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SUMMARY

This paper introduces a case where an aircraft equipped with the Mode A/C only
transponder generates false targets in response to Mode S radar interrogation,
analyzes the causation of the phenomenon in combination with the relevant ICAO
Annex 10 specifications, and provides some suggestions for Mode S radar
manufacturers and aircraft maintenance engineers.

1. INTRODUCTION

11 In recent years, the world's civil aviation industry is developing rapidly. The volume of
aircrafts equipped with mode S transponders keep growing, but there are some aircrafts still using Mode
AJ/C only transponders, especially the old non-upgraded commercial aircrafts, military aircrafts or
training aircrafts.

1.2 In accordance with ICAO Annex10 Volume IV standards and recommendations (in
particular with the suppression function of P1-P2 pulse pairs), the Mode A/C only transponders shall
not respond to Mode S interrogation. However, the abnormal response of the Mode A/C only
transponders to the Mode S interrogation occurs sometimes.

2. ABNORMAL RESPONSE PHENOMENON

2.1 In January 2022, an abnormal response of a Mode A/C only transponder to a Mode S
interrogation occurred in the airspace of Chengdu, China (false targets appeared). As shown in Figure
1, the characteristics of false targets are as follows.

a) The false target and the true target have the same azimuth with respect to the radar, and the
distance to the radar was greater than 100 NM. The distance between the targets was slightly
less than 10NM (the false target was closer to the radar), and remained stable for a certain
period.

b) The Code A of the false and the true target were both 6666, and their Code C were respectively
226 and 719 (FL).
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Figure 1. True and false targets generated by the replies of the Mode A/C only transponder’s response to Mode S
interrogation

3. MEASUREMENT and ANALYSIS

3.1 The Mode S radar generally uses Mode S only All-Call (UF11) and Mode A/C only
All-Call (short P4) interrogation in the All-Call period (Figure 2). This operation is very efficient,
because it separately and effectively interrogates Mode S transponders and Mode A/C only transponders
in the air space while minimizing unnecessary interrogations and replies.
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Figure 2. Mode S Only All-Call (UF11) and Mode A/C Only All-Call (Short P4) Interrogation
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3.2 According to 3.1.1.7.4 SUPPRESSION in "ICAO Annex10 Volume IV", when the P1-
P2 pulse pairs are received (the amplitude of the P2 pulse is equal to or greater than P1, and the spaced
time is in 2+0.15us), the Mode A/C transponder will trigger Suppression mechanism (35+10us) to
prevent Mode A/C transponders from responding to SSR sidelobe interrogations and Mode S radar
interrogations. In fact, this function failed in this case.

3.3 The above assumption was verified by the measurement of the Mode S radar
interrogation pulse with the oscilloscope, it can be observed that the amplitude of the P6 pulse has a
large discontinuous gap (exactly 8us after the pulse P1 of the UF11), as shown in Figure 3. In this case,
the Mode A/C transponder accepted the UF11 as a Mode A interrogation and generated a Mode A reply
falsely when the suppression function failed (Note: The Mode C reply will not be triggered because the
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interval of P1-P2-P6 pulses is 19.75us for any UF11). The following Mode A/C only All-Call (short
P4) interrogation triggered the Mode A/C only transponder to reply Mode A or C respectively. In the
Mode S only All-Call period, the Mode A/C only transponder could reply with Mode A+A or Mode
A+C when it received a low level Mode S All-Call interrogation, then the radar would generate 2 targets,
one of which is of course a false target. As shown in Figure 4, the time interval between the 8us after
pulse Plof the UF11(Mode S only All-Call) and pulse P3 of Mode A/C only All-Call is about 120us,
which match with the range between the true and false targets, slightly less than 10NM.

RTB2004; 1333.1005K04; 109719 (02.202 2018-11-06)
0 m Q y I Auto 2ps/ ]
o]

wWE BB R W R . 3wy 2.5G5afs 8296 ps

1:7.2492 ps t2: -756 ns At: 8.0052 ps 1/at: 124.919 kHz
Gl 200/ LB

Figure 3. The measured pulse waveform of Mode S only all call (UF11)

RTB2004; 1333.1005K04; 109718 (02.202 2018-11-06)

A mﬂ Q (T y f Auto 12 ps/

o4
B8 ME R P iz =3 . 332 mV 2.5 GSafs 66.6 pis

t1: 7.2492 s 12 127.98 s At1207308ps  1/At 8.28202kHe
FAf: 4777

Figure 4. The measured pulse waveform of Mode S only All-Call (UF11) + Mode A/C only All-Call (short P4)

34 The case in figure 1, the Mode A/C only transponder responded to the Mode S MSSR
UF11 + Mode C-only ALL-CALL (short P4) interrogation with the Mode A and C replies falsely. The
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Mode S radar decoded the received signal according to the Mode C, and generated true and false
altitudes (when the A code is erroneously decoded into the C code). The specific procedure is:
A=6666=A1A,A.B1B,B.C,C,CsD1D,D,=011011011011. When it was falsely decoded into C code, C=
D:DsA1A2A4B1B;B4C1C,C4=11011011011, and the corresponding altitude was 71900ft obtained by
referring to the table. So the altitude of the false target is 719FL, and the altitude of the true target is
226FL.

4. RESOLUTION and RECOMMENDATION

4.1 In addition to the suppression failure, the reason for the false target is also due to the
amplitude depression around 8us after the pulse P1 of the UF11 (the amplitude depression could be
judged as a potential P3 pulse leading edge by the transponder).

The position of the amplitude depression can be changed by modifying the
corresponding UF11 IC data segment parameters (Figure 5 and Figure 6), and eliminate the false targets
finally. However, it is not a sufficiently good method, because the parameters IC (Il or Sl code) are
assigned by the CAAC ATMB. There always a radar would be assigned with the parameters same as
this case, and may cause the same problem.
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Figure 5. The pulse waveform of Mode S only All-Call (UF11)
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Figure 6. the uplink format of Mode S only All-Call (UF11)

4.2 It is mentioned in 3.1.2.1.4.2.1 Phase reversal duration in "ICAO Annex10 Volume IV":
The phase reversal can be generated by using different methods. This includes hard keying with strong
amplitude drop and rapid phase reversal or other techniques with little or no amplitude drop, but with
frequency shift during the phase reversal and slow phase reversal (80ns). To avoid the ghost target
abnormal phenomenon, it is recommended to avoid the severe amplitude fading during the phase
reversal interval.
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4.3 On the transponder side, it is recommended that the aircraft maintenance personnel
regularly test the Mode A/C-only transponder to ensure the effectiveness of the 3.1.1.7.4
SUPPRESSION function in "ICAO Annex10 Volume IV".
5. ACTION BY THE MEETING
5.1 The meeting is invited to:

a) note the information contained in this paper; and

b) discuss any relevant matter as appropriate



