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Abstract: The Spatial decision support system (SDSS) has turned to be an 
important aspect of our daily lives for its role in developing decision 
techniques based on Geographic Information System (GIS). This paper will 
be presenting a proposed intelligent SDSS mobile application for better health 
services and faster aid through integrating two types of technology: an 
improved Dijkstra algorithm that insures faster response and the geographic 
information system technology. This is done by studying and comparing the 
A* algorithm and Dijkstra algorithm to arrive at the best Dijkstra algorithm 
improvement method. The application goal is to serve as a health aid 
application that will give instruction to avoid the covid-19 virus and provide 
the required information and help the infected to find the right donors or apply 
for receiving request by using an online database system for adding and 
viewing lists of donators and receivers in Basra governorate. The other aim of 
the application is to seek out the closest hospital, shortest path to the 
current health centre, time, and distance.  

1. Introduction 

These days transportation is becoming more and more of an issue due to the rapid 
increase in population and the demand of transportation, and along with this issue, 
comes the serious problem of emergency fast transportations. Hence, it is only a 
rationale to find a way to efficient travel from one place to another in an easy way at 
the shortest time, cheapest cost and, least effort. Obtaining a system that can give fast 
decisions in real time is now more important than ever. Making the decision about the 
nearest hospital and the shortest path to it is to be through a system by using an 
algorithm in graph theory known as Dijkstra's algorithm for the purpose of offering  
routine services to all those who are in need of it and guide them to the most correct 
choice of route [1-2]. 
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Among the areas promising new considerable abilities that lead to decision making 
lies in the utility of spatial information in Geographic Information System (GIS). An 
interactive the Spatial decision support system (SDSS) computer-based system is 
designed to help a user or group of users enjoy higher effectiveness of decision 
making while solving a semi-structured spatial decision problem [3-7].  
After the spread covid-19 virus, an issue of general health arise, an issue that this 
project will be attempted to give instructions to avoid this virus along with 
information about it and to have an online active database to help the infected to find 
a possible donor. Many people, whether patients or others, may benefit from this 
system. 

What follows includes an outline of the study. The area of the study and the 
work stages are discussed in Sections 2 and 3 whereas preparation and data collection 
are so discussed in Section 4. In Sections 5 and 6 software and algorithms are 
presented. The product, the results and discussion are presented in sections 7 and 8, 
respectively. Finally, the conclusion of the work is offered in Section 9. 
 

2. Study Area 

 The study area of hospitals in this research is the region of north Basra. The area 
of north Basra region is about 108 km2 located between coordinates 30°26' N 47°47' 
E and 30°33' N 47°47' E. This city contains a number of hospitals providing services 
for the population. Most of these hospitals are public ones while others are private as 
shown in table 1 [8-9]. Many regions and streets around this area within Basra are 
taken to test any location within these very regions and to find the shortest path from 
this location to all hospitals inside the area. 

Table 1: List of Basra Hospitals. 

Hospital Name The  coordinates Type 

Basra  47.805831,30.494041 Public 

Al-Sadr Teaching  47.850590,30.507148 Public 

Basra Women's and Children's  47.835348,30.504715 Public 

Ports  47.782781,30.552273 Public 

Al-Fayhaa  47.782787,30.533714 Public 

Basra Children's Specialized  47.797626,30.477518 Public 

Al-Shifa  47.809786,30.537111 Public 

Al-Musawi  47.826417,30.504866 Private 

Al-Mouwasat  47.812760,30.491754 Private 

3. Work stages 

Many stages and tasks needed to be performed in the making of this project that will 
be mentioned in this section. The steps of the work are illustrated in below Figures 1.a, 
1.b and 1.c as the Utilization of Geographic Information System, Spatial Decision 
Support System (SDSS), Graphical User Interface (GUI), respectively. 
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3.1 Stage 1 
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Figure 1: The work stages. 

4. Preparations and Data 

4.1 Preparations 

This section will go through the process of obtaining and shaping the format of the 
desired data along with preparing the software that will be required for this paper.For 
this project to be completed there are many requirements essential for this work and 
without them this project won't be possible from the first place [10-23]. 
• Open Street Map: Open Street Map (OSM) is a project for collaboratively 
creating a free editable map of the world. The data from such a project can be used in 
different ways to have paper and electronic maps similar to the Google ones including 
geocoding of address and place names.The map of the study area is extracted from the 
OSM free to use data via the QGIS. 
• QGIS: is a free open-source cross-platform desktop geographic information 
system (GIS) application that supports viewing, editing, and analysing geospatial data. 
There are numerous features and tools that this application can provide. These include 
the OSM data extractor which can be used to obtain data for further use. 
• PostgreSQL: PostgreSQL or Postgres, is a free open-source relational database 
management system. Using this OSM, one can analyze and create a graphed map out 
of the processed OSM data. 
• Spatialite-GUI: This is a simple tool used for managing databases.   
• Android Studio: Android Studio is the official integrated development 
environment (IDE) for Google's Android operating system. It is built on JetBrains' 
IntelliJ IDEA software and designed specifically for Android development. 
• Java, Xml, PHP and MySQL: Java is a general-purpose programming language, 
which is class-based, object-oriented, designed to have the fewest implementation 
dependencies. It is used to allow application developers to write once, run anywhere 
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meaning that compiled Java code can run on all platforms that support Java without 
the need for recompilation.  XML Extensible Mark-up Language is a language that 
defines a set of rules for encoding documents in a format that is both human-readable 
and machine-readable.   PHP is a popular general-purpose scripting language 
that is especially suited to web development. PHP code is usually processed on a web 
server by a PHP interpreter implemented as a module, a daemon or as a Common 
Gateway Interface (CGI) executable.  MySQL is an open source relational 
database management system.MySQL has stand-alone clients that help users to 
interact directly with a MySQL database using SQL, but more frequently MySQL is 
used with other programs to implement applications requiring relational database 
capability.  
• WampServer: refers to a software stack for the Microsoft Windows operating 
system, created by Romain Bourdon and consisting of the Apache web server, 
OpenSSL for SSL support, MySQL database and PHP programming language. 
• ArcGIS is a geographic information system (GIS) for working with maps and 
geographic information maintained by the Environmental Systems Research Institute 
(Esri). It is used for creating and using maps, compiling geographic data, analyzing 
mapped information, sharing and discovering geographic information, using maps and 
geographic information in a range of applications, and managing geographic 
information in a database. 
• Nox emulator: It is a free to use android emulator that runs on windows.     

4.2 Data Collection 

What is required for the SDSS system is spatial data such as locations (coordinates 
latitude and longitude) for road nodes, edges of road network and hospitals. This kind 
of data can be obtained through the process of digitizing a base map of specific area 
and provide locations coordinates for the hospitals by GPS by the following steps. 

• Step 1: Geographic Information, this part is concerned with all the necessary 
geographic data and satellite images that are going to be explained just below.  

• Step 2: Extracting road information (nodes and edges) from ArcGIS Open street 
map (OSM) online. The open street map, as far as the term suggests, refers to the data 
that are free for both kinds of organizations: commercial and public. This is far from 
being specific. It is rather an open source map which enables users to obtain 
information of OSM and update or correct the data of the map as shown in figure 2. 
The map which is to be converted into OSM data and made into the data is shown in 
figure 3 whereas the data that is needed for the project within the row OSM file data 
is shown in table 1. The extraction of the OSM file will be done by the QGIS software. 

The process Digitization of map will produce the desired data for each node, line, 
edge, and their exact coordination from the OSM file that has all the information 
needed but in a format that not yet possible to be used in the upcoming stages.  

First is the process of converting the OSM file into a shapefile (SHP), this process 
take place in the QGIS program that has a tool capable of such process. In this 
section the main goal is to convert the data that the SHP file contain which is now 
nothing but lines with a coordination to both start and end points for each line into 
a usable graph that marks each lines crossing, turning points, edges and also lines 
for each street along with the length of leach one. 
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Figure 2: OSM map.                                   Figure 3: Extracted data. 
 

Table 2: A Sample of the row data. 

 
 Using a tool in PostgreSQL program called "osm pgrouting" the row lines in the 

SHP file can be processed into the desired network of the streets. this data now is 
separated into two tables in one data base, as shown in the figure 3 and table 1 is the 
map data before processing, in the table 2, 3 and figure 4 is the nodes and lines 
needed in one database separated into two tables, (27250) line and (18726) node. 

  Table 3: Lines.                                 Table 4: Points. 
 

 

 

 

14



 
Figure 4: Map after processing. 

 Using the Spatialite-GUI to modify and manipulate the two tables in the database that 

produced by PostgreSQL to shape them into a final database that contain the finalized finished data 

that can be used now directly in the application and with the algorithms. 

5. Algorithms 

This section will go through the progression of planning the implementing of the algorithms that 
will take a place in this project. This is mainly used to find the shortest path extending from a 
starting point or node to the end node in a weighted graph. When Dijkstra’s algorithm is applied, it 
creates a tree of shortest path from a starting source to all the other nodes in the graph that is 
connected to it directly. And as shown in figure 5 from the source point the Dijkstra’s algorithm 
will start comparing the weighted between every node connected to the start node and chose the 
lowest weight and then repeat the process in the new progressed node and check for the total weight 
each time for reassessment. In case the path that has been taken is discovered not to be the best, one 
step back is required to the last node where the path is the lowest. Then the process is repeated from 
there without including the false angulated path. 

 
Figure 5: Dijkstra’s algorithm. 
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Though the Dijkstra's Algorithm seems very efficient, it can actually take a long time routing the 
path from start to end in a huge array of data that will be used as shown in figure 6, and that is not 
acceptable at all, so to reduce the time a solution has to be made. 

 
Figure 6: Dijkstra’s progression. 

The red circle is the progression of the Dijkstra's algorithm and the blue one indicates the actual 
graph nodes and lines the algorithm has to process before calculating the correct root from A to B.
 The improved algorithm will potentially reduce the search area significantly as shown in the 
figure 7. This is only a fraction of the area in the previous figure. It will allow much faster 
calculations thus reducing the time required for the routing process to come up with a valid path. 
The improving method is basically creating a temporary data set before initiating the Dijkstra's 
algorithm itself and treating it as if it were the graph that the algorithm has to work with. This data 
set will be created after acquiring the start and end nodes. With the coordinates from the start and 
finish nodes the data set can be excluded from the main data by selecting only the nodes that located 
inside the square created by the two nodes. 

 
Figure 7: Improved search area. 

The Dijkstra's algorithm is not the only solution when it comes to finding the shortest path in a 
weighted graph. There are some alternative algorithms that may or may not come to the same 
solution but at a faster time.  

The A* algorithm is one of the best search algorithms here [24-25]. It can be even faster than the 
Dijkstra's algorithm since it has a feature the Dijkstra's has not and that is why it can tell if the node 
is closer to or farther from the destination node. The unimproved Dijkstra's algorithm has to search 
the entire area in order to come to a solution as shown in figure 6 the A* algorithm requires more 
data in order to be executed. This is shown in figure 8, and the data represented in the figure by the 
red numbers is the distance from each node to the destination node, this distance will be used and 
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added to the weights when comparing the different nodes and ways so the farther it gets when 
calculating, the greater the weight will be. This will reduce the search time in large graphs 
significantly, however, there is an issue with the new needed values and it is that they should be 
created first, unlike the Dijkstra's algorithm which goes through the graph with only the nodes and 
the weights. However, this issue can be easily avoided by only creating the needed values when it 
needed along the execution and not previous to it, so instead of measuring the entire graph it will 
only measure a small fraction of it, thus reducing the required time for creating it considerably.  

 
Figure 8: A* algorithm. 

6. The Product 

This is the final stage and the one when all the parts come together to form the project that has 
been intended. All the previous stages are worthless unless it is implemented in an application that 
is easily accessible by common user which is the mine objective for this entire project form the first 
place.      

Using android studio to create a Java based app is fairly simple. However, creating the actual 
map that will be shown to the user is a bit more complex, since the project will be using ArcGIS 
maps that will show the open street map. This step will require the ArcGIS API which can be easily 
implemented in the project after getting and implementing the correct development kit which is free 
on their website for developer use only. After creating the map there are few things that the API 
offers that will be helpful in this project, such as giving the exact coordination for the user location 
and updating it in real time, the second tool that will be used is drawing a line using coordination 
points  after creating the correct path. 

The product in the final form in which this project will be shaped and used, the APK file (The 
install package) will be exported from the android studio as the ready to use application. After 
installing the application into an android operating system and running the app a message box will 
be shown regarding the Covid-19 vireos as shown in the figure 9. The main interface will be 
represented as a map of the user location, and shown on it the path that shall be taken, as shown in 
figure 10.  

The red lines represent the shortest path while the red lines represent the improved search area 
(The blue lines will not be shown in the actual app but they are available only in the beta version). 
In the bottom right corner of the shown the estimated travel time and the name of the hospital.  
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                             Figure 9: Preview 1.               Figure 10: Preview 2.     

In the top left corner of the screen is the slide bar icon. This slide bar as shown in figure 11 is 
activated by sliding the left side of the screen inward or by tapping on the icon. Hence, the bar will 
include four options, the first one will lunch the contact application in the mobile in order for the 
user to call someone, while the second one will dial the emergency hotline for Basra. The Donor 
option will open a list of the available donors, and the same is for the receiver option as shown in 
figure 12. A list of donors or receivers will be displayed. As shown on the top of the frame there is a 
register button that will launch the registration form as shown in figures 13 and 14. 

 
 

 

 

 

 

 

 

 
             Figure 11: Preview 3.      Figure 12: Preview 4.        Figure 13: Preview 5.       Figure 13: Preview 6.     

After filling the form and submitting it a passcode will be provided as shown in figure 14.  The 
removing will require the given passcode, after tapping on the delete a record button shown in 
figure 14. The frame shown in figures 15, 16 and 17 will appear and after inserting the correct 
passcode, a message will appear confirming the removing of the record, in case the passcode is 
wrong (does not exist in the database), a message will appear. 
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                                           Figure 14: Preview 7.     

 

 

 

 

 

 

 

Figure 15: Preview 8.          Figure 16: Preview 9.              Figure 17: Preview 10.   

7. Results and Discussion 

 The output of this system will mainly be represented as the distance (in km) of the calculated 
path. Using Google maps to have a comparison between this project results and the distances 
collected from Google maps after using the same coordination in the testing process. 

Table 5: The Results. 
Initial location Hospital name Dijkstra 

 

Google map Accuracy % 

 

 

 

 

 

 

 

 

Longitude 

47.790752 

 

Latitude 

30.549495 

 

 

 

 

 

Ports 
1143 m 

1.1 km 100 
1.1 km 

Al-Fayhaa  
3021 m 

3.2 km 94.406 
3 km 

Basra Children's Specialized  
9493 m 

10.9 km 86.238 
9.4 km 

Al-Shifa  
4276 m 

5.5 km 76.363 
4.2 km 

Basra  
10357 m 

9.6 km 92.690 
10.3 km 

Al-Sadr Teaching  
9647 m 

9.5 km 98.958 
9.6 km 

Basra Women's and 

Children's  

9329 m 
8.9 km 95.698 

9.3 km 

Al-Musawi  
7351 m 

7.1 km 97.260 
7.3 km 

Al-Mouwasat  
8930 m 

9.8 km 90.816 
8.9 km 
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Average Accuracy 92.492 

Since the only variable in this case is the time, the comparison is carried out after measuring the 
time of that the unimproved Dijkstra algorithm, and that of the improved Dijkstra algorithm and the 
A* algorithm takes to calculate the correct path is shown in table 6. This measurement was made by 
using an android built in library that measures the code execution time.  

Table 6:  Comparison. 
Initial location Hospital name Distance unimproved 

 

improved 

 

A* 

 

 

 

 

 

 

Longitude 

47.790752 

 

Latitude 

30.549495 

 

 

 

 

 

 

 

 

 

 

Ports 1.1 km 0.48 sec 0.33 sec 0.33 sec 

Al-Fayhaa  3 km 1.17 sec 0.95 sec 0.94 sec 

Basra Children's 

Specialized  
9.4 km 3.22sec 2.81 sec 2.17sec 

Al-Shifa  4.2 km 1.96 sec 1.28 sec  1.21 sec 

Basra  10.3 km 4.29 sec 3.02 sec 2.41 sec 

Al-Sadr Teaching  9.6 km 3.88 sec 2.94 sec  2.58 sec 

Basra Women's and 

Children's  
9.3 km 3.69 sec 2.77 sec 2.19 sec 

Al-Musawi  7.3 km 2.79 sec 2.14 sec 2.02 sec 

Al-Mouwasat  2.67 km 3.37 sec 2.68 sec 2.47 sec 

Average Time 2.76 sec 2.10 sec 1.81 sec 

As shown in the table, the time was the highest with the unimproved algorithm.   the time of the 
improved Dijkstra could not match the A* and that was due to the time taken for calculating and 
adding of the distance between each edge and the final destination. As there are many factors 
contributing to this system, and most important of them all is the shape of the required map data. 
The format in which the data is stored can significantly improve the way this system behaves 
making it faster and more efficient, however in order to achieve this data format there are more 
tools that should be used and data to be collected which can't be easily or freely accessed. 

 In addition to the low process power of the mobile devices compared to the more professional 
extremely high and different online servers used by most routing services to handle the execution of 
the process. However, the difference in process powers will not be an issue when using the best data 
formatting and making any mobile device as efferent as any routing servers.  

8. Conclusion  

 Since the only difference between the two algorithms is the time taken to finish and after the 
use and application of the two algorithms, the conclusion was that even if the A* algorithm was   
faster to calculate the correct path the Dijkstra algorithm with a little improvement could behave 
and enhance the speed of execution making it close to that of the A*algorithm. However, with the 
improving method itself comes a very small delay that with the repetition process can be noticeable 
and driving the margin of time between the two algorithms slightly greater.      
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This application which will be free to download and use on the part of any number of users in the 
area that the project covers, these users can use their mobile apps when needed to  get the closest 
hospital immediately along with the best possible root that will offer the fastest travel time. 

 Hence, it is suggested that the accuracy is not as good as Google maps are. That is why more 
improvement can be done to the data that are used with this application in order to make it faster 
and more accurate for the purpose of determining the correct valid path. 
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