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Abstract - This paper presents the use of Point Number Algorithm (PNA) for real-time image processing for position
identification of mobile robot. PNA can get how many points in the image gotten from the robot vision and can calculate
the distance between the robot and the wall by the number of the points. The algorithm can be applied to a robot vision
system enable to identify where it is in the workspace. In the workspace, the walls are made up by white background
with many black points on them evenly. The angle of the vision is set invariable. So the more black points in the
vision, the longer the distance is from the robot to the wall But when the robot does not face the wall directly, the
number of the black points is different. When the robot faces the wall, the least number of the black points can be
gotten. The simulation results are presented at the end of this paper.
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1. Introduction

Vision system is the primary sensor input to advanced
robotic applications such as mobile robots, agricultural
robots and inspection systems [1]. However, vision causes
a significant processing burden in intelligent robotics since
the majority of algorithm  are
computationally extremely expensive. For this reason any

image  processing
improvement in the vision algorithm leads to significant
benefits in terms of achieving real-time performance [2-4].

In general, image processing algorithms are applied to
uncompressed images. The reason for this is that most of
the popular image compression techniques distort the color,
size and position of the objects in the image that can only
be recovered by decompressing the image. Processing of
compressed images in real time also is problematic when
the compression algorithm is computationally expensive.
Messom etc. [5] examined the processing of compressed
images in real-time using the Run Length Encoding
algorithm. This algorithm is not computationally expensive,
It allows an image to be encoded with just a single
access to each pixel. But it also need a lot of time to
compress and decompress the image.

Messom etc. [6] reported a real-time vision system
using incremental tracking, whereby a window around
each object is created. Once the location of an object has
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been determined, its movements are tracked only within
the window. The position of this window is adjusted each
frame after identifying the new position of the object. This
technique is used mainly due to the saving it offers in
processing time, as the whole image of the playing field
does not need to be analyzed. Instead, only the tracking
windows for each object need to be analyzed. The
technique analyzes a very small proportion of the field,
leading to the intermittent problem of losing objects that
stray outside their tracking windows. This problem is
particularly hard to solve for fast moving unpredictable
objects. Nevertheless, this method was used in order to
achieve real-time image processing.

a new method called Point Number
Algorithm for self localization of mobile robot by real-time
image processing

In this paper,

is proposed in order to save the
processing time. This paper is organized as follows. In
Section 2, the proposed algorithm the

computer simulation results of the proposed approach are

is presented.

presented in Section 3. Finally, some conclusions are

summarized in Section 4.

2. The Proposed Algorithm

PNA is short for Point Number Algorithm. This
algorithm in 3-dimensional workspace, The
reason we call the proposed algorithm as PNA is that the

main work of this algorithm is to calculate the number of

is applied

black points in the image which we got.
The whole process of PNA is as follows:
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First, we can get an RGB image of the background from a
camera, as shown in Fig.l. In order to calculate how many
black points in it, we should transform the RGB image to
gray scale image, and then transform to binary image at last
as shown in Fig.2 and Fig.3. Because the image is made up
by black and white, we can't distinguish the difference
between Fig.l and Fig2 by eyes. For Fig.3 we used the
reverse transformation. From Fig.3 we can directly get the
number of black points in the image by Matlab Toolbox.
After that, by the ratio of the number of black points and the
distance from the robot to the wall, we can calculate out the
position of the robot in the work space. The details are as
follows!

Fig.1. RGB image gotten from the camera

Fig.2. Gray scale image

Fig.3 Binary Image
Before we calculate the distance, we set the origin of the
coordinate to the lower-left quarter on the ground. And the
walls are made up by white background with many black
points on them evenly- N black points in  1m® area
Assume the current black point we get is n. The sight of the
robot is a rectangular pyramid whose angle between the
vertical line and slant is alpha (o). The bottom of rectangular

pyramid is square.

N_n -
T=7% (1)
S is the area of current image.
S Vi -
Dis = 2tan(a) ~ 2+/Ntan(a) @

Dis is the distance from the robot to the walls.

But here is a problem: when the robot does not face the
wall directly, we can get more black points than that when
the robot face to the wall directly, This will lead to a wrong
result, In order to solve this problem, we take several picture
for the wall as the robot rotates. Then we can get the image
who contains the least black point. So this is the image
which is taken when the robot face the wall.

3. The Simulation Resulis

Computer simulations have been performed to test the
proposed algorithm in a normal environment.

Here are some enactments;

1. The work space is 3-D. The size of the ground is

5.5m*5.5m; the size of wall is 5.5m*3m.
. There are 1628 points in 1m® N = 1628,
. The angle between the vertical line and slant of the

rectangular pyramid of the robot sight is o =r/12,

[FORNE N7

4, The height of vision system of mobile robot is 1.om
which is near to human eves.

5. The nearest distance to the wall is 0.2m because of
the safety.

3.1 When the rohot faces to the wall directly.

(© " @

Fig.4. Sirmnulation results
In Fig.4(a), n = 3782. Dis = 2.8441.
In Fig.4(b), n = 3721, Dis = 2.8211.
In Fig4d{c), n = 3844, Dis = 2.8674.

In Fig.4(d), n = 3782. Dis

i

2.8441.
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After hundreds of test, we proved that the error is Acknowledgment
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When the robot does not face the wall, we will take

several pictures and calculate all of them to get the image

which has the least number of black points. Reference
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vertical line of the robot sight and the wall is 75 degree.
In FighM), n = 4599. when the angle between the
vertical line of the robot sight and the wall is 80 degree.
In Figb(c), n = 4154, when the angle between the
vertical line of the robot sight and the wall is 85 degree.
In Figh(d), n = 3844, when the angle between the
vertical line of the robot sight and the wall is 90 (vertical
to the wall) degree. From (d) we can get the least number
of black points.
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Fig.5. Simulation results

4. Conclusion and Future Work

In this paper, a new algorithm called Point Number
Algorithm has been proposed for self-localization of mobile
robot in real-time image processing. This algorithm takes
less time than others, but it need more work to make the
background.

In the future, we will try to utilize the nature
information of the work space to realize self-localization.
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