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Research Title: THE RESEARCH OF USING SOCIAL MEDIA ANALYSIS OF EMERGENCY
RESOURCES ALLOCATION

Researcher: Chumpol Yuangyai, Chen-Yang Chen
Faculty: Engineering Department:  Industrial Engineering
ABSTRACT

Response time reduction is a fundamental aspect of ambulance location management.
To minimize patient mortality and disability, the response time of emergency medical services
is critical. Therefore, real-time management is required to determine the location of an
ambulance with a low response time or called or a dynamic allocation system. Dynamic
allocation is moving the ambulance bases from low demand areas to high-demand areas that
is useful in the operational level. However, the dynamic allocation model for real-time
management requires re-allocation of ambulances, resulting in high costs and heavy workloads
for the ambulance crews. This paper focuses on a covering model based on social media
analysis. The model was used for developing an ambulance reallocation system. In addition
to dynamic allocation, the proposed model considers real-time data from a social media
application (Twitter) to minimize the response time and cost during emergencies and disasters.
Twitter has been used in various ways to communicate during and manage emergencies. In
this paper, we formulate the Maximal Covering Location Problem (MCLP), develop a solution
procedure based on social media (Twitter application) and show the effect of the approach on
the optimal solution by comparing it with the classical approach and also demonstrate our

approach on Bangkok EMS.

Keywords: Emergency medical service Social media information Control chart Covering model Sensitivity

analysis
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una 1

NI

1.1 anudunwazanudigveslynn (Introduction and motivation)

ausInuzeINITnauauedluvgni1saianidy (Emergency response performance) Y843 U

[
v

UIN13nN15unmndanidu (Emergency medical service: EMS) WudimaudiAnuin lun1sandnsinis

o

detlnuazauiinislugUaeanidy [Lim and Braunl 2011, Duncan et al. 2012] 31AN13ANY1VRS
Erkut et al. Tyl 2007 wuindnsinisidedinvestheaniduilanuduiusinduiuinainisnevauss
(Response time) ¥@13aRMaY F15UTN 1.1 nanpewliaansuavesiiauindulenalunissendin

Y035 U8aNANITANAY F95EBELIAINITNRUALBIANNTIAIINLARINYILIAINTT AT UL LRI T0]

v '
a a

anauaudimslgsuniiamgvessaanidy [Sanchez-Mangas et al. 2010] tns1gREUNTAR
sryghanTsnvauesiuazigiulentalunissentiaazanloniainistugUaganiadu [Shariat-

Mohaymany et al. 2012]
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Larsen et al.
-——-Valenzuela etal.
===~ Waaelwijn et al.
De Maio et al.

80% -
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Probability of survival
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012 3 456 7 8 9 10111213 141516 17 18 19 20

Response time (min)
~ a ~ aa . . =i
5UM 1.1 madsuiiigulenialunissendiin (Probability of survival) wagliaineuauesi

LANIRTIIUERENTN 9 W [Erkut et al. 2007]



NUINTFIUVRITLUUUTMINIUWNMERNAL (Common EMS standard) lafmunalidndesay 90

U

Yosnamavauesluiufiiesassedlininndy 9 wiil [De Maio et al 2003] 91n3UN 1.1 aziiulaani
= & Ao = Na a ' 5
IANBUAUBITILIANNINTZIU (WUEW) Aziilonian1ssendinedeagf 10% Wiia13150aaLIa
novawedidugudvsanavauadlaviuil lonalunisendinaziiiuntdu 40% Fuluefigs wilumy
& a a 9va &= A = o
Juasinsansseziiainisnevauesvessagndulmdulumuninsgiunuduiseseintasdaniuy
Mea lngianizegedsluiloaniivunalygiasuse¥nsuedn enfg1atu sEUUUTNIINITUING
YOINFUNNUMUAT Uszinalng F1a1nnisiiudeyasseziiain1snauau ey Al 2557-2559 Wui
Souay 99 VDITTLLIRINBUAUBINALINNTY 10 Wl [SpuvasaunANISumdaniau: ITEMS 2559]
FAUNTIIAININTF LA DN IdIARBLNIETOATINVRIR UL LA INTITaIUN1TANTEEELIAINS
a = = o w 4 a Na v a
noUAUIBIIARNIALTIANNE A Woulemalunissentinuasteandu
1NAIANYIUITEMAYITDINITAATL HELIAINITABUAUBIVEITZUUUINITNITUNNERNLAY
wuinfinan 2 Jayvnvian laun Javinsdnassnuiiufufunaseuaqu (Coverage problem) way
Jaymnisiiiumiadnguiifiaime (Traveling to scene problem) [Pinto et al. 2015] Fsviaaslaymy
Wuiuegiumsfimunnlensaanidu (Ambulance deployment) 835y UUUINSNNSWNNERNLAY

[ <

nsmnuURYeIensnaNauvessyuVUINIsNIsnndgniduliaudAgydusgenn [Pinto et al.

o

2015] 18999901 IMINUAYAIDATOTMNNIEANADAIINABINT AevilugUreanidulasunis
SNy mMeIUaNTINGT InsIzesiunsieInsInnTsteyawuuTuiivivle (Real-time data) 1y Toya

A o & . Rl . 8 v ° a ~
ndedinueoulail (Social media information) uUszanaldiun1sAInungnlensaanidy e

[

navauadranNfeIN1siAntultuazaInTanevauaslaegsiudams N salignidunddgy I3

Auuaule 3nnsfinweddelinuirfinisddeyaandediauesulatunldlunmsivungnien
I0RNLAU
dmfunvudnasanuadaeansiunisimungalensaaniduiioanlyninisdnassium

UfdRnunaseuaquuazandymnisiaunisgiiuiiiameluaniunisalanidu F438n97 wuudnaes

AsauUAay (Covering model) gniutauensiusnlud 1971 dnauslng Toregas et al. 138131



LL‘U‘Uﬁi’Wammiﬁmum‘ﬁuﬁmaumm (Location Set Covering Problem: LSCP) [Toregas et al. 1971]
Fadunmstmunneniitesiianfinseunquituiilun1sufshnuimun dewlud 1974 Church and
ReVelle ”LGHauaLL‘U‘U?&Waaq{kym‘ﬁuﬁmamqummﬁaqmigqqm (Maximal Covering Location
Problem: MCLP) duilunisfivungnasnfinseunguannudesnis (Demand point) Tnniian Tog
#19117U3098ATMA LUUTIae9 LSCP uaz MCLP gnldlunisinsunussezeniviseluseiunagns
desnnanuldausisvesiuudassiiyngneensanienazoenufifnuiaue deuldiinisiiaus
wuvaesilamitufinseusguarnunInnstesaufioInIsgean (Maximum Expected Covering
Location Problem: MEXCLP) ytauslne Daskin Tutl 1983 fadilafsnnulsinionvessagnidud
19usn13 (Uncertainty of ambulance availability) [Qiang Su et al. 2015]
NNSANYILUUTIEeINITIMUAgRIansaanaudlngasAdniladugnnnudenisnistd
U3n59895te (Demand point) kazd1uausagniadudliiuinis (Number of ambulance) [X. Li et
al. 2011] \Juthademdn usanisAnwiiniuanmuindeuvestiadedirmualuld 1y anudesnis
A35UU3NTliktue (Demand uncertainty) [Bozena Mielczarek. 2014] @01MA1593185 (Traffic
Conditions) [Pinto et al. 2015] wgnisalefivanseimsnivualng (Disaster event) uazdnuiu
maa;ﬁﬂwiuamuﬁlﬁmmLamﬁ’u [Aboueljinane et. al., 2013, Talarico et al. 2015] tJudu Tuns
sungnaensaanidufivangau SsilademarivliiAnanudriuazanuenlunsiinungaaen
sagnidufimanzay wazuisnvidefinsnwimiutiagidulunisseadinueiae [Erkut et al
2007, Knight et al. 2012] 133 ukuuinaesnsauaqy wadslinudiimsAnwiienfunisiimun
wRengnidusedeyauuuriuiivilafedefemoouladsmiunsiasgianmnnsasiasiata way

Tonalun1ssendia Judunuivesruddsluased Weaiivaussauzlun1snovauswuuiuivTulaveq

FORNEY UavaUITONBUANBIHBIMANITRINITATIATARTA



1.2 InQUs2a9AN15I3Y (Research objectives)
Hnngvosauidoluadsi eauuwAnlun1sfvungnIensngnlduresseuuuinig
NSWNNERNauY
1.2.1 Wieysanmsisnmsivungnaensngniduuuuiiuiiviule sedeyasndedinuoouled
v =

1.2.2 1i@a3 19 UUTABIN NANAMIANSVDINTANNUAIATBATARNLAY NANTTaan11N1599183

Andn wazn1ssentinveswUieaniduy

(% '
A =

1.2.3 M3t lUUszgndlgasInun1snInunnIensaantdy SEUUUINITNITUNNERNAUNUAN

NIANNUNTUAT

1.3 YBULUAVAITUIY
1.3.1 AnWINTZUIUNITYIINU NITINUNUNVIUAARBATY VBITANEIUIANLAY (Emergency
ambulance service) Wi
2 v v a o ° ! a A & v v
1.3.2 msinudaganistiuinig magam%muwammamagﬂLaumﬂulﬂlm TYRANINNTIIIVT

Joyan1sTentinveUlisanidy uardayaninuden1svedytiy meluiunnguvnumiuns

1.4 33A1IUMIINY

1.4.1 Anwinsgvaumaiiefunislivinisnisunndgniau Tudaunsimungaaensagnidy
WeliArrdlaliymnanmeudussnnniaInss Lt mue

1.4.2 T2usandeyaainszuuuimsunndanidulazdoyasndedsaueoulall ieldlunis
Annevinginssuvesteya Midudyauignaessagnidulutiagiudndufesuusgnlensognidu
il

1.4.3 yspnnsisnsieszsinginssuvestoya ielfiduisnislunsmsaduenuiiaunives

o = Y o & 9 a
Joya Futumsdsdyyrnveianudndulumsuiuligalensoaniy



1.4.4 Wlonsranuanuinunivesteya sudunsivuagaaensngnidulmisneuuudiaomis
ANAAENS

1.4.5 nsmdmouimnzauvesnuuitasinseuagu ten1simungaensagnidulmi e
ATanUTnaiiaUnd andedinuesulatl

1.4.6 dn3Ensildludszgndlilunmsnausunisiinungnaensoanidy vesszuuuInIsnsLme

PNAUNTUNNUIUAT

1.5 Uszlewinaindnazlasu (Research Contributions)
Usgloniiaglasunnaddelunsetianunsoagulaced
1.5.1 n1snevausssuuiuiiiulavesnsimungasensoaniduannisinwilunisliteyaly
a . . P % a al &2 ° | 1 A a X
afin (Historical data) temaanteyaasiintulueuian vililiausonevauesse Yoy intu
939l Fadudoriiwesnddy usdmsuanuideasail srinaueisnisuadeyawuuviuiiviulaainde
deanooulaw uldlunismnungnlensagnidy eanailuniinevausIvessogniduilionsn
UAURNS Feawhbiisnisnlaulndifssiumanisaliiniuass auisonavauedliog9singd was
QNFAUILIYDIAIIUABINTS
€ U a wal

1.5.2 anmn153313shndauazmgnisalfefivalunisiivungnsensognidy iWuldedeniinig

Anwidueg1ednie wansdeslgymaenandulladeidmangrsunmeiiainisneudusdias A

¥
= = =

wiouvasszuuuInIsnsumdanidu dddunuideasslaz@nufnnuduiusvesauniozduly
N13538ATINAUNISAANTTITINIRATAIaEWANTalgNIAY

1.5.3 dnisnisiiaueluldlunisimvunnsensagniduvessuuuinisnisunmdanidulunuin

NFANNUMIUAT LHDLNANTTOULNNTTANINTAINTUAATDATORNELRUUTILTITILA



UNN 2

= av a4 14
NS HASITUIIINNYIVD

uninandmgeuarauidenineides delaun dnwaen1sUuRuYesTEuuUINITNITLNNE
ANl N159anUHURNUYeITIgNaN LUUTIADIATOUARY WUUTIaRINAdRAIansIarN1SUTEEAN
THuuudaesnsaungulunisiinunynasnsagnidu waznisuidediruseulatuildlussuuuinig

nswnndanidu dahluginsndiavstazmsmvuanseuaideludusaly

2.1 M3UININSUNNEganLau (Emergency medical service: EMS)

Msunsnisumegniay Wudumisvesssuunisdanisgunmgnidu Wumiissnuiliuinng
yansunmgnautiiddsmeua (pre-hospital) Suthillunisihdsgiheuas Snsmenutaguieidesiu
ogabmnzailuiuildfuudavmuazisioumiandawnnisal [Aboueljinane et al. 2013], [Zhen et al
2014), [Pinto et al. 2015] shesaneviafiaealilugauinisidmunl Taevilusaneunaazusls 2
UszLanae

- 5aM81U1AgALEY W30 09n18U (Emergency ambulance service: EAS) T3 suagUaed
Fosnsmnutisimdeldsundu Meusnaaune1ua Lagihiiedsanunguialiielldsunsinm
9819590157

- sang1ualiianidu (Non-emergency ambulance transfer service: NEATS) TviusnisungUae

MfeinsusnIsindeudeEieananungUIanilslUg@nan e TuIanile

(%
= = a

lnglunsfinwesslagfinwianizsaneruiaanidu v3e saanidu eliuinsgUlisUsenvaniay
waz3nge [Singer and Donoso. 2008] lagaganilafenisanlentanisidedin Jaaiun1siinas wagilusy
9 nsuIniuveUae [Aringhieri, et. al. 2007] Weihdslugalsaneruiaielilasunissnuludusely

[

1aednTEUINNTIINUTBINITUINITNITHNNERnIEukasn1saesaanidueenyu iR ddadl



2.1.1 NTPUIUNTVINNUTBINITUINITNITUNNERNIAY
Taglunszuviunsviaureanisuinisnisunndnidu awnsauddld 5 nsguaunisaa
UszlvvesmsuiRnuvessagnidu [Mistovich and Karren, 2014] faguii 2.1
1. franandssngnidueenufitifieny (Dispatching time) Buseidloinmanisaigniau fUae
wiagmuuarInsuudandguduinisneauiuniansdng w3e Call center 99955 UUUINIINITUNNG
anidy Weilnsudamnnisaianiduidnun Wveihiideans (Emergency medical dispatcher: EMD) 9%
Hufsuudane Faazaounudeya Ly Huiifews anmilfame nalnn1suiadu (Mechanism of
injury: MO 8nwaizuesnsuiaiiu (Nature of the illnesses: NOI) tag g uiugtagluiiinmeg titednds
snRnBumuAILTULIIYasa NS asneniduillndfuiiufiAamgnionu Ry dmdhiidearsasds
TWsagniduneuseidminiiddn (Emergency medical technician: EMT) A1a5sAUAINNTULTIVES
flUgsiuiiAaimg
Wi Tnanidu wseenlaidu 4 sz leua
- yAanIAuvth (First responder: FR) yaanssuninsinaztduauusniimugiae 3
oz fudimihinianisunmd wu fi599951as wiinoudumds Wninsnwiaulasads vie
orenasinsdiosngg Gednduseaimudiunstiomaediisanidu uarsenudeyalimieiinmsu
1FBIN"5309NIAY
- Lﬁﬂﬁﬁﬂﬁﬁ%w%uﬁug’lu (Emergency medical technician basic: EMT-B) inaglufiu

wianiusagnidu lngaunsaldgunsailunisdnn3eiuiaidu (immobilization) wasnisiadaudarUae

[
=1

PTG IRNG ﬁﬂizﬁwmauaﬂéwmavﬁaﬁL%EJﬂ'jwmsﬂzj"mmﬁaizﬁuwugm (Basic Life Support: BLS)

- Lﬁﬂwﬁﬂﬁﬁ%w%uﬂmﬂ (Emergency Medical Technician Intermediate: EMT-I) 9%
ANNENHTANINNTT EMT-B Tnganunsaviinistieiviaesenuas (Advance Life Support: ALS) launseeg
WU n1snseauiilasielniylindnlud® (Automated external defibrillator: AED) wideslasunis

augifanuwnmedanou



a

v Y Adyva o . v 1 & ) %
- MR INYUEe (Paramedic) anunsalinsyieiviaeluseiuasiian lngazaunsali

Y 9

[
= U

mMstemdesziugs (ALS) Ialuannzndouuonlsanenuna (pre-hospital care) lmihigandugs
anusalinissnsgihelaensliminnge Tendadind e wardadinasnidons nanszdusiala
Felaiih Reiliosagneldidunauvesmustiymmsiidfmdumme (Medical director)

2. ﬁzmLamLaumwaqiagmaul‘dé’aﬁuﬁlﬁmm (Travel time to scene) Lﬁasagmau’lmﬁuﬁ
TndAssiuiiuiiRamglduddnndniiddears adusudeyaresiuiifinuguazeinisvesiiae
ANLAY LLazLﬁumﬂaaﬂmm;mammgﬂLﬁulﬂé'aﬁyuﬁﬁmm

3. 929 fURaulufiuiliinimg (On scene time) tilosngmduidndedaiiuiliinimg
WvthitdnezdrfiRnumsmsumdungtaeaniau WeutRnumensunmddnss azianinig
thifthetulusssagniau wiethithelusaniunenuia

4. Y3 Aun1svessaanduludianiuneuna (Travel time to hospital) saaniduagin
fhegniduaniuiiiamgluddsmenaiindiannietuegifuormstazananieumedsimeua

5. trananiumavessagniduluignasasagnidy (Travel time to ambulance base) iile
sagniduliedilsamenuna Wnihidinezihiisasansaenidu uerdsolviuunme werutavesiies

anidu Wiedhwingunatugesiely ndsnduseani@uasnduludanaensoaniu iesesudseen

UfURusialy

! Accident call | Assign I Arrival : Goto , Arrival to , Back to base
! to EMS ! ambulance | to scene ' hospital , hospital , and stand by
1 1 vehicle ' ' ! '

) ] I L} I I

1 ] I [} ] I
v v v v \ 4 v

| Untreated ——

L ‘ J L ' J \ ‘ J L J L ' J

Dispatching time Travel time On scene time Travel tme Travel tme
\ (to scene) | (to hospital) (to base)

Response time

JUN 2.1 N32UIUMSNIUAITUSNSNSWNTgRNIAY



dmiutasnand 1 snandesaanidusenufiRnulazdianaiil 2 frananfunisuessn
anduludsiiuiiAnimg gniSendntedn Paanamevauess dudutisnaiiemmddguindmiunng
Uinsmsunmdanidu msizlutasnaidsnangtislufiinmgldlafunsguasnuanidmiinig
Msunng (Medical personnel) Fe19dsnarielonasontinvesihegnidu fmewmgnasanainyiilinig
fuaqnIengnduilndfuiufiAamnaraunsoannanisreuaussasld

dusunisimungaIonsaaniduamnsantseeanlailu 2 syau laun seiunagns (Strategic
level) ABNTITAMUARILNLIYBIIATDATARNEUMETOUATEHEE1IVBITNTINTAUIATDIUTEYINTUAL
SasAnudesnsiiily (Expected rise in demand) unns11ausun1snsimungaasnsagniay was
seRUU{TRNS (Operational level) Hunisasunuszozdu Tiud nasdssagnidueenlyufdfeu

(Ambulance dispatching) Wagn15UTUATLNUFIIUNEIIADATORNLAN (Redeployment) [Naoum-

[
[

Sawaya and Elhedhli 2013] lus1uiduasaiideliuuinnlunisusuinismvungnleasaaniaulusedu

[y &,

UFURANTT N13AMURAYNI8ATARNALYRISEULUSN TN sunmdaniudanudiAyiluagaunn 1He99n

N1311MUAFAIBATOTUNTENRRAILABINT A2 bAE Uregniduldsunisfnwineruiansansgy
wsizaziun1sdneInsinnisteyauuuriuiviule (Real-time data) 19y n1su1deyaaindedeny
¢ . n . o Y o a - '
aoulatl (Social media information) #1UszenAldiunIsiMuAIRIBATORNIEN LTBNBUAUDIABAIIY

[

foan1smindulnduazanuisanevauedlied1aviuiiveignisalanidundfgy ludis 15 Ynkuunde

Haauooulavigninaildlunisinnislummmsaiingm [Palen and Liu 2007 iesannisiiintunesild
dofanuoaulavainuansdosaulayl 1wu gy (YouTube) iata (Facebook) wazvinimes (Twitter) [Lai
and Turban 2008] Aedsaspaulatignihuldlunansq waniseifislumanisafingansizanuauns
Tun1sudatludeyaldegn353n5a [Boyd and Ellison, 2008; Hiltz et al. 2011; Palen et al. 2009] fgs
nslddedenueeulailumgnisalgnidu W Sutton 2009 lénanfensdiffuszausslutiangnised
wiuALlmvesUszmaeRlddedsnuoouladaninsdwilasnsvindeyauazsunmimsnisalifieveaina

Hrewmdeanlannieusn Tl 2013 luwmsnisaiiiviuluglsUlaiinnslddedinuseulailunisduduy

ALAUIVDIALDY BAZBIIUNMESIALAUTUUSIUAY “N1ImsIaduandsauaaulall (Social sensor)” Tu
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£

n139539dUmMAN1Tal [Fuchs et al. 2013] waglud 2014 Mwmgnisaliviuludsewelne lalddediay

sauladlunisuszifiuaudssvawngnisal [Kaewikitipong et al. 2012] aziulddnfinisideday
¢ o 3 a & o = & o = o & °

saulatunldlunisdnnisivgnisalanidududviunin Judunuvesmsfinuluasadl lngaziiaues

PopveensliveyaannInmesiunsivungnvensaanduiuuiuiiviule

2.2 LLUUﬁﬂaa\‘lm'nJﬂiaUﬂqu (Covering model)

Tua 40 Yieuanensd ”aﬁLﬁaaf"fufjzymmamauauaﬂumamiaﬂqﬂLauﬁt,ﬁmnﬂéﬁu DRPRETRR
AnwagiauInTRLNTinuYeIsagnLduegevanviats 19U MsAnyAgIfunITIums
U949038A [Brotcorne et al. 2003, Sorensen and Church 2010] m'ﬁﬂmﬁmﬁ’umﬁﬂmiwﬂzsuaq
nnudusanau [Goldberg J. 2004] miﬂﬂw%ﬂmm’mmsmmaﬂLaui‘u faitu ILQWL'VWJ [Schmid
2012, Lim et al. 2011] kagms@nwuisfunIsUsudumisgagnidutuunain Wesnanidulinieu
#3135 [Green and Kolesar 2004] 1dusiu

9! a

dmiudgnisinunynvensaandunignidetitunsratguaslunidndu enin wuudiaes

Y

d

AsaUAAY (Covering model) luuwuudrasansndinenans Ngnunaueasiusniul 1971 Jawuudiaes
lngdiulngaslidnwazhia 11339U3N1INITUNNERNAUNTENABATAZNLAUNATBUAGNFAILIUIAIY

Aosn1sneluszeymanssungnimuall lngasinsiimesuasiuusisolull

V = @Rueegandnuneens
W o= waveuvisgnensaanduilulls
W= ave s ungavensagnduiiiululs Jaaseuaquynnudeanis i nely

SLYUMTTIY T
i = ullveignnNuReInIg i €V
j = ewtlvewhwnigeveasoanidunduldls jew

= SEENNINAANINABINT 7 bUgnaensoanidu
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ro= INAEISEEEnINEIMTUIAANABINISTITINTUINgNATOUARY
d =  YUINTUIUVDIAMIUABINTT |
o a & v
p = duugeseasepniduivuandululsvomue
1 DNYADATOANLIUY NAVUAVUA N |
X . =
J =
0 @9y
1 MINANUABINTT | QNATBUARNBENURE 1Tl
Yi= i
0  8gdu

2.2.1 wuudnaeanismvuaiufinsauaqal (Location Set Covering Problem: LSCP)
LUUTIaDINIsAUaTiuNAsaUAgE ULUUTIa8IATOUARULSNAMIUNISHIITUAYAIDATE

aniu Waualae Toregas et al. 1971 Falin1sinualuUINaowAdinAansAwal Uil

LSCP:
Min DX, (1)
=
Subject to D x, 21, i€V (2)
JEW,
X; e{o, 1}, jEW (3)

dwsuilesituinguszasdvacuuudiaesn (1) Iwiugnvensagniluniuniivesiian Seule
(2) NIAANUABINITILYNATOUARUAIEINIDATARNLAUBE W TBENTIIA0A JUN 2.2 uanadiogns
LuUdaed eliynvensoqnduilululd 4 gaaen wazdl 15 9aA1udeIn1s nilagaaudeInIsagn

ATOUARNAIEYNADATORNLAY MeluTeeEnauInsgIY rA1nUIRReATaRMIEEN 1 (L) Lazynlensa

ANAUN 3 (Ls) UTAATOUARUYNIAAIIUABINTT
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| . | -
o ©A
® AO® @ \
(> '/ .
.-" _.-"r \'-._
// . . \
\n

Diistance standard r \

JUT 2.2 wuudnasdnsouagu LSCP fwiuali D1 fv Dis {ugnniuseanis 39 Ly 89 Ls Aognaensn

a 4 g 1% < Y1 o 1 ¥ o
anundululs asfiulainsumis Ly kae Ls ATaUagunnananednIslusseeneinvue

wudaesnsousgsl LSCP unuusiaasilidudouannsathanlilunisdanisatevesssuy
Uinsmsunndaniauls esnniduluuiraeadsivusuarldiflesriai lnaamzesadadlodomns
ﬁmsmﬁm’mm%’wmﬂiLLUUMﬁﬁi’flﬁmLLasﬁ;mamaqmauﬁLﬁmﬂﬁummim%miﬁﬂ'wqﬂLaulélam
athalsfinny wuudaesaseunau LSCP dusslemiinnlunisivungnaensaqniduseaunagns Ladnas
thieuuudnassaseuagy LSCP lUAnwfisdy Wy Shiah and Chen (2007) LuUd1a8en15inass
311U50NLAU (Ambulance allocation Capacity Model: AACM) 6750L“f]umsyjimmiLLmﬁmmﬁﬂmi
$1urns09nL8u (Ambulance service capacity) SaufuLUUIIaRIATEUARY LSCP fin1sudouluves
DUULALNINTENYAIVRIUTLYING
222 mei’waaqﬁagmﬁuﬁﬂiamqmmmé{mﬂﬁqqqm (Maximal Covering Location Problem:
MCLP)

wuudnaesdaymiunaseunquaafenisadan gniaueslag Church and ReVelle (1974)

L UUINADINIALRANENSAIs D lUT
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MCLP:

Max Zo’iyl. (4)

iev
Subject to D x, 2y, i€V (5)

jew,
ZX/. =p (6)

jew
xj,ny{O,l}, JEW, i€V (7)

Handuingusvasan (4) IuuNINAanvesnudeInIsignaseungu Reuled (5) 9Adu
93n13 | AosgnATeUANeLenilianasasoaniduvseinnnInelusseEnwInsg L Reuly (6)

o a o A & Y 1w o a =
ﬂ]ﬂu%u%}ﬂﬁ]@@iﬂ%ﬂLQUVNM@JWVIL‘U‘UI‘UI@L‘Vl']ﬂ‘U P LUUIGRIAIBUARN MCLP 2NNV UINVBIAIN

(%

#eanstasumileutududniminvesudazynamdeansluiledtuinguszdeduazuuudiansds
Ailafsmnuinazifuiifigaiiagldninensidegradaia [Brotcome et al. 2003] ¥iluuudiass
AuTSandy

miﬁﬂw%ﬁmau%aﬂLL‘U“U’GSWaEN MCLP [Dessouky 2006, jia et al. 2007a and Jia et al.
2007b] AnwrseRuAMAIn (Quality level) LLazfﬁwmuqmamagﬂLfiuiuLwiaaﬁzé’mmmwiuﬁuﬁmmm
Tugvesssuuuinisnisuumdanidu wasdallnis@nwniiemiiuuansisreslssannisiiuinig wu
mei”]amﬁluﬁmamqmﬁm%’uﬂizLﬂmagmﬁuﬁgaamﬂizmw (Backup Double Covering Model:
BDCM) [Baser et al. 2008] uaﬂmﬂﬁjéjﬂﬁmﬁﬁﬂmﬁluﬁ] 1Y Alsalloum and Rand 2003 waz Alsalloum
and Rand 2006 iafnuvudiassnseuagy MCLP uagwauieldfumuuulsunsutiming (Goal
programming model) lagiFuann1sivuagaaensngniduiivinliaiauann e saafon1sn
fanuazuiuduiusagnidulundazgaaen Erkut et al. 2007 leinerilsidulonialunissondin

'
=4

(Survival function) 1 antukuuIaeInseuaqy Beidedn wuuiaesdymnunidleniasendinuin
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ﬁfj@ (Maximum Survival Location Problem: MSLP) §a1un1s@inuiannuduiusuesszeziiainisg
POUAUBINDENTINITTENTIN wazinlunaaeulusyUUTIVRITEULUINMINITHNNERNIAY
2.2.3 LLUUﬁT’mmﬂzgmﬁuﬁmamququaaﬁzazmqmmgm (Double Standard Model: DSM)
LLumﬁ’ﬁaaaﬂzymﬁuﬁmamqmquaaaiwzmammgm Wauelay Gendreau et al. 1997

6 v

Tngmvualvidl 2 s2egn19Insgl n uae r (n < ro) lneduuudnaemuadinmansasil

DSM:
Max Z:o’iyi2 (12)

iev

Subject to - D x 21, i€V (13)
§EW
zdiyil Zazd/ (14)
iev iev
oM YR iev (15)
ZXj 2y, ty,, i€V (16)
JEW,
DX, =p (17)
jew
Mol jEeW (18)
Vi Yo e{o, 1}, =% (19)
X, Integer, jEW (20)

= & o ~ ° v = Y Al v .

die y waz y 1 0ududsiigniimualidl 2 d1 Feazviaiu 1 iloganaiudens ign
AsoUngueENtnilignvenanBuargnaToUAgUTRaDInElusTEEINNAIEIY 1 AUETU W uay
W, UERdLIAY839n8nI0RNtaY dIu1sanTaunaunnINfesnis i nMeluszeznia r waz r audiay

Handuinguszasdveauuudnaeinsoungu DSM F1UANNABINSININTIgnTIgnATeUARIBE 1T

aoaszeynaneluszey n Woulvd (13) uay (14) AevnAnudeinisaziegnasauaqumelussezni
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r, uagdadau o vesATdesnTianunfignaseungunisluszey 1 Heulvd (15) geaudesnisagl
anunsngnATUARLIanszey dufuliignasouaguedietievisszey Weuleil (15) uay (16) el
wilvingeaudesnis | gnaseuRguTaesszey dugnasourqulnsassgaaansngniduniesnniily
svogvna r Weuledl (17) uay (18) Wutedinvesdiuiugaaensnanidu lwinshuuuiasinseuagy
DSM lufnwfianii Doerner et al. 2005 wag Doemer et al. 2008 léfauuuUTABIULHUg T8
wuuiansaseungu DSM Taaifisdrurasunasine (Penalty terms) Tuladduingusvasd tilevanidns
nsvihauminiAulyvesntngu

2.24 LLUUﬁTﬂaaq{]zmeﬁuﬁmamqmmmmmwi’waqmméfaqmiiqaqm (Maximum Expected
Covering Location Problem: MEXCLP)

wudinesilgmiufiaseunguAnnumeniivesnuianisgean degminausing Daskin

1983 Ingiinsiandg fuilsidunisnionufifiuvessaaniaulugeasnsognidu Busy function) lng
auyFlnnaprensngnduianuhan duiivzlindos fiReu Fudluuudaemadnmansdeolud

MEXCLP:

- k=1
Max  >.>d (1—q)g" "y, (21)

i€V k=1
p

Subject to ZXJ. >y, iev (22)
jew, k=1
ZXJ. <p (23)
jew
v, € {O, 1}, i€V, k=1.p (29
X Integer, jEeEW (25)

J

I~ [ Y P o Yl 1 = [ Al 4 .
WD Y, LUUM?LLU?VIQﬂﬂW‘ViUﬂI%N 2 A1 VIITLINU 1 bHBYRAITUFABDINT IQﬂﬂiﬁ)‘UﬂﬁjiﬂG’IU

9etiay k Inansaanidu dmsuilanduinguszasd fie A1AUAIANINENAAYEITILIUAINABINITYN
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I L% ¥ £ 24

AsEUARNIESIUIUgRREnTRNIAUTTegsin fudreiieveseuled (22) LARIATOATORNLALT VLA
finsounauanAudenis | neluszaznng r dwiudueanie Ae Suiuadsiiganusonis ign
ATEUARY ANMIlBUNUYEY DSM Wag MEXCLP Ao mézyﬁmiﬁmaﬂdmﬁaf\;mamaqﬂLauaguuﬁuﬁ
Feafule wuudiassasounau MEXCLP Sauufgiuiudeunsedeanundudassfuvesqnvonsagnidy

' 2 A oy a wa a @ = & a ¥ av o W ]
wazauUIazidunaglinfeudufiiauliawindu widuauduasiaiudesnisildmiiulusedag

[ v
v

fuft Feiliananing uiiarlindendfoRnuasddsulumundasiui uenanildslafinisdnw
Wiy Rajagopalan et al. 2007 léWauIn1smAInauseiasisann Uszneulusie Juneudsids
Wgn33u (Genetic algorithm) 38N1IAITAUMILUUMY (Tabu search algorithm) T5n15idULUUNTOU
80U (simulated annealing algorithm) Wagddn1sAUMmILUUTULYT (hybridized hill climbing) Tun1sm
AmouvesuuUitasinsauAal MEXCLP wazidSeuifivunadnialdenisiinsigsininuulssiu
(ANOVA) Sorensen and Church 2010 Idadauuusiaasmandinmanideonlonuidedolunud
(Local reliability) $aifuiuudiassasouagu MEXCLP Inetfisluduilsiduinguszasdsneuszanam
AuUdoRoluiudl Saydam and Aytug 2003 lﬁLﬂﬁaquﬁ%’u’j’quizmﬁﬁummeﬁammamqm
MEXCLP tfunuuamuduiuslaiiady (Nonlinear) ilalilumameinaudeduneuisideiugnssy
2.2.5 uuusaestiymituiinseueguinsmainindeiiovesnisaseuagu (Maximum Availability
Location Problem: MALP)
mei’ﬂamﬂfgmﬁuﬁﬂiamqmé"s&Jﬂ"mmuﬁL%aﬁasuaamiﬂiamqu gninaualay ReVelle
and Hogan 1989 @silfefudeiuufe wuudiasinsaungs MALP- auudligraensagniduiianiim
LinSoulunsujifauduan q usluwuudiaosaseuagu MALP-I mpulinsenlunisufifieu g
ANSTd TN NTLT IRtInIINgaeLdesn s | Befiseuiuldvesnyaaensaanidu W,
Failariduinguszasdvosuuudiansnsounau MALP- S1uiunusiesnisgsgaiignaseungulngqnaon

soaniduniglusseenig r fdrseduanuediv o 9AINNABINNT | NYNATEUARUAILAIAIY

2

oA A Y jew Xj v o A 1y 1Y i oA A °
Uene & 01 1—gq ' 2a@QUUL‘W@IW‘lJisQﬂ']iﬂi@‘Uﬂqm@?ﬂﬂqﬂjquuqlﬂ@ﬂ@ aﬁnmu%ﬂﬁm
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ﬁ]aﬂiﬂﬁ%ﬂLQUWﬂiaUﬂ@u'ﬂq@ﬂ'ﬂ@Jmaﬂﬂqﬁ i AHMBDIUAN ZJEW Xj > — | = b YIULUUADINNG
’ logg
AAAERSAIL
MALP-I:
Max Zd/y{b (26)
iev
b
Subject to ij > Zy,.k ) eV (27)
jew, k=1
S Y s eV, k=1,.,b—1 (28)
ij =p (29)
jew

X\ vy €01 JEW, i€V, k=1..p " (30)

Haghediaveaioulun (27) 399ensnan@unavunATouAqEInAINRBIN1S | Melussuenie

LY

r waganilonanssiutundivesgannudeanis i ignazeunqe Ssiesiidntionnia b uonaniéd
AM3ANWRNENTEY Galvao et al. 2005 LuUdIaasnTauAgs MALP luysannissauiuiuudiass
hypercube queuing

wiulduuudiassaseuaquilshedunatsuuudiass Faurazuuuiaessigauiuiiuaneig

u {Ade3sldasuudazuuuiiaednsauaauen1s1ei 2.1 Tuddeasedlidenesnisdnyiieaiy

9 9

ANNFITUETENININNIAMUAYATRATIRNIENSMAUNIT NI T UYIN15a513sAntakaslanian1ssen

=

FI9 INNITNUMIUITIUNTIUTMALIAUNTITNTARTARAL LN UN1TTaATINT A nwuLduN1SNTZa8

= o

Y 1 I 1% 1 I al' 1 $% a wa .
fnvuausily Falidnwaradisainuiiazsiduiglinsonlunisufuifien (Busy function) vas

17 '
] ]

LLUUﬁ?ﬂamﬂi@Uﬂqmwum’mmmmmwiﬂumimaummQqqm (Maximum Expected Covering
Location Problem: MEXCLP) 39lafin1s@nwiu@utienuanudfelulEsadsananinuil Masannuaus

WUUT1a99984 Daskin Tu U a.e. 1983 ladin1suiiewuudiansunfinen 1wy Aytug and Saydam 2002
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#fin1sthuuusiass MEXCLP Tunisisungaudnisdmiuiiuiivuialng tneldi5n1sidatugnssu
(Genetic algorithms) IumimﬁmauLﬁaﬁwﬁq5ammhjw%fau1uagmu%mi Chiyoshi et al. 2002 g1t
Anwuuudnaeansauagu MEXCLP $auiukuudnass hypercube queuing Tun1sinungnaensngnidy
LazalunsuinIs uenanigiinsfnuiiiaduieatuileturinissenddn (survival function) sy
LUUTIARIATOUARY MEXCLP Tun1siinunynlensaqnidy Erkut et al. 2007 lalausuuuinaeg
mamqmﬁﬁwﬁﬁmzUsmamquﬁuiamamsim%’imLﬁafﬁ’mummamagmﬁuiuizw EMS way
Knight et al. 2012 ié’ﬁmsﬁﬂwuﬁuLﬁmﬁq‘dszLﬂwmaqﬁﬂaaﬁl,l,mﬂ@mﬁ’u (heterogeneous patients) &4

aunsaaslanAdenigIfuwuuInaesaTaURuiuIINAIAINAIANIIlUN1SATEUARNEIAR MEXCLP

AR5 19N 2.2

v '
] I

INNITNUNIUITTUNSTUNNLITRINULUUTI09ATOUARE TUNAINAIANAIAN TIlUNS
ATOUARNEIAnTeIInTanTaanduluszuLUSN SN sLImga Ay Seldnunisihladeniedunisasas

Andn (Traffic function) kazlenialun1ssendinvaayuie (survival function) studulunwuudiaes

AsOUARN (oM ruAgnIensoandy Juluiuiwednuideluassil
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AITNN 2.1 ﬂ']iLUiEJ‘UW]EJUaﬂ'Um%SU@\‘]LLU‘UC\]Wa@Q?‘Iia‘UﬂE}N
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WUUIRRIATOUARY . U AR 1UIUN L ,
AUIUA o E‘ULL‘U‘U 13818 ANUUNALTU AA3IU
. AU ANAW VD 0AI0 T D4 A
VWANURLY | = - GEUANP] JEYTNN Naglaniou UNYBOBDUDY
y ABINITUIN | AINABINTT | AALRAUL . e
Vl’sj@ 2 4' 114 GIPN H19337U ‘U{]‘UGN’]‘L! NI13IATBUAGH
VI’QIG] mmnqm Rl
Location Set
Covering Problem 4 v
(LSCP)
Maximal Covering
Location Problem 4 4 v
(MCLP)
Double Standard
v v v v
Model (DSM)
Maximum Expected
Covering Location v 4 v
Problem (MEXCLP)
Maximum
Availability Location 4 v 4 v

Problem (MEXCLP)




M3NT 2.2 asdaideiineliuwuuinaesaseuaguiuianA1numanislunisaseungugegn MEXCLP

20

ARl fanduay | faddulonaluy | dedduanw | A1suUs Jue
Tainsoulu N1959ATIN N1993195 L9781
NsU4 U
Mark S. Daskin (1983) ‘A
Aytug and Saydam (2002) v Lange-scale
Hypercube queuing
Chiyoshi, Galvao, and Morabito (2002) 4
model
Saydam and aytug (2003) 4 Accurate estimation
Galvao, Chiyoshi, and Morabito (2005) v Towards unified
formulation
Erkut, Ingolfsson, and Erdogan (2007) v
Rajagopalan et al. (2007) v Experimental design
Sorensen and Church (2010) v Local reliability
Knight, Harper, and Smith (2012) v Heterogeneous patients
Van den Berg and Aardal (2015) v v Penalty of relocation
Van den Berg, Kommer, and Zuzakova Linear formulation
(2016)
Our model v 4 v 4
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2.3 F/MINANBUIINUUUINGDIATIUAGY
Iudauifa313’1Lﬁufﬁ%ﬂﬁmﬁmaﬂumiﬁmummammgﬂLﬁu Bslsiun mameneuseisnisen
FaAA (Heuristic method) desldlunisualeymauinlng (Large scale) n1smAnaunien1sinaes
anun1sal (Simulation method) gnitanituiiioldlunismsaaeudineuiildfuainisnissasan
v3ansHaudniuiBn158uY eUFuUTIAUNMYRIAINBY LALNITMIAIMBULUUNIINTY (Exact
method) ldfun1smaneureslymivuiatan (Small size problem) dwsusigazidunaziiaue
solud
2.3.1 FTnsmAmeukuUEITada
dmiuitmsmdmeuuuudiafaiiasiiaualuisnsdneundealtlunisivunge
90AT0RNAY UTNBUAIY NITMAINBUMIEIBINUTNTSY (Genetic algorithm) Lagn1TAmBUIY
TNIAUNMUUNY
1. MIMAMBUMILITRIMUTNTIH (Genetic algorithm)
nsdmeuMeInidaiugnssuduiSmsfgnldiuegraniennsdmiviBasuuusis
ain soavamrsalunsdumnouiill GA Sagnlflunismaaminzavesdneu lavende
MANN13IN15ANATIVOITITUIA (Natural selection) Wazaduagseniituaizas (Survival of the
fittest) Farmmavitldazgritamiitemidneuilenadnsnafian [Beasley and Chu 1996]
dwsumnihnismdneumgiidaiugnssualdlunismameugniunldediawnung
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2. J/MIMANABULUUEIIARN (Heuristic method)
3. WMIAmBUMeLUUTaasEnIunisal (Simulation method)
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AUeANABINTT TUTEEEATOUARNLINTTIUYEIINTBATRNLAY MENTIATEEENUUYATLALY

(Euclidean Distance)

4.5 nsuszenaldlunisnneununisimungavensaanidu diedayadndedrueaulall vas
SZUUUINIINITUNNERNIAUNFUNNUNIUAT

4.5.1 oyan13uINITNITUNNIRNIAURUINTUNANLNIUAT
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[ a

Turuifeiteadsdiifoaulaludruszuuuinanisunndanidu Sanisaruniledis
awdiAnluvziiamgnisaianidu Sinihiilunisihdeasuas nvinetunagiae Dosdueg
wangaumeldanunisaigniduluilésundamnnsaiesiwssunieudomnnisal [dinnisuwng
NFUNNUMIUAT 2547], [Singer and Donoso. 2008] lagagyinn1sANyINITIANITTLULUINITNITUNNE
anidureangummamIuns Ussmdlne Womvalsvesdsemelne Ssiduiuyszrinsidudiuauann

Tngazuusiunmssuiiaveuesmiu 9 wa figuil 4.3 Usznaumelsaneiuianiniasy ensudiuim

1Y

48 uie 4atlse1e 8 e wazaudiasiad 1 Une dsaneiuna NPunzilewaniev1859u 155 fu
U3ENaUAIY SANYIUIATEAVEL (Advanced life support: ALS) 96 Aw seAuNiugIu (Basic life

support: BLS) 57 Ay #31u3uuaaIng 538 791 aw lul 2557 §1uaun155unaemmp1l call center

[
Y

VIaAU 109,827 A1 [AENNTUINENTINNGMIUAT 2547]
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[Van den Berg, Comer, and Zuzakova 2016] §1%3Us8UUUINITNITHANERNEUVBINTUNNUNIUAT
AusNsneaunswmganiauluiuingamnuniuas 3aliusensndt 9 auan 31N1SANYY

Poyaszeriialunsujiinuvesssuunsunnganiduy At .. 2557-2559 lutiensusnissu
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Taymiannismevauessves EMS wui1 n1sdnassiunuiinnuiaseunau (coverage problem) wag

1

Yaymnisiiumadngiuininme (traveling to scene problem) tluannandnvesdymifinann

[Pinto et al. 2015]

JUN 4.3 laiuiingammumiues Nadsameuiavessguaglsaneruianieladenanisunme
NFANNIMIUAT

0 AUEUINITNITUNNERNBUNTUNNUVIUAT (FUGDTTI0)
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J 40000
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2 30000 .
= Bl Response time 10
ke minutes
] 20000 13,472
g 9,509 Bl Response time more than
S 10000 ;
= 10 minutes
285 0 0
O a—
2557 2558 2559 (6 month)

JUT 4.4 sreenansuuRau aauwet we. 2557-2559 Tuganaudnissudamvnauiiaqeiinige
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luduiluiivjiRuiiesounqy foszerlunislifuinmuessouimanaunndaniduaings
20 iieliuinasuiftasluiiuiiiamg Jagdussuuiinisnsunmdnidusesnssmmamuast
$rurugaRansngniduTsvin 49 9nTen NTzBegThiuTinganvuas Insdulugjaziiuusgn
seaduiiuiilsmeruanioyads Fdnuainendunithiu) fuandusuil 45 @) Tefuiidde
souLarAdouaniszzUfORNUT 5 uag 10 Alawns pudfu (syaensuftRewd EMs deuld
Huinausi [Pinto et al. 2015)) usandeyasiuaunsilunisufoRau sl ne. 2557-2559 (U
4.5 (b)) {iies 3 IvoAsaRNa (Yatissulns AUUSNMIINITINNERNIBUNFINNUILAT (AUY
Wo37¥0)) yaddasusanle (Bund) wiiuiitiniseenufoRnuinnndn 10% Fauandlsiiuins
RensaniduvengaymuyuasiudagiuiidiuumnnidewSsuiisuiudesifumnadaiu wy
n3adguuT 197U9u 12 99380 [Schmid and Doerner 2010] n3alsu d37117u 8 9380 [Dell’Olmo

6

et al. 2014] uarNJBUAADIAU UTIUIW 9 IAT8A [ven den Berg and Aardal 2015], [ven den

[
a o o o

Berg et al. 2016] davilvignuazartilunisdanislleinmeg anvisdailvsunulunisufiRnuves

szuunswnmdanidugaiuenudnlu
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N13957135AAYRINANTENUBENNINADUTEYINTIUNTAVNUVIUAT 31NTILIUNTIRTUGU
FrfinsasasUssd il 2559 (Traffic index 2016) Fmvindulnevouvon (TomTom) (Uil 4.7) Tngld
S2AUN15951958A%M (Congestion level) faszazanisiiunnfiiindioSeuiisuiussozinainis
Aunsiiliiinisasasinda Iadasusulinsamumiues [Judlesiinisasasiadasudui 2 vos
Ton Tnefszoznannsdumsiidiuiulnesia (Overview) 57% TesszavaNsANSiin159193
Andn Tutgaat (Morning peak) Lagaa4u1e (Evening peak) SYETIANTAUNTLRNTY 85% waz
114% snuaauy

gL ﬂiqﬂL%WNMWUQ%L%ULﬁ@Qﬁﬁ{]mW}ﬂ’lif\)iﬂﬁ]ia@%@@ﬂﬁﬂm’]ﬂ Fatlyvn1399193
Andnluladanan senuiiewAluTInUse A TUUIU TE Y YUWAL I HARA DN SRR IANLALLATEENA
[Zheng et al. 2014, Younes and Boukerche 2015] dnwsludladvainsasasduiinnududouuasi
nswasunUasnasaiian lfenaenisuinisdnnsszuun13asas [Kong et al. 2016] lagiamz
ogsBsluszuLinsmaunmdgnidu Aintesiumslyinisuinisguainwitesnisingeiegniau

lwwan1salinge [P.L. van den Berg et al. 2015] e nlunisiauniudigiuiniame ilvia

dunTLRatInve Ul
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JEUUUININISHNndaniduiuianuduiusiueg19deiuseuun1sasnas [P.L. van den Berg et al.
2015] Fudufiunvesuddy Feuideaseilazriinisfinviuuudiasinseungu (covering model)
$UAUNITIATIERTYIENINAITITIITAATAVBINUNNTUNNUTIUAT LDVIN1TANUAYATDATA

andukazIwIusagndulunsazynseafiuinzay Jedslinuininisnwieaiunisiinunynaen

wazduIuIaNauIINg Al uLAREAI0ATORNAUYBINTINNIVIUAT

4.5.2 M3Uszendldn1smIvunlnI0nsaRNENYasNUINTININILAT
a 5 < a [ ! =4 ! ! ¥ I a X =
Minweilunteuusgaunlulssmelng Fauneguinnda 5.3 dugld (Ruduuinand
2015 §9 18%) [EPC global social media trends 2015] lagdaulngagtaununialnsédwi d1usu
= = ¥ o a I A = a 5% o My v a
msfnulupssillagaglidiuminnmuniieniienisiinseviteya Inedayanlmiuteyannnin
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é’ammuqﬁmmmLﬁammmﬁﬂﬁﬂﬁmaqmﬂﬁmqﬁ’ﬁLW;
foyalutiafousussuivinmsfnuiisiuiuionun 1930 Surunsslunisninanms
Fumdedin “gifvn” daldnsudsoanidu 24 919901 (Granarazdilug) Anadevesdiuiuads
Tumsvinsiotluauansdamsisi 4.1 Gadiafevestoyaileidnvazadefunssulanguesssuy
UININITLNNERNLAUN TN Tneaedinnadevossiuuaislunsninuaumniignanat 3:00-4:00
7:00-8:00 15:00-16:00 Wag 19:00-20:00 Fardudrunuififauduusnnuwiesauulutiaduaziie

WaLANRAYYDI9UIUASIIUNISYIRTIUILTRE YA 20:00-21:00 Fuduriatuaundu [Pinto et

al. 2015]
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36 Flgnunsananduiundmsutauladsduiden Nazvrllununluiuuinass MCLP-LF sold

M13199 4.1: AnedeTuIuasunsmamgnisalandulunwsaydiaia wasAfinauy ARNAa1

Time CL UCL LCL Time CL UCL LCL
0:00-1:00 1.10 4.25 0.00 12:00-13:00 2.87 7.95 0.00
1:00-2:00 1.73 5.68 0.00 13:00-14:00 3.53 9.17 0.00
2:00-3:00 PR eV 0.00 14:00-15:00 1.03 4.08 0.00
3:00-4:00 5.03 11.76 0.00 15:00-16:00 4.70 11.20 0.00
4:00-5:00 2.03 6.31 0.00 16:00-17:00 3.20 8.57 0.00
5:00-6:00 2.43 7N 0.00 17:00-18:00 3.20 8.57 0.00
6:00-7:00 2.87 7.95 0.00 18:00-19:00 2.60 7.44 0.00
7:00-8:00 5.27 LA1S 0.00 19:00-20:00 a.17 10.29 0.00
8:00-9:00 3.47 9.05 0.00 20:00-21:00 0.43 241 0.00
9:00-10:00 3.50 9.11 0.00 21:00-22:00 0.77 3.39 0.00
10:00-11:00 3.07 8.32 0.00 22:00-23:00 1.80 5.82 0.00
11:00-12:00 3.17 8.51 0.00 23:00-00:00 2.30 6.85 0.00
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C Chart of Accident Word Count Per Day in Period 9
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nam3iLiuaAse lfiiaueisnnideyanndedseuesulatuildsuiudymuuuinans
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Abstract Response time reduction is a fundamental aspect of ambulance location manage-
ment. To minimize patient mortality and disability, the response time of emergency medical
services is critical. Therefore, real-time management is required to determine the location of
an ambulance with a low response time or called or a dynamic allocation system. Dynamic
allocation is moving the ambulance bases from low demand areas to high-demand areas that
is useful in the operational level. However, the dynamic allocation model for real-time man-
agement requires re-allocation of ambulances, resulting in high costs and heavy workloads
for the ambulance crews. This paper focuses on a covering model based on social media anal-
ysis. The model was used for developing an ambulance reallocation system. In addition to
dynamic allocation, the proposed model considers real-time data from a social media appli-
cation (Twitter) to minimize the response time and cost during emergencies and disasters.
Twitter has been used in various ways to communicate during and manage emergencies. In
this paper, we formulate the Maximal Covering Location Problem (MCLP), develop a solu-
tion procedure based on social media (Twitter application) and show the effect of the approach
on the optimal solution by comparing it with the classical approach and also demonstrate our
approach on Bangkok EMS.
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1 Introduction

An emergency medical service (EMS) must have a short response time to minimize the
mortality and disability of patients. Several studies have reported a strong correlation between
EMS response time and mortality rate (Lim et al. 2011; Erkut et al. 2008). In practice, the
EMS response time includes the dispatch and travel times of an ambulance; that is, the time
interval from receiving a call to arriving at the location of emergency (Van den Berg et al.
2016). The percentage of calls covered is used as a performance measure by several EMS
systems. Typically, EMS responds to 90% of emergency calls within 8 min (De Maio et al.
2003). For example, the target response time for Bangkok EMS is less than 10 min. However,
a study conducted in 2014-2016 indicated that the response time for 99% of emergency calls
was higher than 10 min. Therefore, reduction of the response time is crucial (Pinto et al.
2015). To optimize its response time, a typical EMS management system must balance the
benefits to patients (e.g., low mean response time, few lost calls, maximal demand coverage,
and high quality of service) and the capacity of the EMS (numerous ambulance vehicles
and bases, excellent training for medical personnel, effective call screening, and frequent
relocation) (Iannoni et al. 2008). However, the reduction of the response time increases the
cost because of the need for increased capacity (or increased number of ambulance bases).
This increased cost hinders the reduction of the response time of EMS systems.

At present, Bangkok EMS has 49 bases (http://ws.niems.go.th/ITEMS_DWH/: informa-
tion technology for emergency medical system of Thailand). Bangkok’s system was designed
with a high number of ambulance bases to minimize response time. The population density
corresponding to each ambulance base affects the EMS response time (David and Harrington
2010). In Bangkok, the population density per EMS base is 108.16, whereas the densities for
Vienna, Rome, and Amsterdam EMS are 360.51, 279.0, and 545.3, respectively (Schmid and
Doerner 2010; Dell’Olmo et al. 2014; Van den Berg and Aardal 2015; Van den Berg et al.
2016). Of all these EMS systems, Bangkok EMS exhibits the lowest ambulance allocation
performance. Although several ambulance bases operate in Bangkok, their response times
are high because they cannot respond to real-time emergencies and they lack a proper EMS
management system. In particular, the current ambulance base allocation method in Bangkok
mostly relies on the experience of EMS management personnel rather than operation research
methods based on the recent developments in ambulance base allocation strategies (Li et al.
2011). As mentioned previously, a high response time is a major problem of Bangkok EMS;
this can be overcome primarily by adding new ambulance bases to the EMS system. Abouelji-
nane et al. (2013) noted that limited resources must be efficiently managed under a high level
of uncertainty. In Bangkok, poor management of EMS resources results in inefficient ambu-
lance allocation. This problem can be solved through strategic allocation of ambulance bases
by considering long-term population growth and the expected rise in demand for medical
services (Naoum-Sawaya and Elhedhli 2013); however, this approach is not effective in
real-time and complicated situations, such as traffic congestion and unexpected events (e.g.,
accidents or disasters). Bangkok is the second-most congested city in the world (TomTom
2017), which leads to traffic congestion, and in turn, a high response time (Aboueljinane
et al. 2013). Therefore, changing the ambulance base allocation strategy is crucial for EMS
systems and patients.

Several studies have discussed models for the allocation of ambulance bases, and these
models can be classified into two types: static model and dynamic model. Static models,
such as a location set covering problem (LSCP) (Toregas et al. 1971) and a maximal cov-
ering location problem (MCLP) (Church and ReVelle 1974), are useful in solving strategic
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problems. However, these models lack the flexibility required to solve operational problems
because real-time demands vary spatially and temporally.

By contrast, several dynamic models for ambulance allocation have been proposed, which
include real-time relocation of ambulances from low-demand areas to high-demand areas (Li
et al. 2011). Gendreau et al. (2006) proposed a model named the maximal expected cover-
age relocation problem (MECRP) and provided a dynamic relocation strategy to maximize
the expected demand coverage and maintain the number of relocated ambulances below
a predefined value. Rajagopalan et al. (2008) developed a dynamically available coverage
location (DACL) model for the dynamic redeployment of ambulances according to time-
varied demands. The time horizon was divided into clusters due to considerable changes
in demand. The DACL model incorporates hypercube theory. Naoum-Sawaya and Elhedhli
(2013) presented a stochastic optimization model that minimizes the number of relocations
and maintains an adequate service level by using a dynamic ambulance relocation model.
However, this dynamic approach (dynamic allocation) predetermines the location by incor-
porating system randomness into the covering model, which does not use real-time data
(Maxwell et al. 2009; Jagtenberg et al. 2015). This is a drawback of the dynamic alloca-
tion model because most models use historical data to allocate ambulance bases, which can
cause inappropriate allocations. Consequently, these inappropriately allocated bases cannot
respond effectively to real-time demands and emergencies.

This paper specifically focuses on a covering model for ambulance reallocation based
on social media analysis. In addition to dynamic allocation, the proposed model considers
real-time data from a social media application (Twitter) to minimize response times and
costs during emergencies and disasters. Twitter has been used in several ways to manage
and communicate during emergencies, and can be used to improve the current strategies of
allocating ambulance bases. We make the following assumption:

e The demands in different time period are independent.

e In each time period, the demands are deterministic, we define that by using real-time data
based on data collect from social medial (Twitter application).

e We assume that in each time period originates at most one emergency call (although such
a call may request more than one ambulance).

e Demand from different demand points are independent and the set of all possible demand
point is finite.

e All location based must be available to set as an ambulance base.

e We assume that social media and internet infrastructure at common incidents and disaster
event occurs, it works perfectly.

Social media is emerging as an important technology for emergency response. It comprises
tools that enable open online exchange of information through conversation and interaction
(Yates and Paquette 2011). For example, wikis are websites where coauthors collectively
build textual and visual content. Video-sharing websites such as YouTube use videos to
create social interaction. Social-networking websites, such as Facebook and Twitter, rep-
resent links and nodes in the network through conversation threads. Social media can be
used in emergency and disaster management efforts; Twitter, in particular, is useful during
emergency and disaster events because it enables easy and quick creation, sharing, reading,
and reproduction of short messages (140 characters or less). These short messages usually
contain user mentions, hashtags, internet links to news, and photos and videos related to
real-time events (Twitter 2015). However, these factors indicate that finding and filtering a
relevant tweet in a specific context can be a complex task, particularly when responding to
time-critical emergency situations that require accurate decision-making and prompt action.
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Fig. 1 General ambulance allocation process

Most relevant studies can generally be subsumed under “event detection,” which refers to
detecting and analyzing information regarding real-time events from Twitter. However, few
articles in the literature have addressed integrated social media event detection using Twitter
for the allocation of ambulance bases. We expect that the proposed approach will close this
gap.

Section 2 presents a detailed description of some related works; the discussion includes
background on the EMS system, the covering model for the allocation of ambulance bases,
and integrated social media for emergency management. The proposed approach of allocating
ambulance bases by using social media information is discussed in Sect. 3. The Bangkok
case study is discussed in Sect. 4. The obtained results are presented in Sect. 5. Section 6
presents the conclusions and discusses directions for future research.

2 Related work

In this section, we present a review of a model termed “ambulance of EMS” (AEMYS); itis a
set covering model for ambulance base locations. We also present the use of social media in
AEMS.

2.1 Ambulance of emergency medical service

The AEMS is a part of emergency healthcare management. The objective of AEMS is to
coordinate the timely delivery of appropriate first aid services under emergency conditions,
to prevent disability, and to be prepared for disaster events.

Although EMS systems may vary substantially among different countries and geographic
regions, a typical scheme can be observed in such systems. A general model of the ambulance
allocation process, which has been adapted from a review of earlier ambulance deployments
(Schmid 2012; Aboueljinane et al. 2013; Mistovich and Karren 2014), is presented in Fig. 1.
The duration of the ambulance process is divided into five sections. From the perspective of a
patient on the scene, the process can be divided into two phases: untreated phase and treated
phase.

The untreated phase includes the time when the emergency event has occurred but the
medical personnel have not arrived at the scene. During this phase, the patient is at risk of
disability or death. The AEMS performance can be evaluated based on the response time.
The response time comprises: (1) dispatching time, which begins when the EMS call center
receives an emergency call. The emergency call then goes through an emergency medical
dispatcher who acquires information, such as scene characteristics, mechanism of injury,
nature of illness, and number of patients. The dispatcher is also responsible for performing
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a medical evaluation of patients and dispatching an appropriately equipped vehicle staffed
by one or several physicians, nurses, and emergency medical technicians. Nonemergency
calls are terminated. The dispatcher also evaluates the availability and geographical location
of the base. If an ambulance is available, it is assigned an emergency medical technician
and sent to the scene. The dispatcher deploys an appropriate team to the scene based on the
predetermined protocols of the ambulance base. Thus, the dispatching time is the interval
that begins with an emergency call and ends with an ambulance assignment. (2) The travel
time (to the scene) is the interval that begins with the ambulance assignment and ends with
the medical personnel reaching the scene.

The treated phase is the period when the medical personnel arrive at the scene and the
patient receives treatment, thereby reducing the risk for the patient. This phase includes (3)
the on-scene time when the ambulance arrives at the scene, starts first aid, and prepares the
patient for transportation to an appropriate medical facility. After administering first aid, the
crew transfers the patient to a hospital. If transportation is required, the dispatcher determines
the appropriate destination hospital and instructs the ambulance accordingly. (4) Travel time
(to the hospital) is the interval during which the ambulance leaves the scene and travels to the
assigned hospital, where the patient is transferred to the hospital staff. (5) Travel time (to the
base) is the period after the crew has transferred the patient to the hospital; this completes the
service of the ambulance crew to the patient. When the ambulance has returned to the base,
it stands by for the next rescue mission. During the transit back to the base, the ambulance is
available to respond to another call if required and is sometimes relocated to a new ambulance
base that has a higher number of emergency calls.

Several uncertainty factors lead to additional complexity in the operational management
of EMS systems. The uncertainties can relate to the frequency and geographical location
of calls throughout the coverage area, the available capacity and location of the assigned
ambulance, or the highly variable duration of travel time; travel times are uncertain due to
traffic congestion, patient condition, and allocation strategies that are not sufficiently flexible
for real-time events (Schmid 2012; Aboueljinane et al. 2013). All these factors make it difficult
to manage the number and locations of ambulances; problems of inaccurate estimations and
time delays (especially regarding response times) must be solved; if these problems are
solved, the system can ensure a short delay in reaching every emergency scene and a prompt
medical treatment at a higher care facility for each patient.

2.2 Allocation of ambulance bases

AEMS operations are complicated, and the development of models for improving the system
performance is limited. During the last four decades, the amount of literature on emergency
response problems has increased, and researchers have addressed various ambulance deploy-
ment problems, for example, locating service facilities and vehicles (Brotcorne et al. 2003;
Sorensen and Church 2010), scheduling crew shifts (Goldberg 2004), dispatching vehicles to
call locations (Schmid 2012; Lim et al. 2011), and dynamically relocating available vehicles
when other vehicles are busy (Green and Kolesar 2004).

In particular, in a covering model that was proposed in 1971, a demand point is covered
if at least one EMS facility can service the emergency call within a predefined distance.
Therefore, covering models are widely used and studied (Li et al. 2011). The initial model
presented is the LSCP model proposed by Toregas et al. (1971), which simplifies real-time
EMS management. This objective of that model is minimizing the number of ambulance bases
required to cover all demand with at least one ambulance base and number of ambulance
base is unlimited. Figure 2 illustrates this model with a feasible solution. The model has 4
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Fig. 2 Illustration of the LSCP. Dj—D 5 are demand points and L{—L,4 are the potential locations. A demand
point is covered by a location site if the distance is within the defined standard; L1 and L3 cover all the demand
points

potential locations and 15 demand points. A demand point is covered by a location when it is
within a distance 7 from that location. In this illustration, bases at L; and L3 can cover all the
demand points. The LSCP model has various extensions. Shiah and Chen (2007) introduced
an ambulance allocation capacity model that integrates the concept of ambulance service
capacity into the LSCP model while also considering the road conditions.

Church and ReVelle (1974) introduced the MCLP for situations where the available ambu-
lance bases are insufficient to cover all the demand points. This model maximizes the total
demand covered by a limited number of ambulance bases. Other extensions of the MCLP
model can be found in the literature. For example, Erkut et al. (2008) incorporated a survival
function into the covering model and formulated the maximum survival location problem.
Zarandi et al. (2011) proposed a large-scale approach to solve the problem within reasonable
time. Dell’Olmo et al. (2014) proposed a multiperiod optimization model based on the MCLP
by considering an urban traffic network to maximize road control and minimize the number
of accidents.

Both of the aforementioned covering models are static models, which are suitable for
the strategic level but lack the flexibility required for the operational level. The demands
of real-time emergencies vary spatially and temporally. To maximize the coverage of emer-
gency calls, idle EMS bases located in low-demand areas should be moved to high-demand
areas. Moreover, a decision maker can redeploy ambulance bases to provide better coverage.
In 1971, Scott studied a dynamic location—allocation facility problem to anticipate future
demand. Recently, the real-time redeployment problem was thoroughly studied and vari-
ous models were proposed, which considered temporally and spatially varying demands in
the dynamic location model. Maxwell et al. (2009) classified research on dynamic alloca-
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tion problems into three categories: (1) reposition ambulances in real-time, (2) precompute
optimal position, and (3) incorporate system randomness into the model.

The dynamic allocation model for real-time redeployment of ambulances must change
periodically reposition of ambulance base locations throughout the day to respond to real-
time demand and reduce response time (Brotcorne et al. 2003). In practice, dynamic relocation
of a base is costly and complicated; each relocation increases workloads on ambulance crews
and potentially reduces their readiness to respond to an emergency call. Therefore, in this
study, we propose a dynamic allocation model that focuses on updating ambulance base
locations by detecting abnormalities within the information available on Twitter.

2.3 Social media in emergency management

Twitter has recently received considerable attention from healthcare, academia, and industry.
Some studies in these areas have been summarized by Steiger et al. (2015), who systemati-
cally reviewed Twitter-related studies and classified more than 46% of the papers as research
regarding event detection. The event detection category is further classified into event detec-
tion and investigation of abnormal spatial, temporal, and semantic Tweet frequencies. Twitter
was identified in 27% of all reviewed studies related to disaster and emergency management,
indicating that event detection on Twitter is a popular domain and plays an important role in
Twitter-related research.

The simplest and fastest way to detect a real-world event is to directly conduct a keyword
search over the application programming interface (API) of Twitter. In this method, a comma-
separated list of phrases related to a specific event determine tweets that are captured and
retrieved through the API (Laylavi et al. 2017). The main purpose of this method is to acquire
information from Twitter data based on the data characteristics. The information retrieved
from Twitter is spatiotemporally and semantically uncertain. Focusing on the semantic con-
tent of Twitter data, the textual component of Tweets is a string of words. Therefore, the
applied methods include either manual filtration of terms and keywords or integration of a
natural language processing step (Kosala and Adi 2012; Corvey et al. 2010; Wanichayapong
et al. 2011) and text mining methods, such as term frequency (Hecht et al. 2011).

Within the subdomain of event detection, researchers have investigated the detection of
abnormal spatial, temporal, and semantic tweet frequencies in real-time using Twitter as a
social sensor for real-time events (Chae et al. 2012; Fuchs et al. 2013; Yardi and Boyd 2010).
In disaster and emergency management, spatiotemporal and semantic information has been
mainly used to analyze tweets. Thomson et al. (2012) used tweets to compare information
and assess its reliability for the Fukushima nuclear power plant incident. De Longueville
and smith (2009) analyzed tweets for a fire event in France. Several studies have reported
the use of keyword filtering during specific emergency events. For example, Sutton (2009)
and Sarcevic et al. (2012) mentioned that during an earthquake, people in Haiti tweeted
important information and sent images to the outside world asking for immediate aid, while
during Thailand flood in 2012 and European flood in 2013, Twitter was used as a “social
sensor” for helping people (Kaewkitipong et al. 2012; Fuchs et al. 2013). Stefanidis et al.
(2011) analyzed geospatial information for a crisis event detection in Egypt by performing
a spatiotemporal and social network analysis. Social media can be employed to quickly
respond to emergencies. The recent and rapid growth of social networking applications has
significantly affected communication among people (Lai and Turban 2008). During crisis,
social media can be used in various situations because of its ability to share information
(Boyd and Ellison 2008; Hiltz et al. 2011; Palen et al. 2009).
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Fig. 3 Overview of the proposed system

2.4 Gap and contribution of research

In the last decades several covering model in a dynamic setting for allocation ambulance base
of emergency medical service have been discussed. However, dynamic model is difficult to
put into practice when consider implement costs and the research concerning social medial
and ambulance of emergency medical service has limited. Therefore, in this study, we take
advantages of use social media information by Twitter application, which fastest in sharing
and receiving information of emergency event into social network and social media user are
everywhere that likely event sensors. We use social media information for determine the
location of ambulance base by proposed covering model in a rapid manner when increases
emergency event has abnormalities or disaster occur to improve performance of response
(response time) of ambulance. Moreover, we describe our approach in Bangkok, Thailand,
which can improve the current allocation strategies of ambulance bases in Bangkok.

3 Integrated framework

The main purpose of this study was to capture abnormalities in information for the redeploy-
ment of ambulances. An overview of the system in this study is shown in Fig. 3. When an
accident occurs, people at the scene share information and images to social media, such as
Twitter. We used this information to analyze abnormalities in data per unit period by filtering
based on keyword-base, spatial-term, and temporal-term using the Shewhart control chart
to capture abnormality periods through term-frequency analysis; moreover, we updated the
ambulance base locations.

3.1 Data collection and event detection

The proposed framework of integrated social media for allocating ambulance bases is shown
in Fig. 4. First, we collected a tweet database from Twitter by using search keywords in
the Thai language related to emergency events, such as accident, fire, and natural disasters.
We then filtered spatial terms and temporal terms from the collected data. We counted the
number of tweets per specified period (e.g., every hour), and performed term-frequency
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Fig. 4 Proposed framework for allocating ambulance bases by using social media information

analysis by using a control chart based on Poisson distributions to capture abnormal events,
such as increases in the numbers of accidents and disaster events (e.g., floods, earthquakes,
or terrorist attacks).

Statistical process control is one of the tools used in quality management and quality
control. Moreover, control charts are widely employed to monitor and ensure process stability.
Control charts are advantageous because of their ability to detect abnormalities and identify
conditions of the system. However, one of their limitations is that variable control charts
cannot be used for the attributed quality characteristics. Furthermore, nonconformities (i.e.,
missing parts, incorrect colors, and periodic defects) are not measurable, and thus, a variable
control chart cannot be used (Montgomery 2009).

Different control charts calculate control limits differently based on the underlying
assumptions about the data distribution. Discrete attribute data can be counted. Moreover,
the data might be binary, such as whether the ambulance travels to the scene within 10 min

@ Springer



Ann Oper Res

(binary because an ambulance might travel for less or more than 10 min). The control limits
for binary data are calculated based on the assumption that the data follows a binomial distri-
bution. This control chart, a proportion (p) chart, indicates the occurrence of a binary event
as a percentage. The counted data can also be derived from an underlying stable population,
such as the number of words related to emergency events in social media during January. This
type of chart is called a ¢ chart. The control limits for c charts are based on the assumption
that the data follows Poisson distribution. The Poisson distribution is depicted using a his-
togram that demonstrates the probability of events occurring around a known mean when the
events are independent of each other. The histogram of words used on social media related
to emergency events should follow the Poisson distribution.

The words counted from Twitter can be collected and analyzed for each period using a
chart with Poisson distribution (Shewhart control chart), as described in Eqs. (1)—(3):

X = wordcount rate per period (@))]
UCL = A + 3V )
LCL = A -3/, 3)

where A is the average number of word counted per unit period for Twitter. UCL and LCL
denote the upper center line and lower center line, respectively. UCL is used to provide a
signal for the abnormalities detected in the word count. The chart triggers two types of events:

A normal event is triggered when the data from Twitter is counted and analyzed by using
the Shewhart control chart and the chart does not capture abnormalities in the data. We used
the existing locations for each ambulance base because typically there are no emergency
demands, and, thus redeploying ambulance bases is usually not necessary.

An abnormal event is triggered if the control chart captures abnormalities in social media
information collected from Twitter. An increase in emergency demands or disasters neces-
sitates the relocation of ambulance bases as part of the preparations for those events in the
future or in real time. During abnormal events, a mathematical model is used to update the
locations for ambulance bases.

3.2 Mathematical model for updating location

Once the control chart signals becomes abnormal, we allocate a new ambulance base location
by using the mathematical model MCLP. In this study, we integrated Twitter information into
our mathematical model by adding a constraint to enforce a location (referred to as location
forced) where an emergency event was detected. We named the proposed model “maximal
covering location problem with location-forced” (MCLP-LF). Our model was premised on the
following assumptions: demand points are deterministic, the base locations must be available
in advance, and the set of all possible demand points is finite. The model description is given
as
Sets:

V  Set of demand points
W Set of potential base locations
W;  Set of potential base locations that cover demand point i within the distance standard r

Indices:

i Index of demand points, i V
Jj Index of potential base locations, j W
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Parameters:
D Total amount of demand point
d;  Amount of demand in point i
L;; Distances between demand point i to potential base location j (covering distance)
r  Standard distances of base location coverage
P Total potential base location

8, 1 if base location is location - forced j
7| 0 otherwise

Decision variables:

. 1 if base location is selected at site j
71 0 otherwise

~J 1'if demand point i is covered at least once
Y1 0 otherwise

Objective function The objective of the model is to maximize demands from the potential
base locations for the required destination point. The objective function is given in Eq. (4).

Maximize Z d; y; 4
i=1
Constraints
Demand point is covered by one or more bases:

Constraint (5) ensures that the demand point i is covered only if one or more base locations
are located within the distance standard.

D& Ep= Vinaiie ¥ )
JEW;

Total amount of potential base locations:
Constraint (6) ensures that the total number of potential base locations is less than P.

TSF (6)

jew

Location-forced constraints due to social media information:
Constraint (7) ensures that the control location j is selected.

Bj < xj (j is from control chart) (7)

Decision variable constraints:
Constraint (8) and (9) are binary variables.

x;je{0,1} jeW 8
vief{0,1}ieV )

3.3 Location-forced constraints due to social media information

The integrated approach, that is, MCLP-LF and social media information can be used in two
cases: (1) for non-real-time (increased accident or emergency demand) situations; common
incidents can occur anytime and anywhere; therefore, ambulances cannot be prepared before-
hand. Therefore, we can use the MCLP-LF model to determine the ambulance base locations
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in the future when the data regarding emergency events from social media spikes and abnor-
malities have been observed. (2) For real-time situations, the integrated approach can be used
when a disaster occurs (e.g., earthquake, flood, or terrorist attack). One or more ambulances
must respond to this event immediately. We can use the MCLP-LF model to determine an
ambulance base location by selecting the location-forced constraint as the disaster area that
requires service in that region. However, other locations still need to be serviced by the
ambulances; therefore, the model tries to cover all locations. Our proposed model relocates
ambulance bases in the same way as the dynamic allocation model; however, our proposed
model does not require relocation every day or every period. We used event detection for
capturing abnormal periods, which warrant relocation of ambulance bases. Therefore, the pro-
posed model has a low cost for the redeployment of ambulance bases and is nearly real-time.

For our mathematical model, we added location-forced constraints that can be used when
abnormalities (increasing accidents or emergency demand) are observed on Twitter. When
a disaster (e.g., earthquake, flood, or terrorist attack) occurs and social media does not have
sufficient tweets about the disaster, the control chart does not detect these events. However,
officials can still select important locations that require an ambulance base, and thus, these
constraints are more useful on the strategic and operational levels. In common cases and
disaster cases, it is important for the ambulance base to cover all demand points when forced
to service an emergency call at any location. Other emergency calls in this location must also
be covered by the same ambulance base.

For location-forced constraints, we selected the location from an out-of-control period
by using a control chart where each location has a cumulative number of tweets from the
previous update location period to the current out-of-control period. We selected a high
cumulative number of tweets that indicate an increase in the number of accidents at that
location and we required most ambulances to minimize the distance between the ambulance
base and the scene. After selecting the location, we defined a selected location to Location-
Forced constraints due to Social Media Information (7) in the MCLP-LF and solved the
mathematical model for a new ambulance base and that still coverage all emergency demand
areas. For the new ambulance base, we set a new position of an ambulance base by using
a geographic information system (GIS) to set positions on a real map and we checked the
covered demand points.

4 Bangkok case study

We validated our redeployment method through a realistic problem. We modeled the EMS
system of one of the largest ambulance service providers in Bangkok, Thailand. The data and
parameters used in the implementation are explained as follows.

4.1 A case study of EMS system in Bangkok area

Bangkok is the capital and the most populous city in Thailand. The city occupies 1568.7 sq km
(605.7 sq mi) in the Chao Phraya River delta in Central Thailand. Bangkok has a population
of more than 8 million, which comprises 12.6% of the total population of Thailand. Moreover,
more than 14 million people (22.2% of the population) live within the Bangkok Metropolitan
Region, making Bangkok a major city.

Bangkok EMS is managed by the Thailand Ministry of Health under the Health Directorate
of Bangkok, which operates the national “1669” emergency telephone service. Bangkok EMS
has 49 ambulance bases there also show position of ambulance base (blue asterisk) in Fig. 5
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Fig. 5 Map of Bangkok area and the current ambulance bases located in Bangkok. (Color figure online)
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Fig. 6 Fifty-six areas of Bangkok and the empirical probability of emergency calls per day

that manage approximately 37,540 calls annually or 145 calls per day. To respond to an
emergency call, the closest available ambulance is dispatched by the centralized dispatching
system (http://ws.niems.go.th/ITEMS_DWH/: information technology for emergency med-
ical system). In this study, we divided 56 areas for Bangkok area by we assign as square area
that has 36 sq km (6 km x 6 km), each this area is identified by coordinates of its upper-left
corner and lower-right corner (Fig. 6), we also show number of location in above number and
below number is probability that emergency called in this location that is empirical distribu-
tion of emergency call of Bangkok area. Meanwhile, we show density of emergency call in
each location that ambulance service, it has 3 locations that have density of emergency call
more than 4% of all emergency call, more than 2% but lower than 4% of all emergency call
that have 17 locations, otherwise, lower than 2% of all emergency call.
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Table 1 Hourly summarized historical data from Twitter

Time CL UCL LCL Time CL UCL LCL
0:00-1:00 1.10 4.25 0.00 12:00-13:00 2.87 7.95 0.00
1:00-2:00 1.73 5.68 0.00 13:00-14:00 3.53 9.17 0.00
2:00-3:00 1.57 5.32 0.00 14:00-15:00 1.03 4.08 0.00
3:00-4:00 5.03 11.76 0.00 15:00-16:00 4.70 11.20 0.00
4:00-5:00 2.03 6.31 0.00 16:00-17:00 3.20 8.57 0.00
5:00-6:00 2.43 7.11 0.00 17:00-18:00 3.20 8.57 0.00
6:00-7:00 2.87 7.95 0.00 18:00-19:00 2.60 7.44 0.00
7:00-8:00 5.27 12.15 0.00 19:00-20:00 4.17 10.29 0.00
8:00-9:00 3.47 9.05 0.00 20:00-21:00 0.43 241 0.00
9:00-10:00 3.50 9.11 0.00 21:00-22:00 0.77 3.39 0.00
10:00-11:00 3.07 8.32 0.00 22:00-23:00 1.80 5.82 0.00
11:00-12:00 3.17 8.51 0.00 23:00-00:00 2.30 6.85 0.00

The response time of Bangkok EMS is more than 10 min. The ambulance deployment
plan used by the EMS management of Bangkok is a static dispatch. In static dispatch, the
ambulance goes to the scene from the nearest base. After providing its service on the scene,
the ambulance returns to the base and stays there waiting for the next dispatch (Pinto et al.
2015). Each permanent station has one ambulance for 24 h a day to serve ambulance demand
calls. Ambulances serve their calls and return to their base stations after delivering patients to
hospitals. This uneven spatial distribution of ambulance resources is largely responsible for
the high response times of ambulances. As shown in Fig. 5, numerous Bangkok ambulance
bases should be deployed at locations from which most ambulance demand calls originate;
that is, high-demand areas. In practice, the ambulance base location is determined based on
the decision-maker’s experience, which may not be appropriate under complicated situations,
such as traffic congestion. Therefore, ambulance base locations are essential.

4.2 Data collection and signaling for update location

Twitter is a very popular social media platform in Thailand, with over 5.3 million users (18%
increase since 2015) (EPC Global Social Media Trends 2015). Most of these users are active
on mobile devices. Twitter has been extensively used by government authorities at different
levels. In this study, the total number of tweets in a day in September 2016 were selected
and analyzed. The keyword searched was “accident” in the Thai language. To analyze the
type of event, all events were considered as common events. We then used a control chart to
identify abnormal events.

The historical data of Twitter (September 2016) has 1930 tweets related to “accident”
in the Thai language, which can be related to emergency events (@Longdotraffic, @JS100
etc.). We divided 24 h into 24 periods (1 h per period). The average number of tweets per
hour is shown in Table 1 in column CL; the shape is similar to emergency calls received by
Bangkok EMS simultaneously. The average word count of tweets is high during the morning
and evening peak hours, namely 3:00—4:00, 7:00-8:00, 15:00-16:00, and 19:00-20:00. The
average word count is the lowest during night, 20:00-21:00 (Pinto et al. 2015).
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5.1 Results for a case study: Bangkok area

Initially, we used 49 locations. After using the MCLP model, in which the total number of
potential base locations P is half of that in the current area (potential location is a hospital as
shown in Fig. 5), the number of locations was reduced to 9 (81.6% decrease). However, the
demand point coverage and covered distance did not change.

After integrating, the control chart (Fig. 7a) indicated an abnormality at period 9. We
updated the ambulance base location by using the proposed model (MCLP-LF); otherwise,
the base location remained the same. As shown in Fig. 7b, the update location at period 9
indicated an accident at location No. 36. Therefore, this location was forced to be in the
model. We then obtained a new location and plotted it in GIS, which declared it as a new
location for the ambulance drivers.

5.2 Geographical results

The geographical representation of the changed location was given by using ArcGIS 10.1.
Figure 8 shows the base locations of the MCLP model, where the blue hashes indicate base
locations that cover the demand points indicated by red circles. The optimal base locations
from the MCLP-LF model are shown in Fig. 9, which has 9 bases, and the location-forced
point is No. 36. The average covering distance of the MCLP-LF is 6.13 km, which is a
reduction of 13.05% from the previous distance.

5.3 Discussion

The real-time re-allocation of ambulances results in high costs and heavy workloads for the
ambulance crews. Dynamic allocation is moving the ambulance bases from low demand
areas to high-demand areas that is useful in the operational level. The dynamic allocation
model considers real-time data from a social media application to minimize the response
time and cost during emergencies and disasters. We focus on the sources of information
for emergency demands, social media information from Twitter, and the methodology to
update the locations of ambulance bases when abnormalities are observed in the information
(increases in emergency demand and disaster events).
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Fig. 9 Base locations from MCLP-LF with 9 bases and the enforced location of No. 36

Many researchers defined a dynamic covering model that the ambulances are re-located
based on time-varied demands, for example, Gendreau et al. (2006), Rajagopalan et al. (2008),
Schmid (2012), and Naoum-Sawaya and Elhedhli (2013) explained that the ambulances are
assigned to base locations at the time where high demands are expected. If re-location occurs
frequently, the ambulance crews may be confused and their workload increase. While, our
proposed dynamic allocation model consider the re-location based on abnormality event
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detection. We counted the number of tweets per specified period (e.g., every hour), and per-
formed term-frequency analysis by using a control chart based on Poisson distributions to
capture abnormal events, such as increases in the numbers of accidents and disaster events
(e.g., floods, earthquakes, or terrorist attacks). We used this information to analyze abnormali-
ties in data per unit period by filtering based on keyword-base, spatial-term, and temporal-term
using the Shewhart control chart to capture abnormality periods through term-frequency anal-
ysis. This information is used to trigger when to determine the location and to force where
to assign additional ambulances.

Once the control chart signals become abnormal, we allocate a new ambulance base
location by using the mathematical model MCLP. For real-time situations, the integrated
approach can be used when a disaster occurs (e.g., earthquake, flood, or terrorist attack).
One or more ambulances must respond to this event immediately. We can use the MCLP-LF
model to determine an ambulance base location by selecting the location-forced constraint as
the disaster area that requires service in that region. However, other locations still need to be
serviced by the ambulances; therefore, the model tries to cover all locations. Our proposed
model relocates ambulance bases in the same way as the dynamic allocation model; however,
our proposed model does not require relocation every day or every period. We used event
detection for capturing abnormal periods, which warrant relocation of ambulance bases.
Therefore, the proposed model has a low cost for the redeployment of ambulance bases and
is nearly real-time.

Most covering models have been specifically used for either strategic/policy (long term)
planning or operational (daily) planning. Our model is initially intended for operational level;
however, it can be extended for strategic level with some modification. In the long-term plan-
ning, abnormality detection or control-chart is not necessary. Only accumulated abnormality
information (number of accidents) is used directly to forced location constraint. In addition, if
disaster or severe incidents are expected or already happened at a certain area, our MCLP-LS
is flexible. The planner will select the disastrous area as ambulance bases. The proposed inte-
gration concept of using real-time data from social media allows information sharing from
those who witnessed the incident in the scene to EMS. The concept can be then applied to
all similar services which have similar characteristics of facility allocation problem, specifi-
cally spatial management. The examples include distribution center allocation, (Farahani and
Asgari 2007), fire department or fire equipment allocation (Berman et al. 2009), police sta-
tion allocation (Curtin et al. 2010) and disaster eradication (Boffey and Narula 1998; Murray
2005).

Some limitations exist in this study that should be acknowledged. The division of the
EMS study area must be done with care, the smaller the small area devised, the higher the
chance that the bases will cover all areas. However, Twitter information may not be available
in that small area. Therefore, other sources of information such as Facebook, Google Map,
or YouTube, must be taken into consideration. Our study area has been divided into 36 sq km
per area (6 km x 6 km). It is considered large compared to total Bangkok area (1568.7 sq km)
which is suitable for only single source of information. Aytug and Saydam (2002), Zarandi
et al. (2011) discussed an appropriate area division.

6 Conclusions and future work

In this study, we proposed an integrated framework of social media, MCLP-LF constraints,
and control charts to update ambulance base locations in response to emergency demands
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and disasters. We explained the application of social media information in emergency man-
agement, in the context of the AEMS, and proposed a dynamic allocation model that does
not require periodic relocation. We also validated the model by applying it to Bangkok
EMS. Furthermore, the sensitivity of the model was investigated through simulation. Result
showed that the locations of ambulance bases obtained from the proposed approach can
cater to immediate demands and minimize the response times of ambulances. The proposed
approach introduces flexibility on the operational level. However, the model does not require
redeployment of ambulance bases in real time. It is a dynamic allocation model that updates
locations when abnormalities are observed due to new incidents by using social media infor-
mation.

Future research can consider the relationship between uncertainty in traffic congestion and
the allocation of ambulance bases. Traffic congestion leads to a higher response time, that is,
the time required to leave from the base and arrive at the scene, which is the main problem of
metropolitan cities. Furthermore, we can use stochastic programming to analytically solve
this problem. In addition to ambulance bases, we can also study other applications, such as
police stations, fire trucks, and humanitarian aid.
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