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Abstract— Indoor positioning systems have gained 

popularity for supporting location-specific services in indoor 

environments. Indoor positioning technology highlights the 

inefficiency of global positioning system inside a closed 

environment for example, buildings. GPS does not perform 

well in urban areas where there will be lot of buildings, wall, 

tree and underground structures. The signal from the GPS 

satellites is too weak to penetrate the building structure so it 

makes GPS unusable for indoor localization. Based on 

above facts this paper aims to brief readers regarding 

various method for indoor positioning and technological 

advances in this field. 
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I. INTRODUCTION 

Indoor location detection systems have gained popularity for 

implementing location-dependant services in indoor 

environments, because though the GPS system will give 

location info for outside environments Global positioning 

system (GPS) cannot provide correct positioning estimations 

for indoor use [1]. Thus, a system designed for indoor 

environment is needed when user enter the indoor space[2].  

The goal of the indoor positioning system was to develop a 

system that identifies position of a user in closed 

environment. 

Such positioning system in indoor environment 

help clients explore in a shopping centre, keeping in mind 

the end goal to discover particular stores or even shelves. 

Other clients for the framework would incorporate 

organizations keen on helping individuals explore to the 

right shelf in a distribution centre. Indoor Positioning 

Systems (IPS) has lead to expanded proficiency in numerous 

sorts of associations and commercial enterprises, and more 

organizations grasp the new opportunities and usefulness 

found in an IPS [3].  IPS has numerous potential usages, and 

is for example utilized as a part of logistics, health 

awareness, resource tracking, crisis administrations, 

staff/guest distinguishing, security, etc. Keeping in mind the 

end goal to address the client's issues and offer versatile and 

helpful individual administrations, the area data of the 

persons and their gadgets at better places, for example, 

home, office, and so forth., can be given by the IPSs to any 

applications in Personal Networks [4]. Above application 

rely on indoor localisation. Fulfilment of required 

effectiveness, security produces several challenges and strict 

requirements. 

Infrared radiation based positioning systems, Radio 

frequency identification (RFID) based system, 

Ultrawideband (UWB), Bluetooth,  FM radio based system, 

The ZigBee technology are all emerging area in Indoor 

positioning system [5]. 

II. VARIOUS TECHNOLOGIES FOR POSITION DETECTION 

Broadly all current technologies can be divided into four 

groups. 

A. Satellite Based System 

Satellite based system comprise mainly GPS. We are using 

GPS widely for localisation and tracking in outdoor areas. 

GPS is the best method for localisation and tracking in 

outdoor environment. But the signal strength of GPS 

satellite is too weak to be used in indoor environment. So it 

will not perform well in indoor structure. Particularly as a 

human being we spent most of our time in closed 

environment, where GPS signal ceases to perform 

effectively [6]. 

B. Infrared Signal Based System 

Infrared radiation (IR) is available in many wired devices, 

either it be wired or wireless. Location detection using 

infrared signals uses line of sight path between transmitter 

and receiver. IR based devices are small, light, and handy. 

Security and privacy of client is violated when IR is used as 

position detection. IR radiation will be affected by other 

interference from light. We need to install costly equipments 

and the maintenance cost will also be high[5].  

C. Ultrasound Based System 

Ultrasound system for localisation is inspired by the 

direction finding of bats. It detects the transmitter distance 

and location from receiver using the low frequency band. 

Ultrasound signal cannot penetrate wall and the reflected 

signal can impair the detection of location. Recently some 

new research work highlights the usage of ultrasound in 

location detection [5]. 

D. Radio Frequency Based System 

Radio frequencies have few attractive merits which do not 

found in other methods. Radio waves can penetrate the wall 

and other structures. It has large area cover, so needs less 

hardware. Radio frequency based systems cover wide 

variety of system, using various radio signals for localisation 

purpose. For example, research work using bluetooth, RFID, 

ZigBee, FM, Ultrawideband (UWB), WiFi has been carried 

out. 

It can be divided into Narrow band and wide band 

technologies. Bluetooth, WiFi, RFID are belongs to narrow 

bandwidth. Ultra wideband technology belongs to wide 

bandwidth. We can implement hybrid method for 

localisation, in which more than one method integrates for 

detecting location of client. For example indoor localisation 

method will fail at outdoor environment; GPS do not 

perform well in indoor environment. So there is a scope of 
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integrating such applications that will work at both indoor 

and outdoor. This concept can lead us to hybrid system. 

1) Bluetooth Based System 

Bluetooth standard is designed for wireless personal area 

networks (WPAN). Almost every mobile device includes 

bluetooth for personal area network facility. Bluetooth 

operating frequency is 2.4GHz ISM band. Merits of 

bluetooth are high security, low cost, low power, and small 

size. Due to exercise of device discovery before localisation 

is to be done, bluetooth have higher latency of detection.  

2) RFID Based System 

Radio frequency identification (RFID) can also be used for 

localization. In this method a RFID tag will be attached to 

client, the tag will be automatically identified by 

identification technology using radio signals. A scanning 

device will track movement of RFID tag, thus tracking is 

also possible for a distance of few meters. RFID techniques 

have applications including personal, assembly industry, 

ware-house management, and asset tracking [7].  

3) Ultra Wideband (UWB): 

Ultra wideband (UWB) is a high bandwidth, short range 

communication technology. It has very good resilience to 

multipath effect. If the required accuracy in localisation is 

very high, then UWB is the best candidate compare to other 

radio technologies. A drawback of UVB based localisation 

system is, all UWB hardware are too costly to be 

implemented into wide spread usage [8].  

4) ZigBee: 

The ZigBee is a new and emerging wireless communication 

standard. It is gaining popularity in usage of short and 

medium range wireless communication. It consumes very 

low power and can be used for small to moderate 

information exchange. Its range is 20m to 30m RSSI value 

is measured from ZigBee receiver and it is used for distance 

calculation. ZigBee can be easily get interference from other 

wireless communication band, which can disturb the 

communication using ZigBee [9].  

5) FM: 

We are using FM radios for very long times. It is very wide 

spread and commonly available everywhere. In FM the total 

band is divided into smaller subchannels with appropriate 

guard band, to be used by channels. Though it is a candidate 

for localisation application, very little research reported 

using FM signal for localisation purpose [4]. 

6) Wi-Fi Based System: 

 One of the main advantages to use WiFi for localisation is 

we do not need any extra hardware. Now a day the world 

shifts from wired internet to WLAN. WLAN is commonly 

available everywhere, for example, home, office, mall, 

hospital, in public transport, railway station. We do not need 

line of sight signal for implementing positioning. Due to 

these advantages WiFi based positioning is the best 

candidate technology and spreading very rapidly [10]. There 

are many commercial products also available that measures 

RSSI value of present WiFi signal at location and detect 

location. WiFi based localisation do not need any hardware 

modification for implementing the system, as all Network 

interface card will measure the signal strength value by 

default. So it will provide cost effective solution to 

localisation application [11]. 

III. WI-FI BASED POSITION DETECTION 

Various methods are used for location detection and 

algorithms in WiFi based localization. We can divide all 

methods and techniques into three categories: proximity 

detection, triangulation and visual analysis [5]. 

A. Proximity Detection Method 

It is the simplest among all positioning methods to 

implement. It works with providing relative location 

information. The location of client is detected by cell of 

origin (CoO) technique. In case where more than one 

beacon detects the client, it detects the nearest location 

where the signal is strongest. In case of using proximity 

based detection in WiFi the density of AP will determine the 

end accuracy. Range of each AP is quite large typically 

more than one AP in a room is quite uncommon [5]. 

B. Triangulation  

Geometrical aspect of test environment is utilised for 

position detection. It is divided into two sub methods 

lateration and angulation. In lateration the propagation time 

of the signal is measured. Time of arrival (TOA) Returned 

time of flight (RTOF) Time difference of arrival (TDOA) 

and RSSI based methods are belongs to lateration. The angle 

of arrival (AOA) detection method belongs to angulation 

technique [4]. 

C. Fingerprinting  

In fingerprinting based approach attributes of particular 

locations are collected and stored in database. This 

collection of attributes will be carried out during training 

phase. During online phase, a fresh reading will be recorded; 

once again attributes are extracted and compared to 

previously stored readings in database. Based on 

comparison the best candidate location is determined. These 

methods do not need specific hardware in either the client 

device or the end system. There is no need of  time 

synchronization between the stations. One can design it 

completely in software to minimise cost and complexity. So 

it will result in better system compare to time based or 

angulation based positioning system. [12]. 

The location fingerprinting also called a 

fingerprinting method consists of two phases. In phase one 

also called offline phase, training phase, or calibration 

phase. Second phase  is the positioning phase or online 

phase. In the offline phase, maps for fingerprinting are 

collected either manually in measurement operations or 

computed analytically by using propagation model. In the 

first phase, a creation of radio maps for site survey where 

the positioning is supposed to work must be recorded. 

Basically, radio map is nothing but collection of location 

specific attributes. For example RSSI value, mean and 

deviation, flight time, phase information etc. this data 

collectively generate fingerprint identity of specific location. 

Step by step, for every fingerprint is collected and preserved 

in database. Information about number of AP, relative signal 

strength, location of AP will be required. During online 

phase, the mobile station measures signal attributes at test 

location. Then, the current measured signal strength values 

are compared for the best match with a database[13]. The 

major drawback of the fingerprinting approach is the 

rigorous and time-consuming offline process. Furthermore, 
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adding signal stations would challenge the ease of setup in 

fingerprinting. 

 
Fig. 1: Test Locations for Fingerprint Database 

As shown in Fig.-1, the total test area can be 

divided into several locations and fingerprint database is 

collected for that locations. The architecture of proposed 

fingerprint based system can be look as shown in Fig.-3. 

During the training phase, Tx-Rx link will give RSSI value 

per packet. 

IV. RSSI BASED FINGERPRINTING 

 
Fig. 2: RSSI Value Vs Distance Plot 

Fig.-2 shows the plot of received RSSI value 

against distance in meter. We can see that there is large 

variation in RSSI for same location. In indoor environment 

there are dominant multipath effect observed. Due to 

multipath nature of received signal maxima and minima 

created at different location that will result in large variation 

of RSSI value. RSSI value is single absolute value 

represents signal power corresponding to particular location 

[13]. 

 
Fig. 3: Fingerprint Based System Architecture 

V. CSI BASED FINGERPRINTING 

A completely new approach proposed in [14], that will 

utilised physical layer information of channel response. The 

total channel response is at subcarrier level. The 2.4 GHz 

OFDM 20 Mhz channel is divided into subcarriers. Some of 

the commonly available wi-fi adapter can be used to extract 

physical layer information through modified device driver. 

This information is called channel state information. 

Channel state information represents very detailed and 

stable reading compared to RSSI value [15].  Absolute RSSI 

value for each packet will be received in case of RSSI 

extraction while complex values of each subcarrier will be 

received in case of MIMO OFDM channel response [16]. 

 
Fig. 4: SNR Vs Subcarrier Plot 

Fig.-4 Shows the plot of 1*3 MIMO link that 

represent absolute CSI readings against subcarrier value on 

Y axis. As visible from figure, CSI magnitudes are highly 

regular for particular reading compared to RSSI variation 

shown in fig-2. It clearly indicates the viability of using CSI 

value instead of RSSI for indoor positioning purpose [17]. 

 
Fig. 5: Cluster of Single Subcarrier 

Fig.5 shows the CSI plot for any single location.  It 

clearly indicates that there is more than one cluster available 

for a different location. In such scenario, we call collect the 

desired attributes for the no. of groups available. The 

inspiring fact is that the stability of the value groups is very 

high, hence making it very robust candidate for localisation 

VI. CONCLUSION 

Review of various techniques for indoor positioning is 

presented. We also analysed the technical aspects and 

limitations of various methods. Among all Wi-Fi based 

localisation is the best candidate for implementing in indoor 

environment. There are lot of research has been carried out 

using Wi-Fi based system [18]. The main limitation of using 
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RSSI value as attribute is the rapid fluctuation of this values 

in quite stable environment [19]. The RSSI value is device 

specific, and temporal variation will also affect its value 

[20]. 

The completely new approach of using CSI value 

instead of RSSI is discussed separately because of its highly 

stable and promising features [21]. Study shows that using 

CSI value will definitely increases the accuracy of location 

detection system. The false detection and missing detection 

error most common among RSSI based system reduces 

considerably [15]. 
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