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ABSTRACT

Pre-hospital emergency care service is a major gateway to the Accident and Emergency Department that determines
the rate of quality emergency service in hospitals. In this paper, Timed Coloured Petri Nets (TCPN) formalism is
employed to model a pre-hospital emergency care flow process which is characterized by ambulance localization and
emergency call responses using Osun State Emergency Management Ambulance Service (O’ambulance) as a case
study. The developed TCPN model consists of Next Arrival Call (NAC) and Process Emergency Call (PEC) modules.
The NAC module abstracted the emergency calls that were received by one (1) call receiver agent being utilized while
the PEC module abstracts the operation (services) carried out in the units. The developed TCPN model was simulated
using Coloured Petri Nets (CPN) tools while its validation was explored by comparing the simulated and actual
rescue team average response time and turn-around times of the rescue teams in operation at the considered case
study. The simulation results of the developed TCPN model yielded maximum Average Waiting Times (AWT) of 1.65
and 0.35 minutes using one and two emergency call receiver agents, respectively. Also, the simulation results showed
that 7.05, 26.17 and 35.13 minutes were recorded as minimum values for Rescue team Average Response Time
(RART), Rescue team Turn-around Time in case of non-critical (RTTNC) and Rescue team Turn-around Time
Critical (RTTC), respectively. Similarly, the simulation results showed that RART, RTTNC and RTTC yielded
maximum values of 15, 34 and 41.62 minutes, respectively. Statistically, there were no significant differences between
the simulated and the real number of patients entering the health centre at 5% level. This gave a confirmation that
the developed TCPN model accurately described the pre-hospital emergency care flow process under study. The
developed TCPN model could serve as a referential model for studying and improving pre-hospital emergency care

flow process in a named ambulance centre.
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n hospitals, emergency treatment is offered by accident and
Iemergency (A&E) department, which involves attending to
different emergency cases from different patients. As the
demand for quality emergency treatment in the accident and
emergency department increases, it becomes very important

INTRODUCTION

that emergency patients should receive treatment with
minimum delay and in a timely manner. Lack of resources
capacity, such as, doctors, beds, nurses will affect the care
process and reduce quality of emergency treatment as well as
increasing overcrowding in the accident and emergency
department (Norazura et al., 2012). Accident and Emergency
(A&E) department overcrowding is due to many complex
reasons that can be related to the pre-hospital
emergency care network, the Emergency Department (ED)
itself, or to the exit of the ED (Yeh and Lin, 2007).
Pre-hospital emergency care service is a major gateway
to the accident and emergency department that determine the
rate of quality of emergency service. Emergency services
exist to fulfill the basic principles of first aids, which are to
preserve life, prevent further injury and promote recovery.
Due to the complexity of Pre-hospital emergency care
service, Coloured Petri nets as a discrete event simulation
modelling language can be used to describe Pre-hospital
emergency care flow process. Coloured Petri Nets (CPN) is
an example of high-level Petri nets which combines the
strength of Petri nets with the strength of functional
programming language Standard ML (Jensen, Kristensen and
Wells, 2007). It is a graphical and mathematical tool for
describing and studying systems that are characterized as
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being concurrent, synchronous, asynchronous, distributed,
parallel, deterministic, non-deterministic and/or stochastic.
As a graphical tool, Petri nets can be used as a visual
communication aid similar to flowcharts, block diagrams,
and networks. In addition, tokens are used in Petri nets to
simulate the dynamic and concurrent activities of systems.
Petri nets contain places which
conditions that need to be met before an action can be carried
out and transitions that may be connected by directed arcs
which symbolize actions (Murata, 1989; Ganiyu et al.,
2015). The inclusion of time concepts into a Coloured Petri
Net model results in a Timed Coloured Petri Net model
(Ganiyu et al., 2011a; Ganiyu et al., 2013). Most of the
existing works focused on modelling pre-hospital emergency

symbolize states or

care networks with emphasis on ambulance and emergency
call services. Albeit, this paper modelled a pre-hospital
emergency care flow process which is characterized by
ambulance localization,
security agencies using Timed Coloured Petri Nets (TCPN).

emergency call responses and

2 RESEARCH METHODOLOGY

2.1 Overview of the Modelling Approach

In this paper, the following basic definitions of Coloured

Petri Nets (CPN) and Timed Coloured Petri Nets (TCPN)

were employed in modelling a pre-hospital emergency care

flow process:

A Coloured Petri Nets is a tuple CPN = (1, P, T, A, N, C,

G, E, 1) where:

(1) [ Uis a finite set of non-empty types also called colour
sets.
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(i) P is a finite set of places.

(iii) T is a finite set of transitions.

(iv) A is a finite set of arc such that PN T=PNA= 0

(v) N is anode function. It is defined from A into:
PxTOTxP.

(vi) Cis acolour function. It is defined from P into []

(vii) G is a guard function. It is defined from T into
expressions such that:
Ut OT:[Type(G(t)) =B A Type(Var(G(t)))[1 1]

(viii)E is an arc expression function. It is defined from A
into expressions such that:
OaO0A: [Type(E(a)) = C(p)MS A
Type(Var(E(a))) 11 []] where p is the place of
N(a).

(ix) I1is an initialization function. It is defined from P into
closed expressions such that:

O00000000000000p0P: [Type((p)) = C(p)MS].

A timed non-hierarchical Coloured Petri Nets is a tuple

TCPN = (CPN, R, 1,) such that:

(1)CPN satisfies the above definition.

(i) R is a set of time values, also called time stamps. It is
closed under + and including 0.

(iii) R, is an element of R called the start time (Ganiyu et
al.,2011b).

2.2 Description of the Case Study

In this paper, the pre-hospital emergency care service of O’

Ambulance was used as a case study. Figureloutlines the

flow of arriving calls at the emergency centre and how the

calls were acknowledged and serviced. The O’ Ambulance

service provide care which is assured by the collaborative

work of the following services:

i. O’ Ambulance Call Centre: The centre is charged
with the responsibility of selecting and dispatching
of the proper response for every call in the shortest
possible time. They can provide simple advice over
the telephone or order the assignment of rescue
team.

ii. O’ Ambulance Rescue Team: This is a team of
mobile medical equipped to provide
emergency care to patients on the scene of an
accident and also to transport patients in need of
medical attention. They are well distributed around
the state, they respond to the call of the Health Call
Centre. The rescue team is made up of paramedic
staff and ambulance vehicle.

units

iii. O° Ambulance Management: They coordinate
every other unit involved in the emergency care
unit, responsible for of the
effectiveness and efficiency of the service.

the assessment

2.3 Data Collection and Analysis
Data acquisition is crucial because the results and findings
of a simulation study in the best cases are as good as the

input information. The data acquired consist of the number
of emergency calls received on a daily basis, the time it was
received and the cases attached to each call. A sample of the
collected data is depicted in Table 1. The collected data
were analysed, from the analysis, seven cases of accident
type were reported at the case study under consideration.
Besides, the probabilities of occurrence of these cases are
depicted in Tables 2(a), and (b). According to the data
collected from O’Ambulance service, the total number of
emergency calls received was further classified based on
their acuity level into case one and case two. Case one
emergency calls are those that do not require the service of
emergency response team. In this case, the caller only needs
health advice over the telephone based on his or her mild
health condition. On the other hand, case two emergency
calls are those calls that require immediate emergency
response. At the time of this study, the ratio of case one to
case two emergency calls is 1:4.

Furthermore, the locations of incidents and time interval of
emergency calls are depicted in Tables 3(a)-3(i). Besides,
Tables 4(a) and (b) show ambulance location code and its
response times (interval between the time the mobile
medical units respond and the time it arrives at the scene).
Since there is no recorded data for the ambulance response
times, therefore, the minimum and maximum duration of
ambulance response times were assumed based on the staff
experience of the operation of the system.
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F1G.1: FLOWCHART OF O’ AMBULANCE EMERGENCY CARE
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TABLE 3(A). TIME INTERVAL OF ARRIVING CALLS TABLE-Z(€)- A B IFERVAL K ARREMING GAlLs CONT.
Location of Incident Date Time Time Interval of Location of Incident Date Time Time Interval of
Incident Location Code Calls (min) Incident Location Code Calls (min)
ILE-IFE 01 01- 11- 2013 5 1TAM KIRE [ 08- 11- 2013 B:33AM
ESA-OKE 0z 01-11-2013 | BOSAM | 168 BOKIN o el KR R
ILESHA n 08 11- 2013 04
ERDV-UESHA 03 01- 11- 2013 WE17AM | 132
w0 19 06- 11- 2013 60
ADA 04 01- 11- 2013 WE17AM |0 s n Al il
AKODA-EDE 05 01- 11- 2013 2:11 M 234 WO 19 08 11- 2013 20
e = s b o En FECENTRAL | 01 08- 11- 2013 160
opce SN DATE | VICTIM | TYPEQF | REFERRED HOSPITAL . - e e Ha
M F | ACCIDENT | RESCUETEAM | REFERRED R et
"""" 1 | O-112013 |- I | PREGNANCY | OCAMBULANCE | PRIVAIE FESOWAPO o 08 11- 2013 SUDM Lo
AYEC CASE PARAMEDICS | HOSPITAL - i
"""" 3O ING T YT MOTORCYCL T O'AMBULANCE | TEACHING ILESHA 2 Al L S R A
KIRE E& VEHICLE | PARAMEDICS | HOSPITAL 3 i )
_______ FTOE TN T T VERICLEY T OAMEULANCE " GENERAL TERUN 2 Q20 S SR L. 06
: PARAMEDICS | HOSPIAL
REW Riiocioail [RAGELT o4 08 11- 2013 533PM 10
....... TR T VERICLES ™ O'AMBULARCE " PRIVATE, JE 3
AR PARAMEDICS | HOSPITAL ILEFE o1 08 11- 2013 5:33PM 10
E 25 5 R | VEHICLES O'AMBULANCE ™} PRIVATE
"""" PARAMEDICS | HOSPITAL .
_______ 6 XTI VEHICLE ™ O"AMBULANCE " GENERAL ™ LR 08 11-11- 2013 011 AM
T | PARAMEDICS | HOSPITAL | [KIRE 08 11- 11- 2013 Z0BM 270
_______ ST T MO TORCYCL O AMBULANCE
E& VEHICLE | PARAMEDICS ERIN-05UN 14 11- 11- 2013 227PM {17
EDE g 0 T T MOTORCYCL | OAMBULANCE i -
E& VEHICLE | PARAMEDICS ILESHA n 11- 11- 2013 5:06PM 150
__ e ___’__C_ [ 2 38 0 71 A | MOTORCYCL | O"AMBULANCE OZOGEO 10 11- 11- 2013 5-33DM |27
E& VEHICLE | PARAMEDICS
| APOR - R TS T FAINTING ™ O"AMBULANCE " CRI-ADE o 11- 11- 2013 533PM 10
CASE PARAMEDICS ; i )
________ 11 ORI T T VERICIES T O AMBULANCE | DRI 0 HoTl s | S SR, i
IRIRT s mbereg oy oot oo I TARAMIDICS, | KIRUN 0 11- 11- 2013 5:47PM |14
_______ TR T T VEICLE T O AMBULANCE CARAGE
PARAMEDICS OLODE o7 11-11- 2013 63TPM |50
TR E S § 1) R MOTORCYCL | G"AMBULANCE '] _ _ SRy Mo T _
e E& VEHICLE | PARAMEDICS =@ Accident Type (A1) iF(equenny{fn{Owuﬂm ;thabddy nf(:uj:‘urrmi
L 4T WRTEAGT TS FALLFROM T O"AMBULANCE TAB (). _LIMEIN JONT.
HEIGHT PARAMEDICS - 3 s :
_______ S e i Location of Incident Date T Time Interval of
{5 T TI00 TET VERICLES T O AMBULANCE | GENERAL el B e 2 e e t mi:) °
TA paraniDics | Hosprral (LS CONT.
Location of Incident Date Time Time Interval of IRE o 12-11-2013 41780
Location Code Calls (min) 05T 17 12-11-2013 | 507BM |50
W0 18 03- 11- 2013 54TBM |33
B o e Fresge i 030GEO 10 12-11- 2013 5 43PM |36
GARAGE-
OLODE 07 13- 11- 2013 10: 07 AM
ILEFE 01 04 11- 2013 11: 18 AM ~
| DSOCEO 10 13-11-2013 0 07TAM [0
ILESHA n 04-11-2013 | 4:33PM | 435 TR _
0 13-11-2013 10:27AM |20
ILEIFE 01 04- 11- 2013 5:3DM |50
_ENGED 24 13- 11- 2013 Z10PM 23
Loenen & hartil L i e S 050GED 10 13- 11- 2013 S 0TEM 177
IRAGBIT 04 04 11- 2013 5:33DM [0
050GEO 10 13- 11-2013 S 11PM 14
KIRUN 0 04- 11- 2013 5:33BM 0
ILETFE ol 04-11-2013 |5 53BM 20 ST L Lol St VSRR S o
FE-EAST 16 14-11-2013 10:33 AM | 436
LU 0 05 12 L O50GEO 10 14- 11- 2013 10:33 AM |0
%&‘E 3 el e e LA-CRANGUN | 09 14-11-2013 10:47AM |14
JUNCTION 1 05- 11- 2013 L1SEM |5 —— 4 A SR
%}m 0 o1 a0 e La o] 14-11-2013 11:33AM |0
S (. W PN MODAKEEE 15 14 11- 2013 S11PM 338
EKIRE 08 14 11-2013 533PM 2
TR 20 011 2013 ZANEHE 0 ILESHA el 14- 11- 2013 5:37RM 1 4
ISOEAN 12 04- 11- 2013 5:11PM (4
i) asnancy T 0071
ILESHA 2 05-11-2013 |5 27PM |16 oiomyna i N chidle L2t
Fainting [BEX]
Motorcyclist 4 0256
030GEQ 10 06 11-2013 2:27TBM LTy 1 Il
ETE o3 06 11-2013 | 5:37BM 180 30 Vehicl L .
KIRE 08 06 11- 2013 5 4TBM |10
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TABLE 3(E). TIME INTERVAL OF ARRIVING CALLS CONT.

Location of Incident Date Time Time Interval of
Incident Location Code Calls (min)
oA o 15-11- 2013 5:11 AM
BOLUWADUR.O 23 15-11-2013 B: 07 AM 176
WO 12 15-11- 2013 2:33 AM 26
ILESHA 22 15-11- 2013 9 07T AM 34
ODE-OMU 06 15-11-2013 [ ®07TAM 10
ILESHA e} 15-11- 2013 217 AM 10
IBOELN 1] 15-11-2013 22T AM 10
ATAKUNMOEA
-WEST 17 15-11-2013 10: 0T AM | 40
AAGBA 04 15-11- 2013 I I1TAM | 4
UEEU-UESHA 03 15-11- 2013 1:37AM | 26
IEEU-UESHA 03 15- 11- 2013 10: 47 AM | 10
| MORD 11 15-11- 2013 ILI0AM |23
IKIF.E 08 15-11- 2013 1L2TAM ! 17
WO 12 15-11- 2013 3: 23 PM 276
ILEIFE ol 15-11-2013 4:553P.M )
COLODE 13 16-11- 2013 B: 07 AM
EDE 05 16-11- 2013 B:33 AM 26
TABLE 3(F). TIME INTERVAL OF ARRIVING CALLS CONT.
Location of Incident Date Time Time Interval of
Incident Location Code Calls (min)
wo 1z B:33 AM ']
ILEIFE 01 16- 11- 2013 D33 AM &0
GEONGAN 06 16- 11- 2013 9:33AM |0
ILE-OGEDQ 15 16-11- 2013 1 0TAM | 34
Jraning 20 16-11- 2013 I 11AM i 4
IKIFE [ 16-11-2013 11 ITAM | 66
| DSOGEQ 10 16-11-2013 3.23PM | 246
IFE-50UTH o7 16-11- 2013 6: 53 P.M o0
IFE-SOUTH o7 17-11- 2013 11: ITBEM
O50GEQ 10 17-11- 2013 1:0TP.M ! 50
TKIR.UN 0 17-11- 2013 2: 10 P.M 13
IKIFE 08 17-11- 2013 2:2TP.M 17
ILETHA el 17-11- 2013 3:2TPM &0
EDE 05 17-11- 2013 5: 00 P.M o3
jraring 20 18- 11- 2013 2:33 P.M
IFE-SOUTH o7 18-11- 2013 511 P.M 158
MODAEEEE 16 10-11- 2013 5:2TPEM 16
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TABLE 3(G). TIME INTERVAL OF ARRIVING CALLS CONT.

Location of Incident Date Time Time Interval of
Incident Location Code Calls (min)
O50GEQ 10 18-11- 2013 3:33PM 6
ILASE [} 18- 11- 2013 5:33 P.M 0
OWODE-EDE 03 15-11-2013 5:33PM [
ERIN -ITESHA 03 21- 11- 2013 00T AM
IO-03UN 13 21-11- 2013 D 1TAM 10
IKIFE- 08 21-11-2013 3:23P.M 366
JUMCTION
ISOKAN 12 21-11- 2013 4 43P.M a0
OS0GEO 10 21-11-2013 519 P.M 36
IFE-EAST 16 21-11-2013 5:233P.M 4
IKIFE o8 21-11-2013 5:3TR.M 14
W0 12 22- 11- 2013 12: 0B AM
10 23-11-2013 2: 0T P.M 150
o7 23-11- 2013 2: 10 P.M 3
13 22-11-2013 2: 2TP.M 17
(] 22-11-2013 2.2TP.M (1]
IREWOLE [ 23-11-2013 3:3TP.M T

TABLE 3(H). TIME INTERVAL OF ARRIVING

CALLS CONT.

Location of Incidsnt Dats Timea Tims Intarval of Calls
Incid Location Cods {moin)
wo 12 23-11- 2013 5: 11 .M 24
OBOKUN 02 23- 11- 2013 5 2TEP.M 16
IFE-NOFRTH 11 23-11- 2013 5:33P.M [
IFE-NOF.TH 11 24- 11- 2013 1:33P.M
IEIRUN 20 24- 11- 2013 5:33 .M 240
ENGEDQ 24 24- 11- 2013 543 P.M 10
QO50GEO 10 26- 11- 2013 5:0TAM
ILE-[FE 01 26- 11- 2013 2: 07T P.M 340
IKIRE o8 26- 11- 2013 2: 10P.M 3
IEIFE [i13 216- 11- 2013 2:ITP.M 17
_O30GEQ 10 26- 11- 2013 3:0TEM |40
ILE-IFE 01 26- 11- 2013 5: 07 B.M 120
ISOKAN 12 26- 11- 2013 5 11BM 4
ILE-IFE 01 26- 11- 2013 5 4TP.M 36
OEDNMI 13 27-11- 2013 2: 2TPB.M
CEONGAN o6 27-11- 2013 5:31P.M 184
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TABLE 6. TRANSITION NAME AND THEIR ACTIONS _

AT A

Transition

Action

Arrival Call

Victim Inform

Modals arriving call

A substitution  transition that models

o P of amergency call
‘0| Rascue Team Oparation A substitution  transition that modals
operation of critical emergeney call
o}
startsarvical Modals start of service by paramedic staff
Call dropped Wodels end of service by paramedic staff
Start Examining Victim Modals examining activity by rescue team
E
end sarvics Modals end of axamining activity by rascus
o team
" traatVictim Wodels treatment of victim with noneritical
& condition at the incident location
B and trzatment Models end of treatment operation at the

IL! TransfarVictimtoHospital

incident location

Models transfer of wictim with critical

TABLE 4(B). LOCATION OF INCIDENCE, AMBULANCE
LOCATION CODE AND ITS RESPONSE TIME CONT.

condition to the hospital

A
0S0CGEO 10 20 11- 2013 3:13PM 253

030GEO 10 20-11-2013 411PM |58

EDE-5QUTH 05 28-11-2013 5:06DM |55

KIRE [ 20-11-2013 5:19PM |13

ERTN-ITESHA 03 28-11-2013 5:33PM 14

HRE L 20-11- 2013 EHEERD.S 5 0
KIRE 08 28-11-2013 6:02PM (20

TABLE 4(A). LOCATION OF INCIDENCE, AMBULANCE
LOCATION CODE AND ITS RESPONSE TIME

Local
Government

Possible Location of
Incidence in the LGA

Ambulance
Location

Ambulance
Location
Address
Code

Code

Ambulance
Response Time
(minutes)

IFE CENTRAL

OBOELUN

EDE-50UTH

AIYEDADE

IFE SOUTH

O30CED

ILE - IFE
IFE-CENTRAL
IFEEOWAPD
ESA-OKE

AACEA
OFRORUWO
AEODA-EDE
EDE-30UTH
‘OWODE-EDE
EDE

CEONGAN
ODE-QORIT
AYECEA

IFE 50UTH
GAFRACGE-OLODE
IFETEDO

ILA-OF ANGUN
LA

DS0CGED

01

IFC

OBO

AYE

IFS

0s0

Batwaon 8 and 16

Batwaan 5 and 20

Beatweon 8 and 16

Batwean 6 and 20

Batwamn 8 and 16

Beatwamn 8§ and 15

Batwean 5 and 10

2.4 Development of the Timed Coloured Petri Net Model
for Pre-hospital Emergency Care Network

Local Possible Location of Ambul. Ambul. Ambul
Government | Incidence in the LGA Location Location | Response Time
Code Address (minutes)
Code
FE-NORTH FE-NORTH 1 IFN Betwem §and 10
MORO
MOFR.Q JUNCTION
ISORAN APOMU 12 50 Barwam 8and 15
EGEEDCFRE ISOEAN 13 ECGE Batwam 0 and 12
ECGEEDCOFE
CLODE
OEINI
IDO-O5UN
IREPODUN ERIN-0SUN 14 IREP Batwam B and 12
ILOEU
ATYEDIRE ILE-OGEO 15 AYEDD Batwaan §and 12
IFE-EAST [FE-EAST 16 IFE Betwem B and 14
MODAKEEKE
ATAEUMOSA- ATAKUMOSA-WEST k] ATW Betwam B and 10
WEST
ATARUMOSA- 05T 8 ATE Bawam §amd 12
EAST ATAKUMOSA-EAST
WO wo 1z WO Betwem B and 10
e N CEE e ey e
ODO-OTIN ODO-OTIH 21 ODO Batwam 5 and 12
ILESHA-EAST ILESHA 22 ILE Betwem 5 and 10
BOLUWADURO BOLUWADURO 23 EOL Batwem 5and £
e Sl s ey Haven w10

CPN Tools (version 4.0) was used in constructing a Timed
Coloured Petri Net (TCPN) model for the pre-hospital
emergency care network under study. In the TCPN model,
places were drawn as ovals while transitions were drawn as
rectangles. Places and transitions were connected with
directed arcs which modelled the relations among the
individual elements of the TCPN model. The arcs with their
arc expressions defined the flow of tokens in the net. The
description of the places and transitions employed in the
TCPN model are enumerated in Tables 5 and 6, respectively.
The TCPN model consists of two modules which include
Next Arrival Call and Process Emergency Call modules. The
Process Call module was further sub-divided into Victim
Informed and Rescue Team Operation sub-modules. The
detailed activities associated with each of the modules and
sub-modules are discussed in the following sub-sections.

2.4.1 Next Arrival Call Module

The arrival of emergency calls to the call centre of
O’Ambulance management service is modelled in this
module. Based on timed coloured petri nets formalism, each
simulated call is assigned to a token. Each token is bind to

TABLE 5.PLACE NAME, TYPE AND THEIR

FuNCTIONS

Place Flace Type Function

Next Call ID INT Hold the token for naxt
i e

Taaming Call Calilisd A o gy o

PARM FREE CallRecsiver hold the token for call dask
personnsl  (that is  the
Paramedic Staff)

PARM BUSY CallerxCallRacaivar Indicste  when paramedic
staff is busy with callar

Droppad call Caller hold the token for lists of
informad patints

Availlsbls LoclDzAmbulancelocADDxnRasTaam | Indicate  numbar  of

A L TS sl

technician and list of
available smbulance st their

stratagic location

Rascus team busy | CallerxAmbulancal ocADD Indicste when Rescus Team
is busy examining a patient at
the scens

Rascus Team | FescusTzamOperation Modsls preparation activity

prapare to raspond of the Rascus Team

to call

Fescus Team in | RescusTeamOperation Tlodels transportstion

transit operation

Treatmeant in't Caller Indicats when Fascus Team

it haneer beaatine matisnt ot tha

aTime, ParmDecision,

Tenorace

four token -elements: accType,

110
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incidentLocID and RescueTeamDecision. Interpretations of
these binding elements are enumerated.

i. The token element accType denotes the type of
accident reported by the caller

ii. The token element aTime denotes arrival time of call

iii. The token element ParmDecision represents decision
made by the paramedic staff depending on the
nature of incident reported by victim or eye witness.

iv.The token element incidentLocID denotes the
assigned code for the location where the emergency
case was reported.

v. The token element RescueTeamDecision represents
decision made by the emergency medical technician
of the rescue team either to treat the victim at the
scene or transfer him to the hospital depending on
the severity of the incidence.

2.4.2 Process Emergency Calls Module

When a call is made and the token element ParmDecision of
the incoming call has the value “notserious”, then the sub-
module Victim Informed will be enabled as indicated by the
guard function attached to the substitution transition
VictimInformed in the Process Emergency Calls Module of
the TCPN model. The implication of this is that the
paramedic staff will only give medical health advice to the
victim and no rescue team will be sent to the incident
location. However, if the token element ParmDecision of the
incoming call has the value serious, the sub-module Rescue
Team Operation will be enabled as indicated by the guard
function attached to the substitution transition Rescue Team
Operation. Also, implication of this is that the incident
occurred requires intervention of rescue team.

Besides, on getting to the incident location, the emergency
medical technician of the rescue team has to make a decision
on whether to treat the victim at the scene or transfer the
victim to the hospital. In this case, the token element
RescueTeamDecision was used to achieve this operation.
However, based on the interview conducted with the rescue
team, the probability of transferring victim to the hospital is
10%.

The simulation of the proposed TCPN model was carried out
in CPN tools environment using the data obtained from the
O’ambulance management service. According to the data

111

obtained, the estimated frequency of emergency calls arrival
is described by Table 7. The data for days 7, 9, 10, 18, 20, 25
and 28 were not included in Table 7 because no cases of
emergency calls were reported on these days. Other input
parameters for the simulation of the TCPN model are
revealed in Table 8. Due to the fact that the simulation is
stochastic, it is necessary to execute several simulations runs
with the TCPN model in order to obtain the mean value.
Hence several replications were run. Thirty simulation runs
was carried out such that the number of patients that require
non-urgent intervention as well as the numbers of patients
that require urgent intervention was experimented. Besides,
the Timed Coloured Petri Net model was validated by
carrying out a statistical analysis (T-Test) between the output
of the simulation model and the obtained rescue team
average response time and turn-around times depicted in
Table 9.

For any process improvement project, establishing
quantitative measures to implement changes and develop
monitoring system for continuous improvement is crucial.
Hence, in this work, the following three key performance
metrics were investigated in the TCPN model.

i. Average Call Waiting Time: The mean value of the
interval between the time the emergency call arrive
and the time the call receiver responds to the call.

ii. Rescue Team Response Time: Interval between the
time the response team responds to call receiver
(paramedic) request and the time it arrives at the
scene.

iii. Rescue Team Turn-around Time: Interval between
the time the response team received order from the
call receiver and the time the recue team return back
to its location.
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TABLE 7.SIMULATION PARAMETER

Dayw (i) ; Frequency of Emargency Calls

Arrival Distribution Function of Emergency Calls

TABLE 9.0BTAINED RESCUE TEAM RESPONSE TIME AND

TURN-AROUND TIMES

1

L

[

1 call per 71.8 minutes EXPO{71.8)
1 call per 54 minutes EXPO(4)

1 call per 108 minutes EXPO{108)
1 call par 638 minutas EXFO(65.8)
1 call per 28.6 minutes EXPO{ZE.6)
1 call per 90 minutes EXPO{S0)

1 call per 45 minutes EXPO43)

1 call par 63.3 minutas EXPO(63.3)
1 call par 43 minutas EXPO(43)

1 call per §4 .8 minutas EXPO{E4.8)
1 call per 119 minutas EXPO(119)
1 call per 49.4 minutes EXPO49.4)
1 call per 58.4 minutes EXPO{38.4)
1 call par 68.6 minutas EXPO(6E.6)
1'call per 36 minutas EXPO(GE) T
1 call per 83 minutas EXPO(ES)

1 call per 34 8 minutes EXPO{34.8)
1 call per 38.7 minutes EXPO{318.7)
IR L T v o
1 call per 109 minutes EXPO{109)
1 call par 31.5 minutas EXPO(32.3)
1 call par 64 .6 minutas EXPO(64.6)

Ambulance Rescue Team Rescue Team Turn- Rescue Team Tarn-
Location Average Response | arcund Time (TTC) in around Time
Address Time (ART) in case of critical (TTNC) in case of

Code Minutes condition (AMinutes) non-critical condition
(Minutes)

IFC 12 32 40
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ATW 11 18 37
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TABLE 8. OTHER SIMULATION PARAMETER

Input Parameter

Value

MNumber of Call Racsiver
(Paramadic)

Call FRaceiver (Paramedic)
Processing Time for wery
serious incident case

Call  Raceiver ({Paramedic)
Processing Time for not very
serious incident case

Number of ambulanca in
Oparation

HNumber of amargancy madical
technician attachsd to =ach
ambulanes vehicla

Fascus Team Preparation Tima
to leave for the scens

Fascus Team Travelling Time
to the scene

Fascus Team Examining Tima
at the scane

Fascus Team Treatmsent Time
at the scene

Fascus Team Transportation
Time from the scena back to the
location

Rascus Team tramsportation
Time of victim to the hospital

Haseus Team Transportation
Tima from the hospital back to
the location

1

Betwaen 3 to 10 minutas

Batwean 1 to 3 minutes

Betwaen 3 to 5 minutas

Betwaan 3 to [0 minutas

Betwaen 1 to 3 minutes

Betwaen 10 to 13 minutes

Betwaan 5 to § minutas

Batwesn 5 to 7 minutes

Betwreen 3 to 10 minutas

3 RESULTS AND DISCUSSION

Figure 2 shows the developed TCPN model for pre-hospital
emergency care network of the O’ambulance service under
consideration. The developed TCPN model is made up of
two modules. These are (1) Next Call arrival module and (2)
Process Emergency Call module shown in Figures 3 and 4,
respectively. The Next Call arrival module models the
arrivals of emergency calls to the emergency call centre. The
Process Emergency Call module was further categorized into
Victim Informed sub-module and Rescue Team Operation
sub-module. The Victim Informed sub-module as depicted in
Figure 5 shows the response operation of the paramedic staff
on patient whose condition is not very serious. Also, the sub-
module Rescue Team Operation as shown in Figure 6 reveals
activities of the rescue team at the distress scene.

The results obtained from the simulation as shown in Table
10 revealed that the minimum average call waiting time of
0.15 minutes was experienced on day 5 while the maximum
average call waiting time of 1.65 minutes was experienced
on day 24. The maximum average call waiting time
experienced on day 24 was due to high rate of call received
by the paramedic staff on this day. Due to the long waiting
time experienced on day 24, an alternative scenario was
proposed and this entails the use of two call agents
(receivers) on this day. The result shown in Table 11
revealed that using an additional call agent has considerably
reduced the call average waiting time from 1.65 minutes to
0.35 minutes (that is by 78.79%). Also, from Table 12, it is
evident that the minimum value for average response time
(ART), rescue team turn-around time (TT) in case of critical
and non-critical situation were 7.05, 26.17 and 35.13
minutes, respectively. Likewise, the maximum value for
average response time(ART) and rescue team turn-around
time(TT) in case of critical and non-critical emergency
situation were 15, 34 and 41.62 minutes respectively. Thus,
it can be concluded that the rescue team operation time in the
case of critical emergency situation is approximately 18.31%
(7.62 minutes) more than its operation time in the case of
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TABLE 11.SIMULATION RESULT OF AN
IMPROVEMENT SCENARIO

Day (1)

Call Average Waiting Time (AWT) in Minutes

1

043

0.24

el b

0.13

042

0.63

0.27

055

040

0.51

042

043

0.59

040

0.57

035

048

0.65

073

0.33

023

L OF

043

0.21

. TABLE12.SIMULATION-RESULT-OF-RESCUE TEAM
RESPONSE TIME AND TURN-AROUND TIMES

TWORK

Rescue Team Rescoe Team Turn- Rescoe Team Turn-
Average Response | around Time in case of | around Time in case
Time (ART) in critical (TTC) of non-critical
Minutes dition (M (TTNC) itis
N
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FIG. 4. PROCESS EMERGENCY CALL MODULE OF THE

__ DRVELOPED TCPN MODFI.
non-critical situation.
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FIG. 5.VICTIM INFORMED SUB-MODULE OF THE
DEVELOPED TCPN MODEL

FIG. 6.RESCUE TEAM OPERATION SUB-MODULE OF THE
DEVELOPED TCPN MODEL

TABLE 10.SIMULATION RESULT OF CALL AVERAGE
WAITING TIME

Day () Call Average Waiting Time (AWT) in Minutes
T 045
p) 034
1 [RE]
E! 042
083
3 037
8 033
i1 040
¥} [}
13 042
14 045
13 039
1 040
17 057
19 035
b1} 048
3 063
pi] 073
34 1835
% 021
77 045
] (B}

Figure 7 shows the results of the validation of the developed
TCPN model. It compares the simulated and the obtained
rescue team average response time and turn-around times of
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the rescue teams in operation at the considered case study.
The statistical analysis of the validation results carried out
through statistical package for Social Sciences software
(version 20.0) revealed that there were no significant
differences between the simulated and the obtained data
values at 5% significance difference level.

4 CONCLUSIONAND FUTURE WORK

In this paper, a TCPN model, which is characterized by
ambulance localization, security agencies and processing of
emergency calls, has been developed. The developed TCPN
model validly represents the considered pre-hospital
emergency care flow process. This is evident from the result
of the statistical analysis, which shows there were no
significant differences between the simulated and the real
number of patients making calls to the emergency call centre
at 5% level. The TCPN model, through its simulation, can be
used to predict the amount of manpower needed for efficient
and effective pre-hospital emergency care services. Also, it
can as well serves as a reference model for studying and
improving pre-hospital emergency care flow process in a
named ambulance centre. However, it is recommended that
future research may be geared towards investigating the
associated properties of the developed TCPN model using
occurrence graph (O-graph) analysis method.
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