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Prediction of human error rate in driving steering based on
improvement of extended method in CREAM
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(1. Business School, University of Shanghai for Science and Technology, Shanghai 200093, China; 2. School of Mechanical
Engineering, University of Shanghai for Sciencen and Techondogy, Shanghai 200093, China)

Abstract: The intersection controlled by traffic lights is a high incidence zone. Human error may cause
serious traffic accidents if the driver drives the vehicle to turn at such an intersection. In order to
effectively evaluate the reliability of human factors in driving steering, on the basis of the cognitive
reliability and error analysis method (CREAM), the decision-making trial and evaluation laboratory
(DEMATEL) method is combined as the common performance conditions (CPC) to give weight. The
formula of the total weight factor in the human error rate is improved to quantitatively predict the human
error rate. The rationality of the method is verified and a comparative analysis with the method before
the improvement is made. The results show that the improved CREAM method is more in line with the
actual situation. This study provides a reference for the future quantitative study of the driver's error

rate, which is also of great significance for improving driving safety and reducing the accident rate.
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Fig.1 Sequence diagram of critical events in the steering task of a vehicle
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Tab.1 Cognitive behavior and cognitive function corresponding
to critical event sequence
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Tab.2 CPC factor description
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Tab.3 Influence of CPC on cognition
e AT A ARAL P 7

P AF XZ’J ?ﬁgjf pUE S filtRe el BT

PR P 0.8 0.8 1.0 0.8

CPC1 Wz T 1.0 1.0 1.0 1.0

ANIE Y R 2.0 2.0 2.0 2.0

RAf P 0.5 0.5 0.5 0.5

— ENTES 1.0 1.0 1.0 1.0

cre BELAS ENTE S 1.0 1.0 1.0 1.0

T PH %€ R 2.0 2.0 2.0 2.0

I ENTES 1.0 1.0 1.0 1.0

CPC3 ANEHL ENTES 1.0 1.0 1.0 1.0

BELAS: R 2.0 2.0 5.0 2.0

&S P 0.5 1.0 1.0 0.5

oy NTES 1.0 1.0 1.0 1.0

cped A2 ENTES 1.0 1.0 1.0 1.0

i Y R 5.0 1.0 1.0 5.0

#FiG P 0.5 0.5 0.5 0.5

CPC5 Rz ZNTES 1.0 1.0 1.0 1.0

ANET i R 2.0 2.0 2.0 5.0
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KA e 0.8 0.5 0.5 0.8

CPC8 — ENTE 1.0 1.0 1.0 1.0
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o GRAEEFEE P 0.8 0.5 0.5 0.8

CPC9 oy, H—E LN ENTES 1.0 1.0 1.0 1.0

Vi Wix REAIG 2.0 5.0 5.0 2.0
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Tab.4 CPC level and corresponding cognitive weight

I RE AL E K
CcPC KV XS ATEETER RN
W ke R dT
CPC1 iE P 08 08 10 08
CPC2 RIf P 05 05 05 05
CPC3 iEY4 ENTES 1.0 1.0 10 1.0
CPC4 H§ P 0.5 1.0 1.0 05
CPC5 #Fif Ei e 05 05 05 05
CPC6 —f# NTE S 1.0 1.0 1.0 1.0
CPC7 HX TS 1.0 1.0 1.0 1.0
CPC8 RIf P 08 05 05 08
CPCY 74 e 1.0 1.0 10 1.0

AH SN B I R e, ST 45 R R Z [l Y L5
M 4R A

0.1254 04806 04349 00124
02462 0.1273 03941  0.0137
0.0810 00841 00774  0.0055
0.0063 0.0064 0.0039  0.0300
T=| 00090 00088 00351  0.0040
0.0269 00191 00416  0.0046
0.1857 0.1686 02317  0.0307
0.0345 00337 0.1347  0.0152
0.0371 0.0400 02359  0.0371
]

dizznj, i=1,2,---.n (3)
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FHEASE] CPC 2 (8] 1 52 i) J3E 18 52 W J3E A

d=(2.1514, 2.0921, 0.8295, 0.3685, 0.5080,
0.5870, 1.6764, 0.9473, 0.8932)

=(0.7522, 0.9685, 1.6151, 0.1270, 0.7496,
0.0310, 0.5651, 3.3930, 1.8520)

HUL TR Md; +rj, R (S) AT o 2 it
FibRifEfb AL B

W:(d,~+rj)/2(d[+rj), i=j=12,---,n (5)

1

0.1320
0.198 1
0.037 1
0.001 1
0.0100
0.0812
0.1593
0.038 5
0.063 3

(0.0 3.7 20 00 03 0.0 00 1.4 0.8 ]
1.7 0.0 20 00 1.3 0.0 0.2 3.0 1.0
05 04 00 0.0 01 00 00 23 0.1
00 0.0 0.0 0.0 02 00 00 1.1 05

A=| 00 00 00 0.0 00 00 1.0 2.0 0.0
0.1 0.0 00 0.0 06 00 04 15 0.1
1.2 07 08 02 1.0 0.0 1.0 0.0 29
0.0 00 03 0.0 0.0 00 1.0 0.0 29

0.1 01 1.7 03 04 0.1 0.0 1.7 0.0 ]
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SRJF . A python3.7 G L1514 F1 45 4
HIMF T.

T=G(I-G)! (2)
0.0036  0.0714 05593 03318
0.0039  0.0961 0.6567 0.3560
0.0015 0.0410 03601 0.1417
0.0181  0.1648 0.1648 0.108 1
0.0011  0.0336 03072 0.0992
0.0010  0.0709 0.2477 0.0941
0.0024  0.0691 0.6008 02281
00041  0.1289 0.1775 0.3801
0.0120  0.0360 03188 0.1128

bRAEALd; + SR R 4 CPC K Ty AL E ™,
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Tab.5 Cognitive failure mode

IHIE KA BAMHE
O1 Mg HbpeR 0.001
pUES 02 HHASIR 0.07
O3 MAA AT 0.07
ISRZ1 PRI 0.20
e WS TS 0.01
I3AERffRE 0.01
. PSR 0.01
P2ARIE 214 0.01
E1 iy U 0.003
E2 ZhER a5 0.003
E.XF) E3 g HARfR 0.0005
E4 ZEIUT AR 0.003
E5 ZhifFisti 0.03

n
WZ:(ZPiwi]/n’ i:1,2,~--,n, n=9 (6)
i

CPC [H FIEIEJ& , 25 30 A AR A 60 2 R
CFPy, = CFPy W, ¥—FRINTHEEERITHE T,

RT KBEHFIRZBE)

Tab.7 Failure probability of critical event sequence (1)

REEFA TS HATREM RN CFP,, BAEH T CFP,,

JUE-SiErn O3MEEBA AT 007 0.089799  0.006286
ReEAIR 2 E2Z/ERT ISR 0.003  0.089799  0.000269
WL ST P2ANE HHYHRI 001 0.087178  0.000872
FHR T E2SIfEM ISR 0.003  0.089799  0.000269
P 4, e ) 2 JURESER 001 0.083969  0.000839
WEHAEWATN  O2BHAENR 007 0.089799  0.006286
L NI ST} O2BFAEETR 007 0.089799  0.006286
e sea, R ESEIEIN 0.03 0.089799  0.002694
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Tab.6 The most common cognitive failure mode in steering

task
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Tab.8 Human error rate in three states (1)

R B B TH %

22703%x1072  23582x1072  2.8424x1072

INEPS7ES

M 8 ATLIFE H, MAF CPC Tk, Btk
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FRVEAS B 55IE
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ST B A UL B el i J5 CREAM J7 45 B A 4
£, 5k HERT I CREAM J5 ¥ 2 4b 40 4 45 3 k4T
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Tab.9 Failure probability of critical event sequence (2)

KEERMFE) WERERE RN OWEESAT  JPREAT EEIEE e EEHAERITY WAERREE AR
INHIR R 0.0056 0.00024 0.00125 0.00024 0.001 0.0056 0.0056 0.0024
/NMCARAE— CPC I F kA, THE 3 AR MEais A SRS FHEAAEKFER, HFASHE

A TRANHERRR, WHEHAL, 4R TF%E 10,

F10 3TRETHAERIRE(2)

Tab.10 Human error rate in three states (2)
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PR e brid A oL, BN SIEW SO0 N AL, AR5

T YN PNISPS P S EE 8 A B NS
T IE R KFmE, W2 RS A R iR, it
IR HE I T A 7 B S 2 R
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