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Judgment Method of Vehicle Lateral Stability
Based on K Means Clustering Analysis
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Abstract: As for the shortcomings of the existing methods of vehicle instability determination, the
study on pattern recognition of vehicle running stability was carried out, and a new method of judging the
vehicle lateral stability based on K means clustering algorithm was proposed. The vehicle dynamics model
was established by CarSim, and the offline clustering centers and its danger level were obtained by offline
clustering analysis of vehicle running state data through K means clustering algorithm. Then, the CarSim
and Simulink co-simulation platform was built and Euclidean distance between data points and cluster cen-
troids was also calculated. Vehicle running stability criterion in Simulink was designed, and the vehicle
running stability online was identified. This identification method made full use of the comparison of off-
line data and real time data for data mining of the vehicle running data. The simulation results show that
the method can accurately and real-timely quantify the vehicle’s lateral stability considering various parame-

ters, which can provide the criterion for intervention timing and degree of control system.

* Wi BHEI:2017-07 -10
HEWH :BHFX AR FIEES W H (51475199) , National Natural Science Foundation of China(51475199) ;38 % 42 #8174 & AR
A3 1z K AT b B S S B & T O 8 s Bh 3 H (KFKT2016-01) , Open Project of Key Laboratory of Transportation Industry for Safe
Technology in Vehicle Operation(KFKT2016-01)
EE B X2 RA971—), B H MR IR, & MR 2E 32 1 -
T3 I A E-mail :1219110352@ qq. com



%8

XN QA ST K IR IR IS i A AR 1) A2 R U5 1 49

Key words: unsupervised learning; vehicle engineering; vehicle stability identification; K-means cluste-

ring algorithm;offline clustering;online identification

TR E MR POE T AR E TR R A
NGB L & AR RS e R 4R

i%ﬁ%’ﬂiﬁ%@ Bof AR 28 38 g R AR R O IR 2R
B 7 Mgk v ) S ) L Hoh R A AT Bk R S
8 ) 2 5 PRI A RS PR T AR G I Al

AR N T OB R A o R R B
B 1 AR P Ty o DR T T3 A0 s £ R A 435
1 R 1 A5 T AR IBORS A M 0 108 AR 1 A A AR
o T A 45 ] AR b A SRR S ZE A R X B
FhoREBEAE N B T AR PR TR e B O 0
050 Co 0 Al 1 3 5 19 A - TET 23 B 4 304 T S AR e
DAEAR R B T AR e M ZE B B i AR M Al X4
NE R B 0 R AR (E 2R e X R 4y vk AR
Tt A P17 728 A AL 8 T B A SRS Bl Y 288 IX I
VE AR e DX 3l i R BT T4 Tl F AR E X
BUREEE A A R . B BRSNS T 7T A
JE AR ) ) 2R AR AR A BT T T R R R
I R R e eI A 0 SR T RE B R T 420
Krashne 5Nz shshne i o, 5 T AT ke
TR E VE R L AR A A AT AR E RAS. A
SCRENST T 3 A B AR R B Sy 2R
TR ER G 00 A LMV BN A DR S R e A AT R
Y53BT AT T A 25 TR AE AR AR 0~ M A i 2
AR N AL A BT T i AR e RO S B
AT Z A OE R

Verschuren ™ #& H T {5 F kR 4E 7% 5 B (Hurwitz
Criterion) PR3 - 4% = A2 i PE G B {H. Sadri 4 A
FEH T 2 AH Lyapunov-* pREL, X 45 H4RZ
Bl K 2 T 4 1 oy T A 2 A 6 ) A )
e M43 Hr. Dandach 45 AW 4 7 ) 11 B% 23 07 7
AT IE TN G R e L R R A R R
LTR G\ 1] ¥ # 2 F0 4600 1) 91 B £ 45 1 1 DR TE 4240
B4 )RR SR I AE O R RSB AT T8
UE. Chen 28 A\ HEST T 4 A BB GRS 1 AR L
b R ] BT e [ R AR Y A AT TS [ 1)
B o e NS R A TR A £ £ A Ak AR L

1354 PEA T 2R 4000 B A2 . Sun 2 AN #ESL T

7 H B R A G T AR R R R
SRVEAN A A RS 1 o A3 B T A A G H 2 B RN i ]
SR AR RS 2 P 1) 5

HHE B ZE RS e P T Ik AR T
B LA AE  0T BEA RIR S S 80 IR 42T X

2R Chn Joc o 0 i ) A £
038 B2 i B AR A AT PR E 1R A AL AR SCIE AR 5 IR
T AT B AR P 22 R AR E MOR A S R
TR AT RS RS A2 4 o AL 3R T — A
SRR i R P i BRIV R K 2 {0 3R 28 0 A Xk 4 4
JIT Ak ) fs S 8 B R AT A5 R 0% - B R O 4 AR E TR
) SR 1) e R (R S KA

WREFE R A AT BOR ZS

1 HEEFHER

FI I ZE W0 05 BLER A CarSim #5740 5 45 780 (14 5
BT
1.1 EFEFHKDR

M CarSim (%) 32 2 5t T ik 5E 42 i A C-Class,
Hatchback,2012”, B IS =W R 8 4. Wi S 8018
3= 1.

x1 EWSY
Tab.1 Vehicle parameters
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Fig. 1 Tire characteristic curve
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Tab.2 Meaning of hazard level
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Fig. 2 Steering wheel angle input
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Fig.3  Offline clustering results
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Fig.4  The variation curve of centroid
offset with the increase of iterations
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Tab.3 Clustering centroid and its hazard level
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Fig. 5  Online recognition of vehicle running stability
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Fig. 6  Online recognition of Euclidean distance
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Fig. 7 Online recognition of vehicle hazard level
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