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Expressway Emergency Resource Scheduling Based on Improved Salp Swarm Algorithm

YU Han-cheng, WANG Chang-hua, NI Shuang-jing” , ZHU Xi-hao, LIU Hai-ping
(Zhejiang Institute of Mechanical & Electrical Engineering Co., Lid., Hangzhou, Zhejiang 310051, China)

Abstract: To solve the current issues of untimely expressway rescue, poor rescue effectiveness and secondary
accidents easily caused on expressways, combining with the actual needs for emergency resource scheduling
in the expressway environments, the emergencies and their potential influences on secondary accidents were
fully considered. The expressway emergency resource scheduling method based on the improved salp swarm
algorithm was studied to efficiently cope with the emergency situations on expressway. First, the optimal path
selection method and rescue material scheduling method were in-depth studied and analyzed from a technical
perspective. Time and cost were taken as the goals of expressway emergency resource scheduling. The
scheduling objective functions were established. Then, in accordance with the optimal path selection method
for expressway emergency rescue, the ant colony shortest path algorithm was studied. The global update rules
for ant colony algorithm were improved based on the expressway network characteristics to enhance the
algorithm path search efficiency. Subsequently, to solve the emergency resource scheduling issues related to
potential accidents, the salp swarm algorithm was studied. The algorithm’ s advantages of low computational
complexity and global exploration were utilized to solve the resource scheduling objective function.

Simultaneously, the salp swarm algorithm was improved with explosion, mutation, and other operations in the
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fireworks algorithm to further avoid the algorithm falling into local optima. Finally, the test results show that

the proposed scheduling method can provide faster path planning. The improved salp swarm algorithm can

effectively improve the convergence speed and computational precision. Moreover, compared with the

scheduling without considering potential accidents, the proposed method can effectively reduce the total cost

of resource scheduling for emergency rescue in the event of a secondary accident.

Key words: intelligent transport; emergency resource scheduling; salp swarm algorithm; expressway;

fireworks algorithm; ant colony algorithm

0 35l

UTAER, o N LR ORI ML B 4 R A A
Wrshn, SR A B AT RN R R A A
PRl LB AN AP SUE R4 R R,
B B R HOR AR R S 2R, I ) ST
—ANTER A A R SRR IR R, TR R TE 1
W AR A, AR, A R R N O S
PR, — B S B A AR, ST S AT 4
LR eI €S0k i) W NS W I S o0 810 BB €7
VBt i AT DU B B AT o B RIR B, SRS P2 HE
TiiitATizsk . Bl A0 B 5 e 5 A A
Xz IR LA TR, A 7 R Y TSR T B X AL
AR AR, R A By LR R I 5 K ksl
P, MnEFECE R IR L, Y e
NGRS SNy, AR AESE R IR AL aE
A B L SRR VA R DT v, R A AR BRI R
JVER IR S 3, S B e R R AR, 3 x> v
YNBSS St 1 NI Y ST /BN
S 7 A B P A B BB R

FURTC T 07 2R R 4 B Y P S R i 22, 23
SERLEIS ) RUSCAS 2 A AR B R 2 RO I B Y
EEARSS R E MR AR BRI, AR
B S EAACTG DL X B W ) ol 21 088 AR A Y
W RS =R T, ARE AT
SEMERI BT o0 A L B ARG, RS 5 R BT R
R 2B R P SR SRR s F i MLz ik
MR tER A, PG, I SRR R R AR o e
ST BB BRI B B R, R
I AR A SR A AR P R A,
IR PR S, AT R o 8] A A f MK
MEARA LA, IV R o JBE ) 00 B M A pIE A
EpE FIRAR Y BRI EE 7T 2 ANIT I BEA TS

1 L B IV A R B D e DG B A e 2 SR
WA, DA i o) o bR, H AT E A Rk
BRI RE R 2, 5" d

il

AERPOR M R ARk B A E R R LR AR, JF
MRt T DX PR B 36 £ 5 Y R B 7 58, (BRI 0RE
ZIEMH R AL 5, Potvin 45 % [E B2 i R] )
R, B — R I ) B AR R O ik, O e e i
BARESE, 2 SURHCEAS [R] A4 TG T 8 3 S s
{ESEZ T AR R B T Bk B 44 . Nikoo 261
I8 o HE ST 2 AR R 2R PN R R AR i B AR B AR
EIFRE IR N EZ AR, M1 %D 7oK i
BEMANE L, BARTSHIE T EIERE ., B
B, BBRKE, PHERFEZANRE, (HEER
SEHAR ZEE O AR B, 1T H AR 2 2% B R AR R
BREM SRR, A5 & ARG

SRR W0 P R 43 B 32 2 R X g R O R R
B3l AR A RN R R R e 3 45
SUEAEREAR, DART R A B AS S /e B, ST
PRIEERIARY | SE Ik SR, RAS R A R A B 43 T
., INFIGET R MHE AR, R ABRIR
KEIEMB AR ATk, stk Tt Rk A
SN R A B [, $em TR S a R
U IER IR (EPSY e VS E D & - P A P A ¢
B BTN B ) R S A A TR 5K 25 AR
GRMBTINE RS2, @ TR R, I
R R TR, R R AR A
SN R A S, Sung %50 X8 R 3 Bl
AR o a8, SR B A 100 5 1k SR A 380 Ak BT U
PREE, A EL R E S B IR A B RO, (AR
DA TR R R AR T SR &K
FN AL AT RUZ K], it 1 AR R 9 32 ik % 72
AR | 38 3 e s A X2 g i gt A% B s A Y
AT SR A, (RO Z AR R % N &R, Wang
EUSE IO A Sh AL S LA B AR R AR A
& T Z Hbr oo M it & B 88 i 0 2 5 bR 508 4
BB TR A, SRMTFEE B AR, 5% SBUA
b T/ SO N e i T v 2 D 1B S/ R O
PR R T e R AR IR A ARk, HT 2
VGBS (] — A B (SR A, T 2 MR RIR A



50 /NI S

41 %

KA, ARG TSR AR ]

Zi L, TR SRR B A 1B A BT R I B T IhD
FAM G Z TS, (R E X A BRI T A A
FERD, X R G I R ERAR D, L, A
P DA B E RBE IR0 2 D7 AT WE TS, 2 ih
— RS R A R B N SRR IR Tk
Iid i Sioux Falls [ {7 FAKI S0 UE TIZI7ARE N i
A O R R B I R A B AR LR, AR
RN S R 1) 9 DR IR

1 MRBEBREFNTR

e R BRI 5 A TR B o B LR R T 4 Y R B
PR FHOE IR, ERE LT WAl R e
AR RO R i B S R A o T R A 1 T o —
BRei B, BAMRMMN LI MRS, H
ARG ISR Rl I R AR T R A A L
TR B AR BE R DR U], R AR A 5 4 IR B 1
T A B R S R RR AR TR
1.1 WEBSEREER

WCRFRA R — B s kU, R A I
EFREYR S ED, SEHGESE LE T —F
ORI, FFME T A B Y AR A TR X
FTIA Y o (s B R, HIRER S, Wl
K, SRR I R 25 7 b R — S e L A%
AHMEF Y, I RE P 4k B A A, R
B EAWHEANGER., FERBZ, EX &K
AR 22, I &% LIE R RE L, X
SE—FhIE R R, W BT R, & A
FRE R R SRR, I e — YRR AR
e, (R v BT b A8 Ak, VR R OR R
KM ERRGER TR RS AR 25 8
£, mA&G BRI RINERIE,

WO B R 2 4, B 1 A ei 2
VI AR e B, IR m HOS Y, A H I ) 4%
AL &, IRV I (1 N A H o, v e 48 350 1)
T A — A M s AT A Rk AE Y BT AE AL
BRI i, Tl SRR g, TR ) Hh
JEE RN .

()7} .
N o 5’ JjeJ;
b= 2T , (1)
nel;
0, HiAth

1
nij _I9
ij

A, r,(0) e W2 Q)R — T e j 2 (]
MEERE,; o WIS ERTFTEAE 0 B F — Ak
Wi s dy MG M Z I BYREES . m, MR @ B
MR j B K R o R B S D A A B B T
SRS S R AR K T

M (1) AT, B e i fE BB, Wik
FERUTT REPE B, A b 15 2 i 7 ' R BT
R ] REVE BN, B e R B R B B, R
PR L 45 BT o L), e sl e R — A iR
IR L I, RIS AT R 8, ERIRE —
AL, SER—FEIEAR,

2R A REERER, REERRT
ZR G A RAR R, M EAE— UGk D 5 X
PEATEERT, B — R RE G, A RO e A
Flj 2R T THRE R Ar, IIERE, [F B R B
TSRS 2 A M R AR A | I R O A
HR SR RS HR R R Ay M A A Y B
HAERI, BERERR R ERAE B, I T e 4%
MREEREER, NHEAJR R, B
EISENIUER AP

D)= =p)n () +p 2 AT(D, ()

Aﬁuw=%’ ALK LB (1, )
0,  Hfb

b p HAT (0, 1) B9 A/NEL 20 L (3
BERE A O], JOERN, (5 B2 0 4
SRR s Q, JA R0, FRIn s & fE L
VO ERH B F 01 828 ity L, Sl & 76 Uk O
FR R 19 28K
1.2 EFE BN R AT

T A B 1 B ISR G RE ST Y 7R
AR B 2 60 LB 1 7SR, A 2
AT 0T, AN MO S, A EISE A A
B 7 22 B ) R B PP RS

(1) 1ERA B RS IR WA i 20, 5 6 B 2 1
F 258 2 AT 1 75 M 1 B AT e
JCHIT EPE, 7 5RO R B 7 R RO
DA LA AT, 1Y I 2 B A
B, BT R, BB,
AR TR I, R R R, S ROk
AR, I, T ST T (3 2 B L
T TR RN T, RO 2 5 ) A
ML T, SR T R,

(4)



5512 1

T, A TR R S A R O B S O R 51

VIR E B R A3, SXAEE R,
S F RO DT R AR, PR B R A
(2) EEAR E—H IS m R, e
ZBR B G HEATIN ], SRR S RS, 1A
i EE DR BT RS M E WA S,
S 2o P I ()t 2 A T SR AR WU BRLVR IR R IR
APl A A A, P AR BB AR d M B 0% 7 5
MBI AR e B i, T 484 i g 3 = o i B
AT A ] A B ) R A e R VR B L 2 A
11 R ) e S AT 2 AR A M i AR A, T ARG
MHE A B A R GEAE AT (R R my, USSR E
BRI R AR R
T
py = 1Lmy +f,(u") 17
0, HoAt
2, f, RO b A @ B A B B LR T
[ F 38 B PR A S o R ORR S ], B A &
FIK M § B TAE SR AT, i SR NORHZ Oy i B
ANEERGEW, W £ (u' )= 05 Cly,0 IS kAT EFE
AEEAT IO HL SRS
(3) WO PN IE R B BRI, 5%
A RGE AR D7 L, (R A IE B i A
Fiai, (REA S WIS REL, Ak, i
B PE B R R I H N B T, sk (6)
firws, BROGEIVR, KA g msGE o i B AR K
MONEICHER , BT n MBI RES , BEIES K.
(1-p)r,(t) + D ATi(1), keKkK
T,(t+1)= kek o
(1 -p)7,(1), HoAth
(6)
Xt i 47 7 ) @1 ( Traveling Salesman Problem,
TSP), FATE LTRSS g, HPhBES K
(ANEE n R 10, 264 500 Yk, SRR 1 s,
AT L, R ek o B SR ) A I 4 2R B A B AR T
K, ERREESHE, 78 12 SR RBIKE N
2 042 (ARSI, FEIGTE 120 YGEUR IR
1 105 WS REHEAR, MIRAILTE 46 BG4 BB R
BN 2 791 R, RIS TE 135 AU
REKEEN 1138 (A AR, P ICIE A 5T G 5
BB SR TSR AR B, R I SR
2 MBMEREAENTR

2.1 BEFHEXNEELENKETFRRENZIE
RN B — EUR AR SSE S, T 2T TR

. k
J € Callowed
; (5)

6500 "
— WL
6000 | el CUL N C A RPN

5500

PR

5000

4500

4000 i

0 100 200 300 400 500
B

1 EEBUHET IR RO BB

Fig.1 Iteration comparison before and after algorithm

improvement

FEMORY KA, T SO A A (R B AR
Bl i AR AR W BT RO i — R 2 S R —
WSRO A S, PRI TE S0 & 2R X 3T
SRR THIR A e U R B O7 /A —E R, R, AR
P e R AR R T E AR, PR T B W O TR
MOVEEE , TETERRO S, TSl B TR TE S
Y B8 SRR TR IR AR | R B TR AL G
JERRI P E PRI, 30T 78 SRV T SO0 R
PHRTR A E R AW, R AE R A 2R s Ol
W, SRR IR A R MR SRR TR
B, MSEH TR (1) R R SR
BHR L, B TR R s (2) 4T
P EEN P, O £ R B
nyy (3) WEFHCTRES N H, HPHETEFEUR b
RN P, T R REREECH n,; (4)
P51 PR Y AT SRR I E S T, UR RO 4
RO x5 (5) B AL i BRI AEF BN b 1 1]
HT,, IR GEBCN «, . KI5, BRIRR
PRV R BAS Z
Z= 22 ;:v Tyxy + 22 ]z;{PhTihxih’ (7)
Ao, 4 2 4B AT S 10 3 2 B
JEAS s 5288 0 2 2T BT A VA S 0 2 R
AR o AR 2 I R A S A Y TR] R A
B, AR VLR kiR, PR e
ARS8 e A Rl A T f R TR, S
SEVETESH b, BTG RN

zxif-’-zxihgri’ (8)
feF heH

zzxifanf, VfeF, (9)
inhznh, Vh eH, (10)
iel



52 VS S

SIS 3 4%

2.2 MEigHEX

2017 4%, Mirjalili 251" 72 B 53 R4 15 45 19 BF AR 47
EE, RIHAT RARREA, 4 sk ) R S|
SO, T R I R BE S, R R A,
BEE R, WX — KW, i1 —
FhAOHRR 0 B IR Re LA v, Lt 2 vl i A vk
(Salp Swarm Algorithm, SSA) . %53 i i #4 7h% ¥ 45
FHE M)A RIREFGE R IRE, BB A R
Fa N SR BB e e B 1 Ol o A TR S S i OB T 3 4P
BAE.

(1) WIURACFPEE, 723 DxN XIRK, #IiGfk
GGG E, Hh D hasElgeEE, N O R RE
i

X,y =rand(D, N) x (b, = b)) +b,, (11)
A, xeX,,,, BHERNX,, i=2, 3, 4,-, N;
FREASEE N X d=1, 2, 3.+, D; b, NIHE
A b R TR,

(2) FHA S E LR, AR R A AR
BN R, IR HEATHERS, KR N e A
AR E B0 E N Y AT SR YA E, AEiHE
TP

F,+¢,[(b, =b)c, +b,], ¢; =0.5

X{llz ) (12)
F, _Cl[(bu _b1>cz +b1J, ¢ <05

¢, =2ei(%)2, (13)
A, F oUW E 0BRSS d 45 o, WA
T L RYEEREL LR R E 2=
ey, c;el0, 1] APRIEE X, RIBEHLIE,

(3) HHHEMEAE, FHATHRIRR N-1
T IB BEE , IR IR (12) BRTIA R A 0L
B SRR ARYE T AR AL R SRS R, AT
BR (2) FBER (3) HBELABIZEZM, Wil
RIEYALE, RIVBOR A RO .

. XX
X ,=
‘ 2
Kb Xy RS d PR R REREE L
2.3 ETUHHEEHEENRERE

TE/INRU G D e B AR 308 9 I AT LAfelE T 95 26 U7
G A A R O, AR R Bt ARG B
PEAR , HR e UL B R 0 A, S — SRR B
i AR PRI O AR B K, L, 9528 0
AT A i DA B T B A 0D, Pl TR A O 1k
BAHR RN, B )45 1 RE A &50kE 56 a AR T
I RRE R, AT A S 00 A B i e e A

, 1> 1,

(14)

I 2 BT R A R ), BRI R R TR R 2 7
ARG, BEMAFE -ENAE, &
Gy 1 BRSSO B B AIG | T ARORG B 22 Y ) i
BB TR, 255 BA RS RN, A
W, BEXFRL IR, AR SY TR AR, A
UM AT v A I R R SR AR, IR A R R
BTG, Bk SR A O A B BIF ) s ke g R
pAcE AR ) A, MR E BB, St E A
MR 2 Frs,
2.3.1 NSENEEH

F TR T A B 1k v S T 7 O AR A S A
I FE A B R E 1, 2 Z WG R RS2, N
R A BRI R b AR Y8 9T T 5 or
R, ARMERK R AR E A B BE, A, 7R
DU AL E B AT M . AR MR AR S AT
IS S kA, N TR A,
R B IE—F B B A 5k AN
FEAESRNE Z I e Bt tf R M AEAE Sy T — U 1)
A&, T ELAE 22 R AR R K A TR i, A AR A SR
AHE ST, FTEAS By X 0 R A4 5 00 45 e S
A6 o MRAET T 23 MR 4l 3 107 B2 AE BSOS () A% A - A2 A
K AR, I i Sk R S A O IR B
SRIG AR AN [R] A9 KA T 53038 1 B, T 45 30 T 00 ) fie
VERETE SRR T B AL R, TR B
B IER N AN IE N AT HER S, R HETE T
T —F AR A T & . R OFE AL E A
W—A W) Fd,y, IEROZALE AR N IHAERE S, U
NRAE SR R AE AR R, RNy = A2 (R KA KR S, 4315
PIZAEY (Fd,, Fd,, -, Fd |, BXEPEAT
A R AEH R
fUFdy) = fi. + &

N/2 ’

Y [f(Fdy) ~frml +&

i=1

Siea _f(Fdi()) te

N/2 ’

2 o ~[(Fd)] + &

AU, fo R A 350 B 400 5 207 A A
Wy P LB A 2 (LR A, 24 £ 0 o7 0 3
FERE A AE AR, 75 A b AR R, X
RSk Bl o e B B A& B BE RO L R A1 S
Shy 3 5L FE SR R R b AR R K AE B (B8 e
AN, T B R 0 A AR A 2% A
et G Ak, Xt S, BEATAbE

&:Rx

(15)

&Sx

(16)



512

T, A TR R S A R O B S O R

53

YIUEALSSAS R AIEAR
UHLT, BEWLYI IR S i
AL, x =1,2,..,n

| i3 bR R
LRI,
9L B A
I
;
. N FS
s byl B TETE EE L RAWH > B R
|
1 |
BIESELIED | sgmsnmn <n = ol
1 T N
RITEREN L | it el <1 £ 1
0
AR

B2 BUutEmMEZRE
Fig. 2 Improved algorithm flow

round (a XS) , S, <a xS
S; = round (b XS) , S.>b xS (17)
round(S;) 7453 0]

b o R b SRR B, RS X R K 7 A A o
Freais s, DR AR ZRErED™ L [l 24 k4B 1
R L A N e e S R D) Bl S )

i, ZBRAXN.
Fd =Fd,  +cx (Fd,, -Fd), (18)

rande(0.5, 0.1), rand < P
““lrande(1.2, 0.1y, ww 1Y
tl
P=t1+b, (20)
K, Fd,, WEFWEDLE;, ¢ BT,
randc(a, b) NPT, P NBRGIEF; ¢ MOE
ZRUNIRTIY 23 A5 U8 1, A B S BOR BRI 2
AUREL, WIS R A

Fd' = Fd}, +rand(0, 1) x (Fd', - Fd,), (21)
K, Fdi 05 i EWNEE k400 e Fd, I Fd,
TRICREYIEE EAEALE N B RAR A B S X AR A
WV AR B Fd, TF RS N B, B N

AR EYNER Fd,,,, T2 5k IE N e G Y
WY Fd,,, . 55890 E AL E AR A
KAFRHOLE Xy Hb Fd,,, BIEREN .

Fd, =argmin{f(Fd,), f(Fd,), f(Fd,), -,

SCFd) ] (22)

2.3.2 EBHEEMEEHN

TESAM D, BHEERE S
BB ALE B A, R B SR
8RR B 22 00 R A SR AR LR
S [ S ST R v R PR s ) i S
B, BEEETIAAR, SRkAR A AR O E
Hou B B AL E JEAT HOR, (H)2 R E T M ia b
B EBREE RS, TS S TR B AL
B, HEAMIR S EH, FiBME A E, X YEHE
Bl AT RS RS B, AR

XX X
s 1<i<n

X=< . o
X, + X,
5
2.3.3 KitEELLE
SRR R R R B A R, R S A A T A Rk

(23)




54 N OB oz o# B # 941 %

RIS IE 5 0 R4 e A 08 vk R AT AR CR i, TEg @ ]18 @
10 000 ¥k F& 5, 5 1 3 o7 3 735 e 4 1R 3 7 8% | : )
AT B WA ok Ok A R e R Pl 8, 3 (12) (15>
s @(13 (6)@(12)@
— SSA
20 - HGESSA (6)
\ 7 8
T (12) (18) (10)?(%'
k=) (9) (6) <o>

(15) (15) (9)

Y
b
?\

5l (20) (6)
1]
0 2 000 4 000 6 000 8 000 10 000 (a2 (18) 24
JER/R (6)
E3 SSA MHtEIEIEN EEL LR 2 1 -2 2 ° N
Fig.3 Adaptation variation result before and after 29 30 (24)
SSA improvement (15) (12)
32 31
e (12) (15)
3 REERSHH 33 34 V35
©) © (15
3.1 iREHES 13036 ‘37@38
25 T A TF G o 5 4 B 2 2 " mo
A 438 1 A B B, T EL AR 1 T A
T3 T A ke ] R 1452 12 B B 1 0 09 B4 BitRRRAREN
E_IJ Lﬁ . i Z’Kﬁﬂ:ﬁ-ﬁﬁ JEH %Ei[ /A\ 7T E’JI_J JE E% %I_J ﬁ Fig. 4 Designed expressway network
b E RES
15, ERGASPHOM BT R A B *ﬁ%mfmﬁﬁmﬁﬁﬁ -
{Tﬁ:}'*ﬁ ‘L?E%I_Jﬁ 24 /\ IJ___'\ ’ 38 Xﬂm‘&%& , 4 /\ ab. escue pOlIl S an Sl.lpp 1€S on expressway networ;
s, WE 4 proR, £ BGEA TR (BAA7 . min) Bettni RIS
SRFE NS rh B ROHE A 1 B 3 : :
SN B TR O LA A B SIE A S R ? :
P I RO SRR B N3 1 TR, BiE 2 ?
SRR 4 KA SRR, IR 5 R windows 14 3
10 B/ER S8, CPU 4 Intel (R) Core (TM) i5-8250U, 16 6
WA 8 GB, FiJ¥ 3% Ml python B & 45, IH1E 20 2
eclipse TR FE4 Fisfr, ®2 BHRARURER
B A PR B L B b S s e B B b s Tab.2 Supplies required at accident points
HIB e R R Z A R B, & O PRI ST T B 49
SRS 2 R, 4 3 2
3.2 HIBREFEE 12 4 3
HAERERESH a=1, B=2, p=0.5, AR 15 3 2
TS BN B m, WIS B R, A5 21 3 !
BB — S BRI AR B E 2, HAbEE A 1, HE S AT, et e A0 5k BE ek B e 1 I

GEIIEYSE S %F?}’fh FRFMFESGEATE A AR, X UL B R AWIIA LRI R R R SR Y
Bk, RS0 W, MEIEREER S B FHONR USIGHRRE, FRARROE B A R R, RO
SRR, RS %ﬁﬂl@ 5 PR, Mo 0 B 7 T b AR A I R A3 R EOA -



T, A TR R S A R O B S O R

55

— BRI

e IS

0 10 20 30 40 50
BEAV/

& 5

Fig. 5 Comparison of total rescue path time before and after

HiRg AT e IR B R E LR

algorithm improvement

_(0.3u, j HURHABERBL
L=, e o Y

RS TR N QUK R B HE SR AT AR 0 AN K=
WA, BRGSO S B M AR B, AR
WFFE LR 8 20 th A, BN 21 AR A i,

3 590K A% G WO 505 A I 98 SR A5 Hh RO AR
TERE, SRR 3 s,
®3 EEXBUABTEWRENEELR
Tab.3 Comparison of path selections before and after

algorithm improvement

BRAR TSR Fdg A 20 B F BB 21 RO AR
LG A=RR AR EHE Pathl . @—21—B—@)—B—21
AW BRAREEE Path2; O——B6B—W—21

FE s 20 BN SR 21 BB AT, TEARE
FEFHGE WIS, Pathl fALAE] A 40 min, Path2
PRI 41 min, PEFE Pathl JRAREELL,; 7E% Sk
SR, Pathl BA2EHE] 4 46.3 min, Path2 H§A2H}
6] 4 45. 2 min, ¥ Path2 BRAZHEIL, HILE R3S
FRCHE A 1Y) T8 [ 38 AT I )N 23 52 ) 21 ROEE B AR 1
VERE, XU ULH] TARBESEHR I 0 B T T i b B
FRYEABIFFE A5 245 > RO s I 38500 0 s O i
7SR an e 4 s

x4 RMBERIE
Tab.4 Optimal path and time

PIETIE T 4 st )/ min Fils 12 At 1] /min HE 1S At ]/ min T 21 At ]/ min
3 3—4—(4) 19.5 3—4—5—9—8—(12) 40.9 3—4—5—9—8—7—(15) 49.6 3—12—11—(21) 43.2
9 9—5—(4) 11.7 9—8—(12) 16.9 9—8—7—(15) 25.6 9—10—11—(21) 36.3
12—3—4—5—9—8— 12—3—4—5—9—8—7—
12 12—3—4—(4) 3L.5 9 61.6 12—11—(21) 31.2
(12) (15)
14—15—19—17—16— 14—15—19—17—16—
14 14—11—4—(4) 39.3 44.7 54.6 14—(21) 7.8
(12) 18—(15)
16 16—8—9—5—(4) 27.7 16—(12) 3.9 16—18—( 15) 15.6 16—10—11—(21) 41.4
20—19—17—16—8—
20 o5 (4) 47.7 20—19—17—16—(12) 25.7 20—18—(15) 35.1 20—19—15—14—(21) 45.2
33 *ﬂ%ﬁlﬁﬂg Zylfszpf’ fe F’ (28)

FRYEAIIF G F A 5 A2 B0 00 A5 3 ) e 0 I AR 1
gE L TR H AR R .
(x, y) = ; va (dixy + dyyyp,)
L=13,9, 12, 14, 16, 20|, (25)
F=14, 12, 15, 21|
b, LAKIESES; FRFERSES; 4, I
B BIFUR £ R PEBR AR )5« S FERR S P
R A IR BT Ry, RO SRR
TEFCT Bl A IR BT B A p, RO S
KAEIEF IR, AR A .

Z (x[/ +pjyif) = ria L € L9

jer
g =n, [eF,

iel

(26)

(27)

K, r ARAR SRR 0, MEBOR fREN
T2 s m, SO A W R A
TR g

IR BEAT AT S ROk R R B AR A9 B A A
PRET S, RBTT % 1 A B B gl R B, MITE
BRSO, BREREHOHET R, ks
Js o AR KA T e, R 3l R 2
B, FRARGEIR H BR 25 JROR Sl 2 R B 4, A
WTESE ORI %, 3R 6 Fim, W3R
PR AN 435. 8 min - B, J75E 2 F R TE S
K, WSO R R, 1 B E O BT R,
W7 FoR. fERE RS, WETTRINE S
Ji7s . B A B 0 RO EBA S 390. 2 min - i, 2
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Tab.5 First accident scheduling scheme for scheme 1

(unit; veh)

R4 FEA12 FHUT1S FEEUN 21

B e
K TESH  TEAW  HEIM T3

Rl s 3 T4 S W 1 — — —
R 9 T S 4 — 1 —
flEs 2@ 2W — — — _
RS 143 — — — 3

BaES 16 FR 6 — 4 2 _
fEs 20 R 2HW  — — — —

K6 ARIMEBEFHAERR (B4: #)

Tab. 6 Potential accident scheduling scheme for scheme 1

(unit; veh)
e FhoE 4 FHUE 12 FHORS 30N 21
WERR wwom mEaAW  MELE WE M
BiR 5 3 R4 4 40 1 1 2 —
R A9 4% 0 — — — —
RS 12 R4 2 W 1 — — 1

Bz 4 /A0 — — — _
Bz 6 ®E 0 — — — _
Bz 20 ®Ae 2 — 2 — _

KT FR2HWEREHLAERE (B #)

Tab.7 First accident scheduling scheme for scheme 2

(unit: veh)

. , PR A FEUN 12 BEE1S FHHUN 21

WIORR msw mmam wmwim wEawW
Bz i 3 Flsk 5 5 — — _
BaE S 9 FA S W — 2 — _
s 2 F 2 — — — _
BIES 4 BRI — — _ 3
R 16 oM — — 3 _
BARS 20 ®IR 20 — 2 — _

RS AR2WEBEFHAEAR (B #)
Tab. 8 Potential accident scheduling scheme for scheme 2

(unit; veh)

4 HHuR 12 FE 15 FEun 21

PEHR gwow wmam mEoW BRW

PRSI FAOW — — — _
R A9 TR 3 4 1 — 2 _
Rl 512 Ay 2 4
S 4 TR OW  — — — _
R 16 TR 3IH  — 3 — _
BARS 20 FIAR O — — _ _

T RBBRIEA (HIME) M, 72 W%
1A EEAR T 10. 5%, XS UEW] . 4 BT SR it
H 2 PR Sl 0 K AR BE AT AR AT 52 s R B 5 A o

AR WA
4 Hig

5 TR BT YRS RO e T B I A B R A R
FUSENR, AHIE S0 45 6 e N B R IV 2 B A
AOSERRT R, DA BR AR e 6 A0 BT PR I B 2 Oy Thd EAT T
FEo PRI T — 7l T R A A Y R A e A B
SRR IR T ik, AR T AR I R AR,
RO TR TR

(1) AT X e 2N B N SR 93 LA 2 v
SPRAFAERY IR, & T — il & T S B T Y B
VRIRIEE T V5 o 1T ICRE S 7 e 0 B ) B B IR
TIEN B SR A e 0 B AR 1) R B AFAE ) — BN, Xl
RESTVEAR B R 02 Jm B MU A7 ek, DA B R
WA R B R R A

(2) RWESE % R A SO0k R 5% I8 ) 2 1 52
Wa] ST A TV A R B R U A R A
2R FH A P L8 8 B X S B AT SR A, 0k
T G Rt B VR AR 5y B N Jrd 3 B A1 ik £ 1) R
SR R P RO | S R IR, XL AT
ik, R ORI

(3) Jdak S 1 p AP 75 788 T 1 ) EL 3
TE T ABIFE SRS A R Mt AT R, R
HIESE T AT R IR VR A5 S PR A R B L B2
BARGTIRIEENE O, REA AR ERARIN F] FAAS

(4) ZRWEFETE FHON 18 Hm AT 152 0 bR A E R
T ERAMEREL, ESLPRIRETT, % R BT 2R 1
SRR S PRSI AT L, R — 2 T AR,
AT X SEPRTE B0, >R F 3l 2507 FLAHE X AR F 5 5 1
AT S, S AR A BT IRR BE R
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