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Development of a Deep Learning Network for Quality
Inspection in a Multi-Camera Inline Inspection System
for Pharmaceutical Containers
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Abstract

In this paper, we proposes a deep learning network for quality inspection in a multi-camera inline inspection system for
pharmaceutical containers. The proposed deep learning network is specifically designed for pharmaceutical containers by using
data produced in real manufacturing environments, leading to more accurate quality inspection. Additionally, the use of an
inline-capable deep learning network allows for an increase in inspection speed. The development of the deep learning network
for quality inspection in the multi-camera inline inspection system consists of three steps. First, a dataset of approximately
10,000 images is constructed from the production site using one line camera for foreign substance inspection and three area
cameras for dimensional inspection. Second, the pharmaceutical container data is preprocessed by designating regions of interest
(ROD in areas where defects are likely to occur, tailored for foreign substance and dimensional inspections. Third, the
preprocessed data is used to train the deep learning network. The network improves inference speed by reducing the number of
channels and eliminating the use of linear layers, while accuracy is enhanced by applying PReLU and residual learning. This
results in the creation of four deep learning modules tailored to the dataset built from the four cameras. The performance of the
proposed deep learning network for quality inspection in the multi-camera inline inspection system for pharmaceutical containers
was evaluated through experiments conducted by a certified testing agency. The results show that the deep learning modules
achieved a classification accuracy of 99.4%, exceeding the world-class level of 95%, and an average classification speed of 0.947
seconds, which is superior to the world-class level of 1 second. Therefore, the effectiveness of the proposed deep learning

network for quality inspection in a multi-camera inline inspection system for pharmaceutical containers has been demonstrated.
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Fig. 1. Overview of a pharmaceutical container
inspection system using deep learning.
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Fig. 2. Example image with ROl applied to the images
obtained from the constructed dataset.
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Fig. 3. Deep learning network architecture for quality
inspection of pharmaceutical containers.
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in multi-camera inline inspection systems.
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