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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 11 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

a4l;
, Sl
a4l als 4yl &l sl .
=W
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G)ls

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-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-11): separating skin and non-skin pixels using RGB
color space
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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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approaches for 30 frames
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(Figure-17): calculating Base angle in x-z coordinate plane
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(Figure-19): imitation of inside-outside hand movements
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(Figure-22): changes of base angle for user and robot
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during frames
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(Figure-28): difference of elbow angle for robot and user
during frames
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(Figure-29): difference of normalized end effector angle for
robot and user during frames
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