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INTRODUCTION
Uncertainty can thwart fully automated analysis and
diagnosis systems in a clinical practice where critical life
decisions are made. Uncertainty estimates [1] can enhance
the transparency and trustworthiness of machine learning
(ML) and deep learning (DL) methods and assist in
promoting their uptake.
OBJECTIVES
Design a hybrid model to:
• Assess the robustness and consider the influence of
uncertainty for robust decision making.
• Improve medical image classification using multi-view
feature and decision (late) fusion with an attention
mechanism .
METHOD
Our Hercules model includes two main fusion blocks. CA
(Normal) is the Channel Attention module with normal
dropout, CA (Uncertainty) is the CA module with Monte
Carlo (MC) dropout as the Uncertainty Quantification (UQ)
module, and SA is the Spatial Attention module. DenseNet,
VGG19, EfficientNet and ResNet are hierarchically
connected. Hercules is validated using three medical image
datasets (Retinal OCT, Lung CT and Chest X-Ray).

METHOD
CA
(Common)

CA
(Normal)

CA
(Uncertainty)

RESULTS
The proposed Hercules fusion model takes advantage of a new
approach called deep hierarchical attentive multi-view fusion to
overcome uncertainties and over-fitting. Our results show that
the proposed model can achieve better aggregate performance
of image classification compared to existing methods.

Comparison of our results with existing methods on medical image classification.

A general overview of the proposed Hercules model.

DISCUSSION
Our model has successfully captured the spatial relationships
between features extracted by pre-trained DL models and
generalizes the attention mechanism as a selective type of
feature fusion into the main learning framework.

Probability distribution of the predictions for each class (COVID-19, Mis = Misclassified, noninformative CT (NiCT), positive CT (pCT), Cor = Correctly Classified, and negative CT (nCT)).

A general overview of uncertainty quantification in healthcare.

CONCLUSION
These findings highlight the benefit of Hercules, and yielded the
highest classification performance owing to the multi-level
feature fusion strategy with a UQ module. It produced the best
classification accuracy in retinal OCT (94.21%), lung CT (99.59%),
and chest X-ray (96.50%) datasets, respectively.
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