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Abstract: In many cases, the construction industry is, unlike production industry at large, compar-
atively dependent on manual work based on judgments by workers as there are a few repetitive work.
For this reason, industrial robots used in manufacturing are not adequate to be applied construc-
tion sites. In fact, the construction robots are required to have transfer technology and high-grade
intelligence, which are beyond the technological category of the current industrial robots, but the
current construction robots have not yet reached such a high technological level. Particularly, as to
the robots moving around in an environment in which they are working jointly with human workers,
unless the safety technology for assuring safety for the human workers has been established, the
construction robots would not easily spread.

Under the circumstances, our institution held an “Investigation Meeting on the Safety Control
Technology for Construction Robots” for the purpose of identifying safety and technological problems
with the current automatic construction systems and construction robots. This meeting was held
four times in total. The institution listened to the attended experts in robots from major construction
companies and universities about the subject together with the presentation of construction robot
introduction cases, and discussed problems with the automatization of construction work.

This chapter summarizes examples of the automatization and robotization of construction work,
describes the current technology for such automation and robotization, and identifies the problems
with such automatization discussed at the meetings.

The construction robot introduction cases to be covered in this report encompass a wide applica-
tions, including material installation, concrete floor finishing, concrete placing, fire-resistant coating
material spraying, external wall installation, material transfer, welding and interior construction.
On the other hand, element technology cases for the automatization and systematization of con-
struction work encompass automatic building construction system, automatic crane and high-place
work, remote control, environment (sign) recognition, handling, teaching, etc.

As for the safety and technological problems, typical items were picked up from each ﬁeld related
to sensing, manipulator and transfer mechanism, control and system, and analyzed. As a result,
the limited applications of the current general-purpose robot technology and the immaturity of the
safety related technology were brought into sharp relief. That is, it was found that the performance
of assuring the safe motion of movement and manipulation had not yet been realized, and the safety
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control of controllers and communicators had not yet been established. It was also found that there

were many assignments to be fulfilled before developing the construction robot, such as the risk

assessment of special working environments different from factories and designs.

Based on the above investigations and findings, this chapter summarizes the problems to be solved

and the possibility of solutions to such problems.

Keywords; Construction robot, Safety, Safety control, Automatization and robotization, Investi-

gation
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Fig. 1  Fatalities by cause type in construction industry.
BXRRCBUBIHTABOBENRERR



BEHA DRy b ORAFEHATICE T 2R R R 2OWE L AR OUIERE

L, N7 —Ya~Nen—7—THEUEE 5D B,
SFERITBIT 2RI L ABERERTYL, —
BN TR B ) TR (32 T AT T B DIkt
LT, BSOS IR o 0RmEmICH DY,
KEERPEHEL N L ERLTW 2,

BEREMENFCREDORAERIUL, WES a2~V
FBREN - BEAFNLEER  BEIEFEICZNWY,
i, HEY 3 NV OTRENE B oo B RIS I
NTEEIZZEWZ LTk b, FHlTRAL, Y aX
WVIEERE IR DRI & D iR, %Y S
BAY, B IIEREIBET 2 aVvED
B, BHRIZN,

SN &) R ERER DT T HIEEERIE T,
BEREEN = 2 T THM P BT 2ETIE, Ex
DREEBFEBENLICLPPDOLT, BEICKE
RBETEBR 0L LV, 0L, KEERZHEN
2r, BBOBEMEL L L ICRLEBVEMNLEDOA
MOARRETEVERTETT, ReHFRFADIHE
BELTWZ W LI NS,

—7F, BEAn Ry MizowTid, BERiRrZL0
WIS R ERET D T WS, fEl DB MM & HEML
Bt - EEH o Ry P2 bR KRENEEING, FF
2, BEIT 2 L v R, BMES NS REICIIZRY
FDN=FT 2T/ V72T, B, ALV
SONERIHELI LICL BY, BEHuRy b THo
T, ERMICEEZIETIUERLE2FERTE 20T
THdH6, 3Ry b— N7 2 TICREHMZEA
TAZ LR E—RICELDIVEDD B,

22 BEAORy FRARER

B, BFFoRy MIEERa KRy b A=A —TI3
%, 2—HFThrELrarzhlbs LIBRERT
BRERINTWE, Jiud, UHEEZEE T 5 k0RE
EfoRy M LT, BFBHoRy MMEROER -
BIEEENR L L, EROBHEMOBENLEL D
T7u—FB LB itk b, YHOBRKRAD
Ry MEHZIL, fERIEEONIRE AR L SREOm L
MZT, HEHARDBEIKRELHOTH 72, 5
I, FEEEZEBEOERILTE L ST, 1980 44X
Bep oBZEA Ry M OBRMIICHEL P 572,

L2L, Wh s 7L RE%IIEZAe Ry b
DERICT V=X 280D, BE T, BFEERK
KuRy b D OEREXEZERT A ERSE SN
%, ERIC, EIEBREDKEEIFTEREAERD R
WTFIEL Y OERTHRPERITE, BRAaRy b
DIEBDFIL L o Tw b, TRELHTHERE
LTid, 22 &, “eMore, NBREDRHE,

33 —

MEREEIFTIEA
9%

N e

RETIEA W 37%

15% I

SEfEEIFTIEA
15%

RTIER
20%

Fig. 2 Developed construction robots by work.
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Fig. 3  Versatile handling robot.
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Fig. 8  Fireproof covering material spraying robot system.
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Cement slurry plant
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Splaying to beam.
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Photo 3 Deep shaft working robot.
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Wall surface inspection robot.
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Photo 7 Lightweight manipulator.
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Photo 8  Measuring robot.
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Table 1  Troubles of devices and countermeasures.
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R EERSF AR Y b

(2) HABBERM I AFy b

it KB BEIRAT TR, SREEZICERITI R
TELWEETH B, —RINICIE, (BEEIRGTH

vTuy 77— NVEDWMKMEESEICTENEE T
BEIND L) CIRFT 2 oEEE S F2BEH L L
PoEEEZGT 5. ZoEEEL, WAMEOBKIERY
o, BHTOLBBEREAZPVLEREL), Bik
DPOEREHIEED—DTH 5,

&) Lt REBERMT T EEE2RET L0, <
=2V —2% %3 -7 TSSR—3, (Fig. 13) 2R
7z, SSR—3 13, 2.8~4.4m NDEIITH HHBEHOKIE,
MNEIZT Y 77— EIREMT 2 RERRAMAT TR
WHTE S, 272, —Rico Ry VMEEDT 4 —F »
TWREELWZ DS TF 754 T4 —F VIV RT
Ly BREBELT, BoTiEeBEDF—2 RUEST/S
=By ar AT, BERE TRy b
BIEIITZDEIICTH->TWB, MAT, vl MI
BERE Ik, BoMEZRIBLET Az A
BICHE L TEERT ),

BEVAT LY L TRDZENREINTWS
¢ ONUN—RUNUN—NE S v F AL v FI2ED, T

—EEEE M LS AIE, EbicEET 3,
(3) BB EH IS LEE

BEOEEHT 2 ATIERIE, RO KELHEL
ERIOVBET 220, BRTHEORD GRAIELD
—OTHb, TOEEEERT L0, BHFEHIT
LEEB Mo 54 ey 7 T—2 ) FERI N,
SR, FHTORKEEFRETITZ 520D, BL
PEEIFIA E THENT A LELL L, Rettom b
BRHNBEE BT, HER5DBREID» > TWnRES

Photo 9  Weather-unaffected building construction sys-
tem.

SRECELVEFHERELSXAF L

Photo 10 Automated welding robot.
EEEEEQRY b

LB 20RBETCTEI2EBTH S, 72, FHT
bUVN—TT 89 FTITZ, DY vy 7 VD&
MY B 2HFELTOEIEN, 2L T4V ry 2



Fig. 14 Plastering robot (Concrete Floor finishing
robot).
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Photo 12 Concrete floor surface finishing robot.
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Fig. 15 Super long distance tele-operation.
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Table 3 Classification of safeguarding devices for construction robots.
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