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Simulation and evaluation model of bus driving safety

LIU Wei, LIU Hao-xue, XIE Shao-bo
(School of Automobile, Chang’an University, Xi’an 710064, Shaanxi, China)

Abstract: To analyze the bus rollover behavior on the road from the perspective of dynamics, the
driver-bus-road simulation was implemented based on the Matlab/Simulink platform, and the
model was verified with the field test data. The simulation model was applied on a second-level
highway with a length of 3. 6 km and several indices were obtained including the steering angle,
the lateral offset deviation, the lateral acceleration, the yaw rate, the sideslip angle, the rollover
angle and the transfer ratio of the lateral load to evaluate the bus driving safety. The results show
that the transfer ratio of the lateral load is a more reasonable index to evaluate the bus rollover ac-
cident. Compared with the simple horizontal curve with smaller radius, in the curved section, the
vehicle is likely to have traffic accident because of the need to continuously adapt to changes in the
road alignment which will cause accumulation of lateral movement; if it is a long straight line sec-
tion before the curved section, the driver has enough space to adjust the vehicle, thereby reducing
the probability of the accident. 1 tab, 20 figs, 11 refs.
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Fig.1 Directional following model of driver
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Fig. 2 Comparison of simulation and field test
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Tab.1 Alignment parameters of test road

L

FHBHmS| KJE/m -t R 24 /m YIS/ %
1 380. 62 HZ 0.750 0
2 179. 38 420 0.750 0
3 178.52 420 1.200 0
4 418.73 —360 1.200 0
5 202. 75 740 1.200 0
6 209. 78 740 0.508 1
7 192. 56 H& 0.508 1
8 217. 66 —290 0.508 1
9 249.73 —290 1.900 0

10 187. 62 320 1.900 0
11 190. 41 320 —0.600 0
12 189. 59 H& —0.600 0
13 182.61 HZ 1.700 0
14 197. 39 260 1.700 0
15 172. 68 260 1.100 0
16 183.15 H& 1.100 0

R MR E R B



% 14 X AL F REEARE SRS A SN 87
3.1 ZFEH 60 km/h FITHHE AR S P AT B s A2 R A S A A 000 o Al 22 0 18T 4 B

T AL R TIN5 N A R L A5 2 1) T )
BE WA 3 Fros. W LUE B BE E B AP A
W7 A2 A o 25 sl A AN W i ] 2R T ) B A L O LR TE B
- 2R AR BN B B B T T B AR A BOR . BB

TN o AN 1IN S E AN P 5 B s . i RS Rl ek
T R BLAESE 15 A BB HAE O —0. 114g, X
(RS- i 26242 0 260 m Ry I % b P il 2R 2k A2
/N T B

0.6 0.15 rl,l-\ 0.15

- 04 = 0.10 7 0.10
£ ® 0.05 &

= 02 " ® 005
& = 0 2

# o0 B w0
# = —0.05 =

F —02 = R .05
= E —o10 =

—04 = s E —o.10
) =

—0.6 — — —0.20 —0.15

0 500 1000 1500 2000 2500 3000 3500 0 500 1000 1500 2000 2500 3000 3500 0 500 1000 1500 2000 2500 3000 3500
BEBj/m B &/m B B§/m
&3 5 In) £ 5 i A i) B B B 5 ZEEFM o RE
Fig.3  Steering wheel angle Fig. 4 Lateral offset deviation Fig.5 Lateral acceleration

FESS 4 A~ s BRI » £ T30 - il 2 AR B0
2N T I T8 B AT 7S A AN I R 7 1) e
S o P RAT L M 2R T R D T ) 00 e 2 e R
AL E 6°. A 6 Fras. RAEH 14,15 BB
ZRIE BT il 2R AR /N Y 2 S e B G i 2ok A2 R
260 m) AH G A L7 1) SR A0 1) O B R
SFLAEVEVEI R AR /D T AR 4 A I B Ak 5w I
FEHR L 2R T4 4 A BRI AT (BIER 2.3 %
Bo R B (G 5.6 BEBO I N IE S E . H BT
B S N LRI WA R T 4 A AT B, 4
CUEbRIIC P N TR 2R N D8 AR s S

P A 14,15 BEECRY AT (5 13 8% BO 5 (5 16 %
BO) B B2 O FLER S 2 B NAT R A8 11 25 1) R 1 R 7 A
BENEEA . L. &2 2 WY 6 0 s B A2
A 205 AT 38 00 3 g S 30 O AR IR

T BB R A AR T 0 Al A LA B A A N
Fe Y LA 2 N 7~ 10 Fras. 11 g
T T A e A 3 R A 2 O B A .
Pl R o 5 T B B A A A AN (R R 1 T
ol AT 72 AW 2 A MG 7% . AR50 4 > T B BL, A0
LT DA 0 32 52 A o 00 ) 288 A B B A< K B 2500, K
AT R A R R AH

8 0.10 1.0
6 T, —~
~ 4 2 005 L 05
<, H &
& ® 0 E
= 0 B
2, g 2
E—0.05 ¢ —0.5
—4 B
—6 ﬂg—o 10 — 1.0
0 500 1000 15002000 2500 3000 3500 0 500 1000 1500 2000 2500 3000 3500 0 500 1000 1500 2000 2500 3000 3500
1 &/m B B/m i B/m
6 24 fii £ &7 BRSO B8 e o Ol i £
Fig. 6 Rollover angle Fig. 7 Yaw rate Fig. 8 Vehicle sideslip angle
2 00— AR — AR - AR
— Wi - ERWR - RSN J
18 o T ey 18 0.25
s I DT i @
16
I~ § o 0.20
o ' o015
® # 12f £t
o g & 0.10
Lo w10 =
0.05
8
0 500 1000 1500 2000 2500 3000 3500 60500 1000 1500 2000 2500 3000 3 500 0 500 1000 1500 2000 2500 3000 3500

B Bj/m

&9
Fig. 9

T2 B N B B LA A

Vertical load of left tires

B 10 54 M5 16 09 22 15 30 A
Fig. 10 Vertical load of right tires

B B§/m B B/m

) i 28847 7 % <

Transfer ratio of lateral load

E 11
Fig. 11



88 ¥ERXFFROGAAFR 2014 %
3.2 FiEH 80 km/h IITHTE SRy A A8 bR AT (8 2 o A T 4R 0 A I B A A
TR ) T ) S AR 00 e e RS R RS & 12 [ T B R A R L O DB LA B AR A I S Y

13 . MARBZELL 80 km/h [ ¥k BE A7 Bk B o 254
0] iy ot B 1) Fe R AEL A 60 km/h B A 0. 1g 36K 2
0.2g, W 14 Fin. wF0m6s 8 i g, K& %
1 22 A VE R AR AN ) 22 8 b A8 KL Al & A Tk
FHEH L SR, i B 15 R LA B ZE 50 0 00 A 2D
JUF- B A 40, d5c FAEAS A 67 B 2Rl fit £ A

i B2 W 16~ & 19 Frs . NI 20 F9 M 1) 2%
17 B R AT LA 42 40 70 A I 38 R A T D B Y
Felo . TESR 4 A B BUI 085 A 0 1) 8047 e 7 R
60 km/h B ) 25 %018 K % 80 km/h #3526, Bk,
JRVA 1) 2801 2 % 3 A0 4 S 0 A6 R A R % 42 19
1000 7 s A B g 5 L

08 03
Y . 02 T 030
£ o4 ® 01 L 020
0.2 o 0
ﬁ, . g 0 ; 0.10
% B {JE —001 @
=02 = —o5 ® 0
=R :2-: B _,, I’i‘j —0.10
“os —04 = 020 .
0 500 1000 1500 2000 2500 3000 3500 0 500 1000 1500 2000 2500 3000 3500 0 500 1000 1500 2000 2500 3000 3500
P B /m JE Bj/m B Bj/m
& 12 J5 1) B P13 Al A A% B P14 L0 o) ok
Fig. 12 Steering wheel angle Fig. 13 Lateral offset deviation Fig. 14 Lateral acceleration
3 - 0.10 15
6 » 10
. * 005 .
. 4 K < os
= = &
€& 2 - 0 K0
2" = g s
= ;ﬁ —0.05 =
a s B 1o
—6 —0.10 —1.5
0 500 1000 15002000 2500 3000 3 500 0 500 1000 1500 2000 2500 3000 3500 0 500 1000 1500 2000 2500 3000 3500
B E/m B #/m P E/m
15 4 ) it 16 R4 o 17 A7 5O 0 A
Fig. 15  Roll over angle Fig. 16  Yaw rate Fig. 17 Vebhicle sideslip angle
—Eﬁ']‘% —ZEJENE - o
20 B 25 A — AR R R "
.d
0.30
% s Z %o
= | =
% & F 020
fmi ﬁ * 0.15
B 10 ®
Lz F 0.10
= 005
5
0 500 1000 1500 2000 2500 3000 3500 50 500 1000 1500 2000 2500 3000 3500 0 500 1000 1500 2000 2500 3000 3500
BEE/m B Bi/m 1 B5/m
18 Z i Ao IS 16 1Y 28 1 2R A B19 5 A 46 6 09 28 2R A 20 ol 1) 47 4 B 6
Fig. 18 Vertical load of left tires Fig. 19 Vertical load of right tires Fig. 20 Transfer ratio of lateral load

AL BT Bk F L [ 60 km/h ZE 3 B (14915
JE 1 22 25 3 B BL
TR [ Bl 2 A BT AR L

LN, R E 4L 80 km/h #Y
G 4 A BB i) 1

4 4 iF

COEFXF R E 7238 B AT 30 %) 42 4 P15 1 1 F

G S VEFT S 1415 CF i 284 06 5L/ B B 1
S 52 WA T 22 B 2 S 3 10 R 36
Mo 2K,

9%, K Fl Matlab/Simulink & @7 T 2 3 A-K %
- TE B AT R LR G I S 5 B X A A
HAT T IE .



%14 X AR F

DV ZHAR EATK 3.6 km BEEBH 6 5
LT RZ A4 HILL 60 km/h F1 80 km/h 7 3 17 4
B 1) 2l T 2 Wi N A5 B T LA T T S A
iU W Al £ 4 A 000 1) B A Al S 4R A S R
0 1r) 288 A7 5 8% RS 2 VEVE MR AR bR . RO 5 R
ST B WY R T IR 00 T e A ) A i e i
GENRIITIEes i

(3) 38 2o X 05 FL A5 R 3 A A B AH B T B4l Y
T KRN B IE 2 S PR B, R TR
i 238 NI FRIE 1 A8 A T S 5|k AR 1) 52 Bl
AR IR R B DT B 25 5 5 | 4 T i 5 30 Sl 5 7 45 0
P B R G Y K BB B A R

(1)) 2 A 47 4]
KA IR

T AE — 7 R B b IR T S ik

S & Lk

References:

[ 1] NADS. National advanced driving simulator overview

[R]. Towa: University of Towa,2010.

(2] Bk W.20 W38 AT 490 & vk R U 0 7 ik BF 5%
[J]. %4 55 B4, 2006,6(6) :115-118.

CHEN Tao, WEI Lang. Virtual assessment method
for road operational safety[]]. Journal of Safety and
Environment,2006,6(6) :115-118. (in Chinese)
WER AR BEG F BT IR EA
AR Tk LT P A B . 2004, 17(2)
1-5.

[3]

XU Jin-liang, SHI Fei-rong, YANG Hong-zhi, et al.
Method for highway safety design on computer simu-
lation[ J ]. China Journal of Highway and Transport,
2004,17(2) :1-5. (in Chinese)

FEFHFW A A HE T -85 U 50 00 18 2R
TP AR ,2011(9):171-175

REN Xiu-huan, HE Jie. Safety evaluation of road a-

[4]

lignment based on human-vehicle-road virtual test[J].

Highway,2011(9):171-175. (in Chinese)

[6]

L7]

[8]

L9]

[10]

(11]

KRB EATR ARG AN 89
(5] ¥HIm, 8 B o, & I W20 7 B i i
AR R [T]. 28338 iy TR 24, 2010, 10 (4) .

121-126.

JIANG Gong-liang, LU Jia, YANG Li-gai. Simulation
and identification system of vehicle safety operating
speed on freeway[ J |. Journal of Traffic and Transpor-
tation Engineering, 2010, 10 (4): 121-126. (in Chi-
nese)

e L ILUN RS WL L R TE A R T B B
LA ELT ] 2 B A, 2007,2006) £ 36-42.

XU Jin, PENG Qi-yuan, SHAO Yi-ming. Simulation
system for safety estimation of alignment and road
surface condition in designing phase[J]. China Journal
of Highway and Transport, 2007, 20 (6); 36-42. (in
Chinese)

KA, E DN M B S A B RTE R E 2T
WOFE LT ] & AR % % 4R 4% i, 2007, 37 (3)
528-533.

ZHANG Fei-jun, WANG Yun-peng, SHI Shu-ming,
et al. Simulation of road alignment design safety eval-
uation[ J ]. Journal of Jilin University: Engineering and
Technology Edition, 2007, 37 (3):528-533. (in Chi-
nese)

Ding H T,Guo K H,Wan F,et al. An analytical driv-
er model for arbitrary path following at varying vehi-
cle speed[ J]. International Journal of Vehicle Autono-
mous Systems,2007,5(3) :204-218.

Guo K H, Guan H. Modeling of drive/vehicle direc-
tional control system[]J]. Vehicle System Dynamics,
1993,22(3) . 141-184.

Pacejka H B. Tyre and vehicle dynamics M]. Oxford:
Butterworth-Heinemann, 2002.

Liu P J,Rakheja S, Ahmed A K. Detection of dynamic
roll instability of heavy vehicles for loop-rollover con-
trol[ J ]. SAE Special Publications, 1997, 106 (2):
632-639.



