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Currently, one of the most promising areas of research in the field of robotics is related to the task of creating 
intelligent autonomous mobile robots able to move in a limited space, bypass stationary or moving obstacles, take by 
themselves optimal decisions based on the data obtained from measuring devices installed on the board of the robot, as 
well as build a map of the surrounding area, etc. This article deals with the development of a method for solving the 
problem of simultaneous localization and mapping (SLAM) by the use of a self-developed mobile platform in conditions 
of limited space, an algorithm of control for the mobile platform has been proposed, a visualization software to visualize 
the construction of the map by the robot in real time has been reached, an experiment to evaluate the accuracy of the 
system has been carried out. 
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1.    Introduction 

The stage of development of control systems most determines the advances in robotics. In 
particular, there are several well-known methods in the field of trajectory control of mobile 
robots in a limited space such as the presented by different scientists like Yu. G. Martynenko 
[1], A.V. Lyamin [2], A.V. Timofeev [3], G. Bastin [4], etc. in their works. The essential feature 
of these methods is related to their requirement to access to the whole information about the 
parameters of the environment.   

However, the information about the environment is often minimal or completely missing. 
It is a common situation when the environment is under the influence of stochastic or man- made 
factors, or contains mobile objects that move arbitrary. In this case, it becomes necessary to 
solve the task of controlling the movement of a mobile robot in a non-deterministic environment. 
In this case, the algorithm of control in development for a mobile robot must satisfy properties 
such as adaptiveness, self-learning, and capability of handling uncertainties [2,5, 16,19].  

Nowadays, despite the several publications in the field of intelligent control methods for 
mobile robots, in most cases, the implementation of algorithms of control for the movement of 
mobile robots in non-deterministic conditions is associated with a large number of difficulties 
such as the complexity of synthesizing the whole information about the environment. Thus, it 
results that it is necessary to use a low-level control method, i.e. to control a mobile robot using 
a remote control from a remote station by an operator. This approach has significant 
disadvantages such as: limited scope of mobile robots, which is related with the need to maintain 
the communication between the robot and the remote station; the complexity of the commands 
needed for controlling the robot, which leads to operator fatigue; and also the complexity 
implementing an accurate control method based on telemetry data [2,7,8, 17, 20]. 
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In order to exclude these disadvantages, it is necessary to develop intelligent control 
systems capable to provide an autonomous work of a mobile robot. In this case, the participation 
of the operator is necessary at the setting level of the goal. 

The main advantage of intelligent mobile robots is related to the ability to navigate in an 
autonomous way through an unknown space. The robot should be able to estimate its position, 
recognize and store the necessary information about the environment. Thus, it becomes possible 
to build a map of the environment and solve different required tasks by the robot in a specified 
area of the environment. This process is solved using a method for Simultaneous Localization 
and Mapping (SLAM) [9,10,13,15-20]. 

During these years, several approaches related to the development and implementation of 
different SLAM methods have been reached by scientist around the world. According to D.A. 
Baramiya, M.S. Dyakov, M.M. Lavrentiev [5] it is proposed to classify the existing SLAM 
methods as follows: 

 By type of measuring and optical devices: RGB-D cameras [11,15], two-dimensional 
laser rangefinders [10], etc. 

 By calculation methods (using an algorithm for constructing hypotheses about the 
current position of the robot): Kalman filter [7,12,14], particle filter [12], etc. 

The existing SLAM approaches are based on modern and complex computer algorithms. 
Its implementation depends on the hardware and software capabilities of the platforms on which 
they are realized. 

In this paper a method for simultaneous localization and mapping called SLAM-LS method 
has been proposed. In order to implement this method, a laser rangefinder has been installed 
onboard the mobile platform in use. With the aim to obtain a suitable information about the 
environment, the data received from the lidar is processed and filtered. At this stage, the operator 
from a ground station is able to visualize the construction of the map by the robot in real time.  

This paper is structured as follows: Section 2 presents a brief description of structure of the 
proposed intelligent mobile platform for implementing the introduced SLAM-LS algorithm; 
Section 3 describes the introduced SLAM-LS method based on the Kalman filter (KF); Section 
4 presents a description of the data filtering algorithm, Section 5 contains the main experimental 
results obtained in this work; Section 6 concludes this purpose, such as some notes about future 
work. 

2.    Statement of the problem 

In some cases, a mobile robot controlled by an operator at the goal setting level must move 
in a non-deterministic environment characterized by a previously unknown location of the 
existing dynamical obstacles and targets. In these conditions is necessary to realize a dynamical 
analysis of the environment, where the robot is going to operate. This analysis is based on the 
information obtained from the measuring devices, and also from the selected goal by the 
operator, in this way becomes possible to reach a good performance in terms of navigation and 
control of the movement of the robot.  

The task of self-realization (self-determination of the position) of a mobile robot is related 
to the task of modeling the environment, where the robot plans to operate, i.e. these solutions 
are mutually dependent. This can be solved using the methods of path planning, and also with 
the use of full and sensory localization. Often, the both methods are used in conjunction in order 
to perform a better result [6-8]. 

The aim of this paper is to introduce a modified SLAM-LS algorithm (Fig.1), which 
includes the following subtasks:  

 Estimation of the current position of the robot based on the obtained data from the 
measuring devices in use. 

 Determination of the obstacles and elements of the environment (information is saved 
as time points). 
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 Association of new and previous data (comparation of new data with previous 
information or adding new points to the map). 

 Updating and storing the map of the environment. 

 
Fig.1. SLAM-LS algorithm scheme 

 
The introduced navigation method for the movement of the mobile robot and its capability 

to solve the proposed SLAM task in terms of measuring devices involves the implementation 
of a global positioning (GLONASS and GPS) systems and a laser rangefinder (LIDAR), a 
magnetometer, and an ultrasonic rangefinder.  

In order to achieve this approach, it is necessary to distinguish two important terms related 
to the navigation task of a mobile robot: 

 Geometrical localization (estimates the position and orientation of the robot). 
 Topological localization (a reference of the robot with respect to the environment).  
With the aim to implement a control strategy of the mobile robot during its spatial 

movement it is necessary to introduce at least two types of coordinate systems: a local mobile 
coordinate system associated with the center of mass of the robot, and a global system associated 
with the origin of coordinates at some point in space (Fig. 2).  

 
Fig.2. Spherical coordinates of the Earth 

 
To provide the robot movement control process we need to convert spherical 

coordinates of the Earth (longitude and latitude) into rectangular coordinates – x and y: 
 

x = Λ·R1,          (1) 
 

y = Φ·R2,          (2) 
where: Λ – longitude (–π ≤ Λ ≤ π rad), Φ – latitude (–π/2 ≤ Φ ≤ π/2 rad),  
R1 = 6378.16 km (Equatorial radius), R2 = 6356.77 km (Polar radius). 
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The inaccuracy of bearing φi determination can be denoted by ∆φ. Thus, during robot 
movement to a destination point the robot body executes process of rotation so that the bearing 
value could be φi ± ∆φ, where φi is calculated on the basis of current coordinates (xС and yС) of 
the robot body and coordinates (xi and yi) of a destination point [5]: 
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where sign is the signum function: 
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Thereby,   ,i . Sign of the bearing φi means a destination point location: at φi < 0 

destination point is located in the west, at φi > 0 – it is located in the east.The course deviation 
is a difference between the specified bearing φi and the current bearing φC: 

Θ = φi – φC,             (5) 
in this connection: 

if Θ > π, then Θ = – (2π – Θ),    (6) 
if Θ ≤ –π, then Θ = 2π + Θ,  

  , . 

 
After course deviation calculation there are possible the following variants of robot 

movement: 
– if |Θ| > ∆φ and Θ > 0, then the robot body turns to right (clockwise rotation); 
– if |Θ| > ∆φ and Θ < 0, then the robot body turns to left (contraclockwise rotation); 
– if |Θ| ≤ ∆φ, then the robot body does not turn, i.e. there is possible straightforward 
movement of the robot. 
 The criterion of robot movement completion can be denoted by following equations: 
 
                                   |xi – xС| = ∆x,  |yi – yС| = ∆y,  |φi – φС| = ∆φ,        (7) 
where: 
– xi, yi and φi are destination point coordinates and specified bearing; 
– xС, yС and φС are current robot body coordinates and bearing; 
– ∆x, ∆y, and ∆φ are determination inaccuracies of coordinates x, y (induced by GPS receiver 

bias and obstacles for GPS signals), and bearing φ (induced by magnetometer and intense 
magnetic fields), respectively. 
 
Generally, the ∆x and ∆y values are induced by lay of land and man-made structures which 

are obstacles for GPS signals. In many cases the ∆x and ∆y inaccuracies are independent and 
different values (Fig. 3). 
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Fig. 3. ∆x and ∆y inaccuracies: OXY – global coordinate system, xC, yC - robot coordinates in 

the global coordinate system, Cxlocyloc – local coordinate system, C – robot mass center  

3.    Description of the structure of the mobile robot 

The mobile robot “X4WD” (Fig. 4) was developed by the laboratory of mechanics, 
mechatronics and robotics at Southwest State University for the development and research of 
control methods for autonomous mobile platforms. The mobile platform is based on a four-
wheel chassis frame. The “X4WD” is equipped with an intelligent control system, a power 
supply and a set of measuring devices. The robot's overall dimensions are 780 x 305 x 340 mm, 
its weight is 5 kg, and the maximum linear speed when moving on a flat surface is 10 km/h.  

The robot control system is based on the Arduino Due and Teensy 3.6 controllers. The 
mobile robot “X4WD” is a mobile remote-controlled system. Data transfer between the robot 
and the remote control is performed by the ZigBee transceiver. The map of the environment is 
saved in a microSD card inserted into the Teensy 3.6 card slot (Fig. 5).  

 

 
Fig.4. Prototype of the mobile robot “X4WD” 
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Fig.5. Scheme of the control system of the robot “X4WD” 

 
For building the map of the environment with the use of the introduced SLAM-LS method, it is 
necessary to realize the following steps (Fig. 6):  

 Getting data about the current latitude and longitude (geographical coordinates) of the 
mobile robot using the GPS/GLONASS signal receiver. 

 Getting data about the current position of the robot and coordinates from the lidar 
(relative to the direction to the north magnetic pole using a magnetometer). 

 Building a map using lidar and storing the resulting array of data in memory, i.e. 
accumulating information about the current obstacles surrounding the mobile robot: 
information about the angle of rotation of the lidar and corresponding data about the 
distance to the obstacle or the distance to the obstacles (in the case of moving 
obstacles). 

 Data filtering using a the Kalman filter (KF); 
 Correction of map data (turning the map by an angle equal to the rotation of the 

reference point of the lidar coordinates relative to the direction to the north magnetic 
pole). 

 Assigning the current values of geographical coordinates to the coordinates of the robot 
and lidar. 

 Merging geographical coordinates with the map data array, assigning each map point 
its own geographical coordinates in accordance with its distance from lidar. 

 Saving the map to a memory card. 
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Fig.6. Mapping process using SLAM-LS method 

4.    Processing data using the Kalman filter 

The Kalman Filter (KF) is one of the most widely used methods for tracking and estimation 
due to its simplicity, optimality, tractability and robustness. Different implementations of the 
Kalman filter are presented in works [6,7,13]. This method is widely used in navigation systems 
of aircrafts, ships, submarines, spacecrafts, missiles, ground vehicles, etc. For a long time, this 
recurrent filter had a limited application due to the high requirements imposed on the onboard 
equipment of the robot in terms of computing capability and a large amount of memory required 
from the microcontrollers and other devices.  

The algorithm of implementation of Kalman filter can be divided into 4 stages: 1 – 
initialization, 2 – prediction, 3 – observation, 4 – evaluation [14]. 

Stages 2 – 4 of the algorithm run cyclically and make up each cycle of the filter; stages 3 
and 4 can be combined into the correction stage (Fig. 7). At the initialization stage, elements of 
the arrays used in the algorithm (vectors and matrices) are assigned zero and initial values are 
set for elements of the noise covariance matrix. In the second stage, the state of a certain system 
is predicted at the next moment of time. The third stage is related to obtain new information (for 
example, data from a sensor). In the fourth stage, the obtained information corrects the predicted 
state values. 

 

Fig. 7. Algorithm of implementation of Kalman filter (KF) 
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In this work, we use this method in order to filter and add missing information about the 
state of the robot for building a map of the environment. In Fig. 8 is shown the processing 
method used for the information obtained from the Lidar.  
 

 
Fig.8. Processing method of the information from the Lidar 

5.    Experimental results 

With the aim to test the accuracy and effectiveness of the introduced SLAM-LS algorithm 
an experiment has been carried out in the premises of the Department of mechanics, 
mechatronics and robotics at Southwest state University.  

To visualize the results, a software called "Terminal" has been developed. This software is 
able to realize real- time tracking of the movement of the mobile platform in the environment, 
as well as to build the map of a certain area in study, based on the information obtained from 
the measuring devices and the implemented algorithms.  The main results of the experiment are 
presented in Fig. 9-10. 

 

 
Fig.9. Visualization of the robot's perception of the environment 
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Fig.10. Visualization of the map of the environment  

6.    Conclusions and future work 

In this paper the main existing methods for controlling mobile robots in a limited space 
have been analyzed. A method for simultaneous localization and mapping called SLAM-LS 
method has been introduced. A strategy for autonomous control of the mobile robot "X4WD" 
has been carried out. The proposed method involves the use of a laser rangefinder installed in 
the robot. The received data from the lidar is processed and filtered, creating an array of values 
corresponding to the distances (in meters) from the lidar to the surface of obstacles located in 
the range of view of the laser rangefinder. The values of the array are ordered according with 
the angle of the scanning angle, which changes from 0o to +359.9o with an increment of 0.1o, its 
size is equal to 3600 measurements. The maximum measurement range (scanner visibility limit) 
is 5 m. A software to visualize the construction of the map by the robot in real time has been 
developed, an experiment to evaluate the accuracy and effectiveness of the strategy of control 
for the mobile robot “X4WD”, as well as the introduced SLAM-LS method has been carried 
out. Further, there is going to be integrated a stereo camera type Kinect in order to extend the 
presented SLAM-LS algorithm for 3D reconstruction of an specify environment, tracking, 
recognition and surveillance of static or dynamical targets.  
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