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(3) Summary
This study proposes a practical framework for measuring the external force vector applied to

a construction manipulator using hydraulic sensors. Such a measuring system inevitably



includes measuring errors owing to difficult-to-reduce modeling errors. Our framework thus
introduces a relative measuring accuracy improvement approach. It consists of (i)
guantifying internal error range (IER) using the summation of the maximum measuring
error of static and dynamic friction forces, (ii) calculating error force vectors using IER to
select cylinders with less errors, and (iii) outputting the external force vector using the
selected cylinders. Experiments were conducted using an instrumented hydraulic arm.
Results indicate that our proposed framework enables to improve the relative measuring
accuracy, independently of various postural and kinematic conditions.
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Construction machinery, External force vector, Hydraulic cylinder, Internal error range
estimation
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Fig. 1 Diagram of external force vector measurement
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Fig. 2 Measuring errors in three measuring methods
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Fig. 3 Measured external force vector during transport task
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Fig. 4 Vector measurement result in statistical representation

Seki, K. Ichiryu, and S. Sugano “A Preliminary Study on a Groping Framework

without External Sensors to Recognize Near—-Environmental Situation for



Risk-Tolerance Disaster Response Robots Tolerance Disaster Response Robots,”
IEEE Int. Symp. Safety, Security, and Rescue Robotics 2017 (SSRR 2017), pp.
181-186, Oct. 2017.

[6] K. Chen, M. Kamezaki, T. Katano, T. Kaneko, K. Azuma, T. Ishida, M. Seki, K.
Ichiryu, and S. Sugano, “A Semi-Autonomous Compound Motion Pattern Using
Multi-Flipper and Multi—Arm for Unstructured Terrain Traversal,” IEEE/RSJ Int.
Conf. Intelligent Robots and Systems (IROS 2017), 2704-2709, Sept. 2017.

[6] M. Kamezaki, H. Ishii, T. Ishida, M. Seki, K. Ichiryu, Y. Kobayashi, K. Hashimoto,
S. Sugano, A. Takanishi, M. G. Fujie, S. Hashimoto, H. Yamakawa, “Design of
Four-Arm Four—-Crawler Disaster Response Robot OCTOPUS, ” IEEE Int. Conf.
Robotics and Automation (ICRA2016), 2840-2845, May 2016.

[EN#EE]

(7] BRI, B, W, REEm, &K, WEN, Ao, EEEs, <
B— L RIS S KERS B A v b OUCEERETEAZIC BT D RS, JSME
ORT 47 A AT ha =7 AHZS (Robomech’ 18), 2A1-D11, 2018 46 H.

(8]  HE &M, BRAE, &K HEW, WZE, Ao e, —uid, wirE
B, “ZEBERESRR Yy MIBT DA E HEEERE & OB LAEEL 27
LDIE, AARRR Y NERTFHGEERES (RSJ2017), paper no. 1K3-04, 2017 4 9
A.

(9]  RWEARE, A, AHREE, B, —und, “4RBsRIEE e AR > ~ 0CTOPUS
DBARE”, JSME BRT ¢ 7 A+ A F kv =2 X2 (Robomec” 16), 2A1-17b5, 2016
46 H.

7. PN B EEEFR ORI

WMES AT LEFAT 5 EZERICB N TIE, ~= 2L —Z AL LAMEFHT 5
=D EMI RN TRIZIC) BESATORVWORERTH S, KRN E D7 S o
—FIE DL BB EFTHS 2 EIMEORmWEIRAR IR b0 L PHREND . datk
WA, KERFORE) - MIATEER E~OWEISIIxT 2 BIHR STV 52, At ils
WL ZNEFEBET D DORAI R HHK O 1 >THD. ARFFEIRARO=— X% 2 7=
BThbbb, S%ETETEELRMBHEN 2 LR TRINS.

8. SRORERIIXT HHE

AFET, WESRFBHHOLHEi~=t 2 L — X2 H T DM 27T MW TE 5547
FHEIR O —ffb 2 BT O TH Y, ho—KienRy 87 —LA~DJSHIZOWNTH
BEt Lz, Fiz, AAOFHIS R T L& LN K oEZ & 572012, F— X
Y NGO ARGFHATT 9 L bIZ, EFRSHICOWTHERFLTHhEZy. B



