422-413 Hoyo 1 o)louid 17 0993 1396 (13359 )3 ¢ )30 SuilSo Fwigo alxo

9y el dolisle ==
== -
y . z 4
330 Sl cuikigo
mme.modares.ac.ir (JT'.-/_“.‘{:;JZ;,

ol (595 2 9 9 b gm0 (SO5T 4353 1 odliul b il Wby & SOl b 3k
gy wlod

43.345439.4‘3@% c:u.“\‘,.iaw‘*zl_as S gs Judie 2 5 57 L5 aYas

O oyt ol (SlSe guudigee eyl ol ggomitils —1

I ol oS (Sl i bl =2

IR <l 0Bty (Sl punige Ll -3

IR gl ymaidalgd: ixtio o823l (Sl putine o558 (somitily —4
aykoma@ut.ac.ir. 11155-4563 s sedio «lps #

S Wlio ey

] S ool pobans (g9, p b 4Ll ololiztl jpas 3 bigludl by Jobs objl (dly (ot yo @) dlio oyl 5 Guan JolS (ptimg3y Alie
oS lyd 3 e o 355 S5 GASIL sl lonplS 5 oS e sl aw Sl i @ ed)ly L] (s )i b gl 1395 o 16 scsky

g L ) o o 1395 5130 55l
PB4 gaw il o gladad | 9 S g9y pr by &5 Sloj b g wai ]y (o)l ojlel ame Lulyd 5 il S5 00y alizél 1395 6329 colo o 4y

ool g2 il 1B, 5l adlipledl (o) dily nl 5> S o Lo 1y 553 ol a8V g0 151 opSo e b pladl 500 SasS' Ol s
09 Cuol B SVl Jlygd wiiege S5y (gilwdinge b (ooloiuiuy wis yol 09 o0 )] Hlae aais S jolaie 4y ymie J S Losolusl ol
by S Lais Cawl Bl galS S g Sy 4 2SS alosis o5 alnd 5 g s olilazi] jeas 1 ol ol gl ppls Pl bl

BT Lotz (9) e db o Sloj jho y5liiS dlall lSe ol pslite @ b e yoltdS Sl o ol J 1S Bun L (oolecidin o e o S
s S i jglite & 45V g3 witege e J| ol A Aldiin | g e daB &S Ll )3 5 30 0y ol e

3 l})y.; @by le“ujj‘?ﬁ u,uLu' » alisco dl&:%)\.l..: 5 4..9)? GO ygo sl sjlodus @L) Dy sp 0yb Ay Cyguods (d)'s).c QL«; L;Y9J
LS o b 1y )l 3500 win oSl Siaglis o5 ol

Balance recovery of a humanoid robot using hip and ankle joints on small
contact surfaces
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ARTICLE INFORMATION ABSTRACT

Original Research Paper In this paper a push recovery controller for balancing humanoid robot under severe pushes for situation
Received 06 November 2016 when contact surface is small is presented. Human response to progressively increasing disturbances
Accepted 20 December 2016 can be categorized into three strategies: ankle strategy, hip strategy and stepping strategy. The reaction

Available Online 18 January 2017 of human to external disturbances in the situations that contact surface is small or stepping is not

Keywords: possible is generating upper body angular momentum. In this way, in this paper a single model

Humanoid robot predictive controller scheme is employed to control the capture point by modulating zero moment point
Push Recovery and centroidal moment pivot. The proposed algorithm is capable of recovering balance of humanoid
Model Predictive Control robot under severe pushes without stepping in situation in which contact surface is shrunk to a strip. The
Capture point goal of the proposed controller is to control the capture point, employing the centroidal moment pivot

when the capture point is out of the support polygon, and or the zero moment point when the capture
point is inside the support polygon. The merit of proposed algorithm is shown successfully in different
simulation scenarios using characteristic of SURENA Il humanoid robot.
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Fig. 2 (a) Surena Robot (b) Linear inverted pendulum+flywheel
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