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An Integrated Multi-objective Model for
Determining the Optimal Rescuing Path

and Optimal Traffic Control Sites
under Uncertain Environments
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Abstract

As a disaster happens, it is important to make the rescue teams and relief
supplies to arrive the affected area as soon as possible. To achieve this goal, it
does not only depend on a well-planned rescue path, but also on some effective
traffic control measures. However, the traffic control measures should not be
too unnecessarily rigorous or be enforced in some unnecessary routes;
otherwise it will seriously affect the ordinary life of non-victim people, further
impact the local economics. Besides, in the very beginning of disaster, due to
the damages to the electronic, communication, and road systems, the access
reliability of planned rescue routes are uncertain. Therefore, on the urgent
needs of the integrated planning of rescue routes and the coordinated traffic
control measures for disaster management in Taiwan, it is truly important to
propose a decision model that can instantaneously provide optimal rescue
routes and traffic control sites in coping with the fast changing rescue
environment.

Basing on this, this study proposes a integrated multi-objective model for
determining the optimal rescue path and traffic control links under uncertain
environments, which is composed of three sub-problems to simultaneously
achieve three goals. For coping with the uncertain information of damaged road
network, this study employ fuzzy reliability to measure the connective degree
of rescue path by multiplying the fuzzy reliabilities of each link in the path with
the weakest t-norm method. The first sub-problem is the post-disaster traffic
assignment problem, which has to re-assign the O-D traffic to the damaged and
controlled network according to route selection behaviors. These traffics will
form the burden of road network, which will further affect the selection of
optimal rescue path and traffic control links. The solution to this sub-problem
can be obtained by fuzzy incremental assignment method. The second
sub-problem 1is the selection of traffic control links which determines the
optimal controlled links for the exclusive usage of rescue teams. This
sub-problem is solved by genetic algorithms by binary encoding the selection
of link. The third sub-problem is the shortest path model, which is to determine
the shortest rescue path under the required level of fuzzy connective reliability.
The K shortest paths algorithm 1s employed to solve this problem. Three goals
are going to be achieved simultaneously: to minimize the arrival time of rescue
team, to minimize the police manpower required for traffic control, and to
minimize the interference to the none-victims. These three sub-models are
interacted, so they have to be integrated and solved simultaneously.

For validating the effectiveness and applicability of the proposed models,
the case studies on an exemplified example with 50 nodes and 85 links and a
field case of 921 earthquakes in Taiwan are conducted, respectively. There are
three situations to validate the proposed models. The results of exemplified
example show that if there are no traffic control measures in disaster area, the
cost of rescue path is 110.5 minutes. If there are traffic control measures in
disaster area, the cost of rescue path is 49.5 minutes and 18 police manpower
are required and the interference to the none-victims are 419 vehicle-hours. The
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proposed models perform better in the three situations. The results of field case
show that the proposed models still have the best performance in the three

situations.
Key words : disaster rescuing ~ fuzzy reliability ~ genetic algorithm - shortest path
algorithm
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J<=k-17?

5

1. R(k,i)=S, X(k-1,2), ... , X(k-1,i)
2.0 [ S(ki)=X(k-1,i), .. , T

Y

1. P(k.i)= R(k.i) U S(k.i) 00
2.0 P(ki)ll [ LII

| s I e |

i<=q(k-1) ?

®]3.13 Yen’s Algorithm;& & /2 /i 42

2. #3w% 72 (Label Setting Algorithm )

Label Setting Algorithm & & & % % g2 gt et~ %F'& BAERL T o
Yen’s Algorithm ® > Jp 3|1 3 a8 0 0 g 5 iE 2 7 1 E K i R mi e

=
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PREEIRBET § P RSN i AU S
PF ot - BB T KR o R R Y RS R Y2 R iE
B P BEBEFE g it g - £ & h%F o

Bty e pF 45 J2 B+ Label setting Algorithm 5 O(n2) » +*
Floyd-Warshall Algorithm =7 O(n3) 5 & » F]#* Label setting Algorithm v
Label correcting Algorithm % A & * & K 1F S @FL S fo ik pF M B T eh
#EL 7] -

Label Setting Algorithm /% & 3 # & £ % & {4 43k §_ Dijkstra’s
Algorithm o i& 15 3 2 chl A pE 4 0 S BT PR E 5 > SR8 4 nd 408
S P EBEEL LR SRS REFE LR EH B R o A
T E R R AR A R A PR e A A A MRS A Ao g
S Pl3% & B2 B EEL T o

Hggizofgd™ 1 £ L (Xi) 7 Xiavksh

[A=4]

Sept1: £ 4=8LS 5 AAHREL. L (S) =025 2 F3 S 2 XiKk 7 47
PRI s L (Xi) =002 £ P=S T (P) 28 P - B&ghipidz
“f BB L

[Fc2ik5t]

Step2 : ¥#73 [ (P) ® Z ArpFgiz Xiv { ATHRELE ©
L (Xi)=min[L (Xi)>L (P) +C (P> Xi)]

Step 3 @ *t#r g FrpF MRS Y B 0L (X)) =min [L (Xi)] 2 X©

Step 4 @ X’ ePRELS A AT £ P=XP

Step5: (1) (FF 35 ST T2 EEEIT)

@ 4% P=T > 5“4 o
@ 4% P#T L] £ 4F step2 -
(2) (EH S 7913 B2 B E@EIT)
FrdoEE R AAEE S MBI R R Ek
£ FARELM L ATPFREL > B £ 4F step2 o

195 i B2 9 3¢ > Dijkstra’s Algorithm ji A2 Bl 4eF #777 !
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FRERIRRT 5 b AR S i A £ R

1. 4A2Li=0
2. BivAEz piA 24 Li=infinite
3. #Aegk 2 H#SEL

l

SELZ & & % <

¢§
1. #%SEL+:#% =£L(i)=min[L(i)]

3t AR
2. BER IR

l

A Lj=Li4Ci |

»

B iR 2 PR B
&

b

1. Li=Li+Ci;

2. #% )25 E ASEL

o &R
®]3.14 Dijkstra’s Algorithm /i 4% ]
3. i EF o a2

B ECE TR R 2 W 0 A TR RO B S
#cp . (x) » 2454 [Chen and Hwang ,1989] :

(x) & Hiks &)

max
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PRETIHRBET F P ARRUREE W IS
X , 0 < x<1
u. (x)= .
max 0 , otherwise

I1-x, 0<x<1
ﬂmiln(x):{

0 , otherwise

Flt o PR M oM, 2o (x) s (X)) 0 T ORBDR K
M, M, sz =4 & (left score) p (1) ~ p (2)€ - =4 & (right score ) pg(1) ~
Ha(2) » B £ 4o

IuL(i):sup min[lumm(x) ; ,Uml(x)}

X

for i=1,2
p0)=sop min g1 () . gz, (X))

X
B () @) i (DF B B S vE- T PR Kt
B I3[0 1]2 ey M 2370 B8 30 B2 M %o 35deB] 3.2 977 o
Cheng and Hwang (1989 ) i :{ #- 2 34 B8 L3724 Bied B iFA B4 11T
2o e @I HO M, M, 0 EA B (total score) 0 A W E T & op(1)
2 Q) HE AT

(i):LUR(i)”_ﬂL(i)X

H,

Chen and Hwang’s Chen and Hwang’s
(%) fuzzy min fuzzy max

RI3.15 ==& B8 w34 B2 M R
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FPEERIRRT 5 b BAr RS O F I S S

Fr® B RIRELA

A GHFE PR AT 2 A RARAET S B RLE A
gﬂﬁ@ *’@?“%K?§4§’:ﬁ& LB KRS ¢ 3
2B A F R E B (T o pooh 0 RFEL Ll B E R L KRR 3
%8 RERIL /fﬁ—niz‘\ 5 K iEp Jﬁ_/fﬁ;-ﬁ /%> 12 FORTRAN #2333 | 7
RS o T h RATE AN A R ATRRL 5Bt T 2 e R R

Bk -~ Beded 50 b & 2hfe 85 GFRLETHEA 0 4Bl 41 4T o B &
2Ll 5 MR &8R50 5 iR e

PREZERFEZER > AL BRI BERFEANLE > - 5 ER
?iﬁ*xyﬁ’ﬁiy*ﬁé3memL¥ AR R 2B
B ﬂsﬁ&éf’ # % 2500 pcu/hr -

&\ﬁﬁjkmiﬁ/@f”’ﬁuﬁﬁﬁgﬁi%ﬁﬁ?’ﬂﬂ&
;ﬁfjﬁ"@#%" FRP CEAAMZE ZLERARX L RET 0 BREBREZN
WiREY LR o

/,F;f__gr}f‘?é'fi%xﬁﬁafﬁ ﬂ\ﬁﬂ ”'i&gdfﬁﬁTff'ﬁjg
B A 6() km/hr » '?]LL%“#%\}P‘WE;WJ{,}"; ) JJ‘}P;‘ELW &K{Tt,ug d (78 T2 (78
HE O TT RNABRE A D (7 T2 RFIFRF

%41 SRR é*gf&”’éﬁ%&&~¢%2§~é&&7ﬁ

H@%viﬁﬁ Bt 2 REPEAEZETRARAE > 2 FREAF I 72

'1:7\%“11]3‘4&'1& o
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FAAERIRR T 5 b R U RS A I S S
G 12 5 4 e 6 4 8 °
rl r3 5 r7 19
P rl0 <7> rl2 g rl4 <9> rl6 10
rll rl3 rls rl7 r19
Q rl8 12 120 22 14 124 @
r21 123 125 127 129
16 26 GD 28 13 r30 69 r32 20
r31 r33 r35 137 r39
e 134 - 136 138 4 140 @
r41 143 145 147 149
26 r42 @D r44 23 r46 @9> r48 30
r51 r53 155 157 r59
e 150 37 152 154 34 156 @
161 r63 165 167 r69
36 r58 GD r60 13 r62 GQD r64 40
71 73 175 77 179
@ 166 1 168 @ 170 44 172 @
r81 r82 183 184 185
46 r74 @ 76 @ r78 @ 80 50

Bl 4.1 f b2 i e S
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FREARRT 5 E BRI SRS

% 4.1 BT

B | Z R AR | F AR m) %R | B | F J =7 (m)
rl 3500 [0.8586 7.6 r44 |2500 |0.5573 3.9
r2 3500 [0.9276 6.7 r45 | 3500 (0.7137 9.2
3 2500 [0.9665 8.9 46 | 2500 [0.6759 5.8
4 |3500 [0.9027 2.2 47 2500 [0.6559 5.4
r5 | 3500 |0.8288 5.5 r48 | 2500 |0.6798 5.1
16 | 3500 |0.8308 9.8 49 |3500 |0.5553 1.2
7 2500 (0.7793 4.8 r50 | 3500 |0.6761 3.6
8 | 3500 |0.8888 2.8 r51 | 3500 |0.7669 8.8
19 |3500 |0.8851 7.7 r52 3500 |0.5458 9.8
r10 |2500 [0.8734 4.0 r53 | 2500 |0.7598 8.1
rl1 |3500 [0.8604 5.6 r54 3500 [0.5252 7.8
r12 |2500 [0.8377 2.4 155 3500 |0.7671 1.9
r13 2500 [0.8473 3.4 156 | 3500 |0.6296 6.7
rl4 2500 (0.9128 2.5 r57 2500 |0.5230 7.4
r15 3500 [0.9047 1.5 r58 2500 |0.8143 7.1
rl6 | 2500 |0.8245 8.7 r59 | 3500 |0.6105 3.6
r17 |2500 [0.8162 2.0 60 |2500 |0.6193 5.0
r18 |3500(0.9525 9.0 161 [3500 |0.1541 8.4
r19 |3500 [0.8405 3.4 62 |2500 (0.7316 72
120 |3500 [0.9317 8.3 163 2500 |0.9035 3.3
21 |3500 |0.8598 1.2 r64 | 2500 |0.5813 3.8
122 |3500 [0.9387 3.3 165 |3500 |0.4451 8.7
123 2500 |0.8051 43 166 |3500 [0.2827 42
124 |3500 [0.9525 1.2 167 [2500 |0.2314 6.5
125 | 3500 [0.8424 5.8 68 |3500 |0.5378 1.5
126 |2500(0.9078 7.5 69 | 3500 |0.8348 1.5
127 2500 [0.9185 6.7 70 3500 [0.6782 2.4
128 [2500 [0.9276 3.9 r71 3500 [0.1929 6.3
29 |3500 [0.7711 6.2 72 3500 |0.1944 2.2
130 |2500 [0.8506 4.6 173 2500 |0.4705 3.7
r31 | 3500 [0.8956 4.1 74 12500 | 0.8336 2.8
r32 | 2500 | 0.8783 4.5 75 | 3500 | 0.6220 3.7
133 | 2500 | 0.9277 4.4 176 | 2500 | 0.2587 6.7
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FERIRAT 5 AR R R S S

241 (4) BT

B | Z R AR | F AR m) %R | B | F J =7 (m)
134 |3500 | 0.9054 9.4 177 |2500 | 0.5492 3.3
135 |3500 | 0.8922 2.3 178 [2500 | 0.5101 6.8
136 |3500 | 0.8169 3.0 79 |3500 | 0.6935 2.8
r37 | 2500 | 0.8766 5.9 r80 | 2500 | 0.3839 6.3
138 | 3500 | 0.8672 4.5 r81 |3500 | 0.2343 7.8
139 |3500 | 0.9054 9.4 r82 | 2500 | 0.8527 7.1
r40 | 3500 | 0.8434 8.0 r83 |3500 | 0.5552 5.1
r41 |3500 | 0.5372 6.1 84 |2500 | 0.5408 2.0
r42 | 2500 | 0.7836 1.5 r85 |3500 | 0.2072 4.3
r43 | 2500 |0.7647 7.2 — | = — —

4.1.1 § #3

AT RN 2 RSk Ed 2 Eeried > ¥ s & (Linear
wﬁ%)**@wﬁ%%&ﬁé?ﬁ’%%gﬁ%ﬂ%%éﬁiﬁﬁﬁﬁ
BAR > MAMEMGHE L c AEFIRIEKEFE S AR 2B
it 1 (normalization ) a2 » LA L S R 2 L FE > £ I g2
(8B (7 5 D) $Tefl i o [ ALY BT (T7E 4o T AT

ipHR? 5jixdd W2 PHRE-IPIEY 73 27 M2 &P HFE

Rfﬂs%ﬁwF43waﬁ%s%@4s%é%¢%ﬁwiﬁ+s%@

He ’Rijf.%?[o,l].tra"’ PR H JIEARAY i B PR EKE -
PR S Bic2 A & (Linear scaling) = ;840 #4957 ¢
OBJ= (0.6xT) + (0.1 xP) + (0.1x1) + (0.2x1)

He »OBJ: 4t fEadicie o B & 43[0,1]2 7
T: % RBIRGER AL A
P';ﬁﬁiﬁgﬂ%%gJ;
rx{xa;fr‘]ﬁ%"w itﬁ'?ﬁ: f@ﬁ(é;’f']éﬁ ﬁ”f‘—i%ﬁ':’(J;
|22 Mz ;‘l-\1a“iﬂ‘r4] ’5& {ﬂ??ﬂf H%i?%V—i%/zf:":l\;j\J

gAY £ o T REBEAS A R Rt H B R
FXARF 5 BATE2FF A BLEL R o0 5T #FLHAL
NZ RN FLERTE KAEEEL A oA A IR ARy
FARE i RIBRCLR R F A EA e R RT CHER PR

-+
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m
q.er

+’4ﬂ%gaa&4o%ég%aﬁgﬁwﬂgﬁ%ﬂ’w—&ﬁ’%
H{BLEFRILNT % L B BE e rF s Bor i Baon
4}5»_&1-1}1;,0

ip%%y%ﬂaﬁﬂ@@< sn)—% *Ew
X5 0.01~0.03 - pigt fEidke s > H RS
Foedo i R RS - F e 4 42 5 e s f
Ppd 1977 0§ AfeF 08 B REF 0.01 1% > ¥ Rz

“4‘,;50
\

oA Ffr i g B
et T it |
0.7 0.01 0.01648 3
0.7 0.02 0.01648 3
0.7 0.03 0.01563 2
0.8 0.01 0.01554 1
0.8 0.02 0.01675 5
0.8 0.03 0.01563 2
0.9 0.01 0.01741 6
0.9 0.02 0.01792 7
0.9 0.03 0.01651 4
R AR 0% G QR AR R ST R S
PRERUBRESRIAEHEEFES 2R E 2% Fif T

. RS (TIFRF
LﬂaéJT{i\ﬁxﬁ\d"ﬂim 49.5233 & 45 0 4cB) 4.2 Fror °£FL:1J]LI3}’"‘
ARG e o882 3598 8—)2:9,\;3‘}4 9—> &8l 14— & 8L
15— &- 2 20— & 2k 25— & 8L 30— & Bk 35— & 2L 40— & 2L 45— & 2L
50> HAp B =B 4o B 4.5 7T e
2. g ES
%’Q?*iﬁi%&ﬁl%ﬁ%ﬂ 4B SN ﬁ; 14~ 50 17~ B Fx 24 ~
BE 29 BB 49 BB 59 2 B 69 % » £ O EK  HpMizy
Yol 4.5 #0701 R F EA L 18 = 4ol 43 A o
3. XA FHEREA
LATIEH AR FXFBARBIIEP g 2w G 00 TArg ok
T ERFIER b doB] 44T o RARZH TR F L E BT
bez dEfE A A E S 418.81 2 ) 1F 5 4o 4.4(b)FTT o
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Bl 4.2 fci B dmd BEL S HER F BB AL
LR I F RS

#4 ()
90
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60
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45

i
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Bl 43 2 #4195 F BEH
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3044 FHAEH IR

BB N 2%

2 | 552> 835§ 8L 8— & 8L [3— & 8L |8—
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o ‘ 110.4699 4 4
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ARSI JEEE O YR 3¢ s
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126 17\ 128
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PRETIRET 5 RFCLRAEE R IS S

X

R B TR B

45 = f Rk 2 @ )RR

LK A weg - ek = weg =
KEFIZIFR 110.47 2 4 4952 4% 49.10 A 45
(feiErRER) (543 > 2 (49.1 22) (49.1 > 2)
L AR A FIER | 0.00 2 ) pF | 418.81 & 1 | 432.00 & | pF
LR A E AR #ic 0 %= =x 0 %z =% 0 %= =x
2 A 0 = 18 1= 26
(F #lE i) (0 iER ) (9 HE B L) (13 E R E)
HERE 5.39 64.52 52.63
(P Esdiciz) (0.1856) (0.0155) (0.0190)
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