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Abstract: The application of mobile robots is very
important in environments that are dangerous or
inappropriate for human life. One of the problems arising
for the mobile robot when targeting point within the indoor
application during navigation is the provision of its
localization. In this paper, the developments of the
algorithms that provide and enable mobile robot to
position itself within the indoor environment by using one
video camera and a landmark template is presented.
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I. INTRODUCTION

One of the most popular application for mobile robots (MR)
is providing navigations in environments in which humans
can’t be present or environments that are dangerous to
human’s health [1,2]. The interaction of MR with the operating
environment is provided by the application of a number of
sensors for the perception of it, actuators (effectors) for
influencing the environment and a control system that allows
robot to perform purposeful and useful actions. By analyzing
the indoor application of mobile robots, it is possible to
conclude that its activities in the environment can be
considered as a cyclic system.

Within the main loop, MR executes the procedures for the
perception of the environment state, process the received
information and determines actions that changes its position in
the environment according to the fixed purpose. Thereafter,
MR analyze changes and the information about the new
environment state obtained is send to the control system. Due
to these processes being executed, a new loop of mobile robot
activities is organized till the purpose will be reached [3].

The actual problem is the creation of mobile robots that are
capable of independently navigating and autonomously
performing the assigned tasks. At the same time in most cases,
humans provide remote control for the MR [4]. Such state is
determined by the inability of the robot to make independent
decisions and as a result, it provides number of shortcomings
and increases the probability of erroneous actions. In addition,
it is usually problematic for people to correctly assess the
situation on a telemetry data basis and implementation of
adequate control. These shortcomings can be avoided if the
MR control by humans will be carried out at the level of goal
setting, but not at the level of the task execution for individual
movements. In this case, the robot must independently (or with
minimal human impact) perform the assigned tasks. [5,6].

Typically, the technical vision system is used by MR during
navigation. There are three strategic levels for reaching target
point of movement by MR and they include: a) corresponding
to the far, b) middle and d) near navigation. To be capable of
providing such navigational levels, it is significant to develop
some algorithms and tools that could support robot to estimate
its position or localize at the operating environment.

Il. PROBLEM FORMULATION

One of the core task for robot’s navigation is the
determination of the MR position and orientation (often
referred to as the pose) in its environment. The basic principles
of landmark-based and map-based positioning also apply to
the vision-based positioning or localization, which relies on
optical sensors in contrast to ultrasound, dead-reckoning and
inertial sensors.

Most localization techniques provide absolute or relative
position and/or the orientation of sensors. Techniques vary
substantially, depending on the sensors, their geometric
models and the representation of the environment [7,8].

The geometric information about the environment can be
given in the form of landmarks, object models and maps in two
or three dimensions. A vision sensor should capture image
features or regions that match the landmarks or maps.

The MR positioning means finding of the position and the
orientation of a robot platform globally in the environment.
Usually for this purpose of various types of range, finders are
used. Finders have large numbers of drawbacks, the main one
among them is that the finder can focus only on the
configuration of the working area and the problem of
localization (determining coordinates) is solved with errors.

Moreover, the traditional navigating systems usually use
odometers for positioning of wheeled platform in an
environment. They determine the path traversed by each of the
wheels of robot. As a result, such approach leads to
accumulated errors. Therefore, the practical problem is to
create tools and algorithms that allow mobile robot to provide
positioning for movement to the target.

Therefore, the ideal sensor for solving the distinct problems
listed above is the video camera from the vision system of the
robot. The proof of this statement may be human visual
system. In this scientific report, the main attention focuses on
the approaches that use photometric vision sensors, i.e.,
cameras for MR positioning.

In robotics, it is possible to find the implementation of stereo
cameras for similar applications. Two or sometimes three
cameras and special image processing techniques are used to
reconstruct the robot’s environment [9]. Stereo image
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processing has its drawbacks. The main one among them is
finding the correspondence between two stereo images that is
very complicated. Moreover, the authors of these methods
often simplify the process by creating artificial landmarks,
including the usage of different kinds of structured lights, etc.
At the same time, in nature there are many organisms that have
successfully provided orientation in the environment by using
only one video-sensor. This fact creates prerequisites for
research methods for analog behavior in technical systems.

To address practical issues of the task definition, we will
consider some of the environment in which mobile robot
operates at industry (Fig. 1) [10].
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Fig.1. The opeatig environment of mobile robot at industry [10]

In that environment, it is quite difficult to localize robot.
Moreover, MR needs to determine its position independently
for provision of the navigational goal, subsequently, to deliver
the goods or perform other necessary operations.

Based on the above mentioned practical needs, it is
proposed that the development of algorithms and software
units use one camera and image processing technique to easily
solve the task of positioning the mobile robot in the
environment during the movement to the target.

I11. IDEA OF THE PROPOSED ALGORITHM

The idea of the Proposed Algorithm is to study and solve
problems. Let us consider the technology that is taken from
nature when organisms are oriented in space through various
beacons (example: the sun). For this purpose, one of the
possible solution of the previously mentioned task is proposed
to fix a landmark on the ceiling of the technological
environment where the mobile robot operates. In a situation
wherein, the coordinates of landmark are known, there is a
need for algorithms and software units of the image processing
that will determine the robot’s position in the environment.

Thus, the following geometric interpretation is proposed to
solve this task (Fig. 2). According to Fig. 2, a special situation
is proposed, when on the base of the mobile robot platform the
video camera is fixed and directed vertically upward. Thus, the
location of mobile robot platform determines by the position
of video camera. The camera is located at some distance from
the ceiling OM (Fig. 2). Any point located on the ceiling is
projected through the center of the camera lens (point O o
Fig.2) to the sensor panel (plane ABDC on the Fig. 2). For
localization of the mobile robot in the environment, the
landmark template is fixed on the ceiling and has coordinates
known as (X2, Y2). To perform the movement of the mobile
robot to its target, it is necessary to find its location in the
environment (it is necessary to search the coordinates of points
(X1, Y1) and the angle "Alfa") basing on the projections of

landmark to image. As part of the robot localization, one of the
practical task is the identification of landmark on the image
from the video camera.
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Fig.2. Geometric interpretation of the task definition

Thus, the input data for the developed algorithm and
software units are color RGB images obtained by the robot’s
video camera. For the solution of the task that is given above,
the following restrictions and assumptions are considered:

- apreliminary calibration of the camera was done. Due to
the result of the video camera calibration, its position is
fixed onboard of the mobile robot platform and does not
change during operation;

- MR provides movement in a straight and flat horizontal
surface like a floor, which practically represents a
homogeneous coating (laminate flooring, linoleum,
construction coupler);

- there are no overhanging objects that could cause a
collision with a mobile robot in the environment;

- a landmark template exist in the environment with
known parameters and it is visible for mobile robot;

- within presented restrictions, the operating three-
dimensional model of the environment that is presented
on Fig. 2 is considered.

The expected output of the algorithm is the selected segment
of the landmark template at the image plane, which is used to
calculate the trajectory of mobile robot movement to the target
point.

Thus, to achieve this task, it is proposed to use the video
camera as an effective passive sensor. By using this, the mobile
robot will provide the proper positioning in the environment
on the way to the target point.

I\V. GENERALIZED ALGORITHM OF MOBILE ROBOT
NAVIGATION BASED ON MONOCULAR IMAGE

In general cases, the navigation of MR to the target is
provided by using image processing from one camera. The
robot navigation consists in analyzing of the current robot
location and local targets that follow to global position. These
local targets can be displayed as a line or landmarks
representing a sequence of intermediate links that should
follow the robot. Sometimes, there is a situation wherein the
robot has only one global target to achieve. In this case, the
movement of mobile robot must be ensured, taking into
consideration the possible local obstacles or static architectural
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designs of the environment. Local movement to the target may
be provided by one of the known methods that are based on
local or global navigation [11, 18]. Within this scientific work,
the local movements of mobile robots are not considered, but
it considers the algorithm by which the robot determines its
position for predicting the direction of movement to the target
as a subtask of robot navigation.

For simplicity in the consideration of the above presented
principles of robot navigation, let consider the robot
environment as grid-based model. In this environment, the
coordinates of the target point are given, which represents the
goal of the robot movement. The ultimate purpose of a robot
navigation is to build a direction (trajectory) of movement to
the global target point and to generate the control commands,
which defines the required acceleration of MR wheels for
maneuvering. The navigation task is completed when the robot
is within a certain range with respect to the point of global
goal.

For the provision of the above presented way of robot
navigation, unlike existing known local methods of navigation
[12-15], it is proposed to take the appropriate decisions for the
direction of MR movement at each step in a loop. Thus, the
decision to bypass obstacles and direction taken at each
iteration of a loop depends on the location of the landmark on
the image of the robot’s camera. The main processes provided
by mobile robot for navigation to its target can be presented by
generalized algorithm and it consist of the following:

1. At the first step, there’s an execution of the image
processing procedures that initialize values for algorithms
and provide camera calibration procedure.

2. At the second step of the algorithm, the position of the
mobile robot platform (coordinates of its center point) and
the target position are determined. The vector of the length
between the point of the robot’s position and the point of
the target’s position is determined (the distance to the
target).

3. Ifthe position of the mobile robot is within a certain radius
delta (the concrete value is specified during the
initialization procedure) from the target point, then it stops
working and take a decision of reaching the goal of
movement. In this case, the algorithm of mobile robot
movement is finish. This moment represents the stop-
point for the MR navigation algorithm.

Otherwise, the following sequence of steps are executed:

4. Gathering of the video-frame from the robot’s video-
camera.

5. It performs the segmentation of landmark template on the
image received previously from the video-frame.
Thereafter, the coordinates of the central point of the
landmark template are calculated at the local coordinate
system of the image.

6. It provides calculations of the directional angle of the
Mobile Robot’s position relative to the placement of
landmark template that is segmented on the image from
the video-camera.

7. It is performing the procedure of calculating the distance
from the position of mobile robot to the central point of
the landmark template.

8. It Performs the procedure of the MR positioning at the
manipulating environment.

9. Based on the coordinates of the target and the position of
the MR at the manipulating environment, it performs the
procedure for defining the direction of movement.

10. Providing the MR maneuvering, based on the necessary
parameters of acceleration for the MR motors. As a result,
the movement of the robot’s platform provides changes to
its position in the environment (its coordinates).

11. Return to step two.

The flowchart of generalized algorithm is given on Fig. 3.
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| planning
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Fig.3. Generalized algorithm of mobile robot navigation

V. LANDMARK TEMPLATE DETECTION ON THE
IMAGE PLANE

During navigation, the MR estimate its location and position
in the environment based on the landmark position. The last
one, it is possible to receive based on image processing from
one robot’s video-camera. It means that the orientation of the
given landmark of the images allows determination of the
position of the robot’s platform and as a result it provides
smooth navigation.

In accordance to the list of steps presented above in the
generalized algorithm, one of the first process of robot
navigation is to capture a video frame from video camera.
Performances of these steps can take place using existing and
known possible approaches. At the same time, it is necessary
to design the methods that can detect landmark template on
video-image. To identify the landmark template for mobile
robot navigation, it is proposed that algorithm is used to
perform the following procedures (Fig. 4):
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The RGB-image that receives from color video camera
represents input for algorithm execution. The algorithm
mentioned above selects some areas of pixels on the image
(image segment) that belongs to possible landmark template
that are selected. Thereafter, it is applying the procedure of
rejecting all other than landmark template segments by using
the various metrics. As the result of the algorithm, the image
segment of pixels that respond to landmark template is
selected.

( Begin )

Pre- Determining
Capture processing ot the
the video |— and — segmenta-
frame Tilter_ing tion
the video thresholds
: Use
S%TQEHS" Labeling of metrics to
image | Image select the
objects blocks landmark-
template
End

Fig.4. The algorithm for landmark template detection on the image
plane

V1. ALGORITHM IMPLEMENTATION

The above designed algorithms for robot navigation was
explored by using Mat-lab software. The implementation of all
processes that provide MR navigation to its target is currently
under development. The conceptual interest of researches
consists of obtaining the stable segmentation of landmark
template for MR pose estimation in the environment. During
researches, many navigation procedures could be implemented
by the application of specific functions that are appropriate for
the MR configurations individually, depending on the type of
robot. For example, it could be possible to use ARIA
environment for robots from ActivMedia Robotics Company
[19, 20] (Fig. 5).

Fig.5. One video-camera application for navigation of mobile robot
Pioneer P3-DX (potential application) [21]

Let consider the implementation of algorithm for landmark
template detection on the image plane (Fig. 4) as the most
important part for landmark robot navigation.

All the processes done were formalized mathematically for
the investigation and implementation of the algorithms
mentioned above. Also, it was designed specific graphical
representation of the landmark template (Fig. 6a). The shape
of landmark allows unique identification among other objects
of the image, and to determine angular orientation on the
global environment map. Additionally, the three metrics for
guaranteeing the selection of landmark template among the
other segments on the image plane were suggested:

- the number of pixels in the segment;

- the distance between the most remoted pixels in the
segment;

- the presence and number of holes in the segment.

To investigate and demonstrate algorithm, a special
situation of landmark location on the ceiling of MR
environment was taken (Fig. 6a). As it could be seen on the
image captured by the video-camera, there exist additional
object (lighting lamp). Such object could be located at the
range of the camera’s vision and needs to be removed as
unwished for processing. Median filter with 3x3 matrix
operation were applied to each image pixel on Fig. 6a.

According to the algorithm of landmark detection, the
following values of thresholds were selected for red, green and
blue colors: R_Tresh=75+28, G_Tresh=95+10,
B_Tresh=133+10. The result of image thresholding presents
on Fig.6b.

Seqgrested g

- 5

Fig.6. Results of image processing: a) the input image; b) the results
of thresholding in the red, green and blue spectrums; c) result of
labeling of segmented image (there are 58 objects indicated by
different colors); d) the result after applying metrics

The initial image was binarized by combining of the
segmented images on Fig.6b. During the processing of the
neighbor-segmented pixels at the initial image, 58 segments
were selected as candidates to be landmark template for MR
navigation (Fig.6c).

Thereafter the following values were experimentally
selected for proposed metrics: the number of pixels in the
segment (2200-3120); the distance between the most remoted
pixels in the segment (150+10); the presence and number of
holes in the segment (3 holes).

The result of applying mentioned metrics in the proposed
algorithm of detecting the landmark template on the image is
shown on Fig.6d. As it was expected, only one segment among
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the plurality of image objects were selected. It includes 2436
pixels and three holes. The distance between the most remoted
points is 147.

Experimental studies have shown the usage of a sufficient
metric for identifying landmark template at 200 different
locations at the environment.

The actual representation of the algorithm scenarios will be
demonstrated during the presentation.

VII. SUMMARY AND CONCLUSION

In this paper, algorithms of mobile robot movements were
developed and experimentally investigated by using a one
video camera. This practical task was reached by applying
localization techniques using landmark template detection.

The generalized algorithm that allows mobile robot to move
to the target was developed based on reading from one video
camera and image processing procedures.

The graphic template of landmark was designed, which
allows the MR to identify its position as the image among other
objects and allows it to determine angular orientation on a
global environment of mobile robot.

The algorithm for landmark template segmentation was
designed based on the image processing that allows the MR to
identify its position on the image plane. By knowledge of the
position of landmark template in the environment, it is possible
to localize mobile robot.

The experimental studies of the proposed algorithm of
landmark template detection on the video images have shown
the stability on each algorithm step and provided a selection of
one segment among the plurality of image objects.
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