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Abstract: Laser alignment is a prerequisite for stable energy acquisition at the receiver end in laser wireless power
transmission systems. Laser power transfer imposes high requirements on alignment accuracy, stability, and real-
time performance. Therefore, a laser alignment system design method is proposed, and optimizations are made to
the region of interest extraction and image preprocessing methods. On one hand, the SSD (single shot multi-Box
detector) model is improved by introducing MobileNet, incorporating spatial attention mechanism, and fusing
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semantics. The improved model is used for training and predicting the regions of interest. Compared to the original
model, the training speed is improved by 71.67%, the model size is reduced by 52.48%, the real-time detection
speed is increased by 295.30%, and the detection error is significantly reduced. On the other hand, the weights of

grayscale conversion are optimized, and an adaptive threshold selection using a histogram is implemented. The

elliptical fitting method and centroid method are employed to detect the spot and beacon center, reducing the error

in spot localization. Experimental results show that the improved laser alignment system achieves a stable

accuracy of over 95% and meets the requirements of accuracy, speed, and stability in application.

Keywords: laser alignment; SSD network; image process; object detection
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Fig. 1 Design of the laser alignment system. (a) Alignment system structure; (b) Principle of coordinate transformation
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Fig. 8 Images obtained using different threshold processing methods. (a) Original Image; (b) Grayscale image;
(c) Using iterative method; (d) Using Otsu method; (e) Using proposed method with the threshold is 133
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Table 1 Performance comparison of different network models

Net FPS Size/MB Time/h Err/% Err/%
VGG16-SSD 4.68 90.7 30.0 17.5 28.1
MobileNet-SSD 18.92 24.0 7.5 13.6 3.1
Improved-MobileNet-SSD 18.50 43.1 8.5 0.3 0
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B 10 128 RE R&HA ML L. (a) VGG16-SSD; (b) MobileNet-SSD; (c) #i# 49 MobileNet-SSD
Fig. 10 Predict results of different network models. (a) VGG16-SSD; (b) MobileNet-SSD; (c) Improved MobileNet-SSD
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Fig. 11 Experimental device diagram
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Fig. 12 Comparison before and after alignment. (a) Coordinate of center point of light spot before alignment is (324.5262.0);
(b) Coordinate of the center point of the light spot after alignment is (319.35278.97)
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Design of alignment subsystem for laser wireless
power transmission system

Kang Jinsong ', Zhou Yanping™, Sun Liangrong’, Kong Fanwei®, Lv Yanting"
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Laser alignment design

Overview: Laser alignment is a prerequisite for stable energy acquisition at the receiver end in laser-based wireless
power transmission systems. A laser alignment system requires high accuracy, stability, and real-time performance.
Therefore, an overall design method for laser alignment systems is proposed: Firstly, the image of the plane where the
photovoltaic array is located is captured by the camera. Secondly, the improved SSD (single shot multi-Box detector)
network which has been trained is used to predict the region of interest containing laser spots and two beacon spots.
Then, preprocessing the image which contains grayscale processing, threshold segmentation, filtering and denoising,
and using ellipse fitting and centroid method to locate the center points of the laser spot and beacon spots. Finally,
position control signals are output to the pan-tilt after coordinate conversion calculation, and the pan-tilt is driven to
align the light spot with the photovoltaic array.

Image processing is the key to system design. Thus, the optimization and improvement are made for the adaptive
extraction of the region of interest and image processing in system design. On the one hand, the SSD model is improved
by introducing MobileNet, spatial attention mechanism, and semantic fusion. The improved neural network model is
used to train and achieve adaptive prediction of regions of interest. The improved model proposed in this paper has a
training speed increase of 71.67%, a model size reduction of 52.48%, and a real-time detection speed increase of
295.30% compared to the original model. On the other hand, based on the characteristics of the laser spot, the weight
values in the process of converting color images to grayscale images are optimized. With the optimized grayscale
processing method, the peaks and valleys of the grayscale histogram are more pronounced, based on which, adaptive
selection of the threshold in the threshold segmentation stage is achieved. When processing images, optimizing the
grayscale processing of three channel weights and adaptive threshold segmentation can effectively extract light spots and
reduce the error of light spot positioning. The experimental results show that the improved laser alignment system has a
stable accuracy of over 95% with the best accuracy has reached 99.55%, which can meet the requirements of accuracy,
speed, and stability in engineering practice.
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