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Research on signal processing algorithm of Doppler speed
measurement radar under clutter background

Peng Zezhou' Gao Hongmin' Hu Weidong® Jiang Huanyu’ Liu Qingguo®
(1. Signal and Communication Research Institute, China Academy of Railway Sciences Co. , Ltd. ., Beijing 100081, China;
2. School of Integrated Circuits and Electronics, Beijing Institute of Technology. Beijing 100081, China)

Abstract: Doppler speed measurement radar has the advantages of wide range of speed measurement, high speed
measurement accuracy and strong reliability, and is widely used in the field of wheel-rail and maglev transportation in
China. It is necessary to consider the interference of clutter to Doppler signal in the process of speed measurement
radar, so it is important to study the signal processing method under the background of track ground clutter to improve
the accuracy of speed measurement and ensure the safety of driving. In this paper, three typical probabilistic and
statistical models, namely Kernel distribution, Weibull distribution and Gamma distribution, are theoretically
analyzed, clutter measurement experiments are carried out using 77 GHz+ 24 GHz dual-band vehicle-mounted velocity
radar. The results show that the statistical characteristics of the track ground clutter data of the vehicle-mounted speed
measurement radar developed in this paper follow the Kernel distribution. In the background of clutter, firstly, the
least mean square adaptive filtering method is used to de-noise the measured signal, and the improved Burg algorithm is
used to estimate the spectrum to achieve high-precision velocity measurement. Experiments have verified that the
proposed algorithm can effectively suppress clutter and improve the signal-to-noise ratio, and the final velocity
measurement error is less than 0.5 km/h at low speed and less than 0. 5% when the speed is greater than 50 km/h.

Keywords: Kernel distribution;noise wave peculiarity; LMS adaptive filtering;improved Burg algorithm;Doppler radar
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Fig. 1 Schematic diagram of Doppler radar speed measurement
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Fig. 2 Structure diagram of Doppler speed radar
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Fig. 3 Orbital clutter measurement schematic diagram 1
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Fig.4 Orbital clutter measurement schematic diagram 2
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Fig. 14 Spectrum analysis of the measured signal
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Xof A SCI S Ty 3 T 2 B A ST e ) R Gk A
T 565 T LR E N 0. 6 m, B IKPE RO SHLIE
AR A, P A s Al B eP o DL S AR 3% 4
Re MFAE LALE 5 km/h 3B 17 I, A 307 8 I B N
5.02 km/h, Y5 EZ T H BN 10 km/h B, 28 305 35 DU R
B} 10.23 km/h, #8000 B 45 AT, Y BN F
50 km/h B, M EEIR 2% /8T 0.5 km/h, 24 3B KT 50 km/h

* 128 -
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Table 3 Comparison of the filtering effects of

various filtering algorithms

e W {3 2/ iﬂﬂﬁ{ﬁl/ SNR/
Hz (kmeh™") dB
RIS 7 952. 88 78. 88 —7.05
ELRRIR BT IR A 55 8 135,99 80. 69 —7.03
FIR (L@ UK iR 55 7 922. 36 78. 57 —6.33
IR S TR 8 038. 33 79. 72 —0.61
LMS JE B {FS  8026.12 79. 60 16. 17
x4 HWHMERLER
Table 4 Speed measurement results
BT E ARSI TR "%
5 5.02 0.02 km/h
10 10. 23 0.23 km/h
20 20. 22 0.22 km/h
30 29.78 0.22 km/h
40 39.53 0.47 km/h
50 19. 94 0.06 km/h
60 60. 23 0.38%
70 69. 67 0.47%
80 79. 60 0.50%

I, P R 22 /8T 0. 506 i B ERT T LMS A
T IV 8 D AR S Ak Bk BE AT R BR L IE 2% O 9 B AR
e A £ 90 2 00 R B R 9] A TR R B R

5 % it

ARCHET 77 GHz+ 24 GHz BB XUR 1 42 42 280 i
TR SRR T ARSI 2 K e U b 2% P A L E — 2P )
Hr 1 77 GHz f 24 GHz 35 Be i B8 A% 3 8 1 B8 3 A 45
SRR G A R 3k SR B B A LI b A BOHE e e
MM Kernel 434 . ASSCHE T — FP7EBUIE 24 0 5t T Y
G AL FRE R LMS [ 3& B U8 3 AR XG4 B LG Y
FENR & HEAT MR Ak L, I R T Bt Burg 55 R A7 405
T 256 45 2R 3R W AS SCH 1k BB AT A0 DB IR 2% I3 v A R
o, Y /N T 50 km/h B R 22/ T 0. 5 km/h, 238
JERT 50 km/h I 0 B R 22/ T 0. 5% . 5 S0 FF AT
TG 51 4 52 22 B3 0 SR 4, i — 20 S iE A S0 R MR Y
AR,
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