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Using Cubic Spline Interpolation Algorithm to Plan the
Gait

Lei QIAN
College of mechanical and Vehicular Engineering, Chongging Jiaotong University, Chongging, 400074, China

Abstract: This document research the object of nao. In the gait planning application of cubic spline function
method. According to the position of each joint at the critical moment, Planning its trajectory throughout the
walk cycle. First of all, according to the law of the Nao robot to walk forward cycle, Draw a key moment in
the gait cycle posture, Then build a cubic spline function, planning out the Nao robot gait trajectory, In order
to verify the feasibility of the robot gait, finally validating on RoboCup3D simulation platform.

Keywords: Nao; Walking pattern planning; Cubic spline interpolation

ETZREFRRBIRES ZNNANRZA DS

>3]

HPASH R EN AR S FM LR b, EK, T, 400074

# ZE: U Neo IBRANIRN R, EESSHAYPNAZREFEBGE , BREXBNZIEXTH
U2 AMEEERNSTRABNEINE. B , BIF NoBRAEHRQEARLSITHNAE , FHS
SEMPRBEANNE , REHWE=RERER , AXH No HlBRANS ST , 7 TRIENBRA

HAWAITHE , B/FTE RoboCup3D FEF A LRIE,

XEiE: NAOWIREEA | SABKEE ; S AEZXEBREE

15§

UPNGIRYN IR YN W § & RS Rl R gi0RZS
Bz, B THU MR, BT, ERER T
A, T HATANLES AR, SRS B ST P AT 7
ABAT, ARG RIEN, K, 728U 5 H
Haa)z0. Ftegt s AL, & S AL I IE
AR, TSR BT BB, AR AR
. Ht TASSME R, ELIRENLT, ©
A5 IR A BRI D B . i TR I B R B0
R ZE, W2 WA 7 IR LRI D AR R R
AR A B, =R R R A T ik
FEAEE R ML RS, ARtttk BN
MIF XL NB SR

2 WEHBADITOH

Neo ML#s N 25 MHBE. HTFEYH 124
HEE, HAfEoesr 34, B 14, B 1
A EAKFR. N T REHBR A IS EA AT AN A
RS, TAESD AT X 5 A AR 38 B l— 2

e

(DI T A28 R fF T L.

(2 /e A7 BN S RBRIER A 25 FEAE X-Z P IfIE 5] .

A SERERDAT A T AN BUAL R XU SCEE
AR SCHE o FEXUR SCHERT B, XU 55 st T 1,
2B BO TRV 5 BRI A b T T 4R, 25 IR B b
ik WK &b, de. FSZHEGE - R, 55—
R G s B AT - 40 bd.

L

SRR AV A T

ot Do
I . | - h .
S R A

|-|:|
B 1. Neo HIEEASITEHA

-
—_

3MEZRHEFER
TEIEPEAR R U, BT PR R RIS

168



HK.NCCP

International Journal of Civil Engineering and Machinery Manufacture

Volume 2, Issue 4, August, 2017

MR mIaE R A E R e 2, 7Bkt
S AERR (A SAUESE AN o = IR B 4T LI
I e L _EPRAS R T n AN
t1<t,<..<t,,S(t)=fi,i=1,2,....n, I EAE M EE i, W
DA B0 R R IA
(t.-t)°

S(t) =M, +M,,
6h, 6h,
t-t é M. h®0 t -té M. h%U (l)
i i+100 +1 i
+ af (t..)- a+ af (t) a
h & a h é 6 0

Horbsey RELEL Ft, W AEL, BHhRE—

KLFFA S'(%)=f,'=my, S'(x,)=f,'=m,, ¥
/%:
@f[x,x]-m o
T
@2 1 e, 6 E ] :
9, 2 m Im +
¢ I, 2 m %;QMZ?_GE f[X“X”XS]Z o
¢ oo o i :;5 - 2
¢ Ly 2 myioMm, % € :
g 1 ngnE gf[ﬁr;ﬁm)%]:
im.- flx,.x)-
€ h &
A
Ii - h-l s m - h
h..+h h..+h
di: 6 ?Hl-yi_'_yi-yi-lg
h+h.1e h h-l (7]

RRAE 25 AL BRI Z0 () £ (x) (L, At ME— PO 3
EREM,, WA, BIRE =R R A RIE
o

4 XHEMUAR
4.1 BRKX TR

e AT Te . WA k BBAT AN
AR AR B T 4G, B t=KTc, A5 RN
e b N 450K, Bt = (K+D)Te o 2 AR T4 1
R T —ATe W,

AN LY |

2. BA BT EABRIBIE ST T2

b gb A gf 2355 A ATES T A BIA 3 T i
W )RS, AEL,  t IFIRIBL, BROCTT I x, Z 2 AR 7

PSR
i xlankle (t) = Xfootf - L1 COS[ql + qb(t)]
i . (©)
T Zlankie(t) = ngn[ql + qb(t)]
%: Ll :\/ Lah2+ Laf2 (4)

1 L
iq, = arctan —2-
T

X ot DHIRTE x J7IHIARR, L RO 2
REIFEES, g BROCTTARIEL SHEN M. L,
FORER ST 5 R B BE BT, L BR ST F R T 1%
SCRIER I BE BT, L, 6o BG5BT o 4305
5 M .

t, t, B, BRI RS, [ b M i
Kf Aot BRI X, 2 AR BIA:

} Xsanme (1) = Xy * L, €OS[dl, + f ()]

i . ©)
T ZSankIe(t) = L2 S|n[q2 + qf (t)]
-\:- LZ = Lan2 + Lab2
i 6
':'q 2 = arctan S ©)
1

ab

X tooto JIVERAE X 7[RI (AR, L, A BRI 2B
BRI ER S, q, DR 5 9 M A SR 1) 3 28 5 0 55 1) Sk
fio ARGELAE LTSGR TS BROCHTIN Abs, B =
YR 2% BR B AEL R A5 QBRI Z RO (R

4.2 BE X 9%

3 ERXTESXERIN x FENE

BB AR RS, REREA
MTRSE G FFR) . LUERIELE AT P
AT, (R R R R,
B, X () PR R — A XU
B, AR . 4 X NIRRT X
T R IS IR, X, R R

169



HK.NCCP

International Journal of Civil Engineering and Machinery Manufacture

Volume 2, Issue 4, August, 2017

B x 5 ) RO T B TT BE E, 28 L RTIR T LA
BRI
1 KD, + Xy, t =KT,
Xpo 0 (K+D)D, - X, t =KT, +T,
L(k+D)D, +x,,,t = (k+D)T,

4.3 BEXRTIRIEN T

BROCHI AT B L8RS, 16 t bz, B
SA BN (x,,2,) BEEHOBEN (%,2,), Nao
HLAS NRBEK BE Ly, =0.14m, /MK SE

Ly, =0.12m, 43 73 LA B G 775 TR 5 745 A A5 9 [
Ly Ly, Ly APEREPANE, P IEIAS s RO AR
5 (X2 Z) o

il,'(xa +%)*+(z,- )" =1,
F(X% - X)*+(z- z)°

(7)

(8)

-1 2
_|Sh

4. BXBSERXTMRXBH/LAXRA
BT 10 9 0E 77 160, A4 0 5 A o G A A Al
BRI —A
5 SLIO4ER

i B S2E i, B Te=2s, HmM=0.1m, Ds=0.25m,
PL t=0.05s TEHE/N AT I, RFESCA 20 HI2BATR
B, WK 5HR.

Body 1 Anchor

Body 2

5. ODE Hfy 3+

Nao Hl#s NigshfiliE il ODE(Open Dynamics
Engine) e B, ODE ¥ F X178 A1 Wi Higeloint
Al UniversalJoint, Nao HlL#% A2 113574 Higoint 2%
B, BH KA.

o

%

u.};i.

0 [T

E 6. aFSTSEMLTE

2oz, IRAIE T = R % R BUEHE VA REARAIE
PLES N PAT IR PR SIS . = PR A% bR B (e
Rl 20 A AN RE I R PR BE L) SRR A HLAUZE B A v
AEG T EIRG . i B UNLEEN ZMP ()
FRD IR E A BT HE %

6 &5t

IRIG NN N BPAT RO, B = UCRE 2% R O
RIHE 07 ANHLAS NAE R[0T [0 BB I WP 4T 2
. )5, £ MATLAB M5 HL, 5 = U0k 5k s ol
NETIE ST C IR YN T TR S Sy Eip e
B, BIRCRIEWR, PUERA R, SIEDAT
PUBRITE, UL, KRS ARE IR T 05 AL Ao
SRR MR E HF P .

References (&% 3CHK)
[1] Research of Gait Planning for Biped Robot. Faculty of Automa
tion[D].Guangdong University of Technology Guangzhou,
Guangdong, P. R. China, 510006.2011

Tang Qin The Design of Humanoid Robot and Walking Control
Algorithmg[D]Hang Zhou : ZhgjiangUniversity,2009.3.

Kajita Shuuji. Humanoid Robots [M].Beijing:ginghua University
Press, 2007.

Tong Zhang.Research on Walking Control and Path Planning of
a Humanoid Robot[D].South China University of Technology
Guangzhou, China.2010

Ka Xu.Gait Planning Algorithms of the Humanoid Robot and Its
Realization [D].Qin Hua University,2004.

Qiang Liu.Parametric 3D gait planning of humanoid robot consi-
dering integrated walking congtraints Method
[J].robot,2009,4(31):342-350.

(2
(3l
(4

(9
€l

170



HIK.NCCP International Journal of Civil Engineering and Machinery Manufacture

Volume 2, Issue 4, August, 2017

(7

LEE B J, Stonier D, KIM Y D, et a. Modifiable Walking Pattern
GenerationUsing Real-time ZMP Manipula tion for Humanoid
Robotg C]. Proceedings ofthe 2007 IEEE/RSJ International Con-
ference on Intelligent Robots and Systems.2007: 4221-4226.

(8l

RNguyen Thanh Phuong, Dae Won Kim, Hak Kyeong Kim, et al.
An Optimal Control Method for Biped Robot with Stable Walk-
ing Gait [C]. 2008 8thIEEE-RAS International Conference on
Humanoid obots. 2008: 211 -218.

171



