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ABSTRACT

We describe in this work a system that uses image recognition to simulate human movements on a
humanoid robot. Three primary procedures need be taken into consideration in order to accomplish this
imitation. These include data collection, data manipulation, and ankle angle adjustment on the robot's
supporting foot. In the first step of the human imitation data collecting procedure, 13 color markings are
pasted at various points on a human body. These color markings must be identified using a Logitech
camera C905 in order to get the motion imitation. The relative locations of the marks for each motion
are then recorded and computed into the motion database. To ensure that the humanoid robot's zero
moment point is inside the stable zone, these data are altered during the data modification stage with the
use of computer simulation. The last step, known as the ankle angle adjustment stage, involves adjusting
the ankle angles. As a result, the humanoid robot can accurately and steadily mimic almost every human
movement in real time.

I. INTRODUCTION

A successful Interaction depends on various factors like the acceptance of a humanoid robot by
society, its capabilities to acting unconstrained human-centered environments and its communication
skills. In [1] a glove with some flexion and some pressure sensors are pasted on to obtain the
hand gestures of a human for controlling some robots. Especially, human-like motion and gestures of
a robot are main contributions to its appearance, which has a strong influence on a user. An arm
robot is successfully built to perform some tasks, such as object grasping, by measuring the motions of
a human arm, in [2] and [3]. These interactions deal with some parts only. Also this interaction can be
extended to a whole humanoid robot. If the humanoid robot human, then
we may teach the robot make perform various c o m p l e x h u m a n m o t i o n s like wa l k i n g
gymnastics, dancing [4], Kong-Fu show [5], etc.
In this paper, to achieve the motion imitation three

processes were required: 1) the human imitation data acquisition; 2) the data modification;
and 3) the robot‘s ankle angle adjustment. About six cameras and image processing were applied
to recognize the 38 marks pasted on the human body in [5] so that the robot could imitate a human
practicing gong-Fu ―Tai Chi.‖ [6] performs similar studies. In [7], the various human hand
motions in real time is imitated by the humanoid robot using only one camera which helps to
recognize the skin color of both the human‘s hands. Thus we have to modify this acquired data
of human motion to guarantee the balance of the robot foot to attain stability when it performs
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the motion imitation. A ―stable motion trajectory‖ is made up as a result of data.

BLOCK DIAGRAM ANDWORKING OF THE SYSTEM.
The experimental plant of the hardware is described as shown.

Fig.1.Block diagram of Experimental plant

The hardware of the overall system (shown in Fig. 1) includes PC, a webcam, USB2-Dynamixel
card, a humanoid robot, and a force sensor module..The webcam was connected to the computer
through the universal serial bus (USB) port.
The PC was chosen as the c e n t r e o f control to acquire the motion performance, stabilize

and control the humanoid robot for achieving the human motion imitation. There is a 3D virtual
humanoid robot inside the computer to display the human motions using and to obtain the
human motion data. The computer sends the commands to all the AX-12 motors inside the
humanoid robot using USB2-dynamixel card through the USB port motions were displayed on the
monitor with the help of a 3D virtual humanoid model. The human motion imitation is done by
Visual Studio C++.
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the control. The CPU of the computer is an Intel Core 2 Quad
2.4 GHz with 2GB RAM. In a computer system, all the human motions were displayed on the
monitor with the help of a 3D virtual humanoid model.

B. Webcam

A Logitech webcam C905, which helps to capture the image of human motions with various
colours pasted on the body, using software Visual Studio C++ with an open source computer version
(OpenCV) library. The webcam used here has many advantages such as a) resolution of the
captured image was 640 × 320 pixels, b) speed of image capture was 30 frames/s. The captured
data in the webcam was connected to the PC through the universal serial bus (USB) port.

C.USB2DynamixelCard

This act as an interface between the PC and robot, which helps in serial transmissions.USB2-
Dynamixel is a bridge for the communication between them and the AX-12 motors. From the
computer the commands a r e t r a n s m i t t e d to all the AX-12 motors using this USB2-
Dynamixel card through the USB port of the computer.

D. Humanoid Robot
The Fig. 2 shows the structure of the humanoid robot. Humanoid robot is a robot with its body

shape built to resemble that of the human body. AX-12 is a small and light servo motor, which c o
n t a i n s a microcontroller, which helps to receive all the commands sent from the personal
computer. The humanoid robot implemented here consists of
16 such AX-12 motors. There are a total of 16 degrees of freedom (DoFs) in the humanoid robot.
Bioloid robot kits helps to construct the mechanical structure of the robot, and its main actuator
component is the 16 AX-12. AX-12 motor has a

◦
maximum torque 16.5 kg·cm and the speed about 306 /s with
a 10 V input. The commands sent from the PC to microcontroller‘s controls the AX-12 motors through
a USB2- Dynamixel card , and a l s o i t c a n r e c e i v e

Fig.2. Humanoid robot.

some feedback data from AX-12 corresponding to those comments through the same card..

IV .DATA ACQUISITION

In order to make the humanoid robot to imitate the motion of the human, first we have to
acquire the entire human motion. In the first process that is human imitation data acquisition first
we are pasting 13 color marks on a human body, the person being imitated at different locations
The Fig(3) shows a human with a weight of 50 kg and a height of 150 cm. A Logitech webcam

C905 is used to identify these 13 marks on the human body and then their relative for each motion
is recorded and calculated into the motion database.
A. Colour Marks Recognition
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A webcam is used to capture the image of the human motion with 13 colors, which is
composed of a red–green– blue (RGB) color model. Because the RGB are the primary colors and
also RGB color model is very sensitive to the luminance change of the environment.

Fig.3. Man with 13 colors
model, which. Thus, by setting all these thresholds values of the Y, U, and V components, all the
color marks can be obtained.The 3D angle θ for the humanoid robot can be calculated by equation
given below, Where x and z are the coordinates
of the projection l on the X –Z plane.

TABLE I
THRESHOLDS OF DIFFERENT COLOUR MARKS

MARK
COLOR

Y VALUE U VALUE V VALUE

BLUE 74<Y<94 159<U<176 63<V<83

RED 68<Y<88 98<U<118 191<V<211

YELLOW 174<Y<194 42<U<62 145<V<165

GREEN 107<Y<127 94<U<114 68<V<88

The thresholds values of various color marks are shown in Table I given. The tolerance color region
is ±10 for each threshold. Then we are calculating the Cog position of each

Fig. 5. Projection of the link l on the Y –Z plane.

l is the projection of the link on the Y –Z plane. It is shown in Fig. 5. In fig. If the 3D virtual
humanoid robot performs the human motions such as gymnastics and dancing, they are recorded.
Projection of the link l, and α is the angle
between l and Z -axis shown as
mark in the image

m n
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∑∑iB(i, j)

m n

∑∑ jB(i, j)
α = cos
-1 y

(4)
l ′′

From (x, y) = j =1 i=1

A
Where,
, j =1 i =1

A
(2)

V.DATA MODIFICATIOIN

In the previous process all the human motion to be imitated



International Journal of Advanced Robotics and Intelligent Systems
Volume 1, Issue 01, 2025

Jewkling Publishers41∑

(x, y) is the CoG coordinate of the color mark. (i, j) is the exact position of the image‘s
pixel..
m and n represents the dimensions of the image.
B(i, j) is the weight of a pixel (i, j).

B. 3D Angle Calculation
A 3D virtual humanoid model i s u s e d t o d i s p l a y t h e h u m a n m o t i o n s and to

obtain the human motion data. In Fig 5 Where, l is the link between the two adjacent
are sometimes it may cause the robot may lose balance and fall down. Therefore, we have to modify
this acquired data of human motion to guarantee the balance of the robot foot to attain stability.
A ―stable motion trajectory‖ is made up as a result of data.

To achieve this purpose, some concepts, like multilink system and ZMP (zero moment point),
are applied to analyze the stability of the human motion data in the computer simulation.
.In fact, in ―real experiment‖ the stability obtained by stable
marks. l is the projection of link l on the X –Z the angle between l and X -axis.
plane. θ is
motion trajectory can still not be guaranteed the stable motion when the modified data is directly
applied to the ―real‖ humanoid robot due to the limitations of hardware and environment, such as
the friction of the floor and motors backlash mechanism. So there arises the need of
considering
―CoP. The flowchart of the motion data modification is shown in Fig. 6. The multilink system
is constructed using the motion data obtained. To ensure the balance the ZMP of each motion is
then calculated. A fuzzy ZMP adjuster is used to reduce the ZMP error. If the motion is stable,
then the supporting foot‘s ankle angle can be adjusted by a fuzzy ZMP adjuster to reduce

Fig.4. Projection of the link l on the X-Z plane
he ZMP error to fix the stability.

sum of all the moments is zero. Thus it is
calculated as stability index in robotics for
humanoid robots. To measure the exact position
of the ZMP, the centre of mass of each link must
be needed. , which is already be calculated by
(6).With the help of these multilink system
concept, the position of the ZMP (xzmp , yzmp )
for the humanoid robot can be calculated from
the following equation

n n

∑
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Fig.6.Flow chart of motion modification

(12a)

(12b)

Where ―s‖ is 1, 2, 3…N in equation (8) are
the series of motion data. The same sampling
time is 0.125 s. Here we use fuzzy compensator
in fig.12 to reduce the CoP error instead of
the previously used ankle joint adjuster .

VI. RESULTS

∑
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The fig.9. shows the sample imitation by the robot. The color marks are pasted on the hands and
legs only. A real humanoid robot can effectively present the human motion imitation with
effectiveness of the proposed processes. But some special

◦)
motions, such as stooping, hands lifting forward (90 , and also
such motions which cover some marks by the limbs of the

◦
human. When the human lifts his hands forward (90 ), the
yellow color mark is overlapped by the green color mark.

Fig. 10.pictures for the robot to imitate gymnastics motion

VII. CONCLUSION AND FUTURE WORK

In this paper, we and implements motion imitation interaction between the robot and
human. To achieve these three main processes required. The first is the human motion data
acquisition; the second is the motion data modification; and the last is the ankle angle
adjustment on the supporting foot (or feet) of the humanoid robot. In these three processes
Fuzzy compensator and image processing techniques are used. The major drawback is
the humanoid robot can‘t imitate the human motion, if any of the color mark is
disappeared and also all the imitation by the human should
have to be performed in front of the webcam. So in future, avoiding these we have make use of
accelerometer. Using for accelerometer, there is no need the human to imitate in front of
camera and also no problem regarding the color marks will occur.

Fig. 9.The sample hand and leg imitation of the robot

The recognized motion will be incorrect, if any of the colored mark is missing a strategy is d
esigned to replace the mark disappeared color marks by considering the position of the color
mark disappears at time ‗t‘ last appeared at and position at ‗t-1‘ .Corresponding to the imitated
gymnastics motions, a series motion picture of the humanoid robot is shown in Fig.
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