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ʳلاصة ال  

  

         ɦƅا ʧʽب Ŷʺʳś ةʛؔʱʰƈ لʨƆţ ʧŷ ʘʴॼƅا ȑورʛʹƅا ʧƈ Ţॼة، أصʙايʜʱƈ řॽʯʽت بŕǽʙʴś ƌŠاʨي ʦƅ  Ɠž تŕॽʻƂ  

ǽŕʺţو řʲيʙʴƅاř  ś .řʯʽʰƅا ʛƎʤ    ،فʙƎƅا اʚƍ ȘʽƂʴś Ɠž ʦƎʶś Ɠʱƅالأدوات ا ʦƍأ ʙţōؗ řƈاʙʱʶʺƅت اŕॽʳƈʛʰƅا řسʙʻƍ

ȈʽƆƂś اسƎʱلاك اʨʺƅارد،   Ÿʶś ʘʽţى إƅى ʛȄʨʢś أřʺʤƊ بʛś řॽʳƈʛاŕॼƈ Ɠŷدȏ اŕſؔƅءة والاسʙʱاŦ ʧƈ ،řƈلال 

h̔   سʖʽƅŕ الا  ʠſŦʅॽʲؔ اŕŝŕŸॼƊت اʨȃʛؔƅن، وśو  ƅاʯ  ،تŕॽʳƈʛʰƅأداء ا ʧʽʶʴś ىƅإ ȌƂž فʙƎś لا ƓƎž .řƅوʕʶʺƅا řॽ

 ًŕȞȄʛش ŕƎƆŸʳǽ ŕʺƈ ،ȈȞؗ ŕॽŠʨƅʨʻؔ ƅɦا řŷŕʻʸƅ Ɠʯʽʰƅا ʛŝالأ ȈʽƆƂś Ȉʺʷʱƅ ʙʱʺś Ȉب   ًŕॽʶॽرئ  ƅا řƎŠاʨƈ Ɠž ʖŷŕʸ  

ʰƅاʽॽʯř  ॽʺƅŕŸƅاř  ؗغʱ ̔ خ وŕʻʺƅا ʛʽ ذŕſƊ  ॽɻॽʰʢƅارد اʨʺƅاȘȄʛʡ ʧŷ ř    تŕرسŕʺƈ دŕʺʱŷا řʺƎƈ    Ȉʽغʷśو ʦॽʺʸś Ɠž řʯʽʰƆƅ

ȈʰƂʱʶ رŕʺؗ ƓʺƁ اŕॽʳƈʛʰƅت،  . سʙʱاȈʹžřƈ اأ ʨȞǽن   ʙʻƎƅ ʧȞʺǽسř اŕॽʳƈʛʰƅت اʙʱʶʺƅاřƈ أن Ɠž ʦƎʶś بŕʻء 

ʨارد  ـوʛƈاʛʺʱʶƈ řॼʀة ŕʺʹƅن اسʙʱاřƈ اƅʺ  دʽƆʴś   ًŕƂॽʀلاً   ŕʱʴجاś Ɠʱƅو   ʺřʺƎاʨƈ  ƅرʧƈ الا  ॽʯʽʰřـاŕॼƆƂ  ƅت ʙŸś اʱƅو        

ʢƅيـاŕʺţو řॽɻॽʰـ  řʢʷƊالأ ʧƈ ŕƎʱʰƅـاřȄʛʷ    .ةʛƈʙʺƅق  و اŕॽʶƅا اʚƍ Ɠž  řƈاʙʱʶʺƅت اŕॽʳƈʛʰƅا řسʙʻƍ مʨƆŷ ʦƍŕʶś

ʺŕʳلات ʜʳśئʸǼ Ɠŷŕʻ  řاŕؗʚƅء اŕŦƅصř  و ،  řاॽʯʽʰƅ   ت ʙƁ ʧʽʶʴʱرات اʽƆʴʱƅلاƅ  اʨʸ  ʛʰƄرة Ǽ    صƓŷŕʻʢواŕؗʚƅء الا

 ॽʯʽʰƅر اʨʸƅاř    اجʛʵʱت  اواسŕƈʨƆŸʺƅت  اŕॽʻƂś ىƆŷ ʙʺʱŸś ةʛؔʱʰƈ أداة ʛȄʨʢś ىƅإ řراسʙƅه اʚƍ فʙƎś .ŕƎʻƈ řʺƎʺƅ

  řॽɺŕʻʸƅا الأŕʺƁر  ȈʽƆʴʱ صʨر   ȘʽʺŸƅا  ʦƆŸʱƅاřƈاʙʱالاس ʙʰƈأ   ȘʽƂʴʱ  ب  ƓʱʽƈارزʨŦ ʧʽʳƎʱ  U-Net   Ŷƈ 

ResNet50   . ّʦś   ʛʹʵƅا  řʳƈʛʰƅا Ŧلال   ʧƈ  řƈاʙʱʶƈ ʨƆţل   ʦǽʙƂśو اʨʺʻƅذج  أداء   ʧʽʶʴś Ɔŷى   ʜʽ ʛؗʱƅء  اا

řʳƈʛʰو  اʨʺƅارد اřſॽʤʻƅ    ا Ɠž اسʱغلال  ŕſؗءة  أƆŷى ŕȄʨʱʶƈت  إƅى  ʨƆƅ    .ŕॽŠʨƅʨʻؔʱƆƅصʨل   Ɠʯʽʰƅا  ʛŝالأ  ȈʽƆƂśو

Ɠʯʽ  ب اŕʱʻƅئş اŕʻʱś.ř    ʦƍŕʶś Ɠʱƅول ʚƍه اʛƅسʦॽʺʸś řƅŕ الأداة، ʛʡق اʳƅŕŸʺƅو  ʜȄʜŸʱȘȄʛʡ ʧŷ    ʅॽʣʨś اʘʴॼƅ ا

 .ʙʻƍƅʸƓŷŕʻسř اŕॽʳƈʛʰƅت اʙʱʶʺƅاřƈ واŕؗʚƅء ا

اřţʛʱƂʺƅأʛƎʣت         Sustainability Tool for Green Areas in    (SustainGreen Iraq)الأداة 

Iraq   ʴś  Ɠž ʛʽʰؗة   řॽƅŕŸžـ ɦسŕǼ  řॽʯʽʰƅا اʱƅغʛʽات   ȈʽƆام  ـʙʵ ءŕؗʚƅوا  řƈاʙʱʶʺƅا اŕॽʳƈʛʰƅت   řسʙʻƍ  ȏدŕॼƈ

Ɠŷŕʻʢالاص،   ّʦś    řȞॼر شŕॽʱŦا ResNet50   řȞॼش Ŷƈ ŕƎʻʽʳƎʱƅU-Net   اراتʙى إصƆŷ راتŕॼʱ    ʙŸǼ إʛŠاء ا

ResNet  ȐʛŦالأ ResNet18)   ،ResNet34  ، , (ResNet101, ResNet152 ś  ʘʽţ تʜʽʺ 

ResNet50     ،řॽبŕʶʴƅءة اŕſؔƅالأداء وا ʧʽب řॽƅŕʲ  řƊازʨʺǼ  اذ  řƂॽʀʙ Ɔŷ ȑʨʱʴśى ŕؗ Șʺŷفٍ لاسʛʵʱاج اʜʽʺƅات ا

 ʛʽʰؗ řॽبŕʶţ اردʨƈ ىƅإ řŠŕʴƅأو ا ʅॽؔʱƅا Ɠž ȋاʛžالإ řƆȞʷʺƅ ضʛŸʱƅر دون اʨʸƅا ʧƈƓž لŕʴƅا ʨƍ ŕʺؗ ة 



ResNet101 وResNet152  تʛƎʣأ  ،ʥƅذ إƅى   řžŕŲلإŕǼ ResNet50  ًŕƁʨſś    řƊرŕƂƈ  şئŕʱ ا  řƁد  Ɠž

Ȉʲƈ ȐʛŦارات الأʙلإصŕǼ ResNet18   وResNet34Ŷƈ ŕƎʳƈʙƅ Ȉʲƈالأ ŕƎƆŸʳǽ ŕʺƈ ، U-Net   Ɠž اŕॽʵƅر 

  .řॽɺŕʻʸƅر اŕʺƁر الأʨص Ȉʲ Ɔŷ ResNet50   ȈʽƆى ذʦƍŕʶǽ ،ʥƅ اسʙʵʱام  ŷلاوةً و ŕƂॽʰʢśت ʦॽʶƂś اʨʸƅر   Ɠž

řʲيʙʴƅث اŕʴǼالأ Ɠž ʦƎƈ ʖƊŕŠ ʨƍو ،řॽʯʽب řƈاʙʱاس ȘʽƂʴśو řƁŕʢƅلاك اƎʱاس.  

       ʗƈʙƁResNet50 ʧʽʳƎƅذج اʨʺʻƅا ʛʰŷ řॽɺŕʻʸƅر اŕʺƁر الأʨص řئʜʳś Ɠž ةʙŷوا şئŕʱƊ   حʛʱƂʺƅا U-

Net with ResNet50 Backbone    امʙʵʱاس Ɔŷى  Ŧ ʧƈلال   ʙايʜʱƅا  řॽƆʺŷ  řŷʨʺʳ  ʧƈ تŕƊŕॽʰƅء  اŕʻŝأ

ŕƊŕॽʰت  ʦś ،ʖʽƆƂّ ـȈʲƈ اʙʱƅوʛȄ، واʧƈ řſƆʱʵƈ řŷʨʺʳƈ Șʽʰʢś.  ʱƅ أسřʳƅŕŸƈ ʖʽƅŕ ا ŕƊŕॽʰت    ʛʽʰؔ، وا ʨʻś ʜȄʜŸśع ا

 ّƈ َس ŕʺʱƅا Ɠž ذجʨʺʻƅأداء ا ʧʽʶʴś Ɠž ʙŷŕـƅا Ŷƈ ȈƈŕŸـ  .řॽʯʽʰƅر اʨʸƅا Ɠž řſƆʱʵʺƅت اŕʻيŕॼʱȐا وأدʚƍ    ذجʨʺʻƅا

 ًŕॽƅŕŷ ًت  أداءاŕॽبŕʳǽالإ  ȈʽƆƂś Ŷƈ ȘʽƁد ȈȞʷǼ řॽʁॽʁʴƅا řॽبŕʳǽلات الإŕʴ ʙƁرƆŷ ƌśى اȋŕƂʱƅ ا إƅى   ʛʽʷǽ ŕʺƈ ،

řǼذŕؔ ŕʺƄ أʛƎʣت اŕʱʻƅئş إȘʽʰʢś řॽƊŕȞƈ الأداة řŸƈŕŠ Ɠž اʨʺƅصʘʽţ Ȉ سʙŷŕت ʽƆʴś ʦǽʙƂś Ɠžلات دřƂॽʀ   .ا

ز ŕƁ ʧƈبřॽƆ اسʙʵʱام الأداة ŕƂॽʰʢś Ɠžت  ŕʱئʜŸś şّ ـاʻƅ  إنّ   .Ɔŷřى اř   ʯʽʰƅاŕʺŷ   Ȅʛʷॼƅلأʛŝ الاوʙʴśيʛʽ ̔ ॽʯř    ʙات اʰƅـʽـʱƆƅغ

ʛƈ Ȉʲƈ ،ȈʰƂʱʶاʨƍʙś řॼʀر الأراƓŲ أو اʱƅغʛʽات Ɠž اƅغŕǼŕت    .بřॽʯʽ أوسƓž Ŷ ا

       ّʦś   ءŕʻت بŕŷʨʺʳ řŷʨ الأوƅى  ʦŷʙƅ أʙƍاف   ʨʺƊ Ɠžذج ʜʳśئř اʨʸƅر ŕƊŕॽʰت ŝ Ɔƅلاث  ʚƍه اʛƅسřƅŕ, ا

اʨʺʻƅذج   أداء   ʦॽʽƂॼش ŕǼسʙʵʱام  اʨʸƅر   řئʜʳś  Ɠž řȞ  ȘʽʺŸƅا  ʦƆŸ  U-Net with ResNetاřʻʳƎʺƅ    ا

Backbone   و ʧƈ řƊʨȞʺƅرة ١٥٠٠اʨص  .  ʧƈ Ȇƅōʱś Ɠʱƅا ،řॽƊŕʲƅا řŷʨʺʳʺƅا ŕƈرة،   ٤٥٠٠ أʨص    řŷʨʺʳʺƅوا

  řʲƅŕʲƅ٣٠٨ا  ّʦś ʙƂ  ر الأدŕॼʱŦا Ɠž ŕƎƈاʙʵʱلاس Ȉʸſʻƈ ȈȞʷǼ ŕƎʺॽʺʸś ا .řţʛʱƂʺƅة ا  

ŕƊŕॽت الأوƅى    أʛƎʣت ŕʱƊئş اʙʱƅرʖȄ واȘƂʴʱƅ والاŕॼʱŦر ʨʺʻƅذج اʦƆŸʱƅ اʜʳʱƅ ȘʽʺŸƅئř اʨʸƅرو       řŷʨʺʳ ا ƅ̋

) řॼʶʻ٨٠ب٪) řॼʶʻب řॽƅŕʺŠالا řƁʙƅا ʗƊŕؔž řॽƊ řŷʨʺʳ اŕƊŕॽʰƅت ا ƅ̋ řॼʶʻƅŕǼ ŕƈ٩٢) ا٪(     ʗƂƂţ    řॼʶʻƅه اʚƍ

ȘʽƂʴś اسʛƂʱار Ɠž ȍʨʴƆƈ دřƁ اʨʺʻƅذج، ʙś ʧʶʴś ŶƈرŕŸƈ Ɠž ƓʳȄيʦś  ʛʽ ّ و   ȘʽƂʴś Ɠž أʙƍاف اʘʴॼƅ   واʙŷاً   أداءً 

 ّƂʴʱƅاȘ  ،  .تŕƊŕॽʰƅا řŷʨʺʳƈ ʧƈ ةʙƂŸʺƅا ȋŕʺƊالأ ʦƆŸś Ɠž ذجʨʺʻƅءة اŕſ  ʝȞŸǽ ŕʺƈاʚƎȃو    ƌśرʙƁ ذجʨʺʻƅا ʗʰŝأ

řžʙƎʱʶʺƅت اŕƂॽʰʢʱƅا Ɠž امʙʵʱلاسƅ ƌʱȄʜƍŕŠ ʙ ʕؗي ŕʺƈ ،řॽƅŕŷ řƁ ʦॽʽƂʱƅ řॼʶʻƅŕǼ أداء أƆŷ.  ŕƈى ʜʳśئř اʨʸƅر ب

ƅت اŕƊŕॽʰƅا řŷʨʺʳƈ امʙʵʱسŕǼ řţʛʱƂʺƅالأداة اʺʺʸʺ) řرة)،    ٣٠٨ʨص  ʙƂž  ʦǽʙƂś Ɠž الأداة řॽƅŕŸž şئŕʱʻƅت اʛƎʣأ

 أدřƅ دřƂॽʀ وŶƈ řƂʶʱƈ الأʙƍاف اʨŠʛʺƅة 



ʨʺʻƅذج  ŕؗن اŕॽʵƅر الأƅU-Net    Ȉʲƈـ    ʨʺʻؗEncoderذج    ʨśResNet50صʗƆ اʙƅراسř إƅى أن اŕॽʱŦر  و       

ŕſؔءة ŕƂƈرŕǼ řƊلإصʙارات الأʜʳś    Ȉʲƈ ȐʛŦئƌ اʨʸƅر   ʨʱƅ ƌƂॽʁʴś ʖʰʶǼResNet101ازن ŕʻƈسʖ بʧʽ الأداء وا

اƌ    ،řॽʯʽʰƅوʙƁ أʚƍ ʗʰŝا اʨʺʻƅذج ȈʽƆʴś Ɠž ƌʱʽƅŕŸž صʨر الأŕʺƁر اResNet18  . ॽɺŕʻʸƅو     ResNet152أو  

 ŕʶ  ŕʺƈ ʙŷ  الاس ʦŷد Ɠžـʽʰƅا řƈاʙʱـ  řॽȘȄʛʡ ʧŷ  ةʛʴʸʱʺƅا Șʡŕʻʺƅا ʧƈ ȈʽـƆƂʱƅاء واʛـ́ـ ʵƅا Șʡŕʻʺƅدة اŕــȄز  ʧƈ .

řſॽʤʻƅا řʳƈʛʰ ʙʻƍسř اŕॽʳƈʛʰƅت    ŕدȏوřॽţŕƊ  ॼƈ أȐʛŦ، أʙƄت اʙƅراسř أřॽʺƍ اسʙʵʱام اřʳƈʛʰƅ اʛʹʵƅاء و ا

ǽ ŕʺƈ ،ƓƊʨȃʛؔƅا ʛŝالأ ʟॽƆƂśو řॽʳƈʛʰƅت اŕॽƆʺŸ řॽ ا  ʜȄʜŸś Ɠž řƈاʙʱʶʺƅا  řॽʯʽʰƅا řƈاʙʱالاس ʦŷد Ɠž ʦƎʶ

ŕॽت.   أŕʻŝء ʛȄʨʢś ا
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Abstract 

 
       In a world facing increasing environmental challenges, it has become essential to seek 
innovative solutions that combine modern technologies with environmental protection. 
Sustainable software engineering emerges as one of the most important tools contributing to this 
goal, aiming to develop software systems that adhere to the principles of efficiency and 
sustainability by reducing resource consumption, lowering carbon emissions, and intensifying 
environmentally responsible practices. Its goal goes beyond enhancing software performance to 
include reducing the environmental impact of the technology industry as a whole, making it a key 
partner in addressing global environmental challenges such as climate change and the depletion of 
natural resources. By adopting eco-friendly practices in software design and operation, sustainable 
software engineering can help build a more environmentally sustainable digital 
future.Environmental fluctuations are among the critical issues that require detailed analysis and 
continuous monitoring to ensure the sustainability and protection of natural resources from 
destructive human activities. In this context, the fields of sustainable software engineering and 
artificial intelligence contribute significantly to enhancing environmental analysis capabilities, 
particularly AI in environmental image segmentation and the extraction of vital information. 

     This study aims to develop an innovative tool based on deep learning techniques for analyzing 
satellite images to achieve sustainability, by hybridizing the U-Net and ResNet50 algorithms. The 
focus was on enhancing model performance and providing sustainable solutions through green and 
clean coding practices to achieve maximum efficiency in resource utilization and reduce the 
environmental impact of technology. The study addresses the tool design, processing methods, and 
results that contribute to supporting environmental research by integrating sustainable software 
engineering and artificial intelligence. 

     The proposed tool (SustainGreen Iraq: Sustainability Tool for Green Areas in Iraq) 
demonstrated significant effectiveness in analyzing environmental changes using the principles of 
sustainable software engineering and artificial intelligence. ResNet50 was selected as the 
backbone network for integration with U-Net after testing other ResNet versions (ResNet18, 
ResNet34, ResNet101, ResNet152). ResNet50 stood out due to its ideal balance between 
performance and computational efficiency. It has sufficient depth to extract fine features from 
images without overfitting or the high computational requirements seen in deeper networks like 
ResNet101 and ResNet152. Additionally, ResNet50 outperformed shallower versions like 
ResNet18 and ResNet34 in terms of accuracy, making it the optimal choice for integration with 
U-Net in satellite image segmentation applications. Moreover, using ResNet50 contributes to 
energy reduction and environmental sustainability, which is a crucial aspect of modern research. 

       ResNet50 delivered promising results in segmenting satellite images through the proposed 
hybrid model (U-Net with ResNet50 Backbone), using data augmentation techniques such as 
rotation, zooming, and flipping to increase data diversity. This helped improve the model’s 
performance in handling various environmental image variations. The model achieved high 
performance, indicating its capability to accurately capture true positive cases while minimizing 
false positives. The results also showed the tool’s applicability at the University of Mosul, where 
it provided accurate environmental change analyses and identified the impact of human activities 



on the environment. These outcomes enhance the potential for broader environmental applications 
of the tool in the future, such as monitoring land degradation or forest changes. 

     Three datasets were built for image segmentation to support the research objectives. The first 
dataset, comprising 1500 images, was used to evaluate the model’s performance with the hybrid 
deep learning network (U-Net with ResNet Backbone). The second dataset, consisting of 4500 
images, and the third dataset, with 308 images, were separately designed for testing the proposed 
tool. 

The training, validation, and testing results of the deep learning image segmentation model for the 
first dataset showed an accuracy of 80%. For the second dataset, the overall accuracy reached 92%, 
reflecting promising performance in achieving the research objectives. The model demonstrated 
noticeable stability in accuracy with gradual improvements in validation metrics, indicating its 
efficiency in learning complex patterns from the dataset. Thus, the model proved its capability in 
segmenting images with high accuracy, confirming its readiness for targeted applications. 
Regarding the evaluation of the proposed tool using the specially designed dataset (308 images), 
results showed the tool’s effectiveness in delivering accurate and consistent outputs aligned with 
the intended objectives. 

     The study concluded that selecting ResNet50 as the encoder model for U-Net was the optimal 
choice for the image segmentation model due to its balanced performance and efficiency compared 
to other versions such as ResNet101, ResNet152, or ResNet18. This model demonstrated its 
effectiveness in analyzing environmental satellite images, supporting environmental sustainability 
by increasing green areas and reducing desertified zones. Additionally, the study emphasized the 
importance of using green and clean coding practices, as well as sustainable software engineering 
principles, to enhance software development efficiency and reduce carbon footprints—ultimately 
contributing to environmental sustainability in software development. 

 


