
Minimum Euclidean Distance Algorithm for Indoor
WiFi Received Signal Strength (RSS) Fingerprinting

Item Type text; Proceedings

Authors Zegeye, Wondimu K.; Amsalu, Seifemichael B.

Publisher International Foundation for Telemetering

Journal International Telemetering Conference Proceedings

Rights Copyright © held by the author; distribution rights International
Foundation for Telemetering

Download date 24/05/2023 20:08:24

Link to Item http://hdl.handle.net/10150/624190

http://hdl.handle.net/10150/624190


Minimum Euclidean Distance Algorithm for Indoor WiFi Received Signal
Strength (RSS) Fingerprinting

Graduate Student Author: Wondimu K. Zegeye, Seifemichael B. Amsalu
Faculty Advisors: Dr. Farzad Moazzami, Dr.Richard A. Dean, Dr.Yacob Astatke

Department of Electrical and Computer Engineering
Morgan State University

Abstract

While WiFi-based indoor localization is attractive, the need for a significant degree of pre-deployment
effort is a key challenge. In this paper, indoor localization with no pre-deployment effort in an indoor
space, such as an office building corridor, with WiFi coverage but no apriori knowledge of the placement
of the access points(APs) is implemented for mobile devices. WiFi Received Signal Strength(RSS) in the
considered environment is used to build radio maps using WiFi fingerprinting approach. Two architec-
tures are developed based on this localization algorithm. The first one involves a client-server approach
where the localization algorithm runs on the server whereas the second one is a standalone architecture
and the algorithm runs on the SD card of the mobile device.
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1 Introduction

Location-based services (LBS) require on-the-fly localization of the user to provide their services and
related information. Indoor localization applications, such as indoor navigation, require precise user lo-
cation. Since positioning services such as GPS remain inefficient for indoor use, other sensor techniques
should be considered [1]. The advancement in WiFi technologies and the increasing capability of mobile
devices, locating a user in an indoor environment became a good starting point for providing indoor LBS.

There are mainly two categories of localization/positioning systems using the WiFi signal strength. The
first one involves map of labeled data gathered offline prior to the system operation. This mainly involves
building radio map of the environment based on WiFi RSS fingerprinting. The second one relies on
mathematical modeling methods to determine the device’s location. As in the case of [2] [3], trilateration
is used to determine the location of a user by measuring its distance from multiple reference points such
as Access Points (APs) positions.

Localization techniques based on mapping methods [4][5] instead exploit received signal strength to in-
fer position by reverse functions based on fingerprinting and/or radio maps; they provide coarse results.
Mapping methods introduce a calibration step, where labeled data is gathered prior to the system opera-
tion.



2 Background

Mathematical modeling methods determine a device’s location by measuring distance or angle informa-
tion between nodes such as APs and the mobile device in the localization process. These methods are
based on range location (Range-based). The information of range or angle between APs and the mobile
device is obtained. Range is the premise of location; precise range is the assurance of accurate loca-
tion. Only a certain number of reference APs are combined with effective localization algorithm if they
ensured feasible location task, lots of equipment is included and arranged in the process. At the same
time, in the case of the receiving mobile device, information of signal strength and angle between APs is
needed to measure and convert it into distance information. With the help of geometric or mathematical
relationships, it is possible to carry out the location task after achieving information of distance or orien-
tation between APs. Typical indoor localization algorithms, the methods based on Range, mainly include
trilateration or triangulation and maximum likelihood techniques [6]. The common ranging methods are
as follows: Time of Arrival (TOA), Time Difference of Arrival (TDOA), Angle of Arrival (AOA) and
RSSI ranging method.

While WiFi-based indoor positioning is attractive, the need for a significant effort in pre-deployment
of an infrastructure is a key challenge. A 2014 Microsoft Indoor Localization Competition explores
and compares a diverse set of technical approaches to indoor Localization [7]. The approaches pre-
sented by the competitors are mainly categorized into two: Infrastructure-free and Infrastructure-based.
Infrastructure-free approaches have focused on leveraging already existing WiFi, FM, TV, GSM, geo-
magnetic and sound signals to enable indoor localization through detailed fingerprinting. Infrastructure-
based approaches rely on the deployment of customized RF-beacons such as RFID, infrared, ultrasound,
Bluetooth, Short-range FM transmitters, lights, and magnetic signal modulators to enable accurate posi-
tion estimation.

In this paper, an indoor localization system which makes use of an already deployed infrastructure in the
considered environment, such as an office building corridor, with WiFi coverage but no a priori knowl-
edge of the placement of the Access Points (APs) is implemented for Android OS based mobile devices.
Any user carrying WiFi-enabled Android OS based devices such as Smart phones traverses this environ-
ment in normal course. Radio map of the Received Signal Strength (RSS) is sampled in the considered
environment: then the estimated position of the user is computed by a reverse function as an optimization
problem. The approach proposed in this paper depends on a grid-based representation of the considered
environment.

This paper implements two different WiFi based architectures to locate a person in an indoor space. First
architecture is a client-server whereas the second one is a standalone architecture.

3 WiFi RSS Fingerprinting Indoor Localization Algorithm

The basic idea behind the localization algorithm in this paper is to build a radio map of the Received
Signal Strength (RSS) in the considered indoor environment and setting the problem of localization as an
optimization problem: given RSS value measurements on-the-fly of an unknown location, the function is



reversed to calculate the estimated position.

This approach does not rely on specific features or beacons but adopts a grid-based [8] representation
of the indoor environment. In the offline phase, a radio map of the Received Signal Strength (RSS) is
sampled in the considered environment. Then, the estimated position of the device is computed by a
reverse function as an optimization problem which is the online phase (estimation phase).

A large number of the localization techniques based on WiFi [5] [9] use a Neural Network in order to
estimate position using RSS information. The NN creates an approximation of the radio environment
and behaves like a black-box, thus it is difficult to understand and find a mechanism of improving its
performance.

Alternatively, RSS sampling can be used as an input for a mathematical modeling of the RF fields and
starting from this approximation, a function that estimates a device’s position can be formulated based on
such models. This approach provides a foundation for strong improvements and extensions which are not
easily allowed by an NN (e.g. algorithms using different weight for different APs, non-linear weighting
based on the RSS, mutual positioning of users, etc.).

The first step (offline) of the algorithm involves spatial sampling of RSS in the area of interest by using the
WiFi fingerprinting Android application developed. The application scans and collects the information
including the RSS value associated with the reachable APs at each sampling location. The set of APs is
defined as:

A = {Ak} k = 1, ..., |A| (1)

where |A| is the cardinality of the set of APs. Radio maps showing the distribution of the RSS are then
built for each AP. The choice of APs used for positioning is based on the signal coverage and the value
of ∆ = RSSmax −RSSmin. The higher the value of ∆, the better the discrimination.

The set of radio maps built for each of the APs are obtained by interpolating the data coming from the
sampling procedure (offline phase).

A visual inspection of the radio map lets us infer where a particular AP is placed and “how” the sampled
RSS values vary in the area of interest. The interpolation is performed using fitting surfaces computed
with a triangle based interpolation; the surfaces are indicated by

R = {Rk} k = 1, ..., |R| (2)

with the constraint that |R| = |A|.

Obviously the interpolation makes sense only if the spatial sampling interval is small enough: roughly
a Nyquist criterium should be fulfilled. Meaningful RSS variations do not take place at distances lower
than 1m: at such distances the RSS variations are even comparable to signal fluctuations, so they repre-
sent a proper sampling space.



Each Rk is represented as a grid map indexed by i and j respectively for rows and columns, where i =
1, ..., I and j = 1, ..., J .

Moving from the fingerprinting (offline) phase to the localization algorithm, rssk is the RSS measured
from the kth AP in the unknown location. In order to simplify the notation and computation, the following
matrix is defined:

R̂k = [r̂i,j] (3)

where

r̂i,j = rssk ∀i, j (4)

For each (i, j)-th point of the map, the Euclidean distance among the values in the |R| radio maps and
the corresponding measured values R̂k is defined as:

Di,j =

√√√√√ |A|∑
k=1

(Rk − R̂k)2 (5)

Where R̂k, k = 1, ..., |R| are the grid maps.

From the resulting matrix Di,j , the minimum value represents the approximated user location estimate:

[x̂, ŷ] = argi,j minDi,j (6)

4 Experimental Setup

The experiments were performed in an indoor environment, which is some portion of the test building
ground floor corridor.

Figure 1 shows the layout of the ground floor corridor where the experiments were performed. For
the particular experiment, neither additional APs were deployed nor existing APs were moved. Thus,
the experiments were performed using the already existing WiFi infrastructure of the building. The
measurements were performed during working hours with people walking around and the WiFi network
being used.

Figure 1: Layout of the testing corridor



4.1 Localization Architectures

Two architectures are developed based on for this localization algorithm. The first one involves a client-
server approach as shown in Fig. 2 where the localization algorithm runs on the server whereas the
second one is a standalone architecture and the algorithm runs on the SD card of the mobile device.

Figure 2: Client-Server Architecture

4.2 Data Collection (WiFi RSS Fingerprinting)

A corridor of dimension 72x2.4m as shown in Figure 1 is used as a testing area. It is divided into 3x31
grid points. Using the WiFi Fingerprinting Android application developed, the WiFi RSS values are col-
lected at each of the grid points. This training data is stored in XML format shown in Listing 1 which
consists the very important parameters for localization such as the pixel values of the collection points
(grids labeled with IDs from 0 to 92) which corresponds to the relative physical locations and the RSS
values corresponding to each of the reachable APs (Table 1) at collection points. Radio maps are gener-
ated as shown in Figure 3. The Fingerprint parsing utility (MATLAB code) in Figure 3, parses the raw
XML in Listing 1 and associates MAC of an AP and its RSS value for the 93 grid points. This process is
repeated for all of the 10 reachable APs in Table 1.

Listing 1: Fingerprinting Raw XML Scan
<?xml version=’1.0’ encoding=’UTF-8’ standalone=’yes’ ?>
<data><grid id="0"><X>364.0</X><Y>95.0</Y><Z>0.0</Z>
<wifi>



<rssi mac_ap="00:13:46:1d:5b:a0" ssid="AP_SSID" channel="6"
encryption="on">-45</rssi>

.....
</wifi>
</grid>
<grid id="1"><X>1271</X><Y>540</Y><Z>0.0</Z>
<wifi>

<rssi mac_ap="00:13:46:1d:5b:a0" ssid="AP2_SSID" channel="6"
encryption="on">-46</rssi>

....
</wifi>

</grid>
.......................
</data>

Figure 3: WiFi Fingerprint Flowchart



4.3 System Requirements

The initial system is aimed toward Android users due to its open source system development and large
user base. Both smart-phones and tablets with an Android OS can install the application that allows
scanning of WiFi RSS data on the fly for user’s location computation based on the radio maps which are
already saved on the SD card.

During the development of this work, we used several devices such as the remote laptop computer (
Intel(R) Core(TM) i3 CPU M370 @2.40GHz, RAM 4.0 GB, Speed 1066.0 MHz ) which is used as a
server for the client-server architecture. The server is accessible remotely via a TCP socket once the
client (the tablet computer) is connected to one of the APs. And our Android-based mobile device is a
Samsung Galaxy Tab 10.1 which is not only used as a client for the client-server architecture but also
for the standalone architecture. The WiFi fingerprinting application developed for data set (training data)
collection also runs on the tablet.

5 Results and Discussion

The parsed fingerprinting data provides a coarse RSS measurement for all of the reachable APs. This
original measurement has 3x31 grid points representing 93 Cartesian coordinate points of our jpg file of
the layout of the corridor. Using a triangle-based interpolation, this coarse measurement is interpolated
over the rest of the Cartesian points of the jpg file which do not correspond to any measurement points.
This interpolation generates radio maps as CSV file of 7x138 RSS values as shown in Figure 4 which is
some portion of AP4’s interpolated RSS values.

Figure 4: AP4 interpolated RSS CSV file (radio map) corresponding to Right side section of the corridor

It is important to note that the interpolation is based only on the measured points and that it is completely
unaware of the radio propagation behavior of an indoor environment. This leads to a more flexible
approach, in fact it can be used in any environment, especially in indoor ones where the radio propagation
models are not suitable mainly due to signal reflections. After interpolation, the heat maps generated for
each of the reachable APs were visually inspected and 5 APs which provide a better cumulative coverage
of the testing area are selected. Figure 5 shows the interpolated radio map corresponding to the 5 APs
selected for location estimation during testing. These selected APs together with their ∆ values are
summarized in Table 2.



MAC AP Delta(dBm) RSS Min(dBm) RSS Max(dBm)
00:1a:30:b8:01:80 18 -85 -67
00:13:46:1d:5b:a0 30 -83 -53
00:14:7c:ae:79:62 26 -83 -57
00:14:7c:b9:75:6a 21 -81 -56
00:1a:30:b8:01:80 23 -93 -70
00:11:20:06:a0:e0 36 -78 -42
00:11:20:68:b1:b0 31 -71 -40
00:11:20:68:b2:50 41 -81 -40
00:14:7c:af:52:72 40 -91 -51
00:22:3f:19:20:0c 37 -88 -51

Table 1: Reachable APs

(a) AP1 (b) AP2 (c) AP3

(d) AP4 (e) AP5

Figure 5: Radio Map of 5 APs used for Localization

MAC AP Delta(dBm) RSS Min(dBm) RSS Max(dBm)
00:11:20:06:a0:e0 36 -78 -42
00:11:20:68:b1:b0 31 -71 -40
00:11:20:68:b2:50 41 -81 -40
00:14:7c:af:52:72 40 -91 -51
00:22:3f:19:20:0c 37 -88 -51

Table 2: 5 APs selected for Localization



The selected reachable APs are used for localization since they are the ones where the radio maps are
built upon.

6 Conclusion and Future Work

In this paper, RSS fingerprint based WiFi localization which uses an existing infrastructure of an indoor
environment is examined. The localization technique involves building radio maps as a mathematical
approximation of the environment under test and afterwards solving the problem of localization as an
optimization problem. The implementations and experiments presented in this paper helps provide a
foundation for the integration of other navigation techniques such as outdoor positioning and Inertial
Navigation Systems (INS). Combination of indoor positioning techniques with existing outdoor posi-
tioning tools allows a full indoor/outdoor spatial coverage which can greatly enhance a user’s experience.
The future work will investigate the testing phase and accuracy calculation for both standalone and Client-
Server architectures.
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