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Abstract

A classification model using deep learning was developed for automatic diagnosis of diabetic foot ulcer disease. In
this study, we implemented an automated medical image disease diagnosis model that can classify diabetic foot ulcers
into normal and diseased, and classify them into infection and ischemia, complex ulcers, and other ulcers by using a
publicly available image dataset of diabetic foot ulcers(DFU challenge 2021). For this purpose, six deep neural
network models were used to train, and the accuracy, recall, precision, and fl-score performance of the models were
compared and evaluated for each model to present a model with performance suitable for diabetic foot ulcer
classification. To improve the performance of model, data augmentation and imbalanced data processing were used,
and among them, the EfficientNetB3 model achieved 89% accuracy and 89% recall for diabetic foot ulcer data.
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Table 1. Use of DFUC2021 dataset
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Table 2. Experiment summary

model classification data metric
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Table 3. Model configuration

Layer (type) Output shape  Param #

EfficientNetB3[:-10] (10, 10, 384) 984736
max_pooling2d (MaxPooling?D) (None, 5, 5, 384) 0

activation (Activation) (None, 5, 5, 384) 0

dropout (Dropout) (None, 5, 5, 384) 0

flatten (Flatten) (None, 9600) 0
dense (Dense) (None, 4) 38404

Total params: 10,224,435
Trainable params: 10,140,972
Non-trainable params: 83,463
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Table 4. Model performance comparison (@DFUC-A)

accuraciweighted

vy |- RoC #params|

Networks  |precision| recall |f1-score

DensNet201 | 087 | 087 | 087 | 087 | 094 | 18M

InceptionResNet

V2 085 | 084 | 084 | 084 | 094 | 49M

EfficientNetB1 | 083 | 083 | 083 | 083 | 093 6M

EfficientNetB2 | 087 | 086 | 086 | 086 | 0.9 ™
EfficientNetB3 | 087 | 087 | 087 | 087 | 095 | 10M
EfficientNetB4 | 084 | 084 | 084 | 084 | 095 | 16M
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Table 5. Performace results by classification label

metric
class |precision| recall |fi-score su;r)tpo
datase
both 0.85 092 089 | 25
infection 0.90 0.82 086 | 159
ischaemia | 0.80 0.80 0.80 10
DFUC-A none 0.89 0.94 091 | 222
accuracy 089 | 416
macro avg| 0.86 0.87 086 | 416
weight avg| 0.89 0.89 089 | 416
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Table 6. Comparision result of binary/multiple classification
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Network : EfficientNetB3| precision | recall |f1-score|accuracy

class 4 : DFUC-A
(both, infection, 0.89 089 | 089 0.89
ischaemia, none)
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Table 7. Normal and abnormal classification performance
results

Network : EfficientNetB3|precision| recall [f1-score|accuracy
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