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Abstract – Because the increases in accidents and 

emergencies require less time and faster access whenever 

possible in order to reduce the chances of death, This study 

designed an ambulance management system (AMaSy) which 

utilize  GIS, GPS, and GPRS that was tested in principle in 

Al-Mansoura City - EGYPT. The proposed system takes into 

consideration the emergency cases that could possibly occur. 

The research work considers all possible cases. While an 

ambulance could already be occupied with one patient, the 

system considers it as an available ambulance and requests it 

for another case, being that the ambulance only needs a short 

period of time to drop-off the current case and that the 

second case is relatively close to the ambulance. This forces 

the ambulance to quicken the processes of drop-off and pick-

up between the two cases. The main objective of this research 

work is to make an ambulance system which enables 

ambulances to have faster arrivals and take less time to reach 

accident sites.  
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I. INTRODUCTION 
   

Most of cities are crowded, travel between two 

destinations may take longer than expected. So, this issue 

can pose a great problem for ambulance services. This is 

since there are a number of barriers that may exist on the 

roads, such as traffic jam, accidents, etc. On the other 

hand, the issue of determining the nearest ambulance and 

shortest path for each accident are very important to 

reduce the travel time, So we used GIS,GPS,GPRS for 

location determining and minimize travel time.  

1.1 Geographic Information Systems: 
GIS, is a software of computer that links, deals with, and 

processes geographic information, where things are, with 

descriptive information, what things are [2]. GIS is a 

fundamental technology for every phases of emergency 

management: ready, response and recovery. GIS is the 

system  of computer that allows us to set, model, query 

and analyze large amounts of information in a single 

database, according to its location. GIS gives us the ability 

to create maps, integrate information, imagine scenarios, 

provide strong ideas, evolve effective solutions. GIS is an 

instrument used by individuals, governments, 

organizations, schools, and businesses that are looking for 

ingenious ways to solve their problems. It stores 

information about the world as a set of classes that can be 

connected together through a common ingredient site, 

such as latitude and longitude, zip code, census device 

name, or a name of a road. These geographic references let 

us to select features on the Earth's surface to analyze 

patterns and trends. Also, it can arrange dozens of map 

layers for showing information about transportation 

networks, hydrography, and the characteristics of the 

population, economic activity and political jurisdictions 

[13]. 

1.2. Global Position System: 
GPS, is a navigation system that uses a network of 24 

satellites in orbit. Developed by the U.S. Department of 

Defense, the GPS was originally for military applications, 

but in the 1980s, the government made the system 

available for civilian use. GPS technique can be working 

in any weather conditions, throughout in the world, 24 

hours a day [1]. 

The uses of GPS have expanded to contain both the 

scientific and commercial applications. Commercially, 

GPS is useful as a positioning and navigation tool in 

vehicles, ships, planes and for almost all outdoor 

recreational actions such as explorations in large forests, 

fishing trips, and keep track of individuals in the case of 

hiking [1]. 

1.3. Global System for Mobile Communications: 
GSM, is a cellular protocol that is used in various parts 

of the world. In the 1980s and 90s, scientists created a 

protocol to create a standard cell phone service between 

European countries. GSM phones use the identity of the 

unit (SIM) card subscribers, which is necessary for the 

performance of its functions and allows the user to simply 

switch phones. In this study, GSM can be used for 

transmitting data messages Whether  (SMS) or (GPRS) as 

reported by the [12]. 

1.4. General Packet Radio Service: 
GPRS, is a major technique of communication between 

the monitoring or tracing unit and the server. Being a 2.5 

mobile technology, GPRS is very common in my country. 

It is also appropriate for data transferring through an on-

line connection between a central location and mobile 

devices [7]. GPRS is a packet switching technology, 

which is an extension for GSM. The major advantage of 

GPRS over GSM is that GPRS has that they give us the 

highest data speed transmission [11]. 

1.5. GIS Network:  
In short, A GIS network can be defined as an 

interconnected system, and its components are edges 

(lines) and connection junctions (points).The aim of this 

system is to represent all city routes as available service 

for ambulance routing to reach an accident site 

immediately. Finding the shortest route between two 

points, which are accident site and hospital or ambulance 
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location, can be done by analyzing using the GIS network. 

Generally, the ArcGIS system is categorized as two 

networks, which are geometric networks and network 

datasets. The description of the former network was 

facilities and river networks while the description of the 

latter network is transportation networks [2]. 

1.6. Previous studies : 
Previous researchers have conducted different studies 

and experiments to find GIS and GPS innovations that are 

now  carried out and used around the world. For example, 

Imtiyaz Pasha made a system  for ambulances in 

Hyderabad City, India [10]. Also, Lindeskov (2002) 

created a system which correlates demographic data with 

the street network to generate an optimal positioning for 

the ambulances within a city [6]. Moreover, Neis and 

Zielstra had generated an algorithm in order that represent 

a routing graph with a cartographic application for people 

that have disabilities [9]. Additionally, Hong and Ghani  

formed a statistical model for minimizing ambulance 

travel time in the Penang Island [4]. Finally, Ifeanyi, 

Johnbusco, and Chijioke provided a singular platform to 

determine and measure accessibility to healthcare facilities 

in the urban areas of Enugu [5]. All previous studies used 

GIS applications for finding the closest facilities in the 

least time. 

 

II. SYSTEM PREPARATION 
 

This study presents Ambulance Management System 

(AMaSy) which uses the following tools for producing 

integrated management that able to achieve its goals. 

2.1. Study  area: 
As an example, we chose Al-Mansoura City to be the 

area where this study is conducted. The city is  the capital 

of the Al-Dakahlia Governance, and it’s the third 

governance in terms of area and population of the 

Republic of Egypt. Al-Mansoura City suffers from traffic 

congestion, and it has a great number of emergency calls. 

Also, there are many emergencies from areas surrounding 

the city. But despite the existence of such history for 

emergencies, the system in place for ambulances 

management is an old wireless radio system, which cannot 

determine the location of an accident on maps and does 

not know where ambulances are at in any given moment. 

Furthermore, the current system is not supported to deal 

with modern technology, such as the GPS or mobile phone 

systems.  

2.2. ArcGIS Editor: 
ArcGIS Editor permits us to generate and edit several 

styles of data. Feature data that stored in shapefiles and 

geodatabases can be edited, as well as several tabular 

formats. This includes text, points, polygons, lines. We 

can also edit shared edges and coincident geometry using 

geometric networks and topologies [3]. ArcGIS Editor 

used to build geodatabase for study area. Which consists 

of number of layers  that represents most features of study 

area, such as streets, buildings and all milestones in study 

area. 

 

 

2.3. Base Map:  
In ArcGIS, Maps has ability to identify what is at a 

location, therefore users can pointing to location and learn 

the name of place and all of its descriptive attributes [14]. 

In this study we select Al-Mansoura City,  It's located in 

Al-Dakahlia Governance  between coordinates 31-31.05 N 

and 31.02-31.24 E. It is through google earth (Figure 1), 

which were used in (ArcGIS 10.1)  to editing all features 

(streets, building, hospital and most milestone in city ) and 

network analysis layers, which consist of ambulance 

facilities and hospital facilities and their components. 

2.4. Hardware (Listener Server, GPS Tracker, Static 

IP). 

2.4.1. Listener Server : Is a computer that is connected 

with internet, It must has static IP address. A socket 

method program is executed,   assembled and configured 

to run on the Listener's server startup. The functionality 

from this socket for receiving GPS messages. 

2.4.2. A GPS Tracker, is the key input element of system, 

it be made of GPS receiver and GSM circuits. The GPS is 

a small device that can receive and sends signals from 

satellites to GSM towers. This devise fixed on the 

ambulance, which is responsible for taking the Geo-info 

(date, time, latitude, longitude, etc.) for the ambulance. 

This device is also responsible for sending this data to the 

Listener Tracking Server existing over the world [8]. GPS 

data transmitted to the Listener Tracking Server by GSM 

chip using GPRS or SMS. 

 

III. RESEARCH METHODOLOGY 
   

Step by step, accident occurrence has been tracked to 

obtain the problem and solution. On the ground, the 

information will be sent to the (AMaSy) from a public or 

mobile phone when the accident will be happened on the 

road network. The (AMaSy) will be harnessed to 

recognize the accident site and take a decision so as to 

route the nearest ambulance to this site. Taking the 

decision means to find an uncrowded, fast path from the 

place of the nearest ambulance to the accident site. 

Similarly, the nearest path from the accident site to 

hospital will be determined and sent to an ambulance's 

driver. 

3.1. Data Collection: 
Data is collected from several sources, which are map 

data, GPS data, and accident data. 

3.1.1.  Map Data:  
The Mansoura geodatabase has been utilized in this 

study, This geodatabase consists of all main roads, 

secondary roads and all milestones of the city. 

3.1.2. GPS Data:  
Data is collected by the Listener, a software that deals 

with the signals sent by the GPS tracker. This GPS must 

be connected to online internet and arranged in the 

ambulances so as to send their coordinates to the Listener, 

which then works to store these signals in a database. This 

database is connected with GIS ARC Map 10.1, and the 

ambulances coordinates will be immediately shown on the 

ARC Map as spatial references for these ambulances. 
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3.1.3. Accident Data:  
When an accident happens on the road network, all 

information related to the accident will be recorded as a 

report by the (AMaSy) authorizers. The aim of this report 

is to show the accident site on the map. 

3.2. GIS Data Base: 
The database used in this study consists of three main 

tables. The first table is GPS coordinates that are created 

by the Listener. As mentioned previously, the Listener 

receives sent messages from the GPS tracker that is 

arranged in an ambulance. Then, the Listener translates 

these messages into several fields, such as latitude, 

longitude, time, speed, etc. ArcMap 10.1 is connected with 

this table through Arc Catalog 10.1 by accessing, in order, 

customize mode, commands, Arc Catalog, add OLEDB 

Connection. The goal of constructing the first table is to 

represent ambulance sites on ArcMap in current time in 

the city, so its coordinates will be available. The second 

table, which is created so as to supplement the work of the 

first table, includes general information attributed to the 

lengths, permissible velocities of city streets,  and the 

expected time for passing these streets. The third table, 

which is formed in order to supplement the works of the 

first and second tables, contains city milestones, including 

the names of buildings such as hospitals and state 

institutions. 

The new management (AMaSy) that proposed in this 

study, which is predefined by the above tables, performs a 

sequence of processes that help the ambulance reach the 

accident sites immediately so as to assist the cases. These 

processes, which are utilized to form layers on the GIS 

system that are to be used with the network analysis, are 

outlined as follows: 

1.  Determining the site of the accident on the map used in 

the new management system. 

2.  Allocating and routing the nearest ambulance to the site 

of the accident. 

3.  Locating the nearest hospital for the site of accident 

site. 

3.3. System Layer 
We have formed four layers representing most features 

and components of Al-Mansoura City, which include 

streets, all milestones, and network analysis layers, which 

consist of ambulance facilities and hospital facilities and 

their components. 

 

IV. RESULT AND DISCUSSION 
 

This section discusses the principles of ambulance 

management related to the previous studies and the new 

updated management proposed in this study. Then, it 

compares between the two management systems. 

4.1 Discussion 
4.1.1 Ambulance management system in Previous Studies  

Previous studies handle emergency cases using the 

following method: If an accident happens and a call is 

received about the accident, the operators for ambulance 

routing management will take a decision by choosing the 

nearest ambulance to send to the accident site. The chosen 

ambulance, will be selected from a number of ambulances 

which have designated locations that are chosen in 

advance by the ambulance management. Another decision 

will be adopted if the chosen ambulance and other possible 

ambulances are out of their designated locations. This 

decision also relies on the ambulances nearest to the site of 

the accident.  

4.1.2 Proposed Management (AMaSy) 
The proposed management system includes the two 

aforementioned decisions in the section titled “Previous 

Studies” as well as a new decision. The new decision 

proposes that ambulances, which are on duty with 

emergency cases and are expected reach to hospitals in a 

few minutes, can receive another call for a new accident 

case, but only after returning the current  accident case to 

the hospital. 

4.2   Comparison 
In order to clarify this comparison, an accident is to 

happen in any random location, then the two 

aforementioned management systems are sent to the 

accident location. The management system that consumes 

the least period of time to reach the site of the accident is 

what needs to be found. 

Figure 5 represents treating the supposed accident using 

the ambulance subjected to the principles of the previous 

studies. Figure 6 represents treating the supposed accident 

by ambulance subjected to the principles of the proposed 

management system (AMaSy). 

In summary, it can be said that the proposed 

management of ambulance routing is more successful than 

the previous studies regarding spending less time to arrive 

at the emergency locations and assisting the emergency 

cases faster (see  Figure 7, table 2 ). 

These tables show the difference in arrival time  to the 

scene for both of the methods used in the management of 

Ambulances Previous study and (AMaSy). 

Table 1:  Arrival time by method that used in Previous 

study 

 Distance Start Time Arrival Time 

Case1 872m 5:20 5:35 

Case2 939.9m 2:00 2:16 

Case3 1186.3m 4:10 4:31 

Case4 618.6m 10:00 10:10 

 

Table 2:  Arrival time by method that used in (AMaSy) 

 Distance Start Time Arrival Time 

Case1 415.8m 5:20 5:27 

Case2 425.4m 2:00 2:07 

Case3 671.8m 4:10 4:21 

Case4 167m 10:00 10:03 

 

Table 3: expected ambulance to be available after a few 

Minutes. 

Time Available Expected Total Per. Increase 

5:50 10 2 12 20% 

6:30 12 1 13 8.3% 

7:20 9 3 12 33.3% 

7:40 8 2 10 25% 
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The system (AMaSy) provides to the management of 

ambulance to know and predicts of the number of 

ambulances that may be available after few minutes, This 

leads to an increase in the number of cars that available for 

the ambulance service. 

 

V. CONCLUSION 
 

In this paper, a proposed system for Ambulance 

management has been presented. The proposed system has 

discovered and optimized the desired path using GIS, 

GPS, and GPRS. It has been proven that the proposed 

system is effective and doesn't meet the needs of reality. It 

has been made sure of its success in reducing the required 

time to reach accident sites. The idea can be implemented 

using other tools that are more accurate, such as a mobile 

device with GIS, GPRS that is more available and less 

expensive compared to GPS device. 
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Fig.1. Base map of Al-Mansoura City 

 

 

Fig.2. GPS Tracker 

 

 

Fig.3. Flowchart of AMaSy 
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Fig.4. Ambulance Management System (AMaSy) 

 

 

 

Fig.5. Treating the supposed accident by previous studies. This figure shows that the time consumed by an ambulance to 

reach this accident is 15 minutes. 
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Fig.6. Treating the supposed accident by the proposed management AMaSy. This figure display that the time consumed 

by an ambulance to reach this accident is 7 minutes. 

 

 
Fig.7. The time difference between previous studies and the proposed management system (AMaSy). 
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