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Inch-Worm Robot with Automatic Pipe Tracking Capability
for the Feeder Pipe Inspection of a PHWR
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(Changhwan Choi, Byungsuk Park, Hyunkyu Jung, and Seungho Jung)

Abstract : This paper describes a mobile inspection robot with an automatic pipe tracking system for a feeder pipe inspection
in a PHWR. The robot is composed of two inch worm mechanisms. One is for a longitudinal motion along a pipe, and the
other is for a rotational motion in a circumferential direction to access all of the outer surfaces of a pipe. The proposed
mechanism has a stable gripping capability and is easy to install. An automatic pipe tracking system is proposed based on
machine vision techniques to make the mobile robot follow an exact outer circumference of a curved feeder pipe as closely as
possible, which is one of the requirements of a thickness measurement system for a feeder pipe. The proposed sensing
technique is analyzed to attain its feasibility and to develop a calibration method for an accurate measurement. A mobile robot
and control system are developed, and the automatic pipe tracking system is tested in a mockup of a feeder pipe.
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Fig. 1. Schematics of a feeder pipe inspection robot.
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Fig. 3. The movement principle of the inch-worm mechanism.
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Fig. 4. Analysis of the orientation measurement method.
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Fig. 13. The result of the offset orientation angle control when the
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(12.4 $mm/s$) (d) the robot movement and rotation

sequence.

BN % ek i
VIL 22
B E=RAAE A 2 13 gylgs shtel
SRR PISERSEEISIE ST 11}34 22

& FYUA AR FUT e 27 olF 2Re

Eilag

N
29 olF ZE Ag FHPL YT A A2

AASRET AA HAS AT S S A9 29E A

AFA 3

WA 87014 A17ko] Hol AR.Elo] 2Hdat

o WBo] & 34 W@ P APL ZRS 8ol U

Aol A

AFoEn A NES ZolE © J)eid

F Q& o= Jla

[11 E.

“Hydro-quebec

itd]

e

Rt
Lavoie, G. Rousseau, J. Lessard, and A. Drolet,

meter inspection bracelet,” Canadian

Nuclear Society's 5th Int. Conf on CANDU Maintenance.

2] E

Lavoie, G. Rousseau, and L. Reynaud, “On the

development of the MATAR family of inspection tools,”

Proceedings of Sixth CNS International Conference on
CANDU Maintenance, 2003.

3] G

Rousseau, K. Chaplin, T. Hazelton, P. Mattin, and E.

Choi, “Feeder piping NDE-Current capabilitys and future
direction”, Hydro Quebec, Gentilly, Canada, hitp://www.
ndt.net/



132

[4] T. Okada and T. Sanemori, “MOGRER : A vehicle
study and realization for in-pipe inspection tasks,” IEEE
Journal of Robotics and Automation, vol RA-3, no. 6,
pp. 573-582, 1987.

[51 K. Suzumori, T. Miyagawa, M. Kimura, and Y.
Hasegawa, “Micro inspection robot for 1-in pipes,” IEEE
Transactions on Mechatronics, vol. 4, no. 3, pp. 286-
292, 1999.

[6] T. Idogaki, H Kanayama, N. Ohya, H. Suzuki, and T.
Hattori, “Characteristics of piezoelectric  locomotive
mechsnism for an in-pipe micro insoection machine,”
IEEE 6th Symposium on Micro Machine and Human
Science, pp. 193-198, 1995.

[7] B. K. Kim, K-D. Kim, J. H. Lee, J.-O. Park, S.-H.
Kim, and Y.-S. Hong, “Locomotive mechanism based on
pneumatic actuators for the semi-autonomous endoscopic
system,” ICASE 2001.

[§] T. Fukuda, Hidemi Hosokai, and M. Otsuka,
“Autonomous pipeline inspection and maintenance robot

with inch-worm mobile mechanism,” [EEE Conf on

H

1995 giekt] AUZAlgsts &4
1997 B333tr)ed AAL 20014
T gk uRrL 2001@~3A el
A AT YA zgs e
FAQATY. BlRols 973 =7
7], e FA|, 2L AlaE 2A 4
Ao, 2y B 595 AlEdo)M, wHAE A28 A
g A, 5.

20001 =78 71ed ATFHE
HHAD. 19833~3A] SPxtE A7
AAHGH7 &N ddATd. &
Aol gy AR 2 AT

ISR

o o

HA - 22 - AIAEES] ==2X M 14 &, M 2 = 2008. 2

Robotics and Automations, vol. 4, pp. 539-544, 1987.

[91 C. H. Choi, S. H. Jung, and S. H. Kim, “Feeder pipe
inspection robot with inch-worm mechanism using
pneumatic actuators,” Int. Journal of Control, Automa-
tion, and Systems, vol. 4, no. 1, pp. 87-95, 2006.

[10] C.-H. Choi, S.-H. Jung, Y.-C. Seo, K.-M. Jeong, H.-C.
Shin, and S.-H. Kim, “Small mobile feeder pipe
inspection robot for pressurized heavy water reactor with
inch-worm  mechanism,” Korean Puatents, 10-2003-
0059819.

[11} Z. Zhang, “A Flexible New Technique for Camera
Calibration,” [EEE Trans. on Pattern Aanysis amd
Machine Intelligence, vol. 22, no. 11, pp. 1330-1334,
2000.

[12] J. Canny, “A computational approach to edge detection,”
IEEE  Trans. on Pattern Aanysis amd Machine
Intelligence, vol. 8, no. 6, pp. 802-809, 1986.

[13] Open Source Computer Vision Library Reference
Manual, The Intel inc., 2001.

ul-l:gkl

1986 ANk 7)AS eKE gt
Ah. 1990 Agoigta 71AFE
BFAAh. 20021 FEdisha 7142
FIHE Y. 19873~ A L
AE AT AF7A AT
2 AQATY. Rk vEH-E

S Floln 2R AA, 99 AMol, AlAe), AEA, M

273 2 Al elA.

353

1984 AN 71AE e £4. 1992
A 5 gk 2L 19999-3A S
AT AAE RIS EE- &
PATY. BARE 2R A2d, 5
Aehrlzd s, 2R AE|Heold,
g




