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ABSTRACT: Slums are a global urban challenge, particularly in big cities in most developing countries where they are 

growing faster than governments control. However, detection of slums is a big challenge for such countries due to fast 

growing there and difficulty of field survey. To address this challenge, this study uses a novel method to detect slums from 

very high-resolution (VHR) satellite images using machine learning algorithms and roads network derived from 

OpenStreetMap. This method has been applied to Fustat Area in the center of Cairo, Egypt where slums highly exist. The 

result of this study has detected eight slums with areas that ranged from 2.4 ha to 28.3 ha. The accuracy of the result has 

been verified by the kappa index which showed a high accuracy of 0.93. The results of this study are important for planners 

and decision makers to help them in developing such areas. 
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1. INTRODUCTION  

During recent decades, slums have been emerged within 

and around big cities, particularly in developing countries 

[1,2]. Consequently, numerous problems have occurred 

due to the fast growing of such areas [3,4]. Hofmann et 

al. [5] argue that every day a new house established in a 

slum faster than government monitoring. Salem et al. 

argue that during the unusual circumstances the rate of 

slums growth is increasing incredibly, for instance, in 

Egypt, during the Egyptian civic revolution in 2011 the 

rate of slums growth has increased three times [6].Thus, 

the detection of slums became a major concern and 

challenge for authorities of many developing countries. 

According to the United Nations, 900 million people live 

in slums and this number expected to grow up to three 

billion by 2050 if more effective measures are not put in 

place to manage slum populations [7].  

In general, the slum is an area of a city usually heavily 

populated characterized by poverty, poor housing 

conditions and incomplete infrastructure [8]. Slum 

houses vary from shanty houses to professionally built 

dwellings without plans or regulation. However, the 

roads network generally is very poor and most of the 

roads are narrow with dead-ended [9]. 

Detection of slums is considered an important issue 

where it assists in producing global statistics on slums in 

support of Sustainable Development Goals (SDGs), 

particularly Goal 1: No poverty, Goal 6: Clean Water and 

Sanitation and Goal 11: Sustainable Cities and 

Communities [10–12]. During the last decades, detection 

of slums is done through field survey which takes an 

extensive amount of effort, time and money [13]. 

Recently, remote sensing techniques based on satellite 

images have been used to detect slums and have proved 

a significant success [14–17]. In addition, these 

techniques overcome the limitations of field survey-

based data collection methods, which are often 

interrupted by access difficulty (e.g., the objection of 

local residents, the limited availability of staff, and 

unsafe areas [14]. 

Satellite images are powerful and cost-effective source 

for detecting the temporal and spatial dynamics in cities. 

The density and rapid availability of satellite images help 

to monitor the land surface in unprecedented detail and 

increasingly in near real-time. However, using low-

resolution satellite images in remote sensing techniques 

is hardly capture the characteristics of slums [13] where 

the building extraction is difficult to implement in the 

very high-density area [14], and the narrow roads are 

disappearing [2]. Therefore, this study depends on VHR 

satellite images which provide the required spatial 

accuracy to classify and mapping slums [14,18].  

The emergence of VHR satellite images has led to the 

development of used techniques in analyzing its big data, 

most notably is machine learning [19]. Machine learning 

(ML) is the fastest-growing trend in big data analysis. 

ML allows computational models that are composed of 

multiple processing layers to learn representations of data 

with multiple levels of abstraction. Very recently, a few 

researchers started to use ML techniques in detection and 

monitoring of slums and have achieved significant 

success [16,19,20]. Hence, ML can be considered the 

state of the art for detection and monitoring of slums due 

to its ability to generate accurate and realistic results from 

satellite images [16]. ML algorithms have the highest 

reported accuracies and allow working with large 

indicator sets in a computationally efficient manner [5]. 

This study uses a novel method to detect and monitor 

slums from very high-resolution (VHR) satellite imagery 

using Machine learning (ML) algorithms and roads 

network derived from OpenStreetMap. This method can 

be used to identify and map slums at any of its stages 

whether in the beginning or growing or densification 

stage. In addition, to monitor the growth of different parts 

of the city that are likely to be transformed into slums in 

the future. VHR satellite images will provide the required 
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data (Big Data) for the study area through analyzing it 

using remote sensing techniques.  

It is noticeable to mention that slum areas consist of high 

diversity in terms of morphological characteristics across 

the globe where the characteristics of slums can vary 

from one location to the other. So, professional expertise 

is necessary to define suitable rules for the designed 

algorithm based on morphological characteristics for 

each case study [19]. 

Cairo is the capital of Egypt and the biggest city in the 

Middle East and North Africa [21]. Due to rapid growth 

of population and lack of formal housing, the slums have 

spread in the city [22]. Despite the accelerated growth of 

slums, the government of Egypt adopted the policy of 

negligence toward them [23]. As results, the information 

about these slums became unavailable or inadequate, 

particularly their locations and area. Thus, this study 

seeks to detect the slums in the center of Cairo which 

known as Fustat area depending on the derived 

information from VHR satellite images and 

OpenStreetMap using ML algorithms. 

 

2. MATERIALS AND METHOD 

2.1 Study Area 

The study area is Fustat area which is located in the center 

of Cairo with a total area of approximately 17,000 

hectares and total population amounted to approximately 

700 thousand inhabitants [24]. The study area includes a 

variety of both planned areas and unplanned areas. Fig. 1 

shows the location of study area in Cairo. 

 

Fig. 1. Study area in the central of Cairo, Egypt 

2.2 Data 

The data used in this study are, two VHR satellite images; 

QuickBird-2 satellite image (Three bands) 1-meter 

resolution per pixel, and KOMPSAT-3 satellite image 

(four bands) 70-centimeter resolution per pixel. In 

addition, a shapefile of roads network was derived from 

OpenStreetMap (OSM). Error! Reference source not 

found. shows the details of dataset types and sources. 

Table 1. Dataset types and sources 

 

Dataset Source Res. Date 
QuickBird-2 Digital Globe 1 m May 2006 

KOMPSAT-3 LANDINFO 70 cm Jun 2019 

Roads Network OpenStreetMap - Oct 2019 

 

2.3 METHOD   

2.3.1 Defining morphological characteristics of slums 

Previous studies related to slums have highlighted a set 

of morphological characteristics which are very common 

to exist in slums [25]. UN- Habitat has reported that most 

of buildings in slums have poor construction materials 

[26]. Wurm et al  [8] argued that roads network in slums 

are organic and has irregular arrangements. Devyani et 

al.  [27] mentioned that most of buildings in slums are 

less than 3 floors due to poor construction materials. 

Verma et al. [28] reported that slums in developing 

countries have high density and are often hazardously 

exposed areas . 

During the last decades many attempts from experts to 

delineate the slums from the maps based on their 

expertise [29,30]. However, it became difficult to 

recognize it in the metropolitan cities [25]. Machine 

learning can do that easily by programming a model 

includes all required information (all slums 

characteristics) [27]. 

 

2.3.2 Image Processing 

This study uses object-based image analysis (OBIA) 

technique for land use land cover (LULC) information 

extraction from a very high-resolution satellite image. 

The study used a neighbour classification (NN 

Cairo 

 
Study area 

Samples of slums in the study area 
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classification) technique in ECognition software because 

it has the advantage of using multiresolution 

segmentation in combination with supervised 

classification [20,31]. 

2.3.3 Extracting roads from OpenStreetMap 

OpenStreetMap (OSM) is considered the most popular 

Volunteered Geographic Information (VGI) project 

which received large attention from GIS community [2]. 

OSM produces free vector geographic databases for 

roads network based on field surveys. In this study, we 

extracted roads network in study area form OSM 

database to conduct the related analysis of roads 

characteristics in slums.  

2.3.4 Detection of slums in the study area 

Based on the characteristics of slums which extracted 

from the literature review, the study has built the model 

of detection of slums in the study area as follows: 

1. From VHR satellite images and using object-based 

image analysis (OBIA) technique, the study detected the 

land use and land cover (LULC) in the study area. Then, 

the study extracted buildings from the previous map of 

LULC. According to characteristics drawn from the 

literature review and professional expertise. Most of the 

buildings in slums in Cairo have irregular shapes and 

their area less than 100 m2. We used ML algorithms to 

highlight all buildings falling under such rules. 

2. From OSM, the study extracted roads network in the 

study area. Then, we focused on local roads which less 

than 8 meters wide. We used ML algorithms to classify 

local roads with dead-end and random roads which 

lacked hierarchy. 

3. We used ML algorithms for overlapping the previous 

selections to detect the slums zones which falling under 

such rules. Some errors have occurred during the analysis. 

So, we changed the parameters of these rules many times 

until we got the best results. 

 4. We verified the results of this model by checking a set 

of objects randomly in Google earth software and 

conducting a field survey in the study area.   

5. We have drawn the slums map. Fig. 2 shows the 

methodology of study.
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 Fig. 2. The Methodology of study 

3. RESULTS AND DISCUSION 

 

3.1 Segmentation Stage 

Multi resolution segmentation algorithm was used in 

eCognition software at segmentation stage.  Fig. 3. shows 

image segmentation of part of the study area. 

Fig. 3. Image segmentation of part of the study area 

 

3.2 Supervised classification 

 A supervised classification technique was conducted for 

the image classification process using 100 training sites 

in each class to represent five land use land cover 

(LULC) types: buildings, cemeteries, vacant, green area 

and water. Then, 10 random points were selected from 

each class and compared digitally with the corresponding 

objects of the original images in Google Earth as 

reference data. Fig. 4. shows the results of the 

classification. 

 

 
Fig. 4 Results of classification in the part of study area 

 

The total accuracy was estimated by producing an error 

classification matrix for each class. The Kappa index was 

applied to compute the accuracy, which showed accuracy 

rates of 0.89 and 0.93 for 2006 and 2019, respectively. 

 

3.1 Extract roads of study area from OpenStreetMap 

Roads network of study area has been extracted from 

OpenStreetMap to apply the designed rules, as shown in 

fig 5. 

 
Fig. 5 Roads network of study area 

 

3.2 Detection of slums in Fustat area 

Based on the methodology early mentioned, we have 

detected 8 slums in the study area that comply with the 

designed model. The area of such slums ranges from 2.4 

ha to 28.3 ha with a total area of 105.3 ha, as shown in 

fig. 6. 

 

 
Fig. 6 The detected slums in the study area 

 

This result is compatible with the outcome of the study 

of the informal area by Informal Settlements 

Development Fund (ISDF) in Egypt which defined 6 

areas of the 8 detected area as unsafe slums in Cairo [32]. 

In addition, the results showed over than 80% of 

matching with results of Sims [33], GTZ [22], Shawn 

[34] and Kenawy [35] who depended mainly on field 

survey in their studies, which prove the high accuracy of 

our results in this study. 

The used methodology in this study can be developed to 

monitor the growth of slums through detecting the slums 

in different years and monitor the change of the area in 

each slum. 

 

3.3 Limitation 

Although the results of the detection of slums from VHR 

satellite images were largely precise, there is some 

limitation to apply the same method in other areas. For 

No. Area (ha)

1 28.3

2 2.4

3 13.2

4 6.5

5 11.9

6 4.6

7 13.8

8 24.6

Total 105.3
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instance, there is a shortage of spatial and temporal 

coverage by VHR imagery across the globe[36]. There 

developing countries in Asia and Africa and South 

America that have no availability VHR satellite images 

such as Congo, Afghanistan, and Ecuador [14]. 

The number of extracted buildings in the case study 

(Fustat area) reached to more than 63,000 building which 

generated big data during the analysis. This big data took 

a long time during the analysis and applying the models. 

This issue can represent a big challenge if the study 

extended to the whole city of Cairo or applied to any 

other metropolitan city. 

 

4. CONCLUSION  

This study has used data driven from VHR satellite 

images and OSM to detect slums in the Fustat area in the 

center of Cairo. First, the study has extracted the 

characteristics of slums from the literature review and 

previous studies. Then, the study used the extracted 

characteristics to build the methodology of detection. ML 

algorithms have been used to recognize the defined 

characteristics of slums from the satellite images and 

OSM. Consequently, the study detected 8 slums in the 

study area that area ranged from 2.4 ha to 28.3 ha. 

Moreover, the methodology of this study can be 

developed to monitor the growth of slums.  
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