
Journal of Physics: Conference Series

PAPER • OPEN ACCESS

Integration Satellite Imagery with Fuzzy Logic for
Potential Change Detection in Land Use/Land
Cover
To cite this article: Intehaa Abdullah Mohammad AL-Juboury and Safa Ahmed Jabbar Al-Rubaye

2021 J. Phys.: Conf. Ser. 1804 012036

 

View the article online for updates and enhancements.

You may also like

Remote Sensing and Land Use
Management in Nigeria: a Review
M. O. Ajibola, A. O. Oluwunmi, C. O.
Iroham et al.

-

Evaluation Land Use Cover Changes Over
29 Years in Papua Province of Indonesia
Using Remote Sensing Data
Sri Murniani Angelina Letsoin, David
Herak and Ratna Chrismiari Purwestri

-

Using satellite data and machine learning
to study conflict-induced environmental
and socioeconomic destruction in data-
poor conflict areas: The case of the
Rakhine conflict
Thiri Shwesin Aung, Indra Overland,
Roman Vakulchuk et al.

-

This content was downloaded from IP address 37.239.67.38 on 28/09/2022 at 16:39

https://doi.org/10.1088/1742-6596/1804/1/012036
https://iopscience.iop.org/article/10.1088/1755-1315/655/1/012084
https://iopscience.iop.org/article/10.1088/1755-1315/655/1/012084
https://iopscience.iop.org/article/10.1088/1755-1315/1034/1/012013
https://iopscience.iop.org/article/10.1088/1755-1315/1034/1/012013
https://iopscience.iop.org/article/10.1088/1755-1315/1034/1/012013
https://iopscience.iop.org/article/10.1088/2515-7620/abedd9
https://iopscience.iop.org/article/10.1088/2515-7620/abedd9
https://iopscience.iop.org/article/10.1088/2515-7620/abedd9
https://iopscience.iop.org/article/10.1088/2515-7620/abedd9
https://iopscience.iop.org/article/10.1088/2515-7620/abedd9
https://googleads.g.doubleclick.net/pcs/click?xai=AKAOjsvext7SiuiHvctdTWMAbSixvKNSuY95TlnCobmGoWQrD8-xMHc1Aq6FhNwRY9WXf8QT5Pb5IY85ZxG5gdTG0iKDRxcFCu_rgBfJh_q2FAyEbtSFhH3TrtvmgVZiwMHe6opM5aDfgjPu_i4EsIJDB9giv1j_MhJ2WYTNqv18UUDfMlnHB8mJP9ZoRjTWyFCmOmN6z1IJ5JLOmb9nfDL8zxTRwBQLGwPRKRo-IdYFxuConOdjv44nW9oUAbZa6DrwNuF8qxXwSCwfOLRWzO-0wduu0A5foKMtYpY5j4ojCEp0wA&sai=AMfl-YT_DOWCEnMA0pSssq9WsugXZKo46p-qxptzmlMIrtnGf6lQze2alrHWVsCM0ANO7kWtTiZlGZLkWdA_xJQ82Q&sig=Cg0ArKJSzHvtiFD_5fgV&fbs_aeid=[gw_fbsaeid]&adurl=https://community.electrochem.org/eWeb/DynamicPage.aspx%3Fwebcode%3DEventInfo%26Reg_evt_key%3Dcdc97533-dd9f-4411-a7c2-faa5b85a1388%26utm_source%3DIOP%26utm_medium%3DADV%26utm_campaign%3D242Reg


Content from this work may be used under the terms of the Creative Commons Attribution 3.0 licence. Any further distribution

of this work must maintain attribution to the author(s) and the title of the work, journal citation and DOI.

Published under licence by IOP Publishing Ltd

ICMAICT 2020
Journal of Physics: Conference Series 1804 (2021) 012036

IOP Publishing
doi:10.1088/1742-6596/1804/1/012036

1

Integration Satellite Imagery with Fuzzy Logic for Potential 

Change Detection in Land Use/Land Cover 

Dr. Intehaa Abdullah Mohammad AL-Juboury, Safa Ahmed Jabbar Al-Rubaye 

College of Education for Pure Science, University of Babylon, Iraq.  

drphysics990@gmail.com  

Abstract. Considered survey systems for monitoring the earth's surface of the techniques basic 

and developed for all countries because of their great importance in collecting and providing data 

and information required as engineering science and research applications can be an important 

database for many of the establishments. Remote sensing and fuzzy logic are employed to design 

systems for the survey, monitoring, and changes detect that have occurred in the study area in 

2020. The studied area is in Baghdad and its extensions, with an area equivalent to approximately 

2776.7628 km2. This paper consists of two parts; the first part when the remote sensing classified 

the study area in unsupervised methods to detect the ratios of components the land use and land 

cover via divide it into four parameters (vegetation, urban, empty area, and water). As for the 

second part of the study, the change's detection results are the inputs of the fuzzy logic system. 

The four inputs were processed using hypothetical probabilities of the FL system. The results 

were reasonable and could be considered useful for predicting the future of the four parameters 

(vegetation, urban, empty area, and water) of the study area in the coming years. 

Keywords. Remote Sensing, Fuzzy Logic, Satellite Image, Change Detection, Monitoring, Land 

Use, Land Cover.   

1.  Introduction  

Change detection is the process of identifying the differences or phenomena of a given region at a 

particular time [1]. The detection of subtle changes in the characteristics of the Earth's surface provides 

a basis for better understanding of the relationships and interactions between natural and human 

phenomena for better resource management and use [2]. The important advantages of acquiring 

repetitive data, [3] its synoptic view, and digital format suitable for computer processing, have made 

space data sources of key data for various applications of detection of change over the past decades [4]. 

In general, change detection involves the application of sets of data to analyse the temporal effects of 

the phenomenon of interest [5]. Change detection research should provide the following information: 

the spatial distribution of changed types, change trajectories of land- cover types, accuracy assessment 

of change detection results and area change and rate of change [6]. The use of fuzzy logic gives these 

types of projects support to confirm the validity of the results that may occur soon [7]. The combination 

of fuzzy logic and satellite engineering has effectively served many institutions to set up major projects 

in change detecting [8]. 

 

2.   Data sources and methods 
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2.1.  Study area   

The studied area is in middle Iraq (Baghdad area and its extensions) between Longitudes 44°8' 24.04" 

E to 44° 42' 32.21" E and Latitudes 33° 3' 41.32" N to 33° 32' 3.38" N, within area approximately equal 

2776.7628 km2 as shown in (Figure 1). Identified in UTM coordinates (Universal Transverse Mercator), 

Zone 38 North, and georeferenced in the WGS84 system, were used. The studied area is located on 

either side of the Tigris River. 

 
Figure 1. Satellite image of the study area. 

2.2.  Analysis of Change detection remote sensing technology  

Change detection was applied to study the changes resulting from the construction of residential areas 

and urban growth, [9] and the effects of natural disasters such as floods, forest fires, pastures and the 

effects of insect outbreaks upon forest cover [10]. Specially designed algorithms have been applied to 

detect meaningful changes, after analyzing space scene and its classification obtained the following 

results as in (Figures 2). 
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Figure 2. GIS Percentages extracted for the four parameters. 

The inputs (crisp) were vegetation, empty areas, urban and water, depending on the percentage of 

space obtained from the change detection. Where the proportion of vegetation is 38.67 %, the proportion 

of urban is 38.28%, the proportion of empty areas is 14.25%, and the proportion of water is 8.78%. The 

outputs (crisp) of the fuzzy logic system was the total area of change of Km2 in the study area for each 

of the four parameters. 
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3.  Design of fuzzy logic (FL) structure  

3.1.  Fuzzification  

Process of changing a crisp (real scalar) value into its corresponding fuzzy value. After introducing 

values of crisp value and depending on membership, functions will get fuzzy values.   

3.2.  Rule base  

The rule base is designed according to the four approved parameters; the ratios were classified according 

to the table below: 

Table 1. Classification of the suggested ratios of the four parameters in FL system. 

0-10 % 11-20 % 21-30 

% 

31-40 % 

Low Medium High Very High 

It has also been used Mamdani-Fuzzy Inference System (FIS) which expects the output membership 

functions to be fuzzy sets.  

 

Figure 3. Fuzzy classification for the considered land cover classes of vegetation, urban, empty area 

and water. 

3.3.  Defuzzification  

The input for the defuzzification process is a fuzzy set (the aggregate output fuzzy set), and the output 

is a single crisp number. The centroid defuzzification method was adopted in the design of the FL 

system. The FL structure consists of the parts shown in the (Figure 4) below:  
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Figure 4. Block diagram of FL system structure. 

4.  Performance of FL system  

The FL structure is designed and add input four parameter (vegetation, empty areas, urban and water) 

and select centroid from defuzzification. Add membership function for each input (FIS variables) and 

select type triangle and the select number of FMs equal 4, select range from 0 to 40 and naming the four 

triangles (Low, medium, High, Very High) (Figure 5), thus for the empty area, urban and water in 

sequence. Consider the direct default division of the triangle rule to be adopted. Membership function 

has the following [11]:  

 

    

 

(1)  

 

 

Add membership function for output variable (Area Km2) and select type trapezoidal and the select 

number of FMs equal 4, select range from 0 to 100 and naming the four trapezoidal (Low, medium, 

High, Very High). The upper trapezoidal base was considered half its bottom base, as in (Figure 6). 

And the membership function has the following form:  
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Figure 5. Membership function editor for input. Figure 6. Membership function editor for ouput. 

5.  Results and discussion on the performance of FL system  

The performance of the FL system depends on system design, system input, processing during system 

operation and system output. The system inputs were four values (vegetation, empty areas, urban and 

water) and the FL system was designed regularly used Mamdani-Fuzzy Inference System (FIS). The 

centroid defuzzification method was adopted in the design of the FL system. The percentages for 2020 

are real percentages obtained through the project, but the real proportions of the coming years cannot be 

predicted to compare with the 2020 percentages. Therefore, the concept of fuzzy logic has been used. 

Certain probability assumptions have been imposed for hypothetical percentages as water is the most 

variable element annually in most countries of the world, including the study area because of rainfall 

and floods, so changing the percentage of water area will play a major role in changing the percentages 

of the areas for the other three elements as in below see (Table 2). 

 

 

 

 

 

 

1- If (Vegetation is Low) and (Empty_Area is High) and (Urban is High) and (Water is 

Low) then (Area_ Km2 is Medium). 
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Figure 7. Rule viewer and surface viewer FL system (Area is Medium). 

2- If (Vegetation is Medium) and (Empty_Area is Medium) and (Urban is Medium) and 

(Water is Medium) then (Area_ Km2 is Medium) 

 

 

 

 

 

 

 

 

 

Figure 8. Rule viewer and surface viewer FL system (Area is Medium). 

3- If (Vegetation is High) and (Empty_Area is Medium) and (Urban is Medium) and 

(Water is High) then (Area_ Km2 is High). 

 

 

 

 

 

  

 

Figure 9. Rule viewer and surface viewer FL system (Area is High). 
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4- If (Vegetation is Very High) and (Empty_Area is Low) and (Urban is Low) and (Water 

is Very High) then (Area_ Km2 is Very High).  

 

  

 

  

 

 

 

 

 

 

 
Figure 10. Rule viewer and surface viewer FL system (Area is Very High). 

6.  Discussion on comparison with other FL structure   

 When compared with other FL structure, let it be the method used in the source article, we find the main 

object from the search is flooded mapping for study area by using fuzzy logic, when classed Image 

directly, for results concerning three elements are backscatter value, clutter size, and local slope values. 

Where proposed an SBA algorithm to perform a robust tile selection process, the final rating is then 

improved by merging the pixel backscatter value cluster size and local slope into a fuzzy logic-based 

post-grouping structure. While this paper was based on the detection of changes that occurred in 2020 

in the study area via satellite images, based on four elements are vegetation, empty areas, urban and 

water. Using special algorithms (image differencing technique), the final results were obtained. These 

results were then exported to the fuzzy logic, where these four ratios represent inputs to the FL system, 

consider that values (low, medium, high and very high) are the ones that control the output values of the 

FL system, the results of the fuzzy logic is detailed in the context of the paper. 

7.  Conclusions  

1. The change detection using image differencing is an efficient method to detect changes in 

ground cover and to determine the total area of these changes during different times. 

2. The ability to monitor very large areas without complying.  

3. The use of fuzzy logic in the project analyzed all possible possibilities, so the results were very 

close to reality. 

4. Getting very accurate information. 

5. Select and identify any study freely and fully area. 

6. Get results by much less effort than the classical methods. 

7. Low cost compared to other means. 

8. The integration of the use of fuzzy logic with the spatial images of the study area gave a broader 

view of the results.  

Acknowledgments 

The authors are wishing to express their gratitude and appreciation to those who have contributed and 

facilitated towards the success of this paper, and more particularly to sponsors searchers of the 

University of Babylon for the facilities provided to carry out the search work. 

 



ICMAICT 2020
Journal of Physics: Conference Series 1804 (2021) 012036

IOP Publishing
doi:10.1088/1742-6596/1804/1/012036

9

 

 

 

 

 

 

References 
 

[1] Shiming Xiang, Bo Tang. Kernel-Based Edge-Preserving Methods for Abrupt Change Detection. 

IEEE, Journal Article, Volume: 27, 2020. 

[2] Jingxian Yu, Yalan Liu, Yuhuan Ren, Haojie Ma, Dacheng Wang, Yafei Jing, Linjun Yu. 

Application Study on Double-Constrained Change Detection for Land Use/Land Cover Based 

on GF-6 WFV Imageries. MDPI, Journal Article, 2020. 

[3] Jeberson Retna Raj, Senduru Srinivasulu. Change Detection of Images Based on Multivariate 

Alteration Detection Method. IEEE, Conference Paper, 6th International Conference on 

Advanced Computing and Communication Systems (ICACCS), 2020. 

[4] Anais Pepey, Marc Souris, Amélie Vantaux, Serge Morand, Dysoley Lek, Ivo Mueller, Benoit 

Witkowski, Vincent Herbreteau. Studying Land Cover Changes in a Malaria Endemic 

Cambodian District: Considerations and Constraints. MDPI, Journal Article, 2020. 

[5] Yu Chen, Zutao Ming, Massimo Menenti. Change Detection Algorithm for Multi-Temporal 

Remote Sensing Images Based on Adaptive Parameter Estimation. IEEE, Journal Article, 

Volume: 8, 2020. 

[6] Sandeep Kumar Yedla, V.M. Manikandan, V. Panchami. Real-time Scene Change Detection with 

Object Detection for Automated Stock Verification. IEEE, Conference Paper, Coimbatore, 

India, India, 2020. 

[7] Yong Yang, Hangyuan Lu, Shuying Huang, Wei Tu. Remote Sensing Image Fusion Based on 

Fuzzy Logic and Salience Measure. IEEE, Early Access Article, 2019. 

[8] Meysam Gheisarnejad, Behnam Faraji, Zahra Esfahani, Mohammad-Hassan Khooban. A Close 

Loop Multi-Area Brain Stimulation Control for Parkinson’s Patients Rehabilitation. IEEE, 

Journal Article, Volume: 20, 2020. 

[9] Amanda Ziemann, Travis Pitts. Exploring feature augmentation as a method for improving 

panchromatic remote sensing change detection. IEEE Southwest Symposium on Image 

Analysis and Interpretation (SSIAI), Conference Paper, 2020. 

[10] Yanwen Chong, Xiaoshu Chen, Shaoming Pan. Context Union Edge Network for Semantic 

Segmentation of Small-Scale Objects in Very High Resolution Remote Sensing Images. IEEE 

Geoscience and Remote Sensing Letters, Early Access Article, 2020. 

[11] Chun Ai, Lijun Jia, Mei Hong, Chao Zhang. Short-Term Road Speed Forecasting Based on 

Hybrid RBF Neural Network with the Aid of Fuzzy System-Based Techniques in Urban 

Traffic Flow. IEEE Access, Journal Article, Volume: 8, 2020.  
 

  

 


