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Mixed distribution model of modified time-to-collision considering risk levels
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Abstract: To study the distribution rule of modified time-to-collision ( MTTC) in vehicle-to-vehicle ( V2V )
communications, a mixed distribution model that can describe the MTTC distribution of different driving risk levels
was proposed, and the model was verified by field test data. Experiment on V2V communications was carried out
based on long-term evolution-vehicle ( LTE-V) technology. Real vehicle driving test data was obtained, and
k-means clustering method was used to divide the driving risk levels into four levels. Then, three probability
distribution models including Weibull, Gamma, and lognormal were utilized, and the goodness-of-fit analysis was
carried out for MTTC under four risk levels. Test results show that MTTC under different risk levels could be fitted
well by lognormal distribution model. On this basis, an MTTC lognormal mixed distribution model for four risk
levels was established, and the model parameters were calibrated using expectation-maximization (EM) algorithm.
Three classic distribution models ( Weibull, Gamma, and lognormal ) were selected for comparison. The
effectiveness of the proposed mixed distribution model was verified by goodness-of-fit analysis, and the mixed
distribution model was applied to MTTC test data in conventional environment. Results indicate that the proposed
lognormal mixed distribution model can fit the MTTC distribution better in V2V communication environment and has
good adaptability to the conventional environment, which can provide theoretical support for related research on
vehicle operation safety.
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Tab.1 Test data types

B3 FE A S8 g gl
1 time_stamp GPS st [a] #%; 52265
2 OBU_id OBU %i'% 63411234
3 Longitude_E EWPYT B ZE 116.336 617°
4 Latitude_N TERCYAT B L 39.951 136°
5 Speed TR 0m/s
6 Acce R TN 0.56 m/s’
7 Distance iR akE 10.00 m
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Tab.2 Statistical characteristics of test data
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Fig.4 Speed variation of leading and rear cars
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Fig.5 Acceleration variation of leading and rear cars
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Tab.3  Description of samples for four types of risk levels
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Fig.6  Classification flow chart for MTTC data
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Fig.7 Clustering standardization results of three parameters
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Tab.4 One-way analysis of variance results for three parameters
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Tab.5 Multiple comparison results of MTTC under different risk

levels
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1 J . B
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Tab.6 Estimated values of distribution models parameters
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Tab.7 K-S test results for three models
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