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1 Introduction  
Positioning refers to technology whereby each node is self-aware of its own 
position. This thesis is focused on providing new solutions for necessary indoor 
location demand, when GPS and other traditional location methods don’t 
function effectively. Android-based Samsung Galaxy note 3 is chosen as 
experimental device. The traditional triangulation topology is the fundamental 
idea of the location algorithm, which will be illustrated later. 
Chapter one introduces general information of the thesis, such as background, 
problem statement and approaches. 
Chapter two briefly introduces theoretic background and related work of the 
area.  
Chapter three to five give more engineering-related details, such as models, tools, 
and coding algorithms that are involved. 
Chapter six provides numerical results of the experiments as well as the analysis. 
Chapter seven draws the conclusion. 
 
 

1.1 Background 

As introduced before, positioning refers to technology whereby each node is self-
aware of its own position. Many of the existing positioning systems are based on 
three object triangulation algorithm. Some of them maintain a very good 
accuracy for outdoor environment and are very well commercialized, such as 
Global Positioning System (GPS), as well as Location Based Service (LBS), which 
includes standard issues such as cell-ID and TDOA based methods [1].  
The topology that is chosen in this thesis project is the traditional triangulation 
scheme, which is shown below, 

 

Figure 1-1 basic topology of the project 

Anchor1 Anchor2 

Anchor3 
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As indicated in the figure, three devices play the role of anchors, with fixed 
positions, which are already known by every client of this positioning system. 
Immediately after the client device enters the test bed, it scans the signals sent 
from all the anchors, and calculates the distances accordingly. For instance, the 
distances from the client to the three anchors are D1, D2, D3 respectively, and 
the three clients’ positions are (x1,y1), (x2,y2), (x3,y3). Therefore, the current 
position of the client (x0, y0) can be derived, fulfilling the following conditions: 

(𝑥1 − 𝑥0)2 + (𝑦1 − 𝑦0)2 = 𝐷1
2 

(𝑥2 − 𝑥0)2 + (𝑦2 − 𝑦0)2 = 𝐷2
2 

(𝑥3 − 𝑥0)2 + (𝑦3 − 𝑦0)2 = 𝐷3
2 

Note that the application is developed for a certain building’s indoor 
environment, therefore it is assumed that all the AP’s location is known and 
shared by every client that enters this certain building. 
However, the algorithm is modified and improved, and somehow simplified in 
this project. More details will be introduced in the following chapters. 

1.2 Problem 

Although there are several mature techniques for outdoor-based positioning, 
there is still no standardized criteria for indoor location due to the fact that the 
surrounding is much more complicated inside a building than that of outdoor 
space. Furthermore, GPS doesn't function very well indoors due to the 
attenuation of the signals[2]. 
There are some methods in existence for positioning indoors, such as grid 
method [3], time-of-arrival method, etc. In this project, an RSS-based system is to 
be developed. Also, different technologies, algorithms and sensors that could 
possibly improve the performance will be studied. 
Since the whole project is based on Received Signal Strength (RSS). The standard 
of the signals is IEEE 802.11[4], occupying the spectrum near 2.4 GHz, commonly 
known as Wifi. The major problem would be to improve the accuracy as best as 
possible, i.e., try to estimate the distance according to the RSS detected, using 
proper algorithms and precise models. Afterwards, the position of certain device 
will be calculated using the estimated distances. 
To further improve the accuracy as well as to provide redundant methods, the 
performance of other sensors such as accelerometer, compass will be studied 
and analyzed.  
 

1.3 Purpose 

The purpose of the project report is to deliver a brief background introduction of 
the related area, as well as a comprehensive description of the approach, 
algorithms, mathematical models that are involved. 
The results, together with analysis and comparison will also be illustrated in the 
last two chapters.  
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1.4 Goal, benefits, ethics and sustainability 

The goal is to develop Android-based application that could detect the device’s 
current location inside a certain building, which is the ground hall in Electrum 
Building [5], Isafjordsgatan 26, 16440 Kista, Stockholm, Sweden, with the best 
possible accuracy, at least a much better accuracy than GPS system. 
Also, other sensors integrated in the cellphone, such as accelerometer, gyroscope 
and compass are supposed to contribute to the final accuracy, making the whole 
system’s performance even better. 
The final deliverables also include Javadoc, together with project files.  
This project will probably benefit people who are currently studying related area, 
i.e. to locate a moving device inside a building where GPS signals are not 
available, or places where similar technology needs to be commercialized, such 
as in a shopping mall or an indoor parking place, where precise location is 
essential. 
 
 

1.5 Methodology 

1.5.1 Quantitative approach 

One of the criteria of the project is the accuracy. To make comparison between 
different systems and to distinguish a best one among the all, based on the error 
from detected position to the exact position, therefore a quantitative research is 
necessary to deliver the final numerical results. 
Additionally, a mathematical channel model is necessary for estimating the 
distances based on detected received signal strength. The model is formulated 
using a set of training data.  

1.5.2 Primary data collection 

As mentioned in the previous chapters, the experimental place is chosen in the 
hall, on the ground floor of electrum building. In order to establish the channel 
model, training data is essential to provide information about the relationship 
between distances and RSS. The training data is collected through the following 
procedures: 
A cell phone with fixed position is placed at the corner of the hall inside electrum 
building, set as an access point, sending wifi signals continuously. 
Another client cell phone detects the received signal strength periodically, at 
different positions, with a distance varying from 1m to 20m far away from the AP. 
At each known position, the cell phone rotates 90 degrees after 5 detections, the 
interval of the each scanning is 1 second, which is quite large due to the coherent 
time of the wireless channel. Since the training data is supposed to be as accurate 
as possible, it has to be guaranteed that each sample is time-independent and 
will not be affected by the value of other samples. 
Afterwards, the average value of each direction is calculated accordingly. The 
whole procedure can be summarized as the following formulas: 
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RSSθ =
∑ RSS( 𝑡+∆𝑡∗𝑖)

4
𝑖=0

5
  

Where the values of θ are 0, π/2, π, 3π/2, representing four different directions 
and Δt = 1 second. 
The primary collected training data for three different anchors is listed in the 
following three charts. 
 

 
Figure 1-2 collected training data for anchor1. 

 

Figure 1-3 collected training data for anchor2. 
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1.5.3 Secondary research 

Literatures about wireless channel modelling and distance estimation, which is 
the core part of the whole thesis project, will be elaborated later on, in theoretic 
background. 
However, coding knowledge, examples and skills are mostly found in [6] and 
[7]. 

1.5.4 Software design 

As mentioned in chapter 1.3, platform, Android OS based Samsung Galaxy note 3 
are chosen as the test device. Therefore, the development tool is eclipse in 
Windows 8.1 environment, with ADT plugin, target SDK is API 18 (Android 4.3). 
Programming language is java. 
 

2 Related work 

2.1 Channel modelling and distance estimation 

The core technique of the project is to estimate the distance according to the 
received signal strength(RSS). Large amount of effort has been made to study 
indoor wireless channel estimation. Literature [8] gives a very accurate model 
that implements ray tracing inside a certain chamber. Consequently it is capable 
to provide very accurate results regarding the delay and arrival angle, and also to 
simulate the exact propagation scenario of a signal. However it involves very 
complex data collecting and model establishment. In this project, only generic 
lognormal path loss model is considered, one of the example is given in [9], 
which provides a basic lognormal path loss model for indoor environment, as 
shown below: 
 

PL = PL(d0) + 10n*log
𝑑

𝑑0
 + 𝑋𝜎 

 
Where 𝑋𝜎 is a zero-mean Gaussian distributed random variable with standard 
deviation σ. The value of d0 is the close-in reference distance, and n is the path 

loss exponent, varying from 2 to 4 in most of the circumstances. 
There is another extended model raised in [10], which takes into consideration 
of wavelength, antenna gain and the transmitting power, as shown below. 
 

Log(d) = 
1

10𝑛
(𝑃𝑇𝑋 − 𝑃𝑅𝑋 + 𝐺𝑇𝑋 + 𝐺𝑅𝑋 − 𝑋𝜎 + 20𝑙𝑜𝑔𝜆 − 20log (4𝜋)) 

 
Small d is the estimated distance between the transmitter and the receiver. PTX 
(measured in dBm) is the transmitted power level and PRX (dBm) is the power 
level measured at the receiver. GTX (dBi) is the antennae gain of the transmitter. 
Similarly, GTX (dBi) is the antennae gain of the receiver. Also λ (m) denotes 
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wavelength of the signal. The other parameters are similar as before, n is the 
propagation component, which is a measure of the influence of obstacles like 
partitions, walls and doors. 𝑋𝜎 is a normal random zero-mean variable with a 
standard deviation of σ 

2.2 Time series analysis 

A time series is a sequence of data points, measured typically at successive 
points in time spaced at uniform time intervals. Time series analysis comprises 
methods for analyzing time series data in order to extract meaningful 
information and other characteristics of the data as well as to predict the future 
values, based on the current and previous information, which is called time 
series forecasting. [11] is a textbook that introduces time series forecasting 
comprehensively. 
However, in this project, time series analysis takes over only when the channel is 
unstable and the received signal strength could not maintain a steady level. 
Additionally, it is impossible to implement complex time series analysis on a 
cellphone due to critical standard of processing time. 
Literature [12] introduced a very simple yet practical method to implement time 
series forecasting. In the Autoregressive process, the current value of the time 
series y (t) is expressed linearly in terms of its previous values [y (t-1), y (t-2)……. 
y (t-p)] and a random noise a (t), as shown below, 
 
y (t) = Ø1 y (t-1) +…..+ Øp y (t-p) + a (t)  
 
Where [Ø1, Ø2……Øp] is a set of coefficients of delay polynomial, decided by 
experimental environment. In this project, the coefficients will be adaptive 
according to the changing environment, because of the uncertainty of the indoor 
wireless propagation channels. More details will be introduced in later chapters. 

2.3 Pedometer 

Other inertial sensors are possible to be programmed to provide position 
information of a certain device. For instance, it is not hard to develop a basic 
pedometer using an accelerometer, a compass and a gyroscope, which is able to 
tell the amount of the steps, as well as the orientation that a person has just 
moved forward. 
A very precise pedometer is introduced in [13], where the accelerometer 
continuously sensing the movement of the cellphone, and records the 
acceleration data instantly. Meanwhile an application with certain algorithm is 
developed in the cellphone, to analyze the data simultaneously, and to assess if a 
step is forwarded or not. 
Also, gyroscope and compass contributes to telling the right orientation that the 
device is moving to. Therefore, it is sufficient to indicate the current position of 
the cellphone. 
However, in this literature an assumption is made that the cellphone stays in the 
pocket. While in this project, it is assumed that people always holding the 

http://en.wikipedia.org/wiki/Data_point
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cellphone in their hands, consequently, the algorithm is modified and improved 
accordingly. 

3 Wireless channel formulation 
As introduced before, this is the core part of the whole project. A precise wireless 
propagation model affects the final accuracy of the whole system significantly. 
At the beginning of the project, a piecewise function is considered to formulate 
the wireless channel. It seems to be perfect according to the result of the curve 
fitting tool box on Matlab. However, in practice the accuracy appears to be far 
from satisfactory level. More details will be introduced. 

3.1 Experimental place and anchor deployment 

 
Figure 3-1 experimental place 

As shown in figure3-1, the experimental place, which is marked with grey colour, 
is blocked by an elevator and a couple of stairs. And the 3 anchors are placed at 
the three corners of the building. The anchors are marked using triangles in the 
figure. 
The direction is defined as the cross in the left part of the figure. The orientation 
definition is essential when implementing the antenna pattern. More details will 
be introduced later. 
There are 3*8 = 24 bricks on the ground, which is perfect to measure the 
distance. In the rest of the thesis report, one block is defined as one unit to 
measure the distance. 

3.2 Previous piecewise model (not chosen) 

The extended log normal propagation model, which is introduced in chapter 2, is 
chosen to be the foundation of the project and to establish the channel, 
 

Log(d) = 
1

10𝑛
(𝑃𝑇𝑋 − 𝑃𝑅𝑋 + 𝐺𝑇𝑋 + 𝐺𝑅𝑋 − 𝑋𝜎 + 20𝑙𝑜𝑔𝜆 − 20log (4𝜋)) 
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It can be derived and simplified as, 
 

D = 10
 −𝑝+𝑐

10∗𝑎  
 
The reason behind it will be explained later. 
At the beginning, there are two main reasons behind the previously chosen 
piecewise model. 
Firstly, when the client cell phone is very close to the AP, the channel model 
more resembles a free space one, because the secondary arrival is much weaker 
than the direct path signal thanks to a much longer distance. However as the 
distance increases, there will be more multipath effect that need to be taken into 
consideration, also it is more likely to have an obstacle in the middle of the 
propagation channel, as shown in figure 3-1 and 3-2. 

 
Figure 3-2 short range propagation scenario 

 

Figure 3-3 long range propagation scenario 

Secondly, as most of the smart mobile phones, the Samsung Galaxy note 3 has 
adaptive receiving antenna gain adjustment scheme. If it receives weak signals, it 
will increase the antenna gain. Otherwise in order to save the energy it will 
decrease the receiving gain. Consequently, different input parameters will be 
introduced regarding the receiving power with different range, when 
formulating the propagation channel, in another word, different model applies to 
different distances. 
As a result of these analysis and the experimental data that is collected before, 
the following hybrid model is chosen for formulating the channel. 
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Where a1 = 3.79, c1 = -33.76,   a2 = 2.31, c2 = -52.37. Alpha is the propagation 
exponent, and c is a constant including transmitted power and antenna gain. 
It is logical that when received signal strength is less than -72.5 dbm, which 
means the distance is relatively long, the value of propagation exponent alpha is 
3.79, close to 4, and the constant c is larger than the case of p above -72.5dbm, 
because the receiver is increasing the antenna gain. While for short range case, 
alpha is 2.31, close to the value of 2, which is for free space propagation. Also the 
constant c decreases compared to the long range scenario. 

3.3 Antenna pattern 

3.3.1 Reasons for implementing antenna pattern 

Although piecewise function seems to be logical and reasonable, the simulation 
result is quite accurate as well. However, tested in real case, it doesn’t maintain 
very good precision any longer. After profound observation, it is discovered that 
the predominant reason for the error is the orientation, which means antenna 
pattern is essential to improve the accuracy even further. 
As illustrated in figure 1-2 and figure 1-3, the training data chart indicates that 
changing orientation causes rather obvious different levels of RSS, especially for 
the case of 0 degree and that of 180 degrees. It is quite intuitive when explained 
using the following figures. 

 
Figure 3-4 holding cell phone at the orientation of 0 degree 

 D = 10
 −𝑝+𝑐1

10∗𝑎1   (p<-72.5dbm, long range) 

 D = 10
 −𝑝+𝑐2

10∗𝑎2   (p>-72.5dbm, short range) 
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Figure 3-5 holding cell phone at the orientation of 180 degrees 

It can be apparently observed that when a person is holding the device on 0 
degree, which means the access point is behind the person, the signal is blocked 
by the human body. Consequently the signal strength reduces significantly 
compared to the case of 180 degrees. 

3.3.2 How to implement 

It is rather complicated to examine the cellphone’s exact antenna pattern, which 
requires specific equipment as well. However by knowing the orientation of a 
cellphone, antenna pattern could be implemented approximately. 
The gyroscope sensor, which is integrated in almost every smart phone, is able to 
implement antenna pattern approximation. More details about gyroscope will be 
described in chapter 5.2. It is introduced before that the training data is sampled 
and collected on 4 different directions, with an interval of π/2.  
Therefore in this project, for a single anchor, 4 propagation sub models are 
established, representing different signal propagation features on 4 different 
orientations. For instance, the distance on the direction of 0 degree could be 
derived as, D0 = f0(RSS), meanwhile D1 = f1(RSS) represents the distance 
derived on the direction of 90 degrees, and so forth. 
 

0° D = f0(RSS) 

90° D = f1(RSS) 

180° D = f2(RSS) 

270° D = f3(RSS) 

Form 3-1 different sub channel models for different directions 

 

Now for instance, the test RSS data is collected at the direction of θ degrees, 
therefore the estimated distance is calculated as following, 
If(90>θ>=0) 
D = f0*(1-θ/90)+f1*θ/90; 
If(180>θ>=90) 
D = f1*(1-(θ-90)/90)+f2*(θ-90)/90; 
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If(270>θ>=180) 
D = f2*(1-(θ-180)/90)+f3*(θ-180)/90; 
If(360>θ>=270) 
D = f3*(1-(θ-270)/90)+f0*(θ-270)/90; 
In short, different sub models are given different weight to decide the final result, 
according to the direction of the device. By executing the above procedures, 
antenna pattern is described approximately. 

3.4 Sub channel model establishment and Matlab curve fitting tool box 

For each sub model on one single direction, the extended log normal propagation 
model is chosen to establish the channel, which is introduced in chapter 2, 
 

Log(d) = 
1

10𝑛
(𝑃𝑇𝑋 − 𝑃𝑅𝑋 + 𝐺𝑇𝑋 + 𝐺𝑅𝑋 − 𝑋𝜎 + 20𝑙𝑜𝑔𝜆 − 20log (4𝜋)) 

 
Where the values of 𝑃𝑇𝑋 , 𝐺𝑇𝑋 , 𝐺𝑅𝑋 and 𝜆 are assumed to maintain the same 
during the whole experiment. Therefore these parameters can be taken care of 
by the curve fitting tool. While 𝑋𝜎 is a zero-mean variable, probably caused by 
shadow fading indoors, whose effect can be eliminated by sampling multiple 
times and calculating the average value. 
Consider the result of 𝑃𝑇𝑋 + 𝐺𝑇𝑋 + 𝐺𝑅𝑋 + 20𝑙𝑜𝑔𝜆 − 20log (4𝜋) to be a constant C, 
and n is the propagation component α, therefore the model can be derived as, 
 

D = 10
 −𝑝+𝑐

10∗𝑎  
 
It is mentioned before, the formula is simplified in this project as shown above. 
The reason behind it is already explained in this paragraph. 
And the parameters c and α are the two that need to be modeled. 
Matlab curve fitting tool box [14] is chosen to model the wireless channel. It 
optimizes the model by minimizing the root mean square error (RMSE), 
which in this experiment measures the difference between curve fitted 
model and real collected data. Below is a form showing all the parameters 
for every sub channel. 
 

α C 

2.763 -63.95 

2.725 -56.84 

3.873 -46.3 

3.007 -57.32 
Form 3-2 parameters for anchor1 

α C 

2.76 -49.47 

4.256 -33.98 

3.252 -41.48 

3.326 -40.3 
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Form 3-3 parameters for anchor2 

The Matlab curve fitting tool box also gives the result figures, showing intuitively 
how accurate the models are. Two of the examples are illustrated below. 

 
Figure 3-6 curve fitting result for anchor1, with θ = 90 degree 

 
Figure 3-7 curve fitting result for anchor2, with θ = 0 degree 

Apart from RMSE, there is another number, which is called R-square, indicating how 
well data fits a statistical model – in this project simply a curve[15]. The range of 
the number varies from 0 to 1, higher value means better fitness. The Matlab 
curve fitting tool box calculates RMSE and R-square for every single curve fitting. 
The two criteria for all the models are shown below. 
 
  R-square RMSE 

 

Anchor1 
0° 0.94 0.65 

90° 0.98 0.35 

180° 0.87 0.94 

270° 0.96 0.51 

 

Anchor2 
0° 0.97 0.42 

90° 0.91 0.81 

180° 0.93 0.70 

270° 0.98 0.38 

Form 3-4 goodness of the curve fitted model 

From the above chart it is obvious that the chosen model fits the experimental 
raw data well. 
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4 Distance calculation 
After the model is ready, the next step is to calculate the distance according to 
the received signal strength. However, there are too many uncertain factors 
affecting the indoor signal propagation, e.g. the obstacles, multipath effect and 
other moving objects that exist in the building. Therefore, counter measures 
should be taken in order to minimize the impact of the uncertainties. 

4.1 RSS scanning 

Received signal strength often varies with time because of the uncertain factors 
inside a building. Therefore, when scanning the signal strength before calculating 
the range, multiple sampling and averaging calculation is necessary to provide 
statistical result. 
In this project, when estimating the distance, the signal is scanned every second, 
and sampled 5 times at each scanning, with the interval of 30 millisecond 
between each sample, then the average and deviation of RSS will be calculated, if 
the deviation is smaller than a certain threshold, the average RSS will be input 
into the distance estimation model. 
 

 

 

Where ∆𝑡 = 30 millisecond, and 𝐷𝑛_𝑐𝑎𝑙𝑐𝑢𝑙𝑎𝑡𝑒𝑑, literally speaking, is the calculated 
distance using the average RSS. 

4.2 Time series forecasting 

If the deviation of the 5 original RSS value exceeds the threshold, the channel 
therefore will be considered unstable, and the distance will be calculated using 
time series analysing and forecasting instead, based on the previous distance 
information. Note that no matter whether the channel is unstable or not, the time 
series forecasting is always executed so that if the scanning of signal fails, time 
series forecasting is able to take over immediately. 
Limited by processing time and calculation resource, only 4 of the previous 
scanned results are involved in the time series forecasting model. For instance, 
the distance estimated 8s, 6s, 4s and 2s ago are respectively Dn-4, Dn-3, Dn-2, 
Dn-1, therefore the current predicted distance is derived as following: 
 

 

 

Where d is the attenuation factor, of which the value varies approximately from 
0.4 to 0.5 for the experimental scenario. 
If the channel is unreliable or unstable for the moment, i.e. the variance of RSS 
during one period is larger than a threshold σ, the time series prediction 
scheme will take over and provide the current distance, instead of the value 
calculated from RSS. 

𝐷𝑛_𝑐𝑎𝑙𝑐𝑢𝑙𝑎𝑡𝑒𝑑 = 𝑓(
∑ 𝑅𝑆𝑆𝑡+𝑖∗∆𝑡

4
𝑖=0

5
) 

𝐷𝑛_𝑝𝑟𝑒𝑑𝑖𝑐𝑡𝑒𝑑 = ∑ 𝐷(𝑛−𝑖) ∗ (1 − 𝑑)𝑖

4

𝑖=1
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Also, to secure that the time series prediction model fits the movement of the 
device, while the channel is stable, after every period a comparison will be made 
between the predicted value and the exact RSS-based estimated value. If the 
error exceeds a certain threshold ε, the value of d will be changed continuously 
until the model fits the movement again. 
In short, the algorithm can be summarized as following: 
If 𝜎𝑅𝑆𝑆>thr, channel unstable, 𝐷𝑛 = 𝐷𝑛_𝑝𝑟𝑒𝑑𝑖𝑐𝑡𝑒𝑑  

If 𝜎𝑅𝑆𝑆<thr, channel reliable, 𝐷𝑛 = 𝐷𝑛_𝑐𝑎𝑙𝑐𝑢𝑙𝑎𝑡𝑒𝑑 

If |𝐷𝑛 − 𝐷𝑛_𝑝𝑟𝑒𝑑𝑖𝑐𝑡𝑒𝑑| > ε, change d until the constraint is fulfilled again, update 

the prediction model 
Based on the observation and experience, the threshold of RSS variance is 36, 
andεis 0.3. 
  

5 Position calculation 
The next procedure would be position calculation of the device, after the 
distances from the 3 anchors are derived respectively. 

5.1 Deployment of the anchors 

As shown in chapter 3, the anchors are placed at 3 corners of the experimental 
place, therefore only two anchors are necessary to locate a device, because the 
cell phone is not able to appear behind the wall. The third anchor can provide 
redundant information during the locating procedure. 
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Figure 5-1 experimental place 

Anchor1 and anchor2 are chosen as the primary anchors. The client mobile 
phone calculates the distances from anchor1 and anchor2, which are d1 and d2 
respectively, and derive the position accordingly. 
Define the positions of anchor1, anchor2 and anchor3 are (0,0),(0,a),(b,0) 
respectively,  and the client cell phone’s position is (x,y), fulfilling the following 
conditions, 
 

(x − 0)2 + (𝑦 − 0)2 = 𝑑1
2 

(x − 0)2 + (𝑦 − 𝑎)2 = 𝑑2
2 

 
The formula can be derived and rewritten as, 
 

x =  
𝑎2 − 𝑑2

2 + 𝑑1
2

2𝑎
 

 

y =  
√4𝑎2𝑑1

2 − 𝑎4 − 𝑑2
4 − 𝑑1

4 + 2𝑎2𝑑2
2 − 2𝑎2𝑑1

2 + 2𝑑2
2𝑑1

2

2𝑎
 

 
The location of the cell phone is therefore derived. And the third anchor is 
capable to provide redundant information for the positioning procedure, which 
is the distance from the anchor3 to the cell phone, namely the value d3. The 
device then verifies its newly calculated position, to check if the distance from 
the device to the anchor fits it. It is done by the following expression, 
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δ = |(𝑏 − 𝑥)2 + (𝑦 − 0)2 − 𝑑3
2| 

 
Where δ stands for the error between the calculated position (x,y) and the 
estimated distance d3 from the third anchor. 
If the error δ exceeds a certain threshold, which is 9 in the experiment, the 
pedometer takes over. 

5.2 Pedometer development 

A pedometer is a system that monitors the movement of a device, including the 
number of the steps as well as the movement direction. If calibrated frequently, it 
is able to provide another relative accurate location method. It helps to improve 
the precision of the whole system when access points are down or not 
functioning very well. 

5.2.1 Step counter 

The most important part of a pedometer is a step counter. It indicates whether 
the user holding a device is moving a step forward or not. This information is 
extracted by accelerometer[16], which is integrated in the device. It monitors the 
acceleration of the device continuously. 
The step detector is executed following the procedures below, 
 

• Set current position, x(n-1), y(n-1). 

• The device monitoring the acceleration. 

• If acceleration>threshold, step counter+1, stop monitoring for a second. 

• If a step is detected, x(n) = x(n-1)+d*cosθ,y(n) = y(n-1)+d*sinθ 

In the step three, the reason for stopping monitoring the acceleration is that for 
most of the people, it needs at least one second to complete a step. Therefore, 
once a step is detected, the next one is unlikely to appear until one second later. 

5.2.2 Orientation indicator 

To build a pedometer, information about the orientation is also necessary apart 
from a step counter, which is θ in the last shown above. 
Gyroscope[17] is a sensor that monitors the rotation and direction of a device 
continuously. Figure 5-2 shows the default orientation defined for Samsung 
galaxy note3 developers. 
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Figure 5-2 default orientation on note3 

It is assumed that people always need to look at the screen, consequently the cell 
phone is always perpendicular to the human body. Therefore the orientation at 
time t can be calculated as following, 
 
𝜃𝑡  = 𝜃𝑦 ∗ 𝑠𝑖𝑛𝜃𝑥 + 𝜃𝑧 ∗ 𝑐𝑜𝑠𝜃𝑥+ 𝜃𝑡−1 

 
Where 𝜃𝑦, 𝜃𝑥, 𝜃𝑧are the biased angle during the period (t-1,t) on y, x, z directions, 

derived by right hand law[18]. 

5.2.3 Calibration 

One problem that should be noticed, is the accumulated error. As time passes, 
the error becomes larger if the pedometer is not calibrated. As a counter 
measure, all the position values are set to zero, and orientation indicator θt are 
calibrated by the compass, after every 7.2 seconds. Therefore the pedometer 
only provides relative position, compared to that of 7.2 seconds ago. It is also 
strongly recommended that people hold the cell phone horizontally, because 
when calibrated, 𝜃𝑥, 𝜃𝑦  are all set to zero, which is the default orientation when 

the cell phone is parallel to the ground. 
 

6 Result and analysis 
As introduced, anchor1 and anchor2 are the two main anchors. It is of great 
importance that these two anchors provide precise information of the distances. 
Therefore, firstly results of these two anchors are given separately in this 
paragraph. 

6.1 Test strategy 

It is impossible to traverse the experimental place. Instead only several of the 
block edge crossing points are selected as test points. Choosing crossing points is 
because it is easy to measure the exact distance by counting the number of the 
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bricks. When scanning the RSS and estimating the distances, random orientation 
is selected. The test is executed within an area of 2*8 = 16 bricks. 
Below is a figure showing the test crossing points of the bricks, with randomly 
distributed orientation of the cell phone.  

 
Figure 6-1 test points in the experimental place. 

The large blue circle represents the two main anchors, and the small blue dots 
are the selected testing points. Each dot has a unique ID, which is a number 
varying from 1 to 10. The bricks can also be clearly observed in the figure. 
At each testing point, RSS is also sampled 5 times, with an interval of 30 
milliseconds, then averaged, just the same as training data collection. Then the 
distance is derived using a mixed mechanism of channel estimation together 
with time series forecasting. 

6.2 Result and analysis 

The test data for two main anchors are shown below respectively, 

 
Figure 6-2 the result for anchor1 
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Figure 6-3 the result for anchor2 

To visualize the result, the figures are given below, where the blue circle stands 
for the error range for every testing dot. 

 

Figure 6-4 visualized result for anchor1 

 

Figure 6-5 visualized result for anchor2 
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It can be easily inferred that generally speaking, for the first anchor, the distance 
estimation performs rather good, with the error always limited with one brick. 
And for most of the distances estimated from device to the anchor2, the 
performance is also rather acceptable. 
However, there are two main problems: 
Firstly, for both of the testing scenario, closer range brings relatively higher 
error compared to the long distances. 
Secondly, for the testing scenario for anchor2, the closer range brings 
significantly high error, especially for point 4 and 8. 
The first problem is mainly caused by orientation error. As introduced, 
orientation indication is implemented in order to mitigate the antenna pattern. 
While during the establishment of the model, the training data is only collected 
in one straight line because of the limitation of time, i.e. the line including dots 
1,2,3 for anchor1 and the line including dots 8,9,10 for anchor2. 
Consequently, for anchor1, if RSS is scanned on the dots other than 1,2,3, the 
exact orientation is different from the default one. And closer range means larger 
angle error.For instance, if the distance from anchor1 is estimated at dot7, the 
angle error will be arctan(1/7) = 8°, which brings little difference to the final 
result. However, if it is estimated at dot 4 or dot 8, the angle error will rise up to 
arctan1 = 45°, which could possibly bring very large error due to the antenna 
pattern of a cell phone. And the same story for anchor2. 
However the error in the scenario of anchor2 is still much larger than the first 
scenario, even for the comparison between only closer points. This is because the 
building is under construction after the training data is collected. A heavy wall 
near anchor2 is removed before the test procedure begins. Therefore, the pre-
established channel model doesn’t fit the test scenario very well. Multipath effect 
is reduced obviously resulting the RSS much weaker than before if the signal is 
scanned at the dots close to anchor2. Consequently the estimated distance is 
larger than the case before the wall is removed. This also explains why the 
estimated distance is always larger than the exact value in figure 6-3. This 
problem can be solved by modelling the channel for anchor2 again. 

7 Conclusions  
Indoor positioning is a complicated task because of unpredictable and complex 
surroundings and moving obstacles. The error basically consists of two part: 
Firstly when modelling the channel, there is difference between the propagation 
model and exact collected training data. Secondly when the result being tested, 
the scanned RSS also differs from the training data, which brings another part of 
error.  
 

𝜀𝑡𝑜𝑡𝑎𝑙 =  𝜀𝑡𝑟𝑎𝑖𝑛𝑖𝑛𝑔𝐷𝑎𝑡𝑎−𝑚𝑜𝑑𝑒𝑙𝑒𝑑 𝑑𝑎𝑡𝑎 +  𝜀𝑡𝑟𝑎𝑖𝑛𝑖𝑛𝑔𝐷𝑎𝑡𝑎−𝑡𝑒𝑠𝑡𝑅𝑒𝑠𝑢𝑙𝑡  
 
The whole project involves several techniques such as wireless channel 
estimation, time series analysis and pedometer development on android 
platform. The combination of these technologies is the unique contribution of the 
thesis project. Additionally, the result is acceptable because most of the error is 
limited within 3 meters since the size of one brick is less than 1.5m*1.5m. 
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8 Future work 

8.1 Accuracy improvement 

The accuracy could be further improved, e.g. to model the channel again for 
anchor2 due to the construction of the building. Also the pedometer remains to 
be modified to provide more precise detection, for example people with different 
height cover different range of one step. The application could be developed to 
allow people to input the height before using the pedometer. Therefore it could 
detect the steps accordingly and more accurately. 
Also a more professional access point could help to improve the performance. In 
this project the anchor is also a Samsung galaxy note3 cell phone, which has 
adaptive transmission power control scheme, resulting dynamic TX power when 
being scanned. Although the maximum power can be configured, accuracy is still 
sacrificed to a certain extent, in order to guarantee the support range. The reason 
is that, lower maximum power means more stable RSS, yet a shorter range that 
the AP can support. It is a tradeoff between precision and supported range. 
While a more powerful AP with fixed transmission power can solve the above-
mentioned problem. 

8.2 GUI development 

The application is not very user-friendly because only numerical result is 
displayed on the screen. Because this project is focused on wireless channel 
model and indoor positioning, instead of UI design and application development. 
However, to commercialize the application in the market, a good user experience 
is necessary. For instance to show a map on the screen and display the current 
position instantly. 
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