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Abstract. Medical imaging offers great potential for COVID-19 diagnosis and 
monitoring. Our work introduces an automated pipeline to segment areas of 
COVID-19 infection in CT scans using deep convolutional neural networks. 
Furthermore, we evaluate the performance impact of ensemble learning techniques 
(Bagging and Augmenting). Our models showed highly accurate segmentation 
results, in which Bagging achieved the highest dice similarity coefficient. 
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1. Introduction 

Multiple studies have shown that computed tomography imaging of the thorax is more 
sensitive for COVID-19 screening compared to RT-PCR testing [1]. Thus, our aim was 
to build an automated pipeline in order to segment COVID-19 related abnormalities on 
CT scans using deep convolutional neural networks and ensemble learning. 

2. Methods 

The pipeline was based on our in-house developed framework MIScnn [2]. We utilized 
the COVID-19 Lung CT Lesion Segmentation Challenge 2020 dataset containing 245 
CT scans into a pre-defined training and testing dataset consisting of 199 and 46 
samples, respectively2. The following preprocessing methods were applied: Clipping of 
Hounsfield units to [-1250, 255], normalization to unsigned byte range and, finally, 
resampling the CT scans to a uniform voxel spacing of 1.58x1.58x2.70 mm. We 
utilized the standard U-Net architecture for training and prediction on overlapping 
chunks of each image as described in [3,4]. 

We established the created pipeline as baseline and experimented with 
augmenting and bagging as ensemble learning techniques. Augmenting describes the 
process of data augmentation on the inference dataset. We applied horizontal mirroring 
as inference augmentation method which resulted in 4 predictions per sample. We 
combined these by majority rule, with ties resulting in a positive identification. 
Bagging is defined as generating multiple predictions using a collective of models of 
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the same type. The model collective was created by performing a 5-fold cross-
validation on the training dataset (80% training and 20% validation subsets). The 
resulting 5 predictions for each scan were combined by using majority rule, as well. 

3. Results 

We computed Dice similarity coefficients (DSC) on the testing set resulting in 0.63, 
0.64, 0.68 for baseline, augmenting and bagging, respectively. It can be seen in figure 1, 
augmenting showed a small improvement on the average DSC. However, the bagging 
pipeline revealed more robust predictions while having increased performance. 
 

 
Figure 1. (A) Performance distribution measured by the DSC on a separated testing set. 

(B) Average performance increase compared to the baseline performance. 

4. Discussion 

We showed that our pipeline is able to produce robust prediction results for 
segmentations of COVID-19 infected regions. In the future, we plan to further analyze 
ensemble learning impact on segmentation. 

5. Conclusions 

To summarize, we demonstrated that deep learning based medical image segmentation 
can be a powerful assistant to quantitative disease detection and monitoring. We are 
working on extending this analysis to consider more variation in the application of 
ensemble learning methods. 
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