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Purpose: To automatically identify optimal beam angles for proton therapy configured with the double-scattering 

delivery technique, a beam angle optimization network based on a convolutional neural network (BAODS-Net) 

is proposed. 

Methods: Fifty liver plans were used for training BAODS-Net. An in-house program based on a treatment 

planning system API (Eclipse; Varian, USA) was developed to build an automated system. Twenty-five rays on 

the beam’s eye view were determined per angle to generate a sequence of input data. A ray collects nine features 

of the normalized Hounsfield unit and the position information of eight structures. The features were acquired 

from 0° to 359° with a step size of two degrees. The outputs were a set of beam angle score (Sbeam) ranging from 

0° to 359°. The score of an angle was a continuous value from 0 to 1 point, which was ranking information. 

BAODS-Net consists of eight convolution layers and three fully connected layers. In the training process, the 

layers were optimized to suggest an optimal Sbeam. To test BAODS-Net, we compared the performances of three 

types of loss functions and performed K-fold cross-validation (K=5) to evaluate the plan qualities of deep-learning, 

equi-spaced, and clinic plans. 

Results: Smooth L1 loss showed the best optimization performance. At the end of the training procedure, the 

mean squared error between the reference and predicted Sbeam was 0.031, 0.011, and 0.004 for L1, L2, and smooth 

L1 loss, respectively. In terms of the plan quality, the average relative differences of the mean dose to the clinic 

plan for organs at risk were −2.18% and 96.86% for the proposed deep-learning method, equi-spaced method, 

respectively. 

Conclusion: A deep-learning-based BAO method for proton double-scattering treatments was developed and 

verified. Using Eclipse API and BAODS-Net, a plan with clinically acceptable quality was created within 5 min.  
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