81 1.88 86.38 596
Reply Jitter 4.55 93.94 3.12 89.84 0.00 91.07 5.39 95.21 4.26 93.33 4.63 96.30 4.06 93.48 645
Mode A Delay 89.39 93.75 82.14 92.22 86.67 95.37 90.58 625
Mode C Delay 87.88 94.53 83.93 95.81 91.52 93.52 92.46 638
F) F; Spacing 4.55 81.82 4.69 83.59 7.14 78.57 8.38 85.63 4.85 83.03 1.85 90,74 5.36 84.49 583
SLS Decode Accur. 84.85 88.28 92.86 85.03 93.33 91.67 88.84 613
Mode A Decode Accur. 93.94 89.84 85.71 95.21 93.94 93.52 92.46 638
Mode € Decode Accur. 96.97 80.47 80.36 85.63 83.64 87.96 84.78 585

including variations due to antenna height, lobing, shielding, reflections, etc.



TABLE 3. PERCENTAGE OF TRANSPONDERS MEETING "N" OF THE 15 STANDARDS

: . Reading (66) Dayton (128) White Lake (56) Opa-Loca (167) Kissimmee (165) Atlanta (108) Composite (690)
P N'" Standards '
Out of 15 No. A/C % No. A/C 7 No. A/C A No. A/C z No. A/C % No. A/C Z No. A/C %
15 24 36.36 46 35.94 20 35.71 63 37.72 77 46.67 60 55.56 289 41.88
; 4 38 57.58 83 64 .84 33 58.93 109 65.27 109 66.06 79 73.15 451 65.36
J 13 52 78.79 104 81.25 40 71.43 136 81.44 126 76.36 91 84,26 548 79.42
i i2 56 84 .85 113 88.28 43 76.79 151 90.42 137 83.03 96 88.89 595 86.23
: 11 58 87.88 121 94.53 47 83.93 156 93.41 145 87.88 102 94 .44 627 90.87
i 10 59 89.39 124 96,87 51 91.07 162 97.01 149 . 90.30 105 97.22 649 94,06
“ 9 61 92.42 125 97.66 53 94 .64 166 99.40 158 95.76 106 98.15 669 96.96
i 8 66 106.00 126 98.44 53 94 .64 167 100.00 162 98.18 107 99.07 681 98.70
’ 7 66 100,00 127 99 .22 55 9§8.21 167 100.00 163 98.79 108 100.00 686 99.42
o 6 66 100.00 128 100.00 56 100.00 167 100.00 164 99.39 108 100,00 689 99 .86
5 66 100.00 128 100.00 56 100.00 167 100.00 165 100.00 108 100.00 690 100.00
4 66 100.00 128 100.00 56 100.00 167 100.00 165 100.00 108 100.00 690 100.00
3 66 100.00 128 100.00 56 100.00 167 100.00 165 100.00 108 100.00 - 690 100.00
2 66 100.00 128 100.00 56 100.00 167 100.00 165 100,00 108 100.00 690 100.00
1 66 100.00 128 100.00 56 100.00 167 100.00 165 100.00 108 100.00 690 100.00
0 66 100.00 128 100.00 56 100.00 167 100.00 165 100.00 108 100.00 690 100.00



COMPARATIVE ANALYSIS

The number of data samples collected for
this reporting effort was 690, which
is approximately 0.7 percent of the
estimated 100,000, plus transponders
installed in general aviation aircraft.
Transponder data collected in FAA-RD-79-
56 (reference 1) is approximately 1
percent (roughly 1,000 samples) and can
be compared with the above. Tables 4
and 5 show the difference .between the
two sampling periods.

Table 5 shows the percentage of trans-—
ponders meeting at least "N" of the 15
standards (composite) for both 1977/1978
and 1979. It can be seen that in
1977/1978 approximately 36 percent met
15 out of 15; 61 percent met 14 out of
15; 79 percent met 13 out of 15; and 88
percent met 12 out of 15. 1In 1979, 42
percent met 15 out of 15; 65 percent met
14 out of 15; 79 percent met 13 out of
15; and 86 percent met 12 out of 15.
The 1979 data as compared with the
1977/1978 data are very similar.

Again, the two most commonly out-of-
specification parameters are reply power
and sensitivity, which are also the two
most difficult parameters to measure.
This is due to the variables and condi-~
tions previously discussed: ground
effect and antenna coupling/orientation
(lobing, reflections, shielding, etc.).
Therefore, an additional 3 dB was
~allowed under the heading "Meas.
Toler. %," in tables 2 and 4 and figures
10 and 14 for reply power and sensi-
tivity measurements. This 3 dB, or grey
area, where the measurement tolerance
percent 1is indicated, shows a greater
percentage in tolerance than those for
pulse width, jitter, delay, and F; -

F, spacing. An example in table 4,
under composite for reply power, shows
that 83.77 percent met the specification
out of 690 transponders, of which 29.13
percent were in this grey area as
indicated under 'Meas. Toler. %." The
same applies for sensitivity, wherein,
86.52 percent met the specification, of
which 32.02 percent were in the grey
area. Measurement tolerance for pulse
width, jitter, and delay are relatively
small due to electronic equipment and
test equipment error. These tolerances
are negligible, as indicated in table
2. Other areas that appear to have a

higher out-of-specification parameter
are F] - Fy spacing and mode C decode
accuracy.

SUMMARY

1. Only 42 percent of the 690 trans-
ponders tested in 1979 met national
standards for all 15 test parameters, or
conversely, 58 percent failed at least
1 of the 15 parameters tested. Thirty-
five percent failed at least two
parameters, and 21 percent failed at
least three parameters.

2. Further, there is no significant
difference between the 1977/1978 per-
formance level and the 1979 level when
the Atlanta data are excluded. There 1is
only a 6 percent improvement when the
Atlanta data are included.

3. The percentage of transponders out
of specification would have a signifi-
cant impact on the air traffic control
environment in terms of reduced range,
intermittent or no target detection, .and
ring—around.



TABLE 4. PERCENTAGE OF TRANSPONDERS MEETING STANDARDS (1977/1978 VERSUS 1979)

Composite 1977/1978 (965) Composite 1979 (690)

Meas.* Spec. Meas.* Spec.
Characteristics Toler. % % Toler. % %

1. Dead Time 97.6 99.57

2. Suppression Time ' ‘ 92.1 93.26

3. Reply Power . 22.69 83.1 29.13 83.77

4. Frequency _ 92.5 93.33

5. F) Pulse Width ‘ 5.08 . 89.3 4.06 90.29

6. F9 Pulse Width 4.77 87.5 4,60 92.17

7. Sensitivity 24.14 78.1 32.02 86.52

8. Delay Time Diff. 2.38 92.8 1.88 86.33

9. Reply Jitter 3.73 93.7 4,06 93.48

10. Mode A Delay 96.0 90.58
11. Mode C Delay 95.8 92.46
12 F)} Fy Spacing 5.38 88.8 5.36 84 .49
13. SLS Decode Accur. : 90.1 88.84
14. Mode A Decode Accur. 89.2 92.46
15. Mode C Decode Accur. 82.3 84.78

*Measurement Tolerance provides for measurement error and/or antenna coupling
factor including variations due to antenna height, lobing, shielding, reflections,
etc. :

TABLE 5. PERCENTAGE OF TRANSPONDERS MEETING "N" OF THE 15 STANDARDS
(1977/1978 VERSUS 1979)

Composite 1977/78 (965) Composite 1979 (690)

N' Standards

Qut of 15 No. A/C % No. A/C %
15 348 36.1 289 41.88
14 590 61.2 451 65.36
13 760 78.8 548 79.42
12 852 88.3 595 86.23
11 910 94.3 627 . 90.87
10 935 96.9 649 94.06

9 944 97.83 669 96.96
8 954 98.87 681 98.70
7 958 99,28 686 99.42
6 960 99.49 689 99.86
5 962 99,7 690 100.00
4 963 99.8 690 100.00
3 964 99.9 690 100.00
2 965 100.00 690 100.00
1 965 100.00 690 100.00
0 965 100.00 690 100.00
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DO-144, March 12, 1970.

5. Transponder Test Program, Federal
Aviation Administration, FAA-RD-72-30,
April 12, 1971.
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	.­
	INTRODUCTION 
	INTRODUCTION 
	PURPOSE. 
	The purpose of this effort was to determine the performance charac teris­tics of transponders in general aviation aircraft in an operational environment. 
	BACKGROUND. 
	At the request of the Airway Facilities Service (AAF) and the Systems Research and Development Service (SRDS), the Federal Aviation Administration (FAA) Technical Center was commissioned to provide data from general aviation aircraft transponders in calendar year 1979. This. report is essentially the cont inuat ion of Report No. FAA-RD­79-56 (reference 1). 
	TRANSPONDER PERFORMANCE ANALYZER. 
	GENERAL DESCRIPTION. The transponder performance analyzer (TPA) is an auto­mated mobile test system capable of testing many transponders while operat­ing in the aircraft or in a Illboratory bench mode of operation. The TPA is fully self-contained and housed in a bus (figure 1) for mobility. The equipment consists of a modified AN/UPX-14 beacon transmitter/receiver, directional horn antenna, voltage control (digital) PIN diodes, pulse mode generator (PMG), radiofrequency (RF) control unit, reply processor, d
	TPA OPERATION AND PROCEDURES. The minicomputer issues commands to the PMG, which establishes the pulse rate and spacing between interrogation pulses. The PMG also triggers the transmitter, which generates a low level of RF power. The control of the pulse rate and pulse spacing 1S util ized in measurement 

	of transponder dead time, suppression time, decode accuracy, and other charac­teristics. The amplitude of the RF is controlled by voltage variable attenuators that feed the horn antenna. The horn antenna transmits and receives all the RF pulses between the TPA and test aircraft. The transponder reply is processed through the receiver inter­mediate frequency (IF) amplifiers and various circuits for measurement of pulse amplitude, width, and spacing and then recorded on magnetic tape for data reduction and fu
	In the ramp test procedure, the TPA ·bus is located alongside the taxiway and the aircraft under test is positioned over a calibrated reference mark (figure 6). The aircraft pilot is requested to turn on the transponder and squawk a speci­fied code. The test requires approxi­mately 30 seconds. When the aircraft transponder antenna is over the refer­ence mark, the free-space attenuation, horn antenna gain, environmental condi­t ions, and cab Ie los ses are accounted for in amplitude dependent measurements su
	I. 
	I. 

	Systems" (reference 4) for guidance 
	and 
	and 
	and 
	control 
	of 
	test 
	signal 
	characteris­

	tics 
	tics 
	and 
	meas
	ureme
	nts 
	of 
	transponder 

	response. 
	response. 


	DATA COLLECTION. 
	The 1979 data collect ion included five air shows/fly-ins and two general aviation airports in the Atlanta, Georgia, area. The air shows were selected based on expected numper of aircraft, geographic area, travel requirements, and other considerations. Th,~ two general aviat ion airports were included at the request of the FAA Southern Region. Air shows selected were: 
	Reading, Pa. (air show) May 1979 Dayton, Ohio (air show) July 1979 White Lake, N.Y. (air show) Aug 1979 Opa-Locka, Fla. ( fly-in) Oct 1979 Kissimmee, Fla. (air show) Nov 1979 Atlanta, Ga.* ( fly-in) Nov 1919 
	*(DeKalb and Fulton County Airpdrts) 
	DATA SAMPLES. 
	More .than 700 aircraft were interrogated in 1979 by the TPA bus at the various air shows and fly-ins. Of these, 690 were considered valid samples for com­piling statistics. The invalid samples WE~re the result of duplication of tests by the same aircraft at another air show or daily return to the same show. Dupl icate data were automat ically d is­carded during data reduction. Another cause for invalid data was aircraft movement from the calibrated reference point before the data collection process was com
	PARAMETERS MEASURED. 
	Transponder test parameters are listed in table 1. The parameter values are recorded as a function of interroga­tion Hi~nRl conditions and represent the nvera~e value for a number of 
	interrogations at each condition. The test results are automatically compared ~ith the national standards (defined in reference 2) and an output provided for operator use. The data are also recorded on magnetic tape for further analysis. 
	TEST PROCEDURES. 
	A very high frequency (VHF) communica­t ion channel was assigned by frequency management prior to the air show/fly-in date. This information, along with other general information about the TPA, was utilized in Notices to Airmen (NOTAM' s), Automatic Terminal Informa­t ion Service (ATIS), brochures, and handouts for advance publicity. In addition, signs directed the aircraft towards the TPA bus testing area and parking faci! it ies. Once communication was established, the volunteer pilot was directed by a me
	The directional antenna (horn) used to couple the signal between the aircraft transponder antenna and the TPA bus is a Scientific Atlanta standard gain horn, model 12-0.9. Calibration and dimen­Slons for the horn are taken from the Naval Research Laboratory (NRL) Report No. 4433. The nominal gain at 1.0 gigahertz (GHz) is 13.7 decibels (dB). The E and H plane nominal beam widths are 35 and 40 degrees, respectively. The average height from the ground to the general aviation transponder antennas is approximat
	2. 
	2. 

	". .. 'r 
	TABLE 1. TEST PARAMETERS 
	Measurement Characteristics Specification Tolerance Remarks 
	1. 
	1. 
	1. 
	Dead Time. No greater than 125 ~s 

	2. 
	2. 
	2. 
	Suppression Time. 35 +10 ~s 


	3.. 
	3.. 
	Reply Power At least 48.5 dBm not +3 dB* For aircraft operating more than 57 dBm below 15,000 feet. 

	4. 
	4. 
	Frequency. 1090 +3 MHz. 


	5. F1 
	5. F1 
	5. F1 
	Pulse Width 
	450 +100 
	ns 
	+20 
	ns 

	6. F2 
	6. F2 
	Pulse Width 
	450 +100 
	ns 
	+20 
	ns 

	w 
	w 
	7. Sensitivity 8. Delay Time Diff. 
	Not 
	69 -77 dBm to exceed 200 
	ns 
	+3 +50 
	dB* ns 
	Delay variations between modes (e.g., A, C) 

	TR
	9. Reply Jitter 
	Not 
	to exceed 100 
	ns 
	+10 
	ns 

	TR
	10. Mode A Delay 
	3 +0.5 
	~s 

	TR
	11. Mode C Delay 
	3 +0.5 
	~s 

	TR
	12. Fl 
	-F2 Spacing 
	20.3 +0.1 
	/-Ls 
	+20 
	ns 

	TR
	13. SLS Decode Accur. 
	2.0 +0.15 
	~s 
	Interval between PI 
	P2 

	TR
	14. Mode A Decode Accur. 15. Mode C Decode Accur. 
	8 .0 ,::0.2 /-Ls 21 .°+0. 2 /-Ls 
	Interval between PI Interval between PI 
	P3 P3 

	TR
	*Measurement error reflections, etc. 
	and/or antenna coupling factor 
	include 
	variations due 
	to 
	antenna height, lobing, 


	purposes and is taken into account during calibration. Calibration of the TPA electronics utilizes the state-of­th€!-art test equipment and a referencE! transponder. The reference transponder is measured for the 15 parameters directly by the TPA equipment (bench test), and the parameter values recorded for comparison purposes. 
	Th,e reference transponder and antenna are then placed over the calibration mark on the taxiway and the measuremertts repeated. The transponder is interro­gated as in normal operation and the TPA equipment adjusted by offset voltages and computer parameters to produce the sa~e readings as previously recorded from the bench tes t. Th is procedure accounts for coupl ing factors such as free-space at tenuat ion, ground effects 
	(i. e., lobing, reflect ions, and shield­ing), cable losses, power level set­tings, gain of the horn, etc. 
	RESULTS 
	RESULTS 

	Measurements of the 15 parameters from all 690 samples obtained in 1979 were compared to the standards. Table 2 indicates the percentage of transponders meeting the standards for the 15 charac­teristics measured at the individual shows and fly-ins as well as composite data for 1979. A measurement tolerance is also ind icated to allow for poss i­ble measurement error and/or antenna coupling. These are taken into consid­eration in the calculation of power output and sens itivity. 
	Table 3 shows the percentages of trans­ponders which met some number of the standards where the parameter number varies from 1 to 15. Figures 8 through 19 are the composite data (690 samples) for each of the individual parameters lEor a total of 10,350 measurements. 
	From table 2 it is noted that approxi­IRately 14 to 16 percent failed to meet standards for reply power, sensitivity, 
	delay time dif1ference, bracket pulse spacing, and mode C decode accuracy. Examination of table 3 composite data shows only 42 percent of the 690 trans­ponders tested met all 15 parameters; that is, 58 percent failed at least one parameter. Thirty-five percent faUed at least two parameters and 21 percent failed at least three parameters. This does not necessarily mean the transpon­ders will not work in the normal ATC environment, but it does mean marginal performance. For example, power exceeding specificat
	It is also noted that the data in this report includes data collected at Peach Tree/DeKalb and Fulton County Airports, Atlanta, Georgia. The Atlanta data indicate slightly better performance than the air show data. This is attrib­uted to the greater number of trainer and executive business type aircraft tested as compared with the air show data samples. It is probable the maintenance/calibration schedules for these aircraft would be better than the privately owned aircraft because of cost and tax write-offs
	~. 
	4. 
	4. 

	" 
	" 
	TABLE 2. PERCENTAGE OF TRANSPONDERS MEETING STANDARDS. 
	Table
	TR
	Readin~ 
	Dayton (28) 
	White Lake 
	(56) 
	Opa-Lock (67) 
	Kissimmee 
	(65) 
	Atlanta 
	(08) 
	Composite (690) 

	TR
	CHARACTERI STICS 
	Meas.* Toler. % 
	Spec. % 
	Heas. * Toler. % 
	Spec. % 
	Hess. * Toler. % 
	Spec. % 
	Heas.* Toler. % 
	Spec. % 
	Heas.* Toler. % 
	Spec. % 
	Hess.* Toler. % 
	Spec. % 
	Keas.* Toler. % 
	Spec. % 
	No. 
	Alc 

	TR
	1. Dead Time 
	100.00 
	100.00 
	98.21 
	100.00 
	99.39 
	99.07 
	99.57 
	687 

	TR
	2. Suppression Time 
	92.42 
	96.87 
	87.50 
	92.81 
	93.94 
	99.44 
	93.62 
	646 

	TR
	3. Reply Power 
	25.76 
	74.24 
	28.12 
	89.06 
	32.14 
	83.93 
	37.72 
	85.03 
	18.18 
	76.97 
	34.26 
	90.74 
	29.13 
	83.77 
	578 

	TR
	4. Frequency 
	95.45 
	89.06 
	89.29 
	95.81 
	95.15 
	91.67 
	93.33 
	644 

	TR
	5. FI Pulse Width 
	4.55 
	87.88 
	4.69 
	92.19 
	1.79 
	91.07 
	4.19 
	88.62 
	4.85 
	88.48 
	2.78 
	94.44 
	4.06 
	90.29 
	623 

	TR
	6. F2 Pulse Width 
	3.03 
	86.36 
	10.16 
	94.53 
	5.36 
	92.86 
	2.99 
	93.41 
	1.21 
	89.70 
	6.48 
	94.44 
	4.60 
	92.17 
	631> 

	TR
	7. Sensitivity 
	22.73 
	74.24 
	27.34 
	87.50 
	28.57 
	85.71 
	34.73 
	87.43 
	44.85 
	89.70 
	21.30 
	87.04 
	32.02 
	86.52 
	597 

	TR
	8. Delay Time Diff. 
	0.0 
	87.88 
	1.56 
	87.50 
	1. 79 
	82.14 
	1.20 
	86.83 
	3.64 
	83.64 
	1.85 
	89.81 
	1.88 
	86.38 
	596 

	V1 
	V1 

	TR
	9. Reply Jitter 
	4.55 
	93.94 
	3.12 
	89.84 
	0.00 
	91.07 
	5.39 
	95.21 
	4.24 
	93.33 
	4.63 
	96.30 
	4.06 
	93.48 
	645 

	TR
	10. Mode A Delay 
	89.39 
	93.75 
	82.14 
	92.22 
	86.67 
	95.37 
	90.58 
	625 

	TR
	II. 
	Mode 
	C Delay 
	87.88 
	94.53 
	83.93 
	95.81 
	91.52 
	93.52 
	92.46 
	638 

	TR
	12. FI 
	F2 
	Spac ing 
	4.55 
	81.82 
	4.69 
	83.59 
	7.14 
	78.57 
	8.38 
	85.63 
	4.85 
	83.03 
	1.85 
	90.74 
	5.36 
	84.49 
	583 

	TR
	13. SLS 
	Decode Accur. 
	84.85 
	88.28 
	92.86 
	85.03 
	93.33 
	91.67 
	88.84 
	613 

	TR
	14. Mode 
	A Decode Accur. 
	93.94 
	89.84 
	85.71 
	95.21 
	93.94 
	93.52 
	92.46 
	638 

	TR
	15. Mode 
	C Decode Accur. 
	96.97 
	80.47 
	80.36 
	85.63 
	83.64 
	87.96 
	84.78 
	585 

	TR
	*Heasurement Tolerance 
	provides 
	for measurement 
	error 
	and/or 
	antenna 
	coupling 
	factor 

	TR
	including variations due 
	to antenna 
	height, 
	lobing, 
	shielding, reflections, 
	etc. 


	TABLE 3. PERCENTAGE OF TRANSPONDERS MEETING "N" OF THE 15 STANDARDS 
	Table
	TR
	Reading (66) 
	Dayton (28) 
	White Lake 
	(56) 
	Opa-Loca 
	067> 
	Kissimmee 
	<I65) 
	Atlanta 
	(08) 
	Composite (690) 

	"N" Standards 
	"N" Standards 

	Out 
	Out 
	of 15 
	No. 
	A/C 
	% 
	No. 
	A/c 
	_%_ 
	No. 
	A/C 
	% 
	No. 
	Ale 
	% 
	No. 
	A/C 
	_%_0_ 
	No. 
	A!S.. 
	% 
	No. 
	A/C 
	% 

	15 
	15 
	24 
	36.36 
	46 
	35.94 
	20 
	35.71 
	63 
	37.72 
	77 
	46.67 
	60 
	55.56 
	289 
	41.88 

	14 
	14 
	38 
	57.58 
	83 
	64.84 
	33 
	58.93 
	109 
	65.27 
	109 
	66.06 
	79 
	73 .15 
	451 
	65.36 

	13 
	13 
	52 
	78.79 
	104 
	81.25 
	40 
	71.43 
	136 
	81.44 
	126 
	76.36 
	91 
	84.26 
	548 
	79.42 

	12 
	12 
	56 
	84.85 
	113 
	88.28 
	43 
	76.79 
	151 
	90.42 
	137 
	83.03 
	96 
	88.89 
	595 
	86.23 

	11 
	11 
	58 
	87.88 
	121 
	94.53 
	47 
	83.93 
	156 
	93.41 
	145 
	87.88 
	102 
	94.44 
	627 
	90.87 

	10 
	10 
	59 
	89.39 
	124 
	96.87 
	51 
	91.07 
	162 
	97.01 
	149 
	90.30 
	105 
	97.22 
	649 
	94.06 

	9 
	9 
	61 
	92.42 
	125 
	97.66 
	53 
	94.64­
	166 
	99.40 
	158 
	95.76 
	106 
	98. is 
	669 
	96.96 

	8 
	8 
	66 
	100.00 
	126 
	98.44 
	53 
	94.64 
	167 
	100.00 
	162 
	98.18 
	107 
	99.07 
	681 
	98.70 

	7 
	7 
	66 
	100.00 
	127 
	99.22 
	55 
	98.21 
	167 
	100.00 
	163 
	98.79 
	108 
	100.00 
	686 
	99.42 

	0\ 
	0\ 
	6 5 
	66 66 
	100.00 100.00 
	128 128 
	100.00 100.00 
	56 56 
	100.00 100.00 
	167 167 
	100.00 100.00 
	164 165 
	99.39 100.00 
	108 108 
	100.00 100.00 
	689 690 
	99.86 100.00 

	TR
	4 
	66 
	100.00 
	128 
	100.00 
	56 
	100.00 
	167 
	100.00 
	165 
	100.00 
	108 
	100.00 
	690 
	100.00 

	TR
	3 
	66 
	100.00 
	128 
	100.00 
	56 
	100.00 
	167 
	100.00 
	165 
	100.00 
	108 
	100.00 
	690 
	100.00 

	TR
	2 
	66 
	100.00 
	128 
	100.00 
	56 
	100.00 
	167 
	100.00 
	165 
	100.00 
	108 
	100.00 
	690 
	100.00 

	TR
	1 
	66 
	100.00 
	128 
	100.00 
	56 
	100.00 
	167 
	100.00 
	165 
	100.00 
	108 
	100.00 
	690 
	100.00 

	TR
	0 
	66 
	100.00 
	128 
	100.00 
	56 
	100.00 
	167 
	100.00 
	165 
	100.00 
	108 
	100.00 
	690 
	100.00 


	(l &1 
	COMPARATIVE ANALYSIS. 
	COMPARATIVE ANALYSIS. 
	The number of data samples collected for this reporting effort was 690, which is approximately 0.7 percent of the estimated 100,000, plus transponders ins taIled in general aviat ion aircraft. Transponder data collected in FAA-RD-79­56 (reference 1) is approximately 1 percent (roughly 1,000 samples) and can be compared with the above. Tables 4 and 5 show the difference .between the two sampling periods. 
	Table 5 shows the percentage of trans­ponders meeting at least "N" of the l5 standards (composite) for both 1977/1978 and 1979. It can be seen that in 1977/1978 approximately 36 percent met 15 out of 15; 61 percent met 14 out of 15; 79 percent met 13 out of 15; and 88 percent met 12 out of 15. In 1979, 42 percent met 15 out of 15; 65 percent met 14 out of 15; 79 percent met 13 out .of 15; and 86 percent met 12 out of 15. The 1979 data as compared with the 1977/1978 data are very similar. 
	Again, the two most commonly out-of­specification parameters are reply power and sensitivity, which are also the two most difficult parameters to measure. This is due to the variables and condi­tions previously discussed: ground effect and antenna coupling/orientation <lobing, reflect ions, shielding, etc.). Therefore, an additional 3 dB was allowed under the head ing "Me as. Toler. %," in tables 2 and 4 and figures 10 and 14 for reply power and sensi­tivity measurements. This 3 dB, or grey area, where the 

	F2 spacing. An example 1n table 4, under compos ite for reply power, shows that 83.77 percent met the specification out of 690 transponders, of which 29.13 percent were in this grey area as ind icated under "Me as. Toler. %." The same appl ies for sens itivity, wherein, 
	86.52 percent met the specification, of which 32.02 percent were in the grey area. Measurement tolerance for pulse width, jitter, and delay are relatively small due to electronic equipment and test equipment error. These tolerances are negligible, as indicated in table 
	2. Other areas that appear to have a higher· out-of-specification parameter are F1 -F2 spacing and mode C decode accuracy. 
	SUMMARY 
	1. 
	1. 
	1. 
	Only 42 percent of the 690 trans­ponders tested in 1979 met national standards for allIS test parameters, or conversely, 58 percent failed at least 1 of the 15 parameters tested. Thirty­five percent failed at least two parameters, and 21 percent failed at least three parameters. 

	2. 
	2. 
	Further, there is no significant difference between the 1977/1978 per­formance level and the 1979 level when the Atlanta data are excluded. There is only a 6 percent improvement when the Atlanta data are included. 

	3. 
	3. 
	The percentage of transponders out of specification would have a signifi­cant impact on the air traffic control environment in terms of reduced range, intermittent or no target detection, .and ring-around. 


	7 
	7 

	.,. 
	TABLE 4. PERCENTAGE OF TRANSPONDERS MEETING STANDARDS (1977/1978 VERSUS 1979) 
	Composite 1977/1978 (965) Composite 1979 (690). Meas.* Spec. Meas.* Spec.. Characteristics Toler. % Toler. % %. 
	% 

	1. 
	1. 
	1. 
	Dead Time 
	97.6 
	99.57 

	2. Suppression Time 
	2. Suppression Time 
	92 .1 
	93.26 

	3. Reply Power 
	3. Reply Power 
	22.69 
	83.1 
	29.13 
	83.77 

	4. Frequency 
	4. Frequency 
	92 .5 
	93.33 

	5. 
	5. 
	F1 
	Pulse Width 
	5.08. 
	89.3 
	4.06 
	90.29 

	6. 
	6. 
	F2 
	Pulse Width 
	4.77 
	87.5 
	4.60 
	92.17 

	7. Sens it ivi ty 
	7. Sens it ivi ty 
	24.14 
	78.1 
	32.02 
	86.52 

	8. Delay Time Diff. 
	8. Delay Time Diff. 
	2.38 
	92.8 
	1.88 
	86.33 

	9. Reply Jitter 
	9. Reply Jitter 
	3.73 
	93.7 
	4.06 
	93.48 

	10. Mode A Delay 
	10. Mode A Delay 
	96.0 
	90.58 

	11. Mode C Delay 
	11. Mode C Delay 
	95.8 
	92.46 

	12 
	12 
	F1 
	F2 
	Spacing 
	5.38 
	88.8 
	5.36 
	84.49 

	13. 
	13. 
	SLS 
	Decode Accur. 
	90.1 
	88.84 

	14. 
	14. 
	Mode A Decode Accur. 
	89.2 
	92.46 

	15. 
	15. 
	Mode C Decode Accur. 
	82.3 
	84.78 

	*~[easurement Tolerance 
	*~[easurement Tolerance 
	provides 
	for 
	measurement 
	error 
	and/or antenna 
	coupling 

	fclctor 
	fclctor 
	including variations due 
	to antenna height, 
	lobing, shielding, reflections, 

	etc. 
	etc. 

	TABLE 5. 
	TABLE 5. 
	PERCENTAGE OF 
	TRANSPONDERS 
	MEETING 
	"N" OF THE 
	15 STANDARDS 


	(1977/1978 VERSUS 1979) 
	(1977/1978 VERSUS 1979) 

	Composite 1977/78 (965) Composite 1979 (690) "N" St andards No. AlC % No. A/C % 
	Out of 15 

	15 348 36.1 289 41.88 14 590 61.2 451 65.36 13 760 78.8 548 79.42 12 852 88.3 595 86.23 11 910 94.3 627 90.87 10 935 96.9 649 94.06 9 944 97.83 669 96.96 8 954 98.87 681 98.70 7 958 99.28 686 99.42 6 960 99.49 689 99.86 5 962 99.7 690 100.00 4 963 99.8 690 100.00 3 964 99.9 690 100.00 2 965 100.00 690 100.00 1 965 100.00 690 100.00 a 965 100.00 690 100.00 
	8 
	8 
	REFERENCES. 
	1. 
	1. 
	1. 
	Greenberg, M., Summary of Trans­ponder Data, June 1977 through August 1978, FAA-RD-79-56, August 1979. 

	2. 
	2. 
	U.S. National Aviation Standard for the IFF Mark X(SIF)/Air Traffic Control Radar Beacon System Characteristics, No. 1010.51A, August 3, 1971. 

	3. 
	3. 
	Minimum Performance Standards Air­borne ATC Transponder Equipment, Radio Technical Commission for Aeronautics, DO-ISO, March 17, 1972. 



	4. 
	4. 
	4. 
	Minimum Operational Characteristics­Airborne ATC Transponder Systems, Radio Technical Commission for Aeronautics, Do-144 , March 12, 1970. 

	5. 
	5. 
	Transponder Test Program, Federal Aviation Administration, FAA-RD-72-30, April 12, 1971. 
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