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Frequency domain adaptive threshold detection for laser

Doppler velocimety

Nie Yanju, Meng Zhaokui, Hu Shuling, Fan Zhe, Li Jun
(Department of Instrument Science and Opto-Electronics Engineering, Beihang University, Beijing 100191, China)

Abstract: Laser Doppler Velocimetry(LDV) is able to measure the velocity of vehicle accurately for high
precision navigation in the area of aerospace. The key of the measurement is to detect the Doppler signal
successfully, so weak Doppler signal detection is one of the most important technologies due to the
presence of noise. An adaptive signal detection algorithm in frequency domain was proposed. Noise was
leached from useful signal by band stop filter and the adaptive threshold could be obtained according to
the statistical properties of the left noise. Comparisons of simulation and experiments with the fixed
threshold algorithm were taken, and the results show that the frequency domain adaptive threshold
detection is an effective method to improve the performance of LDV. Under the condition of keeping the
low Constant False Alarm Rate (CFAR), the Doppler signal can be completely detected when the Signal-
to-Noise Ratio (SNR) is higher than —9 dB, and it is insensitive to the intense of noise, simple and
applicable in many area.
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Fig.1 Schematic diagram of the adaptive design in frequency domain
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Fig.2 Curve of false alarm probability versus threshold coefficient
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Tab.1 Simulation parameters

Parameter Value
Sampling frequency f,/kHz 1
Sampling point N 1024
Signal amplitude A 1
SNR/dB -30-0
Noise power ¢*/W 1-8
Doppler frequency f,/Hz 300
Bandwidth of band-stop filter k 0.2
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Fig.3 Curve of false alarm probability versus noise power
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Fig.4 Curves of detection probability varying with SNR
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Tab.2 Experiment parameters

Parameter Value
Wavelength A/nm 1550
Sampling frequency f/MHz 40
Signal amplitude N 1024

Spot size w(z,)/mm 19.625
Irradiation angle a/rad /3
Output frequency/Hz 10
Bandwidth of band-stop filter k 0.2
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Fig.6 Experimental results when turntable is static in 100 s
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Fig.7 Analysis of false alarm when turntable is static
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Fig.8 Experimental results when turntable is rotational in 100 s
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Fig.9 Analysis of signal detection when turntable is rotational
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