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Abstract 
 
To display the significance of the remotely sensed 
data and geographic information systems in 
medical service field, network analysis using 
ArcGIS based on high spatial resolution satellite 
image were used to detect the optimum paths 
between Al-Qudis health center(east of Mosul) 
and its affiliated locations. 
 
Major and minor roads networks in five sectors 
(which are followed medically to this center) have 
been Identified and manually digitized by ArcGis 
and then using network analyst tool for connection 
between two selected points (one of them 
represent the location of Al-Qudis center) to 
detect the shortest path to any location which is 
followed to the center . 
 
The results of the study showed the spatial 
distribution of schools, kindergartens and other 
building with their suggested optimum paths 
towards Al-Quds center. 
 
The integration between the GIS and remote 
sensing  for analyzing road networks enables the 
medical centers administration to be selected 
shortest and optimum paths for dispatching and 
routing of itinerant medical teams as well as 
determine alternative source if the barrier or 
check point has been found. 

 
Introduction 

 
The maintenance of good health and easy access 
to adequate healthcare has been a challenge to 
mankind (Ejiagha, et al., 2012). 
 
Medical centers are regarded as the basic form of 
healthcare as it provide the least expensive source 
of medical treatment to the greater population of  

 
people resident in any nearest area to those 
centers. 
 
Remote sensing data and geographic information 
systems (GIS) are powerful techniques for 
determination the suitable locations and distance 
to the applied projects which are related to the, 
Health service, urban planning, field survey, 
measurements (etc…). 
 
Network data structures were one of the earliest 
representations in geographic information system 
(GIS), and network analysis remains one of the 
most significant and persistent research areas in 
geographic information science (Kakade, 2013). 
 
Network analysis using ArcGIS  programs provide 
preliminary information for the itinerant medical 
teams and ambulance vehicles drivers (Eklund  and 
Martensson, 2012). For instance, network analysis 
using ArcGIS based on high spatial resolution 
satellite image help to detect the optimum paths 
to the any location under adequate health services 
center. 
 
The principle objective of this study is developing a 
dynamic routing system which guides the itinerant 
medical teams and ambulance vehicles drivers 
through the urban road network. This system 
computes optimum shortest path to the schools, 
kindergartens, governmental building, etc…, in the 
some places of eastern Mosul city which are 
geographically followed to the Al-Quds health 
center. 

 
CASE STUDY 
 
Al- Quds heath center is selected as a pilot study 
area, it is located at the north west of Mosul city at 



 
__________________________________________________________________________________ 
 

______________________________________________________________________________ 
 Page 27                                                                                                         Journal of Remote Sensing and GIS, Vol. 2, Issue 1, 2014,ISSN:2052-5583 
 

geographic coordinate (Lat. 36°44'49.818"N and 
42°23'14.534"E ). 
 
This center gives the medical, vaccines and health 
cares Services for a number of sectors which are  
located within the geographical area of its own.  
 
This sectors shown in (Fig. 1) and include of the 
following areas: 
 
1. Hay Al- Andalus: this sector located  in extreme 
north of the Al- Quds center and covers about 
(368528 m2). It is involves some of school and 
kindergartens.  
2. Hay Al- Shortah: It covers about (819959 m2) 
and located the north of Al- Quds center. it has 
also biggest area Compared with other sectors and 
includes many of schools, kindergartens and other 
official building  . 
3: Hay Al- Mohandseen: it located to the south of 
center and separating from it by the tow side 
highway street. it covers about (898046m2) as well 
as Some of schools especially preparative and 
secondary schools are common in this sector. 
4: Hay Bab Nerkal: it covers about (288160 m2), 
and located to the east and south east of Al- Quds 
center. 
5: Hay Al Thakafah: it has smaller area (103602 
m2) compared with the other sectors and it is 
located to south of Al- Quds center. 
6: Hay Al Wizraa: it located to the south and it 
covers about (165457 m2) and contains Al- Emam 
Al- AAthem college which is followed medically to 
the Al- Quds center. 
7: Hay Al- Zeraai: it located to the extreme south 
to the Al- Quds center and  covers about (349799 
sq m2). 

      
 
DATA USED AND SOFTWARE 
 
This section includes the planning stage, hardware 
and software requirements. The data utilized in 
this research is a subset of Quickbird image dated 
2008. This image was  geo-referenced to the UTM 
coordinate system, Zone 38 North based on the 
ground control point (GCP) which are selected 
from the study area. The processes involved using 
ENVI4.6 software.  
 
Digitization, building of network dataset and 
network analyst processes of the dataset have 
been performed using ArcGIS10.1 software. 

 
 

 

     
 
 

         Figure(1): Al-Quds health center and its affiliated sectors 
 
Methodology 
 
The major flowchart which are applied for the 
optimum Paths Extraction and analysis to the Al-
Quds health center and its affiliated locations 
within the study area is given in (Fig. 2). The 
methodology of this research composed of three 
Principle steps: 
 

A: Geometric corrections: 
 
satellite images need to be "Georeferenced" 
before they may be used in most GIS applications 
(Raju et al., 2012). This process assigns real-world 
coordinates to all of the pixels contained in the 
image file. In this research, geometric corrections 
are performed  by selection some of Ground 
control points (GCP) from the study area using 
hand held Global Positioning System (GPS) and 
then image was corrected by ENVI software 
through (warp from GCP) correction method. 
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Figure(2): Flow chart for extracting shortest path by network 
analyst 

 
B: Image digitization:         
                                                               
Manually digitized roads process based on satellite 
data is necessary for supplementing the initial data 
set (Black et al., 2012), as well as,  after the 
completion of this process, the road network data 
set will convert to a vector layer.  
 
The first step of the network analyst was the 
creation of  roads network layer coincides with 
real roads distributed in the study area . Therefore, 
The quickbird  imagery of the study area was 
digitized in order to delineate all roads network 
that linking Al- Quds center with the adopted 
sectors.  
 
The shapfile for the road network layer was 
created by using ArcCataloge\ personal 
geodatabase. Then, the resulted shapefile layers 
add to ArcMap for digitizing process of the road 
appears in the satellite imagery and other 
interested locations such as school, kindergarten, 

etc... ,(Fig. 3) shows the resulted shapefile layers of 
the road and the schools in the study area.   
 

 

 
Figure(3): Digitization process of the Quick Bird imagery of the 

study area 

 
C: Network analyst 
 
ArcGIS\ Network Analyst  is a powerful extension 
for routing purpose and used for making network-
based spatial analysis such as the following (Pasha, 
2006): 
 
• Point-to-point routing 
• Drive-time Analysis 
• Route directions 
• Shortest path 
• Optimum route 
• Origin destination 
• Closest facility 
• Service area definition 
 
In the present study, finding shortest routes linking 
between Al- Quds center and any building in the 
adopted sectors is probably the main purpose to 
apply this extension. Such short linking is a crucial 
for itinerant medical teams and ambulance 
vehicles.  
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However, there are may be some obstacles that 
exist in the roads such as military check points or 
the existence of concrete  barriers that  prevent 
access to the health center, so in this case it must 
be find alternative routes to arrive the health 
center. The steps of creating short routes was 
started by converting the road shapefile layer 
shown in figure (2)  to new network dataset 
through ArcCatalog windows. Two layers will be 
created by this process, the first layer is 
Road_ND_Junction which represent system 
junction feature class, while the second layer is 
Road_ND which represent the new network 
dataset.  
 
In spatial analyst tool, road junctions were 
digitized as points which are otherwise referred to 
as nodes while the roads as lines which are also 
called Arcs, as well as, the nodes are the number 
of road junctions and arcs are connections 
(straight lines) between the nodes as straight lines 
(Obafemi, 2011).  
 
At this step, the network dataset was add to 
ArcMap and use it to create the required network 
analysis layers to find the shortest routes  between 
Al- Quds health center and any school or building 
in the study area (Fig. 4). 
 

                                                                                                               
Figure(4): Road network and junctions 

 
Results and Discussion 
 
The most common and familiar implementations 
of network models are those used to represent the 

networks with which much of the population 
interacts every day, such as the case study 
adopted in the present study. GIS usually provides 
a number of capabilities for the analysis of spatial 
networks.  
 
It generally offers a Network Analyst toolbars 
through the ArcMAP windows to find the shortest 
route through the building network of the roads. 
By activating the Network analyst toolbar, the 
working with the new network dataset was started 
and the new route function will be selected to 
perform the required methodology of the 
research. Three empty categories of  Stops, Routes 
and Barriers are listed to support the creating of  
the new route. Stops category defines the started 
and the end locations of the suggested route 
inside or beyond the study area, while the barriers 
category will defines the existing of any obstacles 
that could be found in the route. In the present 
study, the established routes depends on the first 
stop as the origin and the last stop, as the 
destination.  
 
(Fig. 5) shows the executed short route between 
Al-Quds health center and primary school in the 
Hay-Al-Andalus. This route was automatically built 
according to the digitizing road layer. The total 
length of this route is 1079.779m. 

 
Figure(5): The shortest route between Al-Quds center and a 

primary school in Hay Al-Andalus (No barrier) 

 
Now, if barrier (or check point) has been found 
between the previous primary school and Al-Quds 
center, for example (green circle in Fig. 6), 
alternative shortest path will delineate by network 
analyst with new length (1151.241). To create a 
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shortest network routes between Al-Quds Health 
center and the existence building, schools and  
 
kindergartens in sector which are includes :       
Hay-Al-Andalus and Hay-Al-Shurtah, the stop (or 
destination ) must be define for each building as 
shown in (Fig. 7). 
 

 
 

Figure (6): The shortest route between Al-Quds center and a 
primary school in Hay Al-Andalus (with barrier) 

 

 
Figure(7): The define destination points to the schools and 
kindergartens in Hay-Al-Andalus and Hay-Al-Shurtah(Mosul) 

 
 

The resulted shortest routes for this figure was 
shown in figure (8). The total lengthnetwork is 
14483.752m. The shortest network routes for the 
sectors which includes: Hay Al- Mohandseen, Hay 
Bab Nerkal, Hay Al Thakafah, Hay Al Wizraa and 
Hay Al- Zeraai was shown in figure (9).  
 
The total length of the network is 15383.568m. 
Finally, the shortest network routes for all the 
sectors was shown in figure (10). The total length 
is 26234.476m 
 
 

 
 

Figure(8): The shortest network routes to the building, schools 
and kindergartens In Hay-Al-Andalus and Hay-Al-Shurtah 

(Mosul) 
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Figure(9): The shortest network routes to the building, schools 

and kindergartens Hay Al- Mohandseen, Bab Nerkal, Al 

Thakafah, Al Wizraa and Al- Zeraai(Mosul) 

 

 
Figure(10): The shortest network routes in the all adopted 

sectors of the study area inside Mosul City 
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