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Abstract The traditional modeling methods of vehicle following are unable to traverse each possible control input
and the uncertain motion states, which means that these methods are insufficient to ensure the integrity and reliab-
ility of prediction of the safe following behavior of surrounding vehicles in theory. Therefore, a formal modeling
method based on reachability analysis and the representation of reachable sets is proposed to predict the safety
vehicle following mode here. In this paper, the stochastic reachable set with ergodicity property is applied to charac-
terize the uncertain prediction for the behavior of surrounding vehicle. Based on the discretization of the state and
control input space of vehicle, the stochastic reachable sets of vehicles are abstracted to Markov chains that are
used to express the random change of system states further. The accurate prediction probability of state change of
vehicle can be achieved. In addition, a security incidence matrix of states and control inputs between correlated
vehicles in following mode is structured offline. The offline simulations are helpful to improve the efficiency of on-
line computing. The incidence matrix reflecting the correlation of vehicles approximately is applied to describe the
rule of control input selection of surrounding vehicle under the safety following mode. Finally, the possible safe fol-
lowing behaviors of surrounding vehicle can be estimated and analyzed online by synthesizing the current states in-
formation of related vehicles, Markov chains and incidence matrix. The results of numerical verification show that
the proposed modeling method formulates the whole set of safe following behaviors and process completely, and im-
proves the accuracy of prediction significantly. Besides, the results also reveal that the method is effective to model,
analysis and verify the security of following control strategy.
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Fig.1 Method framework
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Table 1  Main parameters used in offline operation
ZH T AE
S/m [0, 200]
V/(m/s) 0, 20]
U [~1,1]
n 40
m 10
g 6
w 10
€ 0.0001
®2 BTN RRE
Table 2  Driving behavior and vehicle characteristics
ZH I E
0.2
1 [0.01 0.04 0.1 0.4 0.4 0.05]
q<i,j)(0) [000100]
/s 0.5
o (148
a™ /(m/s?) 7
v* (m/s) 7.3

® 3 WIGENE-1 WSS

Table 3  Initial state-1: Set with uniform distribution
ZH TRAH
S2(0)/m [100, 106]
VA4(0)/(m/s) (2,4]
SB(0)/m [50, 62]
VP(0)/(m/s) [8,10]
S€(0)/m [5,17]
VE(0)/(m/s) (12,14]
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Control input histograms of following vehicles for different time intervals
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Table 4 Initial state-2: Set with uniform distribution

ZH TRAE

5%(0) /m (62, 74]

V*4(0) /(m/s) (8, 10]]

SB(0) /m (25, 37]

VP(0) /(m/s) [6,8]

S€(0) /m [5,17]

VE(0) /(m/s) (2, 4]

Velocity histograms of following vehicles for different time intervals
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