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Fig.1 Process flowchart of vehicle anti-collision warning
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Note: Heading angle o, and a, are the clockwise angle between the North
direction and the vehicle travel direction, [0,360°); £, and /5, are the clockwise
angle between the North direction and the center line of the two cars, [0,360°);
(x1,1) and (x2,)») are the gaussian plane coordinate of the center point of the two
cars; 6jand 6, are relative heading angles, 6, =, — 5,(i=12) .
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Fig.2 Relationship between vehicle and adjacent vehicle
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c. Side collision algorithm model
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Note: A represents own car, B represents adjacent car; d is the line distance
between the two cars’ centeres, m; K is lateral distance between two vehicle, m;
sy and s, are the distances from own car and the adjacent car to the collision point, m.
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Table 3 Warning time results of vehicles test of proposed algorithm in this paper and TTC fixed warning threshold algorithm

AN [F) 592 Different algorithms

B % A% AL Proposed algorithm in this paper TTCy=5s TTC,=3's
Own car Adjacent car |2 AT IF || 2T 1|7 I|Zh AT 1%
| R Y S A < S A
braking braking braking braking braking braking
K3 Low speed K& Low speed 0 9 0 9 0 0 4 5 0
{&& Low speed 13 Medium speed 0 9 0 9 0 0 0 4 5
K3# Low speed m1i& High speed 0 8 1 6 3 0 0 0 9
3 Medium speed  H'i# Medium speed 0 9 0 9 0 0 0 3 6
71 i% Medium speed 3% High speed 0 7 2 6 3 0 0 0 9
fa# High speed =13 High speed 0 6 3 5 4 0 0 0 9
T3k 5. Premature warning rate/% 0 81.48 7.41
T3 B Appropriate warning rate/% 88.89 18.52 2222
T3 i Late warning rate/% 11.11 0 70.37
K3 NS IEFENBES LG, AR CIET, 4 & it

P ZEAT B o S DL R I, AR i A 2 i O Al S
RO P ok Hodh 20— md AT 3nT, IR
BTSRRI AT e I PR A B 2 B 53 AR
ik SR B4 it

TTC [ BIEE:, ARSI, GRIRRTT
Bt R, RS EAELRER; 5T R EEm s
— B R Y R AT, fERRRI R,
FE R e T M AE T s Horh 20— 4 S AT BT,
FE R TS M, faR PR B IR . — W
TTC 2 W ] e A T, n SR 2 38 ORI e v
AT R BURERS et , AR AT A B MHE R iR R 25 AE,
AT B ) X fE R R B ST . Bt AN R AR 2
TR B TR LM RE LA . FTRAE H TTC HIME
fi] g VAT, SRR N TS Fak 81.48%, fERyZdE
TR S W IE 70.37%, 0 A 37 725 1% i) AL 3E B =
88.89%, BEITA SLPRAEM T .

AR 2230 0 A [F) AT G i 8 58 AH L 1) %2
AP R), 30 I 4 A R A A T A ) 5 e 4 B
BF )R AT PO, A7 A Tl 4 s 66 U)o ok 2 8 4518 5 F R
B G, ACAE TTC (time to collision) FAZEAE FHEH
TRET R ) A T A A, R AT AR A
R FEATE S AR RS BRI K
ZEAH 7 Tl A B AL 3 DA R 2 A TV I ) B A . B
JER SR B G, BRSO AR T T P
EEANUERR R . IR S5 AR, A SR R T 2R T
E 2 A Py f I 1] 77 vk — R e BE ) TTC A B, A3
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Anti-collision war ning time algorithm based on driving speed of vehicle

Liu Qinghua™?, Qiu Xiulin', Xie Limeng*, Wang Junhua?, Fang Shouen?®*
(1. College of Computer Science and Engineering, Jiangsu University of Science and Technology, Zhenjiang 212013, China;
2. School of Transportation Engineering, Tongji University, Shanghai 201804, China)

Abstract: In order to solve the problem that the warning threshold fixation of time-to-collision (TTC) algorithm causes
prematurely warning at low speed and warning with a delay at high speed, this paper presents a safety time warning method of
anti-collision based on vehicle driving speed. Firstly, vehicles can get the driving status information of themselves and others
timely by on-board equipment. On-board equipment can get the information about latitude, longitude, speed and heading angle
of the vehicle in real time. Then, according to the driving status information, vehicle coordinates information can be obtained
by Gauss plane rectangular coordinate system established. After that, the possible collisions can be classified and processed. In
reality, all vehicles are not required to carry out vehicle collision warning, so it can reduce vehicle collision processing and
optimize the performance of the algorithm by classifying the possible collisions of vehicles, and it also can facilitate the use of
different collision warning algorithms for different types. Mathematical model can be used to classify the possible collisions.
Collision is divided into linear collision and side impact, and linear collision includes frontal and rear collision. For linear
collision, the precondition of collision is that the lateral distance of the 2 vehicles is less than the width of vehicle. For the side
impact, vehicles maintain current speed and direction, and according to the current state of vehicles, it can predict future
vehicle running track, determine vehicle collision point and calculate vehicle collision time difference, and the collision time
difference is used to determine the initial conditions of side impact. Next, the initial condition of vehicle collision is met,
vehicle anti-collision safety time can be set based on vehicle driving speed, and then it will be compared with the time required
for vehicle collision occurring for each vehicle. If the risk of collision exists, the application equipment displays warnings to
remind drivers. The safety anti-collision time is the shortest time for drivers to take measures to avoid the danger. Response
time of the driver is the time when the alarm signal is received, and response time of the braking system includes the reaction
time of the braking system, the braking coordination time and the continuous braking time. Based on this, it is possible to get
early warning of collision risk from the driver’s reaction to braking reaction. Through the different vehicle speed, it can
determine the different safety collision time, and through detecting vehicle speed changes, it can timely change vehicle
anti-collision safety time threshold. Entire system can receive the vehicle status information through the on-board equipment in
real time and continuously. When the precondition of linear collision and side collision is satisfied, the time needed for vehicle
collision is calculated in real time, and then compared with the time threshold of safety warning. If there is a risk of collision, it
will warn on the application device. Finally, experiments are carried out to verify the performance of the proposed method. In
the simulation experiment, compared with the general TTC fixed threshold method, this method reduces the false alarm rate by
up to 9.04%, and decreases the missing alarm rate by 8.3%. In real vehicle test, experimental results show that the suitable
early warning rate of this proposed method is 88.89%, and premature warning rate of general TTC fixed threshold method
reached 81.48%, and late warning rate reached 70.37%. It can be concluded that the proposed method in this paper is more
effective for vehicle hazard warning, more in line with the actual situation of the vehicle anti-collision, and improves the safety
of vehicle driving.

Keywords: vehicles; traffic; safety; collision warning; time to collision



