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Abstract— As intelligent RFID technology continues to 

develop, in conjunction with intelligent sensor technologies, 

RFID has been becoming the core technology in different 

fields such as Internet of things (IoT), real-time systems, 

medical monitoring, Animal tracking, inventory 

management. In such applications, there is requirement to 

localize RFID tags attached to devices or objects. There are 

several localization techniques such as distance estimation, 

scene analysis and proximity. This paper presents a overview 

of different localization techniques for wireless networks and 

attempts to classify different techniques and systems. 
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I. INTRODUCTION 

IOT may be simply regarded as the extension of Internet, 

but they are quite different. The IOT has various 

independent subsystems which can operate on the existing 

infrastructure to obtain the status information of devices and 

also control them. The IOT uses some sensing devices such 

as sensors, Radio Frequency Identification (RFID), infrared, 

Bluetooth, Global Positioning System (GPS), laser scanner, 

cameras and some communication protocols connecting all 

the objects to accomplish smart identification, object 

tracking, localization, management and scheduling. 

Generally, the IOT has three layers: The bottom layer is 

sensing layer, which employs various sensors such as, Radio 

Frequency Identification (RFID), infrared to acquire the 

information of surrounding and transfers them to the upper 

layer, namely network layer. The network layer is mainly 

used to implement the data transmission, consisting of a 

great diversity of short distance heterogeneous 

communication networks, such as Zigbee, Bluetooth, WiFi, 

and long distance communication networks such as GPRS, 

3G and so on. The application layer processes the data 

delivered from the lower layer and analyzes its meanings to 

control corresponding devices. 

RFID terms as Radio frequency identification, It is 

wireless communication technology. The first RFID 

application was the "Identification Friend or Foe" system 

(IFF) and it was used by the British in the Second World 

War. Radio waves are used to automatically identify, track, 

and authenticate items or people by the RFID technology. 

The first commercial RFID application was the "Electronic 

Article Surveillance" (EAS). It was developed in the 

seventies as a theft prevention system. In the eighties RFID 

technology got a boost when Norway and several US states 

decided to uses RFID for toll collection on roads. RFID 

system is one of the most pervasive computing technologies 

with technical potential and cost-effective opportunity in a 

different area of applications. Among their advantages is 

included their low price and their wide area applicability. 

This paper gives the overview about current RFID 

technology, localization and positioning techniques. 

II. CURRENT RFID TECHNOLOGY 

RFID networks are composed of three different entities, 

RFID tags, readers, and servers, as shown in Fig. 1.All 

RFID tags use radio frequency energy to communicate with 

the readers. However, the method of powering the tags 

varies. An active tag embeds an internal battery which 

continuously powers it and its RF communication circuitry. 

Readers can thus transmit very low-level signals, and the tag 

can reply with high-level signals. An active tag can also 

have additional functionalities such as memory, and a 

sensor, or a service discovery algorithm. On the other hand, 

a passive tag has no internal power supply. Generally, it 

backscatters the carrier signal received from a reader. 

Passive tags have a smaller size and are cheaper than active 

tags, but have very functionalities. The last type of RFID 

tags is semi passive tags. These tags communicate with the 

readers like passive tags but   they embed an internal battery 

that constantly powers their internal circuitry. 

 
Fig. 1: Basic Architecture of RFID 

RFID readers have two interfaces. The first one is a 

RF interface that communicates with the tags in their read 

range in order to retrieve tags’ identities. The second one is 

a communication interface, generally IEEE 802.11 or 802.3, 

for communicating with the servers. Finally, one or several 

servers constitute the third part of an RFID system. They 

collect tags’ identities sent by the reader and perform 

calculation such as applying a localization method. They 

also embed the major part of the tmiddleware system and 

can be interconnected between eachothers.RFID systems 

can be classified in two main categories in accordance with 

their usage: monitoring and authorizing [3]. The first class 

includes RFID systems where tags are attached in an 

inseparable way to the items they identify. Such networks 

provide the capability to check, monitor and authenticate 

which tags are present in the interrogation zone. Classic 

utilizations are livestock or people embedded with RFID 

tags. The second class includes RFID systems where RFID 

tags are not permanently attached to entities. Due to this 

property, the identity of the entity in possession of the RFID 

tag cannot be verified. Typical usages of authorizing RFID 

systems are access control in a building where tags are 

embedded inside cards or keys. 
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III. DIFFERENT LOCALIZATION TECHNIQUES 

Both identity and location are generally key information for 

indoor services. Localization techniques are broadly 

classified into three types which are traditional triangulation, 

scene analysis or proximity. Targeting different applications 

or services, these three algorithms have unique advantages 

and disadvantages. Hence, using more than one type of 

positioning algorithms at the same time could get better 

performance. 

A. Triangulation 

Triangulation uses the geometric properties of triangles to 

estimate the target location. It has two derivations: lateration 

and angulation. Lateration estimates the position of an 

object by measuring its distances from multiple reference 

points. So, it is also called range measurement techniques. 

Instead of measuring the distance directly using received 

signal strengths (RSS), time of arrival (TOA) or time 

difference of arrival (TDOA) is usually measured, and the 

distance is derived by computing the attenuation of the 

emitted signal strength or by multiplying the radio signal 

velocity and the travel time. Roundtrip time of flight 

(RTOF) or received signal phase method is also used for 

range estimation in some systems. Angulation locates an 

object by computing angles relative to multiple reference 

points. In this survey, focus is on the aforementioned 

measurements in the shorter range, low-antenna, and indoor 

environment. 

 
Fig. 2: Positioning based on TOA/RTOF method 

1) Lateration Techniques 

a) TOA 

The distance between a reference point and the target is also 

proportional to the propagation time of signal. TOA-based 

systems need at least three different measuring units to 

perform a lateration for 2-D positioning. However, they also 

require that all transmitters and receivers are precisely 

synchronized and that the transmitting signals include time 

stamps in order to accurately evaluate the traveled distances. 

If more than three reference points are available, the least-

squares algorithm or one of its variants can be used in order 

to minimize the localization error. 

A straightforward approach uses a geometric 

method to compute the intersection points of the circles of 

TOA. The position of the target can also be computed by 

minimizing the sum of squares of a nonlinear cost function, 

i.e., least-squares algorithm [4], [5].Closest-neighbor (CN) 

and residual weighting (RWGH) are the other indoor 

localization algorithms. The CN algorithm estimates the 

location of the user as the location of the base station or 

reference point that is located closest to that user. The 

RWGH algorithm can be basically viewed as a form of 

weighted least-squares algorithm. It is suitable for LOS, 

non-LOS (NLOS) and mixed LOS/NLOS channel 

conditions. 

b) TDOA 

The principle of TDOA lies on the idea of 

determining the relative location of a targeted transmitter by 

using the difference in time at which the signal emitted by a 

target arrives at multiple measuring units. Three fixed 

receivers give two TDOAs and thus provide an intersection 

point that is the estimated location of the target. This method 

requires a precise time reference between the measuring 

units. TDOA has drawbacks such as in indoor environments, 

a LOS channel is rarely available. Moreover, radio 

propagation often suffers from multipath effects thus 

affecting the time of flight of the signals. 

c) RSS (Received signal strength) 

Signal attenuation based methods attempt to calculate the 

signal path loss due to propagation. Theoretical and 

emprical models are used to translate the difference between 

the transmitted signal strength and the received Signal 

strength into a range estimate. Due to severe multi-path 

fading and shadowing present in the indoor environ-

environment, path-loss models do not always hold. The 

parameters employed in these models are site-specific. The 

accuracy of this method can be improved by utilizing the 

premeasured RSS contours centered at the receiver. 

d) RTOF 

This method is to measure the time-of-flight of the signal 

traveling from the transmitter to the measuring unit and 

back, called the RTOF (Fig.2). For RTOF, a more moderate 

relative clock synchronization requirement replaces the 

above synchronization requirement in TOA. Its range 

measurement mechanism is the same as that of the TOA. 

The measuring unit is considered as a common radar. A 

target transponder responds to the interrogating radar signal, 

and the complete roundtrip propagation time is measured by 

the measuring units. However, it is still difficult for the 

measuring unit to know the exact delay/processing time 

caused by the responder in this case. 

e) Received Signal Phase Method 

The received signal phase method uses the carrier phase to 

estimate the range. This method is also called phase of 

arrival (POA) [2]. Assuming that all transmitting stations 

emit pure sinusoidal signals that are of the same frequency f, 

with zero phase offset, in order to determine the phases of 

signals received at a target point, the signal transmitted from 

each transmitter to the receiver needs a finite transit delay. 

In Fig.3, the transmitter stations A up to D are placed at 

particular locations within an imaginary cubic building. The 

delay is expressed as a fraction of the signal’s wavelength, 

and is denoted with the symbol φi = (2πfDi)/c in equation 

Si(t) = sin(2πft + φi),where i ∈ (A, B, C, D), and c is the 

speed of light. As long as the transmitted signal’s 

wavelength is longer than the diagonal of the cubic building, 

i.e., 0 < φi < 2π, we can get the range estimation Di = 

(cφi)/(2πf). Then, we can use the same positioning 

algorithms using TOA measurement. The receiver may 

measure phase differences between two signals transmitted 

by pairs of stations, and positioning systems are able to 

adopt the algorithms using TDOA measurement to locate 

the target. 

 
Fig. 3: Positioning based on signal Phase 
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f) Angulation Techniques (AOA Estimation) 

In AOA, the location of the desired target can be found by 

the intersection of several pairs of angle direction lines, each 

formed by the circular radius from a base station or a beacon 

station to the mobile target. As shown in Fig. 5, AOA 

methods may use at least two known reference points (A, 

B), and two measured angles θ1, θ2 to derive the 2-D 

location of the target P. Estimation of AOA, commonly 

referred to as direction finding (DF), can be accomplished 

either with directional antennae or with an array of 

antennae. The advantages of AOA are that a position 

estimate may be determined with as few as three measuring 

units for 3-D positioning or two measuring units for 2-D 

positioning, and that no time synchronization between 

measuring units is required. The disadvantages include 

relatively large and complex hardware requirement(s), and 

location estimate degradation as the mobile target moves 

farther from the measuring units. For accurate positioning, 

the angle measurements need to be accurate, but the high 

accuracy measurements in wireless networks may be limited 

by shadowing, by multipath reflections arriving from 

misleading directions, or by the directivity of the measuring 

aperture. Some literatures also call AOA as direction of 

arrival (DOA).  

B. Scene Analysis 

RF-based scene analysis refers to the type of algorithms that 

first collect features (fingerprints) of a scene and then 

estimate the location of an object by matching online 

measurements with the closest a priori location fingerprints. 

RSS-based location fingerprinting is commonly used in 

scene analysis. Location fingerprinting refers to techniques 

that match the fingerprint of some characteristic of a signal 

that is location dependent. There are two stages for location 

fingerprinting: offline stage and online stage (or run-time 

stage). During the offline stage, a site survey is performed in 

an environment. 

The location coordinates/labels and respective 

signal strengths from nearby base stations/measuring units 

are collected. During the online stage, a location positioning 

technique uses the currently observed signal strengths and 

previously collected information to figure out an estimated 

location. The main challenge to the techniques based on 

location fingerprinting is that the received signal strength 

could be affected by diffraction, reflection, and scattering in 

the propagation indoor environments. There are at least five 

location fingerprinting-based positioning algorithms using 

pattern recognition technique so far: probabilistic methods, 

k-nearest-neighbor (kNN), neural networks, support vector 

machine (SVM), and Smallest M-Vertex Polygon (SMP). 

1) Probabilistic Methods 

One method considers positioning as a classification 

problem. Assuming that there are n location candidates L1, 

L2, L3, . . . , Ln, and s is the observed signal strength vector 

during the online stage, the following decision rule can be 

obtained: 

 Choose Li if P(Li|s) > P(Lj |s), for i, j = 1, 2, 3, . . . , n, 

j = i.Here, P(Li|s) denotes the probability that the 

mobile node is in location Li, given that the received 

signal vector is s. Also assume that P (Li) is the 

probability that the mobile node is in location Li. The 

given decision rule is based on posteriori probability. 

Using Bayes’ formula, and assuming that P(Li) =P(Lj) 

for i, j = 1,2,3, . . . , n we have the following decision 

rule based on the likelihood that (P (s|Li) is the 

probability that the signal vector s is received, given 

that the mobile node is located in location Li) Choose 

Li if P(s|Li) > P(s|Lj),for i, j = 1,2,3, . . . , n, j = i. 

In addition to the histogram approach, kernel 

approach is used in calculating likelihood. Assuming that 

the likelihood of each location candidate is a Gaussian 

distribution, the mean and standard deviation of each 

location candidate can be calculated. If the measuring units 

in the environment are independent, we can calculate the 

overall likelihood of one location candidate by directly 

multiplying the likelihoods of all measuring units. 

Therefore, the likelihood of each location candidate can be 

calculated from observed signal strengths during the online 

stage, and the estimated location is to be decided by the 

previous decision rule. However, this is applicable only for 

discrete location candidates. Mobile units could be located 

at any position, not just at the discrete points. The estimated 

2-D location (ˆx,yˆ) may interpolate the position coordinates 

and give more accurate results. It is a weighted average of 

the coordinates of all sampling locations. Other probabilistic 

modeling techniques for location-aware and location-

sensitive applications in wireless networks may involve 

pragmatically important issues like calibration, active 

learning, error estimation, and tracking with history. 

2) kNN 

The kNN averaging uses the online RSS to search for k 

closest matches of known locations in signal space from the 

previously-built database according to root mean square 

errors principle. By averaging these k location candidates 

with or without adopting the distances in signal space as 

weights, an estimated location is obtained via weighted kNN 

or unweighted kNN. In this approach, k is the parameter 

adapted for better performance. 

3) Neural Networks 

During the offline stage, RSS and the corresponding 

location coordinates are adopted as the inputs and the targets 

for the training purpose. After training of neural networks, 

appropriate weights are obtained. Usually, a multilayer 

perceptron (MLP) network with one hidden layer is used for 

neural-networks-based positioning system. The input vector 

of signal strengths is multiplied by the trained input weight 

matrix, and then added with input layer bias if bias is 

chosen. The result is put into the transfer function of the 

hidden layer neuron. 

The output of this transfer function is multiplied by 

the trained hidden layer weight matrix, and then added to the 

hidden layer bias if it is chosen. The output of the system is 

a two-element vector or a three-elements vector, which 

means the 2-D or 3-D of the estimated location. 

4) SVM 

SVM is a new and promising technique for data 

classification and regression. It is a tool for statistical 

analysis and machine learning, and it performs very well in 

many classification and regression applications. SVMs have 

been used extensively for a wide range of applications in 

science, medicine, and engineering with excellent empirical 

performance. Support vector classification (SVC) of 

multiple classes and support vector regression (SVR) has 

been used successfully in location fingerprinting. 
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C. Proximity 

Proximity algorithms provide symbolic relative location 

information. Usually, it relies upon a dense grid of antennas, 

each having a well-known position. When a mobile target is 

detected by a single antenna, it is considered to be 

collocated with it. When more than one antenna detects the 

mobile target, it is considered to be collocated with the one 

that receives the strongest signal. This method is relatively 

simple to implement. It can be implemented over different 

types of physical media. In particular, the systems using 

infrared radiation (IR) and radio frequency identification 

(RFID) are often based on this method. Another example is 

the cell identification (Cell-ID) or cell of origin (COO) 

method. This method relies on the fact that mobile cellular 

networks can identify the approximate position of a mobile 

handset by knowing which cell site the device is using at a 

given time. 

IV. DISCUSSION AND CONCLUSION 

This paper, discusses the different localization techniques 

and its working principles of RFID. It discusses about the 

different triangulation, scene analysis and proximity 

techniques of RFID positioning. It discusses about different 

types of approaches and comparative analysis of each 

approach. It categorises the methodologies into distance 

estimation, fingerprinting and proximity. It explained the 

need of localization of RFID for IOT. Globally, in terms of 

scalability and availability, these RFID positioning 

technique have their own important characteristics when 

applied in real environments. The choice of technique and 

technology (passive or active tags) significantly affects the 

granularity and accuracy of the location information but also 

the whole cost and the efficiency of the RFID system. 
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