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Abstract

Abstract: Based on a free walking description model which is not capable of step length control, an
iteration algorithm was proposed for solving the corresponding straight walking motion according to the
given single step length which could be continuously adjusted. The problem of smooth transition between
two consecutive walking steps was solved by pose-wise Bezier weighting, which kept the starting and
ending poses of a walking step constant. Continuous straight leg walking motion with continuously varied
step length could be generated real-timely. The proposed method provided a solution for real-time
continuoxis leg walking motion generation with known step lengths in a straight line, and a solution for
straight walking step planning with known walking distance as well.
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Abstract: Based on a free walking description model which is not capable of step length control, an
iteration algorithm was proposed for solving the corresponding straight walking motion according to the
given single step length which could be continuously adjusted. The problem of smooth transition between
two consecutive walking steps was solved by pose-wise Bezier weighting, which kept the starting and
ending poses of a walking step constant. Continuous straight leg walking motion with continuously varied
step length could be generated real-timely. The proposed method provided a solution for real-time
continuous leg walking motion generation with known step lengths in a straight line, and a solution for
straight walking step planning with known walking distance as well.
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BA RN R KRN, S3hmERA B M@)
RAESLESNE RDF, ET M) gk,
ARG HhRYE. FFANESEREG Maya)@
TR B &R E Hl4E M(r) TFEMBD Rotoscoping
FAME B A 8RR IE M(r) RIESM . AWM ST
. BHEWEGEFE, W Yin SPHEHA
SIMBicon HEEI(FRREN FMS &&HHlHsr PD
EHITE B EIEE S KRESIM@) , HHAEBAR
MEIESENE. ARSI,

BRI T BBMES M) RiEH
TR BUHE, PKASHEAFTAITRME. &
BRE— B REZU(EBE K/ BB B ERN), 2
NBRIATFEEFREYEREIHEFHRREK
WRZBUTNR:; REEPREREEFHENRT
MESNRUFEFLOLRHELZUTFK. 3%
VEGERER T AR RAEE W SHOPAT I
HEEERHLEBUTER. I HFAEFTEFHRBK
R KFERELSHERMPKTR, FHEREULHR
Y I E BB B A

AXFE Boulic 2R K A BESN B BEE
2l b, RH—FTESKHAGRBELESL
ENBEFNERERTE, ZHEREFHENZE
B RFFE LA T AESEHIE. ARSI
FUTF3A: (1) BRTEEESEHGTAIESK
XRRELLEFNZ LT ERR; (2) RBRBBREE
EFFEER TR RS S KHERER: 3) &
T REMEILK/MMES KIS, TS ARAE A E
B AP R R ES &

1 HXBERIE

LRI RFHABEIHERTEEER 3K,
Bt YA B P S B
RAES, 3 RHHMAF —EHRSKEFNEE)
HREES . BERES T EFERRNARSKE
HHEE: VWEGTETEREUEENYIGESH
(RREREE L KIEINAER, RENRBIESE
R, RELERSKEBRSKNEERZENRA

BRUSHOPAT I ELRE; B3hF I EE LR
AP EEEPEETE B3 F S WmETT
Y, AXBRES MR RS Kt
Bhiazh it A BT K BE ST o

1.1 IR T5 ik

BREWHES, BT “DEH” BERNEE)
(Motion Graphs) FEER B EHEEARRBRT &
HIBFFUY, Reitsma NS EMT REK
B, BZRTENBSKENRI R IRTE
HBIEE (M, (9)[i=0,1,2---0-1} X B KB HEE,
RESKTURESEN. HEgEsiEr “mE
H” BAE, Ren EMIRHEHEEMEESHBEMN
. BHETERTSKENHERELI—NE
FEEBENERRAE, BREREHEARE
KT HEH —eBENIHEE.

Wei £ T XEHABKESHEREEIT 1
N ZEA RS 5IE S EIE 2 B IR AR, B
BIURENEEEHSHEREN R ESIHHE
P(5),T(¢) ZMMBLE R R, ¥EFEFH P KAR
ALK B KR RO & EReEEsk
&, U KAEHENESRFEETERS BIRD
KBEENENSEFB, BREFBRTHEEE
BB KNG, ZHEEATERKNZREKE
A .

1.2 YHEGE B

YO E T, BARRMEMN TR Yin %
REALE-HHERBERHO - EEERET
S Hi sk - HF3 488 SIMBicon (FMS + PD). FSM A
FRAIE L 365 B A B I B85S, BISCRmTZI
t' SR O(t) AR, i=0,1,2...n-1,n % FMS )
REHH. XTEE =k, (0(t')-0())+k0'() » H
Pk, AREEWR, k, AREBHEERE, K
FARTEH0() [ BB R o) Fib. EFNEHIF
K FMS RAEBCK 4, BI{et') |i=0,1,2,3}, &—
N BB KIS IR, (TEARIRESI M) BE
BREES MRS, ARMES AN,
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Coros 27 SIMBicon #&IEA |, #its
BORBNUERT L KAES M) , RESHE
hIRBENERPEKFTERITHELREA R E.
AR ERSKAEREESE. AREMMAYE
HIESIM(r) » FTEERABRURBSEIIIT
PHELRE, RALSHEKTERNER. Wang &1
7 SIMBicon AR |, B EAMNAIBESH
BRETHAEARRME AR KES TSRS, B
BEW EAEZKES M() 2 8 R 8.
1.3 R FEHRTTH

EBFHRITEAEREHNHFEE, RIE
EFEFNI KRB THEEE, B M) FRAE
PP FPLE T() 2 MEEHXR. Boulic &
RE T —NEARN B BES M) #idER, %
BARETREESHSHA—EE. DA A
—HEKEHREXRTEASHO(%) R HER
P(t%) Z[MIRBLR, % I—ESRAPAK
FEXTEE] . Boulic ZEIRCH ¥ HZ BRI A R &%
RATEERIE ), ARSCHEZAE R b3 B S
RN BERH] AriBKES M) 4Rk MR
F M) Z B FEEE, RELTHNEDSKES
BHEEIFIM@E) Eieh. Bl —NEENBEE
BB LA LB RAE T 3R H YRR R .

2 RHHMTE

2.1 Boulic ;EZHEE! R 5717
2.1.1 ZEFIRE

Boulic AR T —NE3h 3 B 8] - 25 [A]
21, JARLL De(Duration of Cycle)® 7, FAHIA
i8] F [0%, 100%] I FEXT BT (8] 1% FoR. LLZEBIER
EM(ZH 8BS, Bl Heel Strike) X AH%T B E] 0%, M
1% = 0%2 4 IR B FF L (4 B TO, Bl Toe Off)
H XU X ## M Bt Dds(Duration of double support),
M 1% =0%Z) 22 ] TO Sy 22 =7 ## B Bk Ds(Duration
of support), MZ=H TO F 1% =100% 4 22 B4 By
E% Db(Duration of balance), BIIEZhErEt. ARz

¥ JE o hE S0% AR B El . MBS S48 (1) &
B E RV(Relative Velocity)lRHERREKIT—14k; (2) W
#K RL(Relative Length)thfR#EREKIH—1{b, XLk
BEZERRRZHAR)-(5)HR.

RL=1.346 - Sqrt(RV) (1)
Dc=RL/RV Q)
Ds=0.752 - Dc-0.143 3)
Db=0.248 - Dc+0.143 @)
Dds=0.252 - Dc-0.143 (5)

2 3CAF R i S5 AR AL [R] Boulic AAY, S8E A
IR BOCWHIBET . RETAAR R (BIFD A A
KRR R)E S8R, Y#m b, XfmE,
ZHME. B ERENSEA R R R
RPMRBERR, ABILE 1, XNAGFEIE
B —AESFEBAHEEP (%) BENK DT
VENLHS P RS 1 B 01 %) B, BN R R
FATFRBARERN X . SNKTHREARE
8(t%) B RV ¥LE, ¥ RV 43 4 3 MK [A] A [0.0, 0.5].
B[0.5, 1.3]. C[1.3, 3.0 RAS B R EHR RV 5
0(t%) Z IR EREKC R, 0(:%) Bl A 1R) 2544 fr) R
KRMRAMF A.

AR R —ANELARM B hENER, #iR
T M(@) FHI P() ERBUANELE S A%, (B
DX M(2) I T() BERKEHRER AFE BB NI
RV BT X AR, TUERRHEY
rv=10 K, EXREFFUEEINE. Ui
HiFrEvElE, KBRS BRI,
v 02 BT 2.5, HRASHHSH
] IIE SIS «

1 BREREWSH
EWSH LS
LHip(0.178,-0.178,0.0) RHip(-0.178,-0.178,0.0)
LKnee(0.178,-0.644,0.0) RKnee(-0.178,-0.644,0.0)

LAnkle(0.178,-1.178,0.0)  RAnkle(-0.178,-1.178,0.0)
LToe(0.178,-1.178,0.20) RToe(-0.178,-1.178,0.20)

2.1.2 EXHEA G RV, RL F De 77
M E X b, EARBR G —TETHS
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R RV, HBRELZMEZIZS), Boulic iRt T
—F RV. RL # Dc KJiAH . 3 MEZEKE
AXZENRV=RL/DC: (1) RV Z{bht, R\EEX
ERRATHESE: (2) RLZUE, De BEziHR
\WHEAXRIF RV; (3) D BLE, RL B ZE IR
WEAXRIAY RV; (4) RL 1 Dc RIA3E4bLAT,
REEAXLRAN RV, &3 HETHFNEELEE
AR F AR (DI EHIRR, XPrRIFEHE
RBATIAR R 7 B B PO B 5 H T AL D9 3 1) R

2.2 TR EHAERE SIATRE

Boulic #AIZEHIRES) M(r) THIP() BETT
HEHERE REF, BEBHSKEERS, MO+
RITE) BREEFFTEH, TRRESERER RV,
RL 1 Dc ZHORT B HRME. MENRLL,
NFEFNILFE 1 7E Ds M B2 T MBI ER S e B B
B3 HE, ASTH Ds MrBtE— 20 4 BB SCHEHT B
Dhs(Duration of heel support) 1 i BE % ##
Dts(Duration of toe support)2 MM B, 2 PNHr B
TR FENSHESETRRE, LIRS H
BAE R Dhs [H] Dts B #ata) s, @iL A (6)H
b, B0 BRORT B Bk ¥ 2 L BE R /N T B4 e, (oot
parallel to ground).

115 teet Y e [ < g ©6)

455 RV=rv FAHX I 8] 1% , R4 E Miz5)%
FK (Forward Kinematics)%5& Boulic ZE4#ERIT+&
PSR R AMALPR R AL E P (x,y,2) FHIBLZE R
AR RPN E PN (x,y,2) » HARDAEO®)FR.

P (x,y,2)=f, (rv,t%) @)

P (x,y,2)=f, (rv,t%) ®

DAZERI A%, 7€ Dhs BB RFE Py (x,y.2) B2
R R A, MRS 2 WPy (xy,2)
Py (Xisam > Yisanpes Zeeniy) FIZE T B RTRAIRR IR
MAELRMIRR AL 1 & AP°(0,4,0.y,012) »
BAKO).

AP®(0,5,014,0 5 =P (X,op» Viogr Zuos) —

L
P, (x(t+At)% s Yieranyw s Z(:+A:)%) ®

FR4R v R 1% BB MBS R P(( + %) TR
A5, 7 Dis BB P (x,y,2) £ 2 RALRR R
BAREARAE, APC(0,0,y,0.,) HEHM. EH
B HS MZILUS, APC(0,,,0,,,0.,) Kt LA
B, HETERLEN.

2.3 BB ERBKE

Boulic #AURHE RV LR RELLIMARIZEEP() ,
AW SRR SIARTT I E RS ES P K
SL(Step Length). K3l ERE o) A R RARYE S &
FiPK SL THE RV, HMHEP() » TE) BEIM@) .
2.3.1 BB SL Kt

1% Boulic ZAMEI(EI A RV), 4422
/NS RIS T B O B T B JE IR B AR O %, —
BRI E NP ES AR Dssc(Duration of
single step cycle, ¥4 De)i AP®(0,4,0.,,0.,)
FERTHEDT R R B BN, ZFARETER SL. AR
BIENE, FENELER, AKHA Dc WAER
I 18] 2% = 50% (BR t% = 0% ) 4b B 2 85 P(50%) (&b
F XU # Dds W Bl & SL, A4 LA (10),
BLP(50%) 7E Z J7 (BN RT#ET M) LA HRZ
] fBE B SL ALl SLORE L 1):

SL°=||PhL (X509 V500> Zs0% Diet —
Plf (%5084 > V5084 > Zs0% Drighe l (10

SR 4E SRR SL T SL KRR, BIFFE—
EMIRE AE » XEFEERKN, HRERRR
RNKEARREEIR. HRES SU FAEIEMEE
XER, RAKA), £dfi$SBIE)s T kxR
ERERYN.

AE, =k -SL: 1)

SL,

1 REBXTHAERPRRRTEE
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2.3.2 B SL #i5E RV REB.

ZEXUBHISZ 3 Dds MrBL(1% = 50% B t% = 0% )
B 325 Ak (B 55 5 A1 0(50%) ZBA0) B 25 K AL
MIRE, HEILRV 7 A C RKAMTHWRAES K
WHEEN(SERF A XOCER[6]). 7E C KM,
0(50%) HIH BN TEE AT M 70°~65 °, &
KIFTWRENIEEEM,; BRI % = 50% L HZE
st B KK EmEE . FASTU RV 7£ A K
AR BRAHEAT B KM, RN ZREXTNE
M. A 1 4T3, 1% =50% i, RUBR(ENZRR)
BRVHEEAE o, . BIREBSCHREAE B,
JERBBA BB R HIERE A o, « JERREERT
HEHAE B, 5 RV ZAIRKX R HIAESTE
BEMF A P Hermit #&1E, BETRE AR,
AEICEEE): (1) a,=30-rv; (2) ,=565/27-rv;
() B,=680/49-rv+725/343; (4) B.=3. ¥k
MPKSLEa,, a,, B B ZEKIXERN:
SL=SL +SL; =
LH -sin(e,)+ LL -sin(e, + 5,) —
LH-sin(a )+ LL -sin(-a, - B,)=
LH -[sin(565/27 - rv) +sin(30- rv)]+LL-
[sin(790/49-rv—825/343) +
sin(565/27 - rv+3)]
B LH A KBREE, LL A/MBKE, ZRHsc
RAAR2)EERR:
SL=f(rv) (12)
1% = 50% B, BT IRIES: f 2 rv IR B
(BHKRASERF A), ZRHXRALAR)FR:
0(50%)=g(rv) (13)
HAR(12)E FiEH %4 rv (0.0, 0.513EF K
Zfbnt, SL BE rv B{LiENE, EH MR B,
RN, 308 P EERRES RS E
B KSL=s' WIEERV=1" . BErv HA
RA3) T LR H 1% = 50% B KIBRER &8 A
(BRRHD, 4 2.3.1 IFREX R rv 124K s,
BARBENT:

ik 1 REEAR S KRB BFESE

g BB s
Wi Bixr
FESUH: 1V RERSES RV K
E: rv,, BREMRITREF RV KI/ME; ., &
REEEH RV B L (2,.2,.8,.8,). B
NERLEFIRE rv, HHEE4MREXTH
A s, RERIBEP LR K.
FRR:
Mg =0.5;
Wi =0.0;
W = (rvhigh +1v,,) /2 ;
(@550, B5, B, ) = 8(1Ve) 5 IR AF(13)
Sloy = (1Y) 5 IMBHFEAR(2)
WHILE (|| s, > sI" ||> €44 ){
IF(sl,, >sl)
THEN Wy =1Ver 5
ELSE rm,, =rv,,;

rvcur = (rvhigh + rvlaw)/z s

(af’ar’ﬂf’ﬂr)cur =g(rvcur), //*ﬁﬁﬁiﬁ(l:&)
Sl = (Vo) ; IBEAR(12)
}
v=m,;

SL Bl RV 224k, 501 33380 ) P R ARAE 3005 1 b e
e

2.4 BB RESELEZIEFER

R 2.2 NI H A 18] R IB Bh 2 R
ROk, mERSK sl REXR v’ 81, %
T Boulic FEZIfIRFE AR, o] UIB B EFEEN.
YRR A RIER B 355 KESNES M() .
2 RAFIES)F K SLEAXT B E] 1% = 0% B ZI(BP
WX ¥ Dds B B)XT R R ZE (K 1% = 0% BT ZI Y
EFBBHALEEE 1% = 50% RRIKER). BHK
BEENTEMR: BHE | MRS NBK L TE
Dds BB (ASCHEBL t% = 0% 1 t% = 50% )i Xt [
BHP(0%) (BKP(50%) )y FIRiTEE| T — Bt
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%+ sh,, 7€ Dds BB % B % 3 P, (50%) (3R
P (0%))i&&, BARTHEN 24.1 pH.

AAAA

SL: 0.6
B2 RREBKIRH 96=0%H 2% H

2.4.1 T Bezier A4 R

Bezier IAX AR K Ow) =) OB, (), ¥
FHK O, K ntl PNEFHIXER, &0, WEITRLH]
BEB,, (4) = C:(1-u)* -u' J§ Bernstein e %, &
¥ u ALK B 4[0.0, 1.0]. Bezier IIALEA fRil
FAFtE, BIAS%u 2718 0.0 F1 1.0 B, fnil&
B4 0(0.0=0,, 0(1.0)=0, . AIXFEHRFS
A st B 9] A6 R B9 B 3 P(e%) A i &,
P,(t%) HAE/AB. /AR, E/IABRKTSREAT
TRAEAIRR X ) 6 MeFEAEEX.

CAPE 33T, 45 sE i MR XTI
1% = 0% 5 t% = 50% &) B si' T —AEIE
i+1 ANBE GEXTRTIE) 1% = 0% 3k 1% = 50% 4b)
HK sl G, sl ~sl,, R/NRFIERE T3
HHEK, BEImA, WHHE m2 AP K. &
WEHE 1 TUBE mt2 v, 4838 Boulic A
EFER, 7T PR me2 NAFBKEES) PE%) »
BB st B st BIRFHE m+2 A Pe%) 7, 7E
[0%, 50%]PI4: A A o2 4> P(2%) H 3 HXAH X I [)
1% MK m+2 NMEFP%), i=0,1 ... m+1 BT
Bezier AR BB B 1% X P45 R BB P%) »
BHu=1%2, BERLAK14):

P(t%)=Z”’ B(t%)-B, .., (t%*2) (14)

i Bezier IAEIRIAFREFTE: D2 1% =0%
i, ARADKME R A P,(0.0), BIEKA sl
LEAAXT RS 1] 0% (I8 H4 P(0%) (& 3 FHIA EAK
B 2)H1%=50% B, AXDKIMBERA
P..(50%), BIE&N sl TEMXTE[E] 50%M%

#P(50%) (B 3 FHBET—ITHPRIEE). 1), 2)
RIE T E3P KRS € P KINEK. Bernstein 2
BB LS R R IE AT 45 3R P(¢%) HIESETE,
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