ISSN: 3049-0952
WWw.jsetms.com

Journal of Science Engineering Technology and Management Science
Volume 02, Issue 04, April 2025

AERIAL IMAGE SEMANTIC SEGMENTATION USING U-NET AND EFFICIENT-

NET
Shaziya Noorien!, Syeda Muskaan Begum?, Syeda Zehra Fatima Razvi’, Ms. Sadaf Jahan*
1.23UG Scholar, Dept of CSE, Shadan Women’s College of Engineering and Technology, Hyderabad,
4Asst. Professor, Dept of CSE, Shadan Women’s College of Engineering and Technology

ABSTRACT:

To address the challenges of few-shot aerial image semantic segmentation, where unseen-category objects in query
aerial images need to be parsed with only a few annotated support images, we propose a novel approach by integrating
a U-Net architecture with Efficient Net. Typically, in few-shot segmentation, category prototypes are extracted from
support samples to segment query images in a pixel-wise matching process. However, the arbitrary orientations and
distribution of aerial objects in such images often result in significant feature variations, making conventional
methods, which do not account for orientation changes, ineffective. The rotation sensitivity of aerial images causes
substantial feature distortions, leading to low confidence scores and misclassification of same-category objects with
different orientations.

To overcome these limitations, we propose an enhanced solution by combining U-Net for robust semantic
segmentation with Efficient Net for efficient feature extraction and scale adaptability. This architecture, which we
refer to as Efficient U-Net, introduces rotation-invariant feature extraction to handle the varying orientations of aerial
objects. By leveraging Efficient Net’s scalable Convolutional layers for feature extraction, we ensure that the network
can capture orientation-varying yet category-consistent information from support images. This approach enhances the
segmentation accuracy by aligning same-category objects, irrespective of their orientation, thereby minimizing the
oscillation of confidence scores and improving the detection of rotated semantic objects. This Efficient U-Net model

provides a scalable, rotation-invariant solution to the few-shot segmentation of aerial images.

INTRODUCTION

Few-shot semantic segmentation of aerial
images is a challenging task, particularly when
attempting to segment objects of unseen categories with
only a few annotated examples. The irregular
orientations, varying scales, and diverse distributions of
objects in aerial imagery make traditional segmentation
techniques less effective due to their sensitivity to
feature  variations. In conventional few-shot
segmentation, category prototypes are extracted from
limited support samples and matched pixel-wise with
query images to generate segmentation masks.
However, the arbitrary rotation of objects in aerial
views can lead to significant feature distortions,
resulting in  low confidence scores and
misclassifications, especially when objects of the same
category appear in different orientations. To address
these challenges, we propose an enhanced approach by
integrating a U-Net architecture with Efficient Net,
termed as Efficient U-Net, which is designed for robust
and rotation-invariant feature extraction. By leveraging
Efficient Net's scalable convolutional layers, our model
can adapt to different scales and orientations, ensuring
consistent  feature  alignment for  improved
segmentation accuracy. This approach significantly
mitigates the impact of rotation-induced feature
variations, enhancing the detection and segmentation of
aerial objects, even with limited annotated data, thereby
offering a scalable solution for few-shot semantic
segmentation in aerial imagery.

1.2 SCOPE OF THE PROJECT

The scope of this project focuses on addressing the
challenges of few-shot semantic segmentation for aerial
images, particularly for detecting and segmenting
objects of unseen categories with minimal annotated
data. By integrating a U-Net architecture with Efficient
Net, the project aims to develop a scalable and rotation-
invariant segmentation model that can handle the
varying orientations, scales, and distributions of aerial
objects. The project will focus on improving the
accuracy and robustness of segmentation models in
aerial imagery, with a specific emphasis on reducing
the impact of orientation-induced feature distortions. It
will explore the potential of using few-shot learning
techniques to enable effective segmentation with a
limited number of support images, while also ensuring
that the model adapts well to different object categories
and their diverse characteristics. The ultimate goal is to
create an efficient, reliable model that can be applied to
real-world applications such as environmental
monitoring, urban planning, and disaster response,
where high-quality segmentation of aerial images is
crucial but annotated data is often scarce.

1.3 OBJECTIVE

The primary objective of this project is to develop an
efficient and robust few-shot semantic segmentation
model for aerial images by integrating U-Net
architecture with Efficient Net. This model aims to
address the challenges posed by the varying
orientations, scales, and distributions of objects in
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aerial imagery. Specifically, the project seeks to
enhance segmentation accuracy by introducing
rotation-invariant feature extraction, allowing the
model to effectively handle objects of unseen
categories with minimal annotated support. The key
goals include improving segmentation performance
under varying object orientations, reducing
misclassifications caused by feature distortions, and
ensuring scalability for real-world applications where
annotated data is limited. Additionally, the project aims
to create a model that can be generalized to different
aerial image domains, making it a valuable tool for
practical applications such as land-use classification,
environmental monitoring, and disaster response.

1.4 EXISTING SYSTEM:
Few-shot aerial image semantic segmentation is a
challenging task, as it requires precisely segmenting
objects from unseen categories in query images with
only a few annotated support images. The task becomes
even more difficult when working with aerial images,
where objects like buildings, roads, and vehicles can
appear in arbitrary orientations, causing significant
feature variations. Traditional methods, which perform
pixel-to-pixel matching between support and query
images, often fail to account for these orientation
changes, leading to incorrect segmentations. Moreover,
the oscillation of confidence scores in existing rotation-
insensitive algorithms results in false recognition,
particularly for rotated objects with lower confidence
scores.
To tackle these challenges, we propose FRINet (Few-
shot Rotation-Invariant Network), a novel deep
learning model designed specifically for few-shot aerial
image semantic segmentation. The core innovation of
FRINet is its ability to extract rotation-invariant
features, ensuring that objects of the same category are
recognized and segmented accurately, regardless of
their orientation. This approach addresses the
limitations of conventional methods, which struggle to
match objects in support and query images when those
objects are arbitrarily rotated.
Existing System Disadvantages:

»  Overfitting to Rotation Invariance

» Complexity in Implementation.

» Dependence on Prototypical Representations

1.5 LITERATURE SURVEY

Shape based deep estimation of future plant images, J.-
Y. Jung, S.-H. Lee, T.-H. Kim, M.-M. Oh, J.-O. Kim,
2022

This paper introduces an innovative approach for
estimating future plant images by leveraging shape-
based features through deep learning techniques. The
proposed method focuses on analyzing the
morphological features of plants to predict their future

states. By employing a deep learning framework that
captures shape-based characteristics, the study
addresses the challenge of forecasting plant growth and
development. The authors present a detailed
methodology for generating accurate predictions of
plant images over time, which is crucial for optimizing
agricultural practices and managing plant health. The
effectiveness of the approach is demonstrated through
comprehensive experiments and comparisons with
existing methods, highlighting its potential in
advancing precision agriculture.

A novel shape-based plant growth prediction algorithm
using deep learning and spatial transformation, T. Kim,
S.-H. Lee, J.-O. Kim, 2022

This paper proposes a novel algorithm that combines
deep learning with spatial transformation techniques to
predict plant growth. The algorithm utilizes shape-
based features to enhance the accuracy of growth
predictions, addressing common challenges in plant
growth forecasting. The study introduces a spatial
transformation component that adjusts the model's
predictions based on the spatial relationships within the
plant images. This approach improves the model's
ability to adapt to different growth patterns and
environmental conditions. The authors validate their
method through extensive experiments, demonstrating
its effectiveness in generating precise growth
predictions and its applicability in various agricultural
scenarios.

Plant leaf segmentation using knowledge distillation,
J.-Y. Jung, S.-H. Lee, J.-O. Kim, 2022

This paper explores the application of knowledge
distillation to plant leaf segmentation tasks. Knowledge
distillation is used to transfer knowledge from a large,
complex model to a smaller, more efficient model,
enhancing the segmentation of plant leaves in images.
The authors detail their approach to leveraging
distillation techniques to improve the performance of
the segmentation model while maintaining
computational efficiency. The paper highlights the
benefits of this method in terms of accuracy and speed,
making it suitable for environments with limited
resources. The study includes a thorough evaluation of
the proposed method, showcasing its effectiveness in
achieving high-quality leaf segmentation and its
potential for practical agricultural applications.
Deep-clustering based plant disease segmentation
network, S.-E. Lee, S.-H. Lee, J.-O. Kim, 2023

The paper presents a deep-clustering based network
designed to enhance plant disease segmentation. The
proposed network integrates deep learning with
clustering techniques to accurately identify and
segment diseased regions in plant images. The authors
introduce a novel approach that combines clustering
algorithms with deep learning models to refine the
segmentation process. This method addresses the
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challenge of distinguishing disease patterns amidst
varying plant textures and backgrounds. The study
includes extensive experiments to validate the
network's performance, demonstrating its capability to
improve disease detection accuracy and its practical
relevance in plant disease management.

Plant leaf area estimation via image segmentation, S.-
H. Lee, M.-M. Oh, J.-O. Kim, 2022

This paper focuses on estimating plant leaf area through
advanced image segmentation techniques. The authors
propose a method that utilizes segmentation algorithms
to accurately measure the area of leaves from images.
This technique is valuable for assessing plant health,
monitoring growth, and optimizing agricultural
practices. The paper discusses the methodology for
segmenting leaf images and analyzing the segmented
regions to calculate leaf area. The study provides a
detailed evaluation of the proposed approach,
highlighting its effectiveness in delivering precise leaf
area estimates and its potential applications in various
agricultural and botanical research fields.

Towards lightweight lane detection by optimizing
spatial embedding, S. Jung, S. Choi, M. Azam Khan, J.
Choo, 2020

This paper explores strategies for optimizing spatial
embedding to achieve lightweight lane detection
systems. The authors propose a method that focuses on
reducing the computational load of lane detection
algorithms while maintaining high accuracy. By
optimizing spatial embedding techniques, the study
aims to enhance real-time performance and efficiency
in detecting lane markings, which is critical for
autonomous driving and advanced driver assistance
systems. The paper presents a detailed analysis of the
proposed method, including experimental results that
showcase its effectiveness in balancing computational
efficiency with detection accuracy, making it suitable
for deployment in practical driving scenarios.

PROPOSED SYSTEM

To address the challenges of few-shot aerial image
semantic segmentation, where unseen-category objects
in query aerial images need to be parsed with only a few
annotated support images, we propose a novel approach
by integrating a U-Net architecture with EfficientNet.
Typically, in few-shot segmentation, category
prototypes are extracted from support samples to
segment query images in a pixel-wise matching
process. However, the arbitrary orientations and
distribution of aerial objects in such images often result
in significant feature variations, making conventional
methods, which do not account for orientation changes,
ineffective. The rotation sensitivity of aerial images
causes substantial feature distortions, leading to low
confidence scores and misclassification of same-
category objects with different orientations.

To overcome these limitations, we propose an

enhanced solution by combining U-Net for robust

semantic segmentation with EfficientNet for efficient

feature extraction and scale adaptability. This

architecture, which we refer to as Efficient U-Net,

introduces rotation-invariant feature extraction to

handle the varying orientations of aerial objects. By

leveraging Efficient Net’s scalable Convolutional

layers for feature extraction, we ensure that the network

can capture orientation-varying yet category-consistent

information from support images. This approach

enhances the segmentation accuracy by aligning same-

category objects, irrespective of their orientation,

thereby minimizing the oscillation of confidence scores

and improving the detection of rotated semantic

objects. This Efficient U-Net model provides a

scalable, rotation-invariant solution to the few-shot

segmentation of aerial images.

Proposed System Advantages:

e High-resolution output.

e Robust performance on small datasets, typical in
medical imaging.

e Versatile application across various segmentation
tasks and domains.

e Efficient Feature Extraction.

e High Segmentation Accuracy.

e Scalability and Flexibility.

e Reduced Computational Cost.

METHODOLOGY

This project focuses on advancing few-shot
semantic segmentation techniques for aerial images,
particularly in scenarios where only a limited number
of annotated support images are available for
segmenting objects in query images. Traditional
segmentation models often struggle with aerial imagery
due to the wide variation in object orientations, scales,
and spatial distributions. In aerial images, objects may
appear rotated or at different scales, which leads to
significant feature distortions and poor segmentation
performance. To address these issues, the project
proposes the development of a novel model that
combines the strengths of U-Net, a well-established
architecture for semantic segmentation, with Efficient
Net, a highly efficient and scalable neural network for
feature extraction. By incorporating rotation-invariant
feature extraction, the proposed model, Efficient U-
Net, ensures that the network can effectively segment
objects in aerial images regardless of their orientation.
This approach will improve segmentation accuracy,
even with limited data, by capturing consistent features
across varying object orientations. The model aims to
provide a reliable and scalable solution for few-shot
segmentation in applications such as environmental
monitoring, urban planning, and disaster management,
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where annotated data is scarce and accurate
segmentation is essential for decision-making.

MODULES
1. Data Collection and Preparation

e Image Acquisition: Gather a comprehensive
set of crop images from wvaried field
conditions, including different disease types
and stages. This will provide a robust dataset
for training and evaluation.

e Annotation: Manually annotate images to
identify and label Regions of Interest (Rol)
affected by diseases. This step is crucial for
creating a high-quality ground truth dataset.

e Data Augmentation: Enhance dataset
variability through augmentation techniques
like rotation, scaling, flipping, and color
adjustments to improve model robustness and
performance.

2. Model Design and Development

e  U-Net Implementation: Develop the U-Net
model with its encoder-decoder structure and
skip connections. U-Net's design facilitates
the integration of both high-level and detailed
features, essential for precise segmentation.

o EfficientNet Implementation : EfficientNet
is a family of deep convolutional neural
network architectures designed to optimize
both accuracy and computational efficiency. It
was introduced by Google Research in 2019
and is known for its ability to scale effectively
while maintaining a relatively small
computational footprint compared to other
deep learning models of similar performance.
The key innovation behind EfficientNet is the
introduction of a compound scaling method,
which uniformly scales the network's width,
depth, and resolution.

e Architectural Adjustments: Experiment
with  variations of U-Net, including
modifications to the number of layers, filter
sizes, and the incorporation of attention
mechanisms, to optimize performance for
detecting small disease regions.

3. Training and Optimization

e Loss Function Selection: Utilize specialized
loss functions such as Dice coefficient or IoU
(Intersection over Union) to effectively handle
class imbalance and improve segmentation
accuracy.

e Optimization Techniques: Apply algorithms
like Adam or RMSprop for training the model,
adjusting learning rates and other parameters
to enhance convergence and learning
efficiency.

e Hyperparameter Tuning: Conduct
systematic ~ experiments to  fine-tune
hyperparameters, including batch size,
learning rate, and number of epochs, to
achieve optimal model performance.

4. Evaluation and Validation

e Performance Metrics: Assess model
performance using metrics such as precision,
recall, Fl-score, and pixel accuracy to gauge
segmentation effectiveness.

e Model Comparison: Compare the U-Net
model's performance against previous models,
like the Rol-Attention Network (RA-Net), to
evaluate improvements in detecting small
disease regions.

5. Integration and Deployment

o System Integration: Incorporate the trained
U-Net model into an automated agricultural
management system, enabling real-time
disease detection and monitoring.

EXISTING TECHNIQUE: -

To address the challenges of few-shot aerial image
semantic segmentation, where unseen-category objects
in query aerial images need to be parsed with only a few
annotated support images, we propose a novel approach
by integrating a U-Net architecture with EfficientNet.
Typically, in few-shot segmentation, category
prototypes are extracted from support samples to
segment query images in a pixel-wise matching
process. However, the arbitrary orientations and
distribution of aerial objects in such images often result
in significant feature variations, making conventional
methods, which do not account for orientation changes,
ineffective. The rotation sensitivity of aerial images
causes substantial feature distortions, leading to low
confidence scores and misclassification of same-
category objects with different orientations.

To overcome these limitations, we propose an
enhanced solution by combining U-Net for robust
semantic segmentation with EfficientNet for efficient
feature extraction and scale adaptability. This
architecture, which we refer to as Efficient U-Net,
introduces rotation-invariant feature extraction to
handle the varying orientations of aerial objects. By
leveraging EfficientNet's scalable Convolutional layers
for feature extraction, we ensure that the network can
capture orientation-varying yet category-consistent
information from support images. This approach
enhances the segmentation accuracy by aligning same-
category objects, irrespective of their orientation,
thereby minimizing the oscillation of confidence scores
and improving the detection of rotated semantic
objects.
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DRAWBACKS:

» Initial Coarse Prediction Limitations: The initial
CNN-based prediction may lack precision,
potentially leading to inaccuracies in identifying
disease regions.

» Processing  Complexity:  Generating  and
processing Rol-attentive images through RA-Net
can be computationally intensive and time-
consuming.

» Dataset Focus: Rol-attentive images may exclude
important contextual information from the broader
image, potentially impacting disease detection
accuracy.

PROPOSED TECHNIQUE

The Efficient U-Net model is well-suited for a range of
real-world applications involving aerial imagery. In
urban planning, it can help accurately segment and map
buildings, roads, and other infrastructure, even when
objects are captured from different angles. In disaster
response, Efficient U-Net can be used to detect and
assess damage to buildings or infrastructure after
natural disasters like earthquakes or floods, where
objects may appear at various orientations. In
environmental monitoring, the model’s ability to
handle different scales and rotations is particularly
useful for tracking changes in land cover, forests, or
water bodies over time. Additionally, in aerial
surveillance, Efficient U-Net can help identify and
track vehicles, aircraft, or other moving objects across
different angles and scales, making it a powerful tool
for security and defense applications.

To address the challenges of few-shot aerial image
semantic segmentation, we propose a novel Efficient
U-Net approach, integrating U-Net’s robust
segmentation capabilities with EfficientNet’s scalable
feature extraction. This model enhances traditional
few-shot segmentation by introducing rotation-
invariant feature extraction, a critical improvement for
aerial images where objects like buildings and roads
often appear in arbitrary orientations, leading to
significant feature variations. The combination of U-
Net and EfficientNet ensures that the network captures
orientation-varying yet category-consistent features,
aligning same-category objects regardless of their
rotation. EfficientNet’s multi-scale adaptability allows
the model to effectively handle aerial objects of varying
sizes, enhancing accuracy across different scales.

ADVANTAGES:

» Effective for Semantic Segmentation: U-Net was
specifically designed for semantic segmentation
tasks, especially in medical imaging, but it has
proven effective in a wide range of segmentation
applications. Its architecture is built to work with

limited annotated data, which is ideal for tasks like
few-shot segmentation.

» Encoder-Decoder Architecture: The U-Net model
features a symmetric encoder-decoder structure
with skip connections that help the model retain
high-resolution features from the encoder in the
decoder. This improves the segmentation
accuracy, especially for fine details and boundaries
in the segmented images.

» Efficient Use of Contextual Information: The skip
connections in U-Net allow the model to
effectively combine low-level and high-level
features. This helps it preserve spatial information,
which is crucial for precise segmentation,
particularly in complex images like aerial imagery
where objects may have different sizes and shapes.

» Versatility: Originally designed for biomedical
images, U-Net has proven adaptable and effective
across diverse applications such as satellite image
analysis and road segmentation for autonomous
driving.

» Robust Segmentation: The architecture's ability to
retain and utilize spatial information from multiple
layers enhances its robustness and versatility for
various segmentation tasks.
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FUTURE ENHANCEMENT

While the proposed Efficient U-Net model shows
promising results for few-shot semantic segmentation
of aerial images, there are several potential areas for
future improvement. One key enhancement would be to
incorporate advanced techniques such as attention
mechanisms, which can help the model focus on more
relevant features in the image, especially when dealing
with complex or cluttered aerial scenes. Additionally,
incorporating self-supervised learning could reduce the
reliance on annotated support samples by allowing the
model to learn useful features from unannotated data,
further improving segmentation performance in real-
world applications with limited labeled data. Another
possible direction for future work is exploring the
integration of multi-scale and multi-modal data, such as
incorporating additional sensory data like infrared or
LiDAR, which could improve segmentation accuracy,
particularly in challenging environments or under
varying weather conditions. Moreover, optimizing the
model for real-time processing would expand its
applicability to on-the-fly decision-making in fields
like disaster management, urban planning, and
environmental monitoring. Lastly, further
experimentation with different data augmentation
techniques, including rotation, scaling, and flipping,
could further enhance the model's robustness,
especially when handling unseen object orientations
and rare instances.

CONCLUSION
In conclusion, the Efficient U-Net model presents a
novel and effective solution for few-shot semantic

segmentation of aerial images, addressing the
significant challenges posed by rotation sensitivity,
varying scales, and object distributions. By combining
the powerful feature extraction capabilities of Efficient
Net with the robust segmentation framework of U-Net,
the model provides a scalable, rotation-invariant
approach capable of segmenting objects in aerial
imagery with minimal annotated data. This enhanced
model not only improves segmentation accuracy but
also mitigates the misclassification issues caused by
varying object orientations. The proposed approach
holds strong potential for practical applications in areas
such as environmental monitoring, urban planning, and
disaster response, where reliable and efficient
segmentation is crucial. As the model evolves with
further enhancements and optimizations, it promises to
offer even more advanced solutions for real-world
aerial image analysis tasks.
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