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Strategies of Transporting Patients to Hospitals in Mass-Casualty Incidents

Student : Jia-Ying Lin Advisor : Dr. Tsung-Sheng Chang
Department of Transportation and Logistics Management
College of Management
National Chiao Tung University

Abstract

After a mass-casualty incident, nearby hospitals are overwhelmed by the surge of
victims. Many victims may thus die due to failing to efficiently and effectively utilize
limited medical resources. Presents a logistical challenge to rapidly process a large
number of casualties to definitive medical care. Hence, this research uses queueing
network and simulation techniques to suggest efficient and effective victim-to-

hospital assignment strategies to save most lives.

We model this problem as-a queueing network to show the characteristic that patients
wait for medical care at casualties collection points and hospital. Besides, queueing
network also highlight the traits that the capacity of each hospital differs from time
due to patients’ arrival rate and medical service rate. We use the result of simulation to
compare different strategies. The measurement of immediate patients is survival
probability. In contrast of immediate patients, delayed patients are relatively stable
and surely survive. Hence, we consider recover rate as delayed patients’ measurement.
According to the simulation results of different policies, we can give useful

recommendation to the commander during mass-casualty incidents.

Last but not the least, we use the Kaohsiung Earthquake data in 2016 as numerical
experience. A building in Tainan collapsed and many people died from the
earthquake. We compare the historical result of patients assignment with the proposed

strategies by simulation.

Key words: mass-casualty incidents, queueing theory, survival probability, simulation
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® P
0 0 0 g2iEmF
1 1-9 1-40 | w5 1 #F F & SRR ¢ ¥ B (extension)

g 50 (flexion):# Bl @

g 36+ 41-60 |t o fg s £ i o LAY € P g (withdrawal)

3 25-35 121+ | a5y T s i gg =% (localize)

4 10-24 61-120 | + Fo bk Al 1E

Xk : Sacco, et al. (2005)

s ﬁlﬁj 3 p‘\;}ﬁ N @ﬁ’;])( ,ﬁ;,t«—:_ gt%\’. ‘2 E‘ iﬁ_; RPM i 151 ’ /\“5" 0 IJ 12 S
F§°IF%@‘L %?ﬁ’T‘}‘"ET’F'ﬁ:] M &3 % 5 » & o1 do T
P 1/(1+e—W) ..................................................................... 2.1

He Py N&EiES o W=-28877+(0.571xRPM) = ¢ 2 ;8 (2.1)7 @ &

l'ﬂ
%)
e
<
&

Boehiis B E o EEWAL 260

% 2-6 RPM 4~ #1378 5§ R 4

RPM % | 12 i, 10 9 8 7 6

B 0.98 0.97 0.94 0.9 0.84 0.75 0.63

RPM % #zc 5 4 3 2 1 0

0.49 0.35 0.23 0.089 0.15 0.052

Ly

L
(Ao

* iR 1 Sacco, et al. (2005)

BT ATHROGEAR GEFTA L TTFFIT LR B L RPM 4
F’?’:‘ _.LA}%;‘%: i mﬁi}i '&L"I\‘ 2 7 BT SR o
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F 2-T 22 k- * FERPM EE i 4

RPM & 123|456 78] 9 ]10f11]12
12 121121t f1mjp10jwof10j10f9]197]38]|38
11 Iy jwfiwo|9|8(8| 7| 7|6]6]|5
10 101919 (88| 76|65 |5 4|4
9 918|876 |5 |43 [2]1]0]0
8 8 | 7|16 (544|321 ]0/[0]0/[0
7 615|432 [1TF0]0[0]0]0]O0
6 A3 12 (1 10]0f[0]1T0}0LO0O]O0][O
5 32101070 ({00 /[0 p0]O0([0O
4 2 1100|000 ]0{0]04f0]O0
3 11000000 fO0]0]0[0]O0
2 0Jo0jO0fO0O]O0OYfO0OJO]OfO]O]O]|O
1 ojJo0o[0fO0O}L0O[0JO0O]O0[O0O]O0O]O0]|O
0 O1o0]0 (04000} O0O[O0O]O]O0O]O
(F-FRZFE =24 4)
Kk - Sacco, et al. (2005)
Rypt i RPM @2 37550 Mills ¥ 2 (2013)#-H ## 5 START # § 2 0
EF2Y FLmEF o 2T AT
f(t) = Bo,i - FOF i €L 1,D Jorverreeeesreeneensenenniiniinienie s (2.2)

()

iOFTHGAEL 1D R APFF tREIFRBFOGTESF L GEG D :
P ed P LG HESHRPME » R I EFRT A3 BB A

2-8 5 A FHBT S8 Boi~ i~ Lo B~ anfE o
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1 09-8 THERT A REE

s | Bor | Bur | Bar | Buv | B | B
1 009 | 17 | 101|057 | 61 | 203
2 | 015 | 28 | 138|065 | 8 | 211
3 | 024 | 47 | 130 | 076 | 138 | 2.17
4 | 040 | 59 | 1.47 | 077 | 140 | 229
5 | 056 | 91 | 158 [ 081 [-160 | 2.41

%k Mills, et al. (2013)

SUNG % 4 (2016)#H3 1~ 3 5 f ik 2 i s ¢ % s Zs R 1 (2

B) BB S (SR) s bl P H2 EG oA m LT BT gy e

Bl 2-5 #7171 °

0.9
0.8
0.7
0.6
0.5
0.1
0.3
0.2
0.1

0
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A€ DESERTE

B 2-5 A B2 3EF

0.9
0.8
0.7
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i %

¢ f,}
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EERE (5 48)

LT EACS SENTE

ik Mills, et al. (2013)

R 2-3F gl Wik AEBEOFIRT > ¥ Bm R a7 DA B R

2 0.5 &a bt

-~

VREEILG ARG R b RPN TR

PO REE F R A e T

Hpe» mAv {724

v
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EFRGFRE016E#F G EGHEFEERpa s RN EFHRER
G- R Q;»F?)%‘FR%’ v u})ﬁ%ﬂ o B ShamEasS 2197 &
i‘u% A3 11 (Cowley, 1975) » 738 & & P* A (the golden hour) = ]t A F7 7 3%
BB HAERT  GRAEF A WWF\%E?V FRORIS > FRIE G
BREEEL A ! GRHABRLG FHEAR LT N TR ERG
FRRAGE

et o 4 R R R TR AL A F TR T B2 R TR

A\]ﬁO’ ;ﬁ,ga CEAIy L ;tgg:f &,i,uﬁ*‘; > d,;}‘-a;; p;.gﬁ?f;}f,xg!ﬂ(fﬁiﬁ@;f&_ N
Frrd) RfhadirprerEfrd > Sdtmp kRS L8 5 nEs o &

A E ST RE L GG R R o F 2 RFARE IR LY 4 D
PAEGRAN ARG FRERAE & IR R Flal FE UG AT 2iE
3% IR B Rl e AP E T LRGEE F IRk BN A
e FPRHR . BRa AT 2 B A RE AR B2 E NS L ha ik
(closed form) 4 it 5 boph & @Fkwaiad = Boix i ficd] > F)Q A7 @ F R

2 BfRE k ek IR 3‘;"& wd > )}?“ B SR =R ﬁ [ Ko
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2.4 #HEH

¥

Z&lﬁ%ﬁﬁpﬁ
BEPHAFED O FHEIERARMEFD > bl oA B FRIGEFH M
THREFEE GRE S I RPL SRR BRI EE AP R RS

(queueing theory) rifsit ~ B pRF M L § bl GBI 2 FRREL TP

EEH275 o W26 5 - BEG L S (queueing system) 7 1 o

i B AL

FEFF %

A : FliE enfF i pF R 4 e (distribution of interarrival time) -
gt pe v avgy kR (Bl ARE R3S kRl S e F % hrld
B I PR o fiode™ o

M 3p s fie (exponential distribution) ;

D : ¥ #(constant distribution) ;

18



Ex : /= ¥ ~ fiz (Erlang distribution) ;

Gl @ F|:F /¥ 15 ¥ eh— 4% 4 fiz (general independent distribution) °

B : JRIxpF A 4 pe (distribution of service time) o

BEE Bk Bop 3% RIS HPER & YR IRTE T hpE R A e o

C: T FR%&—E (server) (i #c o
TATIRIEH 4 7 AT PRASF T o de AR e IRAE > del] 2-6.2 F i ks kG o
L FIRAR Y e R AR EE N WA > F 2 BRI O MR T X IR

s 2,

Bk i AT B 2 B ¥ i S (queue) & 7 E 5 -

*

Fzoo FRIAHE S

T

Xk kg & (system capacity) -

FAEEIES i AP FUAR AT TS R FNAEEE KR LA

. = Y 7,2 N - 2, A - A
BoFARFEL AR o g D@ T T » kst RMFEE R

i % e £ (queue capacity) 17 % R 712K 35 ik £ -

Y : pR7% & B (service discipline)
FARE AR EME FR IR Ao &R R PRFRIR R E D F] P L
kBRI R P E R PLEREE 0 BW LR R &
1. & 3 £ pR 7% (first-come first-served ; FCFS) ;
2. 4 3] £ PRF*(last-come first-served ; LCFS) ;
3. "L ¥4 7 B PR7%(service in random order ; SIRO) ;
7 L 4 (priority) 0% i LR
(1) ¥ #& ¥r(preemptive) g £ 48
(2)7# ¥ #& %7 (non-preemptive) i 4 4

FORABAIRI AR R EA S A BRI AR LEA > BL S
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BOPEE 6 BAT B Mg R AR PRI R F A 5 7 4B (preemptive) 1

% ¥ 3 ¥r(non-preemptive) & fE 1) o B R A S B HREE T AR PRI B
PRRA R F g EE KA RA R IARTE F 2 4] R R R 0 R
BRA S BB AR E - B AT TSRS 0 5 4TS (preemptive) PR
FRA G FRATEMNAPEE D BRI IR BA TG PR EE N LR

FEFRALATEMAPEE 2 2 JRIFEE A TR AL IRIE > #1577 FRETSS
(non-preemptive) sFPR 5% ] o
2.4.2 # % 3 E (Queueing Network)
¥4 % BEIR LA (queueing system)dp 3 & il pF € A5 & B 4 B (queueing

network) » PR P L BTN S HPF RN SR EX A RS -

B 2 3N 3 Ff 4 i (open queueing network) | Bl 2-7 #7771 » fgt SRR 0 %

+

S KA/ ME DR G IR 0 A € R AR R R

(:y_+

%k Bose, S. K. (2013)
Bl 2-7 BV R rf i 5 R B

B 7% £ 15 e B (closed queueing network) d B] 2-8 #7o1 st HEFR RN B S A

WFEFHT AR -

%%k : Bose, S. K. (2013)
Bl 2-8 P NEHERET LB

20



& SRR e BE (mixed queueing network)d B 2-9 A7 o st fE SRS Y R R IR

4 4 4 N Y % 4k > 2 s A
K RIRTRE 0 FNA B SR N A DT E -

O‘*

F 3

%k - Bose,S. K. (2013)
B 2-9 B &N EIEERT LB

B 2-1005 287 7 1 (4 B s RSt 46 ) B 18 g S B 2 T
LFE R E R PR RS e 13 ¢ R e B R T A

BRI # R R BT e

Brel

E e

Bl 2-10 &7 2 PR 4e8T B
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3.1 F 484 i

(A) (B) © D)

CEGmL [ 2rlg e ARGh | EAGR
¥ ami R & F 5 R BiEFm

Bl 3-1 < 2§ & F eemdZindt

ARG R TR A S RiARAR 31 At 4T o

B 3-1 (D) #LXRBGHEFR > &2 Ffr g ke T FN X e N
ﬁ’ﬁﬁﬂwéﬂ&ﬁ%?%»mﬁT EFp R R EREE 0k
it Feh B 3 e 1 B

?Wﬂ(@3%%&%%%%i%%%@ﬁm&%%#iﬁﬁﬁ’@%W%i
* e START # 6 # #- A S B8 E G @ < g 72 o d fodiv win
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==
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[rh

i

=
gm

iﬁ)i?ﬁ]xm’ v %Ffi%—’ "ZW}'L‘:F__L{-&‘?P%F— £ 5‘.-}:51!75"

Bl 3-1 (C):d » @B p] feiy 7 i) Boodcek?e Fl5 2422 A & B
BENE-FERE ML ARG E AR I NG R EFLE > )R]
A R iEFORA

W31 (D) : fek 2 fs o » BHGLEEIFR Kand 1 7RF
Fort 2 AR HRRILH T R SR LA BB FrA N F
FlicR S B AR GBI F R BT G LfeE AFR R 6448

PR F R 0 SR R RGLR%
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B AT A LA R G R R R EEEMATL A S RS R R
o LAFIEHY G2 EGRALS A REE LR P S RLEFELE
RERF AR @DAF LG RAFLREL FES 0 et (3.2

Tr‘ o

et (KPID: > f |(ti) .......................................... (3.1)

ieQ

O S EGRARE

fit) T £ ki e S ER R R DRI AT i€ -

. f% %ﬁ,__&#ﬁ £ (KPIp): z f D(ti) ....................................... (3.2)

ieQp
Gt 1 G RREE

fot) 8 Bk i Eile i 8 CBPR € BX D FRIRIDE RS 2 T€ -

AR AT ERT BRGRAS T GHRLFERRE . A s R 7§
B g s MR dhinigia Bt 0 P GRARf i G RAT &L &
B Tildet o R RFHEBR P EERG T RASGET R 0

m

P~

HABEL Sk AR G R KRS T AL - &
TR G LRT D AR R AT RS RE RS AT &
FEGURASLBHEL LY ERGRART &0 ZAFLUERTF R

RTINS R
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RERE R AP A GL AR FRIRIL PG EARR

FIUN B B A A S IR o

te i BEISE § B AfER Ik f}‘%@ﬁﬁf%% BhicE ® A s X o
FEBET S LR GEAFRAE Y R TR AR FrRL
FALE DS fas a3 0 Gtk § B (7500 ¥ fek A ol R
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