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Abstract

An image reconstructing scheme for video feed-
back over the network for cyber robot motion con-
trol is proposed. The suggested system has bet-
ter real time update characteristic, and has more
practical feel for the remote user. For the cy-
ber robot control via internet, the real time video
feedback is necessary. However, this case is not al-
ways practical due to network congestion and the
associated delays. In the proposed scheme, the
motion image of the robot is not required to trans-
fer constantly to the remote user via the network.
Instead, the sampled position and orientation of
the robot are send to the client, and the image is
reconstructed. This helps to save a large amount
of network bandwidth. The image can be updated
as fast as in local mode. Furthermore, the user can
have the same real feel as the actual image feed-
back. The reconstructing algorithm in the scheme
needs additional computation and storage space.
The pixel color values also to be archived in ad-
vance. Irrespective of all these, the performance
is still found to be much better than the direct
image feedback over network.
Keywords: Cyber Robot; Image Reconstruc-
tion; Remote Control over network.

1 Introduction

Remote access of experimental setup has gained
attention recently [1, 2, 3, 7, 10]. In remote
control of experiments, the real time video feed-
back is necessary in order to facilitate real-time
control. Owning to the limited network band-
width resources, network congestion produces de-
lay. Therefore, the real time image feedback is
generally difficult, especially in the public net-
works such as Internet. When the network delay
is larger, obtaining real time video feedback is al-
most impossible. If the remote user is not able

to receive the image feedback within a specified
time, the work performance will tend to degrade.
Simulation methods are useful to act as an alter-
native to the information feedback introduced in
[8, 9, 10, 11].

In the web-based robot experiment developed at
Department of Electrical and Computer Engineer-
ing of the National University of Singapore, stu-
dents can conduct the robot control experiments
via the Internet with the real time video feed-
back. The whole experiment structure is depicted
in Figure 1. In this experiment, a robot control
program runs on the program server located in the
laboratory. This server receives the request from
the remote user and controls the mobile robot.
The position and orientation angle values of the
robot are sent to the client. The video server is
used to provide the real time video source and de-
liver it to the client. Web server provides the au-
thorization service as the system allows one user
at a time to experiment with the robot. The
server verifies the user name and password, and
allows a single user to log on the system in order to
avoid conflicts. The experiment is aimed to help
the students to familiarize with the robot control
principles and methodology, and to let them con-
duct the experiment from anywhere.
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Figure 1: Web-based robot experiment structure

In general, the cyber robot experiment works very
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well within the Intranet of the National Univer-
sity of Singapore. However, the performance was
found to degrade outside the NUS intranet, be-
cause of the narrow network bandwidth. Al-
though the simulation methods can be resorted
to, it is not possible to provide the actual feel of
the experiment to a user. To tackle this, an effi-
cient scheme to improve the feedback performance
in narrow network bandwidth solution is imple-
mented. In this scheme, each frame of the video
is driven by the position (x and y coordinate val-
ues) and orientation angle data of the robot rather
than its image data. Accordingly, the amount of
data to be transmitted over the network greatly
reduces, and it can produce faster image update.
This scheme takes advantage of the image trans-
formation techniques, including coordinate shift
and rotation, to reconstruct the image.

In fact, for some of the popular video servers such
as Inetcam and netmeeting, the image is being
constantly updated even in case of a stationary
robot. This case results from the variations in sur-
roundings such as the changes in light. When the
robot is in motion, the amount of data transmit-
ted over the network is larger. Consequently, con-
ducting this experiment by real time video feed-
back over Internet is impractical.

So far, most of the video sources are from the
video servers that adopt the image compression
techniques such as JPEG, MPEG, etc. These
techniques are meant for general purposes. How-
ever, these techniques are not suitable for a rigid
object such as the cyber robot. This type of object
has a rigid shape in nature, and the relative po-
sitions of the image pixels are fixed. Thus, After
obtaining the image attributes of the object, the
subsequent image motion can be characterized by
the x coordinate, y coordinate and the orientation
angle values. This is because the 2-D image of this
kind of object can be completely represented by
the above three degrees of freedom. However, the
pixel values of the image has to be acquired prior
to the image reconstruction. In the following, we
take advantage of this attribute to characterize
the robot motion.

In this paper, an image reconstructing scheme
over network for the cyber robot motion is pre-
sented. After receiving the pixel color values of
the playground and robot, the subsequent image
update is made by the position and orientation
angle values. In the course of image reconstruc-
tion, the coordinate rotation and shifting are per-

formed. This approach can meet the fast image
update rate and provide a real feel. The entire
computation time and storage space required to
update the image are acceptable. This algorithm
requires a small amount of data for video feedback
over Internet, and it has the advantage of saving
in the network bandwidth.

The remainder of this paper is organized as fol-
lows. After the introduction and the web-based
robot experiment development, the proposed im-
age reconstructing algorithm is presented in Sec-
tion 3. Section 4 provides a detailed performance
analysis on the computation, storage space and
data transmission of the proposed algorithm, and
compares it with the existing schemes. The ex-
perimental results for the web-based robot exper-
iment and a comparative study with the Inetcam
video server are also presented in this Section.
The results show that the proposed method out-
performs the existing methods. Finally, conclu-
sions are drawn in Section 5.

Throughout this paper, the following notations
are used. Given a playground image with m × n
pixels and robot image with l × l pixels,

(X, Y ) := denotes the coordinate value in

robot coordinate system.

(x, y) := denotes the coordinate value in

playground coordinate system.

r(X, Y ) := denotes the pixel color value of

coordinate (X, Y ) in robot

coordinate system.

g(x, y) := denotes the pixel color value of

coordinate (x, y) in playground

coordinate system.

Sr := denotes the coordinate collection

containing all pixels in robot

coordinate system, and there

exists Sr = {(X,Y )}.
Sg

i := denotes the coordinate collection of

pixels covered by the robot in the

playground coordinate system in

the ith frame, and there exists

Sg
i = {(x, y)}.

Cr := denotes the l × l matrix reflecting

the robot pixel colors.

Cg := denotes the m× n matrix reflecting

the playground pixel colors.
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α := the orientation angle of robot to

playground coordinate system,

which varies from 0◦ to 360◦.

(X0, Y0) := the coordinate of the center of

the robot in the playground

coordinate system.

Moreover, for a given set X, |X| denotes the total
number of elements in X.

2 Web-based Robot Experiment

Before introducing the image reconstructing al-
gorithm, the web-based robot experiment is de-
scribed. The experiment is part of a course for the
final-year students of the Department of Electrical
and Computer Engineering of the National Uni-
versity of Singapore. The students can conduct
this experiment through Internet ”www” technol-
ogy. In the experimental setup, the robot con-
trol system consists of a CCD camera, a mobile
robot, playground, RF transmitter and the soft-
ware running on the computer, as shown in Fig-
ure 1. The experimental system is primarily used
for robot soccer competition. The NUS team has
participated in several international robot soccer
competitions. The robot soccer setup is used to
teach the students the principle and methodology
of robot control. Several robot control algorithms
have been developed for the students to test, and
the students are allowed to modify some of the
parameters in these algorithms. The experiment
is aimed to help the students to receive a deeper
impression of robot control. In addition, this ex-
periment is also useful to test the performance of
the developed algorithms.

As showed in Figure 1, a CCD camera with a res-
olution of 240× 360 pixels is used to capture the
image of robot and the playground. The captured
image is sent to the video card installed in the
computer for further processing. To differentiate
the robot and the playground easily, the robot
is painted in different color from the surround-
ing. The program on the computer computes the
position and orientation of the robot by analyz-
ing the color of the pixels in the image. After
computing the position and orientation, the pro-
gram makes a decision to drive the robot accord-
ing to the control algorithms mentioned above.
The robot is commanded through an RF trans-
mitter. The transmitter is connected to the com-

puter through RS232 serial line, and the command
obeys the specific transmission protocol so that
more robots can be controlled through the same
transmitter and the same wireless frequency.

Since the experiment can be conducted over In-
ternet, the TCP/IP connection is established be-
tween the client and the server. The connection
transmits the user’s command to the program
server, and return the feedback information such
as the position and orientation of the robot to
the client. However, it is required to build an-
other connection to transmit the real time video
stream to the client. The video server can trans-
mit the real time video to the client via a broad-
band network. For narrow-band transmission, the
real time image feedback can not guaranteed. The
image reconstruction method is studied instead in
order to improve the vision feedback.

3 Image Reconstructing Algorithm

A. The Coordinate System Representation
In this section, the robot and playground coor-
dinate representations are presented. The robot
image with 7 × 7 pixels is considered. Figure 2
shows the definition of the robot coordinate sys-
tem, where the center of robot is defined as origin.
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Figure 2: Robot pixel coordinate representation

The coordinate set Sr is as shown in Example 3.1,

Example 3.1 Suppose l = 7, then
Sr ={(−3, +3), (−3, +2), (−3, +1), (−3, 0),
(−3, −1), (−3, −2), (−3, −3); (−2, +3),
(−2, +2), (−2, +1), (−2, 0), (−2, −1),
(−2, −2), (−2, −3); (−1, +3), (−1, +2),
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(−1, +1), (−1, 0), (−1, −1), (−1, −2),
(−1, −3); (0, +3), (0, +2), (0, +1), (0, 0),
(0, −1), (0, −2), (0, −3); (+1, +3), (+1, +2),
(+1, +1), (+1, 0), (+1, −1), (+1, −2),
(+1, −3); (+2, +3), (+2, +2), (+2, +1),
(+2, 0), (+2, −1), (+2, −2), (+2, −3);
(+3, +3), (+3, +2), (+3, +1), (+3, 0),
(+3, −1), (+3, −2), (+3, −3)}.

The coordinate system of the playground has the
left-bottom corner functions as the origin of the
coordinate system (Figure 3).
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Figure 3: The playground coordinate system

Since a playground with 150 centimeters in length
and 130 centimeters in width is used, the range of
the horizontal coordinate of image is defined from
0 to 150, and the vertical coordinate is defined
from 0 to 130.

B. Coordinate Conversion for Pixels
The following procedure of the coordinate conver-
sion is constructed according to Equation 1, which
is fundamental to the algorithm implementation.
The relationship between the two coordinate sys-
tems is illustrated in Figure 3.

{

x = X · cos α− Y · sin α + X0

y = X · sin α + Y · cos α + Y0
(1)

According to 1, after getting the position (X0, Y0)
and orientation angle α, theoretically a unique
map from Sr to Sg

i in the ith frame image can
be obtained.

Sr ⇀ Sg
i i = 1, 2, 3, · · · (2)

Obviously, there exists |Sg
1| = |Sr|.

Example 3.2 Suppose X0 = 57, Y0 = 45 and
α = 120, then by using 2, the coordinate X =
1, Y = 3 is converted to x = 53, y = 44.

C. Image reconstruction

Algorithm 3.1 Image reconstruction of robot
motion over Internet.

Step 0. Extract all the playground pixel color
values and the robot pixel color values over
network, and store them in Cr and Cg,
respectively. After receiving the position
and orientation angle values from the server,
the coordinates (X, Y ), (X, Y ) ∈ Sr of the
robot coordinate system are converted to
the playground coordinates (x, y), (x, y) ∈
Sg

1. The conversion is carried out one ele-
ment at a time, and (x, y) is redrawn using
the corresponding pixel color value r(X, Y )
till all the elements of Sr are completed.

Step 1. Let i := i + 1, receive the new position
and orientation angle values from the net-
work. If the position and orientation angle
values in the (i+1)th frame are the same as
those in the i frame, move to the beginning
of Step 1, otherwise go to Step 2.

Step 2. Convert the coordinate (X, Y ), (X, Y ) ∈
Sr in the robot coordinate system to the
coordinate (x, y), (x, y) ∈ Sg

i+1 in the play-
ground coordinate system one element at
a time, and redraw (x, y) using the cor-
responding pixel color value r(X, Y ) till
all the elements of Sr are finished. When
(x, y) ∈ (Sg

i − Sg
i
⋂

Sg
i+1) holds, redraw

(x, y) using the pixel color value g(X, Y )
till all elements of the set (Sg

i −Sg
i
⋂

Sg
i+1)

are done. Go to Step 1.

?

In this implementation, the image of the play-
ground pixel color values and the robot pixel color
values are required by the server prior to the im-
plementation of Algorithm 3.1 so that subsequent
frames can be reconstructed by the position and
orientation angle values.

To illustrate the Algorithm 3.1, the source code of
the program in Java language is made available.
The complete Java code is available for download
from http://vlab.ee.nus.edu.sg/ccd/download/.
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In this program, the function robotconversion
is for the coordinate conversion, and function
drawrobot is to redraw the image.

In Algorithm 3.1, to facilitate the search of the
pixel color values in Cg and Cr, it is required to
further convert the above two coordinate systems
to the Java program coordinate system. The ori-
gin of the playground coordinate system is consid-
ered at the left-bottom corner of normal coordi-
nate system. However the origin is at the left-top
corner in the Java program coordinate system. In
addition, it is required to consider the image ob-
ject position in the Applet. The playground pixel
color values can be searched with the following
equations.

Cg[x + left][130− y + top], (3)

where left implies the x coordinate of upper-left
corner of the image, and top implies the y coor-
dinate of upper-left corner of the image. In the
program, left = 30, and top = 10.

Meanwhile, the robot pixel color values is pro-
vided by the following equation,

Cr[X + 3][Y + 3] (4)

4 Performance analysis

The data to be transmitted for reconstructing im-
age over network are only the position and orien-
tation angle. The computation time and storage
space required of the proposed algorithm is ana-
lyzed in this section. From the Algorithm 3.1, the
number of pixels needed to update per frame η1

is
η1 = |Sg

i |+ |Sg
i+1| − |S

g
i

⋂

Sg
i+1|. (5)

The storage space required ξ1 should be

ξ1 = m× n + l × l. (6)

Since most of the space is shared with display
memory, the stored space ξ1 can be reduced to

ξ1 = |Sg
i+1|+ |Sr| − |Sg

i

⋂

Sg
i+1|. (7)

The Inetcam does not require the above additional
storage space, it however needs to transmit the
maximum image data ρ2, and

ρ2 = |Sg
i |+ |Sg

i+1| − |S
g
i

⋂

Sg
i+1|. (8)

The number of pixels needed to update per frame
η2 is also

η2 = |Sg
i |+ |Sg

i+1| − |S
g
i

⋂

Sg
i+1|. (9)

Example 4.1 Following the above example, and
suppose 4-byte/pixel is used to represent the color
information, then η1 = 98 bytes, ξ1 = 98 bytes,
ρ1 = 3 bytes, η2 = 98 bytes, ξ2 = 0 bytes and
ρ2 = 392 bytes.

From the above analysis, it is noted that the pro-
posed algorithm can reduce the amount of data
to be transmitted over the network at the cost of
increasing the store space. The transmitted data
amount over network plays an important in the
image update performance. Is it also noted that
the increased computation time and storage space
amount are within acceptable limits.

Figure 4 shows the reconstructed image with the
discussed algorithm. Figure 5 shows the retrieved
image from Inetcam video server over the network.
Inetcam uses video source with different resolu-
tions and colors as shown in Table 1, and 5-frame
per second is sent to the client.

 
 
 
 
 
 
 
 

Figure 4: The reconstructed image using the pro-
posed algorithm

From the stationary image comparison between
Figure 4 and Figure 5, it shows that the pro-
posed algorithm provides almost the real feel of
the setup. In addition, within the NUS Intranet,
the image update with the InetCam video server
in Table 1 is compared. Since the proposed algo-
rithm takes less than 150ms for the image update,
the result shows that the algorithm has faster pro-
cessing speed, and can provide a more practical
interactive operation.
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Figure 5: The received image from video server over
network

Table 1: Average delay of InetCam video server

Format Resolution Average Delay
black-white 176× 144 220 ms

QSIF(RGB24bit) 176× 144 300 ms
SIF(RGB24bit) 352× 288 740 ms

FULL(RGB24bit) 704× 576 1250 ms

5 Conclusions

In this paper, a new image reconstructing algo-
rithm over network for cyber robot motion is pro-
posed. This approach provides a fast video up-
date, especially over the narrow bandwidth net-
work in order to transmit real time video feedback.
Although the algorithm needs more computation
time and storage space, less data transmission
over network is required to reconstruct the im-
age. Therefore this scheme provides the user with
a faster video update and helps to improve the re-
mote control performance over network. Through
the web-based robot experiment, the algorithm
has demonstrated the mentioned advantages.
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