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Preface 

This thesis brings the outcome RFID system characterization based on Wireless Power 

Transmission and Backscatter, which has been performed at Institute of Telecommunication, 

Portugal. In order to fulfill the requirements for the degree of Master in Electronics / 

Telecommunications at University of Gavle, Sweden, this thesis has been performed at 

University of Aveiro, Portugal under Erasmus exchange program. 

 

With the intention of using the results of this thesis in future service network development, radar 

cross section of RFID scheme has been measured in both outdoor and in An-echoic chamber 

by comparing the resultant output. Identification, assessment and verification of power 

transmission and reception have been comprehensively done by means of read-rates to 

increase system efficiency and optimize the system performance.  

 

This research work has been performed under the scientific guidance of Dr. Nuno Borges 

Carvalho, Full Professor of Department of Electronics, Telecommunication and Informatics, 

Telecommunication Institute, University of Aveiro, Portugal and the examiner is José Chilo, 

Universitetslektor elektronik, Akademin för teknik och miljö, Högskolan i Gävle, Sweden. The 

master’s thesis work was performed from September 2013 to May 2014. 
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Abstract  

With the ever growing application requirements for wireless power transmission in recent years, 

use of Ultra High Frequency (UHF) band via passive RFID technology escalates quickly. 

However, limited read range and outdoor interference has always been a great obstacle for 

various RFID applications. Escalating power transmission at the tag to identify and amplify 

received power under flawless conditions of electromagnetic theory do not provide estimates of 

read-rates, which bring major limitations to RFID system performance. Therefore, discovering 

the reason behind these problems and assessing the performance of backscatter power to 

improve the system performance remains as a crying need. 

 

Implying radar cross section (RCS) mechanism into RFID can enhance the system performance 

at a larger extent, as passive RFID works same as radar at far field range by detecting 

backscatter signal from target object. Antenna radiation pattern and co located interference 

effect are vital considerations for RFID propagation mechanism and tag read range 

optimization. Consequently, the robust performance of transmitting and receiving antenna will 

provide a better RCS value when we get them in good agreement with experimental results. 

 

This thesis provides analytical framework for backscatter performance modeling and suggest 

techniques to enhance the efficiency of reader to tag to reader performance. It explores 

uncertainties associated with certain parameters like antenna far field radiation property, 

antenna spacing, optimal backscatter power and communication range, which implies scattering 

efficiency of the tag and establish a relationship between the measured and predicted values of 

tag read-rate probabilities. Comparing measurement patterns in both outdoor and in an-echoic 

chamber, finally it determines method to increase efficiency at power transmission and 

reception end. Obtained results will encourage the future researchers to design, analyze and 

enhance the backscattered passive RFID systems at a larger scenario. 

 

 

 
Key words: Radio Frequency Identification, Passive RFID, RFID characterization, Radar Cross 

Section, Backscattering, Wireless Power Transmission. 
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Chapter 1: Introduction 

 
Radio frequency identification technique (RFID) is one of many identification techniques that 

are used for assisting machines to identify people or objects automatically. Several 

technologies can be seen besides RFID in Automatic identification umbrella; smart cards, 

voice recognition, biometric technologies and bar codes and are most widely used among 

others. Passive RFID is widely used for obtaining backscattered power, which is gaining huge 

popularity over the year.  
 
 

1.1 RFID Outline:  
 

RFID is a standard term for technologies that use radio waves to identify and categorize 

people or objects automatically by providing a unique wireless identification. RFID technology 

provides a transparent link between the physical world and the information system as a RFID 

tag embedded in an object enables unique identification and authentication capabilities, the 

history log or even computing and sensing features, depending on the RFID technology 

branch applied.  
 

 
 
 
 
 
 
 
 

               Figure 1.1: Ideal RFID transmission Architecture 
 

An RFID reader or transceiver that is attached with an antenna uses radio frequency waves to 

acquire a signal from an RFID tag that is within its range of communication. An RFID 

Information Processing System decodes that signal into an identifier. The above mentioned 

modules jointly form a complete RFID System, which has been shown in Figure 1.1. 

Numerous coding plus modulation patterns are employed to exchange data among the RFID 

tag and reader. Downlink signals (which sometime referred as forward link) in figure 1.1 
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contains continuous wave (CW) and modulated commands together. On the other hand, when 

the backscattered signal is modulated by the tag impedance at the uplink path (which 

sometime is referred as reverse link), data is sent back during one of the continuous wave.    

 

 

1.2 History of RFID: 
The RFID technology first used by means of radar equipment improvement, to recognize and 

distinguish between the enemy and friend military aircraft in World War II (1940) by the British 

Royal Air Force. In next decade (1948), a revolutionary paper ´´Communication by means of 

reflected power´´ by Harry Stockman published. He discovered that if the carrier power 

generated at the receiving end has a point-to-point communication with transmitting end and if 

the transmitter is replaced by a modulated reflector, then it will represent a transmission 

system which possesses new and different characteristics [1]. This invention of passive 

communication brings a new dimension in RFID sector and let the other researchers to exploit 

the RFID system in broader scenario. In 1960, groundbreaking paper on passive RFID, 

´Radio transmission systems with modulatable passive responder´ published [2]. At early 

1970´s, multi-bit functional passive UHF RFID systems with a range of several meters have 

been introduced for the first time. Due to improvements in radios and integrated circuits, RFID 

is undergoing an incredible progression. Over the years, the development of RFID has 

increased gradually and significantly and as a result it is getting high attention from retailing 

organizations and government. Next few decades, various experiments of RFID accelerate. 

Both microwave and inductive technologies were finding use for toll collection and access 

control. Schottky diodes developed, which allow the entire tag to be integrated in a single 

chip. Globally accepted EPC protocol established at 2000. Within next few years, advanced 

tags evolved that provides more accurate reads including privacy features. Nowadays, 

extended research on developing a response model of backscattering power via passive 

RFID is gaining high demand as it can vastly enhance the RFID system performance. 

 

 

1.3 Background: 
 

Wireless power transmission via backscattering is gaining huge popularity over last decade as 

predictions of future connected small devices in areas like home mechanization, smart 

liveliness, aged care at home, shipping, asset tracking and many others are increasing 

drastically. Therefore, reduction of the power consumption rate has been a vital need of next 

generation. However, the wireless communication industry still has a lot of challenges to 

resolve to implement a global wireless network. Wireless communication between UHF tags 
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and has been precisely discussed by Dobkin at his book [3], along with the read range limiting 

factors. By this time, RFID has become a reliable technology to use the wireless power and 

provide a new dimension to upcoming era. The dominant use of passive backscatter 

communication today is ultra-high frequency (UHF) radio frequency identification, specified in 

the (approximately) harmonized EPC Global Class 1 and ISO/IEC 18000-6C communication 

standards [4]. Therefore, in this thesis focus put on UHF band for radio backscatter 

communication. 

 

A few authors proposed measuring backscatter from RFID tags with the tag tester [5] and 

Lab-VIEW controller, but none of the method has been demonstrated by using an actual 

reader. A mono-static setup has been effectively used in [6] with vertical polarization for 

reducing RCS, and researchers eventually found low RCS with this setup. However, path loss 

is highly correlated with transmitter-receiver separation [7]. But this method does not provide a 

conclusive dimension of RCS via backscattering for passive tag. Pavel and Rao demonstrated 

a method for determining signal backscattering from RFID tags along with calculation of a tag 

radar cross-section (RCS) [8] at 2006. Several researches have been done based on 

analytical formulation, simulation results and backscattering power measurement of radar 

cross-section [5][6]. Received wireless power is another important consideration that brings 

most critical hurdle in radio communication. As the demand of limiting power transmission is 

mounting day by day, therefore several researchers tried to investigate on propagation 

mechanisms of the backscatter channel [9]. As one of the connected devices has no internal 

power, therefore backscatter broadcasting with Passive RFID remains challenging. 

Theoretical equations along with measurement method has been recalled at [10], which 

required further improvement for determining RCS and evaluate the measurement 

uncertainties.  

 

Hence, the necessity of a proper design to get efficient backscattered value remains as a 

crying need. We try to deliver an expand demonstration of those research using different 

passive tag and various antenna in measurement chapter to enhance system perform.  

 
 

1.4 Goal of the Thesis: 
 

Conventional radio communication has a fundamental difference from backscatter radio 

communication as the later one transfer power by scattered modulating signals from an RFID 

tag. RFID tag provides information by repossessing UHF or microwave power to backscatter 

radio, then it decodes the modulated signals to scattered back to the receiving antenna. This 
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procedure involves with two separate links where forward link is to power-up the passive RFID 

tag and the reverse link is used to receive modulated backscatter signal. Hence, precise 

measurement of the tag energizing power and backscattered power will provide the new 

possibility of transmission more quickly and less expensively. Therefore, we try to formulate 

required link budget analysis using UHF passive RFID mechanism as well. 

 

Radio waves spread in all directions to send and receive data for wireless power 

transmission, until they reach their desired frequency. Since the antenna is tuned to a certain 

frequency, thus this procedure is not so productive and sometime even harmful. Therefore, 

several strategies need to follow in order to find the best possible way of reducing the power 

waste. A minor alteration of the power transmission link budgets parameters can produce a 

considerable outcome on an RFID tag range. Thus, any technique to increase antenna gain, 

decrease unwanted effects of device and diminution of fading is positive news to the 

backscatter-tag designer. For that reason, operating backscatter RF tags at a higher 

frequency is one way to make such enhancements possible for read range optimization. 

 

The thesis contains two main parts. First one is analytical modeling of a RFID backscatter 

system, to propose a suitable backscatter solution of an RFID system to enhance Radar 

Cross-Section value at far field. Another part contains characterization of various RFID 

parameters, by means of reader power, antenna type, tag characteristics and location to 

improve the efficiency of the system. 

 

Collaborating of these two methods is needed for effective RFID system design and 

performance calculation. Measured results can be effectively used in wireless power 

transmission by means of RCS calculation. Finally, our goal is to proposes the development of 

models that are based on backscattering mechanism at UHF band and statistical principles for 

design and prediction of passive RFID systems.  

 

 

1.5 Thesis Layout:  
 

This thesis is organized into four chapters, where each chapters are divided into sections and 

subsections, to achieve step by steps solution on the way to accomplish the desired 

characterization. A detail flow chart of the entire thesis work has been shown at figure 1.2. 

First few chapters provide a brief explanation of the content while last two chapters produces 

a resultant clarification. 
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Figure 1.2: Thesis Workflow 

 

Chapter 1 provides an introduction of RFID along with its history and development. It also 

gives an insight about objective of the thesis, previous research on this particular RFID field 

and the key considered area related to this thesis.  

 

Chapter 2 gives an overview of wireless power transmission and RFID, describes the principle 

of RFID communication techniques. Data exchange between reader and tag employ various 

modulation and coupling technique, which has been addressed as well. Providing in depth 

architecture of RFID reader and RFID tag, it also draws a relational model between RFID 

based RCS analysis. In addition, it gives a detail description about internal mechanism of 

RFID, which includes RF to DC conversion, Reader-to-Tag communication and hardware 

enhancement for RFID system efficiency. This chapter also describes the signal transmission 
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and reception technique through backscattering by means of propagation and coupling 

process. There are few vital factors that affects backscatter radio propagation, which has 

been addressed precisely. Finally, it provides backscatter analysis via RCS and read range 

variation.  Analytical modeling segment provides mathematical analysis of both backscatter 

and RCS along with polarization mismatch. Furthermore, it provides a strategy for the 

backscattering measurement technique of RFID tag to calculate RCS. It delivers a review of 

experimental studies in previous chapters by filling up research gaps, problem depiction, 

measured results plus further approach to find the appropriate final set-up. 

 

Chapter 3 provides the results and their analysis for the RFID backscattering system through 

measurements. A demonstration of measuring reflected signal from an RFID tag at Electronic 

Lab has been performed using an Agile Reader. Then, reader to tag communication revealed 

here using reader software as a middleware to justify the read range variation. To produce 

and display fixed power and frequency just like a reader, a Vector Signal Generator (VSG) 

has been used. Several measurement take place in different scenario by varying antenna, 

tag, location, power and distance to characterize tag sensitivity (minimum power to activate 

the tag), communication range (at various transmitted power), frequency dependency (optimal 

operating frequency); tag efficiency (ratio between the reflected and incident power ); tag 

consumption and dissipation for radar cross section calculation. We introduce a metallic 

environment to characterize the radiation effect of co-located antenna at the end. All the 

measurements are done both inside and outside of An-echoic chamber to characterize vary 

the RCS value at two different states in order to compare the scattering pattern of the system. 

Finally it sums up with the finding the system efficiency by means of RCS 

 

Chapter 4 Concludes with a development model based on backscattering mechanism at UHF 

band based on obtained RCS value. Contributions of this thesis will drive towards further 

research on RFID transmission and backscattering through its massive scope of future work 

towards wireless transmission at a longer range. Resultant efficiency obtained from this RFID 

backscattering mechanism can be use in wireless power transmission at smaller device in 

future. 

 

On the whole, this chapter depicts background and aim of the thesis. Meanwhile, recent 

drawbacks towards RFID enhancement has been identified precisely and some of them have 

set as goals. Apposite segmentation of chapters were presented briefly along with the 

motivation for future prospect of this thesis. 
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Chapter 2: Theory 

 

RFID backscattering initiated from reflection of wireless power, which needs to go through 

various branches and hence, it needs a detailed study. The objective of this chapter is to 

know the specifics of this thesis in a theoretical point of view. In order to achieve the main 

objective and implement the desired goals of this project, several background concepts about 

RFID communication including reader and tag apparatus are introduced. Wireless power 

transmission of these RF signals along with its electromagnetic propagation concepts has 

been studied. How does the backscatter coupling works in this system, which modulation suits 

best during the propagation, how to recover information from the tag has thoroughly revealed 

between sub-section 2.1 to 2.6.  Analytical modeling segment from sub-section 2.7 depicts 

RCS analysis and characterization scenario to converse the purpose of the measurements. 

Signal transmission and reflection model has been mathematically derived for obtaining In-

phase and Quadrature values after careful consideration of few factors that affect during 

backscatter. Different RCS calculation technique for mono-static and bi-static method studied 

here as well. Finally, the antenna polarization and radiation pattern, which are vital for total 

power estimation also discussed here.   
 
 

2.1 Wireless Power Transmission using RFID: 
 

A wireless power source is required for many applications and places where batteries cannot 

be used. For example, to perform diagnostics endoscope inside a human body we should not 

use battery as it is harmful; therefore the power should be delivered using wireless 

technology. Use of RF based wireless power transfer is a growing need and research on 

finding a way of alternative power is in high demand. In 2008, the wireless transmission of a 

physical measure from the RADAR Cross Section (RCS) analysis by means of passive 

sensors was proposed for the first time. This certain concept has voted in 2010 as a potential 

for real-world application [11]. The Wireless power transfer system is a platform for sensing 

and computation that is powered and read by a commercial standard UHF RFID reader. The 

first report related to directly use of physical quantity for the RCS amplitude modulation of 

passive electromagnetic (EM) sensors was published at 2010 [12]. Thus, for forthcoming WPT 

development, we have put our focus on backscatter power measurement via passive UHF 

RFID in this thesis.   
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2.2 RFID overview 
 

Several conventional identification methods exist in the market. Among others, the most 

common way is to store a unique serial number in a tag to identify a person or object along 

with the other information. A microchip that is attached with an antenna will store that serial 

number and process information. The Antenna enables the microchip to transmit the 

identification information to a reader. The reader will convert those radio waves that reflected 

back from the RFID tag into digital information so that it can then received at the computers. 
 

Hence, an RFID system is altogether composed of three components; a reader and a tag 

communicating over the air at a certain frequency via an RFID information processing system 

(a host). The microchip along with the antenna together is known as RFID tag. The RFID tag 

or label is a programmable transponder that is embedded with a transmitter and receiver. It 

combines specific serial number for one specific object for a specific frequency. The RFID 

reader transmits an electromagnetic wave towards the tag at one definite frequency, while the 

tag scatters back a wave at another frequency with the chip’s information encoded in those 

Backscatter waves. Depending on the type and frequency, a reader can read a tag up to 10 

meters. 

 

2.2.1 Advantage of RFID over Bar code:  
 

The big dissimilarity among this two is line-of-sight technology. During the transaction, a 

scanner has to see the bar code in order to read it, that means the bar code have to adjust in 

the direction of a scanner for it to be read. Radio frequency identification, by contrast, doesn't 

really require line of sight as RFID tags can be read as long as they are within range of a 

reader. Bar represents numbers for manual keying while RFID has a unique ID tag that 

transmits information wirelessly and a transceiver to read that ID tag. Bar codes have several 

shortcomings compared to RFID. If a label is scratched or get dirty, there is no way to scan 

the item while RFID does not entirely depend on label. Standard bar codes can only identify 

the manufacturer and product, not the unique item. RFID has reduced error, unlimited data 

modification and data is secure, capacity is 64Kilobits. It has EPC as standard which is in 

continuous development while bar code has stable (EAN, UPC) standard. Read distance is 

another major factor, which is far better at RFID system than bar code. Speed and durability 

are comparatively higher as well at RFID. 
 

2.3 RFID Communication: 
RFID truly is a multi-disciplinary expertise which includes diverse disciplines. To resolve the 

critical difficulties of wireless detection using reflected power, substantial analysis and 
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progress works should be done. Starting from RF to microwave engineering it has far 

reaching effect on the antenna technology and digital integrated circuits as well. To encode 

and decode analog signals into digital codes for identifications and then real time tracking, 

RFID used in computer engineering as well. Just like other type of networking reference 

model, RFID system level can be categories in to several segment. A reference model of 

RFID has been given by Dale R. Thompson [13] portrayed at Table 2.1. 

 

 

 

 

 

 

 

 

 
                                    Table 2.1: RFID Reference Model 
 

RFID system consists of: 

1. A tag that carries data which enclose with the identification code. 

2. A reader that interrogates the tag and extracts data from it. 

3. Application middle-ware which act as an interface between the user and the RFID system. 

 

 

 

 
 
 
 
 
 
 

Figure 2.1: RFID communication structure 
 

In RFID system, reader sends continuous wave signal as ON and OFF manner. During 

continuous wave ON period, reader sends request signal to tag. After receiving that 

continuous wave signal power, tag activates its integrated circuit (IC) and responds to the 

    Reference Model of RFID 
Application Layer 

Middleware Layer 

Network Layer 

Reader Layer 

Media Interface Layer 

Tag Layer 
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reader. Generally, tags modulate the electromagnetic wave and transmit back the data to the 

reader, where it is processed for real time implementation purpose. Then the middle-ware 

maintains a software protocol to convert those data ID from the reader into a computer for 

further process. Development of RFID technology advances over the year along with the 

design and operating principles of tag. Therefore, a wide range of tag and verity of reader has 

been designed. 

 

Tags can either be inductive or radiative. Current in radiative tag from the reader allows the 

tag to radiate. It works at frequency above VHF level and tag can be read from far distance. It 

has high data rate but it is subject to fading and reflection. On the other hand, inductive tag is 

based on magnetic couple principle. Different line coding is used between tag and reader 

such as PIE and Manchester. To avoid reader to tag interference either FHSS or DSSS 

technique is used. FHSS needs pseudo random sequence to choose ordering for channel 

hopping.  

 

 

2.3.1 RFID Tag: 
 

The microchip along with the antenna together is known as RFID tag. The RFID tag or label is 

a programmable transponder that is embedded with a transmitter and receiver. It combines 

specific serial number for one specific object for a specific frequency. Apart from EPC, RFID 

tags contains SGTIN (Serialized Global Identification Number) and are categorized according 

to the method in which is it powered.  

 
2.3.1.1 EPC Protocol: 
An EPC is a universal identifier that gives a specific physical object a unique identity. This 

identity is designed to be unique among all physical objects and all categories of physical 

objects in the world, for all time. The EPC is a string of numbers and letters that consists of a 

header along with three sets of data panels. The Electronic Product Code is designed as a 

global standard by EPCglobal intended for use in many industries. Electronic Product Codes 

authorize in favor of unique serial numbers for each individual object so that companies can 

track them independently. In addition with assemble real-time data about each item, they 

store and act upon that information as well. 

 

The first panel of EPC indicates the manufacturer; the second one indicates the product type 

and the third panel identifies the unique serial number. The part ‘Header’ in figure 2.2 is 

responsible for identifying the length, type, structure, version, and generation of the EPC while 
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‘EPC Manager Number’ keeps up the subsequent partitions. To identifies a class of objects 

‘Object Class’ is needed while ‘Serial Number’ used to categorize the number of occurrence.  

 

                                  

 

 

 

                                           

 
 

Figure 2.2: A 96 bit EPC structure 
 

 

ISO 18000-6 is an international standard governing the way tags and readers communicate in 

the UHF spectrum. However, RFID technology using UHF is defined by the ISO18000-6C and 

GS1 standards. In order to locate and track items this technological standard is used by 

retailers and the government. Therefore, the concepts that are applied to passive UHF RFID 

operating in the far-field will be discussed in this thesis, which is the most common use of 

passive backscatter.  

 
2.3.1.2 Types of tag: 
Active Tag: Self-powered RFID tag broadcast its own signal continuously to form an active 

RFID system. Active RFID tag consists a radio transmitter, receiver along with a source of 

power except the energy exploits from RF waves. This type of tag is usually powered by a 

local battery to provide a much longer read range compared to passive tags. However, this 

tags are used in high speed environments and they are much more expensive. 

 
Semi-passive Tag: Semi-passive tags communicate by drawing power from the reader and it 

uses a battery to run the chip's circuitry. Active and semi-passive tags are useful for 

identification of heavy and high-value products that require to be scanned over longer 

distances, such as railway cars on a track. But as they cost way more than passive tags, so 

they can't be used on low-cost items. 

 

Passive Tag: Typically, a passive RFID tag consists of an antenna and an application specific 

integrated circuit (ASIC) chip, both with composite impedances. The chip obtains power from 

the RF signal transmitted by the RFID reader. The tag sends back the data by switching its 
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input impedance between its two states and accordingly it modulates the backscattered 

signal. At every impedance state, the RFID tag presents a certain radar cross section. 
 

. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
               Figure 2.3: Classification of RFID tag 

 

 

Passive tags made without any internal power source; they are powered by RF signals and 

use modulation of RF signals to communicate data. They draw RF power from the field 

created by the reader and use it to power the microchip's circuits. The chip then modulates 

the signals that the tag sends back to the reader, which converts the new waves into digital 

data. Meanwhile, this backscatter link (tag to the reader) of passive UHF RFID system is 

based on amplitude shift keying (ASK) [16].  

 

2.3.1.3 Operating Frequencies of RFID:  
Frequency of the RFID tags and reader needs to be tuned to the near range to communicate 

just as conventional radio. Designers made the RFID tags such that RFID reader can easily 

operate them in different frequencies range. The RFID tag transfers back the signal to the 

reader using backscatter mechanism. Typically, Ultra High Frequencies (UHF) offer better 

range and can transfer data faster than low and high frequencies.  

 

An RFID tag is available to as wrapped in various materials. Plastic materials are widely used 

to encase RFID tag, materializing identification cards for building access, debit cards or train 
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tolls. Furthermore, some other types of tag can work as their labels printed on for placement 

on inventory. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

Table 2.2: Operation at Various RFID Frequency Range  
 

2.3.2 RFID Reader: 
 

The RFID reader sends out an electromagnetic wave that hits the RFID tag and the tag then 

scatters back a wave with the chip’s information encoded in those backscatter waves in 

passive RFID. At the present time, RFID readers typically consists of  

1. One or more smart antenna, 

2. A signal processing units (typically, digital), 

3. Control Section  

4. Software application and  

5. Several networking features 

Active RFID tags have on-board signal amplification and modulation facilities, so they do not 

require the power from the reader to be activated. On the other hand, passive tag depends on 

the radiated energy from the reader to perform modulation of the reader’s interrogation signal. 

Frequency Range Read Range Utilize 
Low Frequency (LF)  
125 – 134 kHz  

 

10 cm 

- Use less power  

- Work Better at non-metallic substances  

- Scan objects with high-water content 

- Animal identification 

High Frequency (HF)  
13.56 MHz  

 

10cm – 1 m 
- Work better on objects made of metal  

- Smart cards 

Ultra High Frequency  
(UHF)  

865-868 MHz (Europe) 

902-928 MHz  

(North America) 

 

1 – 12 m 

- Offer better range  

- Can transfer data faster than LF and HF 

- Require clear path between tag & reader 

- EAN, various standards 

Microwave  
(2400-2438.5 and  

5725-5850MHz) 

 

1-2 m 

 

- 802.11 WLAN, Bluetooth standards 

Ultra Wide Band 
(UWB)  
3.1 – 10 GHz  

 

Up to 200m 
 

- Requires semi-active or active tags 
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Therefore, we will focus at this point where the RFID reader supplies necessary power 

towards the tag to perform data transmission and modulation of the reader’s signal.  

 

  

 

 

 
                     
 
 
                              Figure 2.4: ALR-8800 Enterprise RFID Reader [14] 
 

An Alien ALR-8800 Enterprise RFID Reader was used in measurement, which is shown in 

figure 2.4. Application middleware, which processes data from the RFID reader, generally 

sends commands to the reader. RFID reader can be classified in two categories based on 

their power supply. Immovable static readers are powered by network. On the other hand, 

handheld readers are powered by battery. 

 

 

2.3.3 Information Processing System: 
 

The propagation of RFID tags and readers necessitate devoted middleware solutions to 

control readers and process the huge quantity of captured data. The middleware or 

application software entirely originates major functionalities of the reader and transponder. 

Generally, the application software initiates the activities among the reader and the tag.  
 

RFID reader must be connected to the information processing system to get tangible benefit 

from RFID technology as middleware can provide the primary link between RFID readers and 

databases. Information processing system is a computer that provides instruction to the 

reader, then coordinate their operation and finally collects input data to make a decision. Agile 

RFID application software has been used in our experiment to provide necessary power in 

order to measure read range of an RFID tag from the reader.  
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2.4 Radar cross section: 
 

Radar cross section (RCS) is the measurement result of an object's ability of reflecting radar 

signals in the direction of the radar receiver. The RCS of a target can be viewed as a 

comparison of the strength of the reflected signal from a target to the reflected signal from a 

perfectly smooth sphere of cross sectional area of 1 m². Knot [19 ]defined the radar cross 

section as,  

σ = lim → 4휋푟  | |
| |         (m²)                (1) 

 

The radar cross-section is denoted by σ, which has units of m². The target radar cross 

sectional area depends on: the physical geometry of the target and external appearance, the 

direction of the illuminating radar, the radar transmitter’s frequency and used material type.  

The process of capturing and re-radiating the power can be simplified by using the concept of 

radar cross-section or RCS [휎] as in figure 2.5. Effective radiated power of the target can be 

equated as, 

푃 = 휎푆                              (2) 

 

where, power density in the location of the target, 

푆 =             [ ]       

 :      The power at the output of the antenna                                          

퐺 :      Antenna pattern, which gives the value at all possible angles of the target  

4휋푅 : Surface area of a sphere of radius    

 
 

 
 
 
 
 
 
 
 
 
Figure 2.5: Display of transmitter, target, and receiver for radar range equation 
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Since the electromagnetic wave passes through the target illustrated via 푆 , thus some power 

of in it is captured by the target and backscattered toward the radar.  

 

The power density at the radar is derived from [20] as, 

푆 =                                                                     (3) 

 

Substituting (2) into (3) gives the result in (4), 

 2 44
T T

rec
t

P GS
R L





                                                 
(4) 

The power at the output of the antenna feed is originated from [20] as:    

ant rec eP S A                                                         (5) 

Where, eA  is the effective area of the antenna.  

If we substitute (4) into (5) we get,  

 2 44
T T e

ant
t

P G AP
R L





                                                
(6) 

According to Balani’s book of antenna theory [20], we can relate antenna gain to effective 

aperture by the equation,  

2
4 e

R
AG 




                                                        
(7) 

If we substitute (6) into (5) we get,  

 

2
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t
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(8) 

By expanding equation (7), we can formulate a method to get the RCS value for different 

antenna and tag. One of the important uses of the radar range equation is in the 

determination of detection range, or the maximum range at which a target has a high 

probability of being detected by the radar.  We have calculated the detection range using 

above equation which will be shown in next chapters. 
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2.4.1 Backscattering with RCS: 
Alan Brown, program manager of  F-117A Stealth Fighter has given a overview focus on 

evading radar cross section, ‘’In aircraft detection factor if we are looking for a flat surface, if 

something flat is 1 square meter, it will have radar return of 1000푚 . If we move it back to 8 

degrees, it will come down to 1푚 . If we move it further, 20 degree to horizontal, then it moves 

to one tenth millions of what it was actually when it was up there’’. Thus it can be seen that 

with the movement of tag or reader position, RCS changes as the tag orientation is changing. 

Methods to lower the radar cross section (RCS) of an object include the use of advanced 

composite materials, thus we are using here RFID technology to measure the cross-section 

during transmission. Therefore, we develop a hypothetical method for RCS of an RFID tag 

with different type of spreading antenna and illustrate the experimental measurement 

technique to calculate RCS. In addition, we have found that the maximum identification range 

with reliable identification is not increased if the dimension of the antenna's ground plane is 

increased; as an alternative, only the maximum achievable identification range increases.  

 

We will analyze backscattering mechanism in relation with RCS in next chapters to get in 

good agreement with experimental results. The experimented results at chapter 5 and chapter 

6 are going to be useful when optimizing tag performance, RCS value and further 

identification range. The succession of two standard wireless channels creates backscatter 

radio systems. Communication link between an RFID reader and a tag formulates the 

backscatter system, which can be divided into a forward link and a backward link [2]. RF 

power and data transmit from the reader to tag in forward direction. On the other side, tag 

starts its data transfer in responses to the reader command by modulating backscatter signal 

in the backward link. That means, the signal coming from the reader is reflected by the tag 

depending on the data transmission.   

 

 

2.5 Electromagnetic wave Propagation: 
RFID signals are carried by electromagnetic waves. Electromagnetic field is the combination 

of electric and magnetic field, where electric and magnetic fields are produced by the 

stationary and moving charges respectively. Since the electric and magnetic field interrelate 

with each other, thus alteration of either one produces the other one. Figure 2.12 shows the 

internal mechanism representation of an RFID tag. Here, 푍 =  푅 + j푋   is the complex 

antenna impedance while 푍 = 푅 − j푋   is the complex chip impedance which may vary with 

the frequency and the input power. It can be seen that if transmission line is terminated with a 

load, it will absorb all incident power and no reflection will be visible.  
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Figure 2.6: RFID tag impedance schematic 
 

Information can be inserted by making systematic change on the amplitude, frequency or 

phase of the wave. RFID measurement mostly relies on reflection, which acts like a 

transmission line. We know characteristic impedance (푍 ) of each transmission line depends 

on line property. Typically, the signal that reflects, switches between two states and therefore 

symbolize a logical ´0´ or ´1´ as shown in figure 2.7.  

 

 

 

 

 

 

 

                                  

 

 
Figure 2.7: Coding schematic of tag information 

 

To reflect back the signal, a transmission line terminated with load (Z0) will behave like an 

infinite transmission line. All power will be reflected back if the transmission line is terminated 

with open or short circuit as there will be no energy to absorb. On the other hand, if the 

transmission line is not terminated with the characteristic impedance, then the load will absorb 

certain amount from remaining power and the rest will be reflected back. However, the 

reflected wave will travel in the reverse direction and there will be different magnitude than the 

incident wave. 
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2.5.1 RF to DC conversion: 
 

Electromagnetic field produces high frequency altering-current (AC) to the antenna which 

cannot directly drive on microchip of the tag. Therefore, this AC current need to be converted 

into direct current (DC) power. The method converting this alternating current (AC) into direct 

current (DC) is called rectification. The AC voltage can be a transformer or just sine-wave 

(AC) power line which comprises with both positive and negative voltages which increase and 

decrease alike a smooth sinusoidal wave. It can transmit energy faster and farther deprived of 

dropping energy. One or more diodes can convert the AC power into DC as it allow current to 

pass in one direction while restricting the other. A rectifier circuit consists of diode and 

capacitor. Diode can pass current in one direction as it has very high impedance in opposite 

direction. Meanwhile, RF power to DC power can be simply done using a charge pump, which 

can be made-up using the rectifier circuit. By combining a capacitor and a diode, one can 

made this into a full wave rectifier, which may later act as a voltage multiplier. This voltage 

multiplier is significant for enhancing the rectified DC voltage.  

 

RFID tag range can be prolonged by watchful optimization of charge pump and by conjugate 

matching through the tag antenna. When voltage drops below the diode turn on voltage, even 

the best charge pumps become less and less efficient and therefore a minimum power 

received power is required to power up the tag´s IC. Typical tag architecture does not need to 

be changed in order to demodulate the signal. Changes are required only in the reader end 

where it transmit the signal.  

 

2.5.2 Modulation: 
 

The RF signal transmitted through air interface is basically analog signal, which is required to 

modulate before transmission. The procedure of enabling the transfer of information over a 

medium is known as modulation, which is needed in RFID to make the high frequency carrier 

signal into a meaningful low frequency signal that is suitable for the medium. Digital 

modulation occurs at the reader to tag end to respond the incoming signal. It is the method 

where an information signal is converted to a sinusoidal waveform. Depending on which type 

of properties should alter, digital modulation can be divided into three basic types: ASK 

(Amplitude shift-keying), FSK (Frequency Shift-keying) and PSK (Phase Shift-Keying). 

Therefore, amplitude, phase and frequency are the three parameters a sinusoidal waveform 

has to vary. Basic equation of the carrier wave can be define as, 

 
푆(푡) = 퐴(푡) cos[푊 ] + ∅(푡)  (9) 
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        Where,      퐴(푡)  - Amplitude  

                          푊 = 2 ∗ 휋 ∗ 푓 - Frequency  

                          ∅(푡) - phase  

 
2.5.2.1 Amplitude Shift Keying (ASK): 
 

 

During the reader to tag transmission, signal amplitude is altered in ASK in response to the 

information while all other parameters are retained static. ASK modulated spectrum comprises 

three parts: carrier, upper sideband and lower sideband. In the center of the spectrum there is 

carrier, upper sideband is beyond the center and lower sideband stays underneath of the 

center. ASK changes carriers wave of amplitude into suitable data sequence. To produce 

ASK, the carrier amplitude is shifted between two amplitude levels. ASK operates as a switch 

quite often, using the presence of a carrier wave by specifying as binary one and its absence 

to indicate a binary zero. Therefore, sequence of the signal is produced by means of binary 

sequence. The amplitude of a carrier is switched by the binary signal. As the binary signal 

changes it state by carrier ON and OFF, therefore ASK modulation is also referred as on-off 

keying (OOK). Here, a digital “1” does not affect the signal, while a digital “0” do, by making it 

zero.  

 

An amplitude modulated response generated by alternating between these two states 

according to a data stream. In the severe case, the antenna load switches from side to side 

from a perfectly matched load to a short circuit or to an open circuit. This makes the 

backscattered signal more prominent and thus more easily detected by the reader. However, 

it has a drawback of preventing the tag from receiving energy while in the reflecting state, 

because all the received power is reflected back.  
 
This Frequency Shift-keying scheme is not particularly used often for backscatter purpose. In 

some case, PSK is much stronger than ASK as it is not that susceptible to noise, which 

changes amplitude of the signal. Since the backscatter signal can be changed in both 

amplitude and phase, the reflection coefficient also allows the use of phase-based modulation 

techniques, as it have the benefit of allowing the tag to receive the same power irrespective of 

being in communication or not, since the module of the coefficient never changes during 

operation. 
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2.6 Coupling: 
 

Coupling is a vital feature of reader to tag communication in terms of acquiring information 

from the RFID tag. RFID coupling technique can affect several aspects of the RFID system 

including the range along with frequencies.  These techniques are broadly categorized into 

following three: 
1. RFID inductive coupling used at near field, between 1 meter and 1 centimeter 

2. RFID capacitive coupling are used in close range links within 1 centimeter 

3. RFID backscatter coupling used in far field more than 1 meter 

There are few major ways or coupling techniques can be used to achieve Wireless Power 

Transmission. ´Near-field´ induction for short range application and ´far field´ radiation for long 

range application are most widely used techniques among them. As magnetic coupling only 

happens in close proximity, therefore electromagnetic induction is used when distance 

between transmitter and receiver is smaller. This technique can be used to supply power to 

the inaccessible medical device inside the human body wirelessly. By putting a transmitting 

and receiving induction coil at the charging station and the vehicle respectively in the same 

way, Electric Vehicles (EV) wireless charging systems can be achieved. On the other hand, 

radiations of electromagnetic radio wave needs to take place to cover long range distance. 

 
 
 
 
 
 
 

 
 
 

Figure 2.8: Various Coupling Regions 
 
2.6.1 Inductive Coupling: 
 

RFID system uses inductive coupling within the frequency range of 135 KHz and 13.56 MHz, 

to exchange signals between tag and reader antennas. This type of coupling used in Low 

frequency and High frequency communication as their wavelength is much larger than the 

distance between tag and reader. This type of coupling is based upon a transformer-type 

coupling among the primary coil in the reader and the secondary coil in the tag. The tag 
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should locate near field of the transmitting antenna and distance between the coils should be 

less than 0.16 of the frequency in use. 

 

2.6.2 Capacitive Coupling:  
 

Apart from inductive and backscatter coupling there is another type of coupling which known 

as AC coupling or capacitive coupling, which take place via energy transfer within an electrical 

network by means of the capacitance between circuit nodes. By using capacitive outcome it 

provides the coupling between the tag and reader. Insertion of smart card in a reader is a 

good example of capacitive coupling. As it can only detect tag within very close range, 

therefore in order to provide prerequisite coupling it uses electrode plates of the capacitor 

instead of using coils or antenna. Even though it has relatively bad performance at low 

frequency system but it is best for close range response.  

 

2.6.3 Backscatter Coupling: 
 

UHF RFID tag that operates within the frequency range between 868MHz and 915MHz uses 

backscattering coupling to send signals back to the reader. Three states of the tag antenna 

operation are available:  

1. Normal operation: The Integrated Circuit will flawlessly match to the antenna in the 

normal operation, like a transmission line terminated with load Z0. Some power will be 

scatter back in this type of operation. 

2. Open circuit: Since no current will pass through the circuit, nothing will be scatter back. 

3. Short circuit: Here, the current will come across with little impedance, thus it reaches 
its maximum. Therefore, backscatter power will be high.  

Backscatter coupling usually operates within the far field region, therefore the radio signal 

propagates away from the RFID reader. RFID tag interacts with the incoming signal after 

receiving the signal from the reader and afterwards it reflect back some amount of that signal 

towards the RFID reader. When the antenna powers the integrated circuit, it will shift the 

transistor that is actually connected to the output of the circuit to change its state by turning 

ON and OFF. That is how it controls the backscattered power indirectly and thus signal can be 

amplitude modulated and sent back to the reader [1]. Amount of reflection of that signal 

depends upon the properties of the tag. In addition, tag cross sectional area and antenna 

properties have an effect on backscattering as well. After picking up the energy, the antenna 

will re-radiate it. This energy re-radiation also depends upon changing factors of the antenna 

properties such as adding or subtracting a load resistor across the antenna.   
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In RFID system, a variety of modulation and coding methods engaged for data exchange 

purpose and hence total performance of the radio link between the reader and the tag has 

been demonstrated at [21]. Tags reflect the reader's signal right back using back scatter 

technology, by modulating the signal to transmit data. Thus, different modulation scheme is 

needed to be studied further. 

 

 

2.7 Analytical Modeling of RFID System 
So far, we have seen the backscatter radio propagation where tag converts the RF power into 

DC. But in real case scenario, if we try to maximize it, we have to face several problems. First 

problem is how can we measure the input power? As we are using strong nonlinear device 

here, so most of the time we see the input impedance change with power, which is basically 

applied to obtain the backscattering. Thus, here we try to formulate an analytical model of 

readers-tag-reader communication via backscattering for RFID system performance 

enhancement. Purpose of the measurements has been conversed here. Signal transmission 

and reflection model has been mathematically derived for obtaining In-phase and Quadrature 

values to minimize information loss. Two different processes of finding radar cross section, for 

mono-static and bi-static method studied here as well. Finally, radiation pattern and phase 

difference which are vital for total power estimation also discussed here.   

 

2.7.1 Reader-Tag-Reader Communication Analyses:  
 

In the passive backscatter RFID systems, the tag-to-reader data communication is made by 

power reflection where read range is a major factor of concern. This communication is 

performed by a two-step operation: first, the reader illuminates the tag with an unmodulated 

carrier, and second, the tag modulates its antenna reflection coefficient according to the 

information to be sent to the reader.  

 
 
 
 
 
 
 

Figure 2.9: Power Transmission and Backscatter in RFID system 
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This information can be symbolized by a time-varying reflection coefficient )(t . At wide adapt 

passive RFID system, radio interference due to limited read distance results relatively high 

error rate.  Thus, read distance at which tag send back backscattered signal to the reader 

becomes the most important tag performance characteristics.   
 

2.7.2 Signal Transmission Model:  
 

If we compare transmit signal with the receive signal, we can calculate RCS, which means 

they will calculate this device as being an antenna that is transmitting and receiving the signal 

back. Why this is similar as Radar, because it transmit & receive same signal which is echo of 

each other. On the other hand, tag has an Integrated Circuit for storing & processing the 

information; together with modulating and demodulating an RF signal through receiving DC 

power from the reader.  

 

Figure 3.2 explains the data transmission procedure from the reader to tag where reader 
antenna is sending a signal cos (휔 푡 + 휃) to the tag within the phase 퐷 = 휃. Since the tag is in 

line-of-sight with the reader, it will send back the signal after processing the signal along with 

its own information  )(t  within same phase and distance. Therefore, collectively it will send 

entirety )(t 푐표푠 (휔 푡 + 2휃) as the backscattered signal. It will be combined with the 

transmitted signal and pass as )(t 푐표푠(휔 푡)푐표푠(휔 푡 + 2휃). 

 

 

 

 

 

 

 

 

 

 

 
 

Figure 2.10: Signal transmission and backscatter 
 

After that, the low pass filter will eliminate the high frequency signal and then send the signal 

as equation (18) below, 

 )(t 푐표푠(휔 푡)푐표푠(휔 푡 + 2휃) 
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               =  
1
2  (푡)[푐표푠(2휃) + 푐표푠(2휔 푡 + 2휃)] 

       =  (푡)푐표푠(2휃)         (10) 

 

Figure 2.1 below shows the block diagram of a reader system that depicts signal transmission 

procedure through I/Q demodulator.  

 

Since the communication channel requires minimizing the information loss, therefore In-phase 

and Quadrature (I/Q) demodulators are required. For carrier 푉(푡) = 푐표푠(휔 푡) we get the signal 

at in-phase from equation (10) as, 

퐼 =
1
2  (푡)푐표푠(2휃) 

 

While at the quadrature we get the combination of carrier along with the information scattered 

back as, 

푄 = 푐표푠 휔 푡 +
휋
2

[ (푡)푐표푠(휔 푡 + 2휃)] 

           =  (푡)[푐표푠 2휃 − + 푐표푠2(휔 푡) + 2휃 + ] 

                      =  (푡)푠푖푛2휃                         (11) 

 

 

 

 

 

 

 

 

 

 

 

 

 
                          
                     Figure 2.11: Block diagram of RFID Reader receiving system 
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2.7.3 Signal Reflection Model: 
 

It has been discussed in previous chapter that ASK modulation technique is used for 

backscattering. The transmitted signal carrier 푋(푡) = 푐표푠(휔 푡) is multiplied with the baseband 

signal and results the output at the reader end as 푌(푡) = 퐴(푡)푐표푠휔 푡 where 퐴(푡) is the 

information signal that is sending from tag.  At the reflection side, 푌(푡)will be multiplied with 

푋(푡) once again to produce the resultant signal at the receiving end of the reader as 푍(푡). 

 

             푍(푡) = 푌(푡) 푐표푠(휔 푡) =  퐴(푡)[푐표푠(휔 푡)]  

 = 퐴(푡) [푐표푠(휔 푡 − 휔 푡) + 푐표푠(휔 푡 + 휔 푡) ] 

                           = ( ) + ( )  푐표푠 2휔 푡   (12) 

 

 

 

 

 

 

 

 
 

Figure 2.12: Individual Transmitted and Reflected Signal 
 

Low pass filter will eliminate the high frequency signal [22]. After passing the filter, the 

baseband signal responds the output signal of the system as, 

푍 (푡) = ( )    (13) 

 
2.7.4 I/Q Demodulator:  
 

RFID Readers come up in two flavors: Mono-static and Bi-static. Reader backscatter has 

distinctive challenges as it have high power and dynamic range. RFID reader thus receives 

two signals, first one of which is self-interference and the other one is modulated backscatter 

signal from the tag. In order to limit the information loss at communication channel, In-phase 

and Quadrature (I/Q) demodulators are used, since information is received simultaneously in-

phase and in quadrature. Tag information is recovered separately by combining two 

orthogonal ASK receivers with respect to distance between reader to tag. 
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Figure 2.13: Backscatter Signal Conversion 
 

Received signal is down converted to baseband at the receiver part of the baseband 

processor, which has been shown in figure 2.13. The in-phase (I) and quadrature (Q) plane of 

the reader receiver can be seen at figure 2.14 which depicts an example of signal 

constellation at the baseband.  

 

 

                
 

 
 
 

 
Figure 2.14: Baseband constellation example at RFID reader receiver [9] 

 

Real receiver receive information from a backscattering ASK tag which usually present both in 

amplitude and phase components. The tag is shifted by the distance of 휆/8 away from the 

receiver and then towards the receiver. This is done to extend the path of the signal by the 

distance of 휆/4 and therefore the phase shifts by 휋/2. During the implementation for Real-

time assessment platform of UHF RFID Tags, the RF receiver is well-appointed by this full IQ 

demodulator, which is able to detect both ASK and PSK signals [26]. 

 

2.7.5 Phase Difference Calculation: 
 

Distortion free transmission is another burning requirement of a proper RFID communication 

where the phase has huge impact on communication channel. The phase of the signal has a 

clear meaning for two pure traveling AC sinusoidal waves where sinusoidal waveforms of the 

same frequency can have a phase difference. If there is a phase shift or phase difference of 
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the phase angle 휃 in degrees, it has to be specified between which pure signals or sine waves 

this appears. Phase shift happens between the two signals left and right, that means between 

the input and output signal as shown figure below.  

 

 

 

 

 
 
 

Figure 2.15: Phase difference among two waves 
 

One complete cycle of the wave is related with 360 degrees angel difference, which means for 

a periodic signal this is the total phase angle, where a period is equal to the period duration. 
Calculation between phase angle 휃, the time delay Δ t and the frequency 푓 can be obtain from 

the formula below [27]: 
휃 = 360 ∗ 푓 ∗ ∆푡              

          = 푎 ∗ 푓 ∗ = 푝푎푡ℎ 푙푒푛푔푡ℎ ∗ 푓푟푒푞푢푒푛푐푦 ∗    (14) 

Where,   ∆푡 = 푡푖푚푒 푑푒푙푎푦 or time difference and the path length is denoted by 푎 

 

 

2.8 RCS analysis through backscattering: 
In backscatter RFID communication via backscatter mechanism, read range measurement of 

the reader antenna at far field is crucial. Because, co located antenna effect is nominal if the 

tag antenna is placed in the far field region of the reader antenna. Far field distance can be 

calculated from the formula below, 

푅 ≥    (15) 

where, 퐷 is the maximum dimension of the antenna  

            휆 is the wavelength of the radio wave 

 

Orientation of the reader antenna, gain and polarization properties along with reader and tag  

sensitivity determine the read range in far-field operation which has been shown at 

measurement 3.2. Therefore, calculating the reading performance of the reader antenna is 

essential with commonly used tag. 
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2.8.1 Backscatter exploration: 
Objective of this calculation is to measure the difference between the RF input signal and the 

reflected modulated signal from the tag, allowing this way to clearly identify the overall tag RF 

behavior and efficiency. From Friis´ transmission equations in free space [20], we know that 

power density (푃 ) of an electromagnetic wave incident to the RFID tag antenna in free space 

is,   

푃 =           (16) 

 

Where, 푃 : transmitted power, 퐺 : gain of the transmitting antenna, 푟: distance to tag.  

 

Upper limit of tag antenna power (푃 ) that can be delivered to the matched load:  

푃 =  푃  퐴 =   퐺        (17) 

Where, (퐴 ) is the effective area of the antenna,  

퐴 =  퐺     

 

Thus, the re-radiated power of RFID tag towards the transmitter is the power dissipated in the 

antenna resistance multiplied by the tag antenna gain: 

푃 =  )(t 푃 퐺 = 퐾   퐺          (18) 

 

K is the power transmission coefficient, which describes the power of load impedance 

mismatch and it determines how much power is re-radiated [5]. An antenna loaded with a 

complex conjugate impedance load reradiates the equivalent amount of power the load can 

absorb.  

Here, )(t = | |   

 

For real antenna impedance, a short-circuited antenna re-radiates back four times power 

compared to the matched antenna [9].  

 

The point of perfect complex conjugate impedance match between the antenna and chip is 

the point where )(t  = 1 [9]. In case of smallest scattering tag antenna, the backscattered 

power and radiated power remains almost equal. Thus, radar cross section (휎) of the RFID 

tag can be computed as, 
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휎 =  =  )(t  퐺           (19) 

 

Now according to above mathematical derivation, If we provide transmit power 푃  = 18 dBm = 

63.095 mW from the reader to the tag with transmit antenna gain 퐺  = 6 dBi = 3.98, that 

produce tag reflection at maximum distance 푟 = 110 cm, 

We obtain power density from equation (15), 푃   =  16.515 푚푊
푚    

If we provide UHF frequency, 푓 =  866.6 MHz    therefore, wavelength  휆 =  0.346 m   

Since the passive RFID tag uses a dipole antenna which has gain, 퐺 = 1.76 dBi =  1.5,  

Therefore, effective area of antenna can be calculated from equation (17) as,  퐴 =  0.0143    

Tag collect the power, that means input power of the tag can be obtain using equation (16) as, 

 푃 =  푃  퐴  = 0.236 (푚푊) =  −6.27 푑퐵푚 

 

The value of K depends on antenna impedance (푍 ) and chip impedance (푍 ) of the passive 

RFID tag.  The read range of a tag can be normalized to the maximum possible range when it 

is perfectly matched to the chip, which means for( )(t = 1). In real case application, it is hard 

to find the 100% matching. A previous research show [26], an Intellitag ID card developed by 

Intermec Technologies Corporation has impedance matching with ( )(t = 0.5) that 

corresponds to about 70% of the maximum achievable read range. 

 

Therefore, when the parameter for )(t = 0.5 for minimum scattering antenna, then Re-

radiated power can be obtained from equation (18),  

  푃 = )(t  ( )   퐺  =  0.1755 (mW) =  −7.557푑퐵푚 

 

Therefore equation (19) will produce the radar cross section for the backscattered system as, 

 σ = )(t  퐺  = 0.0107 = -19.706162223 dB/푚  at 866.6 MHz  

which is going to be compared in the measurement chapter.  

 

 

2.8.2 RCS characterization: 
 

The return loss measure after the background subtraction can be approximated as, 

|푆 | =     (19) 

According to radar transmission equations in free space [20], the intercepted power of the 

target is proportional to scattering area  
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푃 = 휎푆    (20) 

Where, 

푃  is the intercepted power of the target, 

휎 is the Scattering area,  

푆  is the incident power density of target.  

 

When the incident power is uniformly diffused then power density of receiving antenna, 

푆 =    (21) 

From (20) and (21) we get the equation for radar cross section, 

휎 =  4휋푅  =  4휋푅   (22) 

Where, 

 퐸  is the incident electric field intensity of target, 

 퐸  is scattering electric field intensity of radar antenna from target, and 

 휎 is the scatters electromagnetic-field at the direction of radar receiving antenna.  

 

Thus received power of radar can be expressed  

푃 = ( )   (23) 

Where,  

푅  and  푅   are distances from the target to transmitting and receiving antenna respectively, 

퐺  and  퐺   is the gain of transmitting and receiving radar, 

 

For mono-static radar system, the above equation turns as,  

푃 = (∅ )
( )    (24) 

 

For the same distance between reader antenna and tag, which means antenna of reader is 

equate to mono-static radar, and electric field polarization of reader is same as tag, then 

intercepted power of the RFID reader is obtained in the passive backscatter RFID as. 

푃 = ( )    (25) 

 

Therefore, radar cross-section (σ) model is defined by the above equation (25). Here, 푃  is the 

power backscattered from the tag and received by the network analyzer, which can be 

calculated from the conventional radar equation (25) in the anechoic chamber. 
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The RFID tag cross-section can be computed using equations (19) and (25), from the 

measured return loss as, 

휎 =  |푆 |  ( )    (26) 

 

Now after putting the obtained value of 푃  and 푃  from previous section (sub-section 2.8), we 

get return loss, 

|푆 | =  =  .
.

(푚푊) =  2.78 × 10  = -25.557 dB 

 

By putting the value of |푆 |  we can get the value for radar cross-section (σ) model, 

휎 =  |푆 |  
(4휋) 푅
퐺 휆

 =  
(4휋) (1.1)

(3.98) (0.346) = 0.01184 =  −19.2664 (dB/푚 ) 

Which is very close to the result we get in previous method (sub-section 2.8.1). 

 

 

2.9 Factors that affect backscatter-radio propagation: 
 

 

Backscatter RFID propagation system can be affected by several factors such as, modulation 

factor, path blockages or obstacles, polarization mismatch, power transmission coefficient, 

fade margin throughout the RFID communication. The following sub-section presents a further 

comprehensive clarification and quantification about those significant impairments. During the 

backscatter power calculation, these issues are also needed to be taken care of watchfully. 

 
2.9.1 Modulation Factor 
 

At the time of propagation, the reflected signal shifts between two different reflection states, 

´0´ and ´1´. Consequently, the power of the digital information that distributed in the direction 

of the reader is interrelated to the difference in load states. If A  and B  are the reflection 

coefficients at the antenna for state A and B respectively for switch on and off state, then the 

modulation factor will be proportional to the total amount of reflected power, specified by [23] 

where the reflection coefficient for separate state is well-defined. Modulation factor, M can be 

expressed as, 

푀 =  A − B     (27) 

                      

                               Where, ΓA,B = ( ,
∗ ) 

( , )
 

 

The value of equation (27) is increased if ideal open- and short-circuit loads are used to 



 

Md Razoun Siddiky Tohin                            Passive RFID characterization based on              

                                                                                                  radar cross-section and backscatter power 

33 

modulate the 1´s and 0´s, resulting in +1 and -1 reflection coefficients, respectively. 

Meanwhile, Z ,  is the input impedance of the RF port of the RFID tag IC in A or B stages 

correspondingly, Z  is the input impedance of the antenna, and (*) is the complex-conjugate 

operator. The chip power-up circuitry of the tag would be starving of available power, while all 

power would be backscattered if the reflection coefficients were switched between an open 

and short circuit only. To overcome the previous limitation, advanced designers choose to use 

amplitude-shift-keying (ASK) modulation as a replacement. To balance the backscattered 

power, they substitute the reflection coefficient between a short and a matched load, 

producing M = 0.25, so that the radio frequency integrated circuit can absorb it [5].  Some 

other designers implement the system based on phase shift- keying (PSK), by modulating the 

responsive element of the chip's impedance [5], For characterizing the scattered power from 

the RF tag more effectively, another alternative technique is introduced, by using the tag's 

effective radar cross section (RCS) which is going to be experimented in the later part of this 

thesis.  

 

2.9.2 Polarization Mismatch 
 

In a linear scale, the polarization mismatch factor which is denoted by X, between the reader 

and tag antennas may fluctuate from 0 to 1. Polarization mismatch factor is responsible for the 

loss of power because of polarization mismatch [24]. As the system alignment is usually 

random, therefore an intermediate value of X =  −3dB =  0.5  is frequently presumed for the 

one-way communication link. Since the RF signal travel back between the tag and reader 

antenna, this loss is squared in furthermost co-located backscatter links.  Beside this, if the 

antennas of the reader are circularly polarized and the RFID tag antenna is linearly polarized, 

a 3 dB polarization mismatch will result on both the reader-to-tag and tag-to-reader links. 

 

On the other hand, where the transmitting and receiving antennas are polarized in a different 

way with respect to the tag, only squaring the polarization mismatched factor is not going to 

be enough. Thus, for bi-static backscatter links reader-to-tag and tag-to-reader mismatched 

factor should be considered independently.  
 
2.9.3 Power Transmission Coefficient 
 

It is the necessary to allow a conventional receiver to demodulate the backscattered signal 

from the tag without any hardware change. At this particular case, a baseband signal 

comprises of the tag information will operate the backscatter modulator, which will modulate 

the subcarriers by performing in the reflection coefficients ( ) created by the backscattering 



 

Md Razoun Siddiky Tohin                            Passive RFID characterization based on              

                                                                                                  radar cross-section and backscatter power 

34 

transistor [22]. In passive RFID tag, the chip absorbs the power in forward link and the power 

can be stated as equation (28), 

 

푃 =  휏|푆 | 푃      (28) 

 

where, 푃  is the power transmitted from reader which  must be higher than the sensitivity of 

the tag to work properly.  In addition to that, the transmitted power coefficient in the forward  

link |푆 |  depends on few transmission factors, such as gain of the antenna, path loss, fading 

etc. [25]. 

 

 
2.9.4 Fade Margin 
 

Just like the above factors, RFID tag position also has a significant effect on backscatter-radio 

system. Tag received power or backscattered power to the reader could fluctuate radically 

even if a line-of-sight path subsists amongst the reader and the RF tag. This type of deviation 

is known as small-scale fading, which may take place by the deliberate or damaging 

interference of scattered waves of the backscatter coordination.  In order to reduce this small 

scale fading effect due to multipath propagation, the received signal characterization is 

required, which can be accomplished by characterizing the setup in a metallic environment 

(experiment 3.5).   

 
2.10 Antenna Polarization and Radiation Pattern Assessment: 
 

To calculate the polarization for linear antenna we have to go with two cases described in 

[28], First one is vertical linear polarization which depicts the antenna at x-axis as, 

퐸 = 푋|푡, 푧| = 퐴푐표푠(휔푡 − 퐾푍)푥     = 퐴푐표푠(2휋푓푡 − 2휋 푍)푍               (29) 

Where, Oscillation frequency,  휔 =  2휋푓, Propagation constant,  퐾 =   

 

Second one is arbitrary linear polarization which can be written as follow, 

퐸 = 퐴 푐표푠 2휋푓 푡 − 푥 + 퐴 푐표푠 2휋푓 푡 − 푦      (30) 

Where, 

퐴 = 퐴푠푖푛(휃), 퐴 = 퐴푐표푠(휃) 

 

Therefore, reception for arbitrary linearly polarized wave can be expressed as, 

                                           퐸 = 퐴푐표푠(휃)푐표푠 2휋푓 푡 − 푦  (31) 
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Figure 2.16: Antenna Radiation Pattern 
 

Collected DC Voltage can be expressed as a function of the polarization angle as below, 

                    푉 ∝  퐴 푐표푠 (휃)            (32) 

 

The directional or angular dependence of the radio waves strength from the antenna or other 

source, which known as antenna radiation pattern G(휃), can be found from the formula below, 

 

G(휃)  = ( )                                          (33) 

 
 

2.11: Total Power Estimation: 
 

After taken all the above consideration carefully, we can measure the reflected power from 

traditional combination of Joule's law and Ohm's law to produce expressions for the reflected 

power as, 

푃 =      (34) 

Where, 

푃 is the reflected power in watt, 

푉 is the signal amplitude, 

푅 is the tag resistance in ohm, 

Now, the resultant backscatter powers can be found from obtained root mean square voltage 

using the formula below,  

푃 =                                                       (35) 
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Since we are using 퐷퐶 50Ω coupling at the Oscilloscope for this measurement, therefore 

above formula can be written as, 

푃 =
Ω

                                                       (36) 

Root mean square voltage can be obtained using following formula,  

 

푉 = [ ]
√

=  
√

                                   (37) 

Here, 푉  represents maximum voltage and 푉  represents the minimum voltage. For the 

sinusoidal wave we need to consider the peak voltage only, which denoted as 푉 . 

 

If we apply the above equation (34) by replacing 푉 with amplitude 퐴, 푅 with 푅  we can get our 

measurement for reflected power, 

 

푃 = ∫ 푃(푡)푑푡 = ∫ ( ) 푑푡 = 퐴         [∵ ∫ 푐표푠휔 d푡 = ]              (38) 

 

 

 

 
 
 
 

Figure 2.17: Final schematic of reflected signal  
 

Distance dependency of FSPL is caused by the spreading out of electromagnetic wave 

energy in free space. Therefore, we have to add free space path loss (FSPL) between the 

reader and the tag here as well, 

퐹푆푃퐿 = ( )    (39) 

 

Finally, after adding the loss the resultant reflected power to the reader can be obtain from the 

equation below, 

푃 = 퐴                                             (40) 

Where, 퐴 is the amplitude of the reflected signal in volt and 푅  is load of the tag antenna.  
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Thus, efficiency of the RFID system can obtained from the ratio between useful power output 

and the total electrical power transmitted, which can be represented as η. Therefore, system 

efficiency can be obtained from following formula, 

η =    (41) 

 

2.12 Purpose of the Measurements: 
 

As we have RFID system as the method of communication here, therefore the tag has 

information ( )(t ), which is supposed to be backscatter in order to reply back to the reader. 

So we can measure the RCS if we have transmitting antenna gain (퐺 ) and receive antenna 

gain (퐺 ), thus we can calculate the input power. Now, this system procedure again brings us 

a new question that we may have RCS, but still we don't have information of the antenna or 

the chip of the tag. Therefore, we put our focus on several procedures to find what might be 

the main setback throughout this communication. Is it the antenna that makes low value of 

RCS or is it the RF to DC converter? Or else, is it any other communication problem? As we 

cannot open the chip of the tag, is it the polarization mismatch factor? To get all the answer of 

these questions, we look for alternate solutions below by keeping these things in 

consideration. 

 

We can start by measuring reflection parameter of the system, as it is required to measure 

Radar Cross Section. Second approach can be by adding an antenna to the reader & 

measuring read range of the tag in different position to find out the radiation pattern. As we 

can see in the figure 3.1 at next chapter, the reader & tag both are commercial, therefore we 

cannot know and set the reader at a fixed frequency manually, which is required to calculate 

receive power and RCS both. Hence, we can replace the reader with a Vector Signal 

Generator by putting a Matlab command which resembles the reader signal. The baseband 

signal will be given from the VSG itself to the tag just like reader’s AC signal. 

 

Thus, in next chapter we are going to focus on few measurements as a requirement of RFID 

optimization and efficiency enhancement procedure, which are vital for characterizing RFID 

system. 
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Chapter 3: Measurements 
 

In order to propose an enhanced backscattering resolution to improve the efficiency of an 

RFID system, we need to characterize various RFID parameters, by means of power 

transmitting and reception mechanism, antenna radiation pattern, far field distance, value of 

Radar Cross-Section along with the measurement location. 

 

The measurements covered in the experimental part of this thesis are done step by step 

according to the requirement of each successive previous measurement and they can be 

prioritizing as follows: 

1. Antenna radiation pattern determination; which is graphical representation of the 

antenna far-field radiation properties. 

2. Far field distance measurement for Tag to Reader communication; that provide the 

RFID propagating mechanism to calculate free space path loss. 

3. Relation between the transmitted power and propagating distance; to find best read 

range, minimal power and optimal frequency to excite the tag. 

4. Determining scattering prototype with respect to antenna spacing; via power spectral 

density estimation to chatercterize backscatter behaviour. 

5. Backscattered power measurement with different type of antenna for different mode 

(bi-static, mono-static); at outdoor to find best possible RCS backscatter value. 

6. Performing previous measurements at An-echoic chamber; to compare the effect of 

interference and external noise. Compare the results with outdoor performance. 

7. Using a metal sheet in between transmitting and receiving antenna; to verify the effect 
of co-located antenna interference. 

At the end of the experimental part, an attempt to measure radar cross section was performed 

and the preliminary results for various states are addressed. As RFID tag supplies information 

to the reader by recuperating UHF power to backscatter radio by decoding the modulated 

signals, therefore a solid reader-to-tag-to reader communication method is essential. 

Following precise measurements will illustrate a response model for the rapid tag stimulation 

and backscattering that will provide more innovative prospect of RFID communication. 
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Measurement 3.1: Antenna radiation pattern characterization 
 

To begin with the characterization process, it is very important to find the radiation pattern of 

the transmitted signal. In order to boost up reader-to-tag-to-reader communications (described 

in 2.7.1), couple of parameters should be measured carefully. therefore, we start with finding 

the radiation pattern of reader antenna, since this will provide us the in detail schematic about 

radio wave propagating structure and power transfer mechanism.  

 

Antenna radiation pattern is the graphical representation of the antenna far-field radiation 

properties. Since the polarization of an antenna is the polarization of the wave radiated by the 

transmitting antenna, therefore it will vary with direction. Therefore, here we analyze the tag 

read range along with the direction through a digital Oscilloscope (R&S®RTO1022) [29] and 

an Agile RFID reader (ALR-8800) [14] which operates between (865.6 MHz – 867.6 MHz) 

frequency. 
 

 
 
 
 
 
 
 

  
 
 
 
 

 

Figure 3.1: Experimental orientation for RFID communication 
 

 

Description: Two vertically polarized antennas (having Gain of 1 dBi and 6.1 dBi 

respectively) operating at 915MHz connected to the Reader, which is connected and operated 

by the Agile Reader Software. RF level has been set at 18 dBm to 33 dBm through Reader 

software in search of backscatter signal. 
 
Working Principle:  The reader to tag communication establishes real time data 

communications via captured signal with connected antennas. As the Alien reader is sending 

the signal between frequency range of 865.7MHz and 867.5MHz to the tag that is modulated, 

therefore it is crucial to know for which behavior of modulation the tag is responding like that.  
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                Figure 3.2: a) Reader software when the tag is radiating backscatter  
                                   b) Reader antenna orientation  
                                   c) Backscattered signal of Reader without tag response  
                                   d) Backscattered signal of Reader with tag response 
 

Result: RFID tag found to modulate better in ASK format and hence On-Off-Keying brings a 

drawback of not providing constant power to RF tag, which might be a reason behind this. It 

can be seen from figure 3.2 that the backscatter found at a certain level with varying power 

from 18dBm to 23dBm via agile RFID reader software. For certain distance and angel we can 

get the backscatter from the tag and with the movement of tag within the same distance signal 

can be lost. We obtain the following described result from Oscilloscope. Oscilloscope displays 

the result in figure 3.2 c) when the Reader was unable to read the tag while figure 3.2 d) 

displays backscatter when Reader was able to read the tag. Measured value have noted for 

several distance and angel at several power level.    
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Findings: Eventually, we found that the reader antenna is producing an angular distribution of 

radiated power density in far field. Up to certain angel and distance we could see the signal 

while at the next moment we were unable able to see it.  

 
Limitations: Therefore, we could not get a steady and conclusive radiation pattern as this 

measurement was done at an echoic environment. At the same time, far field distance could 

not be measured as the wavelength remained unidentified. 

 
Hardware Adjustment: This measurement result again brings one more drawback. Since we 

could not see at which power level the reader is sending its power, thus it was really hard to 

find the necessary power level to excite the Tag. Therefore we had to replace the Reader by 

something that can produce fixed detectable power and can carry the reader info as well. In 

addition, we could not calculate the backscattered power since the exact propagating 

frequency remained unknown.  

 
Measurement 3.2: Far field distance and read distance measurement  
 

Far field distance measurement of UHF RFID tags, which is an important parameter for 

measuring radar cross section has gone through various researches along with some 

potential drawbacks that mentioned earlier at chapter 1. Therefore, the formula described in 

section 2.8 will be applied here to calculate the Far field distance. 

 

Problem: Commercial RFID reader transmit the signal in frequency hopping manner, which 

remains as an obstacle since transmitting frequency is not detectable here. At the same time, 

exact transmitted power for which the tag provides the backscatter also remains undefined.  

 
 

 

 

 

 
 
 
 

Figure 3.3: Experimental setup of far-field distance measurement 
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In order to know the power of modulated backscatter signal from the tag, we needed 

something that can display the fixed generated power. Therefore, we replace the RFID 

Reader with a SMU200A Vector Signal Generator that allows selecting the necessary power 

to excite the Alien tag [31].  
 
Method: Hence, here we observe the backscattering effect of tag through an RTO 2 GHz 

Oscilloscope to find the relation between power and distance as a part of RCS measurement. 

Then, we come across with a relation between the transmitted power and propagating 

distance for different type of tag. In order to get the closer insight of radiation pattern, we need 

to know the relation between transmitting power and backscatter distance. At the same time, 

we have to know which type of tag will provide scatter from closer range. This will be useful to 

calculate propagation loss at wireless power transmission. In addition, here we focus on 

measuring far field distance of the tag reading zone. We are going to find the maximum and 

minimum distance where a tag provides backscatter for a certain input power.  

 
Working Principle:  
 

Two linearly polarized antennas of same configuration have been used here to transmit and 

receive the signal. Transmitted power from VSG is sending via two directions through a power 

splitter [30].  One of the output ports is connected to the transmitting antenna whereas the 

other one goes to the channel 1 of oscilloscope. The receiving antenna will pick up the RF 

signal from the tag and send it to the channel 2 of Oscilloscope.  

 

 
 

 
Figure 3.4: Measurement display of VSG and result at Oscilloscope 

 
The VSG is connected to the Oscilloscope by an external trigger to send the baseband signal 

from the back and at front it will send the modulating signal. The same baseband that we load 

in VSG will modulate the carrier. Two antennas are kept within 20 cm distance from each 
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other. As we have already got the frequency for which we need less power from the previous 

experiment, therefore we fixed that 866.6MHz as the frequency at VSG. By keeping the fixed 

frequency we changed the power from 0 dBm to 18 dBm to see for which minimum power the 

tag responds to the antenna.  Then we measure with maximum distances that the tag can 

give a backscatter. All the distances have been noted with respect to input power from VSG.  
Result: We have the antenna dimension (D=25 cm) and we know the propagating frequency 

(f=866.6 MHz) which will provide wavelength, 휆 = 34.618 푐푚. Therefore we can calculate the 

far field distance R=36.11 cm from the formula below from section 2.7.1, 

푅 ≥
2퐷
휆

 

 
Findings: No backscattered signal has been witness until 3 dBm power for any distance at far 

field. First backscatter found from the tag at 4 dBm when we keep the tag at minimum 9cm 

distance from the transmitting antenna and it was visible until 13 cm. However, it was not 

convincing enough. Then we start increasing the power and check it later with maximum and 

minimum distance. Table below shows the list for minimum (Dmin) and maximum (Dmax) 

distance a tag provides backscatter for two types of tag for different power. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
Table 3.1: Transmit Power versus backscatter distance for different tag 

Power  Alien Tag [31] Confidex Tag [32] 

 Dmax Dmin  Dmax Dmin  

  4 13 12.5         16             11 

5 21.5 14.5 22 12 

6 25 15.5 23.5 11 

7 28.5 16 40 11.5 

8 32 16 42 12 

9 40 15.5 42.5 11 

10 44 15.5 61 10 

11 51 16 62 9 

12 59 16 79 10 

13 66 16 78 9 

14 73 16 78 10 

15 98 15.5 94 9 

16 102 16 95 10.5 

17 103 16 111 9.5 

18 105 16 112 10 
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Up to maximum allowable power (18dBm) by VSG has been provided for this particular setup 

using two types of tag (Alien Tag and Confidex Tag). For the highest amount of transmitted 

power (18dBm), the maximum backscatter Alien RFID tag provide is 105cm, while the 

minimum distance measured as 14.5 cm. Alternately, Confidex tag provide farthest scatter at 

112cm for the highest transmit power and it can be detectable as close as 12 cm for the 

minimum given power (5 dBm). 

 

Graph-1 below shows the curve of transmit power versus read distance relation for Alien Tag, 

Meanwhile, Alien tag has operating frequency range between 860-960 MHz. With the 

increasing input power tag can give the backscatter from far distance here. Minimum distance 

for tag response remains almost steady for all power level. 
 

     
                    Graph 1: Minimum (Dmin) and maximum (Dmax) read distance of Alien Tag  

 

Conversely, Graph-2 shows the curve of power versus distance relation for Confidex tag, 

which has operating frequency range between 865MHz to 869 MHz.  

 
Graph 2: Minimum (Dmin) and maximum (Dmax) read distance of Confidex Tag 
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Maximum read distance increases here gradually with a bit of fluctuation with respect to the 

increasing transmit power, while minimum response remains steady just as the other tag. 
 
Conclusion: From the above results we can conclude that, for a specific frequency the 

maximum scattering distance of each type tag drastically rises with increasing power while 

minimum distance stays almost stable.  

 

Confidex tag has been found to provide better read range than the other one; it has a very 

close operating range as well which is better for measuring radar cross section and output 

power more distinctively.  

 
 
Measurement 3.3: Scattering pattern finding via mono-static setup at outdoor 
 

In this mono-static measurement setup, only one antenna has been used to both transmit and 

receive the power. The main reason for choosing a mono-static system over a bi-static system 

is cost. Since a mono-static system utilizes the same antenna to both transmit and receive. It 

is cheaper and convenient to use one antenna to send and receive than two. Finding power 

spectral density estimation and it’s relation with transmitting power in frequency domain in this 

measurement will lets us know the scattering pattern as we discussed in section 2.8.2.  

  

 

 

 

 

 

 

 

 
Figure 3.5: Mono-static orientation of reader to tag communication 

 
Working Principal and results:  
The SMU 200 VSG [33] sends out a signal to the antenna via a power splitter and a 

directional coupler [35] where other coupled port is connected to the digital Oscilloscope. 

System initialization starts with placing the antenna 20 cm far from tag. After that, input power 

and tag to antenna distance has been varied to construct a relation with backscattered power. 
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Phase 3.3.1: Linearly Polarized Antenna 
 

A linearly polarized antenna has been placed first for this mono-static configuration to 

compute backscatter power. Propagating distance of that backscatter power has been noted 

carefully for different transmit power. Graph 3 below illustrates the scattering scenario (various 

scattered peaks) for different transmit powers using linearly polarized antenna.  

 

For 5 dBm transmit power from the antenna we get the first tag backscatter from 14.5 cm 

distance. With the increase of power level, we can see more backscatter at far distance at 

several instant. For 18 dBm input power, we can see 7 backscatters at 7 different points.  

 

 
Graph 3: Scattering peaks versus transmit power using linearly polarized antenna 

 
We can see the Matlab representation of measurement data in frequency domain that shows 

the spectral density of the backscattered signal (figure 3.6 c). It tells us that highest power is 

being reflected at 866.6 MHz, which actually is the first channel of EU band. Now we also see 

that the signal is backscattered at very low power, for a 6 dBm input signal, which is -88 

[dB/Hz] that is almost slightly higher than the noise floor. As ASK modulation has a 

considerable spectral growth, therefore this modulation technique provides this such signal 

shape. Other surrounding peaks -98 [dB/Hz] and -116 [dB/Hz]] of that signal that can be seen 

in this figure appears from the fluctuations in noise floor level. A graphical representation of 

input power versus backscattered power in a periodogram graph (graph 4), which gives the 
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power per hertz in given frequency shown below, which shows the reflected power level along 

with first and second level of noise floor (Power/Freq 1 and Power/Freq 2).  

 

. 

            Graph 4: Transmit Power versus Periodic power spectral density representation 
 

The figure 3.6 below illustrates the same backscatter signal in three different manners along 

with a strongly noisy environment (figure 3.6 d).  

 

Initial backscatter signal has been found at oscilloscope for 6dBm transmit power. After 

capturing the data we simulate them via Matlab to see the backscatter shape at time domain. 

Next two figures represent the simulated signal into frequency domain for 6dBm and 18 dBm 

transmit power respectively.  

 

We can clearly see from figure 3.7 d) at the frequency domain that there is some external 

interference which is producing high level noisy signal within our given frequency.  

 

Therefore, we conclude this measurement by computing backscatter power with noisy effect 

for different transmit power.  

 

Now, when we start measuring the backscatter power, we will find the relation between input 

and received power for individual distances.  
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Figure 3.6: a) First backscatter for 6dBm transmit power   b) Matlab simulation plot in 
time domain c) Power Spectral density estimation for 6dBm transmit power d) Power 
Spectral density estimation for 18dBm transmit power 
 

Table 3.2 shows the relation between transmit and receive power for this mono-static setup 

via linearly polarized antenna. It depicts the change in backscatter power for different 

distance. In addition, we measure subtracted value as well for some given power to see 

backscatter effect.  

 

After subtracting the receive powers for given transmit power, we can obtain the receive 

power difference here. We get -24.3655 dBm received power for 9 dBm of transmit power, 

while 12 dBm transmit power produce -23.5442 dBm received power. If we subtract from the 

higher received power from the lower one here, we will get the received power difference of   -

31.1812 dBm, which is considerably low. 
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Pt      (dBm) Distance (cm) Pr     (dBm) 
4 39 -29.6964 

6 10 -35.6509 

6 70 -29.9657 

9 89 -24.3655 

12 89 -23.5442 

15 105 -24.4739 

 
                       Table 3.2: Transmit power versus measured received power 

 

When the tag placed far from transmitting antenna, same transmit power can produce better 

receive power. This is another point of concern, which leads us to check the measurement 

with circularly polarized antenna.  

 

Phase 3.3.2: Circularly Polarized Antenna 
 

A circularly polarized antenna has been placed now for this mono-static configuration to check 

receive power difference from linearly polarized antenna. The received power and scattering 

distance has been noted for different transmit power. Once again, for 5 dBm transmit power 

from the antenna we get the first tag backscatter. Figure 3.7 below shows the backscatter at 

Oscilloscope for 9 dBm transmit power. 

 

 

 

 

 

 

 

 

 
 
 
 
Figure 3.7: Experimental display of a backscatter signal from 35 cm distance. 
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As we increase the power level, we can see more backscatter from far distance. For 18 dBm 

input power, we can see 7 backscatters at 7 different points which ends at 108 cm. The graph 

5 below illustrates the scattering scenario with respect to different input powers.  

 

 
 

Graph 5: Scattering peaks versus input power using circularly polarized antenna     
 

Table 3.3 shows the relation between input and received power for this mono-static setup via 

a circularly polarized antenna. In addition, we measure the subtracted value as well for some 

given power to see difference in backscatter effect. 

 

Pt 
(dBm) 

Distance 
(cm) 

Pr  
(dBm) 

6 19 -26.8882 

7 34 -27.5875 

9 32 -26.5587 

12 53 -24.2231 

15 70 -21.6715 

 
Table 3.3: Power difference for circularly polarized antenna (mono-static setup)     

 
For 9 dBm input power we get -26.5587 dBm received power, while 12 dBm input power 

provides -24.2231 dBm received power. Now, we do the same subtraction as previous phase 

here. The received power difference from the higher value to the lower value is -28.0325 dBm 
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here which is slightly higher than the received power difference using linearly polarized 

antenna. 

 
 
Conclusion:  
 

We get -35.6509 dBm received power for a minimum 6 dBm transmit power, while circularly 

polarized antenna provides -26.8882 dBm received power for same transmit power. If we 

compare the received power for higher input power using both antenna, we can see 15 dBm 

transmit power provides -24.4739 dBm received power with linearly polarized antenna while 

circularly polarized antenna provides -21.6715 dBm received power for same case.  

 

Received power difference between has been calculated above as -31.1812 dBm for linearly 

polarized antenna, while circular polarized antenna provides -28.0325 dBm for same 

subtraction, which is slightly higher than linearly polarized antenna. 

 

 

Measurement 3.4: Backscatter measurement via bi-static setup with linearly polarized  

                                  antenna 
 

Aim of this particular part of the measurement is to find a backscattering pattern by varying 

antenna position and compare the obtained value with previous mono-static setup. Finding 

power spectral density estimation and it’s relation with transmitting power in frequency and 

time domain lets us know the scattering pattern. Backscattered power measurement will be 

conducted via linearly polarized antenna for bi-static mode of configuration while antenna to 

tag distance will be kept fixed. 

 
Working Principle:  
This measurement demonstrates the transmit power versus receive power relation in bi-static 

mode. Two linearly polarized antennas have been used for transmitting and receiving signal to 

and from the tag just as the figure below. Signal transmitted from a Vector Signal Generator 

via a power splitter, where one of its output ports is connected to a digital Oscilloscope (CH1 

i.e; channel 1) and the other one is connected to the transmitting antenna, which has been 

displayed as figure 3.8 below. 

 

Channel 1 displays the amount of power that is transmitted from the transmitting antenna. On 

the other hand, the receiving antenna is connected to the other port of Oscilloscope (CH2 i,e; 
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channel 2) to display the signal that is reflected back from the tag. This setup has been used 

for all bi-static measurement throughout this thesis. 

 

 
 
 
 
 
 
 
 
 
 

                                 Figure 3.8: Reader to Tag communication in bi-static mode 
 
Phase 3.4.1: Manual Calculation of Power difference  
 

Initially, 15 dBm powers have been sent from the VSG to the transmitting antenna through a 3 

dB power splitter [30]. A Confidex RFID tag has been put in front of the both antenna, which 

will receive that power and reflect back to the receiving antenna of VSG from 15 cm distance. 

Both antennas are kept 20 cm far from each other primarily. 
 

At the Oscilloscope, the channel 1 power has been found as 11.2452 dBm, which is basically 

the transmitted power from the transmitting antenna. As we are using a 3dB power splitter and 

a cable to connect it to VSG, therefore here we have this (15-11.2452)dBm = 3.7548 loss 

including the cable loss. At channel 2 of the Oscilloscope, we obtain the output power, Prr=-

12.7661 dBm, which is actually the reflected power at the receiving antenna. If we subtract the 

reflected power from the transmitted power, we get the resultant power difference during the 

reader to tag communication. The resultant power difference obtain as, Prd=11.2280 dBm.   

 
 
Phase 3.4.2: Transmit Power versus Reflected Power relation expansion 

The results of the previous phase drives us to do the measurement in next phase where we 

want to see transmit power versus receive power relation within a fixed distance between 

antenna and tag. Therefore, at this part of the measurement, we keep the same setup as 

above figure.  
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Table 3.4: Power difference for linearly polarized antenna (bi-static setup)  
 

Here, transmitted power has been increased step by step to see the change in reflected 

power. Since we could not see a steady and clear backscatter up to 10 dBm, therefore we 

start increasing the input power from 11 dBm to 17 dBm with intention to see the resultant 

reflected power. If we provide 15 dBm input power from the VSG, the received backscattered 

signal along with the transmitted carrier can be seen at channel 2 of the Oscilloscope as of 

figure 3.9 (a). This figure illustrates the received backscattered signal at time versus voltage 

domain.  

 

 
Figure 3.9: (a) Carrier with tag backscatter at Channel 2 (for 14 dBm input power)  
                   (b) Matlab representation plot of given 14 dBm transmit power  
 

Now, when we save the data of this particular signal and simulate it in Matlab, we get the 

resultant output power of Pt= -19.1886 dBm. Since we are using a 3 dB power splitter, 

Distance from 
Antenna to Tag 
[cm] 

Input 
Power (푷풕) 
[dBm] 

Voltage 
푽풓풎풔  
[mV] 

Reflected 
Power (푷풓) 
[dBm] 

Maximum  Reflected  
Power (푷풓풎풂풙) 
[dBm] 

9 11 0.0155 -23.1750 -29.1007 

9 12 0.0167 -22.5313 -28.5519 

9 13 0.0191 -21.3715 -27.3921 

9 14 0.0213 -20.4176 -26.3690 

9 15 0.0246 -19.1886 -25.2092 

9 16 0.0273 -18.2734 -24.2940 

9 17 0.0293 -17.6452 -23.6658 
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therefore here we have Pt= (15-3) dBm = 12 dBm transmitted power, if we omit the cable loss 

in this case.  Hence, we can calculate the power difference within the communication channel, 

where the resultant power difference obtained by subtracting received power from the 

transmitted power.  In this case, potential power difference of transmit and receive signal is 

Prd=11.9967 dBm. We get the represent of measurement of at figure 3.9 (b). Relation among 

maximum amplitude and time can be obtained from the figure as well.  

 

 
Graph 6: Variation of reflected power with change of transmitted power 

 

If we take the transmitted power versus reflected power value from the table 3.3, and draw a 

graph to see the variation among theme, we obtain graph 6, where it can be seen that, 

reflected power from the tag increases almost linearly with the increasing transmitted power. 

Starting with the transmitted power 11 dBm to all the way through to 18 dBm, the reflected 

power raises gradually. In addition, there is no significant fluctuation seen in reflected power 

curve for any transmitted signal.  
 
Conclusion:  
We can come across a significant conclusive result from above two phases. From the manual 

calculation of power difference we obtain Prd=11.228 dBm, while our simulated result 

provides the difference as Prd=11.99 dBm which is close enough. This result gives us the 

perfect setup scenario for backscattering calculation. Since we know the transmitting and 

receive power now, and we have the antenna gain and known frequency therefore we can do 

the radar cross section calculation. 
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Measurement 3.5: Appraising backscattering effect at An-echoic Chamber 
 

In this section, previous measurements have performed once again, but in  An-echoic 

chamber to compare the interference effects. Since, there were effect from several source of 

interference in terms of tag excitation and positioning zone at Radio Frequency lab; therefore 

we needed to avoid them. By keeping the same setup as before, here we do the same 

measurements to enhance the backscattering efficiency. In addition, we obtain radiation 

pattern using the formula from section 2.10. 
 
Phase 3.5.1: Circular Polarized Antenna with Mono-static configuration 
Starting with minimum power that can excite the tag, we increase the input power. Up to 

highest allowable power from the VSG we measured the received power.  

 

 
 
 
 
 
    
 
Figure 3.10: Mono-static configuration of backscattering (An-echoic chamber) 

 
Results: Circularly polarized antenna produce better backscatter value at An-echoic  

chamber. Optimum received power with above setup measured and shown in table below. 
 
   

 

 

 

 

 

 

 

 

 
Table 3.5: Power difference for circularly polarized antenna (An-echoic chamber)  

Transmit 
Power (dBm) 

Distance between 
Two antenna (cm) 

Received 
Power (dBm) 

Maximum Received 
Power (dBm) 

 6 15 -27.9594   -33.7655 

 7 17 -26.3758   -32.2173 

 8 17 -25.2727   -31.0574 

 9 17 -24.2940   -30.1734 

10 17 -23.2236   -29.2442 

12 17 -21.3486   -27.3060 

14 35 -19.7861   -25.7014 

16 37 -17.8057   -23.7423 
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RFID tag start producing backscatter for 6 dBm transmit power. We can see from the table 

above that, receive power is increasing with the increase of input power. For 16 dBm input 

power we found -17.8057 dBm backscattered power, which is almost near to the value (-

18.2734) we got for same measurement orientation at Radio Frequency Lab (see table 3.5). 
     
Power comparison at graph 7 below shows that the increasing pattern maintains almost a 

linear shape. If we take the maximum voltage into the consideration, we will be able to 

calculate the maximum received power.  

 

  
Graph 7: Transmit power versus backscattered power schematic (An-echoic chamber) 

 

If we take the measure of backscatter power at maximum distance with respect to given 

transmit power, graph-8 below can be formed by the obtained value from table above. For the 

highest possible given power (18 dBm), we get the first backscatter at 11 cm and the 

scattered shape starts increasing until 17 cm, and at 19 cm we do not see any scatter at all. 

After that, backscattered shape starts decreasing from 20 cm to 28 cm. Again we don’t see 

any scatter at 30 cm distance and then it starts increasing from 31 cm to 37 cm.  

 

At 39 cm and 48 cm no scatter seen again, while up to (40 - 47) cm scattered directed as 

negative peak and (49 - 56) cm we see positive peak. This cycle continues periodically until 

the last scatter at 111cm. But, this periodic change was not visible in our simulated result. 
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Graph 8: Transmit power versus maximum backscatter distance (mono-static mode) 
 

Figure below show the difference between actual backscattered signal and Matlab 

representation of that signal for a 10 dBm input signal. 
 
 

Figure 3.11: Displayed backscatter signal at a) Oscilloscope b) Matlab illustration  
 

For 10 dBm input power, we get backscatter power of Prx = -23.2236 dBm from 17 cm tag to 

antenna distance. For the same distance, if we provide 8 dBm input power, we get 

backscatter power of, Pry =   -25.2727 dBm. Now if we subtract Pry from Prx, then we get the 

resulting difference, Pr = -27.4703 dBm.  

 

Since we did not get the sinusoidal shape of power transmission or reception, which is a vital 

characteristic of smooth power transfer, therefore we moved do the measurement for bi-static 

mode with linearly polarized antenna. 
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Phase 3.5.2: Linearly Polarized Antenna with Bi-static configuration 
The same setup of previously used bi-static measurement kept here that we have used in 

Radio Frequency lab before. Both antennas and the tag are placed inside the An-echoic 

chamber as shown in figure 3.12.        
 
 

 
 
 
 
 

 
Figure 3.12: Bi-static configuration of backscattering (An-echoic chamber) 

 
Results: The first backscatter seen at 13 cm distance from the tag for 5 dBm input power, 

which gives received power of -32.2617 dBm. We have increased input power and check with 

maximum distance to measure received power. 
 

 
 

 

 

 

 

 

 

 
 
 
 

Table 3.6: Power difference for linearly polarized antenna (An-echoic chamber)   
 

The graph-9 below depicts the relation between input power given from the VSG in opposition 

to maximum scattering distance. It can be seen here clearly that, tag response has been 

increased in a sinusoidal way after 10 dBm input power up to the uppermost power of 18 

dBm. The sinusoidal shape has been demonstrated by increasing and decreasing the 

received power for different backscatter distance for the same input power. We can see that, 

Input Power 
(dBm) 

Distance between 
antenna and tag 
(cm) 

Received 
Power  
(dBm) 

Maximum Received 
Power  
(dBm) 

5 13 -32.2617 -38.0624 

10 30 -28.3764 -34.2558 

12 12 -26.3532 -32.2617 

12 47 -26.1305 -32.0418 

14 55 -23.4145 -29.4351 

18 13 -19.1728 -25.0952 

18 28 -20.9763 -26.9364 

18 39 -19.0746 -25.0952 

18 48 -20.2764 -26.2411 
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at 13 cm it starts rising while at 28 cm the backscatter value starts decaying, then again at 39 

cm it begins raising and at 48 cm it starts to decay. This represents the sinusoidal shape of 

the signal transmission and reception.    

  

 
 

Graph 9: Transmit power versus scattering distance relation (bi-static mode) 
 

This resultant pattern matched with premium prerequisite of reader to tag backscattering 

method. In order to calculate the radar cross section by means of wireless power 

transmission, this orientation is a must. Highest power (18 dBm) given by the VSG will 

produced -20.2764 dBm received power at 48 cm distance. 

 

. 
 

Graph 10: Backscattering distance versus received power to find radiation pattern 
 
For this sinusoidal pattern at 18 dBm transmit power, antenna radiation pattern G(휃) is 

matched with the expected backscatter signal shown at section 2.11. 
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If we consider last four received power value against their respective distance at given 18 

dBm power from table 3.6, we can draw a radiation pattern (see graph 10) for received power 

versus scattering distance. We can see that the graph clearly depicts a cosine shape of 

backscattered signal reception which was our desired pattern at the beginning of our 

measurements. 

 

At this point, if we want to consider and measure phase angel, we bring the backscattered 

signal at channel 2 over the transmitted signal at channel 1. We select the portion where tag 

scatter is overlapping the reader command and zoom it. For a very close zoom, we found the 

time delay of 100 picoseconds between transmitted and received signal cycle. Thus, with our 

measured frequency 푓 = 866.6 푀퐻푧, which provides 휆 = 34.618 푐푚 and with time delay  

∆푡 = 100 푝푠 = 100푒 푚푠 , we can calculate phase angel from equation (14), 

 
휃 = 360 ∗ 푓 ∗ ∆푡 = 31.19 푑푒푔푟푒푒 

 
Conclusion:  
Therefore, if we increase the distance between tag and antenna, receive power decreases. 

Input power versus backscatter distance starts maintaining a sinusoidal pattern from 10 dBm 

to 18 dBm given power. Besides that, received power and backscatter distance starts 

sustaining a periodic shape, which meets the basic pre-requisite of RFID communication 

pattern. Thus, at the next and final part of the measurement, we are going to put a metal 

sheet in between two antennas to check the co-located interference effect.  
 
 
Measurement 3.6: Backscatter Investigation at Metallic Environment  
 

At section 2.9, we have found several factors that affect backscatter radio propagation 

between reader and tag. Therefore, a metal sheet has placed in between two antenna in order 

to characterize interference effect in free space. In this set of measurement, two linearly 

polarized antennas have been used to transmit and receive power using the bi-static setup, 

where VSG sends out a signal to the transmitting antenna via a power splitter and receiving 

antenna is directly connected to a digital Oscilloscope. As we have already seen from 

previous measurements that in passive ultrahigh-frequency (UHF) RFID systems bi-static 

antenna systems deliver better performance than mono-static, as they have separate, 

dedicated antennas to send and receive signals. Initially, the system has been characterized 

by placing the antennas 20 cm far from each other in order to allow co-located antenna 

interference.  
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Phase 3.6.1: Non Metallic effect of distance deviation 
The tag reflection measure has been taken for several transmit power, within short distance to 

see input power versus reflected power variation just like the previous measurement. Then 

the distance between two antennas are changed by keeping a fixed power to see the change 

in tag backscatter effect. Similar measure has been taken by varying tag to antenna distance. 

 

 

 

 

 

 

    

 

 

 
 Figure 3.13: Backscatter measurement at An-echoic chamber at bi-static mode 
 

Table 3.7 below shows the backscatter variation due to distance alteration between tag to 

antenna as well as transmitting to receive antenna. 

 
 

 

 

 

         

 
 
 
 
 
 
 
 
 

Table 3.7: Input power versus received power at different distance 
 

Input 
Power 
(dBm) 

Distance between 
Two antenna 
(cm) 

Distance between 
Antennas to Tag 
(cm) 

Received Power 
Without Metal 
(dBm) 

14 5 15 -6.8404 

14 10 15 -9.1815 

14 10 20 -8.0687 

14 20 15 -12.1291 

14 20 20 -9.6964 

14 25 15 -11.0575 

14 25 20 -8.8145 

14 40 15 -29.8300 

14 40 20 -22.1587 

14 75 40 -26.9364 

16 80 40 -22.9449 
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If we put the backscattered powers by varying the distance on a graph, we will get a relation 

among tag-to-antenna distance and transmitting and receiving antenna distance.   

 

First, we keep the RFID tag 15 cm away from the both antenna and start increasing the 

distance between two antennas. When both antennas are kept very close to each other (5 

cm), we get backscatter power of -6.8404 dBm. The graph 11 below clearly represents that, 

for the fixed antenna separation (10 cm in this case) if we increase the tag to antenna 

distance by 5 cm (from 15 cm to 20 cm), backscatter power increases slightly (from -9.1815 

dBm to -8.0687 dBm).  
 

               
Graph 11: Antenna position variation versus received power change 

 

Now, the RFID tag kept fixed at 20 cm away from both antenna and we do the similar change 

in antenna distance and observe the changes from graph 11 again.  

 

 

Graph 12: Co-located antenna interference effect for different output power. 
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For 10 cm separation between antenna positions, the obtained backscatter power is -8.0687 

dBm, which provides slightly better backscatter power than the previous case. 20 cm 

separation between antenna positions provides -9.6964 dBm backscattered power.  Now, if 

we increase the antenna separation more (40 cm) and take the same measure, we can see a 

huge reduction of backscatter power -22.1587 dBm.  

 

At the same time, it can be seen at the graph 12 that with the increasing antenna separation, 

receive signal power become weaker drastically. Now, for 15 cm antenna to tag distance, if 

the antenna separation increased from 10 cm to 40 cm, backscatter power loss calculated as 

of -9.2191 dBm. Similarly, when antenna to tag distance is 20 cm, backscatter power loss is -

8.2414 dBm for the same setup, which can be seen at graph 13 below. However, 

backscattered value reduces for too high antenna spacing.  
 

 
 

Graph 13: Relation between distance variation and backscatter power 
 

Graph 13 depicts the backscatter power versus antenna separation relation at two different 

antennas to tag orientation (15 cm and 20 cm). From previous two case, if we calculate the 

difference of backscatter power loss for 15 cm to 20 cm antenna to tag distance, the result 

obtained as -15.1969 dBm.  
 
Conclusion:  
From the graph above, it can be seen that for a fixed input power (14 dBm for example), 

backscatter power changes significantly with the tag to antenna distance alteration as well as 

transmit and receive antenna position amendment.  
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If the antenna spacing is increased, then the tag gives weaker backscatter from a comparative 

higher distance for the same input power. Thus, we can conclude here that, backscatter 

power increases with the reduction of antenna spacing. For low antenna spacing (from 10 cm 

up to 25 cm), backscatter power raises if the distance between tag to antenna increased. 25 

cm can be considered as the ideal antenna spacing that produce best received power. For 

higher antenna spacing (50 cm for example), it gets reversed. Therefore, here we can 

conclude that, for the maximum allowed antenna propagation range, increasing spacing 

between transmitting and received antenna produce larger difference in backscatter power.  
 
Phase 3.6.2: Metallic effect investigation for receive power calculation 
 

Here, the system has been characterized by putting a metal sheet/plate in between these two 

antennas (Figure 3.9) to prevent co-located antenna interference  

 

 

 

 

 

 

 

 

 

 
 

Figure 3.14: Metal sheet placed between two antennas at An-echoic chamber 
 

For different input power, the backscattered power for obtained root means square voltage 

had been calculated for this metallic state, which has been compared with Matlab simulated 

backscattered power as well to find dissimilarity between them at table 3.8.  

 

When a thin metal sheet is placed in between two antennas to restrict co-located antenna 

interference, we can come to several conclusions from the table above. First, if the distance 

between two antennas increases, the obtained backscatter power increases slightly. Second, 

when the tag to antenna distance increases, the backscatter power decreases extensively. All 

of these resultant backscatter powers have been found from obtained root mean square 

voltage using the formula below, 

푃 =
푉
푅
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Since we are using 퐷퐶 50Ω coupling at the Oscilloscope for this measurement, therefore 

above formula can be written as, 

푃 =
푉
50Ω

 

 

 
 
 

Table 3.8: Power difference schematic in metallic environment 
 

Root mean square voltage can be obtained using following formula,  

푉 =
[푉 − 푉 ]

√2
=  

푉
√2

 

Here, 푉  represents maximum voltage and 푉  represents the minimum voltage. For the 

sinusoidal wave we need to consider the peak voltage only, which denoted as 푉 . All the 

calculated backscatter power has been compared with the obtained backscatter power from 

Matlab simulation. From the table, we can see that both results matched closely. Now, if we 

increase the input power here, then we get a higher backscatter power, but for a high tag to 

antenna distance it reduces again drastically.  

 

If we keep the tag to antenna distance fixed (20 cm in this case) and produce the same input 

power (18 dBm in this case), then we can see the backscatter voltage variation due to 

antenna position alteration. For lower distance between the transmitting and received antenna 

(15 cm), we get higher voltage (9.104 mV) that results higher backscatter power. On the other 

hand, for higher antenna separation (45 cm), we obtain lower voltage (2.75 mV), which results 

weaker backscatter power. Same thing happens due to other alteration of antenna position, 

which can be seen at graph 14.  

Input 
Power  
 
(dBm) 

Co-
located 
Antenna  
Spacing 
(cm) 

Tag to 
Antenna  
Spacing 
(cm) 

Root mean 
Square 
Voltage 
(mV) 

Calculated 
Received 
Power 
 (dBm) 

Simulated 
Received 
Power 
 (dBm) 

14 10 15 6.119 -28.246 -27.6921 

14 20 15 6.2629 -28.04 -27.1810 

14 20 20 4.925 -30.13 -30.1036 

15 20 30 3.248 -33.65 -32.9570 

17 20 40 2.0894 -37.578 -37.6386 

18 20 20 5.224 -29.619 -27.4328 
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Graph 14: Antenna separation versus backscattered voltage for fixed input power (14 
dBm) and fixed antenna to tag distance (10cm) at metallic environment 
 

Higher voltage level produces higher backscatter power. Therefore, we can conclude here 

that, voltage level increases with the increasing antenna spacing. Now, if we do the 

subtraction of higher input power (18 dBm) signal to lower input power (14 dBm) signal within 

this metallic state by keeping same distance, we obtain the figure 3.15 below. The antennas 

kept 20cm apart from each other while putting the tag 20cm distance from the both antennas.  

 

 

 
 
 
 
 
 
 
 
                 Figure 3.15: Receive power difference in metallic environment  
 
 
After we subtract Pry = -30.1036 dBm, which is the backscatter power for 18 dBm input power 

from Prx = -27.4328 dBm, which is the backscatter power 14 dBm input power, we get the 

difference between two state as, Pr = -30.8115 dBm. That means, for the input power change 

of 15.7952 dBm, backscattered power changes -30.8115 dBm within metallic environment.  
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Conclusion: We can clearly see that, there is a significant effect of metallic environment 

during the whole RFID communication. Backscatter power reduces here with increased 

antenna to tag distance unlike the previous setup. As the metallic sheet creates an obstacle 

on the co-located antenna interference, therefore backscatter power changes with the 

alteration of antenna distance.  

 

 
Phase 3.6.3: Power difference between metallic and non-metallic environment 
 

In order to come up with a conclusion, we vary the previous two phases. By providing same 

amount of power from VSG to the tag, we observe the differences among above mentioned 

two states (non-metallic and metallic) by keeping same distance among two antennas and 

keeping identical distance between those antennas to the tag.  

 

 
 
 
 
 
 
 
 
 

Figure 3.16: Backscatter power difference between two states for  
a) 20 cm antenna separation and 20 cm antenna to tag spacing  
b) 10 cm antenna separation and 15 cm antenna to tag spacing 

 

When we give 14dBm input power from the VSG by keeping the transmitting and receiving 

antenna 20cm apart from each other and putting the tag 20cm distance from the both 

antennas, figure 3.10 below depicts the power difference between two states (metallic from 

non-metallic state). After we subtract Pry = -30.1036 dBm, which is the backscatter power 

within metallic environment from Prx = -9.6964 dBm, which is the backscatter power without 

metal, we get the difference between two state as, Pr = -9.7361 dBm, that shown at figure 

3.10 a). In both case the antennas kept 20cm apart from each other while putting the tag 

20cm distance from the both antennas. 
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Now, if antennas kept within 10 cm distance and tag to antenna distance also reduced to 15 

cm, then for same input power we get, Prx = -9.1815 dBm and Pry = -27.6921 dBm which 

results power difference between non-metallic to metallic state as Pr = -9.2431 dBm. From 

above two phases, we can come up with another conclusion that, received power difference 

reduce if the antenna separation increased. 

 

 

3.7 Efficiency assessment with backscatter calculation: 
 
The RFID reader is used to get qualitative information of whether the tag does or does not 

respond. If it respond, then we find out what is the minimum power and distance to give the 

response and what is the maximum distance tag can provide the backscatter response.  

 

 A high speed oscilloscope (2 GS/s) has been used to measure the UHF RF signals, which 

allows a complete channel characterization including the tag RF operation and efficiency. With 

this setup we measured the transmitted signal from the RFID reader in CH1 and the received 

signal along with tag backscatter in CH2. Since they are all received simultaneously they can 

be synchronized with a common reference. Radar cross section is a far field parameter, which 

is used to characterize the scattering properties of a reader target. Therefore, we have started 

by obtaining with the far field distance R = 36.11 cm from measurement 5.2. Maximum 

backscatter distance of RFID tag has been found at 105cm for Alien Tag and 118cm for 

Confidex tag while minimum distance that a tag can produce backscatter has been found as 

12.5 cm and 9 cm for respective case. Since Confidex tag provides better backscatter from 

both longer and close distance from a comparatively narrow frequency range, therefore we 

have considered this tag for rest of part of our measurement. The RFID tag has been placed 

basically at the 20 cm far from the mid-point of both antennas, which means each antenna 

was kept at 22.36 cm distance from the RFID tag. But, in order to keep it simple, we omit this 

calculation and consider the round figure for above all measurements. For calculating free 

space path loss and radar cross section, we have to consider the actual distance.  

 

Free space path loss can be calculated from the below equation now with our obtained 

results, 

퐹푆푃퐿 = (
4휋푑
휆

)  

Since, frequency 푓 = 866.6푀퐻푧 provides 휆 = 0.3462 푚 = 34.62 푐푚,  

obtained 푑 = 9 푐푚,  푎푛푑 푑 = 118 푐푚, therefore 
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퐹푆푃퐿 = 10.672 = 10.282 푑퐵  and  퐹푆푃퐿 =  1834.55 = 32.635 푑퐵 

 

For a linearly polarized antenna using in mono-static mode at measurement 5.3, providing 

푃 = 15 푑퐵푚 transmitted power results -24.47 dBm received power. If we consider and add 10 

dB coupler losses with it, we obtain resultant received power as 푃 =  −14.47 dBm. For a 

circularly polarized antenna using in mono-static mode, giving the same power produce -

21.67 dBm received power. If we consider and add 10 dB coupler losses with it, we obtain 

resultant received power as, 푃 =  −11.67 dBm , which is slightly better than the previous one 

(linearly polarized antenna).  
With linearly polarized 푎푛푡푒푛푛푎 푔푎푖푛,퐺 = 7 푑퐵푖 = 8.45, 휆 = 0.3462푚, 푅 = 1.1 푚 we can do 

the RCS calculation from the formula below with the obtained value,  

휎 = ( )   = 0.38354 =  −4.16 푑퐵/푚  

 

On the other hand, circularly polarized antenna with less distance 푅 = 0.7 푚 provides lower 

radar cross section value of, 휎 = −9.21 푑퐵/푚  for the above received power. For other 

transmitted power, radar cross section value varies with the change of distance. It is also seen 

that, signal produces backscatter at very low power level and thus some time it becomes hard 

to distinguish it from noise floor. Therefore, the next measurement has done in bi-static mode.  

 

We used bi-static antenna systems at measurement 3.4, as it deliver better performance in 

passive ultrahigh-frequency (UHF) RFID systems since they have separate, dedicated 

antennas to send and receive signals. 17 dBm input power produces here -17.6452 dBm 

received power. Since, we used a power splitter here during transmitting the signal, therefore 

actual transmitting power will be (17-3) dBm = 14 dBm. For the same transmitted power, 

received power has been calculated manually from the displayed signal at oscilloscope as -

16.83 dBm. When we see the difference between transmitted and received power in both 

case (manual calculation and simulated result), we found them very close. With increasing 

transmitted power, received power also increases here if we keep the tag and both antenna 

actually at 13.45 cm distance (for 20 cm antenna separation and 9 cm tag-to-both antenna 

midpoint distance).  

 

Therefore, 푃 = 14 푑퐵푚, 푃 =  −17.6452 dBm, 퐺 = 7 푑퐵푖 = 8.45, 휆 = 0.3462푚, 푅 = 0.1345 푚 

gives radar cross section value in this case 휎 = −42.823 푑퐵/푚 , which is way better than the 

RCS value of mono-static configuration. 
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However, measurement 3.3 and 3.4 brings several drawbacks as well due to external 

inference. The obtained result drives us to check whether it is due to any leakage of antenna 

or not. If yes, than how much might be the leakage. Therefore, we will do this measurement in 

an An-echoic chamber in order to get improved efficiency of backscattered signal.  

 

Next, we have done the measurement at An-echoic chamber to vary the interference effect by 

keeping the same setup for mono-static and bi-static mode respectively. In mono-static 

measurement for circularly polarized antenna, 14 dBm input power produce (-19.78 dBm + 10 

dBm coupler loss) = -9.78 dBm received power, which is higher than the resultant value found 

for the same measurement outside of An-echoic chamber. In addition to that, it has been 

found that tag produce backscatter at a periodic way. First 8 cm (11cm to 17 cm) it increases, 

while second 10 cm (20cm to 29 cm) it decreases and surprisingly it does not give any scatter 

at midpoint of that range (19 cm). This high-mid-low period continues until the range of 

maximum tag backscatter, but we could not get a conclusive result as we did not get the 

periodic resultant value here. Thus, 푃 = 14 푑퐵푚, 푃 =  −9.7861 dBm, 퐺 = 7 푑퐵푖 = 8.45, 

휆 = 0.3462푚, 푅 = 0.35 푚 provides 휎 = −18.3707 푑퐵/푚  in this case which is close enough 

with the value we obtain from equation (19) at section 2.8.1. 

 

Hence, measurement with bi-static setup using linearly polarized antenna have recovered the 

limitation of previous setup and found a periodic value. Here, the periodic sinusoidal shape 

seen from the obtained backscatter value at different distance, which is matched with 

precondition of reader to tag backscattering method. In addition to that, radar cross section by 

means of wireless power transmission can be calculated now. For 15 dBm transmitted power 

(18 dBm input power plus 3 dB splitter loss), at 48 cm distance we have found -20.9763 dBm 

received power for this setup. It gives the radar cross section value of 휎 = −25.0740 푑퐵/푚  . 

At this stage of the measurement, for the designing low observable target, we needed take 

the above attempt to minimize the radar cross section value.  

  

Last set of measurement, a metal sheet has been used to check the read range effect due to 

co-located antenna interference. As the UHF frequency jumps between its bandwidth when 

the tag is placed in front of metals, the read range also changes here, which can be seen from 

the RCS measurements using a metal sheet here. If we calculate the RCS with the same 

transmit power, 푃 = 15 푑퐵푚, which gives receive power, 푃 =  −27.4328 dBm, with 퐺 =

7 푑퐵푖 = 8.45, 휆 = 0.3462푚, 푅 = 0.2236 푚, we will get the RCS, 휎 = −44.8013푑퐵/푚  and the 

system efficiency, η = =  5.7111푒 − 05 

 



 

Md Razoun Siddiky Tohin                            Passive RFID characterization based on              

                                                                                                  radar cross-section and backscatter power 

71 

An increase in the separation results in increase in read range. As the separation is 

decreased, the performance decreases rapidly at higher frequencies (e.g. 867.5 MHz) as 

compared to that at lower frequencies (e.g., 865 MHz). If we keep the same antenna to tag 

distance (20 cm) and transmitting to receiving antenna distance (20 cm), that means same 

푅 = 0.2236 푚 with same transmitted power, 푃 = 11 푑퐵푚, where receive power without metal, 

푃 =  −9.6964 dBm will give RCS, 휎 = −23.0649 푑퐵/푚  and receive power with metal, 

푃 =  −30.1036 dBm we will give the RCS 휎 =  −43.4721 푑퐵/푚 . This difference clearly 

sums up the effect of metallic environment, which can be reported as a considerable success 

towards improving the read-rates of tag present in highly metallic environments. 

 

Thus, RFID system efficiency can be obtained from following formula, 

 

η =  =  0.0085 without metal and 

 η =   7.7560x10   with metallic effect. 

 

Validating the effect of antenna spacing and co-located antenna interference has been found 

as a crucial factor for backscatter enhancement. Backscatter RCS value has been verified for 

different setup. Finally, enhanced RCS value has been found along with improved efficiency, 

which fulfils the goal of this thesis.    
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Chapter 4: Conclusion 

 

 

Due to increase in use of RFID application widely, ever growing need for RFID measurement, 

investigation and characterization systems are mounting.  Backscatter RFID at UHF 

frequency range provide the surrounded passive system enough power to react. Therefore, 

different types of antennas (vertically polarized antenna, circularly polarized antenna, linearly 

polarized antenna) have been used to obtain the best possible backscattered power in this 

thesis. Various features has been addressed for designing and implementing RFID 

technology, including read range mounting, near-metal antenna techniques and RCS 

reduction. RFID Tag sometimes fails to respond because of deficient power. At the same 

time, communication link can be lost as a result of tag antenna orientation and co located 

objects reflections can impersonate tag response. Backscattered power measurement 

conducted for different mode (bi-static, mono-static).  

 

With reference to the datasheets of individual readers, and lab experiments, the read range 

distances for each tag was confirmed. The levels of distance for each tag were determined 

based on prior lab experiments. The value of Radar cross section changes with variation of 

tag orientation. Since, sometime signal produces backscatter at very low power level, thus it 

becomes hard to distinguish it from noise floor. Therefore, couple of measurement has done 

in both mono-static and bi-static mode and found later one produce better performance in 

passive ultrahigh-frequency (UHF) RFID systems, since they have separate, dedicated 

antennas to send and receive signals. Thus, efficiency assessment by means of  RCS and 

backscattering effect calculation will provide a response model for future RFID development. 

 

With reference to the datasheets of individual readers, and lab experiments, we confirmed the 

read range distances and radar cross section value for each measurement phase and found 

the lowest RCS at non-echoic environment in bi-static reader configuration. The levels of 

distance for each case (inside and outside of An-echoic chamber) were determined based on 

prior lab experiments. Based on these results, it is apparent that a combination of statistical 

approaches with analytical EM models improves the extrapolation of RFID RCS in a 

respective environment. This particular approach is a step towards developing a robust 

methodology to predict RFID tag read-rates and RCS in complex industrial environments. 

Outcomes of this thesis obtained through the analytical modelling of read rate based on the 

Friis free space equation through a quantification of uncertainties that provides new insights 

on the nature of tag read rates. Reading range and tag sensitivity measurements were done 
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for different mounting materials, reader power level, operating frequency and antenna 

orientation. Reader and tag antenna needed to completely aligned in linear polarization, 

otherwise radio communication link degrade as tag uses a linear-polarized antenna (to 

maintain simplicity and cost effectiveness), while reader employ a circular-polarized one. 

Circular-polarization provide independent orientation of the antennas in between the  radio 

link; but it has 3dB more loss compared to linear polarization; which makes things more 

complex. 

 

From the above analytical approach, we can come up with several important features, which 

had firmly taken care of. Tag sensitivity (minimum power to activate the tag), communication 

range (at various transmitted power), frequency dependent sensitivity (optimal operating 

frequency); tag backscattering efficiency (ratio between the reflected power and the incident 

power in the tag); radar cross section (RCS) of the tag along with tag consumption and 

dissipation; are those most important consideration for RFID system performance 

enhancement. The study focuses on deriving numerical characterization and models that lead 

to an optimal design of an RFID system for a specific application. 

 

To overcome the problem of non-readability of tags in metallic environment, the thesis tries to 

explore the concept of An-echo of EM waves in RFID system design. To improve the tag 

read-rate probabilities it was imperative to develop a set of techniques that promotes read-

rate probabilities of tags in such environments, and this particular thesis fulfils the requirement 

of those developments. Further research can be done on how power can be transferred at 

longer distances (e.g. in the order of km). The most promising technologies in this field that 

can come up with stronger solutions are power lasers and microwave transmission, which can 

be effectively use in further development of this model approach in future. 

 

 

4.1 Future Work:  
 

Within next few years, various applications of Wireless Energy Transmission will enable a 

cable-less transferrable connected world. From reducing the necessity for surgery to replace 

batteries by pacemakers inside human bodies it will continue to eliminate cords from lamps, 

charger for mobile, cell phones, tablets, camera, laptop and so on. The thesis develops an 

analytical approach for designing RFID systems. It uses the classical design of experiments 

approach to delineate interactions between individual system components including distance 

and location. In this paper, we have characterized the working procedure of RFID 

communication system; starting from the very beginning up to the physical layer appearances. 
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We learnt how the radio frequency propagates throughout the system and how does the tag 

recognize the signal and reflect back the wave coming from the reader. We have worked to 

see the values both in time and frequency domain considering the voltage. These working 

principle drive us to think about RFID based wireless power transmission in a broader 

perspective. The way reader and tag communicate with each other; we can use this method 

to transmit wireless power in other applications at a larger extent to acquire more meaningful 

outcomes.  

 

We have seen here that the passive tag are getting powered by reader, so it is not unrealistic 

to assume that other electronic device should be able to get power from a wireless source. 

Suppose, if a receiver is installed in to a mobile device to receive power, whenever it will enter 

into a power supply zone, the device will be charged up automatically. All we need is to install 

a wireless power transmitter at the power supply zone to send the power and a receiver to 

every electronic device to get that signal. Traditional power receiving method through the 

cable can be replaced by this wireless power transmission technique.   

 

Even though this type of communication will consume lot of power from the transmitter, but we 

can already see this type of implementation at several low power application at several fields 

of our daily life. One example can be the electronic toothbrush, most of which is recharge 

through inductive coupling method to send and receive signal within the body of brush at a 

short distance. Just as an RFID tag is powered by reader, the head of the toothbrush has a 

motor to receive power wirelessly from the battery.  

 

Within next few years, various applications of Wireless Energy Transmission will enable a 

cable-less transferrable connected world via backscatter RFID. From reducing the necessity 

for surgery to replace batteries by pacemakers using wireless body area networks (WBANs) 

[36] inside human bodies it will continue to eliminate cords from lamps, charger for mobile, 

camera, laptops and so on. With the rapid development of these emerging technologies, it is 

inevitable that advancement of RFID based transmission is a burning need and a breathtaking 

future is ours to behold! 
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Appendix A:  
 
Matlab Code  
 
 

The Matlab Code presented below is the communication data among the reader and tag, 

which are programmed with sine wave. 

 

Periodogram representation: 
 

clear; clc; close all; 

Ts= 5e-010; 

Fs = 1/Ts;      % Fs is the sampling frequency 

x = csvread('6dBm19cm.Wfm.csv'); 

h = spectrum.periodogram;  % create a periodogram object 

psd(h,x,'Fs',Fs)        % plot the two-sided PSD by default 

 

 

 
Metallic effect analysis: Backscatter power without metal - Backscatter power with 
metal 
 
 

clc; clear all; close all; 

Ts= 5e-010; 

Fs = 1/Ts;   

x = csvread('a14d10by15.Wfm.csv'); %received signal without metal  

y = csvread('a14d10by15wm.Wfm.csv'); %received signal with metal  

%phase(x)-phase(y) 

vrmsx=[max(x)- min(x)]/sqrt(2); % root mean square voltage 

Prx=vrmsx^2/50; 

Prx=10*log10(1000*Prx) % backscatter power without metal 

vrmsy=[max(y)- min(y)]/sqrt(2); 

Pry=vrmsy^2/50; 

Pry=10*log10(1000*Pry)% backscatter power with metal 

Pr=10*log10(10^(Prx/10)-10^(Pry/10))% backscatter power (without-with) metal 

z=x-y;  

plot(z) 
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xlabel ('Time [\mus]') 

ylabel ('Voltage [mV]') 

p=z.^2; 

p=p/(2*50); 

p=10*log10(1000*p); 

mean(p); 

max(p); 

 

 

For Power difference calculation: 
 
 

Prx=11; 

Pry=-20.4176; 

Pr=10*log10(10^(Prx/10) - 10^(Pry/10)) 

 
RCS Calculation:  
 
clc;close all;clear all; 

Prx=14; 

Prx=10^(Prx/10)/1000 

Pry=-9.7861; 

Pry=10^(Pry/10)/1000 

%Pr=Pry/Prx; 

%Pr=10*log10(Pr) 

R= 0.35; 

Pr=(Pry*((4*pi)^3)*(R)^4)/(Prx*(8.45^2)*(.3462^2)) 

Pr=10*log10(Pr) 
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Appendix B:  
 
Datasheet  
 

Specifications of Vector Signal Generator, Oscilloscope, Reader, Tag and Antenna will be 

found from their respective datasheet, while necessary specifications of Reader, Tag and 

Antenna are given below: 

 

‘ALR-8800 RFID Reader’ Specification: 

 MODEL NUMBER  ALR-8800, ALR-8800-DevC Developer’s Kit 

SUPPORTED RFID TAG  

PROTOCOLS 

EPC Class 1 Gen 2, EPC Class 1 Gen1,  

ISO 18000-6c (when ratified) 

READER  

COMMUNICATION  

PROTOCOL 

Alien Reader Protocol™, Autonomous Mode, 

upgradeable architecture for future EPC reader 

protocols 

NETWORK PROTOCOLS  DHCP, TCP/IP, SNTP, DNS, SNMPv.3 

DENSE READER 

MANAGEMENT     

 

Dense Reader Mode, Listen-before-talk, Auto triggering 

and event management 

FREQUENCY  865.6 MHz – 867.6 MHz 

HOPPING CHANNELS  10 

CHANNEL SPACING  200 KHz 

RF POWER  2 watts ERP 

POWER  

 

AC/DC power converter; 45 Watts maximum  

120 or 240 VAC, 50 or 60Hz 

COMMUNICATIONS  RS-232 (DB-9 F), LAN TCPI/IP(RJ-45) 

ANTENNAS 

 

4 ports for 4 read points; multistatic topology; circular or 

linear polarization, 6 meter cables, reverse polarity TNC 

connectors 

GENERAL PURPOSE  

INPUTS/OUTPUTS 

4 inputs, 8 outputs, optically isolated, 0.5 watt  

current capacity 

SOFTWARE SUPPORT  

 

Java and .NET APIs for Alien Reader Protocol,  

Alien Gateway demo and test software 
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Figure: Complete Developer’s Kit for RFID communication (ALR 8800) 
 
‘Alien Tag’ has following specification: 

Device type: Class 1 Generation 2 passive UHF RFID transponder 

Air interface protocol: EPC Class 1 Gen 2 ISO/IEC 18000-6C 

Operational 

frequency: 

860-960 MHz for operation in the Americas, Asia, Europe and 

Africa 

EPC memory: 96 Bits  

Communication 

modes: 

Near-field and far-field 

Inlay: 23mm x 23mm 

Channels: 50 

Channel Spacing: 500 KHz 

RF Power: Max; 4 watts EIRP with internal antenna 

 
‘Confidex Tag’ Specification: 

Device type: Class 1 Generation 2 passive UHF RFID transponder 

Air interface protocol: EPCGlobal Class1 Gen2 ISO 18000-6C 

Operational frequency: 865-869 MHz (EU), 902-928MHz (US), 952-955 MHz 

(JPN) 

IC options: NXP UCODE G2XM 

EPC memory: up to 240 bit (G2XM) 
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‘Indoor directional antenna’ specification:  

Frequency range:  870-960 MHz 

Gain:   7 dBi 

Impedence: 50 Ω 

Polarization: Linear 

 

 


