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Abstract 

The Global Positioning System (GPS) is a space based satellite navigation system. 
It provides location and time information in all weather, anywhere on the earth. 
Unfortunately GPS fails to give position indoors, because it requires a direct line 
of sight to several satellites. Indoor locating systems can thus not use GPS, 
because signal strengths are weakened or cancelled by building structures. So we 
need another technology for positioning indoors. Wireless indoor positioning 
systems are very popular in recent years. These systems are successfully used to 
asset tracking.  By using ultrasound or lasers we can find accurate positioning, 
but this involves larger costs and energy requirements. 

Indoor wireless positioning based on received RF signal strength has gained 
more popularity for researchers in recent years. Wireless communication is a 
rapidly growing technology used in both home and business networking. 
Currently wireless networks are set up in institutes, hospitals, shopping malls, 
and airports and so on. Wi-Fi location determination is a technology; it utilizes 
existing Wi-Fi equipment such as those installed in personal computers, PDAs 
and mobile phones. The technology uses modulated Wi-Fi transmission signals 
to detect the presence of a device, which does not necessarily have to be 
connected to the network. The system is able to triangulate the position of the 
device based on the signals received from several access points. Some 
researchers implemented positioning algorithms to find the position indoors. In 
those algorithms some popular algorithms are signal strength mean value 
algorithm, K nearest neighbor’s algorithm, and Bayesian positioning algorithm. 
Before positioning, we can also measure the signal strength values in a reference 
point inside the building and use those values to build a database. The database 
contains coordinates of reference points, orientation and set of signal strength 
measurements linked to the access points. In positioning phase we can then 
measure the signal strength and compare those signals with an already built 
database for finding the position. This type of position finding is known as finger 
printing method.   

This paper provides an overview of the existing positioning techniques. The main 
aim of this thesis is to find the accurate position indoors. For finding the accurate 
position we are using the finger print database model. In addition to the finger 
print database model we are considering the walking speed of the user and the 
history of previous signal strength values. In this thesis we proposed a User 
Prediction Algorithm, using this algorithm we can find the position of object or 
user with less error and also we can solve the ambiguity problem to some extent. 
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Abbreviations and Synonyms 

AOA              Angle of arrival 

AP                 Access Point 

CID           Cell ID 

COO          Cell of Origin 

GPS          Global Positioning System 

IR           Infrared 

RF          Radio Frequency 

TDOA          Time Difference of Arrival 

TOA          Time of Arrival 

Wi-Fi          Wireless Fidelity 

WLAN          Wireless Local Area Network 

INS           Inertial Navigation System 

IMU           Inertial Measurement Unit 

RSSI           Received Signal Strength Indication 

WEP           Wired Equivalent Privacy 

WPA           Wi-Fi protected Access 

FHSS           Frequency Hopping Spread Spectrum 

DSSS           Direct Sequence Spread Spectrum 

OFDM            Orthogonal Frequency Division Multiplexing 

CCK           Complementary Code Keying                 

GSM           Global System for Mobile communication 
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1 Introduction 

Positioning has become an important part of human life. For finding the position 
outdoors people are using global positioning system (GPS) devices, such as 
available in smartphones. GPS rely on satellites. Unfortunately GPS fails indoors. 
Indoor positioning is also very useful to many applications like preventing theft 
of expensive devices, guiding the users in museums, finding books in large 
libraries based on their location and the location of products in a supermarket, 
location detection of firemen etc. Wireless technologies are growing rapidly. 
Wireless networks have become more popular in recent years. Currently 
wireless networks are set up in universities, shopping malls, hospitals and so on. 
Using this existing wireless network infrastructure we can keep track of 
expensive devices or persons by using different techniques. Indoor wireless 
positioning based on using received signal strength values has gained more 
popularity. For this thesis we are using existing Wi-Fi infrastructure and we are 
not adding any special hardware equipment for positioning. Different types of 
approaches to find the position of Wi-Fi enabled devices with in a building such 
as signal propagation models and fingerprints matching model. For this thesis we 
used insider Wi-Fi scanning software for signal strength readings. The 
fingerprints model is most suitable in our environment. In fingerprints matching 
model we are storing signal strength values for several detectable access points 
and built the database by using signal strength values. In positioning phase we 
send measured signals to the database and retrieve the closest match for finding 
a position. 

The positioning technique is mainly based on the Received Signal Strength (RSS) 
on that position and the fingerprinting method. The signal always fluctuates over 
time and because of signal fluctuation we get errors. To minimize those 
fluctuations we can use filters. By using Particle and Kalman filters we can 
reduce fluctuations and also track the user’s path. For more accuracy we used 
the physical maps of that particular environment. Inertial Navigation System 
(INS) provides continuous orientation, position, and velocity; these are accurate 
for a short period because of sensor noise. 

1.1 Application and Technology Area 

Indoor Wi-Fi positioning or location awareness is very useful and enables many 
new applications. For example, in hospitals sometimes patients have medical 
emergency and need a doctor or nurse to take care. There is a need to keep track 
of doctors and nurses, keep track of expensive devices for preventing theft, in 
museums and large libraries for guiding the user’s based on their location, keep 
track of teaching assistants in the university, so that students can find him easily.  
The key to these location based applications is an accurate positioning system. 
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1.2 Problem Statement 

The main problem to find an accurate position by using Wi-Fi in indoor 
environments is the ambiguity problem (similar fingerprints for different 
positions). If our indoor location has less number of access points (1 or 2) we 
suffer with this ambiguity problem more. Even in GPS four satellites are used to 
find accurate positioning. 

1.3 Approach Chosen to Solve the Problem 

To solve the problem, in addition to the fingerprint method we are using the 
user’s walking speed and the history of previous signal strength values 
(prediction algorithm). We proposed a User Movement Prediction algorithm 
using this algorithm we can solve this problem.  

1.4 Goals 

 Finding the accurate position of an object/person inside a building using 
low cost Wi-Fi finger printing technique. 

 Decision making in ambiguity situation. 
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2 Background 

The success of outdoor positioning provides an incentive to the research and 
development of indoor positioning. 

2.1 Some existing indoor positioning systems 

RADAR, developed by Bahl and Padmanabh, is a First Wireless Local Area 
Network (WLAN) based positioning system. RADAR gave a median spatial error 
distance of 2.94 meters using nearest neighbor algorithm (1). The median spatial 
error distance was reduced to 2.37 meters using a Viterbi-like algorithm in the 
RADAR (26).   

The best system is the ‘Ekahau Positioning Engine’; Ekahau Positioning System is 
commercially available software for indoor positioning, based on WLAN RSS 
based measurements. It combines signal fingerprints recognition with the user’s 
history to achieve accuracy within 1-5meters depending on the environment. It 
works over standard WLAN, tracks laptops, PDAs and tags in real-time (2).  

Nokia Research Center developed a mobile based robust indoor Positioning 
algorithm; the mobile device based on pre infra-structure and WLAN 
technologies. Accurate GSM indoor Localization system is proposed by Veljo 
Otsason et al. it achieves a precision of 5meters in multi-floor buildings (3).  

Meurer et al. proposed a signature based outdoor location scheme, which relies 
on covariance matrices of channel impulse responses (CIR) as signatures. It 
achieved accuracy in typical mobile radio scenarios satisfies the FCC E911 
requirements (16). 

Retscher et al. developed the IPOS system for indoor environments using RSSI 
fingerprints. Using IPOS system they determined whether the user is located 
inside a room or not. It achieved room level accuracy (17).  

Teuber et al. (18) achieved positioning accuracy within 4.47 meters using 
Euclidian distance. They applied Fuzzy logic post processing and minimal 
Euclidian distance together they decreased accuracy to 3 meters.  

Place Lab achieved street-level accuracy using a vast database of RSSI 
fingerprints. This solution used when GPS signals are not available in products 
such as Google Maps (19).  

2.2 WLAN Standards 

WLAN is “a type of local-area network that uses high-frequency radio waves 
rather than wires to communicate between nodes” (WEBOPEDIA). Laptops, 
mobile phones or personal digital assistants (PDA) are equipped with IEEE 
802.11 WLAN adapters. WLAN infrastructure is available in many buildings 
(universities, shopping malls, hospitals).   
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2.2.1 IEEE 802.11 

802.11 specify an over-the-air interface between a wireless client and a base 
station or between two wireless clients. The data rate of 802.11 is up to 2Mbps in 
the 2.4GHz band. Its modulation scheme is FHSS or DSSS, and uses WEP or WPA 
to implement security. (WEBOPEDIA) 

2.2.2 IEEE 802.11a 

IEEE 802.11a is an extension to 802.11. The data rate of 802.11a is up to 54Mbps 
in the 5GHz band. Its modulation scheme is OFDM, and uses WEP and WPA to 
implement security. 802.11a standard has 12 non-overlapping channels, and 
regulatory supports. This regulatory means 802.11a gear generally avoids signal 
interference from other consumer wireless products like cordless phones. An 
802.11a has relatively shorter range than 802.11b/g. (WEBOPEDIA) 

2.2.3 IEEE 802.11b 

 IEEE 802.11b also referred to as 802.11 high rate or Wi-Fi. This is most widely 
used WLAN standard. The data rate of IEEE 802.11b is up to 11Mbps in the 
2.4GHz band. Its modulation scheme is DSSS with CCK, and uses WEP and WPA 
to implement security. 802.11b transmitters can encounter radio interference 
from other products like cordless phones, microwave ovens, baby monitors and 
other appliances using the same 2.4GHz band. Signal range is good in 802.11b, 
for coverage of larger area it requires less access points compare to 802.11a. 
(WEBOPEDIA) 

2.2.4 IEEE 802.11g     

The data rate of 802.11g is up to 54Mbps in the 2.4GHz band. Its modulation 
scheme is OFDM and DSSS, and uses WEP and WPA to implement security. It has 
14 overlapping staggered channels, and different countries have different 
channel specifications and regulatory supports. (WEBOPEDIA) 

2.3 General Positioning Techniques 

There are a lot of existing techniques used to locate a position of Wi-Fi enabled 
devices or user’s in a wireless network in outdoor and indoor are (4) 

 Cell-of-Origin (COO) / Cell ID (CID) 
 Signal Level Triangulation 
 Time of Arrival (TOA) 
 Time Difference of Arrival (TDOA) 
 Angle of Arrival (AOA) 
 GPS 
 Infrared (IR) based 
 Radio Frequency (RF) based 
 Ultrasonic and other 
 Signal Fingerprints 
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2.3.1 Cell of Origin 

Cell of Origin (COO) is a mobile positioning technique. This is the most basic and 
simple way to find the location of a device. By using this technique we can easily 
determine the access point (AP) or antenna to which the Wi-Fi device is 
currently connected. By using the position of the base stations and its signal 
strength range we can easily determine the position of the device. The accuracy 
is depends on the size of the network cells. The cell size in a large urban network 
is 100 to 1000 meters, which is the approximate accuracy of cell of origin.          

 

 Figure 1: Cell of Origin positioning technology 

COO is a variable (50meters indoors to 30kilometers rural areas) and not a very 
precise locator; depends on the number of base stations in that particular area. 
COO positioning technique is not precise as other methods like Global 
Positioning System (GPS) or Time of Arrival (TOA).  

Drawbacks: 

 The coverage of a cell is wide. Accuracy varying from 50 meters to 30 
kilometers. This method is inaccurate due to multi-path propagation and 
signal reflection. 

Advantages: 

 Low cost  

 Fast response (Identify location very quickly, typically 3 seconds) 

 Usable for all existing equipment 

2.3.2 Signal Level Triangulation   

In this technique we can estimate the position of a Wi-Fi enabled device by using 
the received signal strength from several access points (AP) within its range. The 
Signal level drops when the distance between the access point and the Wi-Fi 
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enabled device increases and vice versa. In some idle conditions only the signal 
level around the access point are circles (omnidirectional transmitters 
transmitting equally all directions and producing a circle). Using relation 
between signal level and distance we can calculate the distance from the Wi-Fi 
enabled device to the access point (AP). The intersection of signal levels from 
three different access points or antennas can be measured, the intersection point 
is the location of device. The graphical representation of signal level 
triangulation is: 

 

Figure 2: Signal Level Triangulation Technique 

Relationship between RSSI and Distance: 

For finding relationship between RSSI and distance the transmitter remained 
fixed at known position and collecting RSSI samples while slowly moving away 
from the transmitter (access point). The RSSI samples at each position were 
collected in all orientations to cancel the effects of multi-path propagation. The 
RSSI samples are decreasing with distance. The distance between access point 
and Wi-Fi enabled device was increased step by step from 1 m to 20 m. The size 
of the step was 1 m.  
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Figure 3: Mean of measured RSSI 

2.3.3 Time of Arrival  

Sometimes called Time of Flight (TOF), is the one-way travel time of a radio 
signal from a transmitter to a receiver. Using the equation R=time * speed, where 
speed is a constant, only time needs to be measured to determine the exact 
location R. TOA requires synchronization of both transmitters and receivers. This 
is very hard to achieve for close ranges. To overcome the problem, Time 
Difference of Arrival was developed. If we know the exact time that the signal 
travels from the Wi-Fi enabled device to the access point we can calculate the 
distance between the Wi-Fi enabled device and the access point. Radio waves 
travel approximately 300000 kilometers per second (speed of light). TOA is 
based on measuring the absolute time difference of the signal between the Wi-Fi 
enabled device and multiple base stations. In this technique the starting time of 
the transmission has to be known exact and that all base stations in the network 
are accurately synchronized with for instance an atomic clock (23). This 
technique one micro second difference can result in a position error of 300 
meters. With three base stations we could calculate the location of Wi-Fi enabled 
device using triangulation as shown in figure 2.2. GPS is a well-known TOA 
system, where precision timing is provided by atomic clocks.   
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Figure 4: Time of Arrival positioning technology 

Drawbacks: 

 Relatively low accuracy 

2.3.4 Time Difference of Arrival    

This method uses the time difference of arrived signals instead of an absolute 
signal. Time Difference of Arrival utilizes the time difference between receiver 
and two or more receivers. If we have to use this technique we want three access 
points, by using the trilateration technique we can get the position of the Wi-Fi 
enabled device: first we calculate the time difference of the signal arrival 
between each pair of access points. Each time difference places the device on a 
hyperbolic curve. With two hyperbolic curves we can get the location of the 
device, which is an intersection of two hyperbolic curves. The Time Difference of 
Arrival just requires synchronization of the receivers. 

Drawbacks: 

 High cost 

 Requires large infrastructure costs for additional antenna installation and 
location equipment at each cell site. 
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Figure 5: Time Difference of Arrival positioning technology 

2.3.5 Angle of Arrival   

In Angle of Arrival the Wi-Fi enabled device’s signal is received by multiple base 
stations. The base stations have additional equipment that determines the 
compass direction from which the user’s signal is arriving. With two base 
stations we can determine the location of the device. Using at least two reference 
points and two measured angles we can derive the position of the target. 

The disadvantages of Angle of arrival are large and complex hardware 
requirements.  

Disadvantages: 

 Every base station needs to have an equipment upgrade 

 Large and complex hardware requirements 

Advantages: 

 AOA supports legacy handsets 

 

 

 

 

 

 

 

Figure 6:  Angle of Arrival positioning technology 
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2.3.6 GPS  

“GPS (Global Positioning System) is a Satellite Navigation System. GPS is funded 
by and controlled by the U.S department of Defense (DOD). GPS provides 
specially coded satellite signals that can be processed in a GPS receiver, enabling 
the receiver to compute position, velocity and time. Four GPS satellite signals are 
used to compute positions in three dimensions and the time offset in receiver 
clock”.  This operation is based on a simple mathematical principle called 
trilateration. Trilateration is the method of locating a receiver by using measured 
distances from three satellites to that receiver (5).  

Drawbacks: 

 GPS requires a direct line of sight from at least three satellites to 
accurately determine a user’s position. When the Wi-Fi enabled device is 
indoors or in built-up areas with tall buildings it’s hard to determine the 
position of device. 

 Users need a new GPS equipped handset. 

Advantages: 

 Proven technology 

 Good privacy (user in control) 

2.3.7 Infrared (IR) Based 

Infrared based systems usually operate in a single room or in an open area 
because of its short range   communication. The properties of an infrared signal 
are the same as visible light. The infrared signal needs a direct line of sight 
between the transmitter and receiver. It cannot pass through walls or doors. An 
infrared system must often have several receivers in each room to avoid “losing” 
tracked objects as they go around corners and behind office partitions. The 
infrared positioning system works similarly to RFID systems. Each user wears a 
tag that periodically emits a beacon containing some unique information about 
that tag and hence the person carrying the tag. Infrared sensors on the walls or 
ceilings detect the tags and give the location. (6) 

2.3.8 Radio Frequency (RF) Based  

A Radio Frequency Identification (RFID) System transmits the unique serial 
number of an object or person wirelessly, using radio waves.  

The basic RFID system consists of three components: 

1) Scanning Antenna 
2) Transceiver (with decoder) 
3) Transponder (RF tag) it is programmed with information 
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The antenna sends radio signals to activate the tag and to read and write data to 
it. The receiver emits radio waves up to 20meters or more, depending upon its 
power output and the radio frequency used. The automated reader reads the 
RFID tag and decodes the data in the tag and data is passed to a processing 
device and a transponder. When an RFID tag moments come in the range, it 
detects the reader’s activation signal. The RFID tag indicates where each product 
belongs. RFID tags are very helpful for tracking and location finding. (7) RFID 
tags are either passive or active. Passive RFID tags operate without a battery. 
Passive RFID tags are used in place of traditional barcode technology. Active tags 
contain battery and a radio transceiver. Active tags are much longer range of tens 
of meters than passive tags. Active tags are well suited for the identification of 
products moving through harsh assembly process. (8) By using more number of 
tags we can achieve more accuracy. The tags are useful as reference points.   

2.3.9 Ultrasonic and Other 

Ultrasonic sensors generate high frequency sound waves and evaluate the echo 
which is received back by the sensor. Sensors calculate the time interval between 
sending the signal and receiving the echo to determine the distance to an object.  

2.3.10 Signal Fingerprint 

In recent years indoor positioning based on a signal fingerprint has gained much 
attention. Before positioning we measure the signal strength in various known 
locations inside the building. By using those signal fingerprints we make a 
database. In the positioning phase, the measured real time signal fingerprints 
match with the database and determine the position by using some position 
based algorithms. It is using the already existing wireless infrastructure and has 
no need of any extra hardware. It is very cost effective system.  

2.4 Positioning Algorithms 

2.4.1 Wi-Fi Signal Strength Mean Value Algorithm 

The basic Wi-Fi signal strength based algorithm is Wi-Fi signal strength mean 
value algorithm. It is developed in two phases: offline phase and positioning 
phase. In offline phase we measure signal strength samples in plenty of reference 
locations, calculate the mean of the received signal strength values at each 
location and store these values in mean value database along with reference 
point coordinates, orientation. In positioning phase we measure the signal 
strength values at unknown location, and compare with mean value database, 
find the closest neighbor (minimum Euclidean distance) and get the coordinates 
of estimated location. (12) 

Assume Sm = {Sm1, Sm2, ……, Sn} the array is of real-time signal strength mean 
value, Sm1 is the signal strength mean value from AP1, Sn is signal strength mean 
value from APn.  
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Assume Sj = {Sj1, Sj2, ………, Sjn} the array is of signal strength mean value of a 
reference location with a direction in mean value database, Sj1 is signal strength 
mean value from AP1, Sjn is signal strength mean value from APn. 

Euclidean distance = √         
           

              
    [1] 

2.4.2 K-Nearest-Neighbor algorithm 

The K-nearest-neighbor (KNN) algorithm measures the distance between a 
query scenario and a set of scenarios in the data set. The nearest neighbor 
method simply calculates the Euclidean distances between the live RSSI reading 
and each reference point fingerprint. The minimum Euclidean distance is the 
Nearest Neighbor and the likely (x, y) location. 

We can compute the distance between two scenarios using some distance 
function d(x,y), where x,y are scenarios composed of N features, such that x = 
{x1,x2,….,xN}, y = {y1,y2,…..,yN}. 

Absolute distance measuring:  

         = ∑        
 
  1        [2] 

Euclidean distance measuring: 

                                  = ∑ √ 2
   2

 
 
  1        [3] 

Advantages of using K-nearest neighbor 

 Robust to noisy training data especially if we use Inverse Square of 
weighted distance as the distance. 

 Effective if the training data is large. 

2.4.3 Weighted K-Nearest Neighbors Algorithm 

In an indoor environment due to non-line of sight we are receiving same signal 
strength fingerprints in different locations. In this case if we use signal strength 
mean value algorithm we get inaccurate position. Using weighted K nearest 
neighbor’s algorithm we can handle the problem. In weighted K nearest 
neighbors algorithm chooses more locations instead of one which have k 
minimum Euclidean distances. 

Sm = {Sx1, Sx2, ……, Sxn} is the real-time signal strength mean value at unknown 
location. Where n is the number of access points.     

Sj = {Sj1, Sj2, ………, Sjn} have a minimum Euclidean distances with Sx, Lj is the 
location that Sj specifies, j = 1…K. 

Estimated Location = ∑
1

 (     )    

 
  1      / ∑

1

 (     )    

 
  1      [4] 
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Where    is constant.   

2.4.4 Four Directions Algorithm 

Signal strength affected by wireless adapter or internal antennas in the device, 
we can find the different signal strength in different directions at the same 
location. So in this thesis we implemented four directions algorithm. In this 
algorithm we measure the signal strength in all the directions (direction 0, 90, 
180, 270) at each location (reference point). (12)  

1) In this step we face the wireless adapter towards east (direction 0), 
collect multiple RSS values and calculate the mean for received signals in 
direction 0. 

2) We face the wireless adapter towards south (direction 90), collect 
multiple RSS values and calculate the mean for received signals in 
direction 90.  

3) We face the wireless adapter towards west (direction 180), collect 
multiple RSS values and calculate the mean for received signals in 
direction 180.    

4) We face the wireless adapter towards north (direction 270), collect 
multiple RSS values and calculate the mean for received signals in 
direction 270.    

5) Store all these values in database. 
6) In the positioning phase we compare signal strength mean values with the 

predefined signal strength mean value database. 
7) By using Euclidean distance find the distance, which has the minimum 

distance has the current location. 
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Figure 7: Four Directions Algorithm flow chart 

2.5 Indoor Radio Propagation Issues 

The “free space” radio wave propagation is the most basic radio wave 
propagation. In this model, radio waves as from source travelling in all directions 
filling the entire spherical volume of space with radio energy that varies in 
strength with a 1/(range)^2 rule or 20dB per decade increase in range. 

The basic mechanisms of radio wave propagation are reflection, refraction, 
diffraction, and scattering. These mechanisms cause signal fades, signal 
distortions, and additional signal propagation losses.  

Radio waves almost always travel in a straight line. Radio waves can be reflected 
by certain objects, like the way that light is reflected by a mirror. When a wave 
hits an object, it is either reflected or refracted. Reflection occurs when a wave 
hits an object having larger dimensions than the wavelength. When a signal is 
reflected there is normally some loss of the signal. In an indoor environment 
major contributors to reflection are walls, windows, and floors. 
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Refraction occurs when the radio wave encounters another medium with a 
different density. The wave generally changes the angle of its general direction. 
In an indoor environment refraction is caused by walls, furniture etc. 

Diffraction occurs when the radio path between the transmitter and receiver is 
obstructed by a surface that has sharp edges, the transmitted waves undergo 
diffraction. Diffraction allows waves to bend around the obstacle even when 
there is no line-of-sight path between the transmitter and receiver. In an indoor 
environment diffraction is caused by furniture and large appliances. 

Scattering occurs when the wave propagates through a medium in which there 
are a large number of objects with dimensions smaller than the wavelength. In 
an indoor environment scattering is caused by plants and small appliances and 
also the construction materials such as conduit for electrical and plumbing 
service can add to the scattering effect.  

          

          Figure 8: reflection, refraction, diffraction and scattering 

Multipath is the propagation phenomenon, the transmitted radio signals 
reaching the receiver by two or more paths. Causes of multipath include 
reflection, diffraction and scattering.  

For indoor environments calculation of path loss is difficult because of the 
materials used in the indoor structure and variety of physical barriers. Here we 
can convert the signal strength that we are receiving at a particular location in to 
distance, by using radio path loss formula. This method is not accurate because 
the RSS value is affected by so many factors like furniture in the building, walls, 
people moving in the building, etc. The main challenge in RSSI-based location 
tracking is that, it is highly responsive to the environmental changes. The 
oscillate nature of RSSI measurement limits the accuracy in the estimation. The 
radio propagation signal strength is tightly correlated with the distance between 
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the emitter and receiver. The relation between signal strength and distance is 
not straightforward and is dynamic in nature.    

                       (
 

  
)         

                                 1                                 [5] 

Where: 

d = transmitter-receiver separation distance in m 

d0 = reference distance, typically 1m 

PL (d0) = reference path loss at close distance to transmitter in dB 

PT = transmit power i.e. 20dBm for Wi-Fi 

n = path loss exponent 
RSS = received signal strength in dBm 
 
Path loss exponent is different for both indoor and outdoor, for free space the 
path loss exponent (n) is 2. For an indoor environment the path loss exponent 
varies, office building (same floor) n is 1.6-3.5 and office building (multiple 
floors) n is 2-6. 
A common method for modeling path loss in indoor and outdoor environment is 
a piecewise linear model of dB loss (dB attenuation) versus log-distance. In 
figure 3.1 dots represents hypothetical measurements.  The linear model with N 
segments must specify N-1 break points d1, …, dN-1 as well as slopes 
corresponding to each segment s1, …, sN. The slopes can be obtained by linear 
regression.   
 

                

                Figure 9: Path Loss linear model 
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The RSSI values were collected at each position to tune the parameters in the 
signal propagation model. Here, we find the n that gives accurate path loss 
estimation. In figure below we plot the distance versus RSSI according to log-
distance path loss with various n values. We further plot the distance versus RSSI 
(red line) at each 1 m moving away from the access point.  

 

               Figure 10: Distance trend lines 

Based on figure, n=3.5 seems to be the appropriate choice for the path loss model 
for most of the RSSI readings.    

2.6 Existing Indoor Propagation Models  

2.6.1 Free Space Path Loss 

When the transmitter and receiver are within line-of-sight range in a free space 
environment, the model is: 

        PL(d)=-10log[
      

       ]      [6] 

Where    and    are the ratio gains of the transmitting and receiving antennas 
respectively,   is the wavelength in meters, and   is the transmitter-receiver 
separation in meters.  

2.6.2 Log-Distance Path Loss  

The log-distance path loss model assumes that path loss varies exponentially 
with distance. The path loss in dB is given by:  

         ̅ ̅     ̅ ̅           (
 

  
)         [7] 
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Where n is the path loss exponent, d is the Transmitter-Receiver separation in 
meters, and    is the close-in reference distance in meters.  

2.6.3 Log-Normal Shadowing 

In log-distance path loss model we do not consider the shadowing effects that 
can be caused by varying degrees of clutter between the transmitter and 
receiver.  
Log-normal shadowing model is: 

PL (d) =  ̅ ̅     +       (
 

  
)          [8]  

Where    is a zero-mean Gaussian random variable with standard deviation 𝞼. 
Both    and 𝞼 are given in dB.  

2.6.4 Addition of Attenuation Factors to Log-Distance Model 

Several researchers modified the log-distance model by adding additional 
attenuation factors based upon measured data. Seidel and Rappaport proposed a 
attenuation factor model, it incorporates a special path loss exponent and a floor 
attenuation factor to provide an estimate of indoor path loss is (24): 

PL   =PL     + 10      (
 

  
) + FAF     [9] 

Where:     represents path loss exponent for a same floor measurement and FAF 

is a floor attenuation factor based on the number of floors between transmitter 
and receiver.  

Devasirvatham et al developed the same model. Devasirvatham’s model includes 
an additional loss factor which increases exponentially with distance (25).  

PL   =PL     + 20   (
 

  
) + αd + FAF     [10] 

Where: 

α represents attenuation factor in dB/m for a given channel.    

2.7 Indoor Positioning Methods 

2.7.1 Wi-Fi Multilateration 

In multilateration we can estimates the position by using the signal strengths 
received from several non collinear (series of points that are not on the same line 
in a plane) access points (20). Using received signal strengths we can estimate 
the distance between the device and access points by path loss model. Using 
relationship between distance and signal strength we can estimate the device 
position. A number of precisely known distances allow unambiguous 
localization. 
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2.7.2 Trilateration for Indoor Positioning 

The trilateration approach is relatively simple. GPS receivers calculate the 
position of objects by using a mathematical process called trilateration. 
Trilateration is a method of finding the position of an object or target nodes 
based on the following two things:  

1) The distances of the object from three different known points. 
2) The coordinates (position) of three points. 

Target nodes are unknown located nodes which location has to be calculated by 
using known coordinates of three points. In this thesis we can take the access 
point’s position (coordinates) as fixed nodes, by using these three coordinates 
we can easily find the position. The intersection of three circumferences gives 
the position of the target node. (9) 

For better accuracy of the trilateration approach we can do an experiment in 
small areas such as in a room, where the propagation model is better behaved. 
By using this method first we find the area where the Wi-Fi enabled device is 
contained and then by using trilateration to find the accurate location.    

The above figure shows an ideal location-estimation scenario where there are 
three nodes (nodes 1, 2, and 3) with known fixed locations. The fourth node 
(target node) is a Wi-Fi enabled object, and the goal is to determine the 
estimated two-dimensional location of the target node. The location estimation 
in the figure begins with node 4 (target node) transmitting a signal with a 
predefined output power. Assuming that all nodes in the figure have 
omnidirectional antennas, each one of the fixed nodes 1-3 can estimate the 
distance r between its location and the location of the target node (node 4) using 
the following equation: 

PR = PT -10 × n × log10 (f) – 10 × n × log10 ® + 30 × n – 32.44 (dBm)    [11] 

Where PT is transmitted power (in dBm) by node 4, PR is the RSS at the fixed node 
location, f is the transmitted signal frequency in MHz, n is the path-loss exponent, 
and r is the distance in meters.  

Node 1, for example, can estimate the distance (r1) between its location and the 
location of node 4 using RSS. From the single measurement done by node 1, the 
only conclusion that can be made is that node 4 is located on the perimeter of a 
circle with radius of r1 centered at node 1. Using the Euclidian distance, we can 
write the following simple equation: 

(X1 – X4)2 + (Y1 – Y4)2 = r12       [12] 

(X1, Y1) and (X4, Y4) are coordinates for node 1 and node 4, respectively. Similar 
equations are derived for node 2 coordinates (X2, Y2) and node 3 coordinates (X3, 
Y3). 
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Figure 11: Position estimation by Trilateration 

Therefore, to find the location of node 4, we need to find (X4, Y4) that satisfies the 
fallowing equations: 

   (X1 – X4)2 + (Y1 – Y4)2  r12           0  

  (X2 – X4)2 + (Y2 – Y4)2      -        r22      =       0      [13] 

   (X3 – X4)2 + (Y3 – Y4)2  r32           0  

This method of determining the relative location of nodes using the geometry of 
triangles is referred to as trilateration. In practical implementation if we measure 
the signal strengths, the signal strengths suffer with lot of errors due to errors it 
might not be possible. If the expected range estimation error more than the 
actual range estimation the circles associated with each fixed node might not 
even have a common intercept point as shown in figure 3.3. Here the path loss 
exponent is major error.  

 

Figure 12: Expected range Estimation Error 

Since it is not feasible to make the right-hand side of equation a true zero, we can 
define an error vector € instead: 

  

 

 

𝑟2 𝑟1 

𝑟3 
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(X1 – X4)2 + (Y1 – Y4)2                                r12                          e12 

abs  (X2 – X4)2 + (Y2 – Y4)2          -           r22              =      e22       = E   [14]    

  (X3 – X4)2 + (Y3 – Y4)2                                r32                          e32 

 

Where: abs (.) is the absolute value function.   

If the square error is defined as: 

  Square Error = e12 + e22 + e32       [15] 

The goal of location estimation becomes finding the target node (X4, Y4) that 
minimizes the square error in the equation (9). By increasing the fixed nodes we 
can improve the location accuracy. If we increase the fixed nodes, the signal 
transmitted by the node with unknown location will be received by several 
nodes instead of three fixed nodes.  

In figure 3.3 three circles have intersected at different points not focused on one 
point. Each circle has two intersects with other circles. The circles intersections 
are indicated with points, in these points three are closer to each other. For 
finding the target node we calculate the center of three points. If distance 
measurements are not accurate the three circles are not intersect at one point.    

In the trilateration approach accurate distance measurement from Received 
Signal Strength (RSS) is very difficult because of signal attenuation. Signal 
attenuation is caused by walls, floors, microwave ovens, cordless phones and 
Bluetooth devices because the 802.11b uses the same frequency band in these 
electronic devices. The orientation of antenna and the movement of people 
inside the building are all factors which affect the signal strength. (10) The 
positioning technique is inaccurate because of signal attenuation, with positions 
from pure Wi-Fi signals being in excess of 6-8meters out.  

We can consider one of the nodes as coordinate origin, if the first node is taken as 
the coordinate origin then 

      X42 + Y42 = r12  

  (X2 – X4)2 + (Y2 – Y4)2 = r22   

  (X3 – X4)2 + (Y3 – Y4)2  = r32                                 [16]                                  

The intersection of these three circles is target node. Matrix method to solve the 
above equations is: 

  AT = B                                                        [17] 

T is the unknown values of target position in equation. 
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2        [18] 

If measured radiuses are accurate the calculated positions using equation 17 is 
exactly circles intersection, otherwise some offset error. If δ1, δ2, δ3 are offset 
errors of r1, r2, r3 them: 

ra1 = rm1 + δ1 

ra2 = rm2 + δ2 

ra3 = rm3 + δ3                                           [19] 

ra1, ra2, ra3 are actual radiuses and rm1, rm2, rm3 are measured radiuses. 

(  
    

 ) is the point which it might have (Δx, Δy) offset error. 

Δx =    -   
  

Δy =   -   
  

Positioning offset error is: 

Δx = -
1

2
(
     

  2                        

         
) 

Δy = (
  

                       

         
)                 [20] 

Where:    is maximum offset error (occurred offset error). 

Ambiguous Situation: 

Ambiguous situation means same signal strength at different positions, in these 
situations there is no intersection between circles. In this situation three circles 
definitely change, Δ factor is considered as δ/3.  

We can compare the circles radiuses with distant between their center points.  

If (R1 + R2) < d1 then R1 and R2 will add with Δ else subtract with Δ, same is done 
for both R1 and R3. Where d1 is the distance between their (circles whose radius 
are R1 and R2) center points.  
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Figure 13: Trilateration in Ambiguous situation 

2.7.3 Averaging Signal Strength 

Improving trilateration precision performs path loss over distance using Wi-Fi 
signals and original signals (raw signals) in the 2.4GHz band. We can perform 
these experiments using more readings at each of 4 locations. The amount of 
variation in received signal strength was different for each position. If u watch 
received signal strength values carefully after 30 or 40 readings we found the 
cumulative average stabilization. For measuring 30 or 40 readings it takes 
approximately 30 to 40 seconds, which means the sampling rate is 1/sec. using 
this information we would expect user to remain in one location. This method is 
suitable only when the user is in particular locations.  

Disadvantages of trilateration approach 

 Low accuracy, very hard to find a good RF signal propagation model. 

 Generally, a learning stage is necessary 

2.8 Inertial Navigation System 

An Inertial Navigation System (INS) is a navigation system that estimates the 
devices current position relative to the initial position by incorporating the 
acceleration, velocity, direction and initial position. An INS system typically 
needs an accelerometer to measure motion, a gyroscope or similar sensing 
device to measure direction, and a computer to perform calculations. The 
position relative to the initial position can be calculated from the accelerometer 
measurements alone, the system could detect relative motion. A Compass is 
needed to tell the direction of movement. (11) 
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Figure 14: Inertial Navigation System 

By double integration of the sum of the gravitational acceleration and the non-
gravitational acceleration from the three accelerometers we get the velocity and 
position. To achieve the orientation information we transform the position, 
velocity and acceleration in to the desired navigation coordinate system. 

Humans are not equipped with any sensors or mounted by cameras, by using 
those sensors like lasers, cameras we can collect step measures by using an 
Inertial Measurement Unit (IMU). The IMU is the main component of inertial 
navigation systems. An IMU is an electronic device; it measures velocity, and 
orientation using accelerometers and gyroscopes. An IMU is fed in to computer 
to find the current position based on time and velocity. 

Indoor environments using a kalman and particle filter to reduce the fluctuations 
of the Received Signal Strength (RSS). The Received Signal Strength (RSS) is 
affected by noise, such as sudden opening and closing doors and people walking 
in the location in these cases we can find the decrement in Received Signal 
Strength (RSS). To filter Received Signal Strength inferred by noises we calculate 
the maximum Received Signal Strength (RSS) of few continuous samples. By 
doing this we can reduce the noises. By using filters we can limit the signal 
strength value. In this filter we set initial value to the average value of samples. If 
the next sample and the current sample exceeds the maximum limit the next 
sample is not a valid sample otherwise it’s valid. 

2.8.1 Probabilistic estimation 

The performance of the nearest neighbor method is based on the size of the 
database, if the size is limited accuracy is low and vice versa. The probabilistic 
approach based on an empirical model describes the distribution of received 
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signal strength at various locations. Using probabilistic model we can handle 
uncertainty and errors in signal power measurements. For any given location D, 
The probability distribution P[H|D] assigns a probability for each measured 
signal vector H. Applying the Bayes rule leads to the following posterior 
distribution of the location(14): 

 P[H|D] = P(H) * P(
 

 
) / P(D) 

 = 
         

 

 
  

∑     
          

 

  
 
           [21] 

Where P[H] is the prior probability of being at location l before knowing the 
value of the observation variable, and the summation goes over the set of 
possible location values, denoted by £. The denominator P[D] does not depend 
on the location variable l. The posterior distribution P[H|D] can be used to 
choose an optimal estimator of the location based on whatever loss function is 
considered to express the desired behavior. The expected value of the location 
variable is: 

E[H|D] = ∑             
        [22] 

In both techniques we can find the very long fluctuations in signal strength in the 
walking path, we can remove those fluctuations by using a Kalman filter and 
Particle filter.  

Using a Kalman filter we can estimate the current state, by the estimated state 
from the previous time step and the current measurement. 

2.8.2 Particle Filter  

By using a particle filter we can improve the Wi-Fi positioning; by combining the 
motion of a person with the physical map information in a filter to obtain a more 
realistic path and with a small error margin. Using physical maps we can get the 
pixels in black and white, by these pixels we can find the structure of the 
building. The particle filter based on a set of the particles (weighted samples), 
represents the density function of the Wi-Fi enabled device position. Each 
particle examines the path (environment) according to the motion and physical 
map information. The weights are always changing; these weights depend on the 
new measurement received.  

The particle filter estimates the probability distribution P[ht|D0:t], where ht is the 
state vector of the device at the time step t, and D0:t is the set of collected 
measurements until (t+1)th measurement.  

   P[  |D0:t] = ∑   
   

  1 δ (ht -  
 )       [23] 

Where   
  is position and   

  is weight.     
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The weight update equation is given by 

  
  =    1

      |   1                 [24] 

Using an accelerometer we can count the number of steps the user did during his 
path. When the user is moving or walking along his path the signal fluctuates 
periodically. By using a thresholding system we can find the number of steps the 
user made. We can get an estimate of the distance by using a calibration step and 
the hypothesis that all the user’s strides are always the same.  

By using a gyroscope we can find the orientation of the user. The current 
orientation (θ) of the user can be calculated by using angular velocity ω is 

Θ = ∫   
 

 
           [25] 

The initial position of the Wi-Fi enabled device is known when the IMU are 
powered. This position is 

 [
  

  
] = [

   1

   1
]         [

        
       

]      [26] 

Here    is the elapsed time between two angular speed measurements and   is 
the speed of the Wi-Fi enabled device resulting from the step stride and step 
frequency.   is the orientation which occurred during the move of the user. (14) 

   = ∑ (  ̇     1
̇ )  

                [27]   

By using kalman filter we can track the rotation of the device i.e: 

   = ∑ (  ̇     1
̇ )  

           

  ̅  =    1     ̇       

  ̅  = Q +    1 

   =   ̅  * [  ̅   + R]-1  

   =    ̅  +   [     -   ̅] 

Pt = (1-Kt) *   ̅         [28] 

    1 is the previous predicted angle 

    is time difference between the IMU sensors 

Q and R the covariance matrices of noises affecting the process and 
measurement equations 

Kt is kalman gain 



 

27 

 

  ̅  and Pt denote error covariance matrices 

      is the angle of the path returned by the particle filter 

This is a kind of constraint of state estimate, by using this statement we can find 
the state is constant or the state is moving.  

 

 

          

Probability            Measurement from Wi-Fi 

      

 

                      1    ̅ 

Figure 15: Prediction of movement 

This filter comprises two steps: 

I. Prediction 
II. correction 

State prediction 

 ̅t =Axt-1 + Bµt +Ex         [29]   

Where Xt-1 is prior state, µ is command and Ex is Gaussian noise or error. 

The above equation is linear system of equation. Predicted state is linear function 
of prior state and the command.   

Sensor prediction  

 ̅t =  ̅t + Ez          [30] 

Ez is Gaussian noise or error  

The whole idea of Kalman filter is combination of predicted state and the 
difference between actual measurement and predicted measurement.    

Xest =  ̅t + K(zt -  ̅t)         [31] 

In above equation 

 ̅t is predicted state, zt is actual measurement and   ̅t is predicted measurement 

K is kalman gain 
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If my prediction from my sensor is good, it is equal to actual measurement the 
part (zt -  ̅t) is equal to zero in this case the Xest =  ̅t . 

If my sensor estimates differently from the actual measurement, this means I 
made an error, kalman gain tell it to correct u r predicted state value.  

 

 

 

 

Position 

 

 

 

                                          Time 

Figure 16: sensor estimation according to time 

State prediction model  

 ̅t =Axt-1 + Bµt +Ex 

The state vector x consists of position and velocity:  

         
 
 

   

Where P is position and V is velocity 

This is basically the object or user moving with certain acceleration. The 
standard equation is the prior equation; it has the form of the Newton’s 
movement law given by (22) 

   Pt = Pt-1 + Vt-1 * Ts + 
1

2
 * at *   

2  

   Vt = Vt-1 + at *    

    ̅t = [
  

  
] =[

  
  

] [
   1

   1
] + [  

2  
 

] at + Ez       [32] 

Where Ts is the elapsed time between the (t-1)th and tth Wi-Fi measurement.  

 at is the acceleration and V is velocity of the user or Wi-Fi enabled device.  
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         [
  

  
] = [

   1     1   
  

 

2
    

     1      
] + Ez       [33] 

Measurement Prediction 

            ̅  =    ̅  + Ez 

              =      [
  

  
] + Ez 

           ̅ = [
  
  

]    1 + [  
2  
 

] a + Ex  

          ̅  =        ̅ + Ez         [34] 

Covariance matrix for state prediction is           

         Ex = Ez = [
  

2     

      
2 ] 

         Ex = Ez =   
2          [35] 

We can flug in all those variables in to the kalman filter algorithm 

Predicted state (  ̅) = A   1+ B   

Predicted covariance (  ̅) = A    1 
 + Ex 

Kalman gain (Kt) =   ̅   (C  ̅CT + Ez)-1 

Final state prediction (   =   ̅ + Kt(Zt - C  ̅) 

Final covariance (ϵt) = (I – Kt C)   ̅ 

2.9 Dead Reckoning 

Dead Reckoning (DR) is the process of estimating the position relative to an 
initial position, by using course, speed, time and distance to be traveled. In other 
words where you will be at a certain time if you hold the speed, time and course 
you plan to travel. Many inertial navigation system applications depend on Dead 
Reckoning, especially automated vehicle applications.  

In Dead Reckoning the new position is estimated only from a correct previous 
position; so the errors could be large due to its cumulative nature. The 
probability of error will grow exponentially over time. 
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3 System Architecture and Implementation 

In this thesis we use the received signal strength indicator (RSSI) as the basis for 
positioning. Signal strength values change relatively smoothly with respect to 
changes in location. In this section there is a description of how to make database 
(collecting and storing signal strength values in training phase) and collecting 
real-time signal strength values for positioning in positioning phase, comparing 
real-time signal strength values with database for positioning. In this section we 
also described about user movement prediction model and using this model how 
to eliminate ambiguity problem and achieving positioning accuracy.    

   

Figure 17: Finger Print System 

The system architecture is illustrated in Figure 17 consists of three parts: 

 Data collection 

 Signal strength database or Finger print database 

 Positioning algorithms 

Data collection has two phases. In first phase collecting signal strength values 
and store in signal strength database, in second phase collecting real-time signal 
strength values for positioning. In finger print database, the signal strength 
values collected in training phase is stored. Positioning algorithms are a set of 
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algorithms using these algorithms to determine the position of Wi-Fi enabled 
device.       

3.1 Data Collection Phases 

To locate Wi-Fi enabled devices we need to retrieve signal strength information 
from the access points. We collect the data in two phases, the first phase is 
training phase and second phase is positioning phase. In training phase we 
measure the signal strength values from each access point at reference locations 
(known positions). The second phase is the positioning phase or real-time phase. 
In the positioning phase we measure the signal strength at an unknown location 
or the users own location (target location) and compare these measured RSS 
values with the database. 

In the first phase we placed the Wi-Fi enabled device in each reference point 
(known point or predetermined point) and measured the RSS and store in an 
array. The array is represented as S. At the first reference point (location l) the 
array containing the RSS is  

 SL1 = [sL11 sL12 ………] 

Where SL11 is the signal strength received at the first access point and SL12 is the 
signal strength received at the second access point. In this database the signal 
strengths are associated with location coordinates (x, y coordinates) and 
direction of measurement this is called a radio map. The signal strength is 
measured in different directions (00, 900, 1800, and 2700) in multiple times. The 
signal strength array contains the average of the signal strength received from 
Access Points. The array of signal strength at each location is known as the 
fingerprint of that location.  

The signal strength varies significantly at a given location. It depends on the user 
who is collecting data, in which direction he is taking the data. The device 
contains internal antenna so we can find the signal strength variations in each 
orientation (00, 900, 1800, and 2700) and also the person’s body will also create 
obstructions, naturally, as the human body contains 70% water.  

Positioning by using received signal strength values is difficult because various 
objects such as walls, floors, and furniture, human bodies within a confined space 
distort the signals. For finding positions the majority of wireless geo location 
techniques are based on the TOA (the time of arrival), TDOA (the time difference 
of arrival), and DOA (the direction of arrival). But these techniques are reliable 
only when line-of-sight signals are in an elevated position, it will not be 
applicable to an indoor environment (9). The direction of the wireless adapter of 
the laptop device affects the signal strength due to internal antennas. So we are 
measuring in different directions at the same reference point.  

The fingerprints matching approach works well for indoors because it 
automatically takes into account obstacles such as walls and furniture (9). 
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3.2 Signal Strength Database 

The database consisted of location (x, y coordinates), direction tagged RSS 
measurements from AP’s.  

 
POSITIONX POSITIONY DIRECTION MAC_AP RSSI_AP 

14 9 0 1C-17-D3-16-28-E0 -58 

14 9 0 1C-17-D3-16-BD-50 -70 

14 9 0 1C-17-D3-33-24-90 -64 

14 9 0 1C-17-D3-16-2E-D0 -53 

Table 1: Fingerprints recorded in Training phase 

3.3 User Movement Prediction Algorithm 

In this algorithm we can predict the user movement using walking speed and 
past position of user (history of user). When a person is walking indoors their 
speed is limited to 1.5-2 meters/sec. If user’s position is estimated once a second 
the distance between the correct estimates at time t and time (t+1) should be 
less than 1.5-2 meters. Using above information we can eliminate the unwanted 
estimates. The algorithm was implemented as, at time t=0 (starting position) we 
store the user’s starting point (known reference point), direction of moving (0, 
90, 180, 270) and possible paths. If the user is moving from starting point to in 
the direction of west then the user sends 0 to system, if the user is moving in 
north direction then the user sends 90, the user is moving in east direction the 
user sends 180 and the user is moving in south direction the user sends 270.  In 
next step the user walked several seconds stopped at unknown location. In walk 
through the user receive signal strength values from access points, using Wi-Fi 
scanning software (inSSIDer) user extract those signal strength values along with 
time at the rate of 1/sec means per every second the received signal strength 
value extracted from the access points. For finding his/her location the user 
sends the record set to system along with walking speed. System compares the 
received RSSI values at time (t+1) with pre-defined database and retrieves the 
matched coordinates. If we find only one match the corresponding matched 
coordinates are next move or location of user. If we find more than one match we 
calculate Euclidian distance (d) between matched coordinates and past position 
coordinates. For example if the user walking speed is 1 meters/sec the user 
travel only 1 meter in 1 sec. we would expect the user should be 1 meter far from 
his previous position. According to this the user next move is the coordinate 
among the matched coordinates that approximately equals the Euclidian 
distance. If we find more matches we assign more weight to expected next point 
or coordinate in the same direction (according to user direction of moving). For 
example the starting coordinate or location is (6,0) according to user walking 
speed the next possible move or location coordinates are {(6,1) (5,0) (7,0)}. 
According to user’s movement direction we assign more priority or weight to 
coordinate (6, 1) in the matched coordinates because the user is moving in north 
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direction (90). We do same for all values in the record set. The end node is the 
estimated location of user. The received signal strength differs (lot of variation) 
when the device faces different orientations. In this case we get more error, we 
can avoid this error by input the orientation to system by manually or 
automatically. 

The screen shot below showing the extracted RSS data from access points along 
with time and MAC address of access points. 

 

Figure 18: Extracted screen dump of time stamped 

If the user walks more quickly we get more errors. We can solve this problem by 
using the prediction algorithm. If the current estimated location and last 
estimated locations are same, as there is no change in the signal strength, and we 
can apply the prediction algorithm. 
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 Figure 19: Estimated and Predicted path 

Case1: 

In this case the user travelled straight path at certain time 

velocity = (distance between node 1 and n) / (travel time between node 1 and n) 

predicted location = last location +/- velocity*(time span between n and 
currently predicted location) 

 

Figure 20: Prediction Algorithm for Straight node 1 to n 

Case2: 

In this case user takes heading at node m 

velocity = (distance between m and n) / (time span between m and n) 

predicted location = last location +/- velocity*(time span between n and 
currently predicted location) 

 

Figure 21: Prediction Algorithm for heading at node m 
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4  Experiments 

4.1 Experimental Test bed  

900mm

 

Figure 22: Physical map of Test bed 

4.2 Tools to measure RSSI 

“In an IEEE 802.11 system RSSI is the relative received signal strength in a 
wireless environment, in arbitrary units. RSSI is an indication of the power level 
being received by the antenna. RSSI can be used internally in a wireless 
networking card to determine when the amount of radio energy in the channel is 
below a certain threshold at which point the network card is clear to send (CTS). 
Once the card is clear to send, a packet of information can be sent. The end-user 
will likely observe a RSSI value when measuring the signal strength of a wireless 
network through the use of a wireless network monitoring tool like Wireshark, 
Kismet or Inssider” (Wikipedia). In this thesis we are using inssider to measure 
the RSSI. 

4.2.1 inSSIDer 

InSSIDer is open-source Wi-Fi scanning software. InSSIDer scans networks 
within reach of one’s computer’s Wi-Fi antenna, scan and filter hundreds of 
nearby access points, tracks signal strength in dBm over time, and determine 
their security settings. 
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Figure 23: Metageek inSSIDer software tool 

4.3 Experimental setup 

We make locating experiments in the D-house 4th floor of Halmstad University, 
SWEDEN. The main goal of my thesis is to find the position of a Wi-Fi enabled 
device within this building by using the received signal strength. We are 
developing the system on a 2-dimensional basis. 

To perform Wi-Fi positioning, a node and several receivers are needed. Any Wi-
Fi enabled device with ad-hoc capability can be used for the node. For our tests, a 
Dell Vostro 1510 was used. 

The dimension of D4 floor is 30 × 15 meters. Every place in this floor is covered 
by Access Points (AP’s). In the figure 25 the positions of access points are shown. 
We used Dell vostro 1510 as the mobile node, we installed inSSIDer software tool 
to gather signal strength from nearby Access Points (APs). We measured the 
signal strength at around 450 sampling locations on the floor. These sampling 
locations are separated by 1 meter. At each location in different directions, we 
collected more than 125 samples of the signal strength.  

In the training phase we measure the signal strength in various known locations 
inside the building in different directions or orientations at several times in a 
variety of situations (without people and with people in building). The test area 
is divided in to multiple locations at each about 1 m * 1 m and fingerprints are 
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stored for each of these locations. For example a 5 m * 5 m area requires 
fingerprints captured for 25 locations, each with four directions for a total of 100 
fingerprints. We measured more than 25 fingerprints at every location in each 
direction over several seconds. In 1 m * 1 m area we measured at least 100 
fingerprints. By using these fingerprints we created a database. The data base 
contains all data that we measured in each reference location in each direction. 

In the positioning phase we measure the signal strength at an unknown position 
(we recorded more than one measurement) and we compare those signal 
strengths with the prerecorded database.  

4.4 Experiment Result of Four Directions Algorithm 

We did few experiments by using four directions algorithm; the positioning 
accuracy is up to 60% within 4m and 40% within 1m. We did these experiments 
by using four access points. Two access points are in 4th floor and remain two 
access points are in 3rd floor. In the figure cross symbol indicates the Access 
points (only 4th floor access points) and star symbol indicates the original 
position and circle indicates the estimated location. With three or more access 
points, ambiguity was reduced and improves the positioning accuracy.  

      

           Figure 24: Experiment result of Four Directions Algorithm 

4.5 Experiment Results of User Movement Prediction model 

The exact physical location of user is very hard to find indoors. We proposed an 
approach to find the location of user with less error; using this approach we 
conducted few experiments. In these experiments few are at the time there were 
no people in the room and few people in the building. My fourth experiment 
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(figure 25 d) was conducted with people in the building; a person would obstruct 
the signal. Here we can find the fluctuations in the signal strength compare to 
offline data at the same place. So we get inaccurate results with errors. In this 
case we can collect additional signatures or received signal strength values with 
people present.  
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Figure 25 (a, b, c, d, e, and f): Experiment results of finger print model using prediction 
algorithm 

For finding the positioning accuracy of our model, we did few experiments by 
using four access points. The user walked several seconds stopped at unknown 
location and send the record set to system for finding the position. The user 
received the signal strength from four access points along with TIME and MAC 
address in walk through or path we can see the extracted RSS values along with 
time and MAC address in figure 26. 
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Figure 26: Screen dump of Extracted RSSI values with time and mac address  

In this experiment user’s starting point is known point. System compares the 
received RSSI values with predefined database and retrieves the matched 
coordinates. For knowing the current position the system using the users’ history 
(RSSI values and position). In one of my experiment users starting point or 
coordinates is (7, 28), for finding next position we send the received RSSI values 
from different access points to system using simple oracle commands 

SELECT POSITIONX, POSITIONY from database where MAC_AP1= 
’1C:17:D3:16:2E:D0’ and RSSI_AP1= -57 and MAC_AP2= ’1C:17:D3:16:BD:50’ and 
RSSI_AP2= -50 and MAC_AP3= ’1C:17:D3:33:24:90’ and RSSI_AP3= -69 
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Figure 27: Matched coordinates screen dump 

We get the matched coordinates by using above command. If we find only one 
match the corresponding matched coordinates are next position. If we find more 
than one match we calculate Euclidian distance (d) between matched 
coordinates and past position coordinates. In this experiment we found around 
12 matches. The Euclidian distance (d) between matched coordinates and past 
position coordinates is:  

 
       Past Coordinate (x,y)    Matched Coordinates (x,y)      Distance (meters) 

                 (7,28)                      (27,4)              31 

                 (7,28)                      (8,21)              7.07 

                 (7,28)                      (7,18)              10 

                 (7,28)                      (7,19)              9 

                 (7,28)                      (8,19)              9.05 

                 (7,28)                      (8,20)              8.06 

                 (7,28)                      (7,20)              8 

                 (7,28)                      (7,28)              0 

                 (7,28)                      (7,26)              2 

                 (7,28)                      (6,27)             1.4 

Table 2: Matched coordinates and Euclidian distance between Matched, past position 
coordinate 

According to user walking speed the user can travel 1.5meters in 1sec. We would 
expect the user should be 1.5 meter far from his previous position. According to 
this the user next move is the coordinate among the matched coordinates that 
approximately equals the Euclidian distance. If we find more matches we assign 
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more weight to expected next point or coordinate in the same direction 
(according to user direction of moving). In this experiment point (6, 27) is 
approximately equal to 1.5meters. According to this the user next move is (6, 
27). Using above information we can eliminate the unwanted estimates or solve 
the ambiguity problem. We do same for all values in the record set. The end node 
is the estimated location of user. The algorithm reported positions with an error 
distance of 2-3 meters to the actual position.        

Using this model we can solve the ambiguity problems and achieve positioning 
accuracy up to 60% within 2meters. Using more number of access points we can 
achieve more accuracy.  

4.6 Comparing User Prediction Algorithm with other methods 

In Four Directions Algorithm in each reference point we face the wireless 
adapter in four directions and measure the RSS values from access point and 
store those measured RSS values in database. In the positioning phase we 
compare signal strength mean values with the predefined signal strength mean 
value database. In indoor environments signals are attenuated by walls, floor, 
furniture, sudden opening and closing doors and people walking in the location, 
so we are receiving the same signal strength in different positions (ambiguity). 
Using Four Directions Algorithm we can achieve positioning accuracy of 60% 
with in 4meters. Using the normal finger printing method we can get an average 
error of 8meters. Using User prediction algorithm we can reduce the positioning 
error and increase the accuracy of 60% within 2 meters.     

4.7 Positioning Using One Access Point 

A single RSS measurement is insufficient to uniquely specify a location in the 
plane, even in a highly idealized noise-free model. We applied User Prediction 
Model Algorithm for finding the position in indoor environment using single 
access point. In indoor environments signals are attenuated by walls, floor, 
furniture, sudden opening and closing doors and people walking in the location, 
so we are receiving the same signal strength in different positions (ambiguity). 
Using the normal finger printing method we can get an average error of 8meters. 
We can reduce these errors by using filters like kalman, particle filter. By using 
filters we can achieve positioning accuracy to some extent when compared to 
other techniques.  

We did an experiment by using single access point. The user walked around 
19seconds in my test area; user received the signal strength from access point 
with a continuous sampling period of 1/sec. In this experiment the user’s 
walking speed is 1.1m/sec. The screen shot below shows the received signal 
strength from access point. 
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Figure 28: Screen dump of RSS measurements with time 

In this experiment we know the starting point (fixed point) where the user 
started; the user send the received signal strength values to database about 
knowing his/her position. For example user send the received signal strength 
value -39 to database, it compare with the predefined data and give the result 
like this 

 

Figure 29: Matched coordinates for RSSI=-39 screen dump 

Eight matches are found in the database, in these eight matches system has to 
select the accurate one. For selecting accurate coordinate we are using the 
previous position, the walking speed of user and the signal at that position. 
Assume that the user’s previous coordinate is (6, 2), we can calculate the 
Euclidian distance (d) between his/her previous coordinate and the matched 
coordinates by using 
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 √  2   1) 2 + ( 2   1 2     [36] 

Euclidian Distance (d) Calculation from the previous coordinate to matched 
coordinates is: Here previous coordinate is (6,2) and matched coordinates are 
{(6,8), (6,7), (6,5), (6,4), (5,1), (2,4), (4,5), (4,4)} 

 
       Past Coordinate (x,y)    Matched Coordinates (x,y)     Distance (meters) 

                 (6,2)                      (6,8)              6 

                 (6,2)                      (6,7)              5 

                 (6,2)                      (6,5)              3 

                 (6,2)                      (6,4)              2 

                 (6,2)                      (5,1)             1.414 

                 (6,2)                      (2,4)             4.4721 

                 (6,2)                      (4,5)             3.6 

                 (6,2)                      (4,4)             2.82 

Table 3: Matched coordinates and Euclidian distance between Matched, past position 
coordinate 

The time recorded in previous point is 2012-06-10T05:06:53.816Z and the time 
recorded in current position is 2012-06-10T05:06:55.76Z. The difference 
between times is 2seconds. According to user walking speed, the user can travel 
2.2meters in two second. We would expect the user should be 2.2 meters 
(estimated travel distance) far from his previous position. According to this the 
user position is the coordinate among the matched coordinates that 
approximately equals the calculated distance from the previous position to the 
estimated travel distance. Here (6, 4) is the current position. If more than one 
coordinates matches with these distances, in this case we can assign more weight 
to expected next point in the same direction by using weighted mean filter. 
Weighted mean filter were used for communication between 2 nodes using for a 
RSSI samples. Weighted mean filter gives mean of the most repeated RSSI values 
in the set (15). 

  RSSI = 
                   

            
       m ≤ 3     [37] 

   (i = 1, … , m) is the number of repetitions of a RSSI value. 

   (i = 1, …, m) is RSSI value. 

m ≤ 3 means the RSSI set contains different repeated RSSI values, in the set most 
repeated three different values are considered.  

The assign filter gives different weights to measured RSSI values. The current 
measured RSSI value has a weight of 70 % and previous RSSI has a weight of 30 
%. 

        = 0.70   + 0.30       1     [38] 
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In above equation    is measured RSSI value and t is the discrete time index.   

Using this method we can achieve positioning probability of 60% within 
5meters. 

 

Figure 30: Experiment result using single access point 
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5 Conclusions and Future Work 

5.1 Conclusions 

In the thesis, we discussed the existing techniques for estimating the position 
indoors and also the results and performance studies of positioning systems 
based on location fingerprint and prediction model have been presented. Using 
combined fingerprint and prediction model we achieved positioning accuracy up 
to 60% within 2meters and we reduced average distance to 3 meters. We also 
explained the solution to the ambiguity problem using trilateration.  

5.2 Future Work 

For future research we can apply artificial intelligence to Wi-Fi finger printing 
method to improve the accurate positioning. By using the combination of 
particle, kalman filters and Wi-Fi we can improve the positioning accuracy of an 
indoor positioning system with a small number of access points. For reducing 
noise we can select better filtering methods or filters. We could combine wireless 
with other techniques like UWB, RFID and DOA to improve the positioning. We 
plan to find the motion detection algorithms for direct distance and velocity 
based on the camera image (21) and Motions capture system using ultrasonic 
communications. The drawback of fingerprint matching approach is: the users 
use different kind of wireless adapters, the signal strength received by different 
wireless adapters might be different. It is very hard to set up different radio 
maps for different wireless adapters. In future we have planned to correlate 
different wireless adapters. In this thesis locating self the client sends received 
signal strength values from access points to server. The server compares those 
values with database using specific algorithm and estimates the location and 
sends those location information to client. For future work we have plan to find 
the location of others (not only self), so we implement the system in client-server 
mode. 

The procedure to find the location of others is: 

1. The client A sends query “position of B” to server. 

2. The server sends query “what are the received signal strength values + 
identity of A” to client B. 

3. If the client B knows client A, reply to server with its received signal 
strength values. 

4. Server compares those received signal strength values from B with 
database and estimate the position of B. 

5. Server sends estimated position to A.     
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