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Radar waveform design and processing using joint amplitude—phase modulation
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Abstract: Radar waveform design is facing severe challenges with the development of electronic
reconnaissance technology such as intra—pulse feature recognition and signal deinterleaving. Amplitude
modulation can improve the anti-identification ability of the waveform by increasing the signal
complexity in time domain, which is a newly developing modulation method. A novel radar waveform with
joint amplitude—phase coding modulation is proposed in this paper. It improves the complexity of radar
waveform through Amplitude-Phase Joint Modulation(APJM), which is promising in anti-
reconnaissance. In addition, regarding the processing of this signal, an echo signal processing method
combining matched filtering and Compressed Sensing(CS) is proposed, which uses the sparse sampling
characteristics of amplitude. The proposed signal processing method effectively improves the detection
probability under the condition of a low Signal-to—Noise Ratio(SNR). In the end, simulation results show
the effectiveness of the proposed waveform design and processing method of the joint amplitude—phase
modulation radar waveform.

Keywords: radar waveform design; Amplitude—Phase Joint Modulation; Compressed Sensing;
Orthogonal Matching Pursuit(OMP)
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Fig.6 Simulation results with amplitude code width equaling to 0.1 ps

K6 MEEHMISSITTIE 0.1 us T B L4,



N oA N
402 KB EE5RFREEER 922 %
0.025 0.025
—— matched filtering
- - - - the detection threshold of CFAR
0.020 [ 0.020 [
o X202.5 )
g 00ISE T ?X600 X1200 ERE
£ | w ! E
I
¥ 0010 “‘ | | ® 0010}
| X202.5
I I H . X 600 X1200
PN | |
0.005 | ‘ \ 2T ‘ I 0.005F | T
J1, M ma s Foocf\ -~ M
! MM‘J*’ B AT LY LT PEE T P 4
Lo/ M’h‘*\‘vw.“wJ PhiAp “*“‘M“W \waﬂw Pt N\ Y il ‘W ¥ ‘W V“‘w’w v ) WAL Wl e o
0 500 1 000 1500 2 000 0 500 1000 1500 2 000
range/m range/m
(a) matched filtering output of PCM signal (b) matched filtering output of APJM signal
0.025 0.025
——— CS reconstruction ——— CS reconstruction
- - -~ the detection threshold of CFAR - - - - the detection threshold of CFAR
0.020 0.020 |-
2 0015 3 X202.5
Elaa 2 0015k yo0132
= =
£ £
< <
0.010 | 0.010
Y2025 X1203.75
¢ X 600 ®
0.00sf | ?« | x123375  [yqgas 0.005
| 1 ®
b xsssas| ]
N AN = e NV ] A
R g VT A L~ \
0 500 1000 1 500 2000 0 500 1000 1500 2 000
range/m range/m
(c) CS reconstruction (d) CS reconstruction after the modification of the first target
0.025 0.025
—— CS reconstruction —— CS reconstruction
- - - - the detection threshold of CFAR - - - - the detection threshold of CFAR
0.020 | 0.020
] o
E 0.015 | E 0.015 |
g o0 g X202.5
0.010 | 0.010 | )
Y0.007 659 28| X 600
I 170,005 886 16 X 1 200
0.005 0.005 - || ] Y 0.004 543 52
I M I
o _,—\\“‘,1-— \ H
- MRS Y £ Ly o PR A AT
1 000 1500 2 000 0 500 1000 1500 2 000
range/m range/m

(e) CS reconstruction after the modification of the second target

(f) CS reconstruction after the modification of the fifth target

Fig.7 Simulation results with amplitude code width equaling to 0.2 ps
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Fig.8 Monte Carlo simulation results under different SNRs (amplitude code width equals to 0.1 ps)
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Fig.9 Monte Carlo simulation results under different SNRs(amplitude code width equals to 0.2 ps)
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