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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 Al 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 (ResNetl8,
ResNet34, ResNetl01, 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 ResNetl52. 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 ResNetl01, ResNetl52, or ResNetl8. 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.



