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Abstract— In this paper we address a task-driven motion
generation method that allows a humanoid robot to make whole-
body motions including support polygon reshaping to achieve
the given tasks. In the proposed method, generalized inverse
kinematics (IK) is employed to generate humanoid whole-body
motions that enable the robot to accomplish the tasks according
to given priorities. During the motion, several criteria such
as manipulability or end-effector position error are tracked.
If the desired task cannot be done because of those criteria,
a geometric planner for support polygon is activated. Then
the whole-body motion is computed again always using the
generalized IK solver including stepping motion that realizes the
deformed support polygon by using dynamic walking pattern
generator. This method provides a way to perform tasks that
could not be done without changing the humanoid’s support state.
We have veried the proposed framework through simulations
humanoid robot HRP-2.
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8-manoi& robots ha)e ma&e s-;h a progress espe;ially in
har&NareA noN they are eOpe;te& to eOe;-te ;ompli;ate& tas$s
in en)ironments &esigne& 7or h-mansF !heir 7eat-re resi&es in
the many &egrees o7 7ree&om as Nell as the anthropomorphi;
shape to -tiliPe Nhole%bo&y motion to a;hie)e tas$sF

5e;ently many st-&ies ha)e been &one in generation o7
Nhole%bo&y motion to eOe;-te tas$s s-;h as lo;omotionA
transportationA or ser)i;eF Qrom a motion planning perspe;ti)eA
most motions are generate& in a&)an;e base& on 7-n;tional
&e;omposition o7 the &egrees o7 7ree&omA 7or eOample lo;o%
motion an& manip-lationF :)en per7orming Nell 7or ;ombine&
tas$s s-;h as Nal$ing Nhile manip-lating ReFgFA S=TU or &igital
a;tor motion ;oor&ination ReFgFA S@TUA s-;h 7-n;tional &e;ompo%
sitions impose some restri;tions R7or instan;eA the manip-lation
tas$ ;annot a77e;t to lo;omotion tas$UF J &eeper ;oor&ination
o7 all the &egrees o7 7ree&om sho-l& be ;onsi&ere& )ia the
generaliPe& in)erse $inemati;s or &ynami;s ReFgFA SVTA SWTA SXTUF
8oNe)er s-;h lo;al metho&s base& on n-meri;al optimiPation
operators &o not ;lari7y hoN to ;ope Nith the tas$s Nith
&i77erent priorities Nhen some o7 the tas$s ;annot be a;hie)e&F

!his paper a&&resses the 7olloNing problemY hoN to re%
;o)er a positioning error o7 the h-manoi& robot bo&y Nhen
per7orming manip-lation tas$s s-;h as rea;hing or grasping

∗8is ;ontrib-tion in this resear;h is ma&e at DJJ,%BG5,

by the en&%e77e;torZ J sol-tion ;o-l& be to replan a bo&y
re%positioning motion separately in the !rst stage an& then
per7orm the manip-lation tas$s in the se;on& oneF !his simple
approa;h No-l& be not nat-ralF !he goal here is to generate a
Nhole%bo&y motion in;l-&ing a possible bo&y re%positioning
i7 re[-ire&F Koth re%positioning an& manip-lation motions
sho-l& be per7orme& in parallelF !he propose& metho& is
base& on reshaping the s-pport polygon o7 the h-manoi&
robot to in;rease its Nor$area by ;o-pling generaliPe& in)erse
$inemati;s an& &ynami; Nal$ing pattern generatorF \hile
-sing in)erse $inemati;sA the global motion is g-arantee& to
be &ynami;ally stableF ,-;h a property is a &ire;t ;onse[-en;e
o7 the ]LP ;ontrol pro)i&e& by the pattern generator Ne -seF

Qig-re = ill-strates the propose& motion generation 7rame%
Nor$ Nith an eOample o7 a rea;hing tas$F Priorities are gi)en
to the target tas$ as Nell as to other tas$s s-;h as the position
o7 ;enter o7 massF \e employ generaliPe& in)erse $inemati;s
to generate a Nhole%bo&y motion 7or those tas$s base& on
the gi)en priorities SVTF H-ring the motionA se)eral ;onstraints

!as$Y rea;hing en&%e77e;tor
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are monitore& Nhi;h are eOpresse& by s-;h meas-res as
manip-lability 7or Nhole%bo&yA en&%e77e;tor errors 7rom targetA
or aoint limitsF

E7 the tas$ ;annot be a;hie)e& be;a-se those monitore&
;onstraints are not satis!e&A a reshaping planner o7 s-pport
polygon is a;ti)ate& a-tomati;ally to in;rease a;;essible spa;e
o7 the robotA $eeping the in)erse $inemati;s Nor$ing to a;hie)e
the tas$sF !he reshaping is per7orme& base& on geometri;
planning to &e7orm the s-pport polygon in the &ire;tion
re[-ire& by the spe;i!e& tas$F Js a res-ltA the stepping motion
is generate& -sing a bipe& Nal$ing pattern generator SbT an&
the blen&e& Nhole%bo&y motion in;l-&ing the target tas$ is
re;al;-late&F

!he e77e;ti)eness o7 the propose& metho& is )eri!e& by the
sim-lation 7or h-manoi& robot 85P%@F
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!here are many Nor$s in the literat-re that ha)e 7o;-se&
on the generation o7 Nhole%bo&y motions 7or ;ompleO me;h%
anisms s-;h as h-manoi& robots or &igital a;torsF J pop-lar
approa;h 7or motion spe;i!;ation has beenA instea& o7 setting
eOpli;itly the )al-e o7 all &egrees o7 7ree&omA to only spe;i7y
the )al-es o7 a tas$ to be a;;omplishe& by a gi)en en&%e77e;torF
!he i&ea is to bene!t 7rom the me;hanismcs re&-n&an;y to
;hoose the sol-tion that best sol)es the tas$ a;;or&ing to some
;onstraintsF Jmong these Nor$sA in)erse $inemati;s algorithms
that proae;t tas$s Nith loNer priority into the n-ll spa;e o7 the
Ca;obian o7 the higher priority tas$s ha)e been Ni&ely st-&ie&
ReFgFA SVTA SWTA SdTA SeTUF

Js a ;onse[-en;eA &i77erent ;riteria s-;h as manip-lability
SfTA error meas-rement or sing-lar )al-es o7 the tas$ Ca;obian
ha)e been -se& to monitor o)erall tas$ 7easibilityF Lost o7 this
Nor$s rely on prioritiPation o7 the tas$s an& ;onstraints as in
S=gTA S==T to impro)e the tas$ a;hie)abilityF

Jnother approa;h 7or impro)ing the 7easibility o7 a tas$ has
been propose& in S=@TF 8ere the &egrees o7 7ree&om -se& to
sol)e the tas$ are in;rease& Nhen the goal is -nrea;hableF

>-r ;ontrib-tion is to ;onsi&er the possibility o7 reshaping
the s-pport polygon by stepping to in;rease the a;;essible
spa;e o7 the en&%e77e;tors in the VH spa;eF !he problem Ne
a&&ress ;an be )ieNe& as a VH eOtension o7 the @H problem
a&&resse& in S=TF En S=T the a-thors propose a strategy 7or
the ;ontrol o7 a pattern generator by monitoring the arm
manip-labilityF \hile their mo&el lies in the sagittal planeA
o-r approa;h ma$es -se o7 the Nhole bo&y in the V &ire;tions
o7 the VH spa;eF Loreo)erA in spite o7 o-r reasoning being
base& on in)erse $inemati;s an& simple geometri; s-pport
polygon reshapingA o-r metho& g-arantees that the motion
is &ynami;ally stableF !his property is a ;onse[-en;e o7 the
pattern generator SbT Ne -se to generate the stepping beha)iorF

!he remain&er o7 this paper is str-;t-re& as 7olloNsY
,e;tion EEE gi)es an o)er)ieN o7 the o)erall algorithmF En
,e;tion Eh the Nay to generate Nhole%bo&y motions -sing
prioritiPe& E? algorithms an& the tas$ 7easibility monitoring
;riteria are &es;ribe&F ,e;tion h presents the geometri; metho&

to reshape the s-pport polygon a;;o-nting 7or the tas$F En
,e;tion hE sim-lation res-lts are shoNn an& &is;-sse&F
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\e o-tline the propose& metho& in this se;tionF !he s-pport
polygon reshaping integrates tNo important ;omponentsA the
generaliPe& in)erse $inemati;s an& &ynami; Nal$ing pattern
generatorF !he 7ormer pro)i&es a general Nay to &eal Nith
the Nhole%bo&y motion generation to per7orm the prioritiPe&
tas$sF !he latter ta$es ;harge o7 the stepping motion to ;hange
the 7oot pla;ementsF

Qig-re @ shoNs an o)er)ieN o7 the metho&F !he tas$ is
spe;i!e& in the Nor$spa;e as ẋi Nith priority i 7rom Nhi;h
the generaliPe& E? sol)er ;omp-tes the Nhole%bo&y motion as
aoint angles q̇ o7 the robotF LeanNhile &-ring the motionA
se)eral ;riteria s-;h as manip-lability or aoint limits are
monitore& i7 they &o not pre)ent the &esire& Nhole%bo&y
motionF

Js long as the ;riteria are satis!e&A the ;omp-tation o7
Nhole%bo&y motion ;ontin-es -ntil the target o7 the tas$ is
a;hie)e&F E7 the tas$ ;annot be a;hie)e& &-e to -nsatis!e&
;riteriaA the s-pport polygon planner is triggere& in or&er to
eOten& rea;hable spa;eF J geometri; mo&-le &etermines the
&ire;tion an& position o7 the &e7ormation o7 s-pport polygon
so that the in;omplete tas$ is 7-l!lle&F !he position o7 a 7oot
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is then &eri)e& to generate the motion o7 BoL ẋCoM by -sing
a &ynami; Nal$ing pattern generator SbTF

Ising this BoL motionA the original tas$ is then re&e!ne& as
the Nhole%bo&y motion in;l-&ing stepping that is re;al;-late&
-sing the same generaliPe& E? sol)erF

En the 7olloNing se;tionsA Ne Nill &es;ribe the generaliPe&
in)erse $inemati;s 7rameNor$ an& then hoN the s-pport poly%
gon is reshape&F
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A. Inverse Kinematics for Prioritized Tasks

Js shoNn earlierA a generaliPe& in)erse $inemati;s is -tiliPe&
to generate the Nhole%bo&y motionF !he en&%e77e;tor position
is spe;i!e& as xj Nith priority j in the Nor$spa;e an& the
relationship betNeen the aoint angle )elo;ity q is &es;ribe&
-sing Ca;obian matriOY

ẋj = J j q̇ R=U

Qor the tas$s Nith the !rst priorityA -sing pse-&oin)erse J#
1 A

the aoint angles that a;hie)es the tas$ is gi)enY

q̇1 = J#
1 ẋ1 + (In − J#

1 J1)y1 R@U

Nhere y1A n an& In are an arbitrary )e;torA the n-mber o7 the
aoints an& i&entity matriO o7 &imension n respe;ti)elyF

Qor the tas$ Nith se;on& priority x2A the aoint angles q2 is
;al;-late& as 7olloNs SVTY

q̇2 = q̇1 + Ĵ
#

2 (ẋ2 − J2q̇1)

+(In − J#
1 J1)(In − Ĵ

#

2 Ĵ2)y2 RVU

Nhere Ĵ2 ≡ J2(In − J#
1 J1)

Nhere y2 is an arbitrary )e;torF Et ;an be eOten&e& to the tas$
o7 jth Rj ≥ 2U priority in the 7olloNing 7orm-la SWTA SdTF

q̇j = q̇j−1 + Ĵ j(ẋj − J jĴ
#

j−1ẋj−1) + N jyj RWU

N j ≡ N j−1(In − Ĵ
#

j Ĵ j)

Ĵ j ≡ J j(In − Ĵ
#

j−1Ĵ j−1)

!he BoL Ca;obian S=VT ;an be in;l-&e& as a prioritiPe& tas$
in this 7rameNor$F

B. Weighted Pseudoinverse

En most ;asesA it is ;onsi&ere& to be pre7erable 7or a
h-manoi& robot -se the lighter lin$s to a;hie)e tas$sF Qor this
p-rposeA Ne intro&-;e a Neighte& pse-&oin)erseY

J#
W = (JT WJ)−1JT W RXU

W = &iag{
√

W1, . . .
√

Wn}

!he Neight Wj o7 ea;h aoint is gi)en as the ratio o7 the
mass mj o7 the lin$ j to the total mass M A namely mj/M F

Loreo)erA a sele;tion matriO S = &iag{S1, . . . Sn} RSj =
0 or 1 U is m-ltiplie& to this in)erse to sele;t the a;ti)ate&
aoints a;;or&ing to the tas$ spe;i!;ationF !he sele;tion matriO
is set to In i7 the all the aoints are -se& to a;hie)e the tas$F

Ising this Neighte& Ca;obian !rst lighter lin$s are -se&
then hea)ier ones to a;hie)e the &esire& tas$F Ky ;ombining a
sele;tion matriO Sl that 7orbi&s -sing the aoints approa;hing
the limit o7 the mo)able rangeA the he-risti;s o7 Nhole%bo&y
motion Nor$spa;e eOtension S=@T ;an be implemente& in a
simpler NayF

C. Monitoring Task Execution Criteria

\hile the motion is being ;omp-te& by the generaliPe& E?A
se)eral properties are monitore&F

>ne o7 the important meas-re is the manip-lability SfT
&e!ne& asY

w ≡
√

&et{JJT } RbU

!his meas-re is ;ontin-o-sly tra;$e& &-ring the motion gener%
ation as Nell as others s-;h as aoint angle limits or en&%e77e;tor
errors 7rom the targetF E7 it be;omes beloN a ;ertain )al-eA it
means that it is &i7!;-lt to a;hie)e the tas$F

Coint limit ;onstraint ;an be ta$en into a;;o-nt by intro&-;%
ing another sele;tion &iagonal matriO Sl Nhose ith ;omponents
be;ome Pero i7 a aoint rea;hes its limit angleF

Js shoNn in QigF @A Nhen the monitor &ete;ts the meas-res
that pre)ent the tas$ 7rom being a;hie)e&A the s-pport polygon
reshaping is la-n;he& to eOten& the a;;essible spa;e as &etaile&
in the neOt se;tionF
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Qig-re V shoNs the propose& s-pport polygon reshaping
s;hemeF !o &etermine hoN to reshape the polygonA !rst the
&ire;tion angle a betNeen the tas$ target position proae;te& on
the gro-n& an& the orientation o7 the ;loser 7oot is ;omp-te&F
!henA the 7oot orientation is set to the ;losest angle to that o7
the proae;te& )e;tor Nithin the rotation limits o7 the 7ootF !he
neN 7ootcs position is ;hosen in s-;h a Nay that it maOimiPes
the a&)an;e toNar&s the target positionF !he reshape& s-pport
polygon ;an be then &eri)e& 7rom the neN 7oot pla;ement as
shoNn in the right han& si&e o7 QigF VF
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!his simple algorithm alloNs the h-manoi& robot to ma$e
a step motionA $eeping a large margin o7 a;;essible area 7or
the tas$ by 7a;ing the -pper bo&y to the target &ire;tionF

!hen the BoL motion ẋCoM is ;omp-te& 7rom the neN 7oot
position by the Nal$ing pattern generator base& on pre)ieN
;ontrol o7 Pero%moment point R]LPU SbTF !he basi; i&ea is
to ;al;-late the BoL position an& then the leg motions by
anti;ipating the &esire& 7-t-re ]LP positions that ;orrespon&
to the 7ootstepsF

Qinally the original tas$ is re&e!ne& as another problem
o7 Nhole%bo&y tas$ -sing this neNly generate& BoL motionF
!he same generaliPe& E? sol)er 7rameNor$ intro&-;e& in Eh%
J is -se& to in;orporate the motion re[-ire& 7or tas$ an& the
stepping motion in the Nhole%bo&y le)elF

hEF ,ELIDJ!E>G

!he propose& s-pport polygon reshaping metho& is sim%
-late& to )eri7y its e77e;ti)eness -sing sim-lator >pen85P
S=WT an& har&Nare h-manoi& plat7orm 85P%@ S=XT RQigF WUF
!he h-manoi& robot 85P%@ has Vg &egrees o7 7ree&om Nith
=FXWSmT in height an& XeS$gT in NeightF !his robot has tNo
;hest aoints 7or pit;h an& yaN rotationA Nhi;h eOten&s the
;apability o7 Nhole%bo&y motionF

En the 7olloNing sim-lationsA the h-manoi& robot is re[-ire&
to a;hie)e rea;hing tas$s by a han& toNar&s 7ront an& si&e
&ire;tionF Qo-r tas$s are gi)en Nith the 7olloNing priority RiU

QigF WF 8-manoi& 5obot 85P%@

7oot pla;ementA RiiU BoL positionA RiiiU han& rea;hing tas$
an& Ri)U gaPe &ire;tion in the or&er o7 higher priorityF Qor
all the tas$s the Neighte& Ca;obian RXU is -tiliPe& 7or in)erse
$inemati;sF Js the sele;tion matriO SA all the &egrees o7
7ree&om are -se&A namely setting S to InA 7or all the tas$s
eO;ept 7oot pla;ement that is per7orme& only by the leg aointsF
!he rea;hing tas$ is &e!ne& by the target positions Nitho-t
spe;i7ying orientation o7 the han&F

!he monitore& ;riteria here &-ring the motion are the
manip-lability o7 the arm an& the error betNeen the re7eren;e

$

%

&

RgFeA gF=A gFeU

RaU RbU R;U R&U ReU

QigF XF 5ea;hing tas$ in the 7orNar& &ire;tion Nitho-t s-pport polygon reshapingF !he h-manoi& robot is re[-ire& to rea;h the han& toNar& the target
in 7ront Rre& ballU Nhile $eeping the BoL position insi&e the s-pport polygonF Jltho-gh the han& approa;hes to the targetA the arm manip-lability be;omes
loNer than the threshol& &e!ne& to a)oi& the sing-larityF

RaU RbU R;U R&U ReU

QigF bF 5ea;hing tas$ in the 7orNar& &ire;tion -sing s-pport polygon reshaping that &etermines the pla;ement o7 the 7oot 7or the target pointF Ising the
&ynami; Nal$ing pattern generatorA the position o7 the BoL is ;omp-te& to per7orm the stepping motion in;l-&ing single s-pport phase RbUF !he Nhole%bo&y
motion is generate& -sing the generaliPe& E? sol)er an& the tas$ is a;hie)e& than$s to the eOten&e& a;;essible area pro)i&e& by the s-pport polygon reshapingF
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RaU RbU R;U R&U ReU

QigF dF ,i&eNays rea;hing tas$F !he robot !rst goes to the single s-pport phase RbU an& stepping toNar&s the targetF J7ter eOten&ing s-pport polygonA the
robot -ses Nhole%bo&y motion to a;hie)e the re[-ire& rea;hing tas$F

en&%e77e;tor position an& the one ;al;-late& by the E? sol)erF
!he robot tries to rea;h the target !rst Nith the BoL position
at the ;enter o7 the initial s-pport polygonF E7 those )al-es
go beloN a ;ertain threshol&A the s-pport polygon reshaping
pro;ess is a;ti)ate&F 8ere the threshol&s o7 manip-lability
an& en&%e77e;tor error are empiri;ally set to 1.5 × 10−4 an&
4.0 × 10−5 SmT respe;ti)elyF

\e ha)e ;on&-;te& sim-lations 7or rea;hing tas$s 7or tNo
&i77erent positions o7 target tas$s 7rom the initial position
Nith the parallel 7oot pla;ementF !he 7ront an& si&eNay target
positions are (0.8, 0.1, 0.8) an& (0.2, 0.8, 1.0) respe;ti)ely in
metersA Nith respe;t to the global ;oor&inate 7rame Nhose
origin is lo;ate& at the ;enter o7 the 7eet on the gro-n&A as
shoNn in QigF XRaUF

Qig-res X an& b shoN the mo)ements generate& Nith an&
Nitho-t s-pport polygon reshaping 7or the rea;hing tas$s in
the 7ront &ire;tion Nhere target position is in&i;ate& as a small
sphereF \e ;an ;learly obser)e that the tas$ ;annot be !nishe&
sin;e the arm manip-lability goes beloN the threshol& be7ore
the han& rea;hes the targetA as the Naist o7 the robot stays
almost at the same pla;e to $eep its BoL position at the ;enter
o7 polygonF >n the other han&A Nith reshaping the robot ;an
rea;h its targets -sing Nhole%bo&y motion in;l-&ing steppingA
Nhi;h )ali&ates the ;apa;ity o7 the propose& metho& to eOten&
the robotcs a;;essible spa;eF Jmong the monitore& ;riteriaA it
Nas manip-lability that goes beloN the threshol& to a;ti)ate
the s-pport in both tas$sF

!he motion 7or the se;on& tas$ o7 rea;hing si&eNays is
shoNn in QigF dF ,imilarly as the !rst tas$A it ;annot be
per7orme& Nitho-t s-pport polygon reshaping &-e to the
arm manip-lability that be;omes beloN the threshol& be7ore
rea;hing the targetF \e ;an see the Nhole%bo&y rea;hing
motion is miOe& Nith the stepping motionF

Qig-re e shoNs the manip-lability meas-re o7 the arm
&-ring the 7orNar& rea;hing tas$ ill-strate& in QigF bF \itho-t
reshapingA the arm approa;hes sing-lar ;on!g-ration Nhere
the manip-lability be;omes loNer than the threshol& at @FVSsT
an& the ;omp-tation $eeping the same s-pport polygon is
&is;ar&e&F !he reshaping starts at this moment to re;al;-late
the o)erall Nhole%bo&y motion in;l-&ing stepping motionF \e
;an see the manip-lability regains higher )al-e at the !nal
positionF

!he ]LP position estimate& by the 7orNar& &ynami;s
&-ring the 7orNar& rea;hing motion is plotte& Nith respe;t to
the "oor ;oor&inate in QigF fF ]LP S=bT ser)es as a stability
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the manip-lability meas-re &e;reases beloN the threshol&F Jltho-gh it also
&e;reases Nith reshapingA the manip-lability in;reases in the ;o-rse o7
stepping motionF
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!arget &ire;tion

QigF fF !ransition o7 ]LP &-ring 7orNar& stepping motionF ,tarting 7rom
the mi&&le point o7 the 7eetA !rst the ]LP goes on the ;enter o7 right 7oot
to start single s-pport phaseF !hro-gho-t the motionA the ]LP stays in the
initial an& reshape& polygon to maintain &ynami; stabilityF



;riterion ta$ing a;;o-nt o7 &ynami;sF E7 ]LP stays Nithin the
s-pport polygonA the motion is &ynami;ally stableF ,in;e the
h-manoi& robot ma$es a step by its le7t 7ootA a7ter starting the
mi&&le point o7 the 7eetA the ]LP !rst goes to the ;enter o7
right 7oot 7or the single s-pport phaseF !hen the ]LP alNays
stays Nithin the s-pport polygon a7ter reshapingA Nhi;h means
the generate& Nhole%bo&y motion is &ynami;ally stableF \e
;an also obser)e that the eOten&e& s-pport polygon is 7-lly
eOploite& to a;hie)e the tas$F

8a)ing )eri!e& -sing the ]LP traae;toriesA the motions are
)eri!e& to be 7easible -sing the &ynami; sim-lator >pen85PF
!he mo)ies o7 sim-lations are a)ailable on o-r Neb site
R httpYjjNNNFlaasF7rj~;este)esjh-manoi&s@ggbj UF
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En this paper Ne presente& a s-pport polygon reshaping
metho& 7or Nhole%bo&y h-manoi& tas$ eOe;-tion base& on
generaliPe& in)erse $inemati;sF !as$s are gi)en to the E?
sol)er to generate Nhole%bo&y motions by ta$ing a;;o-nt
o7 prioritiesF ,e)eral ;riteria s-;h as manip-lability or aoint
limits are monitore& &-ring the motion generationF E7 any
&i7!;-lty is &ete;te& in a;hie)ing the gi)en tas$A the s-pport
polygon reshaping mo&-le is triggere& to gi)e a neN 7oot
pla;ement that eOten&s the a;;essible spa;e o7 the en&%e77e;torF
J &ynami; Nal$ing pattern generator pro)i&es the stepping
motion that is ;ombine& Nith tas$ a;hie)ing motion -sing the
same E? sol)erF

\e ha)e per7orme& sim-lations o7 rea;hing tas$ -sing
h-manoi& plat7orm 85P%@F !he sim-lation res-lts shoNe& that
the propose& metho& alloNs the h-manoi& robot to a;hie)e the
tas$s that ;annot be a;;omplishe& &-e to ins-7!;ient manip-%
lability Nitho-t s-pport polygon reshapingF !he 7easibility o7
the generate& Nhole%bo&y motions ha)e been )eri!e& by the
&ynami; sim-lator >pen85P to &emonstrate that the robotcs
a;;essible spa;eF

>-r approa;h is base& on a ;o-pling o7 in)erse $inemati;s
an& &ynami; pattern generatorF !he latter g-arantees &ynami;
stability o7 the Nhole motionF Q-t-re Nor$ Nill in;l-&e a per%
7orman;e e)al-ation Nith respe;t to another possible approa;h
base& on an eOtension o7 generaliPe& in)erse &ynami;s S=eTF
!he eOperimentation Nith the har&Nare robot is -n&er NayF
Qinally the -ltimate goal Ne p-rs-e is a Nhole integrate&
motion planning an& ;ontrol system in;l-&ing gross motion
plans S=dTF
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