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Follow-walking motions of a biped robot and its experimental research
based on human walking capturing

WU Weiguo, LI Hua, GAO Liyang

(School of Mechatronics Engineering, Harbin Institute of Technology, Harbin 150001, China)

Abstract; Respect to the issue of serving humanoid robots following human, walking pattern generation based on
human walking capturing is studied, and experimental study of following walking between a biped robot and human
is conducted. Considering the motion capability limitation of the robot, human walking patterns obtained online by
PS three-dimensional capture system are matched to the robot in kinematics aspect to generate robots’ walking
patterns and to build a library for them. Similarities between the robot and human are defined by parameters in both
the Cartesian space and the joint space. The similarity based method of choosing walking patterns online and the
“joint angle distance” based method of pattern transition are proposed to solve the problem of following walking with
varying velocity. Finally, the experiments of biped robot following different people are conducted, in which stable
walking is achieved. The following distance error is in the range of +52 mm during the following process and the
position error is no more than +10 mm after the following process ended.

Keywords: humanoid biped walking robot; following walking; walking similarity evaluation; walking pattern
switching; motion capture
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Fig.4 LED location and active optical camera distribution
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Fig.6 Walking trajectory of the captured human’s walking
pattern before and after the geometric scaling
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32 HAMXTIRRARLLE

PRI oA S BRI gt A T 3 R A T A PR
JIT LA EE A8 48 T 14 5715 /1 26 AT 249 o 5 A R Ak
OB TR O.(i=1,2,,n) , KT
HIER 0, , LBRALER NI T AR 6,5 0,0 s
A EWBRA 6, .0, WL &4

0, <60 <60,
0,..<0<80,.

NARTEIZ S BEVR 7 4B s/, — R B
T AR R F AR TR, 5y Hh IR ARATL AR A G
TP BR AT 0. 0 B 3 NS BOIRAN £ 43
0, .0, .05, MLEF A TE N s AR R K OF- L 3112 3
AR ER,

0, =0, +0..

EES ST S e - R
23K DU O A B R AT A L 1) FE K O i
JEET L (8 (a)); 2) I8 B 5 5C 35 IR A A
(1 8(b) ) ;3) (IR #E BT IR A (L 8(c) ).

WX, 1 TR R 3 M A, R
O A AR 7 5 2.3 HFs B AT
1, AETT O  JE AAAE 8 A i, IS T HLEs 251 T

PHLRE 7, LI 5 — O M AN AR I 25 A T 4.
[F] % & 3] GOROBOT-11" FUAIL #§ AR 56 45 i iz
BB A IR [ -20° ~ —+75° ], e B 55 1. %%
B S o R O T A R A DI [ ,e, ] Beak Bl
FAGHIISZ 1, 5 TR ¢, I 2R 0, T8 3] 56 35 1 B
D IFTEARIR (1, — ¢, ¢, + 0] PILLTLURAEE SR A
LR 05 LIGRAIE DX [R]30 5 0 AR B |l B 1 i 2.

() KFREFHBL (b)) HEEMEET (o) HEMSET
B8 HBAXTREBIEXTRIRE 3 FLETH

Fig.8 Three dealing methods of the situation when the joint

angle limitation is violated

XoF 71 B AR PR A 0, 7 65 8 2 3 B A
FRAGDXE A [ 2,05, TUIBEIZ DX 6] P4 67 FAE AR
L T) P ST () PR g, o7 2 PR %) DG 38 s 2 S e PR
R, T R 2 DX 8] B R A (B PR B0 e BE AR,
33  AfFIEFREH TS A TS A & iME

N A7 B AE 7 18 3% M, T GOROBOT 11 %Y
BLEF NP B3 A7 06 I 5 1 BV G . an[&] 9 Jir
TN T X O AT AN A RE AR UE AL 2% AT
AT,

(a) T Hy
B9 THEM FFHEBSIMZE,

(b) P15 1 (o) #MES 0,

Fig.9 Flat foot landing, tilting foot landing and the compensation
angle 6,

WS 0, (RS A ) AR KR

0,=6, +0, +6,.

AR SCAEAS ST AR I S A R B 2 LA
SMEEREL, B 0, o BCA AR RN AL B R
TR RN A0, (i = 3,4,5) WA

A6, + AG, + AG, =6,
0.,..<0(t) +A0, <86,,,

5
A, = (w,/ Y, w,)8,.
i=3
Hr,w,=6,/min{l 6.(¢) -6 16.(¢t) -6, |1].

imin l ’



514

R, S NPT T BOBUR AL N BREE AT 5 5280 - 25 -

3.4 FITHEIHUE

AR B4 A ST R S BOR, AN EL LG
Zablas A, RO AT T AL B 8 R R A %
PR DEWER FIP- (0 o, ansX(2) Prs. 41
BHEUNTT 3 FIEI IR 7% ek R ek KA
FAF LI pR %, Wn=(3) ~ (5) FioR
S(x) = (f(x = nlAx) +f(x = (n = 1)Ax) + - +

flx +nAx))/(2n + 1), (2)
flx) = ;[aisin(bi“ci)], (3)
)= X fae (4)

f(x)= a, + i[aicos(wx) +bsin(wx)]. (5)

KAE S BB A AL A B8R IE R, A 22 R0 35
ZBU ey AR ZERIX 3 bl AT kA7 % ok
F, IE5Z R B Y 3K 5 48 B i e X6 5615 ff 4
AR B AR T W R EOE 2 FE R IR, 15 5%
PR JRIE i L& ORI T B e =L B,
LA TE 2, Pt 5 18 5 1F 5% R 850 J O =X (R
K (3)). BIEEN MRS S5 8K DL S S 55 55000 1
UG, PUATUEGERE: 8 Til.

4 35N

BLER N5 Nz B 1 28 5N SUAR AR 15 25 [H] 1Y
SR WARIE S R A Rl N A T8 L itk
PEHL - RRTSHNB L Pm AT F DL &%
WALAT I AR A S L (BRI S OB
SCEEIARY LUAE) A R ST, il LS, ~ S, 3t
4 AL PEY

=1/(1+ Z | Ly,
i=1

=1/(1 + 2 | by,
i=1

S, =(1+|T,
_tSH/tDH} -

S, = {1 +
tSH/tDH
Hrpry 1h T gy 53500 K a4
JAVSCHES RO SZHE A s ThR i = 1,2, -+ )n; n 04T
W AR IR 2

- lHi ‘/ll{i) s
- hHi ‘/hm) s
- T, l/T) 7,

tSR/tDR

S [8] Nz SR R

&=Z&&
Hob.g, H0,17 SEEMNEIIRE, H 3B, = 1.
A X4 7 1 PR BB 3 K45 i
DL , 567525 ) P AR B R N

/\ 1-2A

g i
/= 0R]mdx - GRJ
e A ZEUEEE N[0, 1] AU R K0 A o 4
IR T AN A U 5 T BR max Hl min 35 R
IRKTI R RAB AR /M 5 = 1,2, mym AL
KL DW\'JE’E@%K%IEU%H%?QIEUWE’JJ &
FAE N
S=aS; + (1 -a)S,.

s o W RIRAS BN AR O AU(E 2885 S, .S,
Sy Sy S Sy BUE [0, 1], HBUE MGG T 1, W3
BB a8 A5 ARG S AR R

5 PATHABEMZ G RIP AT AL &AL R

51 WITHAENKNE

ATREA JE 4y 2, BDRG R R AREA .
RREEWE 10 s, FAEEAFEARY LTS5
R RFHEAT B, AR A G RARAEPE K.

\ #ﬁﬁ%ﬁﬁ |

\ Aw%ﬁﬁa \

E10 PITERERREN

Fig.10 Structure of the walking pattern searching form

FEARMAEA PR AR Fe e R RIUT A 6f 208
15 S ISR RE 65 A2 e 24T, T AR R
(A [ A4l i i e 4515 2 I PIL a8 AP ATREAR.

XoF 47 4 D s RS AT AR (LS SR AR AT S
B K AT R R SR ARSI BRI T
IR AR P A R SR TR A B AR A 2 365 1A
¢ e o 200 A % % b s 204 A DA T SR B e %
i, I SN b %) 0 551 S0

‘ym Ye ‘ <4, (6)
K 8, AR BERZERR sy, yo, 205 A IR A5 Y
T v T 4 v . 5 TR A S 2 X (6) BB
ZI B AR i S AT HE Ty ) O BE R T 8, , W o 1
FE B A XA B 2R IR Rz A0 1 46 BT i Bisf
20T b B 2 5 1% 22 PR AR RS 220 2508 R 2547 T 3.
BEw(e,) x(t,,) 500K o, 0, B ZIARIR S AT HE 7 16]
AERAE, ALK W A5
p(t) = [x(t,) = x(1.,) [< 8,
PR AAT SR o Frid B & 11 Fos.



© 26 - MoK OE T O ok F% o M 5 49 %
i AT w0, AU R B BUE R [0,1].
2R SCHG B B 500 A R R R
(el KA | LD S I Y 3 BB LA B /N 56 e B S 0 1 %1
| &%M.| v PR Bz A T EBE AL B A0 25 IR AR 52
| stmpmEm |

Iiﬁ?ﬁmﬁm = E’JHm|

it 2 AR
AT

B 11 R#ERAGSTSHNRER

Process of human walking parameters extraction

Fig.11
52 BRESITESSHEMUSITERNER
AL R Bt I AR o NS P AN R A R s 5 22
e VPO BRBEACR S LA PD = 1E
Vy=V, +Kee +Kpe,
Uy =1,V /V) ",
T, =1,/V,.
ﬁﬁiﬂ Uy T V' 5350 BARAEA 2EAT R 2P
Vi G0 R BB AR DK, K, 5300
jﬂl:[cfﬂ/%’x?‘& WA REL LTV, 50 B A
TTREAR RS jAREA DK 2PAT R A, O
LR VAN bR A
a, a,
S, = - +
S B A T A B
a;
L+ [V = vy
K o) a0 FIHEUERE 0, + @, + oy = 1.
AATHEE 5K AT IR OG  H R Bl A0 A T i
FER LR AU R BT oy BUEKRT «a, ..
Fi A ZAREAFRL AR R, I ek Z e b Ak
R EISEERiiE 1 S A OPN N SR IR Y SN i e 12 bliy
MIREAS , SRSl BT LA TREAS , R Fas il i AN
FERAS AT RN TR i T — IR, Hak B AS IS TR
5 YRR R S, #5 S,, = B WIPR B Jaike
A S IAE T — 04T R e AR,
53 BEIMERRIEHTE
R 58 LA N SRR A B i A AR 1 R A D
P, TS IE PR S BIHLES NS B A SRl
RIPERIETZ. 55 0 32 SRR UM P 46 A 0« B
JUHAFIEES DU B DA S A AR 3
M I R R AR S S ST A S L
AL AP EE TR A ESR .

Q. = chi (6, -06,)/0,) g
K. 0,.0', 530 A PEES T IHLER AT M, Thr

; +
Ty |/T,

GBI AT A LS R 2 g it L el
FESAL T HL AR B B KL, /I ES 2404 I 2 5 15
23 (] A A% T A DL L A B A4 Sl o ol KT
AR ST A B, 45 3 52 BE O T . R A5 47 4 Tl

RO AR 12 Frs.

T

PN

SRR A TSR AR
Bfite2s B DA AT 28

U bEA T SRARMIES | | | [CREEA S5 REA BOHITLE S, |

#ﬁﬁ$ﬁ?//1?”
SRR /[ R

N
Y
E12 EFHEAENELZSITHERERREE

Fig.12  Process of online walking pattern generation based on

pattern set

6 7 ASCRALZE A B EA AT By K I

6.1 TITHAEHEANSITHESEIR

ﬂmAMWS?#@¢GRMMPHmﬁAﬂ
SRR HEBIRE BRI | HLg A 3 5 b 1T 22 ) 42 fi
SRR EINE 1 iR, DOBEE SR L es A -
NGB B2 VE LR DA TREAR S ADAMS, 3£ 4T
AT 7 ARSI AR E LA 13.

Last_Run Time= 0.0000 Last_Run Time= 4.5600 Last_Run Time= 7.9200 {_Run Time= 11.3600

e T T— (d)EAA

_Run Time=14.3200 Fra Run Time=17.2000 Fra  Time= 21.1200 Frame= Time= 24.7200 Frame=

() Hms s () 17 2s Ml 1s 11)“?4.7 s

ime= 26.1600 Frame=0328 me= 28.4800 Frame=0357 ne= 33.0400 Frame=0414 = 39.9200 Frame=050(

”26 2s (]!28 55 (k) M}O s (I)H39.9 s

E 13 EsFREFSITERGERTEE

Fig.13  Simulation video capture of a transformed walking

pattern example



514

RABE, &5 NPT T BSUEHL S NBRBEAT 5 525 .27 -

A 2B ATREAS 53 Ry i Be | T )25 AT B R
ST N I Al N = 1) | BT 2 = o N oS ) =3 U
BC S AR DT IR A REAS D 20 TN B 4 1 57 B B
FEAS IS TE] 53550 11,45 13.80,10.95 s. T AEL K
ANFr s s E UL e 2 RSN 200 mm, 2
1T A 104 m/h.

2 ELUERR E AT RE 1 5 W A0 AT 52 R fn &

14 PR SEBURSRE AT, MDA J3E v L D RE AR
®1 NBANESHERMSEILE

Tab.1  Contact parameter setting between robot’ s feet and
ground

WiEE,  hstek BB/ FEWE, WERE ER
(N-mm™') #8E (Ns-mm™') mm ES o EX

1x10° L5 100 0.1 0.8 0.3

(2)22s (h)25 s

()29 s (1) 36 s

B 14 BHREASITRR(—6) WMEE (BERME)

Fig.14 Walking experiment by offline pattern (an example on smooth tile floor)

62 HFABRBASITRIE

PRBE A T8 sl de an T A R AT . 1) HER AR
JHHEE NS AT REA 2) SR IR 17 5
B033) LR N ATREAS B P A R AHAUREAS ;4) 47
FRPFRE SRR I VL S ) AT REA , AT RE
ENISPSE RSN L RPN N

BT W, 33 L L2t AL 43 i) R i v 42 B
1R AN TR I AAS )25 ST ) 25 A7 04 5 1 75 4 N Y S 56
Sefg], e L g AR 490 mm , 24 bl BR B TR K
() —2. FFUR AT, HLEF A IS IR b & 1 A
11, DAREHLER A8 T B 5 s R T R G4 L
N R AT S8, FI W AR AT AR E.
2SI PE IR R B R o B 1,75 1,78 my 5 Kk
200 mm; A7 4504 7.20 . 8.18 s; 43 43
100,88 m/h. HLEF A BIREA BB R R 25 1 e K
{E40.24° Tt JE A TREA I T IR 1B 15,16 4351
LS g A L R B AT T 2B T ) BRI 7
TRZEIRNZE KR ) BR B 17 B 1R 22 2008 52,49 mm.
17 18 43 311 k3 B 2H BR Bt A 1 5 S 0 A A

601

BN N B BEE 2515 2% /mm

0 10 20 30 40 50
tls

15 51 ARBEHITHRERMEIRZ MLk

Following distance error of the first following experiment

—_—
9]

Fig.
501

301

B A SR BEE 2515 2% /mm

0 10 20 30 40 50 60
t/s

16 %2 ARBESITERIERHEIRE ML

Fig.16  Following distance error of the second following experiment



.08 - mok E L

5 49 %

s z }0)43 +
E17 #HEEARMBASITIEAME

(k) 488 > ™
BE(E14:RESE 175 m BEYHSE) (RBERME)

R s
X

Fig.17 Experiment of robot following a human (the first experiment: following a 1.75 m young male on smooth tile floor)
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Fig.18 Experiment of robot following a human ( the second experiment: following a 1.78 m young male on smooth tile floor)
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