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INTRODUCTION

PURPOSE.

The purpose of this effort was to determine the performance characteristics
of transponders and digitized encoded altimeters in general aviation aircraft
in an operational environment.

BACKGROUND.

Operational field measurements on existing transponders would provide a signif-
icant data base for assessing and evaluating transponder problems in our pres-

ent ATCRBS system and for future system planning. At the request of Airway
Facilities Service (AAF) and Systems Research and Development Service (SRDS),

the National Aviation Facility Experimental Center (NAFEC) was commissioned to
provide data from general aviation aircraft transponders in calendar year 1977.
This report is essentially the continuation of report No. FAA-RD-77-74, "Summary
of Transponder Data, June 1975 through August 1976," dated June 1977 (reference 1).

TRANSPONDER PERFORMANCE ANALYZER (TPA).

GENERAL DESCRIPTION. The TPA is an automated mobile test system capable of
testing many transponder parameters while the transponder is operating in the
airspace environment (airborne), stopped on a ramp, 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 UPX-14 beacon
transmitter/receiver, directional horn antenna, voltage control (digital) PIN
diodes, pulse mode generator (PMG), radio frequency (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, control, analog-to-digital (A/D) conversions, etc. (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 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 is utilized in measurement of
transponder dead time, suppression time, decode accuracy, etc. The amplitude
of the RF is controlled by the PIN diode modulators which feed the PMG and
horn antenna which, in turn, transmits and receives all the RF pulses. The
transponder reply is processed through the receiver intermediate frequency

(IF) amplifiers and various circuits for measurement of pulse amplitude, width,
spacing, etc., 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, and a thermal printer provides a hard copy printout for immediate
assessment., Figure 5 is the TPA block diagram.




In the ramp testing procedure, the TPA bus is located alongside the taxiway,

and the aircraft under test is positioned over a reference mark (figure 6).

The aircraft pilot is requested to turn on the transponder and squawk a speci-
fied code., The test takes approximately 30 seconds. When the aircraft tran-
sponder's antenna is over the calibrated reference mark, the free-space atten-
uation, horn antenna gain, cable losses, etc.,, are accounted for in measure-
ments of transponder power and sensitivity. The computer software automatically
controls interrogation, spacing, rate, etc., as 15 transponder characteristics
are measured and recorded. These are also shown on the computer printout
(figure 7).

DATA COLLECTION.

Transponder data recorded represents 2 calendar years of data collection,

1977 and 1978. During 1977, four air shows/fly-ins were selected for

data collection: (1) the Reading Air Show, June 1977, Reading, Pennsylvania;
(2) Transfair, August 1977, at NAFEC, Atlantic City, New Jersey; (3) the
Confederate Air Show, October 1977, Harlingen, Texas; and (4) the AOPA Fly-In,
October 1977, Opa-locka, Florida. In addition to the above, data collected
during the 1978 NAFEC Transfair are included.

The U.S. National Aviation Standard for the IFF Mark X (SIF)/Air Traffic Control
Radar Beacon System Characteristics, 1010,51A, August 1971 (reference 2); The
Radio Technical Commission for Aeronautics (RTCA), Document DO-150, "Minimum
Performance Standards Airborne ATC Transponder Equipment" testing procedures,
March 1972 (reference 3); and RTCA Document DO-144, "Minimum Operational
Characteristics-Airborne ATC Transponder Systems," March 1970 (reference 4)
were used to determine equipment characteristics for transponders.

1977 TRANSPONDER DATA

DATA SAMPLES.

This section contains a description of the measurements made on transponders
installed in itinerant general aviation aircraft at the following geographic
areas from air shows or fly-ins during 1977.

June 1977 Reading, Pennsylvania (Air Show)

Aug. 1977 Atlantic City, New Jersey (Transfair)
Oct. 1977 Harlingen, Texas (Confederate Air Show)
Oct. 1977 Opa-Locka, Florida (AOPA Fly-In)

More than B00 aircraft were interrogated in 1977 by the TPA bus at the various
air shows and fly-ins. Of these, 753 were considered valid samples for compiling
statistics. The invalid samples were due to the fact that some of the same air-
craft appeared at another listed show or returned daily to the same show, creat-
ing duplicate data which were automatically discarded during data reduction.
Another cause for invalid data was aircraft movement from the calibrated
reference point before the data collection process was completed.
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PARAMETERS MEASURED.

The parameters measured are listed in table 1. The results are compared with
the established standards as defined in reference 2.

TEST PROCEDURES,

A very high frequency (VHF) communication frequency 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 Information Service (ATIS), brochures, and hand-
outs 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 guided by a member of the TPA

team to a calibrated mark on the taxiway 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 all the manual data via the
CRT keyboard.

A CRT presentation is displayed for verification of test results. A hard copy
printout is generated and the test data recorded on magnetic tape for future
analysis. The transponder tests are accomplished within approximately 30
seconds,

A standard gain directional antenna (horn) is used to couple the signal between
the aircraft transponder antenna and the TPA bus, The horn is Scientific
Atlanta model 12-0.9. Calibration and dimensions for the horn are taken from
NRL Report No. 4433. The nominal gain at 1.0 GHz is 13.7 dB. The E-plane and
H-plane nominal bandwidths are 40° and 35°, respectively. The average height
from ground to the general aviation transponder antennas are about 30 inches
and the horm 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 transponder
antenna was used for separation and clearance purposes and is taken into
account during calibration. Calibration to the TPA electronics utilizes the
state-of-the~art test equipment and a reference transponder. The reference
transponder is measured for 15 parameters directly by the TPA equipment

(bench test), and the parameter values are recorded.

The reference transponder is then placed 50 feet away (with a large aluminum
plate approximately 3 square feet, to support an IFP quarter-wave antenna or
"stub" in the center). When the transponder is interrogated, the TPA equip-
ment, would then be readjusted by offset voltages to produce the same readings
as previously recorded from the bench test. This would allow for free-space
attenuation, cable losses, power level settings, gain of the horn, etc. If

a different distance is required, new offset voltages are required to produce
the same readings.
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RESULTS .,

Measurements of the 15 parameters from all 753 samples obtained in 1977 were
compared to the standards. Table 2 indicates these 15 characteristics at the
individual shows and fly-ins as well as composite data for 1977. A measurement
tolerance is also indicated to allow for possible measurement error and/or
antenna coupling (reference 5). These are taken into consideration in the
calculation of power output and sensitivity.

Table 3 shows the percentages of transponders which met some ("N") of the
standards, where the parameter "N" varies from 1 to 15, Figures 8 through 19
are the composite data (753 samples) for each of the individual parameters for
a total of 11,295 measurements,

It can be seen from table 3 that 258 out of 753 transponders met all 15 param-
eters, which is approximately 34 percent, 59 percent of transponders tested
met 14 out of 15 parameters, 77 percent of transponders tested met 13 out of
15 parameters, and 87 percent of transponders tested met 12 out of 15
parameters.

From table 2 one can see parameters with the lowest percentage of meeting the

specifications; namely, reply power, sensitivity, and mode C decode accuracy,
at 83.3 percent, 77.7 percent, and 81,4 percent, respectively,

1978 TRANSPONDER DATA

DATA SAMFLES.

This section contains essentially the same type of transponder data previously
described under 1977 transponder data except that it is for 1978 Transfair at
NAFEC, Atlantic City, New Jersey.

More than 250 itinerant general aviation aircraft were interrogated by the
TPA bus at Transfair 1978, Of these, 212 were valid samples, with invalid
samples due basically to the same reasons for 1977 data; namely, duplications, etc,

PARAMETERS MEASURED.

Parameters measured were the same as the 1977 parameters previously mentioned.

TEST PROCEDURES.

Test procedures were the same as the 1977 test procedures previously mentioned.
RESULTS.

Measurements of 15 parameters for the 212 samples were compared to the standards,
Table 4 indicates these 15 characteristics recorded at Transfair 1978. Again,
the measurement tolerance {s indicated to allow for possible measurement error
and/or antenna coupling variables which were taken into consideration during
measurement of transponder power output and sensitivity. Table 5 shows the
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TABLE 5. PERCENTAGE OF TRANSPONDERS MEETING "N" OF THE 15 STANDARDS
(212 SAMPLES 1978)

Atlantic City
(212)
"N" Standards "N"  Percent

Out of 15 Transpond,
15 out of 15 89 42

14
13
12
11
10




percentage of transponders which met some ('N") of the standards, where the
parameter "N" varies from 1 to 15, Figures 20 through 31 are the data from
212 transponders for each of the parameters for a total of 3,180 measurements,

From table 5, it can be seen that 89 out of 212 transponders met all 15
parameters, which is approximately 42 percent., Approximately 66 percent of
the transponders met 14 out of 15 parameters, 82 percent of the transponders
met 13 out of 15 parameters, and 91 percent met 12 out of 15 parameters. From
table 4, one can also see that the parameters with the lowest percentage
meeting the specification once again include reply power and sensitivity at
82,5 percent and 79.7 percent, respectively,

ANALYSIS

The number of data samples collected for this reporting effort was 965, which

is approximately 1.0 percent of the estimated 100,000-plus transponders installed
in general aviation aircraft, Whereas transponder data collected in FAA~RD-77-74
(1975/76) (reference 1) did not cover a sufficient number of 15 transponder-
parameter samples, it would be difficult to show a trend statistically. How=-
ever, a significant difference was found; namely, in the 1977/78 data, 348
transponders out of 965 meet all 15 parameters, approximately 36 percent, as
compared to the 1975/76 results of only 13 percent, This may be attributed

to larger sample size and implementation of solid state design transponders.

The number of transponders tested for all 15 parameters in 1975/76 was only 56,

Table 6 shows the percentage of transponders meeting standards, and table 7
shows the percentage of transponders meeting at least "N" of the 15 standards
for 1977 and 1978. From table 7, it can be seen that approximately 61 percent
of the 965 transponders met 14 of the 15 parameters, 78 percent of the trans-
ponders met 13 of the 15 parameters, and 88 percent of the transponders met

12 of the 15 parameters.

The two most commonly out-of-specification parameters are reply power and
sensitivity, and these are also the two most difficult parameters to meas-
ure, This is due to variables such as, ground effect, 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, 14, 22, and 26 for reply power and sensitivity measurements. This
3 dB or grey area, where Meas. Toler. X is indicated, show a greater percent-
age in tolerance than those for pulse width, jitter, delay, etc. An example,
in table 2 under composite for reply power, it shows that 83.3 percent met
the specification out of 753 transponders of which 22.3 percent were in this
grey area, as indicated under Meas. Toler. X. The same applies for sensi-
tivity, wherein 77.7 percent met the specification, of which 25.0 percent
were in the grey area. Where measurement tolerance for pulse width, jitter,

delay, etc., are relatively small due to electronic equipment and test equip-
ment error, these tolerances are negligible.

10




TABLE 6. PERCENTAGE OF TRANSPONDERS MEETING STANDARDS (965
SAMPLES, 1977/78)

Composite (965)
Spec. .
Characteristics X

Dead Time 97.6 942
Suppression Time 92.1 889
Reply Power 83.1 802
Frequency 92,5

F2 Pulse Width 89.3

F, Pulse Width 87.5

Sensitivity 78.1
Delay Time Diff, 92.8
Reply Jitter 93.7
Mode A Delay 96.0
Mode C Delay 95.8
F1 Fp Spacing 88.8
SLS Decode Acc. 90.1
Mode A Decode Acc. 89,2

Mode C Decode Acc. 82,3




TABLE 7, PERCENTAGE OF TRANSPONDERS MEETING "N" OF THE 15 STANDARDS

(965 SAMPLES, 1977/78)

"“N" Standards
Qut of 15

15 out of 15
14
13
12
11

10

Composite
(965)
"N %
348 36.1
590 61,2
760 78.8
852 88.3
910 94.3
935 96.9




CONCLUSIONS

1. Test data results indicate that only 36 percent of the transponders
tested met all 15 parameters.

2. The data provide a significant data base for future comparisons and
analysis. This data base represents approximately 1 percent of all registered
transponder-equipped general aviation aircraft,

RECOMMENDATION

It 1s recommended that a study be conducted to determine the impact upon the
National Airspace System of varying the 15 individual transponder parameters
outside of their specification., If these effects can be defined and quantified,
transponder requirements (specifications) may be modified or amended
accordingly.
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SUPPRESSION TIME (us) (753 SAMPLES, 1977)

FIGURE 9.
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FIGURE 19.
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DELAY TIME DIFFERENCE (ns) (212 SAMPLES, 1978)

FIGURE 27.
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