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1. Introduction 
 

Surveillance system is considered as one of the 

important safeguards approaches in a facility 

handling nuclear material. In particular, optical 

monitoring device is useful for monitoring movement 

of process material containing nuclear material. 

Video images are not only difficult to artificially 

manipulate, but also is easy to provide clues to 

abnormal activities. Especially, the role of optical 

monitoring device is expected to be considerably 

important in pyroprocessing facility because 

pyroprocessing processes of are designed to be 

located in isolated structures such as argon or air cell. 

However, there is still a limit to simply increase these 

useful surveillance camera because a lot of human 

resources may be required to review video image 

data.  

In this study, the algorithm to automatically 

monitor process material movement in electro-

refining cell was developed to minimize human 

resources based on the hypothetical surveillance 

camera. The algorithm was designed to track 

movement of the main crane and identify specific 

behaviors in order to understand process material 

movement. It is expected that this method can be 

utilized in actual facilities and the performance of 

surveillance system can be greatly improved while 

minimizing human resources. 

 

2. Method & Results 
 

The hypothetical video images showing electro-

refining cell where main pyroprocessing processes 

are being operated has been utilized in this study. 

The crane in electro-refining cell remotely transfers 

process material between process equipment based 

on prescribed operation scenario. Therefore, it is 

important to detect and track the crane to identify 

movement of process material. The cascade classifier, 

which is a type of conventional machine learning 

technique, had been applied to detect crane in last 

study [1]. However this technique showed a 

limitation of tracking the crane completely because 

correct detection efficiency was only 65.45%. In this 

study, faster R-CNN (Region based Convolutional 

Neural Network) [2], which is a type of deep learning 

technique and expected to show more improved 

performance, has been applied. 1,226 images has 

been utilized to train the faster R-CCN algorithm. 

These images contain crane and its location 

information called Region of Interest (ROI). Training 

time took about 63 hours in a workstation having 

high performance GPU (NIVIDA GeForce RTX 

2080 Ti). Fig. 1 shows the detection result according 

to various crane positions. As shown in the figure, 

the trained algorithm is detectable the crane with 

confidence of 99% or more in most positions, except 

when the position of the crane is too forward of the 

camera. 

In the next step, another algorithm based on the 

CNN for classification has been developed to 

distinguish whether the crane detected by the faster 

R-CNN has a process material or not. This is an 

essential requirement for tracking and understanding 

process material movements. 
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Fig. 1. Results of the Crane Detection using Faster R-CNN. 

 

A total of 11,105 crane images were automatically 

detected by the faster R-CNN algorithm and 

manually classified into 5,065 images having loaded 

condition and 6,040 images having unloaded 

condition. 70% of the total data set were used for 

training and 30% were used for validation. Training 

time took about less than 2 minutes in the same 

workstation. The trained algorithm showed the 

performance with validation accuracy of 97%. 

Although the two algorithms used to check 

condition of the crane show fairly good performance, 

there is still a difficulty in fully grasping process 

material movement because they cannot show perfect 

performance. So a deterministic algorithm has been 

added to complement this problem. The algorithm 

examines each frame based on results of back and 

forth frames and corrects errors in the frame. In the 

final step, the algorithm records time and name of 

equipment when the condition of the crane is 

changed. For example, if condition of the crane is 

process material is out by the crane from a process 

equipment. Fig. 2 shows the monitoring result. As 

shown in the figure, it is possible to determine when 

process material was injected into the UTRU ingot 

casting process and when it was out from the 

equipment. 

 

 
Fig. 2. Result of Tracking Process Material. 

 

3. Conclusion 
 

The study was performed on the development of 

algorithms to identify the movement of process 

material containing nuclear material in hypothetical 

video camera. The CNN techniques based on deep 

learning were used to check these conditions and 

showed good performance. It was confirmed that the 

developed algorithms were almost completely 

traceable to process material movement by the crane, 

except for some minor error. Although these 

algorithms cannot be applied directly in real facility, 

if algorithms are developed in the same way, it is 

expected that they will show good performance in 

surveillance camera of actual electro-refining cell. 
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