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ARTICLE INFORMATION ABSTRACT

Original Research Paper This paper investigated the imitation of human motions by a NAO humanoid robot which can be
Received 19 April 2017 regarded as a human-robot interaction research. In this research, first, human motion is captured by a
Accepted 20 June 2017 Kinect 3-dimensional camera through a Robot Operating System (ROS) package. Captured motion is

Available Online 04 August 2017 then mapped into the robot’s dimensions due to the differences between human and humanoid robot

dimensions. After performing the mapping procedure, the solution of both forward and inverse

Keywords: . X . . . . . .

Mgtion Imitation kinematic problem of the robot is solved. To this end, a “Distal” form of forward kinematics solution of
Motion Capture System the NAO humanoid robot is computed and based on the latter form an analytical inverse kinematics
Kinematics solution for the whole-body imitation purpose is used. The foregoing issue, as one of the contributions

NAO Humanoid Robot

of this paper, can be regarded as one of the main reasons for obtaining a smooth imitation. In order to
Balance Control

keep the robot’s stability during the imitation, an ankle strategy based on a Linear Inverted Pendulum
Model (LIPM) and the Ground projection of the Center of Mass (GCoM) criteria is introduced.
Moreover, the latter LIPM is controlled by a Proportional-Integral-Derivative (PID) controller for two
cases, namely, double and single support phases. Considering the limitation on the motion capture
device, from experimental and simulation results obtained by implementing the proposed method on a
NAO-H25 Version4 it can be inferred that the robot exhibits an accurate, smooth and fast whole-body
motion imitation.
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Fig. 2 NAO Humanoid Robot and its degrees-of-freedom[15]
[15] T sol3T @l s 5 93 slosylus! b, 2 JSio

Fig. 3 Microsoft Kinect for XBOX 360[16]
[16] XBOX 360 (sl cilug,Sole oSS (pm 90 3 JSoid

bl o7 5 sm g 40iF Byme gl laiplud b, lanl is,5

B9l g0 0010 usgi ludl S > e

4 a5 251 o5 sloiyludl by -1-2

3 ol aleye 5l oy Jxe a5 canl (g0l5T 4,0 25 gl ls iU L,
o> 5 yuoshe 573 08 l)ls @b, cpl .l ool sols L "2 IS
bl o p,55LS5 5,182

Sl SIS o il 3o ailobus -2-2
Gl 9al IS a9 (selSzus 31 Sy ol SIS > il o sailole
Goiedsn ele 4 Wlg e S5 ol 45 Al Gl SIS STyl
kel @ (G b g (S, a3k el oS e 4l Dby SG 9zen
9 69 A 90 & boailele (pl 03,5 Jie SenalS Su 53 (295
S 2 (93 3z LS4 )9 slaailabs 0033 5 (oo (SOl (5598
isles o o 1y Ll

Sl 2 sa3lin) 95 @ 093 Ll SIS > 28l 69 slaailels
ooliinl b S ailas b (g, 5o 3o 5 (o0 (e Sallis (oo 5 il
% Sesl il bl yo o5 gla Salis obolSe 5 pgad Goilon
ol elule Sledbl g 0 o S a4 g e wilead s
Ao 290 slo iy 90 5l GSalis ey g, 50 Ll Loged colaiul by Faslas
208,85 oo ool (il a3l axwss j9, 4 55, (5,5kd b g b aS gam

388


https://dorl.net/dor/20.1001.1.10275940.1396.17.7.30.2
https://mme.modares.ac.ir/article-15-4583-en.html

[ Downloaded from mme.modares.ac.ir on 2024-05-14 ]

[ DOR: 20.1001.1.10275940.1396.17.7.30.2 ]

Agale 2l s340 95390k Lygs

by s i85 185 53 9 ks g K I o 3Lkl b 93 slos Ylwsl by owwgs sl oS 3 ki

Human Robot
Fig. 5 Schematic representation of the motion mapping concept

C)L.»)A.goul QU)? cnlsS SRyas 6”5‘.‘.':‘5 IS

oads ools gdgs (18] am o jo gy cnl ibios Jliwss ggi 5l o
S 5l S o b e p3Y Soilors o 5l a8 sl 4o o
S rally (Gl e W05 IS 0ozl 5 Skt ao e
4 3 555 gl sz 55,5 1B e | Sl gl
15 JlogaS sy cilin, 5l olizal b 16 Oy Seilotons > o5 ol 53
51 osliiul b allia ol o oads &ilyl ol Lol el oty ail)l [19] a5
Ol Dy 0l 9090 50 b, (ul S o oS oy Sl b,
Iy veSae Siloiw dwlne o Judow g 009 ool Lesyludl @by Jawgs
“asbs slo el bzl 5 (I gzl delol o sled oo S
iy 4 ol bl g bows Soleiw g asly gL Ol S
2335 oo aslllas
S, aS el 4 azgi b adlb e g0l az 0 g0 lyls 66 by ya
Wil wl Lty B cSiS ol o5 e il albly by e
1o b Bl s e 00t 48l alie ) 45 oy 5l a5l ol axlllas
O a5 5k 4 by o 5l az e S oS wilboe golil ez 2l
96 Gl dSa" jo by caws Jolie 55, 52 6518 sz lr bl ety
GBS 5l il gl yioll aies ool oad ools igles "7
s 11 s b b, (slaly ol 0ads 03,51 2 9 1 Jlaz 4o oS
NSl el 5 e bl oy e o] 5l az,s Ky 45wl e gol;]
el o ools il "9 5 8 laSa" s ol bl Jolie g5,
05,51 453 Jshar 55 j55ie slo IS5 Sl ol 5l sl (i
wl; "I L6 sla K" o 4 S plnil slags liS sz lr o el oas

A

S

= z a,= I8 X
( N5 3,

X
Z4 b3= l{2
PPN

X, Xs

Fig. 6 Denavit-Hartenberg coordination for the left arm joints of NAO
$b ol o s Jolie (59; » Sl cuslis IS gz )lr 6 JSB

3 Proximal

389

Fig. 4 Skeleton output from Microsof Kinect camera
g, Sole ESES a0 5l Sl g5 4 S5

@ a5 wilbe b, b oS> s, Vrobot; s, b alal,
@blyy b ogdige a5 5 50 wgSme Sleinw > (59959 lyie
gally @illas 09l Jol> ludl OIS > aldis jslaie 4y bygige gllae
Cewdy Hladl Gl > 5wl Sb,y ol 5 Gudaie oS Glop opl (o -1)

Capgrme b Gl Jo ol &yl g 9 by Silosow axdliae -2-3
J> Jeld 0l Sslorw 2005 (0 il b 0Ly Sslot Jo aslal o
PP L e Sslotew Jo 50 adlboo (S 5 padiine Slotew
J> 50 9905 (o0 drlne ol 5 me CosBye (lade SLlg5 g pslae
sblyy ol Grme Cumee g polre B L esSae Silein
J>oly 93 meSas Sslesn o )3 (I 55b a2 1395 (o0 dalne lade
al)l ol sawain glowy Ldod Jool, w3)s 2925 200 5 Ll
5 wskae jlaie oue Jolas (13,5 axeS Sl g0 Jool, 509,50
Sl S8 a4 0¥ 0l oo Cavody goue sl ool sloslannl L s jlade
Aloe priians Sl Jo pilis (Jelod b g (goae J> 90 2 &5
s 5 428 &l Jlgs 5,505, b 51U Ol s Sl o o) 13
Sl SIS > 9l g pemme b (el g0t 4y ugSiae Silaies S o5
5l oslinl b g oy, Soliys a5 sl 53 &5 o3 08,8 oo &) ol 5
a8 el ool &l [17] o 95U b, 5l ool ool (Sod Cadn Jaw SO

Syl dlie ol s gilwesly g eolaiwl colild

U 5 e Seiloi o 123
Jolos a5 ()] Gilisee sloasls [0 b, epiins Seloin Jo jslaie 4
o wilboe Coly sbog e b ) Cans g Ces e
oS o Lulsy 5051 Cews 4 T e a5 Jelow ol 53 005 o0
g g0 ool \S).,.:.‘;)L:a—;';‘.."sba ols 8 5l sl g by oo

£ 90 & s 5 LSS ()10 led g5 4 azgs b ol )l8 o)l
ool riygl o a5 gy il o iy T oS5 5 " i

! Denavit-Hartenberg
2 Distal

7 oploss 17 0951396 MR )30 Sulse (Swiie


https://dorl.net/dor/20.1001.1.10275940.1396.17.7.30.2
https://mme.modares.ac.ir/article-15-4583-en.html

[ Downloaded from mme.modares.ac.ir on 2024-05-14 ]

[ DOR: 20.1001.1.10275940.1396.17.7.30.2 ]

Agale 2l s340 95390k Lygs

by s i85 185 53 9 ks g K I o 3Lkl b 93 slos Ylwsl by owwgs sl oS 3 ki

Wb ooz lr 0 BT oozl Candse oy JLSs 4 patas Sletaw

0 0ad NS ojlad (e lacgzlz 5l S e (Gl 1 il o
Ol b ogd opo al ozl 4 Cas 0ozlr T Glhge lagm e

005 oy Al sz jlr 0 Coabae

Moy Geizmen 5 Al Cezlr @ Cand pl T sz jlr Glhge el
il oals ool las py dals, ol 4 cans T+ 1 gzl Cosdse

1Q=0QiQ;...Qi—1 (&)1-3)
[i+%P]1 =Q1Qz---Qi—13; (w-3)
Cosdge Loy (goamolii ) 4 0ged ax g Wb (o -3) sabal, o

oo )l am bl asd Ghog iy o5 Canll 4 Cand T+ 1 gl
@ o T gzl 5l g Gsle les a5 (il -3) sakal, jo ool

Wl oo s gzl 0 55 e cnl sl Al gzl

/v X
z, ¥ 7
Fig. 8 Denavit-Hartenberg coordination for the left leg joints of NAO

S ol wr b Jolie 5y 2 S lamcasls NS ozl 8 JSB

| 4
Zs X556

/
s
Fig. 9 Denavit-Hartenberg coordination for the right leg joints of NAO
$U b) ) b Jolis 59, p S ot la-cagls )8 Cox )l 9 S

7 oplous 17 095 1396 i (o0 Suilfo wise

ZZA
—

Z56
Fig. 7 Denavit-Hartenberg coordination for the right arm joints of NAO

S5 ol ey s ol (55, 5 F e Lo uglis (6 AF wazle 7 U5

D9 o0 dolne Zj 10 Cudte Sz (0 4S 039 Xjgq 8 X O 4gly B
'S Jate Sy S5 Jgl a0 dw il 2L b oli oz s )
im0 o T oy Jeaio Sy oS5 el 4z o 50 5 wims e o, 5
Olfse Sailmcagls Joha o enel cewsa polie 4 L

Do > (9 50 @ Dopet | Ol e Sileien
arg b S @ Sad bz Sl s olhss pmple b jskate oo
ol bl )3 gl JSas Sl cogls Jsar laosls «
odls plas b ay cond T4+ 1 S &y Jate oz )la obul oy g ol

W X%
cosf; —cosa;sinf;  sina;sing;
Q; = [sin@i cosa;cosf;  —sina;cosb;
0 sina; cosa; (W1-2)
a;cos6;
a; = [aisinei]
bi (u ’2)

aj (o -2) ;0 5 5lyee myile o lis Qj (Al -2) sakal) yo

$U by G s lp S5 lacaglis Jear 1 Jgux
Table 1 Denavit-Hartenberg table for the left arm joints of NAO

6; (,1!{- b; a; i

0, 5 0 0 1
s b

0, + 5 % 0 I, =0.015m 2

0;+ 1 7 [, =0.105m 0 3
s

6,+m E 0 0 4

0 0 l; = 0.055m 0 5

86 b,y Conly Cass Jooliae gl Sy la-Cogbs Jsoz 2 Jeus
Table 2 Denavit-Hartenberg table for the right arm joints of NAO

9,» a; bi a; i
6 z 0 0 1
! 2
0, + -z 0 l, = 0.015m 2
2t n2 1 =0
0; +1 5 [, =0.105m 0 3
9 z 0 0 4
, T+ T 2
05 0 l; = 0.055m 0 5
* Spherical
2 Universal
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01 Jade e g 90,5 oo dunlxe 07 i ol oged duulxae |, 0,

\ :
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3
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(w@-11)

l3sin,’l3sinf,
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Table 3 Denavit-Hartenberg table for the left leg of NAO

91‘ a; bi a; i
6 z 0 0 1
13 2
T T
_ — 0 0 2
6, 7 2
6+ 0 0 I, = 0.100m 3
0, 0 0 I, = 0.1029m 4
0 g 0 0 5
0, 0 0 I, = 0.04519m 6

$b by ol Gb @l S sl cugls Joox 4 Jouz
Table 4 Denavit-Hartenberg table for the right leg of NAO

9,» a; bi a; i
T
913 - 0 0 1
T T
o, +8 = 0 0 2
4 2
05+ 0 0 I, = 0.100m 3
6, 0 0 I, = 0.1029m 4
0, g 0 0 5
8, 0 0 I, = 0.04519m 6
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Table 5 Implemented coefficients for the PID controller.
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