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Abstract – This thesis deals with the extension of an existing 

autonomous mobile exploration vehicle for locating in the 

interior. The vehicle is equipped with a GPS module for 

location, but in areas with high density in the building interior 

a location using GPS is practically useless due to insufficient 

signal. The solution for these sites is offering in use of existing 

WiFi infrastructure, the coverage is already sufficient in many 

buildings for a relatively precise location and can be expected, 

that the situation will improve. The result of this work is 

software for vehicle control unit i.MX31, communicates with 

the WiFi module and evaluates the position of the vehicle 

based on maps and signal strengths of visible APs. 
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I.  INTRODUCTION 

The term robot we understand the machine that 

performed the task to some extent independently with 

different interactions with the environment or operator. 

These machines now carry a wide variety of activities, from 

washing through the automatic machining of materials to a 

separate survey and collection of environmental samples. 

The mass deployment is mainly in areas of human activities 

that are stereotyped and are relatively easy to automate, or 

vice versa, in areas that are inaccessible to humans, 

eventually dangerous. 

In particular, advances in computer technology and 

machine perception now makes it possible to construct 

robots that does not operate stereotype on the basis of a 

predetermined procedure, but on the basis of interaction 

with the environment through sensors. These devices are 

then characterized by some degree of “intelligence” and are 

capable of sensing data based on a certain level of deciding 

on further action. 

Special types of robots are mobile vehicles or aircraft 

capable of independent (autonomous) survey the target area. 

These machines allow access to areas inaccessible to man, 

toxic or otherwise dangerous. The conclusion may be a 

terrain mapping, photographing the target area, 

measurements of various characteristics of the environment, 

collect samples or to communicate with the barred person. 

The basic problem of autonomous robots is their unique 

location in space. The robot is ordinarily equipped with an 

array of sensors that enable it to perform various kinds of 

transformations of sensory measurement on the position. 

Examples can be odometry or different types of distance 

measurement by ultrasonic or laser sensors. The relative 

localization methods are inaccurate (e.g. accumulation 

error) and often they cannot unequivocally determine the 

position (space symmetry, the same corridor in different 

floors). As a solution for such cases is to use some of the 

absolute positioning methods. 

As result of research activity at the Department of 

Measurement and Control Engineering at VSB-TUO has 

been developed prototype of robotic exploration vehicle. 

The vehicle is for orientation in the field equipped with a 

number of sensors. In addition to manual control allows 

autonomous independent movement at a specific location. 

To determine the absolute position in space, vehicle using a 

standard location with the GPS module. Location is based 

on Multilateration
1
. For correct and accurate location in 2D
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space is a line of sight with at least 3 satellites and a 

sufficient signal. Civilian GPS uses the frequency of 

1575.42 MHz, a UHF band. This is the use of this 

technology is limited to the above-mentioned line of sight 

and virtually precludes the reliable use in high density areas 

or buildings [1]. To locate in these areas is offering the use 

of WiFi, or some other technology of signal transmitting. 

The aim of this work is to extend the vehicle location in 

the interior just using WiFi. 
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II. PROBLEM DEFINITION 

Wireless localization can be deployed with greater or 

lesser success in virtually every situation where we have a 

greater number of broadcast stations, which can be 

distinguished from each other and determine their distance. 

Resolution stations can be either based on different 

transmission channels, carrier frequency, or by a unique 

identifier (e.g. MAC address). 

 

A. Analysis of applicable technology to locate 

1) GSM 

GSM networks are well advanced, and its coverage in 

the Czech Republic is almost throughout the country. For 

localization method is usually used TDoA
3
. In the event that 

the localization is performed by the GSM network, 

localization method is AoA
4
. It is normally available to 

users TDoA localization, which can determine the localized 

device itself. Some operators allow the localization of 

foreign devices. This is based on the AoA. 

GSM localization accuracy is very low. In areas with 

high density network (typically cities) is the precision of 

tens to hundreds of meters in areas with low density of 

networks (the countryside), the localization accuracy drop to 

ones of kilometers. 

Using the fingerprints
5

 method, can be in densely 

covered areas to achieve accuracy even in jurisdictions 

meters [2]. 

2) GPS and Galileo 

These satellite systems are generally available 

worldwide. In the case of GPS, 24 satellites placed in orbits 

at about 20,000 kilometers above ground. 

Localization is based on the TOA
6

 method. The 

accuracy of the system is up to tens of cm, but the accuracy 

of civilian users is limited to about 10 m. The GPS works on 

frequencies in the band 1176.45 MHz (L5) to 1841.40 MHz 

(L4), so in the UHF band and is limited to line of sight. In 

buildings or heavily wooded areas usually not enough signal 

and localization is not possible. 

To determine the position is used multilateration. To 

determine the position on the Earth's surface (latitude and 

longitude) is needed to signal at least three satellites. If there 

are signals from at least four satellites, it is possible to 

determine the altitude [3]. 

3) Bluetooth and ZigBee 

Bluetooth operates in 2.4 GHz, ZigBee can operate in 

the bands around 1 GHz to 2.4 GHz. Transmission range is 

between 10 to 100 m for Bluetooth and 10-50 m for ZigBee. 

Both technologies emphasize the energy consumption and 
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the highest performance devices category (and therefore 

range) are rarely installed. 

Because of the low range is usually limited to the use of 

localization in different areas of the transmitter. Thus, only 

information for which the transmitter device is located. 

More precise localization requires the installation of more 

efficient transmitters. 

Texas Instruments manufactures integrated circuits 

CC2431, specializing in localization using ZigBee. This 

circuit provides the infrastructure ZigBee transmitters 

arranged in a grid with cell size 4x4m. This is a hardware 

engine, that measure the signal strength from nearby 

transmitters and on configuration base is calculate position 

[4]. 

4) RFID chips 

In the last time, we can talk about using RFID for 

localization purposes. RFID tags are small devices with a 

microcontroller and an antenna without a power source. To 

read information from RFID chip is used broadcast signal to 

the RFID charge, and subsequently the energy receiver 

sends back the data transmitter. 

Localization is limited to information close to the RFID 

reader is located. 

5) WLAN 

WLAN, a wireless LAN are networks based on IEEE 

802.11. The range is usually around 100 meters. For a large 

directional antenna can be obtained from the reach of even 

kilometers. Each AP WiFi network has its unique MAC 

address and with adequate coverage can reach up to 1 meter 

accuracy. To determine the distance from located AP is used 

SNR or often RSSI that WiFi natively provide. 

 

B. Evaluation and selection of appropriate solutions 

Location in case of GSM is not sufficiently accurate for 

its refinement, although it could be used fingerprints, but for 

this application it is not appropriate. 

GPS is already used in the vehicle, but not usable in 

buildings. Galileo will encounter the same problem, and 

then again this solution is not applicable. 

Localization with RFID requires the installation of a 

large number of readers, and is useful for monitoring 

product, but not for "continuous" localization. 

Bluetooth and ZigBee achieve similar localization 

features such as WiFi and are quite commonly used in 

industry. However, in general the extension is not sufficient 

and would be pre-installed in the planned deployment 

destination of the vehicle. It is not acceptable, and for this 

reason will be selected a WiFi, which can be used today 

almost ubiquitous infrastructure. 

  



 

III. NEW SOLUTION 

WiFi networks are defined in IEEE 802.11 standards and 

operate in license-free ISM bands. Today the most widely 

used carrier frequency is 2.4 GHz
7
. Legislation of the Czech 

Republic as defined in this zone a total of 13 channels with 

a bandwidth of 22 MHz and the spacing between the centers 

of 5 MHz channels. Wireless signals can be categorized in 

terms of frequency as diffuse ground-space electromagnetic 

waves [5]. The signal between the transmitter and receiver 

is spread in open area, or with reflections, bends, and 

scattering obstacles. 

For the actual location is especially important to 

recalculate the value of the RSSI on the distance from the 

transmitter. Because the signal is burdened by losses, needs 

to be filtered before processing. Filtration is carried out with 

Gaussian filter and calculates the actual position with 

multilateration. 

A. The empirical model 

For barrier-free environment, where we expect a smooth 

sloping curve, can be used to predict losses spread basic 

empirical model [6],[5]. 

                   
 

  
       

Where: L(d) path lost (dB)  

n propagation exponent (-) 

d distance between TX and RX antenna (m) 

d1 reference distance (m) 

L1 reference attenuation on d1 (dB) 

 

By modifying the basic empirical model can get 

Lost-Path model, which further expands upon the 

relationship of the antenna gain, loss and slow the spread of 

losses: 

              
 

  
         

Where: r received signal power (dBm) 

t transmit signal power (dBm) 

l0 path lost on d1 (dBm)  

n propagation exponent (-) 

d distance between TX and RX antenna (m) 

d1 reference distance (m) 

S log-normal shadow fading (dB) 

 

Lost-path model is the basis for this work. 

B. Multilateration 

The majority of localization methods using the 

multilateration. It is a mathematical approach, which based 

on distances from known reference nodes and evaluate 

position of unknown node [Fig. 1].  
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Fig. 1: Principle of multilateration 

 

A special case of multilateration is trilateration. If we 

know the position of three nodes and their distances to the 

unknown node, we can calculate its position. The situation 

can be described analytically by a system of equations 

(analytical writing of circles): 

  
         

         
 

  
         

         
 

  
         

         
 

 

  

After the generalization of the system for n-nodes and 

modify to the matrix form, the relationship can be obtained, 

from which we can directly calculate the coordinates of the 

unknown node x [6]: 

      

      

          

          

  
          

        
  

  
 

    
 

 
 
 
 
 
  

    
    

     
    

    
  

  
    

    
     

    
    

  
 

  
    

    
     

    
    

   
 
 
 

 

 

However, in practice, the distance is affected by error. 

This error causes the system of equations is incompatible
8
  

and       . Circle may not intersect or intersect in 

several points and this simple calculation cannot be used. 

This problem is known as the "range noise" and can be 

resolve by some of the applications of approximation 

methods. For this work was chosen method of least squares, 

which is simple to implement and has good properties. The 

general formula for calculating the multilateration is 

               
 

C. Gaussian filter 

The measured RSSI value - signal loss from each AP is 

very volatile and time variant. These changes are called fast 

signal losses and come from various sources. Error due to 

rapid losses can be very large, the order of units to tens of 

dBm. In order to evaluate the RSSI at all, it is necessary to 
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filter out those loses. One of the methods suitable for the 

filtration of these signals is Gaussian filter [7] and for 

discrete areas has the form 

                     

 

   

             

 

   

 

 

Where g is one-dimensional Gaussian function that has 

the prescription: 

        
 

    
 

 
      

    

 

Where σ standard deviation 

 µ mean (maximum of Gaussian function) 

 

For practical application of Gaussian filter is used only a 

limited number of samples of Gaussian functions. Thus the 

sampled Gaussian function makes a vector, called the 

kernel. To apply a filter, must be kept the history of the 

filtered values and history depth must be equal (or greater)  

then number of kernel elements. For each sample, history is 

updates, multiplied by the result obtained by the kernel and 

summed. It is important to choose the correct value of σ, 

which affects the quality of filtering, but also introduces 

delay and inertia. When σ → ∞ Gaussian filter is passes into 

moving average. 

IV. IMPLEMENTATION 

Localization module for the vehicle is the main part of 

this work. It is written in C++. For debugging under 

Windows, the application is platform independent, although 

the target device is based on Linux. The emphasis is on code 

portability and re-usability. Classes that are not directly 

related to location core are written in the form of 

components, independent of other classes and have been 

tested and tuned separately. The properties of C++ are used 

and concept of event-driven application is used. In 

application exist outside the main thread another 4, so 

taking the effort to stay as long as possible in sleep, that 

location did not take much of needed computing power for 

other processes in the vehicle. 

A. Principles of operation 

The application has two primary inputs and 1 output. 

The input is the address to the WiFi module and the second 

input is path to the file with a map. The output is the 

approximate position with tolerances. 

When application is started, the map file is loaded into 

memory and immediately close, so that it can be used by 

other processes of the vehicle. It is also running thread, 

which periodically reads the information of visible APs to 

list of pairs MAC address and RSSI values. 

The list of pairs is forwarded to the process that the 

steam expands by information from the map. This 

information is a coordinates, antenna gain, path loss and 

propagation exponent. If any of this information is missing, 

the default value is used. You can also enter the following 

and that least some influence of the environment. Couples 

who do not have information in the map are removed. 

The next stage is to record RSSI history and Gaussian 

filtering RSSI. The result of this step is a list of AP items, 

which have position, filtered RSSI value and other 

necessary data to calculate multilateration. 

Multilateration first sorts the items according to signal 

strength and then remove items with a very weak signal. 

These APs are typically far and the signal is strongly 

affected by the fraud and bring it calculation error, which is 

too large. In addition, they can be after the Frances break. It 

is left to only a certain maximum number of items that the 

calculation did not last too long. Matrix H and B are created 

from the remaining items. The calculation is then performed 

using the multilateration formula listed above. 

The entire process of locating shows the chart [Fig. 2]. 

 

 
Fig. 2: Location data flow diagram  

 

B. Philosophy of application 

The application is built on several basic encapsulated 

classes which are separated by interfaces. For 

communication between them and between the individual 

threads are used events. 



 

C. Application Architecture 

Application architecture demonstrates the diagram of 

components [Fig. 3].  

 

 
Fig. 3: UML diagram of application components 

 

a) WiFiLocator 

Applications is based on the class WiFiLocator. When 

application is started, instances of classes 

GaussianLocationEngine, MapLoaderMAP and 

ScanSourceAP are created. These are initialized with 

parameters and their references are sended to WiFiLocator 

class. 

After that location is started, this gradually starts 

WiFiLocator components and registers the event OnScan of 

ScanSourceAP instance. This event causes that whenever 

there is a new scan a nearby AP from WiFi module, it calls 

a method that runs the localization engine. In the body of 

this method, the data are send to GaussianLacationEngine 

instance.  GaussianLacationEngine create a thread which 

starts the process of localization. After completion of the 

thread (and thus the localization) is caused an event 

OnPositionUpdate, which ensures the delivery of new 

vehicle position. 

 

b) ScanSourceAP 

The class takes care of communication with the WiFi 

module. After its launch, the module is switched to AT 

mode and initializes. To this purpose, an instance of the 

SerialPort class is created. Next, run the thread that sends at 

defined intervals the module requirements for the 

neighboring AP scan. Every time when answer are returned 

from the module, results in an SerialPort fire an event 

OnDataRecieved and ScanSourceAP process response. If 

the response to scan require is recieved, ScanSourceAP 

perform its parsing and creates a list of pairs of the MAC 

address and RSSI AP. At the end, the event OnScan is 

triggers. 

 

c) MapLoaderMAP 

MapLoaderMAP cares about reading and parsing the 

map. The output is a list (vector) of AP descriptors
9
. 

 

d) GaussianLocationEngine 

The actual positioning engine. After the engine is called, 

Gaussian filter is started, and then calculation of locating 

with multilateration. 

V. TESTING OF DEVELOPED APPLICATION 

 

1) Evaluation of Gaussian filter contribution 

Test of Gaussian filter influence is based on data from 

measurements with HP iPAQ hx4700. AP was used as the 

ZyXEL P660HW-T3 device. The [Fig. 4] shows the 

unfiltered samples and filtered samples with Gaussian filter 

with different sizes and sigma parameter  of kernel. 

 
Fig. 4: Application of Gaussian filter to the measured data 
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Simulations showed the assumption that with increasing 

size and scattering kernel is a greater suppression of fast 

losses, but with the growing size of the kernel is worse the 

system response. 

The kernel size of 20 is seen that the suppression of 

leakage is not fast enough, while at 200 the other hand, 

system response is too slow. As a pretty good compromise 

seems to be size of kernel as one hundredth. With this size 

and zero variance is time delay half of the size, i.e. 50 

samples. This finding implies the need to lay claim to the 

fastest possible scanning the surroundings and thus the 

sampling RSSI. 

 

2) Localization accuracy 

To verify the accuracy, the scheme has been formulated 

with 4 transmitter (AP). Each transmitter remote from each 

other about 50 m. The transmitters emit a signal, the 

attenuation of the load of 10% error with normal distribution 

on the side of distance
10

. Despite these transmitters were 

planned route, which passed by a localized point and it did 

with 10,000 scans. Gaussian filter kernel size is 100 and 

dispersion 50. The situation demonstrates [Fig. 5]. The 

black dashed line is the actual trajectory. The blue trajectory 

is localized and gray points indicate the location, which 

represent locations without filter. 

 
Fig. 5: Localization with 4 AP 

 

The figure shows that the localized path quite 

successfully approximates the actual trajectory. It is also 

evident influence of Gaussian filter. Location without 

Gaussian filter is practically useless, and burdened with very 

large deviations. Moreover, localized position abruptly 

changes with each scan. Figure also demonstrates the 

influence of distance on the accuracy of localization. If the 

AP is closer, more accurate results can be expected. In 
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contrast, when large distances is between APs and unknown 

node, the localization of virtually unusable. 

The picture [Fig. 6] shows the localization errors of 

figure [Fig. 5]. 

 
Fig. 6: The localization error curve for 4 AP 

 

From [Fig. 6] is again seen huge benefits of Gaussian 

filter. Localization without the filter showed the worst 

mistake almost 80 m, which is completely useless 

information. In contrast, the filter is an error in the worst 

case (most distant) was about 10 m. At a distance of 50 m to 

all APs, the error was up to 3 m, which is very good result. 

Interesting is the error introduced by a delay of filter, that is 

selected when the kernel size ranges up to 1 m and from 

50 m of track delay error compensate a error caused by the 

distance of the 2nd and 3 AP. 

VI. CONCLUSIONS 

In this work localization module has been created, that 

solves problem with absolute localization inside buildings. 

It is a compact, scalable solutions with accuracy about 3 

meters with good conditions. As a source of location data of 

surrounding APs uses extended vector of the vehicle map 

and WiFi module connected to the serial port to scan the 

surrounding visible AP. The result is the location 

information including estimated errors. 

The greatest contribution of this work, however, sees the 

available knowledge about the problem. A logical 

continuation of this work is to unify all localization methods 

used in the vehicle. To this end, should serve Monte Carlo, 

otherwise known as particle filter. This method should itself 

allow more accurate positioning of WiFi, but also to 

introduce other information from the sensors to form a 

single, redundant, robust and above all precise positioning 

mechanism. 
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