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Abstract: - Localization or positioning is an important aspect of mobile applications in order to achieve context-

aware applications. The main goal for localization process is estimating the position of a mobile device in its 

environment based on a set of sensors with known positions. Modern mobile devices produced nowadays, and 

almost all smartphones and PDAs, have one or more wireless communication interfaces in order to 

communicate with other devices. WLAN infrastructure is a widely accepted and implemented communication 

standard in many indoor environment, therefore many buildings are already equipped with IEEE 802.11 

WLAN infrastructure access points. Wireless adapters the modern mobile devices are equipped with can 

monitor radio power strength of the emitting sources nearby. Based on the received radio signal strength an 

estimation of distance between the device and power source can be computed. In this paper we want to describe 

and conclude our work regarding the possibility to design a simple and energy efficient positioning solution to 

be implemented on mobile devices with limited resources. 
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1 Introduction 
One of the most significant elements of context-

awareness in ubiquitous environments is mobile 

device localization. To obtain the accurate location 

information for indoor environments is a 

challenging problem; therefore there have been a 

number of attempts to design systems for indoor 

localization using different wireless sensing 

techniques. Signal strength (SS) approaches are easy 

to implement in the existing technologies in mobile 

devices. We want to investigate the positioning 

methods based on the trilateration scheme with a 

simply and clearly mathematical model.  

Localization or positioning is an important aspect 

of mobile applications in order to achieve context-

aware applications. The main goal for localization 

process is estimating the position of a mobile device 

in its environment based on a set of sensors with 

known positions. Modern mobile devices produced 

nowadays, and almost all smartphones and PDAs, 

have one or more wireless communication 

interfaces, like bluetooth or WiFi, in order to 

communicate with infrastructure computing systems 

or other mobile devices. WLAN infrastructure is a 

widely accepted and implemented communication 

standard in many indoor environment, therefore 

many buildings are already equipped with IEEE 

802.11 WLAN infrastructure access points [1]. 

Wireless adapters the modern mobile devices are 

equipped with can monitor radio power strength of 

the emitting sources nearby. Based on the received 

radio signal strength an estimation of distance 

between the device and power source can be 

computed. If a mobile device can monitor at least 

three WLAN power signal sources with a-priori 

known positions, an estimation of the mobile device 

position can be achieved. This approach has the 

advantage that no costly hardware installations are 

necessary inside the building, nor additional sensors 

to be attached with the mobile devices [2]. 

Many mobile applications would benefit from 

being able to use WLAN for communication as well 

as positioning [1]. Determining the physical location 

of mobile active indoor nodes, can be one of the 

main issues of a new class of applications and 

position-dependent services in ubiquitous systems. 

For example only localization applications for 

ubiquitous systems will have a growth of value (8 

times in 5 years) from 1 billion USD in 2005 up to 

8.5 billion USD in 2010 [3]. Hence we can say that 

we shall face with a pronounced development of the 

number of applications that run on such devices and 

use different positioning techniques. 
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 The goal of this paper is to evaluate the 

possibility to implement a simple wireless 

positioning systems using only trilateration. The 

main requirement in developing such a software 

solution is low computational power resources 

usage and the second one is to have minimum 

impact on power consumption.  

This paper is structures as follows: in next 

section the related works on positioning systems are 

presented. The proposed mathematical model 

variants are described in section 3. The framework 

architecture for wireless positioning is described 

briefly in section 4. The experimental test cases and 

their results are presented in section 5. Finally we 

conclude the paper in section 6. 

 

 

2 Related Work 
In the literature there are many approaches for 

designing methods for positioning systems, 

which are different in terms of distance 

measurement techniques and mathematical 

models.  

There are a few different localization methods 

that can be used for the positioning procedure. 

These methods are divided into three major 

categories based on the environment in which the 

information is spread: indoor, outdoor or mixed. 

Positioning systems consist of algorithms and 

methods to estimate the position of an unknown 

target, and are classified based on [4]: 

- the signal types:  

o infrared,  

o ultrasound,  

o ultra-wideband, and  

o radio frequency  

- the signal metrics  

o global location systems - outdoor methods 

o cellular location systems - mixed methods 

o indoor location systems. 

The most popular outdoor localization system is 

known as GPS (global positioning system). The 

GPS receiver calculates its current position 

(longitude, latitude, elevation) using a trilateration 

technique. The distance is computed based on the 

time delay between the transmission and reception 

of the encrypted radio signal issued by the satellites. 

In comparison with these systems, the indoor 

system poses additional challenges. In our work we 

address the indoor positioning problem. Different 

techniques exist for estimating the position of a 

mobile device in a wireless network [1]: 

- cell based - with this localization technique the 

position of a device is simply located around 

the position of the access point where the 

device is connected. 

- signal propagation time based - the position is 

determied using the time of arrival of the 

receved signal from several access points (APs) 

to the target device.  

- signal angle of arrival - the position of a device 

could be estimated based on the measured 

angle of arrival of received signal from 

surrounding APs.  

- receiver signal strength based - the position of a 

target device is estimated using the received 

signal strength from surrounding APs.  

Cell based positioning method is very simple and 

considers that a mobile device is located near the 

known position of the AP this device is connected 

to. Despite its simplicity this method is not largely 

used because of the lack of accuracy.  

The propagation time can be directly translated 

into distance, based on the known signal 

propagation speed [5]. Based on signal propagation 

time from surrounding APs to the target device, its 

position can be estimated. These techniques offer 

increased accuracy but they require precise clock 

synchronization and more expensive infrastructure. 

There are two important methods in this category: 

ToA (Time of Arrival) [6] and TDoA (Time 

Difference of Arrival) [7]. The most important 

parameter for accurate indoor positioning systems is 

the time of arrival TOA of the Direct Line of Sight 

path [8]. Therefore an accurate estimation of TOA 

from received communication signals is required. 

Angle measurements can be used for indoor 

positioning using AoA (Angle of Arrival) of the 

received signal or DoA (Dirrection of Arrival) [9, 

10]. For this technique additional hardware is also 

needed in order to measure the angle of incidence of 

the received signal. The AOA requires antenna 

arrays at each node which increase the complexity 

of the existing system, as well as, performing worse 

in multipath environment [7]. 

The fourth solutions class for indoor positioning 

system is based on received radio signal strength of 

the surrounding APs. This positioning method uses 

the existing WLAN infrastructure and does not need 

any extra hardware attached to the target device. 

The network card in the mobile device continuously 

measures the RSSI (Radio Signal Strength 

Indicator) of the APs in its neighbor. This 

information is available due to beacon broadcast 

multiple times per second by every AP [2]. Based 
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on RSSI the mobile device can estimate the distance 

from its position to the AP it measured the RSSI. 

Using at least three APs with well known positions, 

a mobile device can estimate its position based on 

measured RSSI from these APs. 

RSS based WPS (Wireless Positioning Systems) 

were studied a lot in the last years. There are at least 

three location algorithms in this class of WPS: 

- fingerprinting (RSS patterns [2, 11, 12]) 

- simulation (lines of constant  RSS [1, 13]) 

- trilateration (Euclidian distance extracted from 

RSS [14]) 

The fingerprinting method is the most common 

used for WPS. An estimate of the target device 

position is obtained from the RSSI measurements 

and using a radio signal propagation model inside 

the building [2]. The propagation model can be 

obtained using a priori RSS measurements in 

different locations in the building. These 

measurements compose a RSS map, called 

fingerprint, are stored in a database and can further 

be used to estimate the position of a target device. 

This method is divided in two phases [1]: initial 

calibration phase where the RSS map is achieved 

and the positioning phase, the measured RSS values 

from surrounding APs are compared to the ones 

stored in the database in order to estimate the 

current position of the device. The disadvantages of 

this approach are the database generation and 

maintenance requirements [11]. During the WPS 

lifetime, every change in the infrastructure requires 

the build of the RSS map. 

The second class of WPS methods uses 

simulation algorithms to build the propagation 

models of the radio signal inside the building. The 

simulation starts from the building map and 

positions of APs on the map. During the simulation 

for every AP the lines of constant RSS, called 

isobars, are computed. After the simulation the map 

of RSS isobars for every AP is obtained. This map 

can be further used by a mobile device to estimate 

its position inside the building. The drawbacks of 

this method are the complexity of the propagation 

model simulator and the computation resources 

needed to run the simulation algorithms. 

A network-based localization method is 

presented in [15], which uses the radio propagation 

signal strength that covers a 2D plane, where three 

sniffers are placed in order to listen to a single 

signal strength emitted by the mobile and to 

automatically generate an estimated signal strength 

map. Also, the algorithm is able to establish the 

mobile’s position by browsing this table. 

Unlike the previously described method a client-

based localization solution is presented in [16], 

using radio-frequency (RF) as well, in which the 

main element is recording and processing the 

signals received from several base stations that are 

placed by overlapping coverage in the 2D plane. 

The triangulation is achieved by using two methods: 

the first one requires measuring the signals and 

creating a signal strength map SS-MAP and 

searching the best signal strength measurements; the 

second method requires the usage of a simple 

propagation model in order to estimate the SS-MAP. 

The authors of [2] developed and tested a 

software framework called “ipos” for indoor 

positioning based on WLAN fingerprinting the can 

by used to build location based applications. It 

consists of an efficient, freely configurable 

framework, which is suitable for multiple 

application architectures. The RSS measurements 

are performed on the mobile device, the 

computation and visualization of position can be run 

on an infrastructure server or on the device itself. 

Based on their tests they obtained and accuracy of 

better than 3 meters for an area of 1500 m2 covered 

by 7 APs.  

The authors of [1] developed a method to 

identify intersections of lines of constant RSSI 

values, called isolines, of several APs within 

interpolated radio maps based on triangulation. 

Based on their tests an average deviation of 3 meters 

was obtained for 330 m
2
 exhibition room equiped 

with 4 APs. 

The aim of the work presented in paper [17] is to 

study the possibilities that the WLAN's offer to 

indoor localization and to implement an application 

that will help to localize a device equipped with a 

WLAN's card supporting the IEEE 802.1lb protocol. 

The application developed by the authors called 

Wlib uses a database with signal strength values 

stored and a mathematical model in order to 

estimate the position of a user with a wireless device 

into a library of their University. 

The third RSS method is based on trilateration 

[14]. This approach is simple, easy to implement 

and needs fewer resources to compute the position. 

This method is appropriate for a mobile device 

where the energy and computational resources are 

limited, even the accuracy of the method is in the 

best case comparable with the other methods. 

The disadvantage of all RSS methods is the 

random deviation from mean received signal 

strength caused by shadowing and small scale 
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channel effect [7]. We consider based on our tests, 

that the accuracies obtained by other positioning 

applications are the best that can be achieved and in 

the real life usage scenarios the positioning accuracy 

will decrease significantly due to: changes in the 

environment, people moving around in the 

measured environment, mobile device speed and 

orientation, APs radio signal transmitter’s 

fluctuations, etc. 

Power consumption and energy efficiency are an 

important aspect for mobile applications in general 

and for local positioning application in special. 

Therefore one of the topics we investigate in this 

paper is the energy efficiency of WPS applications. 

The power consumption problem of mobile systems 

is in general a very complex one and remained of 

interest for quite a long time [18, 19]. In this paper 

defined a software execution framework for mobile 

systems in order to characterize the power 

consumption profile of different types of mobile 

applications [18].  

Our goal is to investigate how trilateration can be 

used in indoor positioning, to estimate its accuracy 

and its needed resources for the mobile devices. We 

target positioning in large rooms with different 

objects inside the room and people moving inside 

the room. We also want to be realistic and provide 

also the problems such a positioning system 

implementation will face during its exploitation. 

This paper covers our work in last three years 

partially presented in some conference papers [14, 

20, 21, and 22]. 

 

 

3 Mathematical model 
The trilateration assumes the existence of at least 

three access points (APs) with known positions. The 

distance between each access point (AP) and the 

mobile device (MD) have to be determined by 

computations. For every distance a circle can be 

drawn. In the ideal case, these three circles must 

intersect in a single point which is actually the 

position of our mobile device (MD). 

The method chosen for obtaining the distance 

between AP and MS is based on the signal strength 

(SS) measurement [22]. The propagation of radio 

waves is influenced by three factors: “free space 

loss”, attenuation by the objects on the propagation 

path, and the signal’s scattering. In the absence of 

obstacles, the model for propagation is “free space 

loss” which can be expressed for the ideal isotropic 

antenna as in (1): 

( ) ( )
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2

2

44

c

dfd
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P

r

t π

λ

π
==

 (1) 

Pt – signal power at the emitter 

Pr – signal power at the receiver 

d – propagation distance between emitter and 

receiver 

λ - carrier wavelength 

f – carrier frequency 

c – speed of light 

The ideal situation, when there’s no obstacle, we 

consider the bi-dimensional case when all APs and 

the mobile device are in the same plan. If no 

perturbations interfered along the measuring, at 

moment t, M receives a signal with Pi power from 

the transmitter APi. The distance between M and 

APi could be calculated with the formula (2):  


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
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 (2) 

In the real world, measuring SS is made with 

some errors, because the SS cannot be determined 

with very high precision, even in the case of 

obstacle absence. If we take into account the 

attenuation induced by some obstacles the problem 

could be more complicated. Hence the intersection 

of the three circles is not a single point. For three 

access points the maximum number of points is six, 

because every two circles can generate two points of 

intersection. 

The ideal situation, when there’s no obstacle, we 

consider a bi-dimensional case. If no perturbations 

interfered along the measuring, at the t moment, M 

receive P1, P2 and P3 from the 3 transmitters AP1, 

AP2, AP3 respectively. So, it is at: 
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from the transmitter AP1, 
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from the transmitter AP2, 
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from the transmitter AP3,  
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The receiver is at the intersection of the circles 

having the centre in APi, of radius di, because in 

every point of a circle the same power is 

intercepted. In ideal case, the intersection of the 3 

circles is one point only, which is M (Fig. 1). 

 

( ) ( )

( ) ( )

( ) ( )
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Fig. 1 Position of M in 2D ideal case 

 

If we accept that the signal reaches the receiver 

influenced by some perturbations, then the 

intersection of the circles is no longer a circle but a 

domain as in the Fig. 2. 

 
Fig. 2 The 2D real case 

 

Domain D can be estimated to one point 

considering this point its centre of mass and it can 

be considered that the approximate position of M.  
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The coordinates of the centre of mass are: 
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),( yxρ  being the density of the environment in 

the point (x, y) 

In the three-dimensional case, in the ideal variant 

when there are no perturbations in intercepting the 

signal, and the signal does not meet any obstacle, 

the receiver is the intersection of the spheres with 

the centers in AP1, AP2 and AP3 of radiant d1, d2, 

and d3 respectively, given by the (3), (4), (5) 

relations. 

 
Fig. 3 The 3D case 

 

In the real case, where perturbations appear at 

the interception of the signal, the intersection of the 

four spheres will be a D domain which also is 

reduced to its centre of mass, as it is shown in: 
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( )zyx ,,ρ  being the density of the 

environment in the point (x, y, z) 

 
Fig. 4 D domain for the 3D case 

 

This centre of mass approximates the position of 

M. In order to resolve this problem of trilateration 

we propose two geometric methods.  

 

Method I 

In the ideal case, the solution is generated by the 

following system of equations [21]: 
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Where, ),( MM yx  are the mobile node’s 

coordinates, 
),( ii yx

 are the AP’s coordinates and 

id
is the distance between MS and AP.  But, as we 

mentioned earlier, in a real situation, the intersection 

of the three circles generates not a single point, but a 

set of points. The problem is how to choose between 

those many nodes. We propose a pure geometric 

method, which is very simple to implement and 

computational efficient.  

The first condition is for the APs not to be on the 

same axis. This condition is given by the next 

equation: 
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Our solution requires making pairs with every 

two APs, having as a result the next relation: 

 

( ) ( ) ( ) ( )
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(13) 

 

Where 
),( ii yx

and 
),( jyxj

 are the coordinates 

of the two APs. We consider ir and jr
 the radiuses 

of the two circles. The radius is the same with the 

distance between AP and MS, distance calculated 

based on the signal strength sensed by de mobile 

device. 

 

A. If both inequalities in relation (13) are true, 

this means that we have two points of intersection. 

The coordinates of these points are given by the 

following system of equations (14): 
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Fig. 5 Intersection points of the three circles 

 

In case each pair of AP generates two points of 

intersection, it results a total number of six points, 

as in the Fig. 5. 

 

B. If the right inequality of relation (13) is false, 

then we have: 

 

( ) ( ) ( )
222

jijiji rryyxx +≥−+−
 (16) 

 

This means that the two circles are not 

intersected. In this case we consider a single point 
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situated on the axis defined by the centers of the two 

circles. The coordinates of this point are: 
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C. If the left inequality of relation (13) is not 

satisfied, then we have: 
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 (18) 

 

This means that one circle is contained by the 

other one. As in the previous case the point is 

situated on the axis defined by the centers of the two 

circles. 
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The cases B and C generate a single point, but in 

case A we have two points. In order to choose 

between them, we apply the next computation. For 

each of them we make the sum of distances between 

the node and every other node obtained through one 

of the three cases: A, B or C. 
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If 21 SS <  then we choose node 1M , else we 

choose the node 2M . Thus, we generate a set of 

points:
),( jijiji yxM

. The selected points in this 

way form a polygon and the position of MS will be 

the point M, approximated with the center of gravity 

of this polygon. The relations are: 
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Method II 

 The second method imposes the same general 

condition [14], namely in the zone where mobile 

device is acting to be at least three access points. If 

there are more then three access points a new 

condition arises: the access points need to create a 

convex polygon like in figure 6. In this figure we 

exemplify a case with 4 access points. 

 

 
 

Fig. 6 Access points surrounding the mobile 

device 

 

If no perturbations interfered along the 

measuring, at the t moment, M receive Pi power 

from the transmitters APi respectively and distances 

between M and APi could be calculated with the 

formula (2).  

The algorithm of this method requires grouping 

every two received RSSI measures therefore we 

may write: 
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Solving this system, we will obtain two 

solutions: 

 

( )11 , MM yx   and  ( )22 , MM yx     (24) 

 

From these two solutions we shall choose the 

point that is at the same side of the line determined 

by APi and APi+1, with another AP (for example 

APi-1). We can choose any other AP (not APi or 

APi+1) because they are the vertices of a convex 

polygon. This point will verify the relation: 
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The selected points in this way form a polygon. 

The position of point M will be approximate by the 

center of gravity of this polygon. 
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4 Software framework architecture 
The general architecture of the power-aware 

location framework presented in figure 7 has a 

layered structure and each layer is divided in several 

independent modules [14]. The lower layer of the 

framework application will use the operating 

system’s drivers of different physical components 

took into account in the optimizing process of 

energy consumption (the processor, the battery, 

wireless chipset, main-board chipset, the memory) 

and location algorithm input measures (WLAN 

driver). The kernel of the execution framework 

takes the available measures through the monitoring 

drivers, calculates the energy consumption of the 

current running applications and provides a 

consumption state to the location estimation core. 

The location algorithm presented before is 

implemented in the location core module. This 

module is configured based on application’s 

requirements and power consumption state and its 

output is provided through a public interface to the 

application level. Applications using the location 

framework interface we call location-aware 

applications. 

 

Fig. 7 Positioning framework architecture 

 

The problem in reading the data from the 

network card on the moving object, was, that it has 

to be read independent of the model of the wireless 

network card. More detailed presentation of 

software architecture and RSSI reading from the 

software is presented in [14]. 

 

 

5 Test bed and test cases experiments 
We investigated in our work how trilateration can be 

used in large rooms positioning and which are the 

best results some can obtain with this method. Our 

tests used a large laboratory 13m x 5.5m (Fig. 8) 

and a number of access points or wireless routers 

from different providers or types. We set up a 

number of test cases in order to evaluate our 

positioning solution, to investigate any problem the 

solution will face in real life environment and to 

determine which the main factors that induce these 

problems are. For every test case we run a number 

of experiments we based our conclusions. 

 

 

5.1 Test case 1 
In the first test case we investigated how the AP 

type and device influences the accuracy of 

positioning algorithm. We used 6 types of APs from 

two providers: dLink and Linksys (DWL-G700AP, 

DI-624, DWL-2100AP, WAP55-AG, WAP54-G, 

and WRT54-GS) and we used also different devices 

on the same type. We run the testing algorithm a 

large number of times for different parameters: test 

duration, sampling times, number of samples 

averaged for one position computation. The same 

test was run then a number of times for the same 

device and the for different AP devices. 

We placed a number of access points and we 

measured the RSSI in different well known 

positions (Fig. 8). During these test case 
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experiments we selected a number of “good” AP 

devices which are well suited to be used in the 

positioning system and also we calibrated the tests 

parameters. For every position a 30 minutes capture 

was saved. During tests were made two readings of 

RSSI per second and we averaged the last 10 

seconds measurements (20 samples) for every 

position estimation. In the test published by other 

authors they used smaller amount of times for their 

tests (e.g. 50 seconds in [1]). We consider that the 

validation tests should last a larger amount of time 

because there are many propagation phenomena we 

should account and for smaller test times we can 

obtain only a particular result. 

 
Fig. 8 Test scene and first test case 

 
testing_algorithm( 

  test_time, sample_time, average_no) 

begin 

  select_device_params(transm_power) 

  start_timer(timer) 

  while( timer < test_time ) 

begin 

  for each ap in surroundings 

  begin 

    read_rssi(rssi) 

    average_rssi(rssi, average_no) 

    compute_distance(average_rssi) 

      record_data(distance) 

  end 

  compute_position(position) 

  record_data(position) 

    sleep(sample_time) 

  end 

  stop_timer(timer) 

end 

 

Even if between the access points and the mobile 

node are no obstacles, the values of RSSI are very 

oscillating. These variations are caused by a couple 

of elements of which we can mention the device 

type and reflections of the signal in an indoor 

environment. The oscillations of sampled RSSI 

depend on the AP device therefore we selected a 

number of good devices. To see if the fluctuations 

are generated by the devices we conducted a set of 

measurements using deferent type of devices: 

- Linksys WAP55AG - 20mW, 6m, 30min 

- Linksys WAP55AG - 25mW, 6m, 30min 

- Linksys WAP54G - 20mW, 6m, 30min 

- dLink DL624 - 8mW, 6m, 30min 

- dLink DWL-G700AP   6mW, 6m, 30min 

On good device we selected for the system is 

presented in Fig. 9 (RSSI variations) and Fig. 10 

(distance estimations).  

RSSI [dBm]

-60

-55

-50

-45

-40

-35

-30

-25

-20

1 501 1001 1501 2001 2501 3001 3501

t [s]

WAP55AG

 
Fig. 9 RSSI for a good AP 
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Fig. 10 Distance estimation for two good APs 

 

We can observe that small changes in RSSI 

expressed in dBm induce large variations in distance 

estimation. In Fig. 11 we plot the histograms for the 

distance estimations of DL624 and WAP55AG APs 

shown in Fig. 10. The distance between AP and 

target device was 6 meters and we obtained an 

average error of 3 meters for WAP55AG and 

standard deviation of 0.75; and average error 2 

meters for DL624 with a standard deviation of 0.51. 
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Fig. 11 Distance estimations histogram 

 

One bad example for a device which cannot be 

employed by a positioning system is presented in 

Fig. 12 with the average error of 6 meters. 
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Fig. 12 Distance estimation for a noisy AP 

 

 

5.2 Test case 2 
To examine the impact of the distance between the 

access point and the mobile device over the RSSI 

we made the following measurements in the testbed 

described in Fig. 13. 

 
Fig. 13 Test scene for second test case 

 

Test setup: 

1. Linksys WAP55AG - 20mW, 9 m, and Dlink 

DL624 - 8mW, 3 m, 30 minutes 

2. Linksys WAP55AG - 20mW, 6 m, and Dlink 

DL624 - 8mW, 6 m, 30 minutes 

3. Linksys WAP55AG - 20mW, 3 m, and Dlink 

DL624 - 8mW, 9 m, 30 minutes 
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Fig. 14 Estimated distance from one MD to two APs 

 

We observed an increase in measurement 

standard deviation when the mobile device moves 

away from the AP. 
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Fig. 15 Relation between RSSI and distance for 

Linksys WAP55AG 

 

We placed a number of access points and we 

measured the SS in different well known positions. 

For simplicity we placed a mobile device between 
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two APs, from 1 meter to 1 meter. For every 

position a 30 minutes capture was saved. The 

relation between the received signal strength and the 

distance between emitter and receiver for some 

devices are presented in Fig. 15. 

 

 

5.3 Test case 3 
Using three APs the position of a mobile device 

inside the room can be estimated Fig. 16. The test 

uses: 

- Linksys WAP55AG - 20mW 

- Dlink DL624 - 8mW 

- Dlink DWL-G700AP - 8mW 
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Fig. 16 Position estimation from 3 APs 

 

 

5.4 Test case 4 
The tests presented by other authors for their 

wireless positioning systems were taken without 

people moving around in the building. We consider 

that when there are people inside the room they 

influence the accuracy of the positioning process. 

We let the system running for one day and we 

obtained the graphic in Fig. 17. 
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Fig. 17 Day and night positioning accuracy 

 

Differences could be observed in received signal 

power between the two devices, between day and 

night and between signal level and signal dispersion. 

During the day, the room was used by the students 

and the presence of people has influence on the 

RSSI. This could be a problem because the WPS are 

intended to be used when the users are inside the 

room. Therefore a WPS should consider the day 

characteristics of the test when people are present 

and move in the room. 

 

 

5.5 Test case 5 
Running the framework application on the mobile 

device has influence on the time the battery will 

discharge. Fig. 6 shows the battery discharging 

capacity when no applications are executed on a 

laptop and when the framework application is 

executed. A minimum consumption difference of 

5% was obtained in our tests. 

An interesting aspect is that related to the idle 

state power consumption with WLAN chipset 

switched off, WLAN chipset set on and WLAN 

communication show an increase in power 

consumption as presented in Fig. 18. We can state 

that wireless communication has three states of 

power consumption observed at application level: 

WLAN-OFF power state; WLAN-IDLE power 

state; WLAN-COMM power state. 
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Fig. 18 WPS power consumption 

 

 

6 Conclusions 
We presented in this paper an application 

framework for wireless positioning system. The 

experimental results with the proposed tests conduct 

us to the conclusion that our solution is easy to 

implement, power efficient and suitable for the 

concept of context-awareness in ubiquitous 

environments. 

In ideal conditions we obtained comparable 

positioning accuracies with other solutions of 

around 2-3 meters. In the ideal case we carefully 

selected the proper APs, we assumed that no users 

are inside the room to introduce perturbations and 

the target device was static. 

DAY NIGHT 
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In case we consider real life usage scenarios, 

there are a lot of aspects which pose serious 

problems to any wireless positioning system: 

- AP device changes: in case one AP in the 

system is changed (position, device equipment, 

device type, orientation, etc.), the positioning 

system should be recalibrated. 

- Environment changes: adding, removing or 

changing objects positions inside the room may 

influence the accuracy of the positioning 

system and in some cases need recalibration. 

- Mobile device changes: when target device is 

changing its position, the accuracy of the 

positioning decrease due to: device orientation, 

device speed, etc. 

- User density changes: when the test scene is 

used by other people, they influence the 

propagation model and further the  accuracy of 

the position estimation. 
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