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ABSTRACT

Diabetic Foot Ulcers (DFUs) represent a
severe and common complication of
diabetes, significantly impacting patients'
quality of life and imposing a heavy burden
on healthcaresystems. If left undiagnosed or
improperly managed, DFUs can lead to
infections, gangrene, and, in severe cases,
lower limb  amputations.  Traditional
diagnosis  reliess on manual clinical
assessment by healthcare professionals,
which can be subjective, inconsistent,
andtime-consuming. Variability in expertise
among clinicians and environmental factors
suchaslighting conditions and skin tone
differences often contribute to misdiagnosis
or delayedintervention. These challenges
highlight the need for an automated,
objective, and efficient approach to DFU

detection and classification. In recent years,
advancements in Machine Learning (ML)
and Deep Learning (DL) haveprovided
transformative solutions in medical imaging
and diagnostics. Convolutional Neural
Networks (CNNs) have demonstrated
remarkable success in analyzing
complexvisual patterns, making them an
ideal choice for DFU identification and
severity prediction. Thisproject aims to
leverage state-of-the-art deep learning
techniques to develop an intelligent,
automated system capable of detecting,
classifying, and predicting the severity of
DFUs usingmedical images. The proposed
system will integrate CNN architectures
such as ResNet, EfficientNet, and
MobileNet for image classification and
feature extraction, ensuringhighaccuracy in
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identifying DFUs from foot images. To
enhance segmentation precisionandisolate
ulcerated  regions, advanced image
segmentation models such as U-Net and
MaskR-CNN will be employed, facilitating
a detailed analysis of ulcer characteristics.
Beyond image-based assessment, the system
will incorporate patient-specific metadata,
including diabetes duration, blood glucose
levels, and  medical history, to
improvetheaccuracy of predictions. This
multi-modal approach enables a more
comprehensiveevaluation of DFUs, ensuring
that factors beyond visual features contribute
to the diagnosticprocess. The fusion of
image-based and clinical data enhances the
model’s robustness, allowing for more
personalized risk assessments and treatment
recommendations. 3 To  maximize
accessibility and usability, a user-friendly
web-based  platformwill ~ bedeveloped,
enabling healthcare professionals to upload
foot images and receive instant ulcerseverity
predictions. The platform will provide a
seamless interface for image processing,
result visualization, and integration with
electronic health records (EHRs). By
offeringrealtime analysis and decision
support, the system empowers clinicians
with a powerful tool forearly DFU detection,
reducing the likelihood of complications and
the need for invasivetreatments. The
proposed approach presents several key
advantages over traditional methods.
Byautomating the diagnostic process, the
system significantly reduces inter-observer
variability, ensuring consistent and objective
assessments. The deep learning models
employedaretrained on large, diverse
datasets to enhance generalizability across
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different  populations  andenvironmental
conditions.  Additionally, the real-time
nature of  the platformaccelerates
thediagnostic workflow, allowing clinicians
to initiate treatment promptly and improve
patient outcomes. From a healthcare
perspective, early and accurate DFU
detection can lead to substantial cost savings
by minimizing hospitalization  rates,
reducing the need for surgical interventions,
andpreventing amputations. The integration
of Al-driven diagnostic tools into routine
clinical practice can bridge the gap between
resource-limited healthcare settings and
specializeddiabetic care centers, improving
access to quality care. Moreover, as the
systemcontinuestolearn from new patient
data, it can continuously refine its
predictions and adapt to emergingtrends in
diabetic foot management. In conclusion,
this project presents an innovative and
practical solution to the challengesassociated
with DFU diagnosis. By combining deep
learning-based image analysis, patient
metadata integration, and a real-time web-
based interface, the proposed
systemoffersascalable and efficient tool for
diabetic foot care. This technology has the
potential torevolutionize the management of
DFUs, facilitating early  detection,
personalized  treatment planning, and
improved  patient  outcomes.  Future
enhancements could include
incorporatingexplainable Al (XAIl) for
model interpretability, expanding the dataset
to include diverse 4 patient demographics,
and integrating telemedicine capabilities for
remote consultations. Through continued
research and clinical validation, this Al-
driven systemcan play a pivotal role in
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transforming diabetic wound care and
reducing the global burden of diabetes-
relatedcomplications.

1.INTRODUCTION

Diabetic Foot Ulcers (DFUs) are one of the
most common and serious complications of
diabetes, often leading to severe outcomes
such as amputations, infections, and even
death if left untreated. They occur when
high blood sugar levels damage the nerves
and blood vessels, leading to poor
circulation and nerve damage, which in turn
leads to the formation of ulcers on the feet.
The prevalence of DFUs is increasing
globally, partly due to the growing number
of individuals with diabetes and the aging
population. According to the International
Diabetes Federation, approximately 25% of
diabetics will experience a foot ulcer in their
lifetime, and DFUs are among the leading
causes of hospitalizations for diabetic
patients.

The detection and classification of DFUs at
an early stage are critical to prevent further
complications and  improve  patient
outcomes. Early detection allows for timely
intervention, which can significantly reduce
the risk of infections and amputations.
Traditionally, the diagnosis of DFUs has
been based on clinical examinations,
including visual inspection and medical
imaging. However, these methods are often
time-consuming, subjective, and prone to
human error. Furthermore, the presence of
various conditions, such as infections and
comorbidities, can complicate the clinical
diagnosis.
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Recent advancements in machine learning
(ML) and deep learning (DL) techniques
offer promising solutions for the automated
detection and classification of DFUs. These
techniques enable computers to learn from
large datasets, identifying patterns that may
be difficult for human clinicians to detect.
Machine learning and deep learning methods
have demonstrated significant success in the
field of medical image analysis, offering
tools for accurate, efficient, and consistent
detection of diseases and abnormalities. In
the context of DFUs, ML and DL can help
automate the process of analyzing medical
images (such as photographs, infrared
thermography, and X-rays) to detect and
classify the severity of ulcers.

This paper explores the application of
machine learning and deep learning
techniques for the automated detection and
classification of diabetic foot ulcers. The
proposed system aims to integrate image
processing,  feature  extraction, and
classification models to improve the
accuracy and efficiency of DFU diagnosis.
The use of such automated tools can reduce
the burden on healthcare professionals,
enhance patient care, and prevent the
adverse consequences of untreated DFUs.

2.LITERATURE SURVEY

Over the past decade, numerous studies have
investigated the use of machine learning and
deep learning techniques for the detection
and classification of diabetic foot ulcers.
These methods are often applied to various
types of medical images, such as digital
photographs, infrared thermography, and
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even video data, to detect ulcers and classify
their severity.

Early work in the field of DFU detection
focused on traditional machine learning
techniques, such as Support Vector
Machines (SVM), k-Nearest Neighbors (k-
NN), and decision trees. A study by Goel et
al. (2016) proposed an SVM-based system
for the detection of DFUs from foot images.
The authors wused feature extraction
techniques, such as texture analysis and
shape analysis, to extract important features
from the images. They showed that the SVM
classifier could achieve high accuracy in
distinguishing ~ between  healthy  and
ulcerated foot images. Similarly, Chua et al.
(2017) utilized k-NN and decision trees to
classify DFUs based on color features
extracted from foot images. Their results
showed that these methods were effective
for early-stage DFU detection, although the
accuracy varied based on image quality and
the choice of features.

While traditional machine learning methods
showed promise, they were often limited by
the complexity of image data and the need
for manual feature extraction. The advent of
deep learning techniques, particularly
Convolutional Neural Networks (CNNs),
has revolutionized the field of medical
image analysis, enabling automatic feature
extraction and classification from raw image
data. CNNs are particularly well-suited for
image-based tasks because of their ability to
learn hierarchical features from images.

A significant breakthrough in DFU detection
using deep learning came with the work of
Rajendra et al. (2018), who developed a
CNN model to classify DFUs based on foot
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images. The CNN model was trained on a
large dataset of foot images, and the authors
demonstrated that the model could
accurately detect DFUs and classify their
severity based on visual features such as
size, color, and shape. This approach
eliminated the need for manual feature
extraction and significantly improved the
efficiency and accuracy of DFU detection.

Further advancements in deep learning for
DFU detection include the use of pre-trained
models and transfer learning. In a study by
Malm et al. (2020), the authors used a pre-
trained CNN model (ResNet-50) and applied
transfer learning to fine-tune the model for
DFU classification. The model was trained
on a relatively small dataset of foot images
and achieved impressive results in
classifying DFUs, even with limited data.
Transfer learning allows deep learning
models to leverage large-scale datasets from
other domains, improving their performance
on smaller, domain-specific datasets, such as
DFU images.

In addition to CNNs, other deep learning
architectures such as U-Net and Fully
Convolutional Networks (FCNs) have also
been explored for DFU detection. U-Net,
which is widely used for medical image
segmentation, has been applied to segment
DFUs in foot images. A study by Imran et
al. (2019) used U-Net to segment DFUs in
digital foot images and showed that the
model could accurately segment ulcer
regions, providing valuable information for
the classification and severity assessment of
DFUs.

Moreover, some studies have explored the
use of infrared thermography for DFU
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detection. Infrared thermography allows for
the non-invasive detection of temperature
variations on the surface of the foot, which
can  be indicative of  underlying
complications such as infections or poor
circulation. Studies such as that by Kumar et
al. (2018) demonstrated that thermographic
imaging, combined with deep learning
techniques, could accurately detect early-
stage DFUs, even before they were visible in
traditional optical images.

While deep learning techniques have shown
remarkable promise, one of the major
challenges in the automated detection and
classification of DFUs is the lack of large,
annotated datasets. Many deep learning
models require large volumes of labeled data
for training, and obtaining such datasets in
the medical field is often difficult due to
privacy concerns and the time-intensive
nature of manual annotation. Several
researchers have attempted to address this
issue by utilizing data augmentation
techniques and semi-supervised learning
approaches to improve model performance
with limited data.

3.EXISTING METHODS

Existing methods for detecting and
classifying diabetic foot ulcers primarily rely
on image-based techniques, ranging from
traditional machine learning algorithms to
modern deep learning approaches. The
typical workflow for these systems involves
image acquisition, preprocessing, feature
extraction, and classification.

In the early stages of DFU detection,
traditional image processing methods were
employed to extract features from foot
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images, which were then used in conjunction
with machine learning classifiers to detect
and classify ulcers. Techniques such as color
histogram analysis, texture analysis, and
shape analysis were commonly used to
extract discriminative features from the
images. Once the features were extracted,
classifiers like SVM, k-NN, and decision
trees were applied to distinguish between
healthy and ulcerated feet.

However, these traditional methods were
often limited by their reliance on manual
feature extraction. They required domain-
specific knowledge to define the features,
and the quality of the features had a direct
impact on the performance of the classifier.
Additionally, these methods were not able to
capture the complex, hierarchical patterns in
the images, which led to lower accuracy in
the detection of DFUs, especially in cases
where the ulcers were small or not clearly
visible.

The advent of deep learning, particularly
CNNs, has addressed many of these
limitations. Deep learning models, such as
CNNs, are capable of learning
discriminative features directly from raw
images without the need for manual feature
extraction. These models are trained end-to-
end, meaning that they learn both the
features and the classifier simultaneously,
making them highly effective for image
classification tasks. Deep learning methods
have significantly improved the accuracy of
DFU detection, with several studies showing
that CNNs can outperform traditional
machine learning models in terms of
classification accuracy.
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Recent advancements in the field have also
focused on the use of transfer learning,
where pre-trained models on large datasets
like ImageNet are fine-tuned on smaller
DFU datasets. This approach has allowed
deep learning models to achieve high
accuracy even with limited labeled data.
Transfer learning has become a popular
technique for overcoming the challenge of
limited annotated medical images.

Additionally, some researchers have
explored the use of multi-modal approaches
that combine different imaging techniques,
such as visible light imaging and infrared
thermography, to detect DFUs. By
combining these modalities, the models can
obtain more comprehensive information
about the foot and improve classification
accuracy.

4.PROPOSED METHOD

The proposed method for the automated
detection and classification of diabetic foot
ulcers combines deep learning techniques,
particularly CNNs, with advanced image
processing and augmentation techniques to
enhance the accuracy and efficiency of DFU
detection. The system follows a multi-stage
approach, including image acquisition,
preprocessing, feature extraction,
classification, and severity assessment.

The first stage of the system involves image
acquisition, where high-resolution foot
images are captured using a digital camera
or thermal imaging device. The images are
then preprocessed to enhance their quality
and remove any noise or artifacts that may
affect the classification process.
Preprocessing steps may include image
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normalization, contrast enhancement, and
background removal.

Next, the system uses a CNN-based model
for feature extraction and classification. The
CNN is trained on a large dataset of
annotated foot images, with both healthy and
ulcerated feet. The CNN learns to
automatically extract relevant features from
the images, such as texture, shape, and color
patterns, and uses these features to classify
the foot as healthy or ulcerated. Transfer
learning is employed to fine-tune pre-trained
models, improving their performance on the
relatively smaller DFU dataset.

For severity classification, the system uses a
multi-class  classification model that
categorizes DFUs into different stages,
ranging from mild to severe. The severity
classification is based on visual features
such as ulcer size, depth, and surrounding
tissue conditions. This allows healthcare
professionals to assess the seriousness of the
ulcer and determine the appropriate
treatment.

The proposed method also incorporates data
augmentation techniques to enhance the
model’s robustness, allowing it to generalize
better to unseen data. By applying
techniques such as rotation, flipping, and
zooming, the system can generate additional
training data from existing samples,
improving model performance in real-world
scenarios.

5. OUTPUT SCREENSHOTS



Diabetic Foot Ulcer

el Traiming

OUTPUT

JNAO Vol. 16, Issue. 1: 2025

6.CONCLUSION

The automated detection and classification
of diabetic foot ulcers using machine
learning and deep learning techniques hold
immense potential for improving the early
diagnosis and management of DFUs. The
use of advanced image processing and deep
learning algorithms can provide more
accurate, efficient, and consistent results
compared to traditional methods. By
enabling healthcare professionals to quickly
detect and classify DFUs, these systems can
help prevent severe complications, such as
infections and amputations, and ultimately
improve patient outcomes.

While deep learning methods have shown
great promise in the detection and
classification of DFUs, challenges such as
limited annotated datasets, variability in
image quality, and model interpretability
remain. However, with continued research



877

and development in the field, these
challenges can be addressed, and automated
DFU detection systems will become more
effective and widely adopted in clinical
settings.

7.REFERENCES

1. Goel, P., et al. (2016). Detection of
diabetic foot ulcers using machine
learning algorithms. IEEE Access, 4,
9041-9048.

2. Chua, S., et al. (2017). Classification of
diabetic foot ulcers based on color
features. Medical Imaging, 35(8), 1234-
1242,

3. Rajendra, P., et al. (2018). Deep
learning-based  diabetic  foot ulcer
classification using CNN. Journal of
Medical Imaging, 5(2), 101-108.

4. Malm, H., et al. (2020). Transfer
learning for diabetic foot ulcer detection
using ResNet-50. IEEE Transactions on
Medical Imaging, 39(7), 1864-1870.

5. Imran, M., et al. (2019). U-Net based
segmentation for diabetic foot ulcer
images. International  Journal  of
Biomedical Imaging, 2019, 1023421.

6. Kumar, P., et al. (2018). Infrared
thermography for early-stage diabetic
foot ulcer detection. IEEE Journal of
Biomedical and Health Informatics,
22(5), 1304-1310.

7. Hannun, A., et al. (2014). Deep speech:
Scaling up end-to-end speech
recognition. arXiv preprint
arXiv:1412.5567.

10.

11.

12.

13.

14.

15.

16.

JNAO Vol. 16, Issue. 1: 2025

Baevski, A, et al. (2020). Wav2Vec 2.0:
A framework for self-supervised
learning of speech representations.
NeurlPS 2020.

Xie, L., et al. (2019). Automatic diabetic
foot ulcer detection using deep learning.
IEEE Access, 8, 226342-226351.

Li, Y., et al. (2020). A survey of deep
learning in diabetic foot ulcer detection.
Medical Image Analysis, 66, 101850.

Zhou, Y., et al. (2020). Diabetic foot
ulcer detection using convolutional
neural networks. Computers in Biology
and Medicine, 119, 103693.

Zhang, Y., et al. (2020). Deep learning
methods for diabetic foot ulcer detection
and segmentation. Computerized
Medical Imaging and Graphics, 78, 101-
112.

Gupta, R., et al. (2020). A review of
machine learning techniques for diabetic
foot ulcer classification. Journal of
Medical Systems, 44(7), 121.

Elakkiya, R., et al. (2021). Diabetic foot
ulcer detection using hybrid deep
learning model. Artificial Intelligence in
Medicine, 113, 102040.

Selvaraj, A., et al. (2021). Medical
image analysis for diabetic foot ulcer
detection. Biocybernetics and
Biomedical Engineering, 41(3), 765-773.

Lee, J., et al. (2021). Diabetic foot ulcer
classification with deep learning and
transfer learning. International Journal



17.

18.

19.

20.

878

of Artificial Intelligence in Medicine,
118, 102114.

Sharma, A., et al. (2020). Early detection
of diabetic foot ulcers using machine
learning and medical imaging. Journal
of Diabetes Science and Technology,
14(6), 1152-1161.

Shah, M., et al. (2019). Diabetic foot
ulcer detection using hybrid machine
learning  techniques.  Medical &
Biological Engineering & Computing,
57(3), 487-497.

Zhang, Y., et al. (2021). Review on
diabetic foot ulcer detection with deep
learning. Medical Image Analysis, 70,
101937.

Hu, J., et al. (2020). Machine learning
models for diabetic foot ulcer prediction.
Computer Methods and Programs in
Biomedicine, 196, 105639.

JNAO Vol. 16, Issue. 1: 2025



