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Abstract

Diabetes mellitus is one of the most predominant diseases worldwide, affecting people of all ages. Foot ulcers are
one of the most horrific complications of diabetes mellitus, which could result in amputation if not discovered
quickly or if the ulcer is not taken care of properly. Infrared thermography has advanced significantly in recent
years and has shown great promise in medical field, diagnosis of diabetic foot ulcers is one of the uses of this
technology. It is a non-invasive method that involves acquiring thermal images of the patient's foot and
preprocessing them before entering a deep learning trained model where the images would be classified and
diagnosed.

This research is focusing on constructing a convolutional neural network to classify thermal images of feet into
either "normal” or "diabetic" and increasing the model’s accuracy by conducting several experiments on different
parameters such as optimizers, activation functions, and transfer learning base models. The code is scripted using
python language, TensorFlow, and Keras libraries, and the experiments are simulated and plotted in form of
training and validation accuracy and loss graphs using matplotlib and Excel. in each experiment only one
parameter is changed for comparison and the rest remain constant throughout the trials. For example, when
experimenting to find a more efficient optimizer, other parameters remain unchanged for all trials so that the
results are only affected by the change in optimizer, the same methodology is repeated for the rest of the
experiments. The constructed convolutional neural network uses transfer learning to compensate for the small
dataset and it also increases the efficiency and speed of the training. A comparison is made between some of the
best transfer learning models, VGG16, ResNet-50, and EffecientNetB3. For optimizers, Adam and SGD were
compared. And regarding activation functions, sigmoid was compared to ReL U.

It was assumed that by combining the best parameter from each experiment, the best result would be obtained.
And indeed, it was an improvement from other results, it reached a validation accuracy of 90.5%. then, the model
was tested on some thermal images that were left out from the training dataset and got an accuracy of 86.7%.

Keywords: Diabetic foot, Deep learning, Thermography, Image processing, Python, Convolutional neural
network.
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Introduction

Study background.

Diabetes mellitus is a metabolic disease marked by persistent high blood sugar levels due to abnormalities in the
production of insulin, its effectiveness, or both. It can affect people of all age groups. Diabetes is classified into
two main types are type 1 and type 2, Type 2 Diabetes Mellitus (T2DM) is the predominant form of diabetes [1].
Type 1 Diabetes occurs when the immune system malfunctions and attacks the beta cells in the pancreas, which
are the cells responsible for producing insulin, it is considered an autoimmune disease which often occur at early
age. It is managed by insulin injection. Type 2 diabetes is when the body is resistive to insulin or doesn't produce
sufficient amount of it, this often occurs to people with obesity or low physical activity or genetic factors. It is
managed by changing the unhealthy lifestyle and might require medication or insulin injection. [2]

Diabetic foot disease describes a group of problems affecting the feet because of circulatory disturbances and
nerve damage caused by high blood sugar. Diabetic foot ulcers may develop as a result of neuropathy that affects
sensation in the feet or decreased blood flow (ischemia) to the feet where poor blood supply can make wounds
heal slower. If ulcers are not treated properly, they can progress into more serious problems. The ultimate endpoint
of diabetic foot disease is amputation, which is associated with high morbidity and mortality rates, and can have
significant social, psychological, and financial impacts on patients.

it is necessary to identify people at increased risk of diabetic foot disease and take appropriate preventive
measures, Neuropathy and ischemia should be managed as well as structural deformities of the foot such as
calluses, bunions, hammertoes, claw toes, flat feet, and underfoot. [3] Figure (1) shows diabetic foot in different
stages. [4]
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Figure 1. Stages of diabetic foot.
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Thermal imaging is a non-destructive, non-contact and rapid system. It reports temperature by measuring infrared
radiation emitted by an object/material surface. it is a technique that converts invisible infra-red (IR) radiation
pattern into images which are processed later on.

With the recent development in cameras, thermal cameras have become of significance in many diagnostic fields.
[5]

This chapter will focus on the uses of thermal imaging to help in early detection of diabetic foot using
convolutional neural networks to build classification models.

Thermal images of diabetic feet are shown in Figure (2). [6]

Figure 2. Thermal images of diabetic foot.

Problem statement.

Diabetic foot ulcers are not treatable but only manageable, hence, the faster discovered the better, there have been
many ways of diagnosis but all of them require going to the hospital, many patients get tired or fed up with tedious
routinely checks and end up diagnosed too late, and so comes the need for a diagnosis tool at home which would
be accurate enough to not need a doctor.

Study objectives.

- To implement and optimize a CNN model using python with keras and TensorFlow libraries to classify thermal
images of feet into "diabetic" and "normal.”

- To conduct a Comparison of different activation functions to achieve best accuracy as well as other comparisons
in the code.

- To construct an algorithm that uses the most efficient trained model to predict the health incoming images.

- To test the neural networks.

Conclusion.

This study focused on increasing the efficiency of the diagnosis of diabetic foot ulcers by testing and improving
deep leaning model parameters and, and that was done by using artificial intelligent (Al) control and python
language. Anaconda prompt and matplotlib/Excel were used in Simulating and comparing parameters.

The weights and biases were generated randomly to minimize the error in each epoch, the best accuracy which is
obtained in any of the epochs will be saved in a file. The same model could have different outcomes every time it
is trained, however, they don't vary a lot.

The purpose of the experiment was to obtain the highest accuracy possible, in other words, the best weights and
biases that are saved later on to a h5 file. After performing the trials the following results were obtained, Adam
optimizer proved to be more efficient than SGD, VGG16 pre-trained model had shown more accuracy than the
other trained models. And then some random number of layers was added on top of the pre-trained model to see
whether the accuracy improves, simulation showed that adding too many or too little layers wasn’t good for
accuracy and that the best accuracy was when there were five added layers and an output layer. Also, the model
had shown best accuracy when the added layers are activated by sigmoid functions rather than ReLU.

It was intended to obtain a new dataset from patients in local hospitals, but it was not possible due to thermal
cameras cost being expensive and unavailable locally to borrow. It was also intended to create a website or a
phone app that runs the algorithm so that patients would be able to send pictures to the app and get a diagnosis
while sitting at home. But unfortunately, due to lack of programming skills in this area it required more time than
obtained.
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