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Decision optimization of urban road network performance

restoration under waterlogged conditions
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Abstract: To explore the optimal road network restoration decision scheme under waterlogged conditions,
a urban three-lane road sections cellular automaton simulation model was constructed considering the
dynamic change of waterlogged depth. By improving the vehicle lane change and position update rules, the
changes of driving behavior under waterlogged conditions were described, and the impact of waterlogged
on road sections traffic capacity was simulated. The changes in the distribution of traffic flow on the road
network caused by water accumulation leading to restricted passage of vehicles on certain road sections was
analyzed, a recovery decision optimization model aiming at maximizing the cumulative road network
performance index was established, and the genetic algorithm and Frank—Wolfe algorithm were combined
to solve the problem. Sioux—Falls network was selected to verify the model, the results show that the
recovery strategy obtained by the provided model has better effect on road network performance restoration

than the empirical recovery strategies based on output and flow, and the improvement degree is 3.84 % and
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2.02% , respectively. The road section restoration order should not only consider the damage degree of the

road section, but also consider the traffic demand distribution of the road network. The increase of recovery

resources will significantly reduce the recovery time of the road network, but the marginal utility will

gradually decrease.
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Fig.1 Road section area division and parameter description

2 M A ke B 1 S ) B T R K G 2 HE TR A
HMIZETE AR K . L, EEGHEBUK B 4
T 35 FRK W T ARG 2 R 3 P AR B, 0 R X
Tl 50 R A B o i A T 5 RRUK o 4 7 4
1.2 fEEHE N

RT3 G A R G 5 R A A Rl
Iv] B (R TIE A 1) 3 B R R00%, A2 78 OE H AT
DX IR AT B B, 2% STCA-TTRE 110 (8 d6 38 A0 )
B3E 1 B4 8 30y A R Al A, B4 E 24U
A — S AH AR 42 T 6 5 A ) B R AT R
3B 2 0 L R B R 1) A2 5 1) oA 0 4 A
WU 5 1) A2 463 T A 3 5 1) oA 48 1 AR A2
0L, I Ah AN 38 B o) A 46 3 1 5 o T A R T )
Bt 2 20 (2) ~20(4) , o 20(2) 3878 i 4238 T8
6 R G R R 5 5K (3) FRORAH SR A2 A E Y
U SR G 2 (4) RO AR A A 400 7 0 R
S5 YA S R A AT o A
IR v A Ry 05 T AR 238 I g

4! < min (v, + 1, v,,) (2)
d'>dY (3)
d" —[Vpw —min (v, + 1, v,,) ]>1  (4)

214 e A A SN ALK DX B 9 AR A B K S
PRI A5 o 2 ARUK R G5 B i 5 B K TR BE I

CRI Agier << M) s 550 0] 808 3 5 FFOK A 8, B2
W27 A el TR o BOE AR IR B BUK B Y
W10y 40 1B WE 2Rl P, 5 2 75 T8 IR 4B 22 38 1 BROK
FRE 22 IR 25 RO S WA G, AR I
hwalcr - holhcr Zwalcr - Zmlhcr
R A
FH 2 Rginer B e 3 500 R A AR 2200 25 38 A K IR
FE 5 BUK & 4 09 7o A %L
AN T A ) A AR S AT, A
FE /0N | R I 45 T 238 P e BE FRUK RS
R RANTTES 4 /s AN U T AN
P,
Tater T Lyer — T4
Lot lyaer
;< Laer T L
0, & =Zwaer T Luser
Ao A TE 8 R A
rand (0, 1)<Pmng9 (7)
1 [m] s 2 5K (2) (3) (4) (7) B, 240 Ay
HEATH .
1 FUK IS B i ARG EE B CRI 2 = P
PR K T 8 Ao e T BROK A, B R R
TH o BRI R Y A T ARE 8 B K B DR/ T R

Umax — Uwater

P(): 5)

Umax

L= Later — L

l, <<

L0, Lwater

P(‘hnnge - ( 6 )



-+ 2972 - THKRXEFF

PESE N, Q0N s
0, &= Tyaer — La
Po X+ Z“Za_ X gater
1, ;= Tyuer
AR AL T, 24 TR A2 = (4) (42 4 7 S8R
FRK DX il J 22 42 254 ) (2 (7) (AR FE 4 38 7 D)
Lo (9) (5 M AR Ze 47 3 ) BT 45 B0 = 0) I, 424
B ATHE AT

’ xwaler 7 Za <I( <Iwmer (8)

d’>0 (9)

A BUK T TE 4238 1Y 2240 06 2R 4R 3 5 38 1 42
AR AT 40 | AT B B BUK AL R I N 23
TEBUKET— ECHRBA T2 AT s il e a8 A7 . 4¢
9 i, T 46 T S R P AN 1 2 T

HBUKAL S 4B 2 LR lead 5 M _lead
539 Ay B BRK A7 B e 3 ) 4RI 3 5 Rl 2 13k 4
(WL 2(a)) , [ E X — 507 & lanechangeflag, #
AR 1, W SR VFIE s %R B O, S SRV
B, MR _lead Y 43k 2 3k BUK T — > JC ML B 1)
(WA 2(b)),lanechangeflag=1, 4= 5K $h 47 5 il 4
AT R UL 2(e) ) o 9 il 38 1Y SR AR XS FEAL , 4F
AL i 2 2 (9) (5 ARAR 28 4B /i 41 1 > 0) Al
(10 (SR A B G EIE B =1) o Yo i 4 18 45
W, 75 BB E X R _lead, 7+ lanechangeflag T (&
9 0; ELEIM _lead 43k B H BRI BUK X 38K, A Tan-
echangeflag WA {E iy 1, If FF1 & X M _lead ( WL 1A 2
(d))o LA TT =, SEALEE G U

d'"=1 (10)

UK 4l 4 TE HRE il SRR K R BE I
I 2 ERyAam A IE LRl E g RS iR
5o 1] 8 3 3 2L 5 T 4 0 N A 3 ) 423 1 48
T EEHEAT 20K, R Y 3k S A A I A ARK DX
sk F6e T8 i R J% T RRUK DX 3R A 8 L T I A
PE BRI 57 $2 i R i 458 B ASE 2, MR
T L 40 T 2R R N, 4 0 1 45 0 A7 A AR AR AR v A R
SRy 2 T A e T Y U
1.3 A EFHAN

H T NaSch 88 B A R 47 1946 1%, H e
LT S 1 22 38 B4, B IG AR OE AT B X8R
NaSch I A7 7 8 5037, i 2 J8 0 AKX
5 RBUK X3k, I 75 % NaSch 0 00 H i Jin 8 5 ek
T AT Bk

TR I = 25 Aer << P B 22 A0 A SRR FRLK

BEBK KR

() XRE
BB XK

-

(b)Z 4 R BRI T 2 A
REIBUK XK VK

| | I
:

A

M_lead .
I |
||||*||||:
LT
R_lead
(o FEFRAIHE

BRAFK X IR

I
|
I
|

(DHEFELKE
B2 FEHEMNBRETEE

Fig.2 Schematic diagram of uehicle forced lane change
DX 8 5 BRI DX 3 B R E 20 90 R 0t BT 0 s
XS B gy ) n 21 (12) B i 5 24
Provaer = T I 508 0 450 8 I3 ) 2 405 LA 225081 U7
S5 1B A Y B A S SR B AT TR, L R
man =X (13) frs

vi=min {v; + 1, v} (1)
vi=min { v, + 1, Vyuer } (12)
V=11 (13)

BRI < 35 B = o B 250 00



% 9

TR, F AR F AT R T M

At M Bk R ARAL + 2973 -

o 7% B A 5 B B R B X6 ) e H DU 4
A (14) 5 Frw . [E X F M _lead 24, lan-
echangeflag=1 i} , i 75 & R _lead 4% 4 Y 3 il #5
TH R s ] s A i = (16) s
vl=min { v;, d;, Tyuer — T} (14)
di=x,—x:— (15)

v;:min{vi’diaxwmerixiili1} (16)

2 BRUK R AT B R R K 2 R R
Fo A

2.1 EEMIEREIEHR

FUK 200 F 2% 9 1 fE i 78 b oo 72 40 &1 3
No BI3HY, 20120 21,57 B R BRI I sk 2] (FROK
TR 2 15 0 22 1 B K IR B i 22 BRUK T I i B
FROK R B B 220 BHOK 58 208 JOeT 20 o FE 2 B 20 2
HIT L 6 1 A S BLARUK, B R0 e B P 55 7 R RS
Q. TE 6, BF 2, B W | 22 55 6 B th B BRUK o B
TR B 00 B8 0, % I 1 1 e 32 W7 B IR 5 7 ¢, B
2, BUK R BE 35 B SRR KR B | It 0 1 e I 31 e
RAE Q.5 7E ty~¢ B TA] B, BROK IF 4 T4 i, H 2 R
IR BEATS T W AR TR B I 0 B AR 15 AE AR
FEARS Qs o B 20 TF By, BROK TR B /DN T i S AR
TROUR B L2 90N, T M R B K R I T 2, B
2R 52 BIWRIR S Q.o

BRI AEO,,
9 ) [
to til 1 7 d

B3 BUKSH TR AT L
Fig.3 Road network performance change curve
2% Nagurney 5“2 H 19 I 28 550 48 b, A8 3C
Pt 1B W AE 2 B 20 0 B PR BE AR B Q. IR
J7R

Gu
£ 2

Q=_="""" (17)

E, G
2 _dw

K1 g, 9 OD X w ] 19 4858 75 3K 5 ¢ 9 OD X w
[E] 19 BEL AT , 380 %65 OD X B 4% 4% K B i1 1 47 i

[8] =R FAE S OD Xt 8] A BEHT ; Wk OD X 5 .
T T R — B TR Y E AR A S5 N T
PR AR B M RE ARtk 22 55, E— A R H B
B PR RE PEA FE AR R, WF BT
J[’Q,rdz

R=—"—, L<t<lL, (18)
(Zf"h)(Q“

2.2 EEMMERETRE RRER

B A - (D 24 i B AU I8 B i 5 BRUK TR 1
I, A2 BB TR A s @ 5 i Bt a b BLARUK
Ja A AR T AR W i BE3m 47 fiE 7K Bl B K
(4 AR O B3l A AR 5 2 R BN TS, U ik
Beid 47 B 1 A 2 ) 18 B B WK F HLAR AN E
2 R N T 5 55 it B, 0k 2 B i B A7 AR
JK R W ) A T BORAE L s D 7E B BE A2 BRUK I 3
W] ) 5 B, 8% O T 14 5 3 7 SR AR

HE AL XUZ AL RIBERDR R % . LR
TN Y H A 2 BB I 1 B e KA, PR SR AR AR
Loy JH T 00 R B B e 2 7 SR ON TR A2 B X i 4
PRI 20, B 2y i B B A I A2 I 7 585 R JR AR
e — Ay I 18] Py 51 f¢9 P P 4 A E AR R o A
() BRF 220 JFHT P ) 8 A i AR 0 0, 45 1 4% I 22 Y % 1)
PEfE. EERBRKE o, AR R, DL T R
AR 545 I 20 4 3% R VE R Q5 T JZE BB 45 1
Z0 1) % IO A BE A AR (EL S 5t 2 B R BOR LI )R
D A SR AR 0 1 BE R AR AL

R AL
max R, (19)
x.,=1{0,1}, Ye€E,1,€T (20)
T, = muv, (21)
N, ={0,1}, Ye€E (22)

i=1
tix,, t.<t, YeeE',,&€T (23)

==

ecE j=1

n<z.(t,+7) H = N

(24)
X E 2B &S s, N Os 1 I &, B
BAE 1 2] B B B e TP N TR 1) 2, , =1,
HARB 2N 05 T={41, 1, -+, £, =+, £, ) J9 B [
JE 9, Horb g, Ry B B RROKGR B i SRR K R B 1Y B
2,1, Ry 32 A0 T B 22 1Y i B SRR A B R AR
WATRE ST I 20 5 7, Ry B B e N TR O R0 B2 1 1
] 5 m A B Bt e 19 32 0 A2 B 4550, N TR B B 42



+ 2974 - FHRRFFROL F R)

% 55 %

T BUKAE TR I R] 52, 0 B% Bt e F AR IR 31 AR 38
FTRE T B BS 2 5 e AR E SRR ECH |, B B 22 0]
[ B E AT N TR 2 0 B B

K (19) 0 LR B B br R 8, & O B
R PERE e R AL 2R (20) TR o, , i —onAE i 5 X
(21) FE 7R i BE e 1 1 5 5 18] 5 1% B 32 83 7 3 50
E B s 20 (22) 678 8% BE e A AT SR B — RN TR
R REN TARE 5 X (23) FoR B e i N T %
S22 T 2 LT O A SRR B A R ) 55K (24)
FERAT TR 20 [ B R A7 N T A2 1 I BB H AN e
R KGR A R E - | o R R, e
NEL | || = 1,55 <" ML |- =0,

TZEAL N

cE 0
S fore =G YwEW (26)
PEP,
For =20 D foriOupr Ye€EE  (27)
weWpeP,,

Sir=0,YpEP,,, YweW (28)

Co=Coe€(E—E") (29)

., =|>x., =1, Ye€E  (30)
j=1

Sey = z‘,>21‘h,/<zj+u) u,,, YVecE'(31)
j=1

Ce, /,,0/,’ %3},/‘ - O, Ve GE*
Coutys 5., =1, Ye€E

1+8<f’/’>] (33)

A WhOD X wB A 5P, B Z] OD X w
2 8] B AT B AR p AR 5 ¢ o OD X w 22 8] 1) 38
TR 3 S K L2 OD X w 7 BR A% p b B A
8o LA I 2] OD X w B 42 p 2
B e, Mo, ... ~=1, BN, .. =0:f. A i %l
BB e MU B 5 Z,, R ¢ I 20 1% B e B9 47 R B[R] BHL
Yiseo, N 2% B e AU AT RE JT 5., 07
LA B2 B e AT N TR W w, =1, 5
u, =035, H JCAR B A (200 B B e 1) N T K
HOAEH M s, =1, 60 s, ,=0;0, 7 UK 5
Rz, W BRI AR BT ;0. 8 M Fibn & S8
K (25)H FEBALY B A5 ok 5L, 5 76 0t
Z) % I B AT B TR] e 5 20 (26) Dy B I 2 Al 24

(‘«.1, -

(32)

Z,, =2,

H 3 (27) 5 I W A8 3l A5 5K (28) gk i
Y3 3K (29) R A 32 BUK 52 i (4 % B, Hom 47
AE TR FEAAE 0 (30) ~K (32) RN F T A %2
FRUK 52 T 1) (86 B, 27 X 6 B e SR B N TR &2 2
Zo85 ) BR B e S W B2 B B W) B AT RE T L A
W, 8% B e (138 AT g J1 1h 2 32 B BUK 1 52 5K
(33) M BHPL PR EL, FH T 1137 ¢ B 20 B% B e 938 17
et
2.3 KBEZX

R BRI T b T T AT AL EE ), SR
T80 A% SRR R ik 5 3 3 A S 1) e 4 Y R R AR 45 2
0 5 B 5 MK A D R R IR, I 52 ) U b
A G AR R 3 A% B TR T A R R
TR R Y P 34 A 43 TG A A U SR X Frank—
Wolfe 53 3R it o WLJZ K] A5 780 3R At 4309 i A
B 4B o

ML Fie, BXINIE 1 iR,

BE| St fh BRAE | | e e
Salad R :

t=t A

N S
Al
Z i 2% P4

Frank-Wolfe
i

t=tin

4 NEMXRBRMEERE
Fig.4 Two-layer programming model solving

algorithm flow

3 BB

3.1 HRXIEER

19 B 25 B Y Sioux—Falls % W 3R 47 549 23 ¥
Z M WAL FE 24 A5 0538 FR I B 552 > OD i,
XF, Gl 5 s, [ R AR T A (B R P Y AR
ESRTISE R RFARCR BN A= N N NS |
% B, W 0 A Sk i 2 B A B ) P 4 TE B, R
AT S 1 4 By B ) B B B R BRI BT
hy it B[R] — 7 [ 4 TE 2 00 4
3.2 HBREESHIEE

FERUK AR 3T = 438 O AR | X



TR, ARKEH T IR TP AR R Bk R AR - 2975 -

21
O
S 7

®_®

2‘_50 a9

El 5 Sioux—Falls [ 453

Fig.5 Sioux-Falls road network structure
BN TTMIR BE A 1 m, 98 B R A E SR R, H— /)
T Al A o . 25 I I T B AT BT
4 3 5 58 4 R 40~60 km/h, T 5 FE W 5 T IR
T R Z 80400 AT B B 25 /) PR 52 0 423
(1) e K BE v, = 9 TCHE (BP 32. 4 km/h) ,/,= 100
JOMEL . 38 R 00 ) B0 AT A 3~4 /s, iR E
Vi = 4 TG o T2 E BE B RLK S 1000 m, 5 B
WK 2000 s, M 900 s fin#k FRUK , $5 22 1t ] Sy
400 s. B FUKBE B R £ 8 600 m, B 2y =
600 m, K 3% 2% o 48 19 ST LR £, = S TTHL.
] A Y R T FHOK o 5 19 45 e RS — 3, IR
UK EE R 20 em, HBLUK B JEE R B a] 1 4 52 LA
TR PRI N O T e KUK IR B B 2 0,

FEFUK Z5 1T 5 I 1 R K 2 e SR AR A v )
WA 8MFUK AL, 73 5 I AE 4208 40 3.13.17 .18,
19.32.37.60, % 18 4H 1Y 4 18 50 5 32 LK 52
M)A E RN R 1 o 18 N T A BR 2 38 ALK
A 2R 1Y I A v, = 3, K K IR AL H 70 = 2, BPR
PRELH 0=0.15.8=4, 0 EA KN 20 s, 7Fiit
e R ) 4R RO Bl 1 200, R AR B
150, 28 ARy 0. 8, {7 48 AL HE K 0. 05, 58 XA
AR R 0. 055 7F Frank—Wolfe 5 1 77, 152 22 L 81
fH70.01, &AL anlsl 6 s .

F1 SEEAMFENSFRKYMMNEEY

Table 1 Number of lanes in lane group and number of

lanes affected by waterlogging %
USEEEE RS
- ESEEE R
3 13 17 18 19 32 37 60
FIEHL 3 2 2 3 1 2 3 3

ZRUKEWMEEE 2 1 1 1 1 2 3 3

BB AR
|
|

IIO 2IO 3IO 4IO 5IO 6IO 7I0
ERKER

Ble X%k
Fig. 6 Iterative graph
3.3 MKFHTHEMNREREKSH

e = A T B AU o Al B4 | O
B BRI o 3 W 4 L P A S s B RO o A PR 4
5 BT A A BBUK G RS AR R s
FHRRAR S0 T 30T = 4238 05 ERE RS, L2 800 s 4y
IR AR I 2, OB K 20 s, AT A BRUK 52 i) 52 8
0, WAL BL, U &L 7 T
ZEEBRBAUK AR B

101

09} P4 T8 B B K

gk 1R B2

07}
| =%jup
£ sl BEUK
3 ool FREE
B o3t BB 2

02F

02 \ / WRUK 5 1
00 1 1 | 1 1 [ | 1 1 1 ]
0 5 10 15 20 25 30 35 40 45 50 55 60
1(20's)

B7 ARMRKZFHETRRZMELHNEL

Fig.7 Change of water logged influence coefficient

unber different water logged condition
Hy P 7 R A Bl B OK R R A B s BOE AT
AE T BEAR o HAR UK & 4 1 42 38 BOR ) (552 i)
i £ 4 72 Al R 4 — B, & I BUATE SR 6 s B AT RE )
T U6 W I T ) — I 20 38 3 de /ML, e RS2 451 7%
JE 4350k 259 .72% .53% 5 100% . %% B BUIR E
) f5e ) 38 47 HE 7 B9 IS R AN TR, 3 R TR A B A2 40
e TE G, BRUK AL A A HE BN AU £
7R SO R A B (VK 52 5K s B O H B Pk 2 5K
W%, SR FHH 450 PR s L 1 52 94 s 1) AR ST,
KI8T o UMK E B IRECH g 21 FEB% BL 19,32,
60,37 A 2 )5, J Sk i BE 9 A e Yk S W A 13
1817, i 6 % fik B 4% 32 40 A HE O 31317118,
XU H AR SR AN RE A LA e B 1Y) 32 45 R
WA 30 75 45 5SSl 7 SR A B kAR e



+ 2976 - FHRRFFROL F R) % 55 %
3 0.85¢
13 6 1 B RE
17 I 080"
18 s IRIFIR (BT B B )
ﬁ o4 . L
ga;419I| ;;,‘“i
w32 6 ] E o701 /
Hr37 —— B 7 anws S
60 9 1] B% 0.65 FETBRBR
21 25 30 35 40 45 50 H )
t/(20 s) 0.60 TARE
E8 BirMEREIMEEIREINF 0.55 \ \ \ \ \ )

Fig. 8 Target recovery strategy for recovery

sequence of damaged sections
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