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Receiver Alignment System Based on Underwater Spot Tracking

HE Feng-tao, LI Si-jing, YANG Yi, ZHANG Jian-lei
(School of Electronic Engineering, Xi'an University of Posts and Telecommunications, Xi'an 710121, China)

Abstract: Aiming at the problem that the light spot in underwater wireless laser communication is easily
deformed, susceptible to turbulence and to be blocked, firstly, the tracking light spot algorithm of Mean
Shift combined with unscented Kalman filter and threshold judgment is used to obtain the real-time position
coordinates of the tracking light spot. The analysis results show that when the light spot is blocked,
deformed or affected by turbulence, the error between actual movement trajectory and tracking movement
trajectory are about 2.1%, 4%, and 1.2%, respectively, which verifies the feasibility of the algorithm. A
receiver alignment system is built to track the real-time position of the light spot. The real-time alignment
of the receiver and transmitter is controlled based on the relationship of the real-time position and the center
position. The alignment accuracy of the system is reflected by the deviation between the actual center
coordinates and the center coordinates of the light spot obtained by comparing the alignment system. The
experiment results show that the greater the angular velocity of the receiver's motion, the smaller the
alignment accuracy.

Key words: Underwater wireless optical communication; Tracking alignment; Mean shift; Unscented
Kalman filter; Control system
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Table 2 Tracking error when the light spot is blocked
. Spot actual center Spot tracking center ) .
Serial number ) ) Pixel coordinate error ~ Root mean square error
coordinates coordinates

a (82,132) (85,135) 4.24 1%
b (158.5,134) (149.5,131) 9.02 21%
c (180,131) (172,127.5) 8.73 2%
d (210,125)
e (276.5,126) (270,123.5) 8.13 1.5%
f (359,128) (352.5,130.5) 6.96 1.4%
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Table 3 Tracking error when the light spot is blocked

) Spot actual center Spot tracking center Pixel coordinate Root mean
Serial number Spot roundness ) )
coordinates coordinates error square error
a 0.81 (159,164) (162.5,163.5) 3.57 1%
b 0.94 (187.5,166) (188.5,166.5) 1.58 0.5%
c 0.63 (218,171) (204.5,170.5) 13.5 4.1%
d 0.69 (284,169.5) (270.5,167.5) 13.9 4%
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Fig. 8 Spot tracking results under turbulence
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Table 4 Tracking error under turbulence

. Spot actual center Spot tracking center . .
Serial number ) ) Pixel coordinate error Root mean square error
coordinates coordinates
a (112,134) (114,135) 2.23 0.7%
b (167,125) (164,126.5) 3.16 1%
c (218,127.5) (221.5,129) 3.80 1.2%
d (256,139) (258,140.5) 2.5 0.78%
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