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Expressway dynamic risk discrimination method

based on risk update theory
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Abstract; In order to further enrich the theoretical system of expressway traffic safety guarantee,
a dynamic risk identification method of expressway including risk source, impact field, targets,
measurement space and time scale was proposed. Firstly, the traffic flow data and accident data

of the 180-W highway from January to June 2019 by the California Traffic Management System
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(PeMS) were collected. Secondly, the risk research scene into the past, present and future
according to the time scale were divided. The discriminant analysis method was used as the
measure space to establish the risk discriminant function with five traffic flow parameters as
independent variables. At the same time, the risk value R was calculated by using the discriminant
function and applied it to the input field of the risk updating algorithm to complete the updating of
the old risk model. Finally, the accuracy of the old discriminant function R,,. the new
discriminant function R;, the old and new mixed discriminant function R,; and the discriminant
function R, obtained by risk updating were tested, and the discriminant accuracy was 67. 5%,
61%., 66% and 74% , respectively. The results show that the updated discriminant function is
applied to expressway dynamic risk discrimination has higher precision of prediction, based on
discriminant analysis method and risk updating algorithm of expressway dynamic risk
identification method can continuously update dynamic risk evaluation model, can be applied in
each period of expressway dynamic risk discriminant in the future. 5 tabs, 9 figs, 32 refs.
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Fig.1 Research method of expressway dynamic risk
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Fig. 2 Sketch of relationships between risk factors
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Fig. 4 Processes of risk updating algorithm
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Tab.1 Samples collection

B b A

B o ] 15 B

Kt/ ) SR 5 0 B2 L ]

I 38 KO RE A — b I R

2019 4F 1~4 H

404

BRI A% B AR A AR — TR IH B R 545 5 BB AL Rs

2019 4F 5 H

. 1: 3O MR ZH 5 55 W20 1 Il 3th s B A TR] L {HL H )

LN

2019 4F 6 H

5 o 2H AR AR LR A 22 T8 0

100

F2 BAHERENX

Tab. 2 Single-arm data form

i HiE R BRI & IS

= o FRezutal/ | SRS | ARG I I i i/ i NA Vur/ K% R/

" min (Abs pm) | (Abspm) |[(veh+ G mim)~") | /% | (veh« h=1) | HHil/% | (1.609 km « h=1)
1 |2019-01-31.,15.36 111 4.1 3.3 388 24,2 45.8 2.6 26. 1

0 |2019-02-01.15:36 455 5.6 22.7 4.0 61.8




O F . EATFRRIEHEAYZEABKRSESNRH A F 121

Bl 6 iR g 1) A

Fig. 6 Distributions of accidents duration

AR LA 1 Fom FHFFEH A 7E 120 min
DAY 52 R S ilcRr 22 I A1 FE 120 min DL b (P S5k
JE R 2 B, 2 KA . 2 hiE S
Wk Az 5 min N Ui W D G 09 A A
A LI B (] 5 min PN, 2 A0 0 o R — Wi g SRt
FF TR AT o5 B 57 X000 B [ 09 7 43 b s 3 BE 5 min DA
PN 3 2o 12 T TR BT A A A Y ST X R
2.3 HAUHESERSH

A S Ok U L R R, 38 3 8 5 B AR
383 S A B 2 KURR ) 50 pR BOR E L R R
AT AT e 2 B 2 A AU 1 AR 48 B L AR B
7 BT A TR IEA T KU B RO

Fisher# 5
R0

BEH s

IEE -

: 1
L IE3 +

TR A R

SERTELL IR g

i #Fisher

F1 5] b HRA

B7 35Tk
Fig. 7 Method of calculation
2.3.1 Fisher 3|3 4 %

FHT SPSS i F4 531 73 Bt D BE X 7 [H AL AR 73531
PEAT Fisher H 515 15 2 o b5 o A 3 0000 551 o 0 &
sk 3 piR.

®3 MAFBERHNEHRE
Tab.3 Discriminant function coefficients using

new and old samples

BE | RS W \% Q b q Vur
IHECHE FE| 1 |—5.364] 0.001] 0.059|—0.073| 0.065 0.082
A% ) ) bR
R 2 0.789| —0.003| 0.114| 0.018| —0.056] —0.018
BOBCHE R 1 | —2.401 —0.014| 0.565]—0.029| —0.034 0.086
7% J) 53 R
HR; 2 1184 0.007| —0.129| 0.056| 0.065 —0.084

Fisher J 5| 2x 41825 (0] m e B 2 ) 2 A H L
B TR 2 A S R R AR SO R B X
ey o A3 e T AU /D B4 RV B O Fisher ) 515X &
Ko P8 IEL 9 23 5 D TH R0 H A A ) 5 eR R R AR
B AR 0l e B R 4 U] ] R K]

4
2 - i
=
<4 o, ¥ RH2
ﬂ 0 L% . _— 2 %i/
1 vaj‘?" 'U
T weg®
ENE k)
—> <0
v1
02
m LJE O
—4 =) 0 2 3
R 30

Pel 8 TH S s 20 )35 o

Fig. 8 Canonical discriminant function of old data model

5_
3_
.'J!
1r v Lo gv
o~ v
= EE-4l R )
%0 -
_l_ &
“o muxm
0
_al v1
3 v
w A
. . . . ‘ ‘ ‘
—15 —10 —5 0 5 10 15
& ¥

P9 S S A 50 A ) 551 o

Fig. 9 Canonical discriminant function of new data model

MIE 8 FIEL 9 T LU H by TH 80H b s 1 40 531
iR W I S N 1R R N TS B i g €
PR T b A AR R /D BT LORE eR R 1 AR TH %K
Fh R TR 14 ) ) e K ) LA T 5 e R 1 A O O
R f ) 50 pR . TT LA B R EIOC R AU R

R,,=—5.364+0.001Q+0.059p—
0.073Vyr+0. 065¢+0. 082V )
R,=—2.401—0.014Q+0. 565p—
0. 029V —0. 034¢g+0. 086V (5

AR, R 2019 4F 1~4 H 1Y Fisher #51 p&
B R: 4 2019 4F 5 H #HE (Y Fisher H1 50 ok 51
2.3.2 R ##H %

[H PR D) 25 25 90 A 1 0 22 19 XU 5 4 15 2 T 4R
25 54 A 7 6 IXURS: 1 e BT A IR . BRIE Tk Rl



122 ¥ RFFROARFFR

H A AT LR S B 2 X KURS A A T (H I AN 2
MK 2 4B B 0. AE TH B RRE A B L A
TE— LE AN 8 ME A Sz e XU A4S JoT 5l 35 AN A 65 >4 1 XU
ARG AF B o AR SO 2R B 04 R A B0 56 R 1H
357 B e R 5 ot B SRy 1 T XU R SR B H Y .

DRV T Bk 4 A 4 2 - OAG T 4400 2% 45 4
BRI (1 23 A o N7 T S5t 5 O 7 T ER T 25 AR A AR 1
AR RS 5 H A IEAE I M R 5% cos(7,) s
PR 31 R S 580, O 57 TH H 0 i £ 40 A
RIS KRG EHNEE S, FIJe M 5%
cos(y) HNIERE MG IF B KRS8 0 DL Z=
cos(7.)/(cos(y,) +cos(y)), i 0, = Z0, + (1 —
D0, EEHSHL

AR S ok N7 A3 I S A SRR S [R] 22 (R
) 2 DG R AR R0 ) 531) 0y 2 XU 5 DA ot e 2 Ny 2R P
T SR TE S8t TH D 28 55 6 A5 70 4 57 i 38
KERGLL 6 NEHAE v A G BRI T 7 4¢
PGSl LA i U B R A s A 37 o g8 51 SR AR
JwERNx=1Max=y,,i=1,2,-,6 1Y 6 4E=3[4],
15BN MTE S B IR 4,

x4 EHER

Tab. 4 Form information

58 | Hu H; H; H, H; Hs X
O, 1 502 10.1 26.4 5.4 58.6 | —0.92
0: 1 511 8.7 24.4 5.3 64.0 | —0.36
O3 1 522 12.7 30.5 5.6 52.7 | —1.51
Oy 1 427 18.5 3.4 1.2 26.6 | —1.73
O;s 1 323 7.0 2.6 5.9 30.6 | —1.85
Os 1 451 22.1 4.6 2.4 24.7 | —1.65

E:Hi~Hy A HER P B EF H o o=1 16528 H~
Hs 231 A 7% (veh + (5 min) ") £ 8 b A F (V) Var
(veh « h™1) KB &4l (%), & (1,609 km « h™1);0y ~
Oy A H 6 AR B FHX HMAD B S R,
iibep 2O s R CEL NN I i's AP S P N

5z BARNRE Se N
Se=H'X=
[—0.008 —3.514 —0.113 —0.097 —0.032 —0.299]"
1502 10.1 26.4 5.4 58.67]
151 8.7 244 5.3 640
1 522 12.7 30.5 5.6 52.7
1 427 185 3.4 12 26.6
1323 7.0 2.6 5.9 30.6
L1 451 22.1 46 2.4 247
X=[-0.92 —0.36 —L51 —L73 —L.8 —L65]" (6)
WIRAE S

2021 4
S=H"H)'S;=
[—6.130 0.005 0.030 —0.086 0.080 0.0737]% €
Hi P9 U5 Fisher J 3 s 8 S8 g ~Bs
B =—6.130
B, =0.005
B;=0.030
B =—0.086 (8
B =0.080
B =0.073
HiZBHEGHREY
Y=HS, =
[—0.92 —0.36 —151 —L73 —18 —165]" (9)

HrhJeAaiZ cos(a) =XY/(|| X |Y|)=
LAKTHRZMRR el = | X—=Y || =0, 3 Ui B i
A 5 s8I,

BRI B A AR R R 2 N
RS B TR R A o O X S Bl
@3 R I 1 B4 455 AU 1) 2 8K 0, = (0. 443, —0. 001,
—0.007,0.142, 0.210, —0.149) 1 J& ff 4% 3% 4
cos(y,) =1,

DAJE £ A% 5% AR R AR 9 B4 588, B B S
SR Bu s BRI

_ cos ()
B =P cos(y,) +cos(y,)
cos(y.)
B cos(y,) +cos(y,) (10)
Bu = —2.843
B, =0. 004
s —0.015
P (1
Bu=0.028
B =0. 145
IBU(;:iO. 076

B A RS E R, K
R, =Lu +BL12 QJFﬁu:s b Jrﬁuq Vir Jr,Bus q+ﬁu€i V=
—2.843+0.004Q+0.015p+
0. 028V 40. 145¢—0. 076V (12)
I B e B XU 2= a8 3 2 (12) T30 ) XU 2
B A IR R, FIE AR Ry %k Hi 4 50
WATHEF . BEHIFEE RN (a0 sa15a2) = (—0. 045,
0.709,3.925) , i g vay vz 2090 B AL 0,
1.2 (A FLOTE R R, G
2.3.3 BRI
XF Ry R VR, 33X 3 Ffr 53 bR & 53 ) 47 ) )
S5 RUMERRPERT SR, O 1 U BT XU R 3 R AR 1



% 43

kOB, F AT R ZHLLN SEARDSRNEH A 7k 123

A RE AELRIT P INAT R HDRE 1~4 A/
B REASHN 5 F B BHs BEAS B IR B 5 B 14 51
PRAL.

K5 58 ok it A o G 6 A A AR B 4% A 1) e A
Hh R I — 2 S SR B O R R il U R
AHRL A2 50 . 33 B 2 R 0 2 78 Xu S8 R AIF 5
Hh A Al S AR Y T A A 56 (R HR A T TR — s ]
B A 50 43 531 2 s AR S A AD ) 2 p ) XU )
) IO FHT 24 R A L0 2 0 R SR A A A S0 L DKL A
oIS 2R P A 36 50 Ak s o R A B ) I () B

BEL o 5 FH A A 1 50 A0 2 G 360 224 iy A 784 (4 4 1) o A
TG, R A SCRI T 2019 4 6 2838 i 48
X5 28 XU 40 3] o B8 53 ) 1 AT S 00 A BE A R, 45 SR
M=% 5 Fims.

128 5 Al UL, 38 35 X TH 0 50 pR AL Ry, 3T H 5 ek
R HTIHIER A 20 5 R AL Ry 5 LLKRI AU B8 3 15
B0 R R, R 58— FEA HEAT RS B2 G 56 )5
FUBIRE BE 20 3k 67.5%.61%.66% ., 74% ., X &
B, BT A 0 XU ) S S A X F 2019 4F 6 A i 28l
TS BCEAT T I IORG BE

x5 FNBEEKRRE
Tab.5 Accuracy test

J) 531 R 4 Ry Rs Ry R,
S I e A 0 43 2 0 1 2 0 1 2 0 1 2 0 1 2
TE T T B A 104 22 9 104 19 8 103 20 9 114 24 10
B 150 36 14 150 36 14 150 36 14 150 36 14
T 43 FERE B/ %6 69.3 61.1 64.3 69.3 52.8 57.1 68.7 55.6 64.3 76.0 66. 6 71.4
Hit/% 64.9 61.0 66. 0 74.0

3 #RE5iTR

3.1 iEHRIEREAEIERSE

F T A e N B I D AR A BRSO T
TE 17 A J 3 AR SCA AR T 36 [ g PeMS 22 i &
PR G 180-W iy 3 20 B i AH OC B . 78 v AR
SCHY ) eR A Ll 2 KR F ORGSR 1R T AR DG
A 11— 2H S5 R R I i A AR R R A 2
T S i A5 o 3 ok R AT BT G R ARDOY L A
I 0 T2 R T B S B S ORCHE  IXURS: ) 1) A5 A
TUIUAS BEAL LR TE 70 %0 2247

ARSCLL 5 min Sy i A] B] FE XS 5 46 52 8 i £ s
FFAL 3R R STl A2 R 5 min Y 22 38 WOIR B0
TS SR 0 DG FR 3 X T 2 R 00 v 1 e SR 0 5 2
W 2 AR A% Z AR JLAD 5 2 lOR 56 M I
SER 1) A5 A0 I A S R L ARD B S E i S k. Rt B
PG W R R AR AEE FERRZ — |
X [ K 2 B A T A SR AR TR A% 1Y 98 TR
1) K Ji 32 Wi A9 2 i ok
3.2 fREIES

K H Fisher $ 51 43 ik @ 7 2@ S50 5 &
AR S I 18] 22 18] ) 2 1 oR B0OC 22 5 T 36 1iE 1 4] 531 R
BSCRS: 56 ORG A

{H 45 I AR FR 28 I 2 805 S iU R AT
ARG R B TR 222 5 R B LR AR 5 75, DL
I ST e 28 I % RN AL i 27 2] S5 5 IR R OE T SS9 1]

R, PSR A A TN AR L AR Sk B ik
(18—~ 2 B 0 7 40 30 43 BT 1 445 1 AT AR 31— A4S 5%
T 283 i B BN 25 VK 15 8. 1% 2 800 1 T RS
HOF A S H T

AR S HR AR B A XU BB B 9 JHL R Rl EE 9 ok U
FIEA K AR . RIS Ny i 85 K 1 2 fige e
U SRR ERE A A TR Al P 0L B L 42 T
JRURG: 8 A7 T 3K — Rk 2 [ 8, 3% 3k i e 2 I
ol KU PR A R 1 I LA TR
3.3 GZRAW

e T ] — 20 36 6E K008 % 4 b AS [ 2 500 7 vk
A5 1 4 30) R BSORE BE R4 T TG 56 T A 56 TR AT
K B Menemar-Test #2567 365 . oMW 5
15 H R RS R 2019 4 6 1 H L 1R 56
TR (A~ 6 H 103838 3800 ) X 1y Ay = i fe S
004 o L 305 0 531 R 5 1) B 1 5 4% T i 4 B
HEAT B X ELAT 0 ARG B G 90 R . e TH ) 1 R
BOR, BB R RS B IHTR A ) B R AL R, 5 AN
I RGBS B B 45 210 09 40 00 eR B R, A SR B T
67.5%.61% .66 % .74 2% M FMKS B . i 5 AT,
Ry MEW R T Ry o IHAR M #8800 5 0k, o gl ok
B B RURS: B4 AR B TH 25600 2% B3 B FE AR B 24
RIS B 6 A R AR ) 0 o A R AL R
Gt 6.5% ., HAEENE, BHBSEAEREAR
W77 Ak 1) 3 F 0 i A5 Ry O I S R A H R
3 B KU B . Ry A BEBEAIK T Ry o R B4R



124 *x

ZXRFFRCERFF R

2021 %

BAERIFEA R H Fisher H| JIFEARLE B 25 &1
8~ 10 A% 2 [a] B ) 1) 2k S foe Sy BRARL, B K 1) A AR o
FEAS BB R 5L 00 F00 00 G B2 5 Ry R R G IR T 53R
Je B PR A R, UG IIAE A IR G AN AU AF B U
AFE RS W TIHHEERWEM,
3.4 REEHMBERE

DAL AN A Ay B[R] RUBE A R 7 i 4 i 4% 4 4
it X H ARS8 147 T 50T, O T o SR I AL T, L
RS A BCs W B B R A B Y BT OB B RE AR 4
oA B 3 A2 A0 10 A5 AT DL RO BEAER Y
S 590 BB o I B R T X A S i) AR Y AT R, (E
TESE PR 6 W B B 50 41 RE AS Y I ] B ke T 45 4
W T MBS AR L . AL 1A H S [l B 4y
PRAF AR T o a0 SR A FD GORS B 1) 28 38 I 2 B0
RIS B B ROBE L v AR 1 h HE B/, B
LG $R N 25 A1 152 %85 B R 050 B0 Y 4 s T LA
SIS R S0 A DU R
3.5 FEEAMRABRESH

AR T 2 E PeMS Bl S8 #E 4T T %05
AT AT RS IR G e ™ 2R T M DAk e Y A
FHPE [R] L X8 a4 2 25 i o G i e - — 1) FH 5% [ 4%
it 7= A B AF I8 R T o Y A B BT
Hh 32 T ] A R B TR T B T R S, 2 3 U LA
N AZ 30 R 13 TS TR B 458 P UOR AN '
BN . BRSO AR R 36 [E PeMS 8048 #6147
B5E 5 i I v O B S S AR T A SR AR ST
D5 A s 45 G v L B A AE IR AR R U
2 0 FH T v ] v 2 A R R

DA XU 5 A A% o o %o AU Y58 2 47 % 32 0 A s P
B 5 A2 38 T 2 HORE a0 XU 40 S50 A 7Y 7 2580
PRV SR ST o 23 32 BB AN 3 C B4k LA IF
3R & T N S A S N A NS D B R ST e
Wz 43 AT RS ) R XU B ST ) o 2 XU F 0 4 &R
J B, FES R AR — SR R 2 AL A
RIS 5 B 2 B0 AN 52 4 AH B ST, 38 4 S 80 E A7
TEL ARG H A5 F AR AE I 25 KR 1 J5 e 52 Th vl
K AR R 25 18 2 B0 25 FRAE B9 A2 1k

4 45 iE

L 2o RS 73 A DX S ) AR XL 6 538 5
ZR G M PR IR TR S B Bl S KU B A A L X
O3 B 8l 25 AU T 7 2 Al s S0 IOXUIE: 73 BT #) 5 A
FER AT AR 2 8% 3 25 KU A AS ) 52 18 I 2 4L
A FM T LA WA ROIFSIA T 53K

W 27 LT AR DG 149 IR B 39 A0 RV L 45 3 TE BT S 1Y
IS 051 R R, HEAH B T R Ry R VRy s Y
SRS BE 4 ST T 6.5%.13%.8%,

(2EEE 2 P IEAE W 2 % 3 S WU 5 32
FEUL T Uiy 45 5 R AT A0 X 2 B 2l 25 XU
DALY TR AT AN DB i SRR i v FL R RS

(3D BE5 AR SCHYAIF T PN 28 M2 6 30 285 XU PR
R4 T R S B 2 XU T S B A B - 8l 2 KU
I8 77 TG 0L X 22 2 B [ A T 0 S 80k 2R b SR
SRR B 5E 5 48 Bn B IO T L 75 BRI il A T 8h
A8 AR ) ) ) — 2H 2 005 59 I DR A8 A Xk 1 K40
TE SRR SR B AN W i T B SR B ARG R L - o)

£ Uk :

References:

C1] BEEWELIN AN S P % 30 3l i s 17 %2 4 0 it

SR 5G], /PR i (A R B MO
2015,43(2):221-225,324.
JIA Feng-yuan, SUN Jie, SUN Jian. Key variables
identification and proactive assessment of real-time
traffic flow accident risk on urban expressway|[] ].
Journal of Tongji University (Natural Science) ,2015,
43(2):221-225,324.

L2 #h S1.9h 2. Sl PRt i 92 2 il s 17 £ 2 &

2y KUK Al [T ], [/ 0 R 2 2 4 (A A FE 24 R . 2014,
42(6) . 873-879.
SUN Jian,SUN Jie. Proactive assessment of real-time
traffic flow accident risk on urban expressway[]].
Journal of Tongji University (Natural Science) ,2014,
42(6) :873-879.

[37] LINL.WANG Q.SADEK A W. A novel variable se-
lection method based on frequent pattern tree for real-
time traffic accident risk prediction[ ]J]. Transporta-
tion Research Part C,2015,55.:444-459.

4] AVAFE . E AR kT U B0 Y 55 320 (8% 52 i = ik

DR Y[ . A2l 5 B 5 % 42, 2017, 35(5): 11-
17.36.
FU Cunryong, WANG Jun-hua. A real-time accident
risk model on freeways based on monitoring datal J].
Journal of Transport Information and Safety,2017,35
(5):11-17,36.

[ 5] PARSA A B.TAGHIPOUR H,DERRIBLE S,et al.
Real-time accident detection: Coping with imbalanced

data[ J]. Accident Analysis & Prevention,2019,129.



A RoOBe,F

FoR TR FAT %

AW o iR N B IS R F) R ok

125

[6]

7]

[8]

L9]

(10]

[11]

[12]

202-210.

SHEW C,PANDE A,NUWORSOO C. Transferabili-
ty and robustness of real-time freeway crash risk as-
sessment[ J |. Journal of Safety Research, 2013, 46
83-90.

TEER I, RN, E S, AR SR T SRR I AL R
N B S I SRR BRI LT )L W% K2 2 CH AR 2
M) ,2017,45(3) :355-361.

YOU Jin-ming, WANG Jun-hua, TANG Tang, et al.
Support vector machines approach for predicting real-
time rear-end crash risk on freeways[J]. Journal of
Tongji University ( Natural Science), 2017, 45 (3):
355-361.

TEER I, 7 <P BB 3Kk 22 09 L A5 A I I o KU
WA Y Je T B A 1 T . TR 8% R 2 4 (A SRR 2
M) ,2019,47(3) :347-352.

YOU Jin-ming, FANG Shou-en, ZHANG Lan-fang,
et al. Real-time crash risk prediction models and
transferability analysis on freeways [ J]. Journal of
Tongji University ( Natural Science), 2019, 47 (3):
347-352.

XU C, LIU P, WANG W, et al. Development of a
crash risk index to identify real time crash risks on
freeways [ ] ]. KSCE Journal of Civil Engineering,
2013,17(7).1788-1797.

waRgRL X B ML TS R M B
P 2 e XL T I A 2R [ ). 9 AR OR 2 A R (2B RO
2013,43(1) :68-73.

XU Cheng-cheng, LIU Pan, WANG Wei, et al. Real
time crash risk prediction model on freeways under
nasty weather conditions[ ] ]. Journal of Jilin Universi-
ty (Engineering and Technology Edition), 2013, 43
(1):68-73.

1S e T A8 NS B R /A TR R ]
RS B L. R 5F R A=A R CH AR O L 2018,
46(2):208-214.

ZHANG Lan-fang, ZHAO Kun. Short-term traffic
flow risk prediction on freeways based on truck fac-
tors[ J]. Journal of Tongji University ( Natural Sci-
ence) ,2018,46(2) :208-214.

WD AR R T R A i A T S I 4 e
P[], 22 4 5 R . 2015, 15(1) :57-63.

HU Gong-hong, LIN Yu, GAO Jian-ping. Real-time
safety probability evaluation of the expressway traffic

flow[ ] ]. Journal of Safety and Environment,2015,15

[13]

[14]

[15]

[16]

[17]

[18]

(19]

[20]

[21]

(1):57-63.

LI M,LIU Z,LI X,et al. Dynamic risk assessment in
health care based on Bayesian approach[J]. Reliability
Engineering and System Safety,2019,189:327-334.
LEITE F L, SCHNEIDER D, ADLER R. Dynamic
risk management for cooperative autonomous medical
cyber-physical systems[C]//GALLINA B. Proceed-
ings of International Conference on Computer Safety,
Reliability and Security. Cham: Springer, 2018:
126-138.

ZHANG Q.CUI L,ZHANG ], et al. Grid based dy-
namic risk assessment for grassland fire disaster in
Hulunbuir[ J]. Stochastic Environmental Research and
Risk Assessment,2015,29:589-598.
KA, L R L T R R KU AT T
LT R TR 55441, 2010, 50(5) : 706-711.
ZHANG Ming-yuan, YUAN Yong-bo,ZHOU Jing. A
new method of urban natural disaster risk analysis
[J 1. Journal of Dalian University of Technology,
2010,50(5) :706-711.

HARTIGAN A, THRASHER D, ADLAM R. Real
time decision making-incorporating dynamic risk man-
agement [ C]//Society of Petroleum Engineers. Pro-
ceedings of Intelligent Energy International Confer-
ence and Exhibition. Aberdeen:SPE program commit-
tee,2016:1-11.

WOHE. MR BT B A R R )] AR K F IR,
2011,20(5) :1-10.

HUANG Chong-fu. Discussion on basic methods for
risk analysis[ J]. Journal of Natural Disasters, 2011,
20(5) :1-10.

BOHR. AR K E F S KU 5 1 i — AT SR A
[J]. % F2,2015,30(3) :1-9,53.

HUANG Chong-fu. A formal model for dynamic risk
analysis in natural disasters[ ] ]. Journal of Catastrop-
hology,2015,30(3) :1-9,53.

THOMPSON K M,DEISLER P F,SCHWING R C.
Interdisciplinary vision: The first 25 years of the soci-
ety for risk analysis (SRA), 1980-2005 [ J]. Risk
Analysis,2005,25(6) :1333-1386.

WX B E A BT R A BT e A
P 2 22 A SE I PP SR BRLT ). AR FE R R CH AR
2[5 2012,42(3) :555-559.

XU Cheng-cheng, LIU Pan, WANG Wei, et al. Dis-

criminant analysis based method to develop real-time



126

KZRFFROARAAF RO

2021 %

(22]

[23]

[24]

[25]

[26]

crash indicator for evaluating freeway safety[J]. Jour-
nal of Southeast University ( Natural Science Edi-
tion) ,2012,42(3) :555-559.

B B2 S A il i B A M A0 XU BB o 119 1
[D]. Jbat, JE 5Tl K2, 2012,

TIAN Jing. Morphogenetic estimation and its applica-
tion in updating probabilistic risk[ D]. Beijing: Beijing
Normal University.2012.

ABDEL-ATY M,UDDIN N,PANDE A. Split models
for predicting multivehicle crashes during high-speed
and low-speed operating conditions on freeways[]].
Transportation Research Record,2005(1908) :51-58.

ABDEL-ATY M, PANDE A. Identifying crash pro-
pensity using specific traffic speed conditions [ J].
Journal of Safety Research,2005,36:97-108.

SUN W, XIE S,HAN N. Robust discriminant analysis
with adaptive locality preserving [ ] ]. International
Journal of Machine Learning and Cybernetics, 2019,
10(10) :2791-2804.

ABDULLAH A S,SELVAKUMAR S. Assessment of
the risk factors for type ]I diabetes using an im-
proved combination of particle swarm optimization
and decision trees by evaluation with Fisher’s linear
discriminant analysis [ J ]. Soft Computing, 2019, 23
(20):9995-10017.

[27]

[28]

[29]

[30]

[31]

[32]

ZHENG J,WANG H,SONG Z,et al. Ensemble semi-
supervised Fisher discriminant analysis model for
fault classification in industrial processes [ ] ]. ISA
Transactions,2019,92:109-117.

ZHONG K,HAN M, QIU T,et al. Fault diagnosis of
complex processes using sparse kernel local Fisher
discriminant analysis[ J ]. IEEE Transactions on Neu-
ral Networks and Learning Systems. 2020, 31 (5):
1581-1591.

OH J S.OH C,RITCHIE S G.et al. Real-time esti~
mation of accident likelihood for safety enhancement
[J]. Journal of Transportation Engineering,2005,131
(5):358-363.

ABDEL-ATY M,UDDIN N,ABDALLA F,et al. Pre-
dicting freeway crashes based on loop detector data u-
sing matched case-control logistic regression [ ] ].
Transportation Research Record,2004(1897) :88-95.
ZHENG Z,AHN S,MONSERE C M. Impact of traf-
fic oscillations on freeway crash occurrences[J]. Acci-
dent Analysis & Prevention,2010,42(2) :626-636.
LENSBERG T, EILIFSEN A, MCKEE T E. Bank-
ruptey theory development and classification via ge-
netic programming [ J ]. European Journal of Opera-

tional Research,2006,169(2) :677-697.



