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Abstract— As WiFi infrastructures and smartphones are 
propagated widely various WiFi fingerprint-based indoor 
localization system has been proposed. One of the approaches to 
improve the accuracy is the feature selection method that analyse 
the characteristics of WiFi RSSI and construct fingerprint 
database. However, none of the previous studies analysed about 
the number of features selected despite the fact that it is 
important in practical system. In this paper, we propose the 
feature selection method with characteristics of constancy and 
strength and evaluate the performance according to the number 
of features selected. 

 
Keywords— Indoor Localization, WiFi Fingerprint, Feature 
Selection, Public APs, RSSI 

I. INTRODUCTION 

With the rapid development of mobile communication and 
the pervasive computing technology, various applications are 
extensively trying to adopt the indoor localization technology. 
Recently, Google’s Abacus project or a SafeNet’s context-
based authentication solution [1] considers the location 
information as an implicit authentication factor in the area of 
the user authentication. The location information as an 
authentication factor has been mainly studied using outdoor 
locations based on GPS in [2]-[4] while using indoor locations 
has not. One of the main reasons is that there are no general 
API of indoor localization. Since smartphones could easily 
access to the API for outdoor locations based on GPS, it is 
relatively easy to obtain many outdoor trajectory data. Indoor 
localization, however, needs the customized system for each 
target building and it makes that third parties use indoor 
location information for their services very limited. 

Fingerprint-based indoor localization system uses the WiFi 
fingerprint that consists of multiple access points (APs) and its 
signal strength. WiFi signal is vulnerable to environmental 
factors such as walls, doors, furniture, and even people. In 
addition, it might be from a personal access point or a 
temporary hotspot. As a result, WiFi signal strength the 
smartphone received, RSSI, is not constant and stable. 

To address this kind of problem, fingerprint-based indoor 
localization has been studied for last sixteen years since 
RADAR [1] system had proposed. There are two categories. 
One consists of localization algorithms using the supervised 
learning and the other includes fingerprint database 
construction methods using the unsupervised learning. 

Supervised learning-based systems are simple and easy to 
understand and many researches have been conducted. 
[5,6,7,8,9,10,11] uses only WiFi fingerprint and 
[12,13,14,15,16] uses hybrid method based on both WiFi 
fingerprint and sensor fusion. Supervised learning-based 
system consists of two phases, including offline site-survey 
and online location estimation. The site-survey is to construct 
the fingerprint database (radio map) and the quality of 
database directly affects the accuracy of location estimation. 
A problem is that the cost of site-survey is proportional to the 
size of buildings because it is conducted by a human. 
Unsupervised learning-based systems [17]-[20] address the 
issue and propose the method for construction of the 
fingerprint database without site-survey. Other problem is that 
the distance error is several meters. This is caused by the fact 
that the wireless signal is vulnerable to the environmental 
changes. To address this issue, localization systems using both 
WiFi fingerprint and sensor fusion method do not completely 
depend on the fingerprint database but compensate the error 
using multiple sensors like accelerometer or orientation sensor. 

In this paper, the feature selection method that can score 
each feature by analysing the characteristics of RSSI 
according to the constancy and strength [9], [10] is proposed. 
In addition, we show that the number of features selected 
affects the localization accuracy. In the user authentication 
domain, room-level indoor localization system could be 
assumed. For performance evaluation, we collect the data in 
the office building with eight rooms for about one month. The 
results of performance evaluation show the accuracy of room-
level localization is about 95% with the proposed feature 
selection method.  

The rest of this paper consists of as follows. In section 2, 
the related works about WiFi fingerprint-based localization is 
addressed. Section 3 describes the proposed methodologies, 
data collection and feature selection. Section 4 shows the 
result of performance evaluation. Section 5 draws the 
conclusion. 

 

II. RELATED WORKS 

WiFi fingerprint-based indoor localization has been 
researched for about two decades since the RADAR [5] 
system had proposed. WiFi fingerprint-based indoor 
localization system increasingly used for the practical 
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applications because both WiFi infrastructures and 
smartphones are widely deployed. However, the wireless 
signal becomes more vulnerable to interference or fluctuation 
in the complex indoor environments that the temporary access 
points are increasing, nowadays. It necessarily results the 
increasing distance error and the cost of managing fingerprint 
database. 

RADAR system firstly proved the possibility of WiFi 
fingerprint-based indoor localization system. It uses pre-
installed three access points and kNN (Nearest Neighbor) 
algorithm to estimate location. The performance of RADAR 
system allows about 2 meters error. Horus [6] system 
conducted detailed analysis of the characteristics of access 
points and increased the accuracy. According to the Horus 
system, wireless channel has temporal and spatial 
characteristics. In particular, it showed that the collected 
samples from the same access point has the autocorrelation 
and made the correlation modeller for it. Horus system uses 
Bayesian probability-based location estimation using public 
access points, which means system administrator has no 
information about the access points. 

The localization system using public access points should 
consider the characteristics of WiFi access points. Lina et al. 
[7] studied about distribution of WiFi fingerprint in real world. 
Generally, gaussian distribution is assumed in the probabilistic 
localization techniques, but real distribution could be different 
that means real WiFi RSSI can have the double peak Gaussian 
distribution. Lina et al. proposed the localization system using 
both double peak Gaussian distribution and general Gaussian 
distribution.  

Arsham et al. [9] studied the WiFi AP’s characteristics and 
categorized in five characteristics, strength, stability, variance, 
constancy, and coverage. According to the performance 
evaluation in [9], constancy and strength are the main 
characteristics to improve the accuracy. Pei et al. [10] also 
studied about import access points named IAP and proposed 
weighted kNN algorithm based on IAP. 

Meanwhile, unsupervised learning based researches that 
can generate the fingerprint database automatically and 
decrease the cost of site-survey has been conducted. Chenshu 
et al. proposed the crowdsourcing-based system that can 
construct the logical floor plan and match to the physical floor 
plan based on graph theory [19], [20]. The matching method 
consists of three phases, skeleton mapping, branch-knot-
mapping, and correction. The result of the research shows that 
15 logical locations are matched in total 16 locations. 

In this paper, we show that the number of features selected 
affects the accuracy of localization system. Proposed feature 
selection method scores each features using strength and 
constancy characteristics referred to the previous studies [9], 
[10].  

 

III.  METHODOLOGY 

In this section, data collection method for performance 
evaluation and proposed feature selection method are 
described. 

A. Data Collection 
WiFi fingerprint data was collected in each room in the 

office as depicted in figure 1 using android-based custom 
mobile application.  Room labels for ground truth was already 
set to the application to reduce the human error when a user 
input the label of the room. The custom application used 
getScanResult method in WiFiManager class and the collected 
data consists of timestamp, mac address and RSSI of APs, and 
room label. Samsung Galaxy S4 is used to collect the WiFi 
fingerprint data and the scan rate is 0.25Hz. 

The office has 14 conference rooms but only eight rooms 
are accessible. Each room has different size. Room 254, 255, 
256 is 3x4 meters, room 271, 265, 266 is 3x5 meters, room 
269 is 6x5 meters, and room 252 is 8x5 meters. The period of 
data collection is from august 29th to September 29th and we 
collected the data two or three times a week. Total number of 
collected data is for 11 days (0829, 0831, 0902, 0905, 0907, 
0909, 0912, 0919, 0921, 0926, and 0929). The reference 
points in each room are various because we consider the 
room-level localization. To cover the multiple points in the 
room, data was collected in centroid of the room, along the 
wall, and some arbitrary points in the room.  

The 0829 dataset that will be used as a training set has 90 
samples per each room and others that will be used as a test 
set has 30~90 samples per each room. 

 

 
Figure 1.  The floor plan where data collection took place. 

 

B. Feature Selection 
According to [9, 10], constancy and strength of RSSI are 

considerable to improve the localization accuracy. In this 
section, we describe the scoring method using both 
characteristics. 

Let the set of labels of locations be L={l0,…lr} and the list 
of access points be x={x0,…,xn-1}, that is features with the size 
of n. Then, default fingerprint can be defined as f={f0,…,fn-1} 
such that fi is the RSSI value of an access point xi. Fingerprint 
fi is a value of RSSI ranging from 0 to -100 with normal 
distribution. Actually, RSSI cannot be -100. Thus, we regard 
it as null RSSI (∅) that the signal from the access point is not 
detected  
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If m fingerprints are collected for each label, then 
fingerprint database for an arbitrary location l is defined Fl as 
two dimensional matrix and final fingerprint database is 
defined F as follows. ࡲ =ራ ௟௟∈௅ܨ .ݏ  ௟ܨ		.ݐ = { ௜݂௝|0 ≤ ݅ < ݉, 0 ≤ ݆ < ݊} 

 
To score the features, the input of the scoring method 

should be each column vector of Fl. Let j-th column vector of 
Fl be vj. Constancy score of a feature xj is calculated based on 
frequency that the each element of vj is not null RSSI. The 
length of vj is m and normalized constancy score Cl(j) can be 
defined as follows. 

௟ሺ݆ሻܥ  = หݒఫෝห݉  s. t. ఫෝݒ = { ௜݂௝|0 ≤ ݅ < ݉, ௜݂௝	! = 	∅} 
 

Strength score Sl(j) is a mean value of column vector vj 
excluding null RSSI and can be defined as follows. 

 

௟ܵሺ݆ሻ = ∑ ఫෝหݒ௦∈௩ണෞหݏ  

 
Hybrid score Hl(j) is calculated from constancy score Cl(j) 

and strength score Sl(j) as follows. 
௟ሺ݆ሻܪ  = ௟ሺ݆ሻܥߙ + ሺ1 − ሻߙ ௟ܶሺ݆ሻ ݏ. .ݐ ௟ܶሺ݆ሻ = 1 − ௟ܵሺ݆ሻ߬  

 
Constant α is the weight between constancy and strength. If 

α is one hybrid score only considers the constancy 
characteristic otherwise it considers strength characteristic 
only. Constant τ is normalization constant for strength score. 

Now, hybrid score can be calculated for all li in L. For each 
li, k features can be selected as xl according to the score with 
descending order. Final features selected x* is sum of each xl 
for all li in L.  

 ࢞∗ =ራ ௟∈௅࢒࢞  s. t. ࢒࢞ = ,௟଴ݔ} … ,  {௟௞ିଵݔ
 

IV. PERFORMACE EVALUATION 

This section shows that the results of performance 
evaluation of the proposed feature selection method based on 
the 11 dataset. Dataset 0829 is used for training and the other 
10 datasets (0831~0929) are used for test. Classification 
algorithm is kNN and scikit-learn library in python is used for 
implementation.  

We evaluate the performance by comparing the accuracy of 
room-level classification when using all features and using 

selected features. In addition, we show the accuracy is 
changed according to the number of features selected. 

A. Hybrid constant 
Proposed feature selection method has hybrid constant α 

that can weight constancy or strength. To determine constant 
α, we conducted the test varying α and the result is like figure 
2. Maximum accuracy is 94.8% when α is 0.9 which is bigger 
when using only one characteristic. It means that considering 
two characteristics is meaningful even though the 
improvement is only 1%. Hybrid constant α should be 
determined based on the dataset and hybrid-scoring algorithm. 
In the rest of the evaluation, we set α is 0.9. 

 

 
Figure 2.  Localization accuracy according to hybird constant α 

 

B.  Number of Features 
Proposed feature selection method selects k features for 

each rooms, sums all of them, and finally selects k* features. 
Figure 3 show that the accuracy of 10 each test set according 
to k ranging from 10 to 140. The number in parenthesis means 
k* that is determined by k. Total number of features n is 232. 
In most test set, the accuracy is rarely changed when k is more 
than or equal to 100 even when using all 232 features. This 
result can be analysed that only about 100 features are enough 
to the localization without decreasing accuracy. Additionally, 
it can be helpful to decrease the computational cost because 
the kNN algorithm considers only selected features. 

Maximum accuracy is achieved when k is 30, 40, and 70 
depending on the test dataset. In practical system, we should 
determine the fixed k. In naïve approach, we could choose 40 
because the average accuracy is highest. Figure 4 show the 
accuracy of three kinds of approaches. NoFS is the case that 
system uses all features. AvgFS is the naïve approach that 
chooses k when the average accuracy of whole test set is 
highest. MaxFS assumes that there is a specific methodology 
to choose optimal k. The accuracy of each case is 93.58%, 
94.81%, and 95.15%, respectively.  

Proposed feature selection method results in 1.6% point 
increase compared when no feature selection is applied. This 
is not remarkable but meaningful because the default accuracy 
(NoFS) is too high. It means the environment where we 
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collect the data was so static. If the environment is noisier, 
then the proposed method might result better improvement of 
accuracy. 

Meanwhile, determining the optimal number of features 
selected is difficult problem. In the case of AvgFS, several 
training datasets are needed to reflect characteristics that are 
more general. In the case of MaxFS, k should be dynamically 
changed by an arbitrary period. Thus, MaxFS needs the 
database update and dynamic feature selection method. In the 
future works, we will address this problem. 
 

 
 

Figure 3.  Localization accuracy according to the number of features 
selected. Labels on x axis represent k(k*) 

 

 

Figure 4.  Localization accuracy of each test data with the number of 
features. NoFS used all features, AvgFS used selected features where the 
average accuracy is highest, and MaxFS used selected features where the 

accuracy is highest for each test data. 

 

V. CONCLUSIONS 

In this paper, we proposed hybrid-scoring algorithm using 
the characteristics of constancy and strength and selects the 
features based on that score. The number of features selected 
is one of the factors that can increase the accuracy in the 
fingerprint-based localization system. We collected the data 
for performance evaluation in the office with eight conference 

rooms for about one month. The performance evaluation show 
the accuracy could be increased about 1.6% point if we can 
select k adequately. In future works, we plan to design and 
implement the localization system including database update 
and incremental feature selection method. 
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