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Abstract: For the industrial robots with the fixed movable space, the safety measures have already been
specifically stipulated by the relevant international safety standards. However, since these standards are
not applicable to the mobile robots due to impossibilities to prepare fixed guards, the application of the
safety design principles for general machines to the mobile robots is tried. In this research, for designing
a construction robot categorized as a mobile robot, a concept of the safety designing based on risk
assessment and procedure for realizing such concept are proposed.

Under the risk assessment principles, the risks of hazards assumedly caused by the construction robots
are estimated and evaluated. The risk estimation is made on the risk factors utilized by general risk
assessment techniques (i.e., severity of hazards, frequency of exposure, possibility of avoidance). In
addition to the judgment parameters applied to the conventional industrial robots, the allowable risk
ranking described above is applied as one of the judgment parameters. Then, according to the magnitude
of the risks, the safety performance of the required risk reduction means is stipulated.

Then, the procedures for layered safe designing along risk reduction activity are descried and applied to
the designing of the construction robot equipped with the mobile platform and manipulators, which can
be operated in the environment with the presence of workers around. Assumable typical hazards lead to
hazardous events that the manipulator squeezes a worker and that the robot body collides with a worker.

The manipulator is provided with the inherently safe designing with the force output and speed of the
actuator controlled by a brake and a clutch, and the robot mobile mechanism is applied with safety mea-
sures for the risk reduction since it is difficult to provide the same inherently safe designing as that for
the actuator. Particularly, as the safety measures to prevent the collision of the robot bodies with work-
ers, an ultrasonic radar sensor, a photoelectric reflective sensor and a soft-touching bumper switch are
hierarchically managed by a safety controller. According to the size of the detection area for these
human detection measures, the safety requirements for them are stipulated, and according to the inter-
vals between the mobile construction robots and individual workers, the human detection measures are
hierarchically functioned.

The construction robot provided with the risk reduction activity can freely behave as long as it is physi-
cally secluded from workers. However, when it is approaching a worker, the robot functionally secures
the safety in such a way that it can avoid the worker or stop its operation before it makes dangerous con-
tact with the worker. As described above, in whatever the status of robots and workers, it is a require-
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ment of the construction robots to functionally secure the safety in the low-risk status and inherently

secure the safety in the high-risk state.

Keywords; Construction robot, Mobile robot, Safe design, Human-robot coexistence, Protective mea-

sures, Risk assessment
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Fig. 1 Flow diagram of safety requirements for
mobile robots.
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Table 1 Example of risk factors and rank criterion.
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Table 2 Risk reduction decision matrix correspond

to safety performance.
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Photo 1

Exterior of construction working robot.
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Table 3 Risk estimation and evaluation for construction working robot.
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Table 4 Hazardous conditions and events correspond
to hazards of construction working robot.
BIEEAOR Y FOBRIEERET 5E
PRIKRE, BR

B 5 2 fa Bk
K OfamHR O
1,4,6,7, 11, 14, 16, 19, 22, 24,

fes B feBE O Bl

fiL>5L 25,27, 29, 30, 32, 34, 36
& AW BALAP
Y5 89
. % X kA 5,13, 21

L P T oA S % L
T 2.3,8, 12, 15, 23, 26, 31, 33
e 50 L 8,9, 12, 15, 20, 23, 35
CInER 1.8 11, 15, 19, 23. 25, 30, 32,
B X 35

ER FEEH & D 10, 17, 37

E=Oi0] (=0 NI 18, 38

MERY | HEDY 8, 15, 18, 23, 38

W KR 8,15, 23, 38

ANERG LB 11~14, 19~22, 25~28, 30~
FREANOREYE | 35
PREEOAHH | 30~38

AMLSE IOEg R | 25~38
B e = o255 — [11<38
S 11~16, 19~24
I 1~7, 11~16, 19~24, 30~36

- (ZERORERH |,

gfﬁgﬁ Bi-rome) |0

merH & O AREK) 89,15, 23

T OGS - B | 1~7, 11~14, 16, 19~22, 24
VI I TIT— | ~36

. r =k A
s 2 | T AV 7~9. 15, 16, 23. 24. 30~36

- R - [elfE
7 B e o 1~7 11~14, 16, 19~22, 24

AU | pigopw | ~36
AT 1, 4,7 11, 14, 15, 19, 23~25,
T m e g LIS, 287

AR =% —15— | 11~16, 19~29
ﬁgi@ LKL, B L

RO | e, wrvn

BENC & 2 | EARIRE)

7~9, 15, 16, 23, 24, 29, 36
7~9, 29

DEENRE AT L REViEFE Y BT 5 LEHN
HbBo EATICHT A MBI L Cidieixm
FWEREL XV EREINTVDL I b b,
ZoM, E—F FIANEOHIESN-HEIER
BIOBMITH LY, EREEIERED SN S,

4. BTAEEROKRY ROYRITEAXZ M
O REMBERRE

4.1 YRV EBFEROVERE

VA7 TH2ARX Y FPOEIZBNT, WELRI
NI i, REOEATYIRAZZHMED

FE SE LRI U 78 L

NIIS-SRR-N0.26 (2002)

5L ThHb, BEVIEFERICERIND 2tk
MR OB TOFMICIKGTET 5720, KD EEL Wl
WEETAHIEDRROONG, 72, 4 DOfERIE
WS ZEN#EFE M L E R 55w,

Lo L, RE#ETENY A7 2K 550 %13,
WHRETLEMFROBAEMEDORICEBRT HDT
7L, MOV R EEDT V7 2 KBTHIED
%\, BlZ21E, Table3 2B EBHIBEEEEZ L
DIBZEITDWTIE, BELIATNC R EE g VS R &
BHEE 3R o TR Ak, REEICR - T
WILEEFRE LCHRMGCTHA, FEHTEELY
o TRBEFERIZELZ EIZMS, Thbb, &
EPETERIZE D) A 7K, ERIEA GRS
WAL TWL Tt 2D KERTHEL FIFs 2
EHRURETH Y, BEOREY#EFE % B RE N5
XL EDVHBTH S,

COXDBRBEHOTREZBEYIHAS b THH
TAHHEICOVWTIRE Ry bEESE T+ o RE
ShTwhw, 22T, k¥ 70t A 55 CTiRE X
NTWBHBMVi#ERRE (Independent Protection
Layers, ML'FIPL) 'V Ot &%EALT, a&R v b
Pii# T OB EILZ X5 2 L & L7z, IPL 12X Bk
AL, WRERESERESRE LRI L Tk
K3 BREHMEIC Y A 7R R A B ERCE L, X0
BRI #E Sy L THESRET, YAT724
RELTYVAZEBERDLDDTH D, T2, KR
JE DR R AEMICFFHTE 2720, BREMT AT A
DFHMDE D & 72 b

IPLTE#HRESNLEREIZ, UTOIDTH S,
LR RERAeRED (BB
S 2 AT O AR Gl R O MR
<85 3 BB oM A/EEZR (AHOBIE)
AR 4 vy ayy (HBERLAEL)

-5 WEIETRE (V) =T )

-6 L WEBIEFE (B
TR Ty PNEEISETE (ST
-0 8 JE L HuIRB AT (MR R, ARk

— I, MR ICBWTIE, A vy uy 72 E
PCREPEREE L TRELZ2TNIER S v
A, IV REREBIIBWTIE, A ¥y ay r gkt
b LLRAWMEELLATLZOROP#ER D /N —
FTAHIEELTWA, T/, 75 ¥ MERREILICX
LI LT, AMDY 2 7 KA 5 % RAR iy 2
L CWBZ L EHTHLE, 2D L) RIPLO
EZHE, BRENHEEZZET 2r08m e L
T, MIFEEHTRY boA% 5, ANMILEBRE
TTEHELZTARE RS 2WE ) 2 FER o Ry b
WCIK BEHWREE Bbh s,



R

Table 5 Protection layers against collision and
squeeze of construction working robot.
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Fig. 5 Risk reduction measures equipped mobile

platform of construction working robot.
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Fig. 6 Configuration and functions of risk reduction
measures for collision prevention.
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