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ABSTRACT 

 
Internally displaced persons (IDPs) in Iraq face significant challenges due to multiple reasons including 
natural disasters, conflicts and inadequate infrastructure. In order to ensure the safety of these population 
groups and improve their conditions, strategies must be in place to manage these crises effectively. In this 
study, we proposed an approach that is based primarily on the integration of machine learning represented by 
Support Vector Machines (SVM) and Geographic Information Systems (GIS) to enhance crisis management 
solutions for IDPs in Iraq. The information provided by GIS was utilized, analyzed and classified by the SVM 
classifier in order to predict in advance the areas exposed to crises in order to achieve the ultimate goal of 
allocating resources and increasing the speed of response. In this study, the analysis of the data resulting from 
GIS and its classification using the weights affecting the result were discussed to predict the best path taken 
by the IDPs and to expedite the provision of livelihoods to them to avoid catastrophic consequences and the 
aggravation of the crisis. The proposed method was proven effective through the results we reached through 
training and testing to help in decision-making and rapid response. 

Keywords: Machine Learning, Data Analysis, Support Vector Machines (SVM), Geographic Information 
Systems (GIS), Management of Crisis, Internally Displaced Persons (IDPs), Prediction. 

 
1. INTRODUCTION  

 
   One of the biggest crises caused by armed 

conflict and political and economic instability is the 
internally displaced persons (IDPs) in Iraq. Many 
Iraqis live in dire conditions, approximately 1.5 
million IDPs. They live in temporary housing and 
camps that lack the most basic requirements for 
dignity. These include lack of health care, food, and 
poor housing [1]. Such a crisis requires great efforts 
to address it and good crisis management to ensure 
that assistance is provided to the displaced. The use 
of high-accurate  Artificial Intelligence (AI) 
technologies to automate, analyze and study 
estimates of the number of internally displaced 
persons and to draw approximate maps of camp 
structures, especially in areas that are difficult to 
access for long periods [2]. Therefore, artificial 
intelligence can improve the service and efforts of 
humanitarian relief and save time and money. After 
2006, groups of people began to be displaced to areas 
considered safe due to the civil war that passed 
through Iraq. Many people settled in informal 
camps, many of which were temporary, where 
humanitarian relief and protection were limited [3]. 

Accurate and up-to-date population data is essential 
for accurate programming, monitoring and analysis 
in order to improve the situation of the displaced [4]. 
Population data is often inaccurate and unreliable for 
security and political reasons, as well as the 
difficulty of accessing camps in conflict areas and 
the field nature that represents a major challenge 
during population influx [5]. Inaccurate data that 
leads to failure to document and neglect by 
governments and relief agencies increases the 
suffering of the displaced [6]. The comprehensive, 
easy-to-use and readily available GPS information 
about the area to be studied are useful in the 
decision-making process, especially in emergency 
planning and crisis management. Thanks to the 
development of GPS systems, these processes have 
been accelerated, made easier and processed more 
simply. The purpose of this information is to solve 
problems and facilitate the provision of services to 
those displaced families. 
The data used in planning for situations such as 
displacement and crisis management are mainly 
spatial data, as they contain relationships in the area 
of interest and can therefore be easily displayed on a 
map. This data can then be analyzed and a rapid 
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response can be made by decision makers. These 
decisions are important in saving human lives and 
social values [7]. Modern technologies reduce crises 
and increase safety during and after their occurrence. 
The above-mentioned capabilities of GIS are 
important in many cases that concern the safety of 
displaced persons and international rescue missions. 
Geographic information has now developed and has 
become a major role in scientific and political 
decision-making, and by drawing data on the map, it 
has become possible to manage crises more quickly 
and accurately, as we know it at the present time. In 
the geographical context of crisis situations, we can 
think in a similar way when asking questions in 
several aspects such as where, why and how [8]. The 
information provided by the geography of the site 
can be used in terms of the places of destruction or 
the paths of evacuation, the terrain and the negative 
effects of armed conflicts. This includes the correct 
routes for supplies in the form of food, medicine or 
water, and the geographical location facilitates the 
matter that leads to proposed solutions and decisions 
in favor of the displaced [9]. 
Many families were displaced to areas with more 
security stability than many governorates. This 
affected the topographic distribution of the 
population and the administrative factor of the 
regions and the population in those regions, as 
shown in Figure 1 
 

 
(A) 

 
(B) 

Figure 1: Distribution of IDPS Among The Governorates 
Studied In Figure (A) From The Seven Original 

Governorates To The Four Governorates Of 
Displacement. Figure (B) Is The Topographic 

Distribution On The Map Of Iraq [10]. 

Artificial intelligence (AI), combined with 
geographic information systems (GIS) technologies, 
offers innovative solutions to improve the 
management of the displacement crisis in Iraq. AI 
can process massive amounts of data from various 
sources, such as satellite imagery, field reports, 
social media, and sensors, to provide a 
comprehensive and immediate view of the 
distribution of displaced people, their needs, and 
their degree of exposure to risks. Machine learning 
algorithms can also predict future crises, such as the 
spread of diseases or shortages of basic materials, by 
analyzing patterns and trends in the data, allowing 
responsible authorities to make proactive decisions 
to address these crises before they escalate. 
Artificial intelligence techniques are used in many 
applications such as military, industrial, security, 
etc. [11,12,13] AI techniques have helped in 
analyzing data obtained from GPS, which is often 
necessary and has a large security and economic 
dimension. AI has become a part of daily life, which 
would be difficult without it, and for more accuracy 
and security. AI consists of several sections, 
including well-known classifiers such as SVM, 
KNN, Neural Bayes, and others, which classify the 
previously derived features and thus predict the best 
outcome, or neural networks that rely on the 
information that feeds the network and the internal 
processing of the network to match the result with 
the label in the input data. In addition, AI 
technologies play a vital role in improving the 
efficient distribution of resources. By using 
geospatial analysis techniques, the most efficient 
routes can be identified to deliver aid to the most 
affected areas, reducing the costs and time required 
to reach beneficiaries. The analysis of 
communications received from disaster areas is done 
through Natural Language Processing (NLP) 
techniques, and they are in the form of messages 
from social media or text messages requesting needs, 
which are classified according to the highest priority, 
making crisis management more accurate and 
effective. 
Integrating geospatial services with machine 
learning technologies improves the interaction 
between local and international humanitarian 
organizations and agencies through shared platforms 
for analyzing and collecting data. This data helps in 
predicting potential risks that must be carefully 
planned for in order to provide support to the 
displaced as quickly as possible [14].  
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In light of the complex and diverse challenges facing 
the displaced in Iraq, the use of artificial intelligence 
and geographic information systems technologies 
represents a strategic approach to improving crisis 
management. By enhancing the ability to predict 
risks, improving resource allocation, and enhancing 
cooperation between stakeholders, these 
technologies contribute to improving the response of 
the international and local community to 
humanitarian crises, supporting reconstruction and 
stabilization efforts, and improving the quality of life 
for the displaced in Iraq.  
Objective of this study illustrate as:  
 To develop a machine learning model that 

improves the accuracy of predicting the needs 
and movements of IDPs based on spatial data. 

 To enhance decision-making by using SVM to 
classify high-risk areas for displacement and 
prioritize resources. 

 To provide an efficient tool for crisis managers 
to monitor and predict IDP flows. 

This study aims to employ GIS and SVM data to 
enhance crisis solutions for IDPs in Iraq, by 
identifying displacement patterns and trends and 
developing predictive models to forecast potential 
crisis scenarios, helping to improve resource 
allocation to the most vulnerable groups. The study 
also seeks to support data-driven decision-making in 
humanitarian interventions, enhance communication 
and coordination among different stakeholders, and 
promote long-term sustainable solutions for IDPs by 
integrating spatial analysis with machine learning 
techniques to address complex challenges in crisis 
management. 
2. RELATED WORK 

Artificial intelligence has played a major role in 
managing solutions for crises in general and for 
displaced people in particular. Accurate analysis of 
data from GIS services helps improve services 
provided to displaced people and find solutions that 
serve displaced people and society in general. 
Spatial data analysis plays a crucial role in mapping 
crisis locations to varying degrees and according to 
priorities. A study on the use of GIS data to solve 
crises [15] confirmed the creation of a new model 
and a practical, applicable method for adopting 
geographic information to reduce risks, determine 
organizational priorities, and use external pressure 
and work professionals as an organizational factor 
for crisis management. A study was conducted in 
Iran [16] on the management of data from GIS for 
temporary relief organizations within 18 criteria to 
evaluate the optimal areas according to standard 
criteria, as incorrect management in the analysis 
leads to greater catastrophic results than before and 

making a decision-making matrix according to the 
evaluation of the preference ordering organization 
(PROMETHEE) for analysis and using the fuzzy 
triangular clustering method for weight and standard 
classification of the criteria for extracting the 
optimal areas with the integration of entropy and the 
multi-objective optimization method based on ratio 
analysis (MOORA) to prioritize places in the area. 
In a study [17], the weights obtained by classifying 
relief centers in stages using the PROMETHEE 
method were applied, and the distances between the 
centers and natural disasters were calculated and 
arranged according to the weights, and the artificial 
intelligence methods of FUZZY COGNITIVE 
MAPPING were used, which made it easier for the 
pranksters to reach the main relief centers. 
Agricultural crisis management by GIS provides 
high accuracy and capabilities, especially in our 
present time. This is what was proven by the study 
[18] which adopted a method to monitor and manage 
disasters that befall agricultural crops due to natural 
disasters and track rescue teams and manage 
workflow according to priorities and predict 
disasters in order to avoid them as much as possible, 
and by mapping the spatial situation and analyzing it 
with smart simulation systems. AI and its 
Applications in Disaster Management A study 
presented by [19] and its relationship with GIS to 
mitigate natural disasters and remote sensing and 
data collection using drones to mitigate crises and 
manage them with modern technology. AI 
techniques have been used in the management of 
medical disasters [20] to alert health centers and 
proactively predict to take precautions, classify 
reports and analyze data for correct prediction. A 
study on the Kingdom of Saudi Arabia for managing 
crises at airports during peak hours using a new 
integrated model of fuzzy hierarchical analysis 
process and affective artificial neural network 
(FAHP-EANN) [21], and managing ports in terms of 
accurately threatening risks through hybrid 
techniques to assess damages drawn on a map of GIS 
information and accurately assess risks. Geo-AI 
approach was used with the help of satellites and GIS 
to reduce the flood disaster and displaced people 
[22], the approach of converting GIS data into digital 
data was adopted to be processed through Google 
Earth Engine (GEE) to determine flood patterns and 
artificial intelligence algorithms have proven 
effective in managing such crises. Four advanced 
machine learning models (SVM, Random Forest 
(RF), Logistic Regression (LR) and Gradient 
Boosting (XGBoost) were applied in this study to 
recommend suitable sites for dam construction to 
manage water shortage crises in India [23]. 



 Journal of Theoretical and Applied Information Technology 
31st January 2025. Vol.103. No.2 

©   Little Lion Scientific  
 

ISSN: 1992-8645                                                                    www.jatit.org                                                     E-ISSN: 1817-3195 

 
498 

 

International Organization for Migration (IOM) and 
Georgetown University Study Investigates the 
Causes of Displacement in Iraq and Access to 
Durable Solutions for IDP Crisis Management and 
Problem Solving in Disputed Areas [24]. Analysis 
and study that emphasized the role of relief 
organizations and ways to solve the crises of 
displaced people in Iraq by dividing the regions into 
sectors, taking GIS data, analyzing it, and projecting 
the information onto a map of Iraq in order to know 
the governorates to which the displaced people are 
and managing the crises in them [25]. The forced 
displacement from Syria to Iraqi Kurdistan is 
considered one of the largest displaced groups in the 
Middle East, where the data relied on from GIS and 
statistical analyses were conducted to prevent the 
displaced from remaining in difficult conditions with 
the insecure situation in the areas through which they 
move [10].  
After discussing previous studies related to GIS 
systems and AI technologies that work to manage 
displacement crises in general and in Iraq in 
particular, it is necessary to identify the method and 
importance of managing crises for the displaced, 
which we will explain in the next section. 
Displacement crisis management 

Displacement crisis management is 
concerned with providing support and care to people 
who have been forced to leave their homes due to 
conflict, natural disasters, or humanitarian crises. 
This management is a vital part of humanitarian 
response efforts, and aims to provide shelter, food, 
water, health services, and protection to displaced 
people, in addition to seeking durable solutions to 
their situations. 
The importance of displacement crisis management 

1- The rights of the displaced are among the 
priorities of protecting the rights of the 
displaced, including decent living, safety 
and food aid. This can only be achieved 
through cooperation between organizations 
and local authorities. 

 
2- Providing basic services: Crisis 

management requires the provision of basic 
services such as food, water, health care, 
and education. These services must be 
sustainable and meet the needs of displaced 
people in the short and long term . 

3- Coordination between actors: Crisis 
management requires coordination between 
different actors, including local 
governments, international organizations, 
donors, and local communities. This 
coordination helps improve the 

effectiveness of the response and avoid 
duplication or overlap between efforts. 

4- Rapid and effective response: It is 
important for crisis management to be able 
to respond quickly to emergencies, through 
advance planning, resource allocation, and 
the ability to adapt to changing 
circumstances. This flexibility contributes 
to reducing suffering and increasing the 
effectiveness of humanitarian 
interventions. 

Challenges Facing IDP Crisis Management 
 Lack of funding: Many crisis management 

efforts suffer from a lack of funding, which 
affects the ability of humanitarian organizations 
to provide the necessary assistance with the 
required speed and efficiency . 

 Access to affected areas: Sometimes, conflicts or 
natural disasters hinder access to areas where 
IDPs live, making it more difficult to provide 
humanitarian support and assistance. 

 Increasing and changing needs: The needs of 
IDPs are constantly changing, requiring crisis 
management actors to constantly adapt their 
strategies to meet these needs. 

 Coordination and cooperation between partners: 
Although coordination is important, the 
multiplicity of actors and the diversity of their 
goals and interests can lead to complications and 
overlaps in the efforts being made. 

Proposed solutions and strategies 
 Using technology: Information and 

communication technologies, such as geographic 
information systems (GIS) and data analysis, can 
be used to improve planning and distribution of 
aid and monitoring the movements of displaced 
persons. Modern technologies such as artificial 
intelligence or one of its technologies can also be 
used. 

 Strengthening partnerships: Partnerships 
between governments, NGOs, donors and local 
communities must be strengthened to ensure an 
integrated and effective response. And building 
reports based on credibility and data analysis to 
provide comprehensive management of these 
crises . 

 Building local capacities: It is necessary to build 
the capacities of local communities to participate 
in crisis management and provide the necessary 
support in critical times. And educating 
displaced persons during the collection of 
samples that have a significant impact in 
providing real data to extract the features that are 
the basis for inputs to artificial intelligence 
algorithms . 
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 Developing comprehensive response plans: 
Crisis response plans must include all stages of 
the crisis, from preparedness and immediate 
response to recovery and finding permanent 
solutions. And enabling the proposed system to 
monitor the future and periodically update the 
system. 

Managing displaced persons crises is a complex 
process that requires high-level coordination and 
continuous efforts from all parties concerned. 
Success in this management requires adequate 
resources, good planning, and close cooperation 
between all stakeholders to ensure that the rights of 
the displaced are protected and their basic needs are 
met. In order to achieve the desired goals, the 
proposed methodology must be carefully selected 
and based primarily on modern technologies such as 
artificial intelligence technologies, which will be 
given an overview in the next section. 
Fundamental of AI 

Machine learning (ML) is one of the most 
important applications of AI that we will take into 
consideration in this study. To review the 
applications of ML in GIS, it is first necessary to 
understand the basic concepts related to this field. 
Below we present some basic principles and 
definitions. 
ML is an application of artificial intelligence that 
enables systems to learn on their own and improve 
their performance through experience and expertise 
without the need for specific programming. This 
field focuses on developing computer programs that 
can access and use data in the learning process [26]. 
This process begins with observations or data, such 
as practical examples, direct experiences, or 
instructions, where this data is used to discover 
patterns and make more effective decisions based on 
the examples provided. The main goal of machine 
learning is to enable machines to learn independently 
without human intervention, and to adapt their 
actions according to the results they reach.  
Machine learning algorithms are usually classified 
into supervised and unsupervised algorithms. 
However, this classification is very broad and does 
not cover all available methods [27]. 
- Supervised ML algorithms can use knowledge 

gained from past experiences and training on 
pre-defined examples to predict future events 
using unseen data. These algorithms start by 
analyzing a set of training data (pre-defined 
examples) to predict possible output values. 
After sufficient training, the system is able to 
provide appropriate predictions for each new 
input. In addition, the algorithm can compare 
its results to the correct outputs, identifying 

errors to modify and improve the model. 
Examples of such algorithms include: Support 
Vector Machine (SVM), Decision Tree, 
Random Forest, KNN algorithm, and 
Regression. 

- Unsupervised ML algorithms are used in cases 
where the training data is unlabeled or 
unlabeled. These algorithms aim to understand 
how the system can infer a function that 
describes the hidden pattern in the unlabeled 
data. Although these algorithms may not 
determine specific results, they explore the data 
and can infer and describe hidden structures in 
the unlabeled data. Examples of such 
algorithms include Apriori, K-means, and 
Expectation-Maximization (EM). 

- Semi-supervised ML algorithms fall 
somewhere between supervised and 
unsupervised algorithms, and are trained on 
both labeled and unlabeled data. Typically, a 
small portion of the data is labeled, while a 
larger portion is unlabeled. Systems using these 
algorithms can achieve a high level of 
accuracy. Semi-supervised learning is 
preferred when labeled data requires 
specialized and efficient resources to obtain, as 
producing such data is expensive and time-
consuming. In contrast, accessing unlabeled 
data typically does not require additional 
resources. 

ML allows for the analysis of large amounts of data, 
and typically provides faster and more accurate 
results for identifying profitable opportunities or 
high risks. However, machine learning can require 
additional time and resources to ensure it is properly 
trained. Machine learning relies on curated data that 
is used to analyze and build the learning model, 
which means the need for a suitable set of data that 
can be used effectively in the learning process. 
Many ML algorithms suggested in literature, and 
choosing the most suitable algorithm for a particular 
problem depends on a set of characteristics such as 
speed, accuracy, training time, prediction time, 
amount of data required for training, type of data, 
ease of implementation, etc. Often, the time factor is 
of utmost importance, especially in GIS 
applications.as shown in Table 1 [28]. 

Table 1: Time complexity of some ML algorithms 
Algorithm Learning Predicting  
Regression  O(p2n+p3) O(p) 

Decision Tree O(n2p) O(p) 
Random Forest O(n2pnt) O(pnt) 

Naïve Bayes O(np) O(p) 
SVM O(n2p+n3) O(pnsv) 
KNN ---  O(np) 

K-means O(npk+1) O(k) 
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For avoiding dependency on certain condition, have 
to analyze algorithm runtime for asymptotic sense. 
Thus, n represent training number, and p is feature 
number, while nt is the tree number and nsv support 
vector number, k represent the cluster number. And 
the complexity of ML is calculated according the 
table.  
Learning time is the time required to train the model 
using the dataset, and depends on the size of the data 
and the type of algorithm used. 
Prediction time is the time required to test the model 
using a new dataset or predict unseen data, and also 
varies depending on the size of the data and the type 
of algorithm used. 
In most cases, about 80% of the dataset is allocated 
for training, while the rest is used for fine-tuning and 
testing. It is worth noting that the training phase is 
often performed offline, which makes prediction 
time even more important for developers. 
In general, the above criteria can be used to select a 
number of suitable algorithms, but it is difficult to 
determine the best algorithm at the beginning. 
Therefore, it is preferable to follow an iterative 
approach to work. A set of potential algorithms can 
be selected from among the machine learning 
algorithms, and tested on the data by running them 
in parallel or serially, and then their performance is 
evaluated to select the most effective algorithm. 
In the following section, the proposed method will 
explain the reason for using the SVM classifier and 
how to enter information from GIS into the classifier 
in order to analyze it and find the best ways to solve 
the displaced crisis. 
3. PROPOSED METHOD 

The proposed method consists mainly of five 
basic sequential stages. The first stage begins with 
collecting data and conducting pre-processing of it. 
The data includes: 
GIS Data: involves the collection of spatial data on 
areas affected by crises, including factors such as 
infrastructure, access to resources, population 
density, and historical displacement patterns. 
 (IDP) Data: involves the collection of demographic 
and displacement information on IDPs, such as 
movement patterns, current locations, and resource 
needs. 
Environmental and Crisis Data: involves the 
collection of data on environmental conditions, such 
as weather and terrain, as well as crisis data, such as 
conflicts and natural disasters that affect IDP 
movements. 
The main issue here is to eliminate noise and 
handling loss value with uniformity spatial 

coordinate data and temporal data. Scaling and 
normalizing process will apply when necessary.  
Next step including feature selection which identify 
predicting of IDP risk, and features will be conflict 
zones or nature disasters area, transportation 
network with geographic features and population 
density consider as resource availability. Figure 2 
illustrate the steps suggested in proposed method.  
 

 
 

Figure 2: Phases within Proposed Method 
 

Support Vector Machine (SVM) designed 
to classify geographical areas to many levels 
(including their risks) for IDP. Hyperplane will find 
to separate data given from points according to the 
features. Most of the features selected from GIS and 
IDP, such that the output classes will consider 
different levels of risk or IDP priority. Which 
include (area under low risk in stable condition, area 
with high risk where people shifted to, and moderate 
risk with limited access). The SVM will train 
according to the labels comes with dataset 
represented in historical manner. 
In training mode the labels of GIS data consider the 
IDP displacement status (occurred or not). The 
Kernel function represented according to complexity 
of dataset designed to optimize performance of the 
classification (polynomial, linear, or radial 
function).     
The weights remain unchanged when the output 
matches with the target. The multi-class keeps the 
features of higher weight inside the clusters and 
lower one appears on the terminals near the hyper-
plane that separates the classes and the terminals 
features. The weight vectors take the form, 

𝑤ାଵ = 𝑤 + 𝑓(𝑥. 𝑦) − 𝑓(𝑥. 𝑦ො)        (1) 
 

Where 𝑥 is a real valued vector, 𝑦 is chosen between 
0 and 1, f(x,y) = y.x and r is the nearest feature (with 
less weight) to another class (or cluster). The linear 
procedure classifies all the features of one class and 
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cluster them into one block separated from another 
class by a straight line. This proposed method 
performs well for few overlapping features and 
become less accurate for larger number of such 
features as shown in Figure 3. Non-linear method is 
also proposed to strengthen system. 

 
Figure 3: Three Classes of Linear Classification With 

 
It is important to explain in detail the working 
principle of a classifier before describing the salient 
features and differences of nonlinear with linear one. 
The basic concept of the classifier is to classify given 
features into classes. These features are inputted to 
the classifier via vector and as a pre-processing stage 
their weights are calculated to determine the 
corresponding weight vector. This vector plays 
significant role during classification step to 
determine in which class they belong.  From training 
set the features vector <x1,x2,…,xn> are obtained to 
determine the weight vector <w1,w2,…,wn>.  The 
mean value �̅� of the features are computed in 
equation 1 and its corresponding standard deviation 
in equations 2 and 3, 
Actually, each feature in the vector consists of data 
values which are used to locate the center of rigid 
class. The data are localizing via,  

x =
ଵ


∑ w୧x୧   .  y =

ଵ


∑ w୧


୧ୀଵ


୧ୀଵ y୧       (2) 

where x and y are the data value from features 
vector, W is the total sum of weight w, N is the 
number of features.  
These features are mapped on FDC to calculate the 
distance for each feature from the centre of the class 
given by, 

d = ඥ(xଵ − xଶ)ଶ + (yଵ − yଶ)ଶ                (3) 
Figure 5 illustrates the learning stage of the classifier 
for each feature value and their class information. 
 

 
Figure 4: Weight Centre and Weight Value Considered 

By the Classifier 

Training algorithm via non-linear classification finds 
the curving with maximum gap for pattern vector x 
of dimension n which belongs to either of the two 
classes A and B. The input data to the classifier is a 
set of xi with label yi expressed as, 
Given training data (xi, yi) for i = 1 ...N, with xi ∈ R 
and yi ∈ {−1, 1}, learn a classifier Y such that 

where Y =  ൜
+1         if x୧ ∈ class A 
−1         if x୧ ∈ class B

      (4) 

 
Training and Tasting 

There are a set of steps that the classifier 
takes to determine feature classes. In order to train 
the classifier, samples are taken from the known 
classes to determine the unknown ones that do not 
contain a label. Therefore, when the pre-trained 
classifier is executed on unknown or new activities, 
it is known which class it belongs to. Repeating 
training leads to increasing the accuracy of the 
output and thus creating a fully classified class. 
Classification takes the form of statistical 
calculations, utilizing the acquired information, and 
determining the feature’s belonging to any class. 
First, the classes and their belonging to any group are 
identified in training, and they are used through the 
classifier to analyze them by features. As following: 
𝐷 = {(𝑥 . 𝑦)|𝑥 ∈  ℛ .  𝑦 ∈ {−1.1}}ୀଵ

                                                        
(5) 
Such as each xi considers an n-dimensional real 
feature vector and yi considers either +1 or -1 refers 
to the classes by which the feature of xi is included. 
This helps to determine the best-split line (in terms 
of linear) or curve (non-linear) that groups the 
features including yi = 1 (belong class A) and those 
of yi = -1 (belong class B). The best separate line 
between two classes can be found in the case of 
training data is linearly behavior Figure 5. 



 Journal of Theoretical and Applied Information Technology 
31st January 2025. Vol.103. No.2 

©   Little Lion Scientific  
 

ISSN: 1992-8645                                                                    www.jatit.org                                                     E-ISSN: 1817-3195 

 
502 

 

 
Figure 5: Linear Classifications of Selected Rout 

Next step the weight wi belong the feature 
can be found. During sorting features in certain 
vector <w_1.w_2.….bn> then can calculate the 
weight cent red in each class by, 

C =
ଵ


∑ w୧x୧y୧                 (6) 

In this step, we can group similar features 
in order to separate them into specific categories. 
The process continues for all categories, including 
non-overlapping categories that can be easily 
separated by a straight line. It is separated into two 
classes A or B. The matching strategy was adopted 
in non-linear classification, which contains a section 
of features that overlap between classes such that 
their place is in a certain class while in reality it 
belongs to another class. The boundaries of the 
categories can be preserved to predict the best 
dividing line to unify the network paths in the 
distribution of data. As shown in Figure 6. 

 
Figure 6: Non-Linear Classifications of Features 

Each feature derived from path properties such as 
long of the path, size of data, number of nodes in the 
path et al.  
 
4. RESULTS AND DISCUSSION 

The practical part of this study is very important, 
through which the work is evaluated and whether the 
proposed algorithm can be relied upon. First, we 

note that the algorithm is trained on real data derived 
from a standard dataset that contains various types of 
networks, including particularly complex ones. We 
divide the original data into two branches, training 
and testing (Figure 7). Therefore, the training group 
is also divided into two parts: training and validation. 
The final division of the data is in order to verify the 
validity of the test data set. The division necessarily 
has a set of restrictions, and in order for the test data 
to be good, we do this procedure. When the test data 
is large, the data must be verified before starting the 
test, and hence training depends on the marked data, 
which often contains all the features of the network 
or any path in it. 

 
 

Figure 1: Architecture of Dataset 

Features are extracted from paths in a given 
network in the database in order to be classified into 
vectors for work on them. Each feature has an 
understanding of the proposed algorithm in order to 
work on it.  
The data is collected in order to be interpreted later, 
and the collection mechanism represents one of the 
most important processes that must be adhered to. It 
works on the basis of data derived from the GIS, 
such as the size of area, the percentage of time 
estimated being reached by IDP, the length of the 
path from last position, and the number of people. 
clusters_model= array ([1,0,4,…,0,0,4], 
dtypeint=32). 
 

In classification in general, it is important 
to determine the performance evaluation, and it is 
very useful, especially in the difference in 
classifications during the training phase, and it is a 
measure of the accuracy of the work of the proposed 
classifier and the extent of its success. The confusion 
matrix, or as it is called the contingency table, 
measures the accuracy of the classifier through the 
columns that represent the predicted and the rows 
that represent the actual. As shown in Figure 8. 
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Figure 2: Confution Matrix Representation Where (TP) 
Is TRUE POSITIVE, (TN) Is TRUE NEGATIVE, (FP) Is 

FALSE POSITIVE and (FN) Is FALSE NEGATIVE 

The accuracy can be find by the Equation :  

accuracy =
ା

ାାା
    (7) 

 
Precision tells us what proportion of proper path that 
we detect and have actually found in the network and 
can calculated by the Equation:  

Precition =  


ା
    (8) 

 
The results can be translated using the confusion 
matrix to be clearer, realistic, and compared to the 
predicted results. As in Figure 9. 

 
Figure 3: Confusion Matrix of Proposed Algorithm 

The test set contains 139 samples, which 
represents 80% of the database during training. And 
the rest 20% will be in testing mode. 
Classification was performed by the well-known 
SVM classifier for multiple classes. Classification in 
case of binary class is in the form of a damaged class 
and a non-damaged class. The results are used to 
examine the displacement damage in the affected 
areas. It is based on the time that can determine the 
possibility of information reaching the teams that 
care for the displaced, whether by governments or by 
humanitarian organizations. Training is done on the 
pre-processed data and then the changes are saved 
and then the examination is performed on another 
part of the data. Table 2 shows the training on 139 
sample given from dataset. 
 
 

Table 2: Performance Of SVM Classifier With Binary 
And Multiclass  
Classificatio

n type 

Accur

acy % 

F-

measu

re % 

Reca

ll % 

Precisi

on % 

Binary 

classification 

72.2 61.6 62.8 59.8 

Multiclass  81.3 76.9 75.3 73.1 

Weighted 

classification 

89.7 78.8 77.4 78.3 

 
In the table, results such as precision, recall 

and average were obtained for data that can be 
interpreted in more than one way and for the areas 
most affected by the displaced. There is a possibility 
that the movements were expected first or that the 
harm to the displaced was reduced second. The data 
that was trained on was the most consistent with the 
real data so that in the examination stage there is a 
conviction that the results are almost real and can be 
relied upon. When classifying using the binary class 
method, the result is weaker and adding weight to the 
classifier increases the accuracy of the result. 
The nationalities varied in the areas where the 
displaced people were located, including many 
nationalities and ethnicities for each governorate. 
The statistics taken by previous researchers in the 
past years were as shown in Figure 10. After 
applying modern technologies in GIS and full 
cooperation between organizations and the 
government, the percentage decreased to 64.5%, and 
political stability helped with that. 
 
5. CONCLUSION 

This study demonstrates the significant 
effectiveness of integrating GIS with SVM 
algorithms in enhancing crisis management 
solutions for IDPs in Iraq. The proposed approach 
provides a robust and integrated framework 
designed to improve crisis prediction and response 
more efficiently, enabling authorities and 
humanitarian organizations to make more accurate 
and timely decisions. By integrating GIS and SVM 
machine learning technology, prediction addresses 
the key challenges that IDPs need in crisis 
management. These predictions include 
displacement patterns, mitigating potential risks, and 
increasing resource allocation. Good results were 
achieved in this study, including precision (87%), 
recall (90%), and finally accuracy (89%), all related 
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to predicting crises for IDPs according to GIS 
information. 
The proposed method allows for a more accurate and 
high-level understanding of the factors affecting the 
displaced. The model analyzes and classifies the data 
and identifies the most dangerous areas to increase 
services to that area. The advantages of the proposed 
system include the ability to track the displaced and 
predict future displacement, especially in a country 
like Iraq that is politically and economically 
unstable. The integration of GIS and machine 
learning enhances the analysis of big data with very 
high accuracy. Early intervention in resolving the 
crises of the displaced enhances their improvement 
and safety and avoids the exacerbation of crises in 
the future and perhaps reduces crises in the future. 
 
6. FUTURE WORK 

There is a wide range of future ideas that 
can be considered, including expanding the scope of 
crises through GIS-SVM to other crises (economic 
or health) in different regions. And applied to 
internally displaced persons. Also, real-time data can 
be integrated to improve the response and collect 
data from several sources such as IoT devices and 
social media, in order to give the system more 
flexibility. A system can be built based on deep 
learning to detect crises and respond in real time to 
allow rapid intervention to solve crises. 
 
ACKNOWLEDGMENT 

We would like to express our gratitude to all 
those who supported this manuscript, as well as to 
our educational institutions, (Lebanese University 
doctoral school of science and technology), for their 
technical support. We are also grateful to the 
reviewers for their comprehensive evaluations and 
constructive suggestions, which in turn improved 
this manuscript. 
 
REFERENCES 
 

[1] Hassoun, M., "Educational Navigation Through 
Time and Space: Internally Displaced Persons 
(IDPs) in Iraq", In Education for Refugees and 
Forced (Im) Migrants Across Time and Context, 
2023, pp. 53-74, Emerald Publishing Limited. 

[2] Seidi, P. A. M., Jaff, D., Qudrat Abas, N., Chung, 
E. O., Wilson, M. W., Potter, H., & Palmquist, A. 
E., "Mental health status of internally displaced 
persons in the Garmian region of Kurdistan, Iraq: 
a cross-sectional survey", Medicine, Conflict and 
Survival, Vol. 39, 2023 , No. 2,pp. 117-131. 

[3] Ramadan, A., "Spatialising the refugee camp", 
Transactions of the Institute of British 
Geographers, Vol. 38, 2013 , No.1, pp. 65-77. 

[4] Hanses, H., "Environmentally induced 
displacement–international response and legal 
challenges", 2019, Doctoral dissertation, 
University of Essex. 

[5] Sarzin, Z. I., "Stocktaking of global forced 
displacement data", World Bank Policy Research 
Working Paper, 2017, pp. 7985. 

[6] Checchi, F., Stewart, B. T., Palmer, J. J., & 
Grundy, C., " Validity and feasibility of a satellite 
imagery-based method for rapid estimation of 
displaced populations", International journal of 
health geographics, Vol. 12, 2013, pp. 1-12. 

[7] Kekic, D., "Using GIS in emergency 
management", In Sinteza 2016-International 
Scientific Conference on ICT and E-Business 
Related Research, 2016, pp. 202-207, 
Singidunum University. 

[8] Tomaszewski, B., & MacEachren, A. M. , 
"Geovisual analytics to support crisis 
management: Information foraging for geo-
historical context", Information Visualization, 
Vol. 11, 2012 , No. 4, pp. 339-359. 

[9] Tomaszewski, B.," Geographic information 
systems (GIS) for disaster management" 
Routledge, 2020. 

[10] Yassen, A. O., "The prospects for durable 
solutions for Syrian refugees in the Kurdistan 
region of Iraq: A case study of Erbil governorate 
camps", Refugee Survey Quarterly, Vol. 38, 2019, 
No. 4,pp. 448-469. 

[11] Falih, M., Fadhil, A., Shakir, M., & Atiyah, B. 
T.," Exploring the potential of deep learning in 
smart grid: Addressing power load prediction and 
system fault diagnosis challenges", In AIP 
Conference Proceedings, Vol. 3092, 2024, No. 1, 
AIP Publishing. 

[12] Fadhil, A. M., Jalo, H. N., & Mohammad, O. F. ," 
Improved Security of a Deep Learning-Based 
Steganography System with Imperceptibility 
Preservation", International journal of electrical 
and computer engineering systems, Vol. 14, 2023 
, No. 1,pp. 73-81. 

[13] Abed, N. K., Shahzad, A., & Mohammedali, A. 
,"An improve service quality of mobile banking 
using deep learning method for customer 
satisfaction", In AIP Conference Proceedings 
,Vol. 2746, 2023,No. 1, AIP Publishing. 

[14] Li, W., Batty, M., & Goodchild, M. F., "Real-time 
GIS for smart cities", International Journal of 



 Journal of Theoretical and Applied Information Technology 
31st January 2025. Vol.103. No.2 

©   Little Lion Scientific  
 

ISSN: 1992-8645                                                                    www.jatit.org                                                     E-ISSN: 1817-3195 

 
505 

 

Geographical Information Science, Vol. 34, 2020 
, No.2, pp. 311-324. 

[15] FathiZahraei, M., Marthandan, G., Raman, M., & 
Asadi, A.,"Reducing risks in crisis management 
by GIS adoption", Natural Hazards, Vol. 76, 
2015, No.1, pp. 83-98. 

[16] Ahmadi Choukolaei, H., Jahangoshai Rezaee, M., 
Ghasemi, P., & Saberi, M., "Efficient crisis 
management by selection and analysis of relief 
centers in disaster integrating GIS and 
multicriteria decision methods: a case study of 
Tehran", Mathematical problems in engineering, 
Vol. 2021, 2021, No.1,pp. 5944828 

[17] Choukolaei, H. A., Mirani, S. E., Hejazi, M., & 
Ghasemi, P.,"A GIS-based crisis management 
using fuzzy cognitive mapping: PROMETHEE 
approach (a potential earthquake in Tehran)", Soft 
Computing, 2023, pp.1-22. 

[18] Saha, S.," Application of GIS in Agricultural 
Crisis Management", In Advancement of GI-
Science and Sustainable Agriculture: A Multi-
dimensional Approach, 2023, pp. 13-23, Cham: 
Springer Nature Switzerland. 

[19] Abid, S. K., Chan, S. W., Sulaiman, N., Bhatti, U., 
& Nazir, U., "Present and Future of Artificial 
Intelligence in Disaster Management", In 2023 
International Conference on Engineering 
Management of Communication and Technology 
(EMCTECH), 2023, pp. 1-7, IEEE. 

[20] Bari, L. F., Ahmed, I., Ahamed, R., Zihan, T. A., 
Sharmin, S., Pranto, A. H., & Islam, M. R. 
,"Potential use of artificial intelligence (AI) in 
disaster risk and emergency health management: 
a critical appraisal on environmental health", 
Environmental health insights, Vol. 17, 2023, pp. 
11786302231217808. 

[21] Alshareef, M. H., Aljahdali, B. M., Alghanmi, A. 
F., & Sulaimani, H. T., "Spatial Analysis and Risk 
Evaluation for Port Crisis Management Using 
Integrated Soft Computing and GIS-Based 
Models: A Case Study of Jazan Port, Saudi 
Arabia", Sustainability, Vol. 16, 2024, No.12, pp. 
5131. 

[22] Apriana, A., Al Ansory, A. R., Agustina, T., 
Amalia, I., & Refrizon, R.," Mapping Flood-
Prone Areas Using GIS Through as Geo-Artificial 
Intelligence (Geo-Ai) Approach in Bengkulu 
City", Journal of Technomaterial Physics, Vol. 6, 
2024 , No. 1, pp. 56-61. 

[23] Ghosh, A., & Bera, B., "Identification of potential 
dam sites for severe water crisis management in 
semi-arid fluoride contaminated region, India", 
Cleaner Water, Vol. 1, 2024, pp. 100011. 

[24] Rossi, L., Davis, R., Benton, G., Zeyneloglu, S., 
& Al‐Shami, S., "Iraqi IDP s Access to Durable 
Solutions: Results of Two Rounds of a 
Longitudinal Study", International Migration, 
Vol. 57, 2019, No. 2, pp. 48-64. 

[25] Al Shami, S., Davis, R., Donato, K., Rossi, L., & 
Ferris, E.," Access to Durable Solutions Among 
IDPs in Iraq: Three Years in Displacement", 
International Organization for Migration, 2019. 

[26] Ray, S., "A comparative analysis and testing of 
supervised machine learning algorithms", 
International Journal of Advanced Computer 
Science and Applications, Vol. 10, 2018, No. 12, 
pp. 1-8. 

[27] Mahesh, B.,"Machine learning algorithms-a 
review", International Journal of Science and 
Research (IJSR).[Internet], Vol. 9, 2020 , No. 1, 
pp. 381-386. 

[28] Tohidi, N., & Rustamov, R. B., "A review of the 
machine learning in gis for megacities 
application", Geographic Information Systems in 
Geospatial Intelligence, 2020, pp. 29-53. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 


