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Vision-based location of
water chamber closure center of nuclear power steam generator
XIONG Xueqin , WANG Xiangjiang
( School of Mechanical Engineering, University of South China, Hengyang Hunan 421001, China)

[ Abstract] During the overhaul of nuclear power steam generator, visual robot is used instead of manual to complete the blocking
plate work of steam generator, among which the sealing and the center positioning of screw hole are particularly critical. In order to
shorten the irradiation time and solve the problem that the visual camera cannot get global taphole image due to the small space, the
method is used to find the taphole center position in which the local screw hole center coordinates is detected, subsequently the circle
fitting to coordinates is calculated. After that, a kind of the method of the radius based on point coordinates is put forward to solve
quickly the circle center, Process is that, first and foremost, the local image obtained by the camera is preprocessed. In order to
shorten the irradiation time and solve the problem that the visual camera cannot get global taphole image due to the small space, the
method is used to find the taphole center position in which the local screw hole center coordinates is detected, subsequently the circle
fitting to coordinates is calculated. After that, a kind of the method of the radius based on point coordinates is put forward to solve
quickly the circle center, Process is that, first and foremost, the local image obtained by the camera is preprocessed.Then, use the
Hough transform to detect the circle center of screw hole, compute the length of the triangle side formed by the center of the screw
hole, quickly solve the taphole circle radius according to side length, take two center circle to construct equation solving the taphole.
Finally, the only taphole circle position is determined by the third constraint. The experimental results show that this method can
effectively detect the center of water chamber closure under the premise of ensuring accuracy. Compared with the least square method
and chord midpoint method, the detection speed increases by 33% and the calculation speed is stable.
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Fig. 1 Plug in water chamber of nuclear power steam generator
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Fig. 3 Flow chart of locating center of sealing circle
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Fig. 4 Hough transform parameter space representation
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Fig. 5 Schematic diagram for solving the center of a circle
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Fig. 7 Local random image of the plugging model
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Fig. 8 Detection effect and calculation result diagram
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Tab. 1 Test results of three methods

- /N Tk b sk PR X SeS
’ S AR FINALY 7 MR WE/ms ORI AR MR WE/ms ORI ARFR B2 R B/ ms
1 (185.695 0,791.648) 614.057 170 (185.695 0,791.648) 614.121 197 (185.695 0,791.649) 614.109 174
2 (181.142 0,791.537) 616.858 218  (181.1420,791.537) 616.109 328  (181.1420,791.537) 616.858 164
3 (171.470 0,824.531) 649.784 180  (171.470 0,824.534) 648.537 218  (171.470 0,824.533) 649.783 191
4 (116.661 0,788.832) 613.034 215  (113.196 0,794.100) 619.102 229  (113.197 0,794.100) 619.101 169
5 (31.496 5,840.407)  611.251 210 (31.496 5,840.407) 611.251 282 (31.496 5,840.407) 611.251 166
6 (140.437 0,842.928) 618.941 206 (140.437 0,842.928) 618.941 219 (140.437 0,842.927) 618.941 167
7 (139.193 0,864.343) 727.273 194 (139.139 0,864.343) 727.273 179 (139.193 0,864.341) 727.272 177
8 (83.416 9,977.596) 734.665 212 (83.4169,977.596) 734.665 220  (83.4170,977.596) 734.664 161
9 (539.272 0,990.288) 856.148 228  (539.2720,990.288) 856.148 300  (539.272 0,990.287) 856.147 161
10 (552.164 0,1 129.480) 943.827 337 (552.164 0,1 129.480) 943.827 324 (552.164 0,1 129.480) 943.827 172

11 (541.385 0,889.206) 842.550 204
SEIRERT/ms 215.818

(541.385 0,889.206)

842.55 331  (541.3850,889.206) 842.550 165

254.500 169.727
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Fig. 9 Time—consuming comparison of three methods
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