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Abstract: In the current work we present an algorithmic proposal for mobile robot 

navigation using a Wireless Sensor Network (WSN) for the location of a mobile measuring 

station in a controlled microclimatic environment. Another point of consideration is 

determining the navigation strategy. Publications in this field of robotics offer a large 

number of localization methods, mainly focusing on two fields: navigating locally and 

globally. Navigating locally will determine the mobile robot’s position and orientation by 

implementing a series of sensors. Once we start from an initial position, the robot’s 

position and orientation are updated continuously through the given time frame. Global 

navigation will ensure that the robot is able to determine its own position and orientation 

without having previously studied a map or being given some specific information. 
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1 Introduction 

A number of areas in engineering are centered on the problem of localization, so 

this field has been the focus of research for quite a long time. This is especially 

true for robotics, but the greatest challenge with indoor localization is posed by 

how effectively the GPS (Global Positioning System) can be used. This has been 

the reason for why WSNs (Wireless Sensor Networks) have been used more and 

more for the localization of a mobile object when indoors. [18] deals with the 

question of co-operative trilateration. The approach of the authors in that work 

used the exact range determination for its basis (implementing the ultrasound 

ranging technique as presented in [17]) for the solution of a least square problem 

on a large order system. The information needed for completely formulating the 
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square problem requires the transmission from a possibly remote location through 

a number of hops. The study had a continuation in the form of the examinationof 

the scalability of the approach, as described in [19]. The authors of [21] were 

faced with the problem of how to localize in the absence of nodes. The role of the 

nodes is to create local coordinate systems and then continue to gather them to 

form a unique network coordinate system. Directional approaches are the topic of 

[20], which includes steerable directional antennas. [16] offers a presentation of 

how to estimate unknown node positions in a sensor network based solely on 

connectivity-induced constraints. The model of the known peer-to-peer 

communication within the network takes the form of a set of geometric constraints 

on the node positions. The global solution of a feasibility problem for these 

constraints results in estimated values for the unknown node positions within the 

network.This method [1] has several disadvantages: the central point of 

computation with the associated traffic overhead, scalability and reliability issues. 

The following section will give a more elaborate description of global navigation 

and the role it plays in this work. 

2 Global Navigation 

One of the central issues in numerous areas of engineering is the issue of global 

navigation when the indoor environment is not familiar. For robotics, exact 

location and orientation are of primary importance and have been the focus of 

studies for a number of years [7]. The key to successful indoor localization is 

whether or not the Global Positioning System can be used effectively. As a way of 

circumventing this challenge, the GPS is replaced by the Wireless Sensor 

Networks (WSNs) for helping with locating a mobile object in an indoor 

environment. 

2.1 Estimating Parameters 

This subsection will initially focus on the introduction of the model used for 

parameter estimation of the wireless sensor network. This paper presents the 

comparison of twoclassic propagation models. One of them is the least squares 

model, the other the maximum likelihood model, both used for the estimation of 

the parameters as it is fairly easy to influence the signal through noise and 

disturbance.The entire parameter estimation system has the following schematic 

structure: 

 

Figure 1 

Parameter estimation 
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As can be seen in this figure above, the extended Kalman filter is implemented, in 

order to relinearise every estimation once it has been calculated. The results in a 

new state estimate and the improved better reference state trajectory will 

subsequently be included in the estimation process, as described in [16]. 

2.2 Algorithm for Triangulation 

A novel version of the Geometric Triangulation algorithm will be the focus of this 

part of the study, one whichworks withoutnode ordering and covers the whole 

navigation plane, with the possible exception ofseveral well-determined lines 

where localization is impossible [23]. Carefully defining the angles used by the 

algorithm is key to attaining improvements. The angles used are limited only by 

the common restrictions of all three object triangulation algorithms. 

 

Figure 2 

Geometric Triangulation algorithm 

Let us take three distinguishable nodes in a Cartesian plane (Fig. 2); we will 

randomly label them 1, 2 and 3, and give them known positions (x1, y1), (x2, y2) 

and (x3, y3). L12denotes the distance fromnode 1 to node 2. L31will refer to the 

distance between nodes 1 and 3. L1defines how far the robot is fromnode 1. The 

aim is to determine the robot’s position (xR, yR) and orientation θR. Thus, using the 

counterclockwise direction, the robot measures the angles α1, α2 and α3, denoting 

the orientation of the nodes in relation to the robot heading [23]. 
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1. If there are less than three visible nodes available, then return a warning 

message and stop. 

2.           

3. If       then                  

4.           

5. If       then                  

6. Compute L12 from known positions of WSN node 1 and 2. 

7. Compute L31 from known positions of WSN node 1 and 3. 

8. Let φ be an oriented angle such that -180º < φ ≤ 180º. Its origin side is the 

image of the positive x semi-axis that results from the translation associated with 

the vector whose origin is (0, 0) and ends on node 1. The extremity side is part of 

the straight line defined by nodes 1 and 2 whose origin is node 1 and does not go 

by node 2. 

9. Let σ be an oriented angle such that -180º < σ ≤ 180º. Its origin side is the 

straight line segment that joins nodes 1 and 3. The extremity side is part of the 

straight line defined by nodes 1 and 2 whose origin is node 1 and does not go by 

node 2. 

10.         

11.         [
                         

                             
] 

12. If (
        

    
         then                   

13. If (
        

    
         then                   

14. If |      |  |      |         then                   
             

      
 

15.                                             else                 
               

      
 

16.                 

17.                  

18.           

19. If                  then                 

20. If                 then                 

Figure 3 

Geometric Triangulation algorithm 
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Fig. 3 presents the algorithmic approach, which is capable of yielding 

considerable accuracy [23]. In terms of how costly an approach is, the RSS is a 

rather cheap way of using techniques that measure the power of the received 

signal strength, which will then transform the measured RSS value into a distance. 

The RSS method has the added advantage that it does not need any 

furthermeasuring hardware. 

2.3 Measuring and Estimating Parameter Using RSSI 

In order to measure the RSSI, a chip with the specification of CC2440 was used. 

The characteristics include an onboard antenna, and the chip operates within the 

2.4 GHz ISM band. This device comprises the node’s “heart” used in the current 

research [11, 12]. The chip supports the IEEE 802.15.4/ZigBee protocol. The 

relationship between measured RSSI values and distances is shown in the figure 

below [4, 10]. 

 

Figure 4 

Measured RSSI values 

Fig. 4 presents the following: the curve showing the relationship between the 

RSSI values and the distance is not a smooth one. Due to the multi-path 

interference, the measured values vary randomly [22, 9]. So the keystone of this 

model was the rationalization of parameters. 
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Figure 5 

Estimated distance based on measured RSSI 

3 Local Navigation 

For path planning and collision avoidance, the Potential Fields Approach [15,8] is 

one of the most often used options, mainly due to how simple and elegant it is in a 

mathematical sense. It is simple to implement and yields respectable and rapid 

results for real-time navigation without delay [14]. The objective of any path 

planning algorithm is to flee from obstacles and move towards a desired goal. The 

basic idea behind this method is the idea of attractive and repulsive forces. In 

potential fields, the aim would be defined as a global minimum potential value, 

with all obstacles seen as high valued potential fields. How the robot moves will 

be defined by the attained values which appear in its path; in an ideal situation the 

values will shift from high to low potentials. There are two major formulations, 

the Local Potential Approachand the Global Potential Approach. In this work we 

consider only the Local Potential Approach. For this approach, there are several 

different types of potential field functions, differing from each other by the way 

the potential is calculated. 

3.1 Repulsive Potential Field 

The repulsive potential field is the element that keeps the robot away from the 

obstacles encountered on its path. Every repulsive action vector points away from 

the obstacle surface, directing the robot to bypass the obstacle. 
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Figure 6 

Action vectors of the repulsive potential field [11] 

It is possible to calculate the repulsive action vector by applying a scalar potential 

field function to the robot's position and then calculating the gradient of that 

function. 
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Within the obstacle, the repulsive potential field is infinite and points out from the 

center of the obstacle. Beyond the circle of influence, the repulsive potential field 

is zero. The repulsive action vectorcan be calculated. 

Having defined [14] 

 ],[ OO yx  as the obstacle position; 

 r  as the obstacle radius; 

 ],[ RR yx as the robot position; 

 s as the size of area of influence of the obstacle; 

  as the strength of the repulsive field )0(   

it is possible to compute x  and y  with the help of the steps given below: 

1. Define the distance d  between the obstacle and the robot: 

22 )()( ORRO yyxxd 
     (2)

 

2. Specify the angle   between the robot and the obstacle: 
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3. Set x  and y based on the rules below: 
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If rd   then 
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If rsd   then 0 yx
     (6)

 

The attractive potential rules, similarly to the above-listed ones, are simple and 

describe three different robot behaviors with regards to its positionrelevant to the 

obstacle. It is essential to notice that all action vectors have to point away from the 

obstacle, hence the necessity to employ negative values [11]. 

 In the first rule (step 3), the robot is within the radius of the obstacle, so 

the action vector needs to be infinite, thus expressing the need to move 

away from the current location. 

 In the second rule, when the robot is not inside the obstacle's radius but 

inside its area of influence, the action vector is assigned to a high value in 

order to express the need to move away from the current location. 

 The third rule illustrates the case where the robot is outside the area of 

influence of the obstacle; the action vector is set to zero, and thus no 

repulsive forces are acting on the robot [14]. 

Special care must be taken when selecting the value of s , since the repulsive 

force only acts when the robot is inside the area of the obstacle’s influence. If the 

value of s  is small, it may cause trajectory problems by abruptly changing its 

orientation in its path and leading to speed limitation of the robot. If s  has a high 

value, it can also result in problems in the robot’s movement since it might limit 

its movement in tight spaces where the robot cannot pass. 

 

Figure 7 

Potential Fields simulation 
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The repulsive force has the objective of repelling the robot only if it is close to an 

obstacle and its velocity points towards that obstacle [11]. The robot is able to 

navigate along the map from point A to point F via points B, C, D, E (see Fig. 7) 

collecting the environmental parameters. 

 

Figure 8 

Top view of Potential Fields Values 

The 3D surface presented inFig. 9 shows the force vector field of the repelling 

walls and obstacles, with further references indicated in [2,3]. The surface 

depicted inFig. 8 presents the repelling forces of the simulated environment. The 

map shown in Fig. 9 presents the absolute value of the forces of the simulation 

environment’s potential fields. 

 

Figure 9 

3D view of potential field 
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It is possible for the robot to be caught in local minima. This simply means that 

the robot has reached a location where the force is zero, with the opposing forces 

cancelling each other out. The result will be that the robot ceases to move and its 

final destination will never be reached [6]. 

 

Figure 10 

Java based Sun SPOT 

The SunSPOT nodes (Fig. 10) radio communication is based on an embedded 

CC2420 radio circuit which is IEEE 802.15.4 compliant and works in the 2.4 GHz 

to 2.4835 GHz ISM bands [5]. The CC2420 datasheet specifies the equation to 

compute the received signal strength (in dbm) using the raw values collected by 

the sensors. 

Conclusions 

In order to achieve efficient robot navigation in a controlled micro climatic 

environment the solution seems to be the application of the WSN as an aid for 

navigation. In this way we can ensure effective navigation by estimating the 

robot’s position through the exact position of the mobile measuring stations, 

without the use offurther hardware. As a future extension of this experiment, this 

application can be implemented in the field of precision agriculture. Another area 

of possible improvement is the real-time tracking algorithm of the WSN aided 

navigation in order to increase the precision of the ranges not covered that lie 

beyond the reference nodes. 
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