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Abstract—The paper describes two Wi-Fi lateration 

methods based on signal propagation model and signal 
strength data collection for indoor localization using Android-
based mobile device. The considered methods use log-normal 
path loss model for signal propagation and received signal 
strength measurement collection for distance estimation and 
lateration approach for localization. The indoor signal 
propagation problem is resolved by received signal strength 
measuring and special ring radio map building those improve 
localization accuracy. Indoor localization technique opens 
possibilities for development various intelligent systems that 
provide the user location-based information inside buildings. 

I. INTRODUCTION 
Development of indoor localization solutions based on 

effective localization algorithms is a very promising, 
difficult and complex problem. This problem requires 
creating of maps based on floor plans of indoor areas, 
choosing the effective localization techniques and 
algorithms, deploying the appropriate facilities inside 
buildings. Modern solutions like a Navizon [1] or 
WiFiSLAM [2] can offer much more than just indoor 
localization with acceptable accuracy (about 2-3 m). The 
methods using Wi-Fi are more preferred because Wi-Fi 
networks are prevalent in most public buildings and their 
use doesn’t require additional infrastructure and allows to 
determine a location of each user of mobile device [3]. 

There are a lot of algorithms based on wireless signal 
information e.g. [4], [5], [6], [7] and [8]. The main 
challenges of using such algorithms and based on those 
techniques are the provision of acceptable accuracy and 
deployment cost. Due to these reasons the significant 
interest in many research communities to use Wi-Fi-based 
indoor localization techniques is gained. The Wi-Fi 
localization algorithms could be classified on signal 
propagation techniques and various fingerprinting 
techniques based on signal data collection.  

The indoor localization techniques based on signal 
propagation use such methods like lateration and 
angulation. Lateration estimates an absolute or relative 
position of an object by measurement of distances from 
multiple reference points, using geometry. For usage of this 
method are needed at least three fixed reference points to 

determine the indoor position. The main idea is the 
calculation of distances between access points (AP) and 
mobile device to provide the area of localization. These 
distances can be provided by such signal measurement 
information like a received signal strength (RSS), the time 
of arrival of radio signals from transmitters (TOA), the time 
difference of arrival of several radio signals (TDOA), the 
time-of-flight of the signal traveling from the transmitter to 
receiver (RTOF), the received signal phase (POA) [9]. 
Similar approaches are based on angulation method and 
using measurement of arriving signal angle (AOA). These 
methods have some drawbacks. In indoor environments, it 
is difficult to use line-of-sight channel between the 
transmitter and the receiver. Moreover the signal would be 
suffer from moving people and reflecting surfaces. Due to 
the multipath signal propagation, the time and angle of 
arrival and receive signal strength would be affected, and 
the localization accuracy could be decreased. Thus the 
creation of effective signal propagation model for indoors 
is very difficult task, and using such methods requires 
signal path loss calculation, RSS measuring or multiple 
measurements. 

Fingerprinting is a popular technique not using radio 
signal propagation geometry, but based on signal data 
collection and providing high accuracy. This approach 
requires building a database of RSS and indoor coordinates 
(fingerprint database or radio map). Fingerprinting consists 
of two phases: ‘training’ and ‘positioning’. During the 
training phase the fingerprint database is constructed. The 
RSS database consists of real coordinates of reference 
points and related to these signal strength values of 
accessible transmitters (Wi-Fi access points). The position 
estimation can be realized as a measure of accessible radio 
signals and searching matches in the database of the nearest 
point to the receiver using an appropriate search/matching 
algorithm [10, 11]. However, there are a lot of problems 
like a vast number of RSS measurements at training phase 
and unstable Wi-Fi signal that provides changes in the 
primary radio map.  

In this paper two indoor localization methods based on 
Wi-Fi signal strength lateration technique and RSS data 
collection are considered.  
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The rest of the paper is structured as follows. Section II 
presents an overview of wireless indoor localization 
techniques. Section III introduces two indoor localization 
methods. Main results are summarized in Section IV. 

II. RELATED WORK  
There are a number of indoor localization techniques 

and solutions based on several wireless technologies like a 
Wi-Fi and RFID. One of existing solutions for indoor 
localization is Navizon Indoor Triangulation System [1] 
which uses proprietary Wi-Fi nodes to estimate locations of 
several Wi-Fi devices within indoors. This solution uses 
war-driving approach to obtain WSN information and 
special API which can provide the estimated location to the 
user. Navizon solution requires its own Wi-Fi node 
infrastructure and the localization accuracy is defined by 
node placement and depends on its density. The company 
doesn’t open an implementation of its triangulation 
algorithm, but differs from methods proposed in this paper 
in using its own infrastructure, triangulation approach and 
special node placement approach for acceptable accuracy 
satisfaction. 

The next significant instance of indoor localization 
systems using its own infrastructure is the European project 
Smartmuseum [12]. In scope of this project a 
recommendation system for visitors of museums has been 
implemented. This system supports indoor and outdoor 
excursions with positioning. The system can provide 
information on the various kinds of cultural objects and an 
present to the user some information about places of 
interest based on user's location defined using GPS if the 
user location is open area. If the user location is inside the 
building RFID technology is used for positioning. Each 
RFID tag stores the URL of the web page with information 
about the subject of the cultural heritage. Custom 
applications are developed for Windows Mobile 5 and 6 
versions, Symbian versions 9.3 and 9.4. 

Place Lab [13] project’s aim is to determine user 
location indoor and outdoor. Technically, the system is 
based on several radio beacons, which may be Wireless 
LAN access points, fixed Bluetooth stations, and GSM 
towers. They all employ protocols which assign beacons a 
unique or semi-unique ID. Using this ID Place Lab system 
can localize user indoor position. Accuracy of the presented 
approach is 13-30 meters.  

The Horus [14] is a WLAN Location Determination 
system, characterized by high accuracy: through the using 
of a radio map and a probabilistic location determination 
technique and low computational requirements: through the 
use of clustering techniques.  

RADAR [15] is a radio-frequency based system for 
locating and tracking users inside buildings developed by  

Microsoft Research. This system is one of first indoor 
localization systems that use a radio map. For user mobile 
device localization the signal strength of each of the APs 
are measured. It then searches using the radio map database 
the signal strength values that best matches the signal 
strengths it has measured. The system estimates the 
location coordinates associated with the best-matching 
signal strength to locate the user position. This solution 
uses specific technique called nearest neighbor(s) in signal 
space (NNSS) algorithm to locate the user device position. 
The NNSS algorithm computes the Euclidean distance 
between each signal strength value in the radio map and the 
measured signal strength. Accuracy of the RADAR is 2-3 
meters.  

WiFiSLAM [2] is the most discussed indoor 
localization startup acquired by Apple Inc. in 2013. This 
solution uses GraphSLAM algorithm that improves 
Gaussian process latent variable model approach to 
determine a map of signal strength without modeling the 
propagation from transmitting nodes explicitly. This robust 
approach provides the accuracy about 2 m. 

In [16], an indoor localization application improving the 
sensing capabilities of the current state of the mobile 
devices is presented. The application is implemented for the 
using on smart phones and it includes offline and online 
phases of fingerprinting. Accuracy of presented approach is 
up to 1.5 meters. The approach [16] is differs from 
presented in this paper methods in using signal data 
collection to determine an average value of signal strength 
to location estimation instead of building some kind of 
radio map. 

In [17] the localization algorithms which allow 
computing a location estimate from unreliable RSS 
measurements are considered. This work presents the way 
improvement the quality of localization algorithms despite 
the high degree of uncertainty of the RSS measurements. In 
addition a stochastic framework for RSS-based localization 
that includes the uncertainty in RSS measurements by 
replacing distance estimates with probability distributions 
is presented.  

In this paper method of Wi-Fi lateration based on signal 
propagation model and Wi-Fi lateration based on RSS ring 
radio map are considered. The first method uses log-normal 
path-loss model combined with premeasured RSS data. 
This method is considered for validation goals. The second 
method proposes a ring radio map constructing for location 
estimation instead of classical radio map with one-line 
placed nodes. This method uses signal data collection and 
radio map like [2], [14], [15] and [16] but the kind of radio 
map is different and doesn’t use probabilistic [2],[14] or 
deterministic [15] location determination technique. 
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III. INDOOR LOCALIZATION METHODS 

A. Wi-Fi lateration technique for indoor localization 
The localization in wireless networks is a process of 

position determination in the whole area or just in a defined 
part. The result of the localization process is the estimated 
position or area, which are obtained by employing a certain 
localization technique. The lateration method is based on 
knowledge of reference point positions and the distances to 
them. 

The Wi-Fi lateration method uses parameters of known 
Wi-Fi networks like a frequency of Wi-Fi signal, its signal 
strength, the network MAC-addresses and real coordinates 
of Wi-Fi access points in the location. The signal strength 
received by mobile device can be used for distance 
estimation between the AP and the mobile device. By using 
this method one considers three or more APs allocated in 
the building. The RSS in these points decrease 
exponentially depending on distance between transmitter 
and receiver and random noise factor. Thus this 
dependency can be considered as function of distance. The 
distance estimated by RSS is presented as a circle around 
an access point. The intersection of three APs radiuses 
provides a point or an area of receiver. This model can be 
shown as such equation system [18]: 

d1
2 = (���1)2+ (���1)2 

 
d2

2 = (���2)2+ (���2)2 
… 

dn
2 = (���n)2+ (���n)2 

where �1, �2, �n, �1, �2, �n are the coordinates of access 
points, d1, d2, dn are the estimated distances. 

The solution of this equation gives points of circles 
intersection providing an area of indoor localization 
(Fig. 1).  

 
Fig. 1. Indoor localization area provided by trilateration approach 

The Wi-Fi lateration approach generally consists of two 
steps: the first step, converting RSS to estimated distance 
by some estimation technique (it may be signal propagation 
model for indoor WLAN signals); the second step, 
computing location by using estimated distances. Also, it is 
necessary to determine an approximate radius with same 
values of RSS for each AP. This problem requires the 
signal prediction model building. Path loss of radio signal 
is the largest and most variable quantity of gains and losses 
from the transmitter to the receiver. It depends on 
frequency, antenna orientation, penetration losses through 
walls and floors, the effect of multipath propagation, the 
interference from other signals, among many other factors 
[20]. Depends on this drawbacks lateration approaches 
could provide acceptable accuracy within one room. 

B. Wi-Fi lateration based on log-normal path loss model 
Due to the environment varies significantly from place 

to place, the simplest way to find the relationship of RSS 
and the distance from transmitter to receiver is collecting 
RSS data at points with the known coordinates within 
location. This is a learning procedure in addition to the 
lateration approach. The RSS data are collected to 
determine the signal propagation model. The learning 
procedure usage can improve lateration process by adoption 
to real environment particularities. In spite of this learning 
procedure is simple, it depends on signal propagation line 
direction and environment particularities like walls, 
furniture and others. This procedure should be performed 
for many directions.  

There is a log-normal path loss model for estimation of 
distance between receiver and transmitter [19]:  

��� � �� 	 �
��� 	 �� � ����
�

��
� ������������(1) 

 where RSS is the received signal strength dBm, d is the true 
distance from the sender to the receiver, � is the path-loss 
exponent, Pt is the transmit power of the sender in dBm, 
PL(d0) is the power loss in dBm at a reference distance d0. The 
quantity X�RSS in dBm is a random variable representing the 
noise in the measured RSS and is often assumed to be a zero-
mean Gaussian random variable with variance RSS. 

The noise X�RSS in measured RSS can come from both 
time varying and time-invariant sources. The errors cannot 
be averaged out by taking multiple measurements, as the 
path loss model cannot be specifically designed for each 
wireless channel in each deployed network. Several 
researchers have observed that the random effects of 
shadowing are appropriately modeled by assuming the 
X�RSS is Gaussian. 

In our RSS-based localization technique the RSS from 
the Wi-Fi APs on the floor in the building should be 
measured and collected. This measured value RSS can be 
mapped to an estimated distance  ��: 
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where k is a constant incorporating both PL(d0) and 
log10(d0). 

Given the empirical values of k and �, the resulting 
model in (2) can be used to compute a distance estimate �� 
from a measured RSS as 

�� � ����
 !"���

&�'�                                (3) 

Also, calculation k and � parameters can be given by 
curve fitting. The obtained by such approximation distance 
estimates could be used as a distances from receiver (user 
mobile device) to transmitter (Wi-Fi access points) by 
calculation localization area while lateration process. 

During the implementation average real RSS 
measurements for one access point produced by Android 
application are compared with measurements calculated by 
equation 3. The measurements made for distances from 1 to 
15 meters in 15 points within the indoor area in which Wi-
Fi access point is allocated. The signal strength is measured 
10 times for each of these 6 points. The area of the room is 
25 square meters. The comparison is produced for the 
network with signal frequency 2412 MHz and is shown in 
Table I. 

On the Fig.2 the real and estimated by equation 3 
distances are shown.  

 

Fig. 2.  Estimated and real distances between access point and mobile 
device  

Presented in the Table 1 comparison results show that 
the signal propagation model is viable for using even within 
the large indoor area with one wall on the signal line. As 
shown in the table the significant errors are produced after 
9 meters of distance where a wall is allocated. The 
localization accuracy of this approach is about 3-6 meters. 
Also, using this approach requires some improvements. 

TABLE I.  THE COMPARISON REAL AND ESTIMATED DISTANCES 

Distance, m Distance estimate, m 

1 0,97 

2 1,69 

3 2,47 

4 3,03 

5 3,98 

6 4,33 

7 5,48 

8 7,00 
9 8,34 

10 7,19 

11 12,25 

12 12,12 

13 7,58 

14 12,99 

15 15,00 

 

C. Wi-Fi lateration based on ring radio map 
Second simple way to estimate distance between 

transmitter and receiver within indoor area is constructing a 
radio map of received signal strength level rings. This 
approach based on RSS data collection provided by a 
number of RSS measurements within assigned radiuses. 
For distance estimation could be used minimum and 
maximum RSS levels corresponding to each assigned 
radius. Thus, the distance estimation could be defined as an 
interval corresponding to the measured RSS level interval. 

In this work average signal strength levels were 
measured by distance of three access points allocated in the 
three rooms within the floor. This data are collected to 
distance estimation for lateration method described above. 
These measurements are made for each access point in 15 
radiuses at the 1 meter interval and at 30 degrees interval 
along the circle by assigned radius. The measurements are 
made using developed Android application. This 
application found three different access points by MAC 
addresses and measured the RSS levels of each access 
point. The RSS level changes at time therefore it is 
necessary to use its maximum value. The AP RSS levels 
are displayed on the Fig.3. 
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Fig. 3. RSS level measurements for the access point 

The measurements may be select
estimation by intervals of RSS level tho
the ring areas around an access point (Fig.

Fig. 4.  Indoor localization by estimated distance seg
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Fig. 5. W-Fi lateraion localization base

IV. CON

The presented Wi-Fi later
indoor positioning and pro
localization within one room if
is lower and their allocatio
improving can be used more 
models or expanded measures 
most number of reference point

Moreover, the further work
Fi fingerprinting approach 
approaches because the ind
described above may be cons
fingerprinting. The realization
requires also advanced measur
the radio map and can pro
localization.  

ACKNOWLE

The presented results are a
out within the project funded b
Russian Foundation for Basic
partially financially supported
Federation, Grant 074-U01. 

REFERE

[1] Navizon Indoor Triangulatio
https://www.navizon.com/file

[2] J. Huang, D. Millman, M. Qu
Aggarwal, “Efficient, Gener
Preprint submitted to 2011 
Robotics and Automation, Sep

1 12 13 14 15 16

mitives and founding these 

meter accuracy depends on 
e a wall, furniture and access 
tion process is shown on the 

 
ed on RSS data collection  

NCLUSION 
ration methods are used for 
ovide acceptable accurate 
f the number of access points 

on density is low. For its 
accurate signal propagation 

 of signal strength including 
t.  

k can be continued on the Wi-
based on probabilistic 

door localization algorithm 
sidered as a special case of 
n of fingerprinting approach 
rement of RSS and building 

ovide high accurate indoor 

EDGMENT 
a part of the research carried 
by grant 13-07-00336 of the 
c Research. This work was 

d by Government of Russian 

ENCES 

on System Fact Sheet PDF, Web: 
es/Navizon_ITS_Fact_Sheet.pdf 
uigley, D. Stavens, S. Thrun and A. 
ralized Indoor WiFi GraphSLAM” 
IEEE International Conference on 

p. 2010.  

_______________________________________________________PROCEEDING OF THE 17TH CONFERENCE OF FRUCT ASSOCIATION

---------------------------------------------------------------------------- 190 ----------------------------------------------------------------------------



[3] A. Kashevnik, M. Shchekotov, “Comparative Analysis of Indoor 
Positioning Systems Based on Communications Supported by 
Smartphones”, in Proc. FRUCT Conf., Sep. 2012, pp.43-48. 

[4] N. Patwari, A.O. Hero, M. Perkins, N.S. Correal, R.J. O'dea, 
“Relative location estimation in wireless sensor networks”, IEEE 
Transactions on Signal Processing, 51 (8), pp. 2137-2148, 2003. 

[5] M. Youssef, A. Agrawala, “The Horus WLAN Location 
Determination System”, in Proc. MobiSys '05 Proceedings of the 
3rd international conference on Mobile systems, applications, 
and services, pp.  205-218, 2003. 

[6] B. Cook, G. Buckberry, I. Scowcroft, J. Mitchell, T. Allen, 
“Location by Scene Analysis of Wi-Fi Characteristics’’, London 
Communications Symposium, Sep. 2006. 

[7] N. Kothari, B. Kannan, M. B. Dias, “Robust Indoor Localization 
on a Commercial Smart-Phone”, Procedia Computer Science, 
vol. 10, pp. 1114 1120, 2012. 

[8] L.T. Nguyen, J. Zhang, “Wi-Fi fingerprinting through active 
learning using smartphones”, in Proc. of the 2013 ACM 
conference on Pervasive and ubiquitous computing adjunct 
publication, pp. 969-976, 2013. 

[9] H. Liu, H. Darabi, P. Banerjee, J. Liu, “Survey of Wireless Indoor 
Positioning Techniques and Systems”, Systems, Man, and 
Cybernetics, Part C: Applications and Reviews, IEEE 
Transactions on, Vol. 37, Nov. 2007, pp. 1067 – 1080. 

[10] F. Alsehly, R. Mohd Sabri, Z. Sevak*, T. Arslan, “Improving 
Indoor Positioning Accuracy through a Wi-Fi Handover 
Algorithm”, in Proc. International Technical Meeting of the 
Institute of Navigation, Jan. 2010, pp. 822-829. 

[11] K. Kaemarungsi, P. Krishnamurthy, “Modeling of Indoor 
Positioning Systems Based on Location Fingerprinting”, Proc. 
INFOCOM Conf., vol.2, Mar. 2004, pp. 1012-1022. 

[12] A. Kuusik, S. Roche, F. Weis, “SMARTMUSEUM: Cultural 
Content Recommendation System for Mobile Users”, in Proc. 
ICCIT2009 (IEEE/ACM) Int Conference on Computer Sciences 
and Convergence Information Technology, Nov 2009. 

[13] D. Kolsch, “The Place Lab Project”, Mobile Business Seminar, 
2006. 

[14] M. Youssef, A. Agrawala, “The Horus WLAN Location 
Determination System”, Journal Wireless Networks, vol. 14, pp. 
357-374, 2008. 

[15] P. Bahl and V. Padmanabhan, “RADAR: An In-Building RF-
based User Location and Tracking System”, in Proc. of IEEE 
Infocom, 2000. 

[16] E. Martin, O. Vinyals, G. Friedland, R. Bajcsy, “Precise Indoor 
Localization Using Smart Phones”, in Proc. of the ACM 
International Conference on Multimedia, pp. 787-790, 2010. 

[17] J. V. Stoep, “Design and Implementation of Reliable Localization 
Algorithms using Received Signal Strength”, A thesis submitted 
in partial fulfillment of the requirements for the degree of Master 
of Science in Electrical Engineering, University of Washington, 
2009. 

[18] O. Oguejiofor, V. Okorogu, A. Adewale, B. Osuesu, “Outdoor 
Localization System Using RSSI Measurement of Wireless 
Sensor Network”, International Journal of Innovative Technology 
and Exploring Engineering, vol. 2, Jan.2013, pp. 1-6. 

[19] A. LaMarca, J. Hightower, I. Smith, and S. Consolvo, “Self-
mapping in 802.11 location systems”, In Proc. 7th International 
Conference on Ubiquitous Computing (Ubicomp’05), pp. 87–104, 
Sep. 2005. 

[20] W. Debus, RF Path Loss & Transmission Distance Calculations, 
Axonn, Technical Memorandum, 2006, pp. 1-13. R. Henniges, 
“Current approaches of Wi-Fi Positioning”, TU-Berlin, 2012,  
pp. 1-8. 

 

_______________________________________________________PROCEEDING OF THE 17TH CONFERENCE OF FRUCT ASSOCIATION

---------------------------------------------------------------------------- 191 ----------------------------------------------------------------------------


