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A Study on Implementation of Special-Purpose
Manipulator for Home Service Robot
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Abstract 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 3 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 manipulator is confirmed
through live test of tasks.
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[Fig. 1] Optimal design for the workspace of manipulator
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[Fig. 2] Optimal design for DOFs of robotic arm

Sj9] g} o] ey
wne] vl Eelole A2 Akt shut] e

2
o
hu
2 o,
L oo
?ﬁi
i)
[
Ry

WH=9] A7} A E ] AEtat share] g7 of&
sto] EAE wAstal WAL ©7]= F2kel §olst
Aol & 4 ok 2 ER oA At A9 A9t |
ojXl o7l utES} & TEZIA| S Tlste] 3.5 DOFS| A1
L5 7RER 7|51 AA7L o] Rl Rtk o] &
12 2|Z35} A7} =zl 25 TS Denavit-Hartenberg

Al o5t RIE W3 P mletnHES e A9
[® 1] D-H =tatalg 3t
[Table 1] D-H parameter
Joint i aj i d; S

1 0 90 145 S

2 0 0 354 6

3 0 -90 235 O3

4 0 90 82 Oy

Joint 122 4] ¢Fe.2 Fo)7} 3= &40l oPiutE
olal AAHoR dsk= AR TS Uvle S
Joint 2~37b4] F 371 o]-&3to] o] H o zrh. o
714 o] v o R Aol A AT o]
w5 FUHeR dishd AAR Algre] FEiH= 2t
o Alolm= Alofoll A Blofed o] ot &Ko &4
€ A=Ay gojmele A7t S5 PSSk
2R ERE o] FHE aeste] gAolA =Y vt
FAAY g 71es Hag s "ok 187 g
& =EollA HEe U 1] 232 myEolHe 19
13} o] - o= FAjo|n) 2p¢lagta} 11 o] &
AE A= B et

Off

¢



S| EstsleRA) A2 A11S, 2011

23 22 e e

AA| 7gellA 2] HElgE 2rd el B4 ohargt 1
Fo 7 57| giZof o] flste] & =wolile =
t 9ES T /x|@d €3y, 2gute|§)] 7]+
A WS oot F RO &k BYE o &%t
b3k =g Akstact

'é'
3
puS

dm Lo M nﬂ

2314" &3 €A

ks 48 9210 S oloiel rktel 2 0
uelel A velsl s AEEolAE R 74 &
72t it 17pe) ZH%E% e AANYT U 25
(abduction /adduction)2 FA|SIFTE &71Eo] dol= A
Q1 el BEE TEoR ol AH skl vl
vhel = A2 2Asielch &vkete] Agske Sistol
e 75718 A8 SHAT thre BAl0] BeES e
G dES 712 F AR AR,

(O3 3] 4%

CERTEEEREIE
[Fig. 3] The design Concept of 4-bar-link

SEEEELE REEDEEZCTEPEREE
Sy 757] 4 Ask 1317 H Bl wet 4 ¢, D,
ES] 9177} Wb ek

wfeb tel7t elu S5l iAol ufel Hgs
B2 E3 WSk S4S wefste] 2 WA vhde]
A otz BHOR TaEE TEE Agstel ok
a9 33 g el Fal Y29l ol Fstel 44
sk

7 33 2 717 BARRE Y2 29) SIH
E@wsel 0, of e W@ otk vk the
&7k vltiel Y31 49 g 4AE 0, 2 Uehuict
W oje] $A Alole] AL the o mdHr:

=¥ —B,—0, 1

e 9 304 @A 20k @3 39 A XS o

B o1 3}yl 24 e Ao AgEe] Atk

L O CHHC-CF
,(6,) = 2tan " 021+ 022 & ©)
2 3

_, D+ DI D} Df
D}+D;

C, =2ll3sin0, + 2 l;siny;

Cy =21,l5c080; — 2 l;cosy; @)

Cy=13—12—12—15+2l,l,cos (0, +7,)

D, =21,l,sin0, + 2 l,siny;

D, =21,l,cos80; — 2l l,cosy; ®)

D, =13—12—12—15—2l,]cos (6, +,)

@,(6,) =2tan 3)

ADA By 27] YX|ol|A] ZH2zte] 7tet nit) S
KA Eo|=2 8l7] 93t Akev} 3 mhebu|E o
w2} th2A A% FHofok Fitth 919 BAAES E5to]
AR} 71 EEHE UEATIe Pt gebE
ol AZell A= oixl &7ieke] Zdol9} E45 st
o] 2Ag Iy, 1,9 Ft YAE AAskqick 1 s
ofgfje] 18 49} o] Zol7t AAE )

2.3.2 Mol TAH

R = HA &7l Bl 5% 2o 8=
2 gl WojA %l Aol £7}7<] = A
4 Ams 2do] wopel &vletg rixlsigc

2ol o] Zol= 3 HA| qx}ommz &7here] 7)
o]} thAo] Hi=& sto] 100mm &)= A5 44
23 &yl 2gdeld 4vlelo] AlE 2h4-sle] Hu)
7} 2 BAG mefo] tiofel BAE e g] B
7hestes A7 skl

(a) 22eolq A (b) 442 IA

(33 4] 23 d=9) 72 9 5
[Fig. 4] The Structure and characteristics of Robot hands

5222



T AUl 2R Slat A8 rUEeelee] THe] TE AT

2R HEs 2R Fof| AMgE R e YT =27
1 £ 97} 28 R ES AASlo] End -Effector24]2] %
A2 2FEE melskeln ol2A 9] 4HES A
= oz ArEolh Z17he] dloole 1 F41S
HazrEe) BAHE FAoR vAste] FAsIAC 9
o 2% 4 AR AAElR 22 A=o] Aok

24 2% 52| =
uhFlS Fiko R she FANIA 2Rolq B9 717
29l B4 7552 Qlgke] Slejyttolch FAlul 2
QIzre] Selo e Welo) AfER AAT A5 ¥

D 2 i orlo e o
ek
fu £ U
ox
)
e
S
1
il
o o
ok
M
o
N
rE
e
ol
)
lo
i
il
Ao

2 AR FAFAH Wbt AXA He v
Zrtt.

e RAA Aokste 23 BAIY J1eHs Fae
PEE WA olgle] uigolN A T H9olw

rl.g; ﬂJIO
d

AAIsH, FASAH ] Mtz Qlste] WAYsh= 2E Ao
o Fe= HaopEms AR WRIe] FA4|(5)
Aol AR BlZE] V] Fraek Wl A8H
H< 19 59k Ltk

=«

E |
P -

(38 5] 2% sf2lo] /173t 4
[Fig. 5] Kinematic design of the robot waist

B sazsel thpge] AgEl Ao 913 Ao 3]

e 9ok AL R Ee} EEAZHE AL}
k. lolat Aol e HelgEe] sHstiME =
20| ujo] ot ek Hasel] Sla s} 44
2 Amshe At} 57 doli 750mmelx M4 51 2
o] 400mmo]t}. A7 H3k(load)= 300Kg(3000N)o|ch.

3. E& HLIEZ0lE2] MO

B =gl Agkeol e vy Edole: ui
9] Alzgel ghjslolzich. ofefe] 13 6L ujiie]

AAAH Al FAZolTh.

Main Controllor
(GA-D525TUD)

y

Sub Controllor Il
PLX_PCI9054)

Sub Controllor |
PLX _PCI9054)

DATA LINE |

Lift
Controller

3DC Motors.
Used Omniwheel

~| Velocity Sensor | | Torque Sensor I

r
‘Motor Drive l

(38 6] wnel Ao T4
[Fig. 6] Control Configuration of McBot II

WD Ao] sEL AAAZHE Ao Main
Controller2} Sub Controller2 PCIH{AES o0]83F PLX
PCI9054S o]-&3fo]  Aojslar Part9}
Manipulator Parto]] $=7}%|9] Target board (atmaga 128)
5 ARgste] Zzke] EE Aofgith H =7e] FAR
O mUEeolH 9] Aol 23 WHE Qof 4714 o
FoflolEl(ofZ3hNE Alojete s 5719 5 st
SkGith o] AAROA AREEo]X ET]= AntE A
ofolel 2 ofefjo] 17 7} o] 57| Yol npo]a=
AEE(atmega8)7 W = o] 3T

Navigation

(Goal Position, Moving Speed, Toque Limit...)

Instruction Packet (ID=N) >

Main
Controller
(MAX485)

4

D=1

Status Packet (ID=N)

(Position, Temperature, Error...)

[AZ 7] 2% oyE ol Alol=
[Fig. 7] Control Block Diagram of Manipulator

Z12]3}o] Main controller?} Sub controller:= RS485 &
Al WHA1E ARESEe] S| Nodeo] o] 719 #5715
B2 5 YRS o 94 23 woz fRFhe)



S| EstsleRA) A2 A11S, 2011

Aoz E Bl 2H2te] HEE2HE =
Ew A5 5 o} BAs= WAoo R yhd ZH7he] &
Q1 A|of7} o] FojZlTt.

25 mUEd ol Z47te] EL 37HX] 9] REE AL
g5}0] Halo] ule} EX-106(106kef.cm), RX-64 (64kgf.cm),
RX-28(28kgf.cm) S AMEatglon ID= © 29k} ogta
Uiro] 1~87b 913 0-167}A 2 o 2me xzel
HiE-E ahqleh 25 2] A 35 23 $12(Goal-
Point)7}4] ©]535}7] 9]5to] D-H ZE7|H-& AMgsto] ¢
2 W kS HE 54 A7 Hel R 2 8 ¢
Utk o]& olgste] A ETES HH Aol HE
3}A A& (Point-to- Point) B4 &2 A|o]gtct.

8o atEf] Aol AAE 7oA AMSE] oA =
7Hte] EolE Eshe] AIARS 650mm- 1100mm 714
Msh A7 4 UES 2ZE AL AASY. A
13 soll4] % 4= 90| DCREe) o]y W= Fe A
WA o|gslo] BAIE Fo 23 RS A
. meu] Aolal WALS ARSIk

25 5le] mrEo] Aol AEY SXAolE Slaf Az
e Aol AAsoch EEASE} TR of
g5tel ZAEOAL BAZ Al WAoE Hig
3 247 1 ] Yk ol 1S Alola % 9)
=2 shlc.

[t
[o

=

Intialize
Manipulator

Object
Recognition
& Position

Control
Robot Posture

Control
Lift Height

Vision System

! v l

TASK 1 TASK II TASK III
One Hand Two Hands Two Hands(Sweep)

| | I

Continue
Task?

No

[33 8] HYEHolE Ao W £A=
[Fig. 8] Control S/W flowchart of Manipulator

aea & olE 9 Alo] dareEe 919 1% 8
3} 720] Ao} SIW 4] J8] BRopES Z2 o
SolHn Z el ShoRs 7o) B 5
710 Ao SEG TH-eEo] ol B7k $EoR
AT B Saolx] Tt BN 4 RS &
£ Hlol2g AMgslel BAOR Slslel A7l Surt /
Stop Vibration |43} s}tk

R
ol

B Rl A slofl uiie] MuEeole Al
o olefe] 1y 73 & 33} Zo| T4 HolArk % of
YHl 590mm o] offuhEo] HaAbiE Fa 7
o £4o] wet 478mm7HA] oihe] Uu|7k ZojEA

=)}
=

)

ES
H

o

[# 2] =& AyEoled 2R1E H9
[Table 2] Joint definition of a robot manipulator

Left Right
Shoulder 8 9
Arm 4,5,6,7 10,11,12,13
D.F’ 3 16
Hand
4BLF” 1,2 14,15

D.F": Dustpan Finger, 4BLF? : 4 Bar LinkFinger
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[Fig. 9] Implementation of the manipulator
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[Table 3] Detailed specifications of the robot

length 874.0mm
width 590mm
weight(Arm_1) 2.11Kg
Actuator 16(upper, forearm, hands)
EX-106(106kgf.cm) * 4
Motor RX-64(64kgf.cm) * 6
RX-28(28kgf.cm) * 6
material ApexPA2, AL7075
Power Transmission Metal Gear
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