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Antenna joint signal reception synthesis algorithm based on time—frequency

phase difference estimation

HU Chunchao, TAN Zhiqgiang, CHU Jiaxu, YUN Chao
(N0.63891 Troops of PLA, Luoyang Henan 471000, China)

Abstract: To address the high computational complexity and low combining gain of conventional
multi-antenna joint reception algorithms under low-SNR(Signal-to—Noise Ratio) conditions, a time-—
frequency phase—difference compensation—based multi—antenna joint signal-reception and combining
algorithm is proposed. Building on the Semi-Implicit Method for Pressure Linked Equations(SIMPLE)
framework applied to the Cross—Ambiguity Function(CAF) and phase—difference estimation, the
algorithm first performs phase—error correction and then applies weighted combining, effectively
lowering the computational burden on the signal-processing hardware. Simulation and experimental
results demonstrate that, for two—channel signals exhibiting time-frequency phase differences, the
proposed algorithm achieves perfect post—compensation alignment, confirming its feasibility. Under
practical SNRs of 7 dB and 9 dB, the measured receive gain improves by approximately 2.76 dB, and the
joint reception gain reaches 92% of the theoretical maximum, delivering the high post-combining gain
required and significantly enhancing the reception of extiremely weak signals. The approach offers a
novel solution for acquiring ultra—faint deep—space signals.
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Fig.2 Multi-antenna joint receiving processing model
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Fig.4 Estimation of compensated alignment signal
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Fig.6 Estimation of compensated alignment signal
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Fig.7 Schematic diagram of experimental system connection
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Tablel Antenna joint processing matrix reception gain

the first way the second way joint reception
frequency/  modulation  gymbol rate/  signal noise signalto  signal noise signal to signal noise signal to  receive
MHz style ksps power/ power/  noise ratio/  power/ power/  noise ratio/  power/ power/  noise ratio gain/dB
dBm dBm dB dBm dBm dB dBm dBm /dB
7250.5 BPSK 4.8 4773 -55.14 7.51 ~46.86  -54.27 7.51 -3736  -47.61 10.25 2.74
7750.0 QPSK 4096.0 -15.93 -23.10 7.27 -16.20 -23.23 7.13 -12.20 -22.10 10.05 2.78
1090.0 BPSK 512.0 —44.25 -53.46 9.31 -43.91 -52.99 9.18 -32.83 —-44.85 12.15 2.84
12 745.0 QPSK 4096.0 2461  -31.69 7.18 -23.89  -31.13 7.34 ~14.89  -24.68 9.93 275
17 700.0 BPSK 64.0 -50.11  -59.39 9.38 -4989  -59.19 9.40 -3551  -47.65 1210 272
21200.0 8PSK 512.0 —-16.72 —-25.86 9.24 -16.87 -26.07 9.30 -23.35 -35.50 11.97 2.73
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Table2 Comparison of compensated synthetic gain and single channel signal to noise ratio

single channel signal-to—noise ratio/dB ~ 9.25 9.24 9.13 9.29 9.21 9.26 9.25 9.30 9.28 9.16 9.19 9.17

receive gain/dB 2.80 2.82 2.80 2.75 2.78 2.76 2.77 2.77 2.80 2.78 2.74 2.75
single channel signal-to—noise ratio/dB ~ 7.11 7.25 7.23 7.15 7.22 7.26 7.14 7.38 7.08 7.25 7.30 7.34
receive gain/dB 2.80 2.68 2.75 2.71 2.82 2.72 2.72 2.79 2.71 2.73 2.69 2.79
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