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Vehicle Trajectory Extraction Method Using Distributed Optical Acoustic Sensing
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(1.School of Computer Sci., Sichuan Univ., Chengdu 610065, China; 2.School of Electrical Eng., Sichuan Univ., Chengdu 610065, China)

Abstract: Distributed optical sensing (DAS) has the advantages of continuous distribution information retrieval, less environmental impact and
low cost. In this paper, a method of vehicle trajectory extraction using DAS system was proposed, which provides the basis for the realization of
whole time-space traffic state detection in smart highway environments. First, the free fiber core in the highway communication fiber and the DAS
detection equipment based on ®-OTDR were used to collect the ground vibration signal for the driving vehicles in real-time. Then, the vibration
signal was transformed into time—frequency domain channel by channel by S transform to accumulate the energy in the frequency interval where
the vehicle vibration signal was located, and the vibration energy of all channels was accumulated to form a spatiotemporal two-dimensional vi-
bration energy response. Finally, the multiple enhanced vehicle trajectories were transformed into multiple singular points in the range—velocity
domain by Radon transform, so the vehicle trajectories are separated and extracted unsupervised by extracting singular points in the range—velo-
city domain. The proposed vehicle trajectory extraction method was verified and tested in the real expressway environment of two-way three
lanes. The experimental results showed that compared with the method based on wavelet, the vehicle trajectory is more obvious after being pro-
cessed by this S transform based algorithm. Meanwhile, compared with the method based on Hough transform, more local peaks is accumulated
and clustered in Radon domain. Therefore, it is easier to separate multi-vehicle trajectories with the proposed method.
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Fig. 8 Distribution of vibration signal denoised by wave-
letin Radon domain
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Tab.2 Parameters of vehicle trajectory by Radon trans-
form
Jrs EE(ah ) EEm (| FE EEGmh ) R/
1 —-109.5 1345 11 +93.0 3245
2 —97.5 2870 12 +95.0 3655
3 -99.5 970 13 +86.0 3520
4 -123.5 3485 14 +74.5 4040
5 -91.0 5435 15 +79.0 4395
6 -81.5 5745 16 +87.0 4490
7 -76.5 6 005 17 +79.5 4945
8 +102.5 1875 18 +134.0 925
9 +87.5 1880 19 +63.0 610
10 +81.0 420
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Fig. 10 Result of vehicle trajectory extraction based on
Radon transform
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Fig. 11 Distribution of vibration response energy in
Hough space
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Tab.3 Parameters of vehicle trajectory by Hough trans-
form
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1 +92.0 3235 16 —4.5 4985
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9 -99.0 2 870 24 —46.5 5910
10 -93.5 945 25 +1.5 75

11 +4.0 2065 26 +3.5 5550
12 -1.0 365 27 -10.0 3250
13 +0.5 5820 28 +4.0 3540
14 -1.0 2815 29 +29.5 5690
15 -87.5 5415 30 +47.0 4980
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Fig. 12 Result of vehicle trajectory extraction based on
Hough transform
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