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● 요   약 ●  

Timely and accurate diagnosis of lung diseases using Chest X-ray images has been gained much 

attention from the computer vision and medical imaging communities. Although previous studies 

have presented the capability of deep convolutional neural networks by achieving competitive binary 

classification results, their models were seemingly unreliable to effectively distinguish multiple 

disease groups using a large number of x-ray images. In this paper, we aim to build an advanced 

approach, so-called Ensemble Knowledge Distillation (EKD), to significantly boost the classification 

accuracies, compared to traditional KD methods by distilling knowledge from a cumbersome teacher 

model into an ensemble of lightweight student models with parallel branches trained with ground 

truth labels. Therefore, learning features at different branches of the student models could enable the 

network to learn diverse patterns and improve the qualify of final predictions through an ensemble 

learning solution. Although we observed that experiments on the well-established ChestX-ray14 

dataset showed the classification improvements of traditional KD compared to the base transfer 

learning approach, the EKD performance would be expected to potentially enhance classification 

accuracy and model generalization, especially in situations of the imbalanced dataset and the 

interdependency of 14 weakly annotated thorax diseases.
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I. Introduction

Chest radiography is considered as the most common medical 

imaging technique used to diagnose various cardiothoracic, 

pulmonary and interstitial diseases and plays a pivotal role in 

lung disease treatment practices [1]. To produce a fast, affordable 

and non-invasive diagnosis, researches on deep learning-based 

approaches involved in various medical image recognition tasks 

have made remarkable results, including pulmonary nodule 

detection, cerebral micro-bleeding detection, or lung disease 

classification. Many attempts have adopted different CNNs with 

the preference of deeper, wider and more complex architectures 
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Fig. 1. The proposed feature integration framework for the COVID-19 classification.

to achieve competitive classification accuracy. However, the 

expensive computational costs resulting from those sophisticated 

models limit the aptitude of a learning solution in the real-world 

applications. KD thus leverages this problem by training the 

teacher model with greater learning capacity and higher 

performance to teach the lower-capacity student network and 

finally to earn the similar learning performance.

In this work, we strived to explore an advanced technique 

of KD, namely EKD to ameliorate the 14-class classification 

of thoracic diseases by distilling knowledge from a teacher model 

to a compact network of student models to minimize the difference 

between high level features of the teacher and student models 

and to demonstrate this approach’s outperformance compared 

to conventional base training without KD and standard KD.

II. Related Works

Many CNN models applied on ChestX-ray14 dataset have 

been proposed to achieve outstanding classification accuracy, 

such as CheXNet [2] - a 121-layer CNN, ChestNet [3] and 

Thorax-Net [4] - a pretrained ResNet-152; and pre-trained 

DenseNet-121 [5]. From the existing reports on ChestX-ray14 

literature, the transferal of features extracted from pre-trained 

models is preferable. However, the trends in model compression 

as EKD, which not only minimizes the computation and memory 

costs, but also improve model generalization in an ensemble 

fashion have not been documented yet.  Therefore, it is of great 

interst and importance to exploit the potential of EKD in medical 

imaging applications.

III. The Proposed Scheme

1. ChestXray-14 Dataset

In this study, we evaluated our proposed approach on the 

publicly available ChestX-ray14 dataset, considered to be the 

largest collection of up-to-date front view chest radiographs, 

which consists of 112,120 X-ray images acqurired from 30,805 

unique patients. We downscaled the orifinal 1024x1024 PNG 

images to 224x224 PNG images for all KD experiments and 

images were then normalized to the range [-1,1] based on the 

mean and standard deviation. We divided the data using the 

patient-wise official split into 70% for training, 10% for validation 

and 20% for testing.

2. Proposed EKD

Figure 1 presents an overview of our framework which 

comprises of a teacher models and a compact network of four 

student models. First, ChestX-ray inputs were fed into a 

DenseNet121 network. The model including linear layers would 

produce probabilistic distribution Q of the input data 

corresponding to the target classes and together generate a feature 

representation P. Knowledge learned from the teacher model 

would be transferred to teach an ensemble of four student models, 

including MobibeNetV1, VGG19, ResNet32 and ResNet50. 

During training, the branches were coupled with the teacher 

model and the parameters of an ensemble were optimized with 

respect to the grouth truth labels and the high-level features 

produced by the DenseNet-121 model. During testing, the 

branches of an ensemble were executed in parallel to improve 

the inference speed and their outputs were summed before passing 

to Softmax later to yield the final predictions.
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3. Classification Results

Currently, we obtained the classification results through the 

AUC scores based on two main approaches: using individial 

models and using standard KD, as summarized in Table 1. In 

general, standard KD demonstrated its outstanding performances 

and gained higher classification AUC scores, compared to training 

models alone (base training).

Models Base Training Standard KD

MobileNetV2 0.6710 0.7412

VGG19 0.7617 0.7739

ResNet32 0.6605 0.7406

ResNet50 0.7166 0.7552

DensNet121 0.8097 --

Table 1. The average classification AUC Scores

This preliminary results indicate that if we approach to our 

proposed method, which integrates different student models, 

the classification results would be apparently improved owing 

to the ensemble learning fashion to provide the correct final 

predictions.

IV. Conclusions

In this work, we proposed EKD training strategies with the 

aim of accurately classifying 14 pathological thorax diseases 

and boost the classification accuracy in comparison to traditional 

transfer learning approaches or standard KD using the public 

ChestX-ray14 dataset.  This framework encourages heterogeneity 

in feature learning through collaboration between different student 

models by the guidance of the teacher model. Thus, student 

networks could learn more discriminative and diverse feature 

representations while maintaining the requirements of minimal 

memory and computational costs. We first examined the 

outperformance of standard KD compared to base training of 

simple models. The EKD would be then performed to validate 

its significant potential of multiple thorax classification tasks 

in the near future.
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