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A Rail Transit Speed Measurement Method Based on Dual-radar

and Its Error Analysis
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Abstract: Radar is one of the most commonly used technical methods for measuring vehicle speed in rail transit. For traditional
speed measurement method by single radar, accurately calibrating phase center height of antenna is necessary, which would introduce
difficulties for project implementation to a greater or lesser extent. This paper introduces a dual-radar speed measurement method
which could measure metro vehicle speed by calculating absolute height of radar in real-time based on both Doppler frequency and
altitude difference information of dual-radar. The proposed method is easier to realize in practical engineering, more adaptable to
environment than laser speed measurement method, and the cost of dual-radar system is less than half of the imported laser speed
measurement device. Moreover, for system parameter optimization, this paper studies and analyses the influence factors of error
of dual-radar method and the impact on precision of velocity measurement. Engineering test results show that the dual-radar speed
measurement system has nearly the same test precision than that of the imported laser radar product.
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Fig. 1 Schematic diagram of radar velocity measurement

1.1 BREXME

FAFR AR TR Sy AR

(1) X R PEA T — A Pk 7 AR ( fast
Fourier transform, FFT) AbFE, MfiREC 2 EI1S: ;

(2) FEMCENG P e iU o, AR I e BE 25
11, FHRREE R;

(13) I FH 5 S A PO A 2 10 [l 3B 5 Ay

THI XTI ) 228 AT 3 5

(4) M= (2) MRS EHE Vao

BAR IR R eI A RS A ) B Ak e
H, (EJ& 8 T8 R AR FpCid 5 A2 R LT,
X5 AL T AR A TR FH S BT T IR

1.2 WEIEME
(& 2 7R PR B TR I A T LA e R 1Fxlxﬁf
LR BN B AR PR Ik (RRR (R ik
“mEIRT ), HEE S Hi R H,. %Uﬁﬁlﬁﬁ
JUT IR B R R I ) i, TR 2L ER I8 A RHIE
MRy, ZEWEIENA fa; WEIBRHER R, £
BIRAER oo

MRk < B
fiEdi ik

Py

B2 W EAIRAME LT X R
Fig. 2 Geometrical relationship of two-radar
velocity measurement method
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Fig. 3 Velocity measurement error caused by Doppler

frequency estimation error
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Fig. 4 Velocity measurement error caused by slant distance
estimation error
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Fig. 6 Diagram of influence of vertical train speed on
velocity measurement accuracy
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Fig. 7 Velocity measurement error caused by
radar vertical speed
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measurement results at the maximum speed of 60 km/h
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Fig. 9 Comparison between radar and laser velocity
measurement results at the maximum speed of 80 km/h
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Fig. 10 Comparison of velocity measurements in the
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Fig. 11 Comparison of velocity measurement results in the
deceleration section
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