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Using of Model Based Hand Poses Estimation for Imitation
of User's Arm Movements by Robot Arm
Maryam Zare Mehrjardi* & Mehdi Rezaeian

College of Engineering, Dept. of Electrical and Computer Engineering, University
of Yazd, Yazd, Iran

Abstract

Pose estimation is a process to identify how a human body and/or individual limbs are configured in a given
scene. Hand pose estimation is an important research topic which has a variety of applications in human-
computer interaction (HCI) scenarios, such as gesture recognition, animation synthesis and robot control.
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However, capturing the hand motion is quite a challenging task due to its high flexibility. Many sensor-based
and vision-based methods have been proposed to fulfill the task.
In sensor-based systems, specialized hardware is used for hand motion capture. Generally, vision-based hand
pose estimation methods can be divided into two categories: appearance-based methods and model-based
methods. In appearance-based approaches, various features are extracted from the input images to estimate
the hand pose. Usually a lot of training samples are used to train a mapping function from the features to the
hand poses in advance. Given the learned mapping function, the hand pose can be estimated efficiently. In
model-based approaches the hand pose is estimated by aligning a projected 3D hand model to the extracted
hand features in the inputs. Therefore, the desired information to be provided includes state at any time.
These methods require a lot of calculations which are not possible in practice to implement them immediately.
Hand pose estimation using (color/depth) images consist of three steps:

1) Hand detection and its separation

2) Feature extraction

3) Setting the parameters of the model using extracted feature and updating the model
To extract necessary features for pose estimation, depending on used model and usage of hand gesture
analysis, features such as fingertips position, number of fingers, palm position and joint angles are extracted.
In this paper a model-based markerless dynamic hand poses estimation scheme is presented. Motion Capture
is the process of recording a live motion event and translating it into usable mathematical terms by tracking
a number of key points in space over time and combining them to obtain a single 3D representation of the
performance. The sequence of depth images, color images and skeleton data obtained from Kinect (a new tool
for markerless motion capture) at 30 frames per second are as inputs of this scheme. The proposed scheme
exploits both temporal and spatial features of the input sequences, and focuses on index and thumb fingertips
localization and joint angles of the robot arm to mimic the user's arm movements in 3D space in an
uncontrolled environment. The RoboTECH II ST240 is used as a real robot arm model. Depth and skeleton
data are used to determine the angles of the robot joints. Three approaches to identify the tip of the thumb
and index fingers are presented using existing data, each with its own limitations. In these approaches,
concepts such as thresholding, edge detection, making convex hull, skin modeling and background subtraction
are used. Finally, by comparing tracked trajectories of the user's wrist and robot end effector, the graphs
show an error about 0.43 degree in average which is an appropriate performance in this research.
The key contribution of this work is hand pose estimation per every input frame and updating arm robot
according to estimated pose. Thumb and index fingertips detection as part of feature vector resulted using
presented approaches. User movements transmit to the corresponding Move instruction for robot. Necessary
features for Move instruction are rotation values around joints in different directions and opening value of
index and thumb fingers at each other.

Keywords: pose estimation, depth data, markerless motion capture, Kinect, 3d model
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(Table-1): robot calibration in degree
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1 -42.2433 -33.1163 | -30.5783 18.6360

10 -42.2433 -32.8639 | -30.5783 18.6792
30 -42.2433 -20.6063 | -27.8330 20.5033
40 -35.7324 | -14.0581 | -24.0501 22.7577
50 -25.6143 -6.9820 | -18.4935 26.3843
60 -15.6035 0 -12.3195 30.5143
70 -7.0276 7.0962 -5.5725 34.5187
78 0 13.1374 0 37.3032
80 2.0498 14.5336 1.4143 37.9189
90 10.4688 22.2658 8.6109 40.7529
100 18.7528 29.8554 16.1278 43.0342
110 27.5585 37.3623 23.5571 43.4195
120 35.9247 44.0439 30.7408 43,4985
127 41.2824 46.4810 35.9064 43,5322
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(Figure-3): graphical interface for robot arm
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(Figure-7): points in feature vector

s § 03U Ll S'g oy Lwlics — Y-
Sas2 9 p3Y Ol @l e GaB3l Glime e
Gl ladats canl (LSSl Se o STag 5l ae .ol
Lls5 E3ama b 05 i latsio Tave o 38,513
O3l ol ijle oo Slaitee jeme L LSSl Sgi a8
Sl S5 @ p3¥ (A JSE) aoo lid ], a5l lesS!
Sl eSSl ol s B Coage 3550 (nl yo S
L 5ol s cwlin ol Toe olgreas soliul
5 S GLLAST] G s G0 50 (e AT (0 Sy
..).JLSA Cawddy WL.A TM ‘c)Li‘;l

3l atads 4w Slaise el o, lil L8 )5 aS)sblen
Jaie gl Jaie @ils Jaie) (V) JSo bls degaze

SOy ey -

N AR L PRSP P PE

o3l S (ESS (a0l eolital b rghy cnl o
slposls 5 ar (55, pobes allis B o sl Lele
bed el o b o S b plojea sy S
1) 6555 slmesls J Sy o 5| gliigns (F) JSb i
Lo e olad

Gﬁ) Ry (all
a) color image

= m m W

Gos gl (o
b) depth image

CdSl Sledbs! (o

¢) skeleton data

6999 ool ;I gldiged :(F- JSCi)
(Figure-6): sample of input data

PP ol Foylad VAP Jlu


http://dx.doi.org/10.29252/jsdp.14.4.97
http://jsdp.rcisp.ac.ir/article-1-522-en.html

IS 5o 31S b wuby) boawgs YLwil (59)b S ySdec Iukiis (5l ps (o po Slise o Sbgy slacb .s)gT)., Il o dlaswl

[ Downloaded from jsdp.rcisp.ac.ir on 2026-04-29 |

- 10.29252/js0p.14.4.97 |

99 50 03l S 4 g o b Silos o)Ll § s LSS
Ols s igh gn 03ls (390 Tae Al o> cillino g
odiman 0, CiK S5 Candge puti 4 90,5 Byl g
50 01) o Lil ciKl (glm odwlcwwsas &gly ol 90 0,

283 go L o S QAT a5l ol (ASSS

TP WO
LT
Bt cleasls

dap 3l eslil U Cdls 5580 g
iy gy Jlesl s T g

.;‘5 :c?l--.'c;.-“.‘i'.‘“.lsl\; .':( .‘&
wladil Slacse xl"J!ll Comd &y
alold dolms b ekl 5 cand
bl

St i o] et "
canny olbad 3 sslazal

rE

&

E e e w T h
i ey convexhull Jlest
sl St s

9 UL.,JSJ J,; M,.n dé)giwo«) (‘\—JSJJ)
by Gleyigrn
(Figure-9): fingertips identification and update the robot
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(Figure-8): calculating value of the opening fingertips at
each other
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(Figure-12): fitting skin color into a Gaussian distribution in
YCbCr color space
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(Figure-14): using of depth data for removing non-skin pixels
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(Figure-15): separating of target from background
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(Figure-16): the wrist after applying edge detector
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(Figure-17): calculating Base angle in x-z coordinate plane
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(Figure-22): changes of base angle for user and robot

angle(degree)

by g ) lp 4l gl Ol puads' dung Lo :(YF= JS2)

(Figure-23): changes of shoulder angle for user and robot

IS 5o 31S b wuby) boawgs YLwil (59)b S ySdec Iukiis (5l ps (o po Slise o Sbgy slacb .s)gT)., Il o dlaswl

[ Downloaded from jsdp.rcisp.ac.ir on 2026-04-29 |

angle(degree)

5 i L T o %

3 0 10 20 30 40 50 60 70
" frames

=

D- -

3 13 @l 9 25 (sl 5T A29l5 ol ks dms o (Y- JSLE)

N L

§ 4 (Figure-24): changes of elbow angle for user and robot

I3

(=}

-

Yf 2l f o)l \VAP Jlo

[D

O

Aslie g awloe gSasg g0 o (gl aalsl o saude, Ll
g s

35 St e 11 Y L) st e e
el s als GLils; Sl 5 as by 4 YL sl
S5y S Sewd ol Ceond Ly (Wgh oo Jol>
Sl 2l e by sadi b jblte e b (ol
—0al5lS Y 40, S Lo 0,5 S 5l eolaiwl b aS (50,8 5))
YY) o j0 Woiloaal cewoas (KLT) V‘S.»l,eﬁs—uglfjJ
> 8,91 g soliul 890 S5y Cal 00l duslis
9 2by 695k Job pegriglite Sledy unl 008 7T Juld
D8 e g5, (V) USG50 99290 logad g0 o Gludl Jule
gl sladsgly Sl YF o YV VY lo o ailas S5
s Jsb 0 S lp 1y az)0 ca 5 wls
oo GLES (g > sins sk o by s 6990

Loli b1 by ol e e dgly (YO) IS0
e b 5o oadojdley glas jo Cuws LSl o
S by 5 oSl (1) Jgoz 5o 05 o0 annlie
S 5 @yl wld b laaygly slp ooyl slaasyls
o3ls (las )5 g5k Jolie sblgs b by 95k (2l
S0 Dby ikt ojlal L85 a5 jsbjlea ceul 0als
Gyguods (GAd> 00 5 (BB (gadz 0 WBL oolaiul
Oeed 3l LALS] 5l s el a8 5 plol e
Lgly lp caslowsay olael col sas AL alies

i oaulio jdle 3 slad 50 LS’LQ" S

280

260

240

220

y coordinate{pixel)

200

180

160 1 . : . L ‘ ;
0 10 20 30 40 50 60 70
frames

W S g (2l 50 gl ol b pramno (Y- JS2)

oSe 1 g ol 4 Vb gliwly jo L5 cawd

(Figure-21): tracked trajectory by user's wrist and robot end
effector in up-down and reverse

! Tracking algorithm
2 Kanade-Lucas-Tomasi


http://dx.doi.org/10.29252/jsdp.14.4.97
http://jsdp.rcisp.ac.ir/article-1-522-en.html

[ Downloaded from jsdp.rcisp.ac.ir on 2026-04-29 |

[ DOI: 10.29252/jsdp.14.4.97 ]

05

Absolute difference of user and robot angles for Shoulder (degree)

10 20 30 40 50 60
frames

b 3o Sy 3 ynylS (sl &L 4315 ST :(YY-JS5)

L

(Figure-27): difference of shoulder angle for robot and user

during frames

Absolute difference of user and robot angles for Elbow (degree)

20 30 40 50 60
frames

Lot Job 30 @b 9 )5 sl g6,T argly SNl (YA JSC2)

(Figure-28): difference of elbow angle for robot and user

Normalized absolute difference of user and robot angles for Jaw(degree)

0.015

0.01

0.005

during frames

10 20 30 40 80 60 70
frames

25 Gl (o ld 5y 00l 0 5o i 4 gl j SMST (YA )

Ly Job o ol g

(Figure-29): difference of normalized end effector angle for

robot and user during frames

angle(degree)

0 L ! L L ! L
0 10 20 30 40 50 60 70

frames

s Gy 4 gl O ks dow Lo (YO- D)
by 9 38 ¢l

(Figure-25): changes of end effector angle for user and
robot

Sl () b (F) GlaSs o goue b

6‘)‘.‘ |) gslﬁ"‘e J.,ls A sd&%. Wlolw a5 RN
sl )b (gl oaionls s ol 556 40 oS > odas

o oo dI(V) Jgaz o
$93b Juolie Ll BB uils Hlg g (paRileo (Y~ Jgu)
oy

(Table-3): average and variance difference user and robot
angles

Gl a4l 4505 )
=) e
Ol 0.5616 0.3601 0.3812 0.0058

obols | 0.1304 0.0468 0.0470 1.4062e-05

05F

. . . .
0 10 20 30 40 50 60
frames

Absolute difference of user and robot angles for Base (degree)

B 9 Jgb 50 by 5 50 lp b agly SN (V- JSs)

(Figure-26): difference of base angle for robot and user during
frames

&

Yf ol folabivas Jlo


http://dx.doi.org/10.29252/jsdp.14.4.97
http://jsdp.rcisp.ac.ir/article-1-522-en.html

IS 5o 31S b wuby) boawgs YLwil (59)b S ySdec Iukiis (5l ps (o po Slise o Sbgy slacb .s)gT)., Il o dlaswl

[ Downloaded from jsdp.rcisp.ac.ir on 2026-04-29 |

- 10.29252/js0p.14.4.97 |

6- References &y -5
[1] T. B. Moeslund and E. Granum, “4 survey of
computer vision-based human motion capture”,

Computer vision and image understanding, vol.
81, no. 3, pp. 231268, 2001.

[2] H. Liang, J. Yuan, D. Thalmann, and Z. Zhang,
“Model-based hand pose estimation via spatial-
temporal hand parsing and 3D fingertip
localization”, vol. 29, no. 6-8, pp. 837848,
2013.

[3] K. Fyjimura and X. Liu, “Sign recognition
using depth image streams”, Tth International
Conference on Automatic Face and Gesture
Recognition, pp. 381-386, 2006.

[4] J. MacCormick and A. Blake, “A probabilistic
exclusion principle for tracking multiple
objects”, International Journal of Computer
Vision, vol. 39, no. 1, pp. 57-71, 2000.

[51 M. Moghaddam, M. Nahvi, and R. H. Pak,
“Static Persian Sign Language Recognition
Using Kernel-Based Feature Extraction”, Tth
Iranian Machine Vision and Image Processing
(MVIP), pp. 1-5, 2011.

[6] P. Breuer, C. Eckes, and S. Miiller, “Hand
gesture recognition with a novel IR time-of-
flight range camera--a pilot study”, in Comput-
er Vision/Computer Graphics Collaboration
Techniques, Springer, pp. 247-260, 2007.

[7]1 C. Plagemann, V. Ganapathi, D. Koller, and S.
Thrun, “Real-time identification and localiza-
tion of body parts from depth images”, IEEE

International Conference on Robotics and
Automation (ICRA), pp. 3108-3113, 2010.

[8] A. Baak, M. Miiller, G. Bharaj, H.-P. Seidel,
and C. Theobalt, “4 data-driven approach for
real-time full body pose reconstruction from a
depth camera”, Consumer Depth Cameras for
Computer Vision. Springer London, pp. 71-98,
2013.

[9] L. A. Schwarz, A. Mkhitaryan, D. Mateus, and
N. Navab, “Estimating human 3d pose from
time-of-flight images based on geodesic
distances and optical flow”, IEEE International
Conference on Automatic Face & Gesture
Recognition and Workshops, pp. 700-706,
2011.

[10] A. Kuznetsova and B. Rosenhahn, “Hand pose
estimation from a single rgb-d image”,
Advances in Visual Computing. Springer Berlin
Heidelberg, pp. 592-602, 2013.

[11] J. L. Raheja, A. Chaudhary, and K. Singal,
“Tracking of fingertips and centers of palm
using kinect”, 3th international conference on

Yf 2l f o)l \VAP Jlo

&S 4 =0
Y la S il slp @les Sy, Glesi onl 5o
5 Sl Jsle S0 6550 b slacdl 50
e el L3S 51ty st S e o
Olyedn CSLS 5l sdaliwoay cdSiul slassls 5 (S5,
9 7, ls Jolie gaman Slaise ol oolatiwl 99,5
Slodelocwsdy cdSCul glaosls 5 Gas pglai g, 5l
3loolawl L asae] cewods pu 8 ya gljlas oSS
(stlaad (oS ab] e pgai (ajloy sloagts,
Glad 1o Cawg S5, 0,5 Joaw coimxe dwgy Sl
A Cewds g oyl LSSl S'e cdio) s (32,85 9 YCBCr
Wil e (6955 sLeodls (5l peiias jsbay
oolaiwl =dls WLy 5550 5lwals ol sl cwws
S o il eslaiwl by 8 e slila 95— cnl g
Foslwl b e i ol an ol Slo,js,a odbale
doole S a3k 28 e (e Sl 3510 2
28,5 18 0 090 Dy (95l Lawgs (Sl
Sloasll aods jsbay (i S agh b olS o
s 5 04 asllls (pl )3 4295 0590
o0t ool i S e G 4o baule)] @
Llis lp Guogime dfme 5 Cul
2 Wi 5 d9zse S, by giloye
5 nyad gleosls I tagh cpl pldl ol @
FB g ol a5 CSLS )90 e slrools
el ool oolatil (bl go s
Blas b g 5k o8ee il ol @
390 0 )Ll 5 s LSl Sy Slaize b,
oolaiwl b puiins jabdy Sledbl ol .ol LS
Gl gyl ol s Cansty SLS
@S, (LSl S Slaiie 4 b
el o 8l aile ol e 5l ool L
SESH Sy oS o kiS5 ollis ol @
it olulid gy Jsb o
oulis glabele iz Slles oLyl jslaea, @
By Sby @9k S 9y 2l S5k 0 Shes
ool 428 5 &0 RoboTEK 11 ST240


http://dx.doi.org/10.29252/jsdp.14.4.97
http://jsdp.rcisp.ac.ir/article-1-522-en.html

[ Downloaded from jsdp.rcisp.ac.ir on 2026-04-29 |

[ DOI: 10.29252/jsdp.14.4.97 ]

[25]

[26]

[27]

[28]

[29]

Transactions on Pattern Analysis and Machine
Intelligence, vol. 24, no. 5, pp. 696—706, 2002.

D. Chai and A. Bouzerdoum, “A Bayesian
approach to skin color classification in YCbCr
color space”, TENCON Proceedings, vol. 2, pp.
421-424,2000.

D. Chai and K. N. Ngan, “Locating facial region
of a head-and-shoulders color image”, Third
IEEE International Conference on Automatic
Face and Gesture Recognition, pp. 124-129,
1998.

K.-W. Wong, K.-M. Lam, and W.-C. Siu, “4
robust scheme for live detection of human faces
in color images”, Signal Processing: Image
Communication, vol. 18, no. 2, pp. 103-114,
2003.

J. J. De Dios and N. Garcia, “Face detection
based on a new color space YCgCr”, Interna-
tional Conference on Image Processing, vol. 3,
pp- 906-909, 2003.

H.-S. Yeo, B.-G. Lee, and H. Lim, “Hand
tracking and gesture recognition system for
human-computer interaction using low-cost
hardware”, Multimedia Tools and Applica-
tions, vol. 74, no. 8, pp. 2687-2715, 2013.

b )5 S 0 (69 2 o0 €515 o2 0
FoerelS (swiige Bl 0 ) 092
o)l el )5 Glidle s (2alS)
ol 5 S ah) ol ;o

sbalw ;5 (S5, 9 (soran Sheo

ool A8Me 5,50 die) .88 05 oKiils 51 1FAY-1TAF

W“"‘ji”«s’L""’L‘“’ﬁ)’S*"" G)Li}ﬁ) « y gaad u‘”)‘*’)‘ Jols

STOW ORI ENEWEN S

zaremaryam@stu.yazd.ac.ir
maryamzarel388@yahoo.com

6')—';5°6‘)‘°QL:5L¢',6.\_@.0
Lf"’““'}—“"ETH ol/LMuL))‘ LS)’“‘")fg—h-s
S 1y 0wl bl )5 STyae g 00
S xSlg) (S (owdige 4,
e ‘) \39_7.- erl;.\i})lfj Ulj—ér’ SlEisls

azly> (ko oSl I (S i) 3 soiige &)
Sid pae 98 len (59 Sul 03,5 331 (pwsb (pallea
Aoy Sl 03 ol Lild FgunalS (csdigeo 09,5 (ole
S31 s eommibe mlin Jals oleg] aBdle 550 tmgss

5 el ol oLyl aabl, L

mrezaeian@yazd.ac.ir

(12]

(13]

(14]

[13]

[16]

[17]

(18]

(19]

(20]

(21]

(22]

(23]

(24]

Computational intelligence, modelling and
simulation, pp. 248-252, 2011.

Y. Li, “Hand gesture recognition using Kinect”,
IEEE 3rd International Conference on Software
Engineering and Service Science, pp. 196-199,
2012.

Z. Li and R. Jarvis, “Real time hand gesture
recognition using a range camera”, Australa-
sian Conference on Robotics and Automation,
pp- 21-27, 2009.

Q. K. Le, C. H. Pham, and T. H. Le, “Road
Traffic Control Gesture Recognition using
Depth Images”, journal of IEEK Transactions
on Smart Processing and Computing, vol. 1, no.
1, pp. 1-7, 2012.

L. Cheng, Q. Sun, H. Su, Y. Cong, and S. Zhao,
“Design and implementation of human-robot
interactive demonstration system based on
Kinect”, 24th Chinese Control and Decision
Conference, pp. 971-975,2012.

K. Qian, J. Niu, and H. Yang, “Developing a
Gesture Based Remote Human-Robot Interac-
tion System Using Kinect”, International Journal
of Smart Home, vol. 7, no. 4, 2013.

D. Xu, X. Wu, Y.-L. Chen, and Y. Xu, “Online
Dynamic Gesture Recognition for Human Robot
Interaction”, Journal of Intelligent & Robotic
Systems, pp. 1-14, 2014.

A. Billard and M.J. Matari¢, "Learning human
arm movements by imitation:: Evaluation of a
biologically inspired connectionist architect-
ture”, Robotics and Autonomous Syst-ems, vol.
37, no. 2, pp.145-160, 2001.

S. Filiatrault and A.M. Cretu. "Human arm
motion imitation by a humanoid robot", IEEE
International Symposium on Robotic and
Sensors Environments, pp.31-36,2014.

J. Shotton, T. Sharp, A. Kipman, A. Fitzgibbon,
M. Finocchio, A. Blake, M. Cook, and R.
Moore, “Real-time human pose recognition in
parts from single depth images”, Communica-
tions of the ACM, vol. 56, no. 1, pp. 116124,
2013.

P. Kakumanu, S. Makrogiannis, and N.
Bourbakis, “A survey of skin-color modeling
and detection methods”, Pattern Recognition,
vol. 40, no. 3, pp. 1106-1122, 2007.

J. Yang, W. Lu, and A. Waibel, “Skin-color
modeling and adaptation, ”” Springer, 1997.

V. Vezhnevets, V. Sazonov, and A. Andreeva,
“A survey on pixel-based skin color detection
techniques”, Proc. Graphicon, vol. 3, pp. 85-92,
2003.

R.-L. Hsu, M. Abdel-Mottaleb, and A. K. Jain,
“Face detection in color images”, IEEE

Yf ol folabivas Jlo


http://dx.doi.org/10.29252/jsdp.14.4.97
http://jsdp.rcisp.ac.ir/article-1-522-en.html
http://www.tcpdf.org

