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Calibration Algorithm of Underwater Imaging System Based on PSO
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(a. Key Lab of Industrial Computer Control Engineering of Hebei Province, Institute of Electrical Engineering ,
b. National Engineering Research Center for Equipment and Technology of Cold Strip Rolling ,
Yanshan University, Qinhuangdao, Hebei 066004, China)

Abstract: Light refraction occurs when imaging in the water, and the pin-hole imaging model is no longer
valid. Calibration methods existing can't calibrate the system parameters correctly. This paper presents
an underwater calibration algorithm based on particle swarm optimization. Firstly, Zhang's calibration
method is employed to calculate intrinsic parameters and external parameters of the two cameras in the
air. The evaluation function is accomplished via length measurement, and then the distance from optical
center to refractive interface d, the normal vector n, and the thickness of waterproof cover h are
calibrated by using particle swarm optimization. Trough experimental comparison, the relative
positioning errors are 3.29% and 2. 68% in the method of high order distortion compensate refraction,
while those are 1. 99% and 0. 62% in the proposed algorithm. Compared with previous method, the
proposed algorithm can calibrate parameters accurately and decrease the relative positioning errors
obviously, which is important to positioning research in submerged circumstance.
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Underwater binocular measurement system

Fig. 1
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Fig. 2 Schematic of unprojecting
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Fig. 3 Space bifacial light intersection method
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Table 1 Calibration results of camera parameters
Left camera Right camera
(fosfy) (973.88, 978.34) (970.98, 974. 36)

(625.79, 456. 86)
(—0.13696, 0.18585,
0.00012,0.00059,0)
om (2.17, 2.03, 0.01)
(—231.19, 31.42,
532.73)

(594.09, 487.50)
(—0.12774, 0.16553,
—0.00044,—0.00084,0)
(—2.30,—2.14, 0.2
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(34.35, —6.89, 555.11)
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Fig.5 The picture of underwater experiment in various distance
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Fig. 6 The picture of underwater experiment in the same distance with different poses
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3 sHMEZREZHNAKENSHIE Method 1 Method 2
Table 3 The measurement data of clamp’s length in Relative Relative
Measurement L Measurement L
various distances positioning positioning
length/mm . length/mm .
Method 1 Method 2 errors/ % errors/ %
Relative Relative a 169 25 0. 74 163 20 2 86
“feaS?;jment positioning “feasxjmem positioning b 16733 0.40  162.96 .00
CRETVIM - rrors/ Y% e T rors/ % ¢ 167. 87 0. 08 163. 45 2.70
a 169. 25 0.74 163. 20 2. 86 d 170.09 1.24 164. 37 2.16
A
b 170. 71 1. 61 163. 87 2.46 verage 168. 64 0.62 163. 50 2,68
c 174. 09 3.63 160. 34 4.56 value
Average 171, 35 L oo 162, 47 _— AU I a SEI bLUSEEY o SE T d AT HERE B 300 mm.
value ’ ’ ’ ) 168 mm. 3% 3 F13& 4 43 5K b iR 55 — 4 F 88 — 4 19 5
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