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Passivity based turning control of 3D biped robot with asymptotical stability
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ARTICLE INFORMATION ABSTRACT

Once the concept of passive walking appeared, control of biped robots based on dynamically stable
periodic gaits around a stable limit cycle became of interest to many researchers and it has further
accelerated. The authors have previously shown that in addition to passive walking, a passive, biped
walker could interestingly show asymptotically stable turning motion over a novel 3D surface called
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"helical slope". In this paper, based on passive turning concept, a control method would be offered

g?&ogﬁ‘m which is effective for 3D biped robots. The approach is based on potential energy shaping that is usually
Passive Walking applied for walking control. In the proposed method, asymptotically stable passive turning motions that
Turning are performed on a certain helical slope are projected to 3D motions over flat ground and along a
Flat Feet circular path (which is the image of the helical slope on the ground). The biped model used in this

Asymptotical stability study, is a 3D model of compass gait robot with flat feet and flexible ankles that could generate stable

passive turning motions. The simulation results show the effectiveness of the proposed method as well.
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Fig. 1 (a) 3D compass-gait biped model including finite hip
width, flat feet and ankle springs. (b) Schematic details of ankle
joint owning 3 Euler angle DOFs and related torsional springs
2 P05 5 6b S b jhond bye SIS (sam dm )5 e () 1 U
@l (255 shiS a y Jlas) LS55 Jaio Sl sz Sslods Ginles (D) 5568

ol g 35 5 5 sl 3l 4o

5- Yaw
6- Roll
7- Pitch

4 o jlosis 16 095 1395 L5 urde Suilke wiie

&lr B (g o 5109 s Sl (gL o gu> S rolis
s 5 o JET bgs glacl; J5uS 5 6 b 5o enl ool 5l s pSone
1 T . . P =

Sz Sl 55, ool e &5 CEF IS Sl | o
sl oo Wl o) ol b [5-3] 552 ? Jasly o> S Sy Js>
9 yeS Pl Bpae by Jamb 8 4 cos glaba>de JB jgba
ALS 8 o ] s 4zl

Oely JrS 5 oyp & Sslare Sladod cpl AST wg2g ul b
Slos )57 cwy |y (il sl shigs lacly; € gmis Slacel o (33, ol
bl (xSibe Haboas ad o olis laylel a5 cusl >0 0yl [10-6]
0y (P9 GBlarme ;0 9w o b S Pl my e lagas Wl 5l
[11] e s 2 ol pon Lol LoplE %50 51 i Lo ol s, il

ol ol slacl ) (i 50 Gl (5556 eads &1l sl o,
Gl (380 5 o Olada 4y Lo g oby (Saumn Sl s 5
009y 5 Jlse Glareas il o 60 See slacusgiom g b Sy
il 3508 Jlosl 5l bas bgsgame ol [7,6] 20 mle yio Ssliys
o [10-8]* wsn als g, o L s siisd oo 36 b, o5 > 4
el (698 Gyl 093 B ot pesw (2loygl pas o
ol Lredl B (ot G e yrns Sl j0 S > g iy sl
e osba (Judyd (Sl (8jel; yr ogdle Ligs eaigyel, S sl
ool el ansl 5o ol «Jld e (Selps S e» wily e
4 o lerd mhe S5 59, 093 3g9oul 93 50 S e sla iz
Dgd oo iz woel €z yle coni? Loy

Sz nl il peitee xS0 JWo 4 ol eSS eS|
Sl it e St 5 RS gy Ko ) 5 Jleb
S Glp i o5 1) ey @550 (oo dSs Sl by, pske
J17-15] cul oais &1 5> & Hbxe b shgs glacly, 8 l,
Sl (s, ol )0 S Hsbar eed e dnngl 5 A3, S Gl
st o 55, e wtils sy ol s b b 55, o8 Jlab e
O3 Ak & 4z gl b gd oo adgiil @1 mlaw alex I elgRs ol
(IS (53539 % 3 05 olme ol ) St slocs
4 S0y Sl 5 lapl adgisl 5l U W sl ciS (i
5o oalaiwl 8,50 hgo b,y Jow cul (S5 4y p3Y 0 ailes aigy Sl
I3l a8 ol 6 g co8 GLuiS b gamanw )18 Jow SG iz
JAS izmen gk Jbpé iyl 5 ea @)l [17] & by
3l oolaiwl b as™ el ui yle WO l}u.s‘ 5 loauds ools ul.w; ui Q.';_é)ol)
OpedS (gamda glad o 1) b, i > eilen coolainl 550 Joo les
w5 S 5 pmled

Joe ol lceal 758 oy dlie cpl aslol 398 lsgs 4y axg b
Q4 ired (Mgl oo (B e Q—| Seelins SYolae g oolatuwl 0,90 (sbgo
a)lS.‘ly il S a Lﬁu] Lg)L,\JL 9 g.g.t.)y).l 6[.@;»5? ) oy?d
i 5o 531 2l Jan Jlebyed Koo i e -35505n 0,

1- Dynamic stability

2- Stable limit cycle
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Fig. 2 Representing 4 DOFs of biped walker in general case
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Fig. 9 Representation of change in productive slope of helical
ramp and convert it to zero slope (for example).
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Fig. 6 Snapshots of one stride (two steps) of passive turning on
helical ramp. COM of the walker has shown by ‘0’ marker.
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Fig. 7 State variables over one stride (two steps) of passive
turning on helical ramp. All variables are represented non-
dimensionally.
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Fig. 14 State variables over one stride (two steps) of controlled
turning of robot on level ground
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