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Optimal Manipulation for a Hexapod Walking Robot
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ABSTRACT

The ultimate purpose of a walking robot is to move to a designated spot and to perform a necessary manipulation. To
perform various manipulations for a walking robot, it should have some kind of an extra manipulator. However, if the
manipulation task for the robot is simple enough, the robot can perform the task by using its legs. Among various kinds
of walking robots, a hexapod walking robot has relatively many legs, so it has the advantage of stability and walking
speed. So, a hexapod walking robot can perform simple manipulation task by using its one or two legs while maintaining
stability by using the rest of legs. In this paper, we deal with a simple manipulation task of holding a ball. We formulate
the task as a redundancy resolution problem and propose a method for obtaining an optimal solution.
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L A& sol wa) HS Hold gL A & gl ny we
nao] 7bssih,

253 ZHo| ztEojof 3 W2 7% Fo] = o]% o, 7129 B 2R Avid Avieh 22 2% W 2
Aoty ZRo] olZa W Z s muAc wwe < AT At B2 2F, woluy A 22 EiFES] B
HF 2 o] 85 AY T2 o]gst uhy mil e e = ZWUS 2EAZEE AFE gk st A=A o
Zo AR olgst= Wy o] 9tk olEd Wy =9 glo} Zo] 7)wo] hds EelEo] A won dgd mebA
A P olgdhe WHe AdAA E3 B & gy EH O VI5E A9HOR Agea 9n. 5 dgel= 2%
o]EurAl 0 m A T2 "h o nlE| AloA AZHo =z A B 7% stal, 45 Bale s|% din “Hib oejoh 2&
M7FS 2=y Ao E ZHo| fo|siti= Ao gy wmm 2ol AESH AdE FAIE shal, Ak geElE ol8siA
T2 o] 43 B o= urAo] HlE 2o kA Ao Holg gAsks A 2L dolA & 5 xe] AdA AE
ol Ath= Do ot T E ALd naoiE 2% 4  AES Fol BY Jes #UYL £& 3l g7t ryEe el
% 6% B3 5 23 2AE dgeld met oy sbx g 15E TR TR s xR Sl A
e Us 2 9=d[l-3] 6 KB 2Ro e By = B dFddMe 7120 AU 25 g F=xo 2Y A%
P . ?‘rﬂl A A3 3 A HE g, & Y] 5 geElE Ae
%2 94 N58% SALEUR - 20151029 Be) 65 2R S Il Fold T2 A AUl
AAGEZLA : 2015.11.8. FoHE Aol 65 HYS %H 9] ZHZ o]Ztn 3hly

¥ o] A7 FeFFHUGastedTrld st Add =&Y s AHgste] 2 e AYE dfAAE 2R SAE AT



6% na) ZRoNN Hz wuFEH )M / 169

fru
L op
M
2
b
:?‘:
—Ll
ox
9|L
r
Ia]
w3
i
B T N

I 7igds 65 =5

2.1 28 7|78
o] Aol M
AZE 6= ZHRE y|=o AFA RY TR iy Fx
She 99 a8 1@} 2ol @ i) e, @ A9 sl
g, 3 2o %5 v, 3 A 5 vE 2 F 6719 e

7] JidE =hell the zheRs] A Riti4l

AT 72 gels 4 ARES A 2R B 29
W, YEO) 2 AFEES HHEE F 26 AHEES 7HAT
2HEl e e AR lolA o7l T

e Hug 7 S Ao :L%‘ 19 @ ®AE 57
?_

B9l Aolx, 18 1

(@ o2 A=A (b) &%

a9 1 e 65 =2
Fig. 1. Implemented hexapod robot
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Fig. 4. Forward walking of the robot
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Fig. 5. Sequence for the forward walking of the robot
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Fig. 8. Ball hoding task and the world coordinates
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Fig. 9. Moving to an optimal position and holding a ball
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Fig. 10. The hexapod robot modeled as a 5 d.o.f. planar
manipulator
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Table 1. D-H parameters for the 5 d.o.f. planar
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1 90° d, 90°
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Fig. 11. Flowchart for obtaining optimal solution
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Fig. 12. Initial configuration of the robot for walking

A HA AEHolAoHE T AXIF 2=5000]3 =80
2 FolFT 7HgstAk 2o 7] AAolA 1H Tl
2R BAo] IHAFe B d= HfIXA A Fo 334
Q) X (position)= (80, 0, 500)°]t}. =3 ZHeo] 19 E}af——
o]_Q_o}o:] J_Q %}——Eﬂ _,_g @—L— H}sko ;{]D:]J/]. ;(lo]
golgta 7Hgskat o] o, 19 109 mddA HH wHUE
g o] el 9] Wk orientation)2 90° 71 .

6% ZEEo] Fo3 F& Fe FFdAe tdeF 2ol 54
A  2AE  WEFIHA 224 %A S(manipulability

A ssle ArArE TAE 20 7L

ok

measure) H(O)E

/‘ oh:].

max H(O) ©)
subject to x =d, +ays; +a,85, +ass4;

2z =d, T ayc5+a,c4 + a5y

¢=0,+0,+0,
olge]  HAHs| =  d, =406, dy,=—30, O,= —97°,
0,=129", 6,=58 ol =ZAHYSAFE 1.65x 10"t}
= 62 2RO AR HIYL JeFo 2 406mm ©]

53 43
S5l AAE -30mm 23 AFE] o) A
27y —97°, 129°, 58° 3| A3 e
o o] ZAAME 18 139 @ YA

H.
19 thele] A BAe
AR B R

(@

()

©

a9 13, =80 w9 3
Fig. 13. Solutions for = =80

a9 139 M9 ©9 2B AME 22 AsA5IE 47
1.27x10%, 1.57x10°2 Htx 299 g zt= A2 H

nE Hstd =AEEG. a8 139 () AAdAE
dy =427, dy =—43, 6,= —103°, 0,=141", 6, =52° °]
I a8 139 (9 AAAAE  d, =407, d, =—54,
0,= —89°, 0,=135", ;= 43" o|t}.

T WAl AlEgHoAdAAE Fe AT 2=5000]1
r=13022 FolHoia 7Hgsiat. 2 WHo = e 73t
H HHe a9 149 (@< 22 AAME Zeth

(@



BEE- 2% Bg wmUEE 16 £ 4 3% 2015 10 / 174

()

©

a8 14 2=130¥ we &
Fig. 14. Solutions for z =130

A& e e d, =260, d, =—96, 0, = —6°, 0, =38",
~ 58" olal ZAAFFAFE 197x 10|tk F, 65 2R
A BaPe T 4 WFOE 260mm o] FStaL AHA
-96mm SE GEiolA 1 thEjo] Al BEe A7 67,
©, o580 FAZ ZEY AR FE ek I1E 149
Dk ©9 2% AAe 22 AsA57 47 1.63x10°,
L11x10'2 o 299 ghe 2k AAolth. 1Y 149
b AAANNE d =243, dy=—T71, O;=1", @, =11",
O, =770l ¥ 149 (<9 AAMAAME d, =274,
dy =—98, 0,= —11", ,=52", 65 = 50" °|T}.

S

& rlo §°

o

V. 48

E=RAE HIY EHo BHIYP FPYS T
EE e 924 65 ZRA 39 I3
o Ao oA 3E Fe ASel 3R
o E3o] *Eﬂaﬂo Hd ANE B8 2

B
M
e}
>
Y
4>
30 §2
go |o
o 2

Fd
2
il
[\
b

<
f
e
Lo
i
Lo
Hir
%

; dete g o
Aee FAY 5 gl 4K 2y
A g0l

[11 H. Takeuchi, “Development of MEL HORSE,“ Pro. of
the 2001 [EEE Int. Conf. on Robotics and Automation,
pp.3165-3171,2001.

[21 D. S. Kim, S. H. Park, K-H Kim, and Y. J. Lee,
“Development of a bio-mimetic quadruped walking
robot with waist joint,“ Int. Conf. Control, Automation
and Systems, pp. 1530-1534, Aug. 2004.

[3] G. Clark Haynes and Alfred A. Rizzi, “Gaits and gait
transitions for legged robots,” Proceedings of the 2006
IEEE  International — Conference on Robotics — and
Autoamtion, pp. 1117 - 1122, 2006

(4] A&A, A93), “ASd 6= By =R s A5
YA 2"8Es] =52, A 149, #| 23, pp. 124-129, 2013

[6] 2 EE|Zjil: &3 ¢]A], http://www.robotis.com

[6] AEA, H493], “WE R3o] I3t 65 ZHE," A
7183 =74, Al 624, Al 43, pp. 536-543, 2013

[7] Craig. John J, Introduction to Robotics, Prentice Hall,
2007.

[8] Yoshikawa. T., “Manipulability and redundancy control
of robotic mechanisms,“ Pro. of IEEE Int. Conf. on
Robotics and Automation, pp.1004-1009, 1985.

A & Al (Hyeon-Se Seo)

2010 2¢¥ ot AA-FIE(FAD

2012 29 2ot AAFEIFEAAD

2012'd 3€ ~ (F) ofo| 2| A 2H]

KFBAROE : DSP S8, ABER,
PHTI = Al 2E)

4 9 F(Young Whee Sung)

&R

1988 29 wEt) ARZ3IHZEAD

1998 39 - A Ze AU AAEAR
HFBAR}  A5H LY DP S8






