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Creation and Application of Curves by Inverse Analysis and Spline Interpolation
(Determination of Guide Frame Shape for Tunnel Inspection to Avoid Obstacles)

Fumihiro INOUE

Abstract:

In order to improve the method of automatically inspecting the inner wall of an aging tunnel, we
have developed a method that can flexibly determine the shape of the inspection guide frame according
to obstacles in the tunnel. The guide frame was composed of VGT, and its shape was controlled based on
the obtained position information of the obstacle. The shape of the guide frame was determined by using
the inverse analysis of the shape and spline interpolation to specify the points of the guide frame
corresponding to the obstacles and to analyze the shape. Based on such analysis and experimental
results, the shape of a practical guide frame could be determined, and it was expected that tunnel
inspection could be performed efficiently.
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Fig. 3 Object detection method by 3D Laser Range Finder
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Fig.7 Shape control of VGF in model tunnel obstacles
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Table 2 Each constant value of spline function for obstacle 1

Sk(x) ax by Cx dx
1 -0.022 0 0.47 0
2 0.086 -0.593 -0.071 0.264
3 -0.062 0.821 0.353 0.189
4 -0.003 -0.201 0.568 0.528
S 0.005 -0.293 -0.011 0.876
1r Original shape
(a) -
" Obstacle 1
g0 . . : . .
w1k - (5) : Selected point
AR ~
S |w . “\T‘/\/yﬁ
i /o (4)  Spline shape \/“
c0 — @ -3 |
= 1 1
o 1 ‘ (©6)
E Ir 7
© NN
s A By
5'7\\/./‘\\\4/ - “"‘E
0 \l"\lﬁ’—‘vi : — o Transforrr}cd shape —I-‘
0 1 2 3 4 5 6

Length of VGF x m
Fig.8 Shape decision of spline function for obstaclel
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Table 3 Each constant value of spline function for obstacle 2

Skx) ax bx Ck dg
1 -0.15 0 0.708 0
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Fig.9 Shape decision of spline function for obstacle2

Fig.10 Shape control of guide frame for obstacle 2
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Fig.12 Overview of an actual tunnel inspection system



WHATIE L AT T A RERREIC L DM IRORVE L ISR (REWMZ RIS S b RVRERTA K7 L —20BREEFE) OFL)

MNRHAHT-D, ETIEL—FRYE &2 T
B EIRAHEL, FOREEMERTLEIICH
A4 K7 L —ADOBRERE Lz, BRRE IV fE
WREEAT T CHMEEEA L, WL dH
HEPHOBEED IITEATE DN, RESNHHE
HLEW, AT T A AT EYORICE YT,
MR 2RO BN 5O Tl AN K E < 2558
Nbd, 5%, ZOFEELY LT HZ LT
WHIHA KT L — OB RERETE D LD ITH
AL TITL,
ARFFEBAFNC S HTEN - BEURBALICT L ClE
R, £, KFFEO—IITNBEFR AR HI -
A ) R_R— g EED ISIP A 07 SR - 1
B~ Fx VAL M) (BEIEA ; NEDOIC L - T
Fhte iz,

SE Xk

[1] Inoue F, Nakamura S, “Development of Variable
Guid Frame to Inspect Inner Wall Tunnel”,
Proceedings of the 6th International Conference on
Advance Mechatronics (ICAM2015), Tokyo, Japan,
PP. 284-285, 2010.

[2] Fujii H, Yamashita A and Asama H, “Defect
Detection with Estimation of Material Condition
Using Ensemble Learning for Hammering Test”,
Proceedings of the 20 16 IEEE International
Conference on Robotics and  Automation,
pp-847-3854 , Stockholm (Sweden), 2016.

[3] Soh J, Lee J, Han C, “Development of Object
Detection Technology Using Laser Sensor for
Intelligent Excavation Work”, Proceedings of the 26®
ISARC, Austin, TX, USA, pp.117-125, 2009.

[4] Chang H, Choi J, Kim M, “Reliable Position
Estimation Method of the Mobile Robot bmey Laser
Scanner and Indoor GPS System”, Proceedings of
the 23" ISARC, Tokyo Japan, pp.505-510, 2006.

[5] Teizer J, Bosche F, Carlos H, Carl T. Haas,
“Real-Time, Three-Dimensional Object Detection
and Modelling in Construction”, Proceedings of the
22" [SARC, Ferrara, Italy, pp.1-5, 2009.

[6] Lee J, Kim C, Son H and Kim C, “Automated
Pipeline Extraction for Modelling from Laser
Scanned Date”, Proceedings of the 29th ISARC,
Eindhoven, The Netherlands, 1-5, 2012.

[71 Heikkila R, Jaakkola M, Pulkkinen P, “Connecting
3-D Concrete Vridge Design to 3-D Site
Measurement”, Proceedings of the 20" ISARC,
Eindhoven Holland, pp.259-264, 2003.

[8] Makkonen T, Heikkila R, Kaaranka A, Naatsaari M,
“The Applicability of the Rapid Handheld Laser

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

Scanner to Underground Tunnel Surveying”,
Proceedings of the 32" ISARC, Oulu, Finland,
pp.1-7, 2015.
Han S, Cho H, Kim S, Heo J, “A Fast
AutomatedMethod  for  Extracting  Tunnel
Cross-Sections Using Terrestrial Laser Scanned
Data”, Proceedings of the 28" ISARC, Seoul,
Korea, pp.1013-1018, 20011.

Inoue F, “Shape Control of Variable Guide Frame
for Tunnel Wall Inspection”, Proceeding of T 34"
International Symposium on Automation and
Robotics in Construction (ISARC 2017),Taipei,
Taiwan, pp.675-682, 2009.5.

Tamura H, Sasaki T, Hashimoto H and Inoue F,
“Circle Fitting Based Position Measurement System
Using Laser Range Finder in Construction Fields,”
2010 IEEE/RSJ Intl. Conf. on Intelligent Robots
and Systems, pp.209-214, 2010.

Chernov N, Lesort C, “Least Square Fitting of

Circles”, Journal of Mathematical Imaging and

Vision, Vol. 23, pp. 239-251, 2005.

Inoue F, Sasaki T, Huang X and Hashimoto H, “A
Study on Position Measurement System Using
Laser Range Finder and Its Application for
Construction Work”, Journal of Robotics and
Mechatronics, Vol. 26, No.1, pp. 226-234, 2012.
Koryo Miura, “Variable Geometry Truss Concept
(Part I: Design and Operation of a Deployable Truss
Structure) ”, The Institute of Space and
Astronautical Science Report, No.614, 1984.

Koryo Miura, “Variable Geometry Truss Concept
(Part II: Review on Special Application of Variable
Geometry Truss) 7, The Institute of Space and
Astronautical Science Report, No.614, 1984.

Chirikjian, “Binary paradigm for
manipulators”, ICRA, pp.3063-3069, 1994.
Chirikjian, “Kinematic synthesis of mechanisms
and robotic manipulators with binary actuators”,
ASME DE-72, pp.161-167, 1994.

Inoue F, “A Study on Adaptive Structure Applying
Variable Geometry Truss (Mechanism of Movable
Arch Roof with External Panel)’Journal of
Robotics and Mechatronics, Vol. 21, No.2,
pp.172-178, 20009.

robotic








