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Development of Retrofit Type Backhoe Remote Control System
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This paper presents a retrofit backhoe remote control system that is inexpensive, compact, and
easy to install. The system consists of a remote control system using a teleoperation system embedded
by a construction machinery manufacturer and a small robot arm, and a remote sensing system using a

multi-core microcomputer.
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Fig.2 Overall view of the retrofit remote control system.
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Fig.3 The embedded systems (Cat Command, Caterpillar
Inc.) used in the proposed retrofit system.
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Fig.5 Mounting device used for retrofitting.
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Fig.6 Process flow of the retrofit sensing system.
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Fig.7 Configuration of the retrofit sensing system.
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Fig.8 The video displayed in the monitor for the operator.
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Fig.9 The experiments using the backhoe operated by the
proposed system.

Fig.10 The results of the field experiments. The Backhoe
was properly operated by the proposed system.

FiZaRy b7 — L OWEHFOEAEDARRICHER § 2 R EE
PRBTAEHAIDETHSB.

8 F&o

AR TIXEER — DD LA A S 2T 20— % FH
L, L ba7 a4y MAJRERGEIRIRIES R 7 L DRFERIT o 72, &
AT LR E LI ISR

o HARAAT AT LEFMMAT 2 Z 2T, HALTE X UCEIH
FEEICE G L ba T 4y NLERIBEHES R T A RBFE L

o A VR =Xy FENLLHERFEIZE->T, HEHIZHIRD W
RS 2R T AR LT

o BlREa~ L Far~A arENEALE, KMk Ny 2
RUBIL a7 4y WSV IR T AERFEL

F72, SHRIEIABTIRE LV b a7 4y bATREZERRIRME S 2
FADBEERBEDFELFER oTWb iRy b7 — ADFHHED
WELEDETETHS.

9 f2

AR DO—ENE, JST [A—> > ay MEIBIZEBREE] 75
¥ &S [JPMIMS2032) OZEEZI 25 DTT. F—F6
BV =—t3Iarvx sy a—3ay ARath S8 -
Wi EEZ I THEMEINE L.

&!I

No. 22-2 Proceedings of the 2022 JSME Conference on Robotics and Mechatronics, Sapporo, Japan, June 1-4, 2022
1P1-C07(3)



(1]

BE X
FESKEFERN | B EE. https://www.mhlw.go.jp/
bunya/roudoukijun/anzeneiseill/rousai-hassei/. 7
72 ZAH 202242 719 H.

TERES B K ER ISR I, https: //www.kensaibou.
or.jp/public_relations/enforcement_plan/. 77t X

H 202242 19 H.

Ryota Suenaga and Kazuyuki Morioka. Rowma: A re-
configurable robot network construction system. In 2021
IEEE/SICE International Symposium on System Integra-
tion (SII), pp. 537-542. IEEE, 2021.

Sebastian Madgwick. An efficient orientation filter for in-
ertial and inertial/magnetic sensor arrays. Report z-io and
University of Bristol (UK), Vol. 25, pp. 113-118, 2010.

R.S. Allison, L.R. Harris, M. Jenkin, U. Jasiobedzka, and
J.E. Zacher. Tolerance of temporal delay in virtual envi-
ronments. In Proceedings IEEE Virtual Reality 2001, pp.
247-254, 2001.

Fig.11 The tilt angle is insufficient because the arms in-

Fig.12 System configuration for an experiment to mea-

terfere during operation.
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sure the latency in sending control commands.

Table 1 Results of communication latency measurement
experiments when using Rowma server for com-

munication.
Result
Number of measurements 200
Bandwidth[kB/s] 1.65
Average of latency [ms] 4.5

Standard deviation [ms] 1.5
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Communication latency[ms]

Fig.13 Results of an experiment to measure the commu-
nication latency when performing remote control.
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