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Gait Implementation of a Biped Robot with Smooth Walking Pattern

Kyung-Gon Noh®, Jung-Shik Kong”, Jin-Geol Kim®, Kisik Kim™

ABSTRACT

This paper presents the new gait implementation of a biped robot with smooth walking using 3-dimensional

continuous trunk motion and kick action of ankle joints. Trajectory generation of a trunk is performed not on a unit gait

but on a whole walking interval. In applying kick action such as heel-touch or toe-off, varying coordinate system was

employed for the simplification of the kinematic analysis. Desired ZMP (zero moment point) is also changed to

implement the efficient kick action. As a result, balancing motion of the proposed gait was much more decreased than
that of conventional one. Moreover, robot's walking behavior is very smooth, natural and similar to the pace of a human.
The walking experiment system is composed of eight AC servo motors and a DSP controller. The walking simulation

and the experimental results are shown using the proposed new walking algorithm.
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Fig. 1 Coordinate system and mass mode! of biped
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Fig. 2 Trajectory of a whole walking interval
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Aol PN B BF S A F7e w2
Bio] Aol Po} gAl Hel 7lEe] el ol
us ebggdel ek WolxAl Atk omXE
HTl Be AAYYL T F YL FHRY
A2 47el ot KN F vk Fig. 7 & A
2¢ A¢A9 na JHe 29 Yolojasoes
Uebd Aolth BAY ¥l W £¥3 ¥4 4
Aol THE AL ¢ & Yok -

4. THRS 2o4Y
41 oY 2F sy

A9 A& £ B} gol WF FF &
R AR 7 QS A sk A fA
Bago dis) 2odY it MEL A
G B AF A 230 A AR
Z} HAo] dojute T B Fad x7)
AAR FAAL, BY T ¢FE o177 A8 &
Fade 7 7bs ¥ e Fort 4y
Ry T8 A o] AR FAANES e B
F AA AFeltt. A Qo] dojute FL BA

&l ok ot

47

£ (R
ARSI
LB
OIS,

\\\\\\; {7 A
X N
V4 \\i\.":: e S
P N Ly

2y
A

Fig. 7 Stick diagram of kick action algorithm
Fig. 8 & 7|1& AL M2 g AL F3

Zo) $HUe 229 ABNN FIF Boln},
7 AeMd ma) AH2e ASAE FRY ¢

[+) & 5] £2o0l= S H 2
Z} \:lo] 6{‘1;{13] Eo“]\_ 3‘12 = T 9;1]:}
o Q.
o T o P i
™, d N
03 a1
el /. A / \
{ ) { stari & y
= 4 ond ™, Yozl orid-..-¢-v14 oint P
B 1 377 f {
" A oitert | | J
\ ¥ 7
kN
o1 : B CERCE VTN SISO DREDE IORURS SN S
"\, via poin S
015 - .. 2 - =
37 oE o1 om Q05 a1 015 02 47 ol of GE 4 6% o1 41 a2

wim
(a) Trajectory of balance wight
by conventional algorithm

Y (m)
{b) Trajectory of balance wight
by proposed algorithm

Fig. 8 Comparison of balance weight trajectory

42 2HH 23

=x 7949 % A4 99 F 29
#de 490 ARHW mo] o Foixr.
FANY oA B AsY BuY
8% olAMEYRY Hu)
FASE AR 2R 5
& #Hs] FEAAE 2
Wol Qlom® Qe By
Fig. 9 £ na Ao} 73

2

fa



S L LR EE R

A7 AFAL T A19A ATE

4 2% A5 U otk
) i ’ N [t
o %
a; ] w
3 /.
v
/
2.
04) ﬁ ° /
2 i -
5, {)o g
. B P
) T L | L
° N7

o
v

Fig. 9 ZMP trajectory by proposed algorithm

Fig. 9 9 9% 0¥ F¥d 3F #A48L xy
FEAGAA vtegtE BEolm, QLEEZS A7
e dA x,, % v, FFAHL 44 4
Bl gltl ZMPp & EE F#EAL, ZMP, = 4
A #PHS 2u3) ety Yo 2am 9
ARzt 71% HEAY 948 vedd. Fig 9 9
g% ggesryg dod A= AL Apz
F o] F¥Ho] &AL mio o+H3 2P
olgt & = glon FPHe gAY BT} K=
AN A& Po| AFstA HE& & 5 Urh

5. 29 Ay A 2ot

51 MY Al2H”H FM

2 =79 AlEdE AA Ay olFHiyg=z R
o A A#FsE nYstd FZFUS ARG
At A&Vl e 38 #E 1100, 71 B
1/60 9 & w2 A8l m, FE BEE
400W, Y x] BAEE= 200W ¢ 57 E ALe3E
o & 47kg 9 AF L ztErl 2R Alojd] o] &3
AA7I1ZE TI Al A Z1dgE TMS320C31 mhol =
ZEZAAMZ FEH Y2 8 F Aoj7t FAl9
7bed AgAAAA A MMC(Multi-Motion
Controller)E A&-3}{Th Fig. 10 & o]ZR P25 9
=3 9#e HoF3 g}
o]F HIYPZT R ALHL WA 2o 47

=R
E8 Fold Aol AN FHE 2EHL

=
=

48

2z d%s Wwasn ool 3 g 7
4 wAg Tdee D 28 LjUPIE o

g3kl AZAQA &AL AR F AA Ao
ojztch. FE7Z AC MR 2H 8 /At FXHA
3, IBM-PC ¢] ISA B2 &£%d] HA3 thE A
o]7] 91 MMC & E3to] PC olA 10ms wht} o] =
RYPRR 5o o3 H2E Fsid o3 A
°]71& Ims vt} 7} MR =2elB.E §3t9 A=
HERE A8E gol MR ZEE Aot Fig.
112 249 Alz=ge] F x|t

I

Fig. 11 Block diagram of a biped control system



=R - 3N AJIAH - WA LI A9 AT
15 - 15
—  ankie
w =~ knee ankle
..... knee
Al hip hip
05 ﬂ_/\ /\T\_,;»- ~~~~~~~~ e
. H ; i
z 0
@
a5t / : ~
1k / A 4 ™
- T T ——
N_ S N
15 A5
0 3 9 12 [} [ ] 12
Time(sec) Time(sec)
(a) Joint response of left leg by kick action algorithm (d) Joint response of left leg by proposed algorithm
15
VAN S
i ‘/ NG — N v ~g
\ / \‘. /;
, \
05t it < \\ -~
o P
[+ 4

Time(sec)

(b) Joint response of right by kick action algorithm

Time(sec)

(e) Joint response of right leg by proposed algorithm

2 na
—---- Rl
15% 15 e PrismANC | o o
1 i 3 402 1 0.2
-~ S K ey
. r " —
SN K W g osf =
/ \ ; 7 \\ PO - S H
s AN ! ;o - & g H
:.5 0 N A £ £ z . o 5 § 0 |« H
3 \ / N L 8 & E]
{ N a & 2
05 \ / \_,/ Jo1a s a
A "\)

1 {02 1 02

151 J-u.a 45 L -0.3

2 04 2 04

0 3 6 3 2 0 3 9 12
Time(sec) wme(sec)

(c) Joint response of balance weight by kick action algorithm

(1} Joint response of balance weight by proposed algorithm

Fig. 12 Joints responses during 4 steps

5.2 AE3=

olFRY AP AcH BP0 G dg
F 3% S EREG l4em B 4 AL P84
th Fig. 12 & 7%7]d 739 AFES 44 2
#E Ut Aol 2 aTe AR fd
g, 2&ve, vdade A4y AAs A
#ated el gl Fig 12 9 (@), )%} (@)= Al
¢td B dudF F oz dAaw FEIES A9

A@AFAIL (d), () (He AL 2

49

dugFel We 2 443 ASRYPS FEE A
A3 S Al da ved Zeg 7 o
A Bgnt Sg3 ngae g F714A Fert
Bol ZolEed ol FAY Fol WE &FH
A& F ol 7 AdF} AihHo B 53
g Bd 538 Yo Hel FU)1HY HHo]
F2HUY) wWEolth &Ry 7 AH Ale
% #d 2T 2 gstd AdeE A &
nelFe] 4¥23E Y V)& By vl g3



=3 - 3R HIE - FA AU ITHIHN AP ATE
438 FHe &30 Folux= FHrt gL < Biped,” Int. J. of Robotics Research, Vol. 9, No. 2, pp.
4 o), 83-98, 1990.
3. C.Leslie Golliday, Hooshang Hemami, “An
6. 28 % D& Approach to Analyzing Biped Locomotion Dynamics
and Designing Robot Locomotion Controls,” IEEE
E =FA 7]&udd] H] 3, =3S 9 Trans. on Automatic Control, Vol. AC-22, No. 6, pp.
3 A&udy dueZe Bosa ug AV} § 963-972, 1977.
Alg RE FHE 25 E 3= GRS ALANES 4. C.L.Shih et al., “Trajectory Synthesis and Physical
AetatFTt B A F7F AL F1 9 BAY Admissibility for a Biped Robot During the Single
3 2349 &% dugEn 7 dd 1 s Support Phase,” IEEE Robotics and Automation, pp.
Zzpo] el RART AA By AWS F) 1646-1652, 1990.
48 &5 9 7¥EH =228 E3 1y AANS 5. M.Vukobratovic and Stepanenko, “Mathematical
ozl olE E3s LS TP o Models of General Anthropomorphic Systems,”
2 93] 79 7|78 TRE WA §H2h9 Mathematical Bioscience 17, pp. 191-242, 1973.
23 Ao mE /1 AEASE =Yste 7] oA 6. Kenneth J.Waldron, “Realization of Dynamic Biped
A TR gol3tA 39, I Mo g 7 Walking Stabilized with Trunk Notion Under Known
2ol £53 F¥H AXAZE AAose Wi External Force,” Advanced Robotics, pp. 299-310,
AZE AAE QohEA A& Bo] e 8 1989.
Ao}, wElAd JlE "ALA FE A 2R AAR 7. Atsuo Takanishi, “Robot Biped Walking Stabilized
sl YElgy vjdLA 48 o) B A4 with Trunk Motion,” Robots and Biological Systems:
Aol g3 F3 Jerq o] &7|He $EO0E B Towards a New Bionics, Springer-Verlag, pp. 271-
g REdYA D Ad2de RIS FIE 5 291, 1989.
oot Ee 7y #AAe Aoz I WA= 8. J.Yamaguchi, A Takanishi, I.Kato, “Development of
27 BUHE UL Zo]Eo] w3 urgkd st 3 a Biped Walking Robot Compensation for Three-
AL 8w 5= 9ok Axis Moment by Trunk Motion,” Proc. of the
HAo age ;g-oH%o] = Hedk JHY R IEEE/RSJ Int. Conf. on Intelligent Robots and
Yol A FALUEY FFlE AW R A 5 System, pp. 561-566, 1993.
M E &A% w3 o] 7].‘:.%} Z JEE sk 9. Q.Li, A.Takanishi, I.Kato, “Learning Control for a
Hoede 7= gadmglZo] Qoo & A Biped Walking Robot with a Trunk,” Proc. of the
=5 IEEE/RSJ Int. Conf. on Intelligent Robots and
System, pp. 1771-1777, 1993.
% 7] 10. S.H. Lim and J.G. Kim, “Control of a Biped Walking
Robot using Zero Moment Point Formulation,”
o] =F& 2001 A% QEdEtw AL 9 Trans. KIEE. Vol. 48A, No. 8, pp. 1022-1030, 1999.
te] A= % 2(2001-21998) 11. J.T. Kim and J. G. Kim, “A Study on the Generation
of Balancing Trajectory for Biped Robot using
. SR | Genetic Algorithm,” J. of Control, Automation, and
» Systems Engineering, Vol. 5, No. 8, pp. 969-976,
1. A.Takanishi, M.Ishida, Y.Yamazaki, LKato, “The 1999.
12. M.Yamada, J.Furusho, “Dynamic Control of Walking

Realization of Dynamic Walking by the Biped
Walking Robot WL-10RD,” J. of the Robotics
Society of Japan, Vol. 3, No. 4, pp. 325-336, 1985.

2. Furusho et al., “Sensor-Based Control of a Nine-link

50

Robot with Kick-action,” 85’ICAR, pp. 405-412,
1985.



