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BER
GBP
GPS
LOS
PIFA
RFID
UHF
USN

Abbreviations

Bit error rate
Gain-Bandwidth Product
Global Positioning System
Light-of-sight

Planar Inverted-F Antenna
Radio—frequency Identification
Ultra-high Frequency

Ubiquitous Sensor Network



> > 3

[ s >

Mo

Nomenclatures

Relative permittivity

Real part of relative permittivity
Image part of relative permittivity
Dielectric tangent loss

Relative permeability

Real part of relative permeability
Image part of relative permeability
Magnetic tangent loss

Speed of light [m/s]

Wave number [m ']

Refractive index (miniaturization factor)
Wavelength [m]

Wavelength at resonant frequency [m]
Frequency [Hz]

Intrinsic impedance of dielectric [{2]

Intrinsic impedance of free space [{2]
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Chapter 1. Introduction

1.1 Background

Although radio frequency identification(RFID) technology has
been available for more than fifty years, it has only been
recently developed at a high speed for several years. It is now
the base for many applications such as automated logistics
management (even global supply chain, with the support of
satellite and global positioning system(GPS)), ubiquitous sensor
network(USN), realtime locating system, assets management, etc.
Its application increases everyday, and RFID is the hot issue in
many places in the world.

Let’'s review some key points in RFID system. The basic

configuration of a stand-alone RFID system is shown in Fig. 1.1.

Antenna Chip

Data / Clock

Beader Antenna

Stored information

Fig. 1.1 Basic configuration of a stand-alone RFID system

Reader transmits the power, clock, and data to tag by radio
wave. The tag receives power and answers the reader by

reflecting the wave (passive tag) or transmitting a radio wave



back to the reader (active tag)[l]. The data that tag sends to
reader is the information about the object to which the tag is
attached. On tag’s side, the chip will control the communication
process. On reader’s side, a computer will manage all information
received by readers.

Active tags have their own power supplier and operate mostly
in UHF bands which offers good balance between range and
performance. The distance can be as far as hundreds of meter.
Because of these advantages and rapid grow of active RFID
system in near future, this thesis concentrates to active RFID
system.

Fig. 1.2 shows the processes in designing an RFID system.

Antenna design for tag Chip design for tag

Attachment of tag to object

Reader-Tag communication

Antenna design for reader Software design

Fig. 1.2 Design processes of an RFID system



The challenges which could be met in each process:
a. Antenna design for tag
- Omni-directional radiation pattern (so that the tag can
be easily identified from any direction)
- High gain
- Small size (to reduce the price, easy to mount)
- Wideband (for UHF bands 860 MHz - 960 MHz)
- Can be attached to any kind of object (various kinds of
material)
- Matching with chip impedance
b. Chip design for tag

- High sensitivity

- Matching with antenna impedance
c. Attachment of tag to object

- Change of quality factors of the tag antenna, e.g.
radiation pattern, gain, etc.

d. Reader-Tag communication

- Recognize the tag (communication protocols,
anti-collision protocols, error detection, etc.)

- Quality effected by the changes in environment (changes
in tag when 1is attached to the object, changes in
surrounding environment, e.g. weather, obstacles, etc.)

- Reader management (location of readers)

e. Antenna design for reader
- High gain
- Omni-directional or directive pattern (depends on

application)



- Handheld (depends on application)
f Software design

- High accuracy

- High speed

- Database management

1.2 Objective

My long-term objective toward Ph.D degree is developing a
completed active RFID system including tag and reader
subsystems, and then investigating as well as enhancing the
performance of the system. Hence, the work steps are:

- how to design antenna for tag and meet the requirements

as well as balance the trade-offs among antenna properties.

- how the environment affects to quality of communication
between reader and tag.

- how to design antenna for reader (often array antennas),
and locate the readers as well as manage the data received
from readers.

- design a completed RFID system

Therefore, in this Master thesis, I concentrate to first two
steps. Some problems and solutions in designing antenna for the
tag will be presented in Chapter 2. In Chapter 3, the
communication between tag and reader is modeled in case of one
container yard and simulated to see the effects of multipath to
the received signal. Chapter 4 will give conclusions to the first

two steps and propose the next work.



Chapter 2. Design of Tag Antenna

2.1 Background and Objective

2.1.1 Objective

As mentioned in Chapter 1, designing the antenna for tag is
really an interesting but difficult matter with many requirements
have to satisfied, even when they are conflicted to each other.

First, frequency for the antenna is chosen at 433.92 MHz,

because in the UHF bands, which offers good balance between
range and performance, it offers many unique advantages as an
RFID frequency, such as an effective frequency, and authorized
for RFID system use in many countries; ability to co—exist with
other devices in the system[2].

Second, the discrete goals for the antenna have to be clear.

- The omni—directional pattern s the must-have
characteristic.

- Impedance matching between antenna and chip is not
serious. In case of passive tag, due to the rectifier layer
inside the chip, which is used to receive the power from
the radio wave to supply for its own activities, the
impedance of chip has a high capacitive reactance. So, the
impedance matching between antenna and chip is a serious
problem in passive tag. However, in case of active tag, the
role of rectifier is not important and can be ignore because

the active tag has a power supplier for itself.



-  Other requirements for high gain, but wideband and small
size 1s really a matter because these properties of antenna
1s trade-off. We have to balance these parameters in a

range that satisfies the active RFID system.

2.1.2 Analysis

The omni-directional characteristic is rather easy to achieve
with using omni-directional antenna types like monopole, dipole,
patch, etc.

Regularly, consumers expect that the electronic devices is
provided with impressive improvement in size reduction for
simplicity and mobility, especially in case of RFID tag in mobile
RFID system or Ubiquitous Sensor Network (USN). Hence the
small size is often paid attention in antenna design. And so,
small size is the most important goal in the design.

There are many Kkinds of small antenna such as planar
inverted-F antenna (PIFA), chip antenna, patch antenna, and etc.
For those electrically small antennas, especially in low frequency
range, some kinds of problem are arisen such as:

decrease of radiation resistance, in other words, decrease
of efficiency.

increase of input impedance due to increasing reactance,
and input resistance is often very low, causing impedance
mismatch problem. This problem can be solved by adding
loss. In addition, bandwidth is Ilimited by impedance
mismatch.

increase of effect from surrounding environment.



the efficiency is reduced also because power is trapped in
a limited space with high density.

The fundamental limits on antenna size have been studied
since 40s when Wheeler[3] and Chul4] presented a mathematical
relationship between antenna size and Q. Because this limit
cannot be changed, the solutions for this problem can be:

sharing the resource with radiated part (such as use
printed circuit board for ground plane in embedded
antenna, etc.).
optimize the topology of radiating elements, fully utilize
the volume for antenna.
using new electromagnetic material
system solutions (such as smart antenna, etc.)

The remain requirement is the gain and bandwidth. We need

to control the trade-off between them.

2.1.3 Choice

From the above analysis, it 1is suggested that we use
magneto—dielectric material in antenna design. Magneto—dielectric
material is one Kkind of dielectric material whose value of
permeability can be varied easily. It is different from conventional
dielectric in which the permeability is unit. With the presence of
permeability, the bandwidth and gain of the antenna can be
adjusted. By controlling the ratio between permeability and
permittivity, the gain-bandwidth product, one factor to evaluate

the quality of antenna, can be changed to meet the requirement.



In magneto-dielectric material, both €. and u, are complex

number described as:
e, =€ —je’ =€ (1—tand) (2.1)
p,=p —jpu” =u (1—tand’) (2.2)
where tand and tand are dielectric loss tangent and magnetic
loss tangent, respectively.

The magneto—dielectric composite consists of some metallic
components and/or ferrite material, so that the permeability of
dielectric can be changed easily. Unfortunately, magnetic losses
of the material are rather high, due to the presence of those
metal and ferrite components.

In general, microstrip antennas are half-wavelength structures

and are operated at the fundamental mode 717y, or 1M, with

the resonant frequency given by [5]

C
y 1345 (2.3)
; 2L/ €,

where n = 4/u,€,. is called miniaturization factor, or refractive

index.
Most microstrip patch antenna designs until now are based on
the dielectric which 1s just changed the permittivity. If

conventional dielectric (¢, =1) is used, the €, is required at very

high value in order to increase the refractive index, so that the
size of antenna is reduced. This makes the antenna design
procedure simpler because only one parameter of dielectric
coefficients affects to antenna performance. In another hand, this

limits the ability of easily improving the performance of antenna,



and this causes some disadvantages such as narrow bandwidth
and low efficiency with the high wvalue of permittivity. Thus,
magneto—dielectric material offers a little more number of
parameters of dielectric in order to change the performance of the
antenna.

In case of magneto-dielectric material substrate, to achieve the

same value of n (the same size of antenna), p, and €, can be

chosen at moderate values[6]. Thus, the field confinement is
minimized and the medium is far less capacitive. Moreover, the
permeability value which is different from unit in this dielectric

also leads to some advantages as described below.

<
space waves 05, space waves n

diffraction ‘

ordinary dielectric ¢, , u, =1 magneto dielectric g, , p,

Fig. 2.1 Comparison between two kinds of dielectric.

Fig. 2.1 shows the comparison between ordinary dielectric and
magneto-dielectric material. 7 is intrinsic impedance of dielectric

and 1), is intrinsic impedance of free space, where

n="mn V :u“r/er (2.4)

So, if the ratio between p, and €. becomes to 1, the matching

between two intrinsic impedances is reached, or the characteristic

impedance of magneto-dielectric material medium is close to that



of the surrounding medium, it allows for ease of impedance
matching over a wider bandwidth and suppression of the surface
wavel[7], and the efficiency of antenna increases, as the
consequence. The interaction of environment is eliminated. Hence,
using magneto—dielectric material, many advantages can be
achieved just by adjusting the permeability and permittivity.

In addition to using of new material, meander line technique is
also used to one more time reduce the size and utilize whole

volume of the antenna.

2.2 Antenna Design

2.2.1 Miniaturization

One example of patch antenna is presented to prove the ability
of miniaturization from wusing magneto-dielectric material. In
addition, 1its resonant frequency is 43392 MHz and has
omni—directional radiation pattern. The antenna type is meander
type, but the usage of magneto material as dielectric can be used
for any kind of antenna.

Fig. 2.2 shows the structure of antenna, using probe feeding

method.
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0.5 Unit :
—{1.8k [mm]

Top

X
35 "l Bottom

e

Fig. 2.2 Structure of antenna

The upper metal plate contains a meander line structure with
16 turns. The line width 1s 1 mm and the gap between two
adjacent meandered sections is 0.5 mm. In the bottom metal
plate, the ground size 1is also Kkept reduce to expect an
omni—directional pattern. The permittivity and permeability 1s
chosen at 521 - j0.012 and 2.39 - j2.58 (one kind of Ni-Zn
material). The thickness of the substrate is 1.6 mm. The return
loss of this initial model is shown in Fig. 2.3 (circular-marked
line).

Maintaining the antenna structure like in Fig. 2.2, the
properties of magneto-dielectric material are changed to optimize

the performance for the antenna. The aim of this parameter

_11_



study is finding the optimized values of g, and €. so that the

antenna resonates at 433.92 MHz with a low return loss level.
The results of return loss when varying the permittivity of

magneto—dielectric is shown in Fig. 2.3.

05
WL ik s e ¥ v i il
=
S 2 T e
£ I i || € change
5 | ; || = 1.71
2 30— —i8e- L _mbL S |~ 2.71 |
1 | | = 3.71
3 1 | |~ L= 521
03 0.4 0.5 0.6

i?requency [Gﬁz]

Fig. 23 Return loss against permittivity change

It can be seen that when dielectric constant increases, the
resonant frequency shifted to low frequency area. At € =1.71
(rectangular-marked line), good resonant characteristic is earned
with return loss of meander line antenna is -30 dB at 433.92
MHz.

Second, in the permittivity component, only € s changed.
Value € is fixed at 1.71 and permeability 1s not changed. The

effect of €’ changing applies only to return loss level as shown

in Fig. 2.4.
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Fig. 24 Return loss against dielectric tangent loss change

The resonant frequency is almost same. It means that this
loss property just affects to the efficiency of the antenna. To
have the best return loss, 0.004 is chosen for €’ value.

Fig. 25 and Fig. 2.6 show the results of the permeability

. e . . ’ 144
components of magneto-dielectric  variation, K and W

respectively, to return loss, when €, =1.71—50.004.
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Return loss [dB]

Return loss [dB]

A0 ——— — — % A
=20
i’ change
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Frequency [MHz|
Fig. 25 Return loss against permeability change
0
dob—— o NAR NS ESy |
-20
L’ change
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I I —— 3.58
I I | I —— 5.58
-40
03 0.4 0.5 0.6

l'Trequency [Milz]

Fig. 26 Return loss against magnetic tangent loss change
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From Fig. 2.5, when the permeability increases, the resonant
frequency of antenna is lowered. This effect is well-known,
similar with the change of permittivity. A good performance at
433.92 MHz is observed in the case of rectangular line.

In Fig. 2.6, different with the change of 6", ,u" participates in
changing resonant frequency. It is because of mutual coupling
between adjacent sections, the magnetic tangent loss makes
change to equivalent inductance of the meander line, and so to
resonant frequency of the antenna. The values of ,u” are chosen
from database of popular magneto—dielectric material properties.
These values are rather high. It i1s a disadvantage of
magneto—dielectric material. The high loss affects to efficiency, or

gain, of antenna as shown in Fig. 2.7.

0 === X-Y plane
=—Y-Z plane
45 e 45
"" /@
-90) ‘ - Bi ; 90
135N b 35
130 [deg.]

Fig. 2.7 Gain pattern of antenna at 433.92 MHz
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The gain limitation for small antenna has been expressed by
Harrington in reference number [8].
G = (ka)* +2(ka) (2.5)
where ki wave number
a: radius of smallest sphere encompassing the antenna
In this case, the maximum attainable gain of this size of
antenna is 0.55 dBi. From Fig. 2.7, the maximum gain of the
antenna 1s -4.3 dBi. However, compared with other designs in
the same resonant frequency in reference number [9], the gain
reduction is not much as miniaturization of antenna size.
The optimized parameters of magneto—dielectric substrate is

achieved with the value of permittivity at €. =1.71—30.004, and
the value of permeability at p, =2.39—72.58. The small

antennas techniques are generally wused dielectric with high
permittivity. However, proposed meander antenna has low
permittivity constant of 1.71, but the results show good
performance while the size reduction ratio is still high.

This antenna design has omni—directional characteristic. As
seen from Fig. 2.7, it 1s omni-directional in XY-plane. In
ZX-plane, because of the existence of the ground, there is a null

point. However, the half power beamwidth is also very large.

2.2.2 Gain—-Bandwidth trade-off control
Gain-bandwidth product (GBP) is one of factors usually used
to describe the relative quality of an antenna [7]. It is defined as

a product of gain and bandwidth of the antenna.

GBP = Gain x Bandwidth (2.6)

_16_



where gain is dimensionless and unit of bandwidth is Hz. It is
noticed that the gain calculated in dB (or dBi, dBd) cannot be
used in this equation, because the sign of gain in the dB scale,
which can be both positive and negative, may cause a wrong
comparison.

It is well-known that gain and bandwidth is trade-off. Some
designs concentrate on improving the bandwidth, so the gain
decreases as a consequence. Other designs aim to increase the
gain of antenna and pay a price for narrow bandwidth. Hence,
any design with the goal of enhancing the antenna quality must
have actual improvement of GBP.

From reference number [10], the zero-order bandwidth for an
antenna over a magneto—dielectric material substrate can be

approximated by:
t
96 ,u,,/ Gn )\—

¥ 0
WA \/5[44—17\/}%67“ ]

where t : thickness of the substrate

(2.7

Ao- wavelength at resonant frequency

It 1s easily seen that when the permittivity-—permeability
product is kept, i.e. the size of antenna is unchanged because of
refraction index n, the bandwidth of antenna can be broader by
increasing the ratio between permeability and permittivity.

It is quite an interesting matter. The size of antenna is still
small, and the quality can increase just by changing the
parameters of substrate. Therefore, in the following, the effect of

,u,,./ €., to GBP is analyzed because it affects not only to

_17_



bandwidth but also the gain of antenna. The product €., is kept
constant at 4.087. The values of p, and €, are changed. Each
pair of (f,,€.) value forms one material. There are 7 different

cases are calculated. The resonant frequency at each case 1s
checked that they are nearly the same. Variance of GBP against

,u,,./ €. 1s shown in Fig. 2.8, and detailed values are presented in

Table 1.
o
(a)]
O
W/g
Fig. 28 GBP against permeability-permittivity ratio
TABLE 1
Gain-Bandwidth Product Analysis
Material ,LL,./ €, ?(fér)l Gain (B]/S[}){VZ) GBP
) 4.087 -2.70 0.537 46 24.702
@ 2.382 -3.45 0.452 51 23.052
®) 1.398 -4.34 0.368 58 21.351
@ 1.089 -4.71 0.338 59 19.942
® 0.715 -5.39 0.289 60 17.344
® 0.420 -6.10 0.245 58 14.210
@ 0.245 -6.52 0.223 45 10.035
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From Fig. 2.8, it is obviously seen that GBP always increases

when ,u,,/ €, increases. The limited range for both variations of L,
and €. 1is from 1 to 4.087. The slope degree of the graph is high
when ,u,,/ €. is in the range from 0 to 1.5. After that, the graph

has saturation trend.
The gain of antenna always increases, but the bandwidth has

a peak value. When ,u,,/ €. is around 1, the bandwidth is nearly

unchanged, while the gain still increases. It is because when

p,/€. closes to 1, the impedance contrast between dielectric and

surrounding free space 1s much reduced, so the efficiency
increases. Although bandwidth does not increase continuously like
gain, the quality of antenna 1is still improved because GBP
always increases. That 1s the advantage of magneto—dielectric

material.

2.3 Summary

This chapter consider about the design of antenna for active
RFID tag. The chapter reviews all the challenges and possible
solutions for them. One design of antenna is shown to describe
in detailed about the design process with selected techniques.

The usage of magneto-dielectric material is proposed to
satisfy almost requirements. The antenna resonates at 433.92
MHz with return loss, bandwidth are respectively -38 dB, and 58
MHz, as well as omni-directional pattern while the overall

dimension is just 0.078 A% 0.016A X 0.0023\. This size is

_19_



achieved by choosing the optimized values of 4 substrate’s
parameters, 1.e. E,,GH,,M/,,MH. The antenna structure is meander
line type, but this method can be applied for any other antenna
structures.

The maximum gain of the proposed antenna is -4.3 dBi,
rather low. This is mainly because of the high concentration of
electric and/or magnetic fields within a small volume of antenna
structure due to small size, in addition to a lossy material as
magneto—dielectric material.

Moreover, magneto—dielectric material has another advantage,
1.e. the quality of antenna can be adjusted by controlling the ratio

between permeability and permittivity (u,,/ €.). The best trade-off

between gain and bandwidth i1s obtained when this ratio is a
little greater than 1. If this ratio increases, the antenna quality
increases, but the price is decrease of bandwidth.

Therefore, where the size of antenna 1s much more important
than other properties, magneto-dielectric is suggested to use for

miniaturization.

_20_



Chapter 3. Tag Tracking System Modeling

in 3—-dimension

3.1 Background and objective

A. The important role of modeling and simulation

The complexity of modern communication systems is a motive
power for the popular use of simulation. This complexity results
both from the architecture of modern communication systems and
from the environments in which these systems are deployed.

An important motivation for the use of simulation i1s that
simulation 1s a valuable tool for gaining insight into system
behavior. A properly developed simulation is much like a
laboratory implementation of a system. Measurements can easily
be made at various points in the system under study. Parametric
studies are easily conducted, the effects of parameters’ changes
on system performance can be obtained without difficulty. It is
also easily display the results graphically in many forms from
waveform in time-domain to spectrum, histograms, etc. Most
importantly, “what if” studies can be performed using simulation
more easily and economically than with actual system hardware.

In case of active RFID system, when the price of existing
systems in the world is very high, as well as RFID system is
affected much from surrounding environment, modeling and
simulation 1s a proper choice for experiment and evaluation

before making a real system.
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B. Obpjective
RFID is also a wireless communication system, so the block

diagram of the model for RFID system is like below:

Digital Channel Baseband Tx
Source Encoder Modulator Antenna

Noise ——| Channel

Digital Channel Baseband Rx
Output Decoder Demodulator Anterma

Fig. 3.1 Block diagram of wireless communication system

This block diagram consists only most basic and important
parts of the system, so that we can have an overview about the
system. Various kinds of wireless system are also have the same
structure, but the different part is channel model. Every system
has its own characteristic of the communication process. That is
why the transmitting part and receiving part can be the same,
but the performance of the system will be different if the
communication is conducted in different environment. Channel
modeling is the most important part of modeling wireless system

in general, and RFID system in particular.
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Therefore, the objective of this chapter is building one channel
model for communication between tag and reader in a complex
environment with many obstructions. In this model, the structure
of an container yard is predefined, with the input is transmitted
signal, and position and size of obstructions. An effective
algorithm 1is proposed to find all the possible reflected waves
inside the environment. At the output, the received signal is the
summation of many version of transmitted signal after reflections
from obstacles, that have just found by the above algorithm. The
simulation results are compared with the measurement results in

a reduced scale model.

3.2 Modeling

In this model, container vard consists of many containers is
considered. In this case, the structure of the yard can be easily
known. Some information like the number of container, the
positions of containers, located position of reader and tags, etc.
are known. The problem is the answer for two questions:

- How can the signal from reader arrive to the tag?

- What is the effect of many obstacles like containers?

In this model, the two questions will be solved. The container
faces are assumed as metal reflection planes. The radio waves
from the reader are transmitted to every direction in the space.
This waves can arrive at tag, or arrive at container, ground, etc.
When they arrive at other obstacles, they are reflected. This

reflection cause the change of signal in direction, signal strength,

_23_



and phase. Some of this kind of signal will arrive at the tag
also. Therefore, received signal at the tag is the summation of all

direct wave and reflected waves.

One-time reflect

/ from container

Two-time reflect
from coptainers

Reflect from ground

Fig. 32 Direct wave and reflected waves

So, the consideration of received signal consists of two tasks:
- Find all the waves that can be arrived at the receiver of
the tag.

- Summation of all those waves.

A. Algorithm to find reflected waves

Because the circumstance 1is known, it 1is called the
site—specific model, one suitable method can be applied to this
case 1s ray-tracing method. Originally, this method is often used
in optical application. However, in radio propagation between two

points, this method is also applicable and very useful.

_24_




Image plane

. 7

Fig. 3.3 Ray-tracing method [13]

As shown in Fig. 3.3, the transmitter is assumed to radiate
"rays” at every direction. With each ray, its propagation path is
observed (followed, or traced) as it bounced around the
environment, until it reaches the observation point or get out of
the analysed environment. As we can see, the path A is called
the direct wave, and the three paths B, C, D can arrive at the
image plane as we expected, except the path E cannot arrive at
the observation point. More specifically, it is called forward ray
tracing; that is we follow the waves from their origin of radio
source and into the environment, tracing their path in a forward

direction, just as the waves would have travelled.

_25_



The principle of this method is very simple for easy to
understand, and effective, especially for reflection phenomenon.
However, it has an drawback of computational expense, and we
cannot trace the wave at every direction. The specific algorithm
for tracing in the most effective way must be built depending on
each application.

Hence, return to our case, one effective algorithm is needed to
develop to find the waves arrived at the tag. In here, I suppose
three ideas to reduce the calculation complication.

1. The reflection happens at everywhere has a plane. So, we
consider only at available reflected planes.

2. Like the light, a "wave beam” hits to a plane will reflect as
a beam (Fig. 3.4). So, we consider every beam at each time.

3. One "wave beam” 1s bounded by faces. These faces are
formed from several rays which i1s the rays come at the vertices.
This means we can represent all rays reflected at one plane just

by several rays. This is the key point of my proposed algorithm.

™~

Fig. 34 Reflection at a plane
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In this algorithm, we consider the perfect reflected planes. So,
the technique to specify the reflected rays is based on the image

point technique, as shown in Fig. 3.5.

Reader
Tag .
|n
hlI |
\\\\ % N

Fig. 35 Using image point to determine the reflected point

We also note that there is reflection from the ground. To
solve this, we can simply consider as there are another radio
source at the position of image point of reader through the
ground.

The following is an example to visually present the above

algorithm.

Fig. 36 Wave beams
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In Fig. 3.6, the source point is at A. There are two obstacles.
The red beam is the coming wave beam to the right obstacle.
This beam i1s represented by 4 rays Aa, Ab, Ac, and Ad. The
reflected wave beam (dark red color) is found by using image
point A’ of A through the plane. This reflected wave beam is
represented by 4 rays: ae, be, df, and cf. This reflected beam
continues reflecting at the ground (green color, found by the
image point A” of A’ through ground) and arrive at the left

obstacle.

-..--_
- -
-
- -
- -
-“ﬁ-.
~

‘-h

-
h--
A

Fig. 3.7 ExXxtract the ray
The meaning of this process is identifying the space volume
that the wave from A can reach. For example, in Fig. 3.7, if
there is a point B inside the green beam, there is a ray come

from A to B. B is inside green beam, so, it is defined by A”.
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The intersection of line A"B and the ground will determine
the reflected point B” in the ground. Next, B” is inside dark-red
beam, so, the intersection of A’'B” will determine the reflected
point B’ at the plane. Finally, we found the wave go from A to
B’, reflected at the face (abcd) to B”, then reflected one more
time at the ground to B. This explains how we can extract the
ray from the wave beam that we already found before. Moreover,
with exact position of A, B’, B” and B, we can calculate the
direction (0,7) of the ray so that it can be looked up in the gain
pattern of antenna for the gain at that direction, and supplied to

the equations as following.

B. Summation of all waves at the receiver

When radio wave propagates from one point to another point
in the free space, its amplitude will be degraded according to the
distance. It also takes a period of time to go from source point
to destination point, we call that time the delay time. If the
transmitted signal 1is y(t), then the received signal will be

calculated from equation 3.1.

r(t) :a’OyLOS(t_TO>+Ea’iyREFi(t_Ti> (3.1)
T

where:

- Yr0s(t) ¢ direct wave

- q : the degradation of amplitude of direct wave

- T, * the delay time of the direct wave (s)

- a; ' the degradation of amplitude of each reflected wave
- 7, ! the delay time of the each reflected wave (s)

- s : number of reflection paths
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The degradation of amplitude and the delay time is calculated

from equation 3.2 and 3.3.

A
a; = (H)G@Z (082" wsi)c;;i (e'rz" w’ri) (3.2)
L
T, = (3.3)
c

where:

- L; distance from source to receiver (m)

- G,0,,v,,): gain of the ray transmitted from source antenna
at (0,;,v,;) direction (dimensionless)

- G,0,,,9,): gain of the ray received at receiving antenna
at-(0,,,%,,) direction (dimensionless)

- ¢ : light velocity (m/s)

- A wavelength (m)

From the received signal, the received power can be calculated

from equation 3.4.

Ir(t)dt

p=[ ==
v~ J o AT

(3.4)

where AT is a period of time.
3.3 Simulation

The algorithm is coded by Matlab to simulate for verification.
Matlab 1s chosen because it has useful built-in functions and

routines especially used in communication field. Besides, it

provides a wide range and flexibility for display in 3-dimension.
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The simulation program will be applied to an simple example
system as shown in Fig. 3.8.

Z /’ \:\

re:—;lder i

Fig. 38 An example of container yard

In this model, input data includes:

position of reader and radiation pattern of reader antenna

position of tag and radiation pattern of tag antenna

position of eight points defining the position and size of each
containers. In this example, there are three 48-feet containers at
potition 1 and 2, three 40-feet containers at position 3 and 4, and
one 20-feet container at position 5 to which the tag is attached.

First, the simulation program will be run to find all possible
propagation paths between reader and tag. Second, the signal
arrived at tag will be summed and calculate the received power.
The received power 1is calculated so that we can compare

simulation results with measurement results.
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A. Find possible propagation paths

All beam and reflected beam at each plane (of containers) are
shown in Fig. 3.7 (a-d). Actually, the simulation program will
find all simultaneously. However, in order to display for easy to
understand, the beam at each plane i1s display separately, except
for containers at position 1 and 2 because the reflected beam
from container at position 2 goes to and reflects at containers in

position 1.

(b) Reflected beams at containers at postion 3
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(d) All propagation paths

Fig. 3.7 All beam and extract the propagation paths

Firstly, we check the light-of-sight path and the reflected
path directly from the ground to the tag. There are both these
two paths. Next, from Fig. 3.9(a), and Fig. 3.9(b) we can see
that the radio wave cannot reach at the tag after reflected from
these containers. Fig. 3.9(c) shows the reflected beam at
containers at position 4 can arrive at the tag. From this beam,
we extract one more propagation path. So, finally we have 3

paths as shown in Fig. 3.9(d)
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B. Compare with measurement results

We use received power to compare simulation results with
measurement results for verifying the accuracy of the algorithm,
because we do not have enough equipment to show another
parameters such as the signal, or the bit error rate (BER) of the
communication process.

Besides, we notice that the actual size of container yard is
very big, hundreds of meters. In this example, the size is
assumed of 150 m x 150 m. We have to reduce this size 30
times for measurement in anechoic chamber. Hence, the
frequency is also needed to proportionally increase from 433.92
MHz to 13 GHz. Moreover, the transmit signal is analog sine
function. So, in the simulation program, these parameters must

be followed. The settings for measurement is shown in Fig. 3.10.

MW
stands for Rx receiver
containers -

anterma P

@\

Signal

T
generator
antenna

P, 5

Fig. 310 Configuration of measurement
Signal generator controls the transmitted power. The obstacles
are at positions stands for containers (the sizes are also reduced

30 times). Received power is monitored by microwave receiver.
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The gain patterns of two antennas are measured, and saved
as text file for the program looking up in calculation process.
The gain patterns of the two antennas in H-plane and E-plane
at 13GHz are shown in Fig. 3.11 for reference. One antenna has
maximum gain of 13dBi used as reader antenna and the other

has maximum gain of 5 dBi used as tag antenna.

— E plane 0 = E plane
— H plane = H plane

45
90 -90 90
35
[dBl] 180 [deg.] [dBI] 180 [dcg.]
ZEI ﬂl -iﬂ -4‘0 -2‘[' l‘) 26 1".’ -llo -3"0 —SIU -50 -1‘1] “’]
(a) Reader antenna (b) Tag antenna

Fig. 311 Gain patterns of two antennas

In measurement, the received power is achieved by:
where: P. - actual received power
F, - received power displayed in microwave receiver

P, - total cable loss

In simulation, the calculation process is expressed in the

following.

_35_



We assume that the transmitted signal is:
yt)= Aosin(u)t)
The transmitted power will depends on A,.

With light-of-sight path, A-D:

A ., L
Yap = irL,, Gr(elawl)@(‘gp@bl)y(t_ ;w)
= AOAlsin[a)(t—Tl)] = A,A4;sin(wt —wr))
A "
vhere A =[2G 000600

G.(0,,%,) : gain of reader antenna
G (¢',,¢,) * gain of tag antenna

LAD
C

With the path A-B:

o

A

= LAB )
yAB 47TLAB

)Q(QQ,'%).l.y(t— 7

= A Asin(wt —wr,)
There is no antenna at B, so the antenna gain at B is 1.
With the path A-B-D:

A Lgp )

a0 = || LG sl 22

= AyA,Assin(wt — wry —wry —7)
There is the minus sign because the reflect coefficient of

perfect reflected plane is -1. It means the phased is reversed.
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With the path A-C:

LAC

A )Gr (05, 9;)- 1.yt — T)

ArL -~

Yac

= A,Asin(wt —wTy)
With the path A-C-D:

A

N A L cD )
Yaoo =\ 4n L,

c

1. G; (9,37 1//3 )yAC(t_

= A0A4A4sin(wt—w7'4 —wTy —)
The received signal is the summation of three signals:
() =y ap® +Ya5p@) + 1,4 0p ()

The received power is calculated by equation (3.4) with
AT=2000 cycles. This value is big enough to have the exact
average value.

The calculation results for propagation paths are shown in
Table 3.1.

Table 3.1 Calculated parameters

L,y (cm) Lyg(em) | Lg,(em) | L, (em) | L.,(cm)
356.93 250.8 107.47 364.7 85.8
7, (ns) n(ns) | T(ms) | (ns) | t(ns)
357.18 250.94 107.54 364.95 85.86
{(— 4.5%) (—40.4%) {~121°) (129°) (92.3%)

0, ¢ 0, ¢, 0,, ¢, 0%, ¢, 05, ¢5 0%, ¢

0, 0° 0, 0° 40, 0P 90, (P 20,23° | -4°,-88°

g (dB) g, (dB) g (dB) g (dB) g, (dB) g (dB)
13 5 12.2 4.5 11.1 3.4

Now, we go to compare the simulation results and

measurement results to verify the correctness of the algorithm.
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We note that, as shown in the result of finding propagation
paths, the containers at position 1, 2 and 3 do not participate to
affect the received signal at the tag. Therefore, if they are
removed, the received signal is not changed. We will base on
this phenomenon to compare the received power with and
without containers at position 1, 2 and 3. The simulation and

measurement results are shown in Fig. 3.12.

-20 - - [
-= Simulation

—— Mea. (all obstacles) |
— Mea. (only obstacle @) | | %
=

=30

Receiving power [dBm]

-7 -3 1 5 9 13
Transmitting power [dBm]
Fig 312 Simulation and measurement results with all
obstacle and only obstacle at position 4
As we can see, the simulation result (rectangle-marked line)
has the same trend with the measurement results when changing
the transmitted power. The different is small because of some
reasons:
- Actually in simulation, the transmitted signal is not analog

as in measurement. We have to digitalize the transmitted signal.
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- In addition, the setting in measurement such as position of
antennas and containers, direction of two antennas, surrounding
environment, etc. maybe has a little different from simulation.

The measurement results in two cases (triangle- and
circle-marked lines) are also nearly the same. A very little
difference is probably caused by the diffraction and scattering
which are ignored in the simulation because their effect is not
much.

That 1s the comparison on received signal. We can also check
the individual paths. In here, all obstacles are removed, then
there remains only light-of-sight path and direct reflection from
ground. We can put an absorber at the reflection point in the
ground to remove the reflection path, only light-of-sight path
remains. Moreover, keeping the distance between reader antenna
and tag antenna, the relative direction of the two antenna
changes. The measurement and simulation results are shown in

Fig. 3.13.
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Fig. 313 Comparison of individual paths

In Fig. 313, 0° means the two antennas are faced at
maximum gain direction. Positive degree values mean the tag
antenna moves to the right, and negative degree values mean the
tag antenna moves to the left. The movement causes the
different direction of propagation paths, and because gain pattern
of antenna is not isotropic, so the gain in changed. We can see
the degradation of received power when the gain of reader
antenna changes. Most important thing is the simulation results
and measurement results one more time have good agreement.
The difference between the two results are nearly unchanged and
small.

From those comparison, we can say that the proposed
algorithm is correct. Therefore, using this channel model, we can

apply to simulation whole performance of RFID system.
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3.4 Summary

In this chapter, an RFID system in container yard
management is considered. The appearance of containers causes a
complex effect to the identification performance of the tag. An
effective algorithm is proposed for tracking position of the tag in
this environment in order to find the factors that affects to the
performance. This algorithm is based on ray tracing method to
find all the communication paths between reader and tag. The
simulation results using this algorithm shows a good agreement
with measurement results, and this algorithm makes the analysis
of the RFID system with obstacles much easier and simpler

compared with conventional method.
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Chapter 4. Conclusion

4.1 Done work

In this thesis, solutions for two problems in design of active
RFID communication system is presented.

First, design of antenna for active tag requires many
properties like omni-directional radiation pattern, high gain, small
size, and can be attached to any kind of object. Some of these
properties are trade—off causes a really matter in balancing the
particular requirements. In this thesis, one solution of using
magneto—dielectric material is proposed to miniaturize size of
antenna. The process of using this kind of material in antenna
design is described in detailed. The final designed antenna
resonates at 433.92 MHz with return loss, bandwidth are
respectively -38 dB, and 58 MHz, as well as omni-directional
pattern while the overall dimension is just 0.078 A< 0.016\ X<
x 0.0023\. Although the gain of the antenna is rather low due
to the high ratio of miniaturization, magneto—dielectric material
has ability to control the trade-off between gain and bandwidth
while keeps antenna size and resonant frequency, just by
adjusting its dielectric parameters. Magneto—dielectric is highly
recommended for very small size requirement.

Second, an analytical model and a simulation model is
proposed for considering communication process between reader

and tag of an active RFID system in application of container
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yvard management. Analytical model concentrates to deal with
communication channel. An geographical algorithm is proposed to
determine the propagation paths between reader and tag,
including the reflection from all obstacles. The algorithm is more
effective than the ordinary method with the complexity in
calculation i1s reduced very much. The 3-dimension co-ordinate
and radiation pattern of antenna are also included. This is the
new idea when other studies pay a little or simple consideration
on antenna radiation pattern. Then this analytical model 1s
applied to one example of stored vyard of containers. The
simulation model shows the ability to estimate the performance

of communication to retrieve many properties of the system.

4.2 Future work

On the case of using magneto—dielectric material, due to the
difficulties and the high cost in making the material, this design
temporarily stops at an idea design.

On the case of communication modeling for RFID system, this
1s a very interesting issue, and needs to develop more. In this
thesis, this problem is just solved in channel modeling only. It is
required to analyse whole the system and find the effect of other
factors to the identification performance of RFID system. It is
also required some suitable measurement results to verify the

conclusions from simulation.
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Moreover, this thesis just solves two of four problems before
building the completed real active RFID system. Next step, two
remaining problems, i.e. design of reader antenna and building of

the reader will be conducted to form an fully RFID system.
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