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A Study on Implementation of Service Robot Platform
for Mess-Cleanup
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Abstract: In this paper, a Smart Home Service Robot, McBot II, which performs mess-cleanup function etc. in house, is
designed much more optimally than other service robots. It is newly developed in much more practical system than McBot I
which we had developed two years ago. One characteristic attribute of mobile platforms equipped with a set of dependent
wheels is their omni- directionality and the ability to realize complex translational and rotational trajectories for agile navigation
in door. An accurate coordination of steering angle and spinning rate of each wheel is necessary for a consistent motion. This
paper develops trajectory controller of 3-wheels omni-directional mobile robot using fuzzy azimuth estimator. A specialized
anthropomorphic robot manipulator which can be attached to the housemaid robot McBot II, is developed in this paper. This
built-in type manipulator consists of both arms with 4 DOF (Degree of Freedom) each and both hands with 3 DOF each. The
robotic arm is optimally designed to satisfy both the minimum mechanical size and the maximum workspace. Minimum mass
and length are required for the built-in cooperated-arms system. But that makes the workspace so small. This paper proposes
optimal design method to overcome the problem by using neck joint to move the arms horizontally forward/backward and waist
joint to move them vertically up/down. The robotic hand, which has two fingers and a thumb, is also optimally designed in
task-based concept. Finally, the good performance of the developed McBot II is confirmed through live tests of the
mess-cleanup task.

Keywords: mess-cleanup robot II, omni-wheeled mobilerobot, special-purpose manipulation, trajectory controller
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Fig. 1. Home Service Robots for mess-cleanup.
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Fig. 2. Force analysis and nomenclature.
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Table 1. Denavit-hartenberg parameter.

Joint i a (%) | 6 (%) | d (mm) 6
1 0 0 0 01
2 145 90 0 0,
3 354 0 0 0;
4 235 90 0 04
5 0 0 82 0s
E 2 wfyEdelH e 2RIE e
Table 2. Joint definition of manipulator.
Left Right
Shoulder 8 9
Arm 4,5,6,7 10, 11, 12, 13
D.F’ 3 16
Hand
o 4BLF” 1,2 14, 15

D.F": Dustpan Finger, 4BLF”: 4 Bar LinkFinger

_4

n&!

z=e] HEH Zolth 9 4ollA & F e wUE
dolg e 7 AXNE E 1004 A3tk o7 AfEe
0.5DOFo|al 253 2=+ 4DOFo|th

2.3 2® = TmE

A 7PgelAe] AuldE AdY SAY Tde 9A
Loz ok o 93 £ =RAME 22 A=
T 7 @E PAF T} 2xyro] )] 7)1 1EtE A
]% sto] %E«l —*‘7@( E}d—% o] &3 53t

fo (@ oL L N
wi S (i g (Moo g

o m\o mlm m{o
Sy

)

72 9= Bele) erlehe A WA shosk
A vt A4S dsEHAAE FERE 7 &7 vig vl
9 AFEE ZteE HAI%a, 3] 2-F(abduction/adduction)
< AT &7 dole 4]l dAke] Bie Vs
o2 olg AR, AP e F Az AU
e ARBE Aslel Fe TEAE G o
gt o] EAE 7S T UEE &UiEE T R A

I,

_l

©

9544 93w
Fig. 5. Design concept of 4-bar-link.

149) 4191 7.

aY st 3 WAl B9 £vloR 48 Y] S48
57 4 Ash 245913 4 Bel Wt 4 G D, B9 ¢
A7b ek ek webd mhest Selua 4] $1x)o]
whe} A,

E3 B9 w54 wesel 3 A whdel
WA vt BAow ThHE FEE AMESe] YA
dolg AT 19 59 e 7Tk wARYH Y2
29] A SYAFQ gol tE I Veholxch @
o thg &7l nlH]) 93 49 AlH AAE o2 U
W oY) $azt Aole] wAE e Aos mau.

Gzzlﬂl—BQ—@l (7)
a8 a3 5904 #3229 = 39 A 99X 3 v
B 913 yizke the Aoz ARse At
Lo ETa-C,
U (6 ) =2tan o ®)
DI
@ (0 )=2tan LA L2 ©)
(© D+
C,=21,1,sn0 | +211,siny |
C =21,140080 | —2/ /5008y | (10)

Cy=L—P—F—P+21,1,00500 ,+y )

D,=21,1,sin0 ,+2/1,siny
D =21,1,0080 ,—21,1,c08Y , 11)
Dy=P—F—P—1—21,1,c0s(0,+y )

A DA gE 271 AXCIA Zzte] &7t nigE
215046l Fol|=E 7] % Aol x, dEtrlE] gl wh
2} th2A g ojof gtk 9]¢ 47%‘%% B3k 1%k
o] &7k 5 HAE UEAe 7% gEhE
Aol AAEAR &7 91 Aole} EAE st Ad
& L,y S %3 AHE 2T + Stk
T HARE WE o] &t Bye 5dg A4 &=
2 dlge] Je ARy 2714 58 4A FE 7 U=
2ggro] ®eko] Frleks tARIgt) gtole] 2

A WA CARIER Erteke] Hole) o] HEE
3lod 100 mm Wel2 AAIsla, 44 d= &1 2y

=
bl
1__
=



delEEE MHIA 2

(a) 228|Rko]d FA.
a6 2R A= TR A,
Fig. 6. Structure and characteristics of robot hand.
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(a) Path control of hands for 3D task.
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Fig. 15. Tracking control results of the robotic arms and hands.
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