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Reactive Leg Motion Generation Method under

Consideration of Physical Constraints

Fumio Kanehiro*, Mitsuharu Morisawa*, Wael Suleiman*,
Kenji Kaneko* and Eiichi Yoshida*

This paper proposes a reactive leg motion generation method which integrates physical constraints into its gener-

ation process. In order to react given instructions instantaneously or to keep balance against external disturbances,

feasible steps must be generated automatically in real-time for safety. In many cases this feasibility has been realized

by using predefined steps or admissible stepping regions.

However, these predefinitions are valid only in limited

situations. The proposed method considers physical constraints during its generation process. It consists of a swing

leg trajectory generator and a constraint solver. The former generates a swing leg trajectory considering rough self-
collision avoidance between legs. The latter does joint velocities considering joint angle/velocity limits and precise

self-collision avoidance. Moreover, in order to improve the possibility of feasible patterns being generated, a stiffness

varying constraint and a landing position modification function are introduced. The proposed method is validated

by experiments using a humanoid robot HRP-2.
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Fig.1 Example postures generated without (left) and with
(right) considering physical constraints
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Fig.3 Collision avoidance: Faverjon and Tournassoud’s method
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Fig.4 Velocity damper for joint limits of the j-th joint
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Fig.5 Foot trajectories and postures generated by our conven-

tional pattern generator. There are collisions between
feet
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Fig.7 Foot trajectories and postures generated using the con-
straint solver which considers physical constraints. The
swing leg is pushed outside to avoid collision
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Fig.9 Distances between feet while walking. Distances are al-
ways bigger than the security distance
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Fig.10 Two candidates of a swing leg trajectory. The shortest
path which doesn’t cross with the outside vector is used
to generate a swing leg trajectory

Algorithm 1 calcSwingLegPosition(path, t,emain, <, v, a)

1: if tremain > toffset then

2:  target «—Divide(path, At/(tremain —t
3 HoffArbib(t, f s set, target, x, v, a)

4: else

5. target «Divide(path, 1.0)

6

7

offset))

HoffArbib(tremain, target, z,v, a)
: end if

Algorithm 2 HoffArbib(¢,emain, goal, z, v, a)
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1:a _ga/trem‘“" 36v/t72"emazn + 60(goal - r)/tgemtun
2: a +— a+ alt
3: v v+ aAt
4: ¢ «— x + vAt
?%F’%"’P RO A AL E AT S N THREBE DRV AL L 7255
SHEEATN AR I 2L S ELEAER ST LE ). 2

ﬂ%[%‘( 720, EBRIEMICS 2 5 2 MH#E L Algorithm 1
AHCTERT S,

D path \FFHHE S NIRFTREEE, tremain (SBTEEMEH
D—HEDAEMT 5 £ TORY M, z, v, o IBIEOHER O
R - EETH B, B Divide(path, ratio) 1& path
% IR ratio T T 5 M OBEEZ R T, At (ZHIHOR
MANATH L. UL > TROBEHMEDZALL 725 o 723
A target |3 T OREREK A —EOMEE CRE L, &Ml
HNED D tofpser 72T CERMMEICHEST L. HHOPEIL
Algorithm 2 12757 Hoff&Arbib 1 & % B e/ O 35B) A B
EFNVA9) ZHOTEERT L. BB z, v, o FHEDNIE
R, MREE, goal 13 HEEFLENE, tremain (& HEEALEIZF]
ETLFETIIESNAREMTH L. T &> THERE D]
A R A2 Eéhf’i% T b I B 2 e BB 2 AR B
5T ESUEEE

IR & %ﬂ%ﬁﬁlﬂfiﬁié N7 EHEEOH % Fig. 11
WRT. KR CTTL—CTRLZODPERIEE TR E TV HE
B, 0D SHEFANTH TV B R, LHRH O F.0 8
5IRMNI L COMINC M O 2 #90 Ch B, X EIANKRD HIEH
WAZE, RIS R E LR DOTC & % 5 AR TR DY

EBRICER S NERHETHL. WoOHDH 5, (a)~(c)
FAEM T CEE DS Lo 72 BEOWMBETH Y, (d) IZEEED
MiBELXBEPCEHLBLEDOHTH S, Algorithm 1 [Z/R L7z

Dec., 2010



FERE DY ELY IR % 58 L 72 BN A BB 1 AR 8 Tk 1257

(b)

original goal
g ¥ g

© ()

modified goal

Fig.11 Examples of swing leg trajectories. (a), (b) and (c) are
cases landing positions are not changed. (d) is a case it
is changed
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B RNZR O WAL % /N OB L o TTFHIFA L %
WHDIBIET A, WREIROMICTHNFEET L0089 20d,
JREBOIIR % FET ZIRITEY IO Minkowski Zx#5HE L, &
HRZOFEENLTRITEY T EINL D E) D THE
TED., ZOTHEERT 2 72O LBE 2R/ AT &
25 Minkowski ZZDZEF FCHAIIR LV EADNRT ML &
b, ZONZ MUVERWTERMVEZMIET 5. Fig. 12
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modified
landing position

given

landing position .
minimum support
translation leg

Fig.12 Landing position modification(1): Overlap between feet
is solved by the minimum translation

-

. reference position
next landing X
- -1 of swing leg
position

:iBfootAt

\| Asisosinsseissens
y
i

&
=

swing
leg

Fig.13 Landing position modification(2): The next landing po-
sition is adjusted using an error vector e
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JEI ] —E TR0 38K 7 eI EE D FR IZ K o TR =&
I8 SNALEICENERTRECTH D54, BB HIL
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FEHTRe R MEIEL KT 5. COHBEMIE I05ET 25
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EWBHDH. TOL) HEIIET B 720, R TR
FEM 2SR A U723 O T R DS AT 2 BIET 5.
DIBIE % Fig. 13 1R, 2 HIBEFEICE 2 5zl
OBEBEIE ©rooAt I2XF LT, HoBILRIE (9) 27k
REBOBIIREIL JrondAt L7210 eAt 7217 OBEEDIA LS
W ASEE T E o 72 2 OFRES 2T RO A AR & 51T
BT ETHREORBEC. TR BT ETROE
EASE AR R 7 AL Cd B A1 I35 MU 1 2538 v Ak 72 i
FlZH & FEHLNA.

5.3 EHEHIEDG

Fig. 14 |2 EAIE SN A B2 R, EEIIAS AL E
BLOEMEEZ R fEROBEMELE A A% W23 E 0
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conventional swing leg trajectory generator nﬁ];tt ;::gtt
. . right foot
new swing leg trajectory generator left foot -
0.2 — r :
01 |
E
> -0.1 |
0.2
-0.3
02 0 02 04 06 08 1 12 14 16

Xim]

t=2.95 3.00 3.05 3.10[s]

Fig.14 Example of the next landing position modification. The
second and third landing positions are modified since
they are not reachable

1 overlap ‘ 1 -
~J }( \
A | AT
%\\/)2 \ j \_—2
) e

Fig.15 Original (left) and modified (right) footprints of a wide

step turning motion. Overlaps in the first and second
steps are eliminated by the minimum translations
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distance[m] waist height[m]

time[s]

Fig.16 Waist height and distances between knees while turn-
ing. The waist is pushed up to avoid collisions between
knees
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t=0.5 1.0 15 2.0 2.5 3.0 35

4.0 45 5.0 55 6.0 6.5 7.0[s]

Fig.17 Snapshots of experiments(1): cross-legged walking

t=0.7 1.2 1.7 22 2.7 3.2[s]

Fig.18 Snapshots of experiments(2): wide step turning
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Fig.19 Computational time to generate cross-legged walking.
It is enough short to generate patterns online

0.12
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-0.04

time[s]

Fig.20 ZMP trajectory generated by COG pattern generator
and final ZMP trajectory. ZMP error is around 2 [cm]
and enough small
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Fig.21 ZMP trajectory generated by COG pattern generator
and ideal ZMP trajectory. Big fluctuations are caused
by landing position modifications just before landing
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