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ABSTRACT

Ultra wideband (UWB) technology is developed very fast in the past few years. It offers
many competitive advantages. In communications, it can provide high data rate performance
in multi-user network application. UWB thus, communication systems have been subjected
to extensive research and development projects. This thesis focuses on the propagation loss
in UWB system. This analysis emphasizes on propagation path loss consideration between
transmitter and receiver based on parametric measurement. The research considers using the
short range wireless systems in an indoor environment. The concept of model, we suppose
the transmitter is an access point and receiver is general electric appliance for example
television, camcorder, notebook, PDA and other appliances that can received signal from the
access point. The transfer functions of channels are experimented in the large lecture room
by using a vector network analyzer (VNA). The antennas used for transmitting and receiving
are biconical antennas. The polarization of the Tx and Rx antennas designs are as follows:

Polarization 1: Tx Vertical -~ Rx Vertical
Polarization 2: Tx Vertical - Rx Horizontal
Polarization 3: Tx Horizontal — Rx Horizontal
Polarization 4: Tx Horizontal - Rx Vertical
The results from VNA are brought to analyze the parameters in UWB system. The results

of this study are useful for the design of UWB IR propagation channel in an indoor

environment for short range wireless systems.
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Chapter 1

Introduction

1.1 Introduction

Recently, ultra wideband (UWB) radio technology has become an important topic for
microwave communication because its potential high data rates, low cost and low power
consumption properties. The UWB is different from other radio frequency (RF)
technologies. As usual, the demands for data higher price, higher security and contact
information more quickly. Therefore, new technologies have to find places in overcrowded
radio frequency spectrum and use it in an efficient way, UWB is a technology based on the
signal spreads across a wide bandwidth, a fact that could bring several advantages compared
with other communication systems is narrow. It can coexist with a system of radio stations,

as illustrated in figure 1.1[1].

GPS
f—?ozr.nlellt{);g . 802.11a
sgfetgl Bluetooth HiperLAN 1/2
Density
(dBn/MHz)

Cordless
Phone

Part 15 Limit

_| Ultra Wideband

1GHz 2GHz 3GHz 4GHz 5GHz 6GHz 7GHz 8GHz 9GHz 10GHz 11GHz
Frequency GHz

Figure 1.1 Comparison of occupied bandwidths by UWB and other wireless technologies

UWB communication systems are widely used for a variety of applications due to their
exceptionally attractive features. The objectives of this technology are low power, low-cost
equipment, high data rates, precise positioning capability and low interference.

However, UWB is not a new technology. UWB was first used in the beginning of the

twentieth century, by transmitting Morse code sequences with spark gap radio devices [2],



1.2

[3]. Later, in the late twentieth century, UWB radar systems have been used primarily in
military applications, to work under classified programs such as highly secure
communications. Due to the recent improvements in micro-processing and fast switching
technologies, UWB has commercial applications. In 2002, a remarkable step in the history of
UWB communications has been taken, as in the United States the Federal Communications
Commission (FCC) allows the commercial use of UWB applications with limited power
limits. Multiple users can use the unlicensed UWB spectrum on a non-interfering basis with
other communications systems. The european telecommunications standards institute (ETSI)
is currently working in the definition of the UWB standard. However, there are many
challenges such as UWB regulatory problems to avoid interference with other systems, and
there is no clear global consensus on a standard technology with technical issues and the
implementation yet.

UWB communications have been planned for high data rates over short ranges for
applications such as wireless personal area networks (WPANSs) and high-speed broadband
internet access. Even the work is being done for UWB applications in the localization with
high accuracy, high resolution ground-penetrating radar, through-wall imaging, precision
navigation or asset-tracking radio frequency identification (RFID) for inventory purposes
objects [4]. Although more than 80% of commercial UWB applications are planned for
indoor use, due to the low transmitting power allowed for UWB communications, UWB may
also be used for the physical layer of sensor, ad hoc or mesh or other outdoor communication

networks.

Background and Motivation

In 2002, the FCC allocated 7.5 GHz spectrum from 3.1 GHz to 10.6 GHz for UWB
devices. A few years later there have been a significant increase in research activity in both
the industry and academic circles in the field of UWB systems for short range indoor
communications [5]. UWB communications involves transmitting data using very short
pulses thus occupying very large bandwidth. The energy of the UWB signals is spread over a
large spectrum thus having the inherent property of being overlaid over existing systems in
that frequency range. The advantage of using short pulses is fine timing resolution thus more

channel multipaths can be resolved.



1.3

Reliable communication is becoming increasingly important day by day. High bit error
rate (BER) is not allowed in most commercial applications. In some UWB applications
planned such as imaging systems, sensor networks and motorsports radar systems, errors in
communications may have disastrous consequences. The FCC [6] specified that UWB has a
frequency spectrum ranging from 3.1 to 10.6 GHz and a fractional bandwidth greater than
0.20 or occupied bandwidth greater than 500 MHz. The power density of the UWB signal is
considered to be noise for other communication systems because its power spectral density is
below the part 15 noise limit. Therefore, UWB radio technology can coexist with other RF
technologies without interference. Moreover, UWB radio technology can be utilized for
commercial, short-range, low power consumption, low cost for indoor communication
systems such as WPANs [7].

This thesis measurement based on parametric modeling by considering pathloss, and
evaluated bit error rates; the research propose a template waveform instead of a conventional
matched filter technique. In the proposed scheme, the template waveform is considered at
the receiver side to maximize the signal to noise ratio (SNR). The transmission waveform
and the receiver template waveform are keys for the extension of the Friis® transmission
formula to UWB system. An experiment is carried out using biconical antennas for UWB

operation in the classroom.

Research Approach

This thesis analysis the effective spread of channel UWB impulse radio (UWB-IR) and
testing quality of transmission channel in an indoor environment measurement based
parametric channel modeling by using biconical antenna at the transmitter and receiver, this
technique is applied to 121 points at the receiver side each point is 40 cm apart, the nearest
point between the transmitter and the receiver is 2.90 m and the furthest between the
transmitter and the receiver is 6.66 m. The location used for measurements is a large
classroom within a 12 floors building of the Department of Information Engineering, Faculty
of Engineering, King Mongkut’s Institute of Technology Ladkrabang (KMITL). The
measurement is implemented by using matlab simulation for path loss, delay characteristic,

and BER.



1.4 Scope of thesis
This thesis focuses on the effectiveness of UWB-IR propagation channel in an indoor
environment by conducting a real measurement of a biconical antenna at the transmitter and

receiver side set up in 4 models (Polarizations) as follows:

Polarization Polarization of Tx and Rx antennas
model Tx antenna Rx antenna
1 Vertical Vertical
2 Vertical Horizontal
3 Horizontal Horizontal
4 Horizontal Vertical

In chapter 2, UWB communication systems and the background information on UWB are
provided. This background is needed for the chapters that follow.

In chapter 3, the theory and analysis of UWB channel propagation in an indoor
environment are studied, where impulse radio, the institute of electrical and electronics
engineers (IEEE) standard, some parameters used for analysis and extension of Friis
transmission formula for UWB are briefly reviewed and presented.

In chapter 4, the experimental setup and channel measurement model are presented while
c:hapter 5, focuses on evaluating the performance and presenting the results of experiment.

. Finally, Chapter 6 provides conclusions and recommendations for future works,
l



Chapter 2

Ultra Wideband Communication Systems

2.1 Introduction

Today, most computers and consumer electronic devices from a digital camcorder and
DVD player to a mobile PC and a high definition TV (HDTV) require wires to record, play
or exchange data. UWB will eliminate these wires, allowing people to “unwire” their lives in
new and unexpected ways. Due to a very large bandwidth (7.5 GHz) of free spectrum, FCC
recently legalized UWB for commercial use spectrum allocation overlays existing users, but
its allowed power level is very low in order to minimize the interference with very high data
rates at 10 meters. The data rate of approximately 110 Mbps and possibly 480 Mbps can be
achieved at a distances of 3 m under current regulations transmitters which is suitable for
battery operated devices.

UWB also has several applications all the way from wireless communications to radar
imaging, and vehicular radar (figure 2.1 below). The ultra wide bandwidth and the wide
variety of material penetration capabilities allow UWB to be used for radar imaging systems,
including ground penetration radars, wall radar imaging, through wall radar imaging,
surveillance systems, and medical imaging. Images within or behind obstructed objects can

be obtained with a high resolution using UWB.

‘ Large Display

Phone toPC Integration
Integration

Point of Service
Applications

Handset as

, Personal Server Handset to Handset
I i ﬁ- r—— Applications e

Figure 2.1 UWB communication system devices




Similarly, the excellent time resolution and accurate ranging capability of UWB can be
used for vehicular radar systems for collision avoidance, guided parking, etc. Positioning
location and relative positioning capabilities of UWB systems are other great applications

that have recently received significant attention.

2.2 History
Genesis of UWB technology was originated from work in time-domain electromagnetic
that began in 1962 [8]. The concept was to characterize linear time-invariant (LTI) systems
by their output response to an impulse excitation, instead of the more conventional means of
swept frequency response (i.e., amplitude and phase measurements versus frequency). This
output response is known as impulse response h(t). Output response y(t) of a LTI system

to any input response X (t) is determined by the convolution integral [9]:

YN = f_oooo h(t) x(t — 7)dt @.1)

However, it was not possible to measure the impulse response directly until the impulse
excitation and measurement techniques were developed. Once these techniques were in place
it was obvious that these could be used for short pulse radar and communication systems. In
1978 Ross and Bennett [10] applied these techniques for radar and communication
applications.

The development of the sampling oscilloscope occurred in the early 1960s and the
corresponding techniques for generating sub-nanosecond baseband pulses sped up the
development of UWB. Impulse measurement techniques were used to characterize the
transient behavior of certain microwave networks. From measurement techniques the main
focus moved to developing radar and communications devices. In particular, radar was given
a lot of attention because of the accurate results that could be obtained. The low-frequency
components were useful in penetrating objects, and ground-penetrating radar.

UWB communications was awarded the first US patent in 1973 leading to further
development of UWB field. The field of UWB had moved in a new direction. Other
applications, such as automobile collision avoidance, positioning systems, liquid-level
sensing and altimetry were also developed. However, most of the applications and

development still occurred in the military or tasks funded by the US Government under



classified programs. For the military, accurate radar and low probability of intercept
communications were the driving forces behind UWB research and development. It is
interesting to note that in these early days, UWB was referred to as baseband, carrier-free
and impulse technology. The US Department of Defense is believed to be the first to have
started to use the term UWB.

The late 1990s saw the move to commercialize UWB communication devices and
systems. Companies such as Time Domain and in particular startups like XtremeSpectrum

were formed around the idea of consumer communication using UWB.
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Figure 2.2 History of UWB developments

2.3 UWB Regulation

2.3.1 UWB Regulation in the USA

Before the FCC’s first report and order (Federal Communications Commission, 2002a,b),
there was significant effort by industrial parties to convince the FCC to release UWB
technology under the FCC Part 15 regulation limitations, and to allow licensed-free use of
UWB products. The FCC Part 15 Rules permit the operation of classes of radio frequency
devices without the need for a licensed or the need for frequency coordination “47 C.F.R.
15.1” (Title 47 of the Code of Federal Regulations). The FCC Part 15 Rules attempt to
ensure a low probability of unlicensed devices causing harmful interference to other users of
the radio spectrum (47 C.F.R. 15.5). Within the FCC Part 15 Rules, intentional radiators are
permitted to operate within a set of limits (47 C.F.R. 15.209) that allow signal emissions in
certain frequency bands. They are not permitted to operate in sensitive or safety-related
frequency bands, which are designated as restricted bands (47 C.F .R.15.205). UWB devices
are intentional radiators under FCC Part 15 Rules.

In 1998, the FCC issued a notice of inquiry (NOI) (Federal Communications

Commission, 1998). Despite the very low transmission power levels anticipated, proponents



of existing systems raised many claims against the use of UWB for civilian communications.
Most of the claims related to the anticipated increase of interference level in the restricted
frequency bands (e.g. TV broadcast bands and frequency bands reserved for radio astronomy
and GPS). The Federal aviation administration (FAA) expressed concerned about the
interference to aeronautical safety systems. and direction finding of UWB transmitters.

The organizations that support UWB technology see large scale possibilities for new
innovative products utilizing the technology. The FCC NOI and comments can be found on
the Internet (Ultra-Wideband Working group, 1998, 1999, 2004).

When UWB technology was proposed for civilian applications, there were no definitions
for the signal. The defense advanced research projects agency (DARPA) provided the first
definition for UWB signal based on the fractional bandwidth (Bf) of the signal. The first
definition provided that a signal can be classified as an UWB signal if By is greater than
0.25. The fractional bandwidth can be determined as (Taylor, 1995).

B =2(fH—fL) 2.2)
(fu+rL) '
Where
f L is the lower and f H is the higher -3 dB point in a spectrum, respectively.
CURRENT UWB DEFINITION

In February 2002, the FCC issued the FCC UWB rulings that providing the first radiation
limitations for UWB, and also permitted the technology commercialization. The final report
of the FCC First Report and Order (FCC, 2002a,b) was publicly made available in April
2002. The document introduced four different categories for allowing UWB applications,
and setting the radiation masks for them.

The prevailing definition has decreased the limited of By at the minimum of 0.20, defined
using the equation above. Also, according to the FCC UWB rulings the signal is recognized
as UWB if the signal bandwidth is S00MHz or more. In the formula above, f;; and f; are the
higher and lower -10 dB bandwidths, respectively. The radiation limits by FCC for indoor
and outdoor data communication applications are presented in Table 1.1.

Spectral masks are in place to protect the existing users operating within the spectrum.
UWRB signals may be transmitted at power spectral density (PSD) levels up to -41.3 dBm per

MHz, which complies with general guideline Part 15 Emission Limits to Control Radio



Interference.

Figure 2.3 and figure 2.4 show spectral masks for indoor and outdoor

operations respectively. Outdoor operation has a higher degree of attenuation than the indoor

operation at the out-of-band region to protect the GPS receivers, centered at 1.6 GHz.
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Figure 2.4 Spectral mask for outdoor application



Table 1.1 FCC radiation limits for indoor and outdoor communication applications

Indoor Outdoor
Frequency in MHz
EIRP in dBm EIRP in dBm

960-1610 -75.3 -75.3
1610-1990 -53.3 -63.3
1990-3100 -51.3 -61.3
3100-10600 -41.3 -41.3
Above 10600 -51.3 -61.3

232

UWB Regulation in Europe

10

The European Commission (EC) has finally issued details of the licensing regulations for

UWB networking in Europe, albeit with some restrictions that are due to be lifted early in

2008. The WiMedia Alliance is an industry association that promotes and enables the

adoption, regulating, standardization and multi-vendor interoperability of UWB worldwide.

Its 250-plus members include consumer electronics, mobile devices, personal computers,

and software manufacturers. The alliance is supported by several complementary

organizations including the 1394 Trade Association, Bluetooth SIG and the USB-IF.

Table 1.2 Restriction applied to EC UWB spectrum allocation

The isotropic radiated power (EIRP) of UWB device are strictly regulated

Frequency range Maximum mean EIRP Maximum peak EIRP
(MHz) density (dBm/MHz) density (dBm/50 MHz)
Below 1600 -90.0 -50.0
1600-3400 -85.0 -45.0
3400-3800 -85.0 -45.0
3800-4200 -70.0 -30.0
-41.3 (until December 31, 2010) 0.0 (until December 31, 2010)
4200-4800
-70.0 (beyond December 31, 2010) -30.0 (beyond December 31, 2010)
4800-6000 -70.0 -30.0
6000-8500 -41.3 0.0
8500-10600 -65.0 -25.0
Above 10600 -85.0 -45.0

Source: European Commission, Radio Spectrum Policy Unit
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What is known is that an amendment due in the first quarter of 2008 is designed to
relieve the restrictions and take into account a number of new studies covering UWB
compatibility in automotive and railway environments, the compatibility with aeronautical
radar in the 2.7 to 3.4-GHz band, the 8.5 to 9.0-GHz radar band and the work done on
“detect-and-avoid” and other interference mitigation techniques.

Other niche or sector-specific applications to use UWB have already been considered by
the EC. Decisions have already been adopted for 24 GHz and 79 GHz short-range radar for
cars while frequencies for ground/wall probing radar and building materials analysis should
be implemented this year. Other applications such as object discrimination, location tracking
and level probing are under consideration. .

At an 'open house' during the WiMedia Alliance member meeting in Brussels a number
of companies demonstrated prototypes. A Mercedes-Benz R500 took pride of place and was
enabled with the ability to stream high-definition video live from a_consumer electronic
device using UWB to a rear seat entertainment system. The vehicle’s UWB system
incorporated the Intel Wireless UWB Link 1480 MAC silicon and an Alereon AL4000

WiMedia RF Transceiver to create the wireless USB connection.

2.4 Characteristics of UWB

UWB technology has the following significant characteristics:
> High Data Rates

UWB technology can do things that the existing wireless networking systems cannot do.
Most importantly, UWB can handle more bandwidth-intensive applications such as a
streaming video, than either 802.11 or Bluetooth because it can send data at much faster
rates. UWB technology has a data rate of roughly 100 megabits per second, with speeds up
to 500 megabits per second; This is compared with a maximum speeds of 11 megabits per
second for 802.11b (often referred to as Wi-Fi) which is the technology currently used in
most wireless LANs; and 54 megabits per second for 802.11a, which is Wi-Fi at 5 MHz.
Bluetooth has a data rate of about 1 megabit per second.
> Low Power Consumption

When transmitting data, UWB devices consume less than several tens of microwatts.
That is a huge saving and the reason is that UWB transmits short impulses constantly instead

of transmitting modulated waves continuously like most narrowband systems do. UWB
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chipsets do not require RF to Intermediate Frequency (IF) conversion, local oscillators,
mixers, and other filters. The low power consumption makes UWB ideal for use in battery-
powered devices like cameras and cell phones.
> Interference Immunity

Due to low power and high frequency transmission, UWB’s aggregate interference is
“undetected” by narrowband receivers. Its power spectral density is at or below narrowband
thermal noise floor. The low power level thus causes no irritating interferences to existing
home wireless systems. According to its First Report and Order, the FCC requires that
indoor UWB devices transmit only when operating with a receiver. A device connected to
AC power is not constrained to reduce or conserve power by ceasing transmission, so this
restriction will eliminate unnecessary emissions. Additional tests conducted by the FCC have
also demonstrated conclusively that UWB devices may be permitted to operate under a
proper set of standards without causing harmful interference to other radio operations.
> High Security

UWB’s white-noise-like transmissions enhance security since receivers without the
specific code canmot decode it. Different coding schemes, algorithms, and modulation
techniques can be assigned to different users for data transmissions. Security can also be
realized at the media access control (MAC) level by allowing two devices to communicate
with each other. Although currently no formal security standard is available for UWRB, the
study group of IEEE 802.15.3 has defined AES-128 symmetric security for payload
protection and integrity.
» Reasonable Range

IEEE 802.15.3a Study Group defined 10 meters as a minimum range at a speed of
100Mbps. However, UWB can go further. The Philips company has used its digital light
processor (DLP) technology in UWB device so it can operate beyond 45 feet at 50 Mbps for
four DVD screens.
> Low Complexity, Low Cost

The most attractive features of UWB are low system complexity and cost. Traditional
carrier based technologies modulate and demodulate complex analog carrier waveforms. In
contrast, UWB systems are made of “all-digital” with minimal RF or microwave electronics.
The inherent RF simplicity in UWB designs make the systems highly frequency adaptive

and enable them to be positioned anywhere within the RF spectrum. Also home UWB
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wireless devices do not need transmitting power amplifier. This is a great advantage over
narrowband architectures that require amplifiers with significant power back-off to support
high-order modulation waveforms for high data rates. The cost of placing UWB technology
inside a consumer electronics device is $20, compared with $40 for 802.11b and $65 for

802.11a.

2.5 UWB Standardization by IEEE

The IEEE established the 802.15.3a study group to define a new physical layer concept
for short range and high data rate applications. This ALTernative PHYsical (ALT PHY) is
intended to serve the needs of groups wishing to deploy high data rate applications. With a _
minimum data rate of 110 Mbps at 10 m, this study group intends to develop a standard to
address such applications as video or multimedia links, or a cable replacement. While not
specifically intended to be a UWB standards group, the technical requirements very much
lend themselves to the use of UWB technology. The study group has been the focus of
significant attention recently as the debate over competing UWB physical layer technologies
has raged. The work of the Study Group also includes analyzing the radio channel model
proposal to be used in the UWB system evaluation.

The purpose of the study group is to provide a higher speed PHY for the existing
approved 802.15.3 standard for multimedia applications which involve. The main desired
characteristics of the alternative PHY are:

®  Co-existence with all existing IEEE 802 physical layer standards

© Target data rate in excess of 100 Mbits/s for consumer a applications
® Robust multipath performance

® Location awareness

® Use of additional unlicensed spectrum for high rate WPANS.

The IEEE established the 802.15.4a task group to define a physical layer concept for low
data rate applications utilizing a UWB air interface. The task group addresses new
applications which require only moderate data throughput, but requires a long battery life.
Example applications are low-rate wireless personal area networks, sensors and small
networks, as described in [11] and [12]. In most cases, centimeter accuracy ranging is the
key feature brought by UWB to address these new applications. A baseline proposal was

accepted by unanimous vote on March 2005 and the standard is now in a drafting stage.
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2.6 IEEE 802.15.3a
The indoor wireless standards effort can be broadly categorized into three standards
groups. The first of which is IEEE 802.11, responsible for WLAN standards. The IEEE
802.16 group is responsible for wireless metropolitan area networks (WMAN) standards.
This body is concerned with fixed broadband wireless access systems, also known as “last

mile” access networks. IEEE 802.15, of which we are concerned with, is responsible for

WPAN standards.
TG1 TG2 TG3 TG4
Bluetooth™ Coexisténce High Data Rate Low Data Rate

WPAN WPAN

Figure 2.5 IEEE 802.15, standards group responsible for WPAN standards.

The efforts of IEEE 802.15 are divided up into four main areas (as shown in figure 2.5):

(1) Task Group 1 (TGl1) is creating a WPAN standard based on Bluetooth™ to operate in

the 2.4 GHz ISM band;

(2) TG2 is concerned with the coexistence of unlicensed spectrum devices;

(3) TG3 is responsible for high data rate (in excess of 20 Mbps) WPAN standards; and

(4) TG4 is creating a low data rate, low power WPAN standard.

An additional group, TG3a, was created to investigate physical layer alternatives for high
data rate WPAN systems (i.e. alternatives for the IEEE 802.15.3 physical layer).

TG3a established technical requirements and selection criteria for a WPAN physical
layer in December 2002. TG3a has set out to develop a flexible standard which will enable

high data rate WPAN (110 Mbps at 10m, 200 Mbps at 4m, and 480 Mbps at 2m) over a cost
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effective architecture. This new standard will enable a broad range of applications including
the wireless transmission of images and video.

The IEEE 802.15.3a task group has evaluated a number of popular indoor channel
models to determine which model best fits the important characteristics from realistic
channel measurements using UWB waveforms. The goal of the channel model is to capture
the multipath characteristics of typical environments where IEEE 802.15.3a devices are
expected to operate. The model should be relatively simple to use in order to allow PHY
proposers to use the model and, in a timely manner, evaluate the performance of their PHY
in typical operational environments.

Furthermore, it should be reflective of actual channel measurements. Since it may be
difficult for a single model to reflect all of the possible channel environments and
characteristics, the group chose to try matching the following primary characteristics of the
multipath channel:

® RMS delay spread

® Power decay profile

®  Number of multipath components (defined as the number of multipath
arrivals that are within 10 dB of the peak multipath arrival)

Note that the actual channels resulting from the model may have several paths that are
much weaker than 10 dB from the peak, while the above characteristic was simply used to
compare to measurement results.

However, on January 19, 2006 IEEE 802.15.3a task group (TG3a) members voted to
withdraw the December 2002 project authorization request (PAR) that initiated the
development of high data rate UWB. standards. The process was in total deadlock. There
were two technology proposals on the table backed by two different industry alliances. One
of them was backed by the majority of the industry; the other was only supported by a small
minority but had sufficient votes to block forward progress. The task group finally agreed to
duke it out in the market place. The Working Group concurred. The technology at the time
also faced significant regulatory hurdles, which have been resolved in 2008. This was not a
factor in this decision but from a standards perspective it probably was too early to write a
UWB standard. The main proposal was adopted by the WiMedia Alliance, and eventually by
the USB-IF and Bluetooth SIG.
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2.7 UWB applications
UWB technology is popular for its multipath immunity, high data throughput, better wall
penetration, low power consumption, and low probability of interception and detection.
Because of all these features UWB technology has become increasingly accepted for
numerous applications in civilian and military field. Some of the applications that can be

integrated with UWB are listed below

v o " T . -
@— T " Wired / Wireless Local high ’ :Vired /Wireles? &

N throughput delivery

Long range delivery

wired & wireless

Figure 2.6 UWB application in the digital home networks.

» Precision Location

Modern day global positioning satellite systems (GPS) suffer from numerous sources of
errors. But these can be improved and location can be precisely estimated within 1-2 meters
using differential GPS system for outdoor application. But using UWB in addition to these
technologies is a viable solution for extending the location finding capabilities to the indoor.
And even in the vicinity of buildings and large topographic features GPS receivers have
major problems due to multipaths. But a UWB augmented GPS system can work really well
in these kinds of situations.
» Through-wall Sensing System

To detect the motion of a person or objects that are placed on the other side of a wall,

high resolution is required. Precision time gating is required to track multiple targets at
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longer ranges as in. And an UWB system is a reliable solution in providing this kind of
resolution and through-wall penetration capabilities.
> UWB Radar

UWB pulses are short in time duration and thus millions of pulses could be sent in a
second so that a near perfect image of the target is obtained. Advantage in using UWB in
this application is that due to its inherent time resolution property it reduces post detection
signal processing as is required in narrowband radars to improve the detected image.

UWB underground penetrating radars can be used to find live things in a pile of rubble.
And these kinds of radars could also be used to check if any under-ground cables or pipes
are present before digging. Thus these kinds of radars can be used in numerous applications
like target specific application, civil engineering applications, geophysical application, and
many more.
> Sensor Networks (IEEE 802.15.42)

Sensor networks are currently used for surveillance, automobiles, and medical situations
and for numerous other applications. If a wired network is used it is very cumbersome,
expensive, and uncomfortable in situations where wires are visible and in the way of work.
UWRB is a viable solution as a wireless communication link in these kinds of application so
that although the work is being done, but the network is still unnoticeable and invisible to
others. And sometimes UWB signal itself can be used as a sensor.

UWB technology applications are not limited. As there is more improvement in source,
receiver and antenna technologies UWB would find more and more applications so that there

exists a wires free world

2.8 Conclusion

This chapter discussed communication fundamentals using UWB pulses. The regulatory
issues and some applications of UWB technology in communication area were also
examined. The fact that UWB technology has been around so many years and has been used
for a variety of applications is strong evidence of the viability and flexibility of Technology.
The simple transmit and receive structures, which can make this a potentially powerful
technology for low-complexity, low-cost communications. How is will be discussed in later
chapters, the physical properties of the signal support Location and tracking capabilities of

UWB much lighter than existing close volume technologies.

98076
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The severe restrictions on the transmission power (less than 0.5mW maximum power)
have significantly limited the range of applications of UWB in the short-distance high data
rate low data rate or longer-distance applications. The great potential of UWB is
flexible transition between these two extremes, without the need for substantial changes
to the transceiver.

UWRB is still the subject of considerable debate, there is no doubt that the Technology is
able to achieve very high data rates and is an alternative to existing technology for WPAN,
short-range, high data rate communications, multimedia applications, and cable replacement.
A large part of the current debate centers the PHY layer(s) to adopt the development of a

standard, and issues of coexistence and Interference.



Chapter 3

Theory and analysis of UWB channel propagation

in an indoor environment

3.1 Introduction
This chapter explain about theory and principle of UWB channel propagation in an
indoor environment for wireless communication system by emphasize in reflection and
scatter of UWB system, Friis’ transmission formula and other parameters that affect to the
quality of the UWB impulse radio propagation channel such as reduction of power and
distortion which all substance has necessity for study and predict UWB impulse radio

propagation channel.

3.2 Multipath channel modeling in UWB system

Multipath is the name given to the phenomenon at the receiver whereby after
transmission an electromagnetic signal travels by various paths to the receiver. See figure 3.1
for an example of multipath propagation within a room. This effect is caused by reflection,
absorption, diffraction, and scattering of the electromagnetic energy by objects in-between
the transmitter and the receiver. If there were no objects to absorb or reflect the energy, this
effect would not take place and the energy would propagate outward from the transmitter,
dependent only on the transmit antenna characteristics. However, in the real world objects
between the transmitter and the receiver cause the physical effects of reflection, absorption,
diffraction, and scattering, and this gives rise to multiple paths. Due to the different lengths
of the paths, pulses will arrive at the receiver at different times, with the delay proportional
to the path length.

UWB systems are often characterized as multipath immune or multipath resistant,
Examining the pulses described previously, we can see that if pulses arrive within one pulse
width they will interfere, while if they are separated by at least one pulse width they will not

interfere. If pulses do not overlap, then they can be filtered out in the time domain or, in
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other words, ignored. Assuming one symbol per pulse, they will not produce interference

with the same symbol. Alternatively the energy can be summed together by a rake receiver.

Path after two reflections

Pawer
—
-

4

> Transmitter

Figure 3.1 A typical indoor scenario in which the transmitted pulse is reflected off objects within the

room, thus creating muitiple copies of the pulse at the receiver with different delays.

3.3 Path loss model
Path loss by definition is the attenuation undergone by an electromagnetic wave in transit
between a transmitter and a receiver in a communication system [13]. UWB propagation has
peculiar characteristics that should be reflected in path loss models. Models coherent with
the characteristics of the channel are, therefore, very important to simulate propagation in

UWB environments.

3.3.1 Path loss model background

It is well known that path loss increases with distance for free space environments,
nonetheless, different attenuations can be experienced in the communication due to effects
such as reflection, refraction, diffraction, scattering, clutter and absorption from buildings,
structures or any other obstructions in the path. Reflection and refraction can occur when a
propagating electromagnetic wave faces an object that is much larger than the signal’s
wavelength. Diffraction occurs when the surface encountered by the electromagnetic wave
has irregularities such as sharp edges. Scattering occurs when the medium through which the

electromagnetic wave propagates contains a large number of objects smaller than the
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wavelength. Wave clutter is due to disorganized wave propagation due to rough surfaces or
interfaces. Absorption is due to conversion of transmitted energy into another form, usually
thermal in the transmission of electrical, electromagnetic or acoustic signals. Wireless
communications and specifically UWB communications are characterized by this
propagation effects.

The path loss (PL) is defined as

PL(ap) = Pyjap) — Pr[aB] (3.1)

where P is the power fed to the transmitting antenna and P, is the power available at

the receiving antenna.

3.3.2 Free space path loss

In communication systems, free space path loss is the loss in signal strength of an
electromagnetic wave that would result from a line-of-sight (LOS) path through free space,
with no obstacles nearby to cause reflection or diffraction. It does not include factors such as
the gain of the antennas used at the transmitter and receiver, nor any loss associated with
hardware imperfections. A discussion of these losses may be found in the article on link
budget.

There have been several proposed path loss models in the literature. Assuming perfect
isotropic radiating antennas at the transmitter and receiver the received power as a function

of frequency can be expressed as following:

P
P—r = G;G.G¢ (3.2)
t

_ PthGrC 2
r — ——‘(4n d)2f2 (3.3)
where:
Pr - Receive power
P t - Average transmit power spectral density

Gt - Transmitter gain



22

Gr - Receiver gain

Gf - Free space propagation gain (less than unity in practice)

2 \? A
Gf = (Z;E) 3.4)

where
c
A= }' - is the wavelength (meters)

f - is the operating frequency (hertz)
d-is the distance between transmitter and receiver antennas (meters)

C - is the speed of light [ 3 X 108m/s]
A convenient way to express free space path loss is in terms of dB:

Lgg = 10log(P,) — 10log(P.) (3.5)

= 32.44 + 201og(f) + 201log(d) — 101log(G,) — 10 log(G,)

3.4 Extension of Friis’ Transmission Formula for UWB transmission System

In narrowband systems, the link budget of the free space propagation loss is usually
estimated by using Friis’ transmission formula [14). However, it is not directly applicable to
the UWB impulse radio transmission system, as the formula is expressed as a function of the
frequency. Moreover, the waveform may be distorted due to the frequency characteristics of
the antenna. Ref, [15] treats the special cases of the constant gain and the constant aperture,
but no general discussion had been made although it suggested the use of the time-domain
antenna effective lengtil.

The Friis’ transmission formula has been widely used, and can be applied to the

calculation of these LOS channels.

Greiis(f) = i3 = GING(DGS) 6o
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Figure 3.2 Block diagram of transmission system for UWB signals [16].

It is noted, however, that Eq. (3.6) is satisfied only at some certain frequency, and is not
directly applicable to UWB systems. The Friis’ transmission formula shall be extended to
take into account the transmission signal waveform and its distortion as well [17], [18].

Input signal V; (t) at the transmitter port is expressed as the convolution of an impulse

input and the pulse shaping filter ;(t) as
vi(t) = Ei6(t) * hy(t) @3.7)
where
ot @de = [T 1A Pdf =1 69

Friis’ formula is extended taking into account the transmission waveform, the channel

transfer function H| c Is express as

H.(f) = Vlg{) = HeHiH, - H, 3.9)

where

H, = H,(0,, ®a f)

= é\aHaG (6a @a, f) + @aHa(p (B2 @2, f) G0
a=rort

where Ba ’ (ﬁa - polar angels and azimuth angles of Tx or Rx antenna
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is a complex transfer function vector of the antenna relative to the isotropic antenna,

A
Hf = — —jkd :
£ 47wlexp( Jkd) 3.11)
is the free space transfer function

21
Where k =— (3.12)

is the propagation constant.

3.5 Correlation receiver

Let us consider a correlation receiver shown in figure 3.2. The output SNR is dependent
on the choice of the template waveform. The correlate output Vo (T) is therefore expressed

as

vo(7) = ffooo v.(t)hy, (t — T)dt (3.13)

Where Vo (T) is the receiver input waveform which is inverse Fourier transform, and
hy (t) is the template waveform. T corresponds to the timing of the template waveform, and

the optimum timing Ty is chosen as
To = argmax v, (1) (3.14)

Hereafter F,, (t) is normalized as

fjooolhw(t)lzdt = 2B (3.15)

Where B is the signal bandwidth, so that the output noise power is constant as NyB,

N
where -2—0' is power spectral density of AWGN.

Under the constraint of Eq. (3.15), Aym(t) maximizes ¥y(Tg) when Ay, (t) is a

time-reversed and scaled version of Uy (t), Le.
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V2Bvr(1o—t)
\/ffooolvr(t)lzdt

hwm(t) = (3.16)

where Tg is usually chosen so that hym(t) = 0 for t < 0 to satisfy the causality.
Pum(t) is called the optimum template waveform hereafter. It is noted that the link budget

evaluation is identical to that in Ref. [19] when hyp, (t) is used as the receiver template.

3.6 Isotropic correlation receiver
It is obvious from Eq. (3.16) that the optimum template waveform is not the simple time-
reversed version of the transmitter waveform,.but the channel characteristics including the
antennas and the free space propagation. Therefore, it is not always feasible to adapt the
template waveform to the angular-dependent antenna characteristics, since the waveform
shall be generated at the clock rate of tens of gigahertz. Therefore, we consider a canonical
template waveform hy(t). In this paper we have chosen hy,.(t) that is optimum for the

isotropic and the constant gain antennas, i.e.

h (t) _  N2BVr_jso(To—t)
WC K
\/ffzolvr—iso(tﬂzdt

(3.17)

Where

Vr-iso(®) = [ OV (D exp (2nft)df  cas)

Is the receiver input voltage for isotropic antenna including. The difference between the

optimum and the isotropic templates indicates quantitatively the distortion of the waveform.

3.7 Power delay profile
The power delay profile (PDP) gives the intensity of a signal received through a
multipath channel as a function of time delay. The time delay is the difference in travel time
between multipath arrivals. The abscissa is in units of time and the ordinate is usually in
decibels. It is easily measured empirically and can be used to extract certain channel's
parameters such as the delay spread. Otherwise, we can use for consider the effect to time

dispersion that composed of mean excess delay and RMS delay spread.
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TrMs = T2 — ()2 (3.20)
—5 _ whgaft IR p(T
T=1111._.11 i (3.21)

ZP=1 alz ?=1P(Ti)

3.8 Path loss
In the wireless communication system the important parameter use for analyze the
channel propagation that is path loss. Due to propagation channel by consider the
propagation of UWB signals in indoor environments is an important issue with significant

impacts on the future direction and scope of the UWB technology and its applications.

PL[dB] = 20log (::8) (3.22)

where
V¢ - is transmitted signal level

V) - is received signal level



27

For UWB path loss we consider at transmitted signal maximum power and received

signal maximum power as function of distance d

PLywg(d)[dB] = 20log (ﬂ“"'ﬂl) 6.23)

max|vg(t)]

From (3.23) we define the transmitted signal equal 1 therefore we can rewrite equation as

following
PLUWB (d) [dB] = -20 log(max l 4% (t) D (3.24)

3.9 Correlation coefficient
The most commonly used measure for linear relationship between two variables is the
Pearson correlation coefficient. The two variables must be measured by interval or ratio
scale. The values of the coefficient can range from -1 to +1. If there is no linear
relationship between two variables, the value of coefficient is 0. If there is a perfect
positive relationship, the value is +1. If there is a perfect negative relationship, the value

is -1. The correlation coefficient can be expressed as

B max|r,p(7)| ‘
p(d) max|/r, (D)1, (7)) (3.25)

7 ffooo (D (t + 7)dt (3.26)
= ffooo (D) (t + 7)dt (3.27)
= ffooo v (D (t + t)dt (3.28)

where
Tab (T ) - is the cross correlation function between signal a and b
[ (T) - is the auto-correlation of signal a

4 (T) - is the auto-correlation of signal b
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3.10 Bit error rate (BER)

The BER can consider from correlation coefficient between received signals with
template waveform. The correlation coefficient of correlation coefficient of template

waveform C. can show as

C. = max|ry_p. (7)| (5.29)

Jmaxlrvr(t)l-maxlrhc(r)l

The BER can be express as equation 3.30

BER = Q(+/2C.(Ep/N,) 3.30)

where

Eb / N, o~ is the energy per bit to noise power spectral density ratio

3.11 Conclusion
This chapter discusses theory and some parameters used for UWB channel propagation
in an indoor environment for wireless communication systems such as Friis’ transmission
formula and path loss model. Other parameters, for example, power delay profile, path loss,
correlation coefficient and bit error rate, were used to analyse some effects from power loss,
distortion of signal and so on. These effects are caused by reflection, absorption, diffraction,
and scattering of the electromagnetic energy by objects which are in between the transmitter

and the receiver.



Chapter 4
Experimental setup and channel measurement model

For UWB impulse radio propagation

4.1 Introduction

This chapter describes the method used in the experiment and real measurement of
UWB-IR in the large lecture room - E12-1101 within the Faculty of Engineering, King
Mongkut’s Institute of Technology Ladkrabang, Thailand. The research studied
characteristics of UWB-IR channel modeling and analysed the effectiveness of the spread of
UWB-IR channel, as well as testing the quality of the transmission channel in an indoor
environment. This measurement is based on the parametric channel modeling by using
biconical antenna at the transmitter and receiver. This technique is applied to 121 points at
the receiver side. Each point is 40 cm apart. The nearest between transmitter and receiver is
2.90 m and farthest between the transmitter and receiver is 6.66 m.

This thesis also considered the effect of antenna polarization as we setup four various
polarizations in one model and parameters used for analyze are same. The polarization of the
Tx and Rx antennas design as follows:

Polarization 1: Tx Vertical - Rx Vertical
Polarization 2: Tx Vertical — Rx Horizontal
Polarization 3: Tx Horizontal — Rx Horizontal
Polarization 4: Tx Horizontal — Rx Vertical

For the concept of model, we suppose the transmitter is an access point and the receiver
is a general electric appliance such as a television, a camcorder, a notebook, a PDA or other
appliances that can receive signal from the access point. We measure and store data by using
the vector network analyzer (VNA) followed by matlab simulation and analysing serveral
parameters that we want to know such as power delay profile, RMS delay spread, correlation

coefficient, path loss, and bit error rate.
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4.2 Tool of experiment

4.2.1 Vector network analyzer (VNA)

Vector network analyzer (VNA) comprises of the vector network circuit analyzer model
HP-8510C, S-parameter test set model HP-8514B and frequency synthesized sweeper model

HP-83620A is main instrument show as figure 4.1.

Figure 4.1 Vector network analyzer (VNA)

4.2.2 Biconical antenna

In wireless communication, antenna is very important equipment for transmitting and
receiving signal. The antenna is a transducer designed to transmit or receive electromagnetic
waves. In a transmitting antenna, the signal from an electronic circuit causes electrons in the
antenna to oscillate; these moving electrons generate electromagnetic radiation, which is
transmitted through the air and space. Waves distribution depend on the design of the
antenna. The transmitting antennas of a radio station might be designed to emit waves in all
directions, while an antenna used for radar or space communications would be designed to
focus the waves in a single direction. In a receiving antenna electromagnetic waves cause the
electrons to oscillate, inducing a signal that can be detected by an electronic circuit.

There are two fundamental types of antenna directional patterns, which, with reference to
a specific three dimensional (usually horizontal or vertical) plane are either:

1 Omni-directional (radiates equally in all directions), such as a vertical rod or

2 Directional (radiates more in one direction than in the other).
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In this research a biconical antenna was used [20]. A biconical antenna consisted of an
arrangement of two conical conductors, which sre driven by potential, charge, or an
alternating magnetic field (and the associated alternating electric current) at the vertex. The
conductors have a common axis and vertex. The two cones face in opposite directions.
Biconical antennas are broadband dipole antennas, typically exhibiting a bandwidth of 3
octaves or more. The radiation pattern of biconical antenna is omni-directional and the
frequency satisfies range 3.1 GHz to 10.6 GHz for UWB system approved by Federal
Communication Commission (FCC) in year 2002. The characteristic of this antenna is

illustrated in figure 4.2 to figure 4.4.

{37 mim

Biconical Anterina

Figure 4.2 Geometry and dimension of the biconical antenna

n 1

0 5 10 15 20
Frequency (GHz)

Figure 4.3 Reflection coefficient of biconical antenna
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Figure 4.4 Magnitude and Phase of transfer function antenna

4.3 Measurement setup

The measurement system consists of a vector network analyzer (VNA) model HP-8510C,
S-parameter test set model HP-8514B and frequency synthesized sweeper model HP-
83620A, a biconical antenna pair and a control computer with a Matlab software.

The VNA is operated in response measurement mode, where port! is a transmitter port
(Tx) and port2 is a receiver port (Rx). The antennas used in the measurements are biconical
antennas made by our lab. Typical features of the biconical antenna are omni-directional
radiation pattern and a constant phase center. Both features are important in the radio
channel sounding. Dynamic range mentioned in Table 1. is given as reduced to the output of
the Rx antenna. Specified dynamic range for the network analyzer is 100 dB but the cable

losses diminished 20 decibels of the dynamic range.

4.4 Parameters used for analysis
The important parameters for the experiments are listed in Table 4.1. It is noted that the
calibration is done at the connectors of the cables to be connected to the antennas. Therefore,

all the impairments of the antenna characteristics are included in the measured results.
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Table 4.1 Experimental setup parameters.

Parameter Value
Frequency range 3GHzto 11 GHz
Number of frequency points 801
Dynamic power range 80 dB
Tx antenna height 2.80m
Rx antenna height 0.70 m
Distance between Tx and Rx 2.90to 6.66 m
Rx move step 0.4 m

4.5 Calibration

The VNA requires a calibration with the same cables and adapters as will be used in the
measurement. To be able to carry out a magnitude and phase information of the transmitted
signal the enhanced response calibration is required. Since the amplifier is isolated in reverse
direction, it has to be removed from the setup for the time of calibration. After performing
the calibration, the amplifier is reconnected. The amplifier frequency response is measured

independently and it is taken into account in the post-processing.

4.6 UWB transmission signal waveform model
For UWB  transmission signal waveform, the rectangular passband waveform is
considered as the UWB transmitted signal. The expression of UWB transmitted signal (1)
in time domain is given by Equation 4.1. The transmitted signal waveform and spectrum of

UWRB are shown in figure 4.5 and figure 4.6 respectively.

v = % [fusinc(2fyt) — fisinc(2f.t)] @.1)

where
[ - is maximum frequency [10.6 GHz]
1. - is minimum frequency [3.1 GHz]

fb - is occupied bandwidth [fo =fu—fo=10.6 - 3.1 = 7.5GHz]
sin (1tx)
(1)

sinc(x) =
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4.7 UWB channel measurement model

In this experiment we setup 4 various polarizations as mention in above, for step of

measurement in each various polarization will show as follows.

4.7.1 Measurement of polarization 1

The VNA is operated in response measurement mode, where portl is a transmitter port
(Tx) connect to transmitter antenna by using Semi-rigid coaxial cables long 3 m and port2 is
a receiver port (Rx) connect to receiver antenna by using Semi-rigid coaxial cables 7 m. The
antennas used in the measurements are biconical antennas, the polarization of Tx antenna is
vertical and polarization of Rx antenna is vertical both of antenna are differences height. The
nearest point between the Tx antenna and the Rx antenna is 2.90 m at ﬁosition (1,6) and the
furthest between the Tx antenna and the Rx is 6.66 m at position (11,1) and (11,11). The Tx
antenna is fixed point height from floor 2.80 m and the Rx antenna is moved along grid
(11x11) totally 121 points and height from floor 0.7 m start from position (1,1) to (1,11) for
the first row after that start the second row moved back from position (2,11) to (2,1) for the
next row and position also do like this until finished at the last position (11,11). The room

used for measurement and setup shown in figure 4.7a, 4.7b and 4.7c.
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Figure 4.7a Dimension of room and instrument setup positioning — Top view.
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4.7.2 Measurement of polarization 2

This model every things is the same with model 1 except polarization of antennas. The
polarization of antennas in this model we changed only Rx antenna from Vertical
polarization to Horizontal polarization for Tx antenna is not change. The room used for
measurement and setup in this model shown in figure 4.8a, 4.8b and 4.8c.
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Figure 4.8a Dimension of room and instrument setup positioning — Top view.
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4.7.3 Measurement of polarization 3
This model every things is the same with model 1 except polarization of antennas. The
polarization of antennas in this model we changed Tx antenna from Vertical polarization to
Horizontal polarization and Rx antenna change from Vertical polarization to Herizontal. The
room used for measurement and setup in this model shown in figure 4.9a, 4.9b and 4.9¢.
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Figure 4.9a Dimension of room and instrument setup positioning — Top view.
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4.74 Measurement of polarization 4
The last model every things is also the same with model 1 except polarization of
antennas. The polarization of antennas in this model we changed only Tx antenna from
Vertical polarization to Horizontal polarization for Rx antenna is not change. The room used

for measurement and setup in this model shown in figure 4.10a, 4.10b and 4.10c.
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4.8 Conclusion
In This chapter, we mention the step of experiments in four various polarizations in an
indoor environment, the main equipment in this experiment is vector network analyzer. The
biconical antennas are used as the transmitter (Tx) and receiver (Rx) antennas. The
characteristic of biconical antenna, the parameters used for analysis and also the UWB
transmission signal waveform are presented. For the results of experiment in each various

polarization and comparisons will discuss and shown in the next chapter.



Chapter §

Measurement results

Measurement results for the parametric channel modeling by using biconical antennas at
the transmitter and receiver are given in this chapter. The results of experimental including
power delay profile, RMS delay spread, correlation coefficient, path loss and bit error rate
(BER) for each polarization, finally show comparison path loss and BER in four various

polarizations.

3.1 Results of experiment

S.1.1 Results of polarization 1 (Tx Vertical — Rx Vertical)

This model of the vector network analyzer is operated in response measurement mode,
where port 1 is a transmitter port (Tx) connected to a transmitter antenna by using Semi-rigid
coaxial cables 3m long and port 2 is a receiver port (Rx) connect to a receiver antenna by
using Semi-rigid coaxial cables 7m long. The antennas used in the measurements are
biconical antennas, the polarization of Tx antenna is vertical and polarization of Rx antenna
is vertical both of the antennas are differences heights. Tx antenna height is 2.80m from the
floor and Rx antennas height is 0.7m from the floor the nearest point between Tx antenna
and Rx antenna is 2.90m at position (1,6) and the farthest point between Tx antenna and Rx

is 6.66m at position (11,1) and (11,11).

5.1.1.1 Power delay profile
The power delay profile will show in a format of 3 axis which consists of the distance
between Tx and Rx antenna, excess delay and power delay profile as figure 5.1. According
to the polarization of the Tx and Rx antennas (Tx vertical and Rx vertical), the received

signal power is not greatly decreased when the distance between Tx and Rx antennas are

increased but the access time is different when Tx and Rx are near and far.
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Power delay profile in case Tx Vertical-Rx Vertical
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Figure 5.1 Power delay profile in case of (Tx Vertical - Rx Vertical)

3.1.1.2 RMS delay spread
The RMS delay spread shown in figure 5.2. We can see that the value of RMS delay
spread is related with the distant between Tx and Rx antennas when the distance is increased

the value of RMS delay spread is increased too which is in accordance with figure 5.1.

RMS delay spread in case Tx Vertical-Rx Vertical
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Figure 5.2 RMS delay spread in case of (Tx Vertical - Rx Vertical)
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5.1.1.3 Path loss
The path loss is related with the distance between Tx and Rx antennas. When Tx is
separated far from Rx the path loss is increased. The effect may come from environment of
the room. For example, reflections off walls, ceilings, furniture, people, and other objects
that may be present within a room. The path loss of this polarizes shown in figure 5.3 and

figure 5.4 respectively.

path loss In case Tx Vertical-Rx Vertical
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Figure 5.3 Path loss in case of (Tx Vertical — Rx Vertical)
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Figure 5.4 Contour show path loss by grid in case of (Tx Vertical — Rx Vertical)
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5.1.1.4 Correlation coefficient

The correlation coefficient is performing a distortion of signal. The correlation
coefficient between a transmitted signal and a received signal within the distance between
Tx and Rx antennas from 2.90m to 6.66m. Normally when Tx is separated far from Rx the
correlation coefficient is decreased but in this case we see that when Tx is near with Rx the
value of correlation coefficient is alike. It not greatly different if compared with the middle
of Tx and Rx antenna. The effect of this case maybe comes from the polarization of the
antennas and environment in the room. For example, reflections off walls, ceilings, furniture,
people, and other objects that may be present within a room. The correlation coefficient of

this polarizes show in figure 5.5.
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Figure 5.5 Correlation coefficient in case of (Tx Vertical — Rx Vertical)

5.1.1.5 Bit error rate (BER)
From the position of Rx are (1,1), (1,6), (6,1), (6,6), (11,1) and (11,6). We observe the bit
error rate (BER) doesn’t belong to the distance between Tx and Rx antennas but belong to
the polarization of the Tx and Rx antennas and the environment of the room, the BER of

each position show in figure 5.6.
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bit error rate in case Tx Vertical-Rx Vertical
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Figure 5.6 BER each position in case of (Tx Vertical - Rx Vertical)

5.1.2 Results of polarization 2 (Tx Vertical — Rx Horizontal)
In this model the polarization of Tx antenna is Vertical and polarization of Rx antenna is

Horizontal. For other parameters it is the same with polarization 1.

5.1.2.1 Power delay profile
The power delay profile in this case shown in figure 5.7. According to the polarization of
the Tx and Rx antennas (Tx Vertical and Rx Horizontal), the received signal power is
decreased when the distance between Tx and Rx antennas is increased and the access time is

also different when Tx and Rx are both near and far.
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Power delay profile in case Tx Vertical-Rx Horizontal
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Figure 5.7 Power delay profile in case of (Tx Vertical — Rx Horizontal)

5.1.2.2 RMS delay spread

The RMS delay spread of this model shown in figure 5.8 .We can see that the value of
RMS delay spread is related with distance between Tx and Rx antennas when the distance is

increased the value of RMS delay spread is increased too which is in accordance with figure

5.7.
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Figure 5.8 RMS delay spread in case of (Tx Vertical — Rx Horizontal)
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5.1.2.3 Path loss

The path loss is related to the distance between the Tx and Rx antennas. When Tx is
separated far from Rx the path loss is increased. This effect may come from environment of
the room. For example, reflections off walls, ceilings, furniture, people, and other objects
that may be present within the room. On the other hand due to directivity miss match as

show in figure 5.9 and figure 5.10 respectively.
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Figure 5.9 Path loss in case of (Tx Vertical — Rx Horizontal)
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Figure 5.10 Contour show path loss by grid in case of (Tx Vertical — Rx Horizontal)
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The correlation coefficient in this case is related between Tx and Rx antennas when Tx

separated far from Rx the correlation coefficient is decreased as shown in figure 5.11.

Correlation coefficient In case Tx Vertical-Rx Horizontal
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Figure 5.11 Correlation coefficient in case of (Tx Vertical — Rx Horizontal)

5.1.2.5 Bit error rate (BER)

Tx-Rx separation {m)

From the position of Rx are (1,1), (1,6), (6,1), (6,6), (11,1) and (11,6). We see that the bit

error rate is not belonging to the distance between Tx and Rx antennas but belong to the

polarization of the Tx and Rx antennas and environment in the room, the BER of each

position show in figure 5.12.
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. bit error rate in case Tx Vertical-Rx Horizontal
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Figure 5.12 BER in case of (Tx Vertical — Rx Horizontal)

5.1.3 Results of polarization 3 (Tx Horizontal — Rx Horizontal)

This model the polarization of Tx antenna is Horizontal and polarization of Rx antenna is

Horizontal. For other parameters is the same with polarization 1.

3.1.3.1 Power delay profile
The power delay profile in this case shows in figure 5.13. According to the polarization
of the Tx and Rx antennas (Tx Horizontal and Rx Horizontal), the received signal power is
decreased when distance between Tx and Rx antennas increased and the access time is also

different when Tx and Rx near and far.
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Power delay profile in case Tx Horizontal-Rx Horizontal
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Figure 5.13 Power delay profile in case of (Tx Horizontal — Rx Horizontal)

5.1.3.2 RMS delay spread
The RMS delay spread of this polarize shows in figure 5.14 we can see that the value of
RMS delay spread is related with distance between Tx and Rx antennas when the distance of
Tx and Rx antennas increased the value of RMS delay spread is increased too which

accordant with the figure 5.13.

RMS delay spread in case Tx Horizontal-Rx Horizontal
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Figure 5.14 RMS delay spread in case of (Tx Horizontal — Rx Horizontal)
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5.1.3.3 Path loss

The path loss is related with distance between Tx and Rx antenna, when Tx separated far
from Rx the path loss is increased the effected may come from environment in the room.
For example, reflections off walls, ceilings, furniture, people, and other objects that may be

present within a room. The path loss of this polarize are show in figure 5.15 and figure 5.16

respectively.
path loss in case Tx Horizontal-Rx Horizontal
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Figure 5.15 Path loss in case of (Tx Horizontal - Rx Horizontal)
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Figure 5.16 Contour show path loss by grid in case of (Tx Horizontal — Rx Horizontal)
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5.1.3.4 Correlation coefficient

The correlation coefficient in this case is related between Tx and Rx antennas when Tx

separated far from Rx the correlation coefficient is decreased as shown in figure 5.17.

Correlation coefficient in case Tx Horizontal-Rx Horizontal
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0.76
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Figure 5.17 Correlation coefficient in case of (Tx Horizontal — Rx Horizontal)

5.1.3.5 Bit error rate (BER)

From the position of Rx are (1,1), (1,6), (6,1), (6,6), (11,1) and (11,6). We see that the bit
error rate (BER) is belonging to the distance between Tx and Rx antennas but not at all the

BER of each position show in figure 5.18.
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Figure 5.18 BER in case of (Tx Horizontal - Rx Horizontal)

5.1.4 Results of polarization 4 (Tx Horizontal — Rx Vertical)
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This model the polarization of Tx antenna is Horizontal and polarization of Rx antenna is

Vertical. For other parameters is the same with polarization 1.

5.1.4.1 Power delay profile

The power delay profile in this case shows in figure 5.19. According to the polarization

of the Tx and Rx antennas (Tx Horizontal and Rx Vertical), the received signal power is

decreased when distance between Tx and Rx antennas increased and the access time is also

different when Tx and Rx near and far.
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The RMS delay spread of this model shows in figure 5.20 we see that the value of RMS

delay spread is related with distance between Tx and Rx antennas when distance increased

the value of RMS delay spread is increased too which accordant with the figure 5.19.
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5.1.4.3 Path loss
The path loss is related with distance between Tx and Rx antennas, when Tx separated
far from Rx the path loss is increased but not at all the effected may come from the
polarization of the antennas and environment in the room. The path loss of this case shows in
figure 5.21 and figure 5.22 respectively.
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Figure 5.21 Path loss in case of (Tx Horizontal — Rx Vertical)
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Figure 5.22 Contour show path loss by grid in case of (Tx Horizontal — Rx Vertical)
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5.1.4.4 Correlation coefficient
The correlation coefficient in this case shows in figure 5.23. It’s related between Tx and
Rx antennas when Tx separated far from Rx the correlation coefficient is decreased but not
at all the effected may come from the polarization of the antennas and environments in the

roomi.

Correlation coefficient in case Tx Horizontal-Rx Vertical
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Figure 5.23 Correlation coefficient in case of (Tx Horizontal — Rx Vertical)

5.1.4.5 Bit error rate (BER)

The BER of the position of Rx are (1,1), (1,6), (6,1), (6,6), (11,1) and (11,6) shows in
figure 5.24.
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bit error rate in case Tx Horizontal-Rx Vertical
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Figure 5.24 BER in case of (Tx Horizontal — Rx Vertical)

5.2 Comparison of the four different polarizations.

5.2.1 Path loss comparison

The path loss of four polarizations is shows in figure 5.25. From figure we can separate 2
groups of polarization. The first group is same polarizations (Vertical-Vertical and
Horizontal-Horizontal) and the second group is various polarizations (Vertical-Horizontal
and Horizontal-Vertical). We noticeably when Tx and Rx antennas the same polarization in
the group then path loss is nearby. Otherwise, if compare path loss between first group and
second group we can see that path loss the first group (Vertical-Vertical and Horizontal-
Horizontal) is less than path loss of the second group (Vertical-Horizontal and Horizontal-

Vertical) due to polarization of the antennas.
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Comparison path loss between 4 polarizations
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Figure 5.25 comparison of Path loss

5.2.2 Bit error rate (BER) comparison

For bit error rate (BER) in each position of four polarizations are shows in figure 5.26 to
figure 5.34. we give an example of position of Rx are (1,1), (1,6), (1,11), (6,1), (6,6), (6,11),
(11,1),(11,6) and (11,11) respectively.

Comparison BER between 4 models at point (1,1)

.......................................................................................
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Figure 5.26 BER comparison at point (1,1)



Comparison BER bstween 4 models at point (1,6)

—>—~Model1: Tx Vertical - Rx Vertical
~=Model2: Tx Vertical - Rx Horizontal
—»-Model3: Tx Horizontal - Rx Horizontal
#{ e~ Model4: Tx Horizontal - Rx Vertical

BER

SNR(dB)

Figure 5.27 BER comparison at point (1,6)
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Figure 5.28 BER comparison at point (1,11)
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Figure 5.29 BER comparison at point (6,1)
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Figure 5.30 BER comparison at point (6,6)
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Figure 5.31 BER comparison at point (6,11)
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Comparison BER between 4 models at point (11,6)
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Figure 5.33 BER comparison at point (11,6)
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5.3 Conclusion

This chapter presented the results of real measurement in an indoor environment, The
experiments carried out on four various polarizations of the antenna, the results of
experiment are shows in each polarization consisting of power delay profile, RMS delay
spread, correlation coefficient, path loss show by distance and grid, Magnitude of the channel
transfer function, phase of the channel transfer function and BER. Finally path loss and BER

between various polarizations were compared.



Chapter 6

Conclusions and Recommendations

UWB technology is one of the hot topics of today because of a tremendous promise it
holds especially in the field of high data rate and short distance wireless communications.
Once realized, UWB can hold its sway over a varied range of applications with the small
hardware complexity.

The objective of this thesis we have presented is the UWB impulse radio in an indoor
environment to investigate the performance and characteristics of transmission loss by
various polarizations of transmitter and receiver antennas, The transmitter and receiver used
are biconical antennas. The experiment carried out at the Department of Information
Engineering, King Mongkut’s Institute of Technology Ladkrabang, Thailand. And the results

of experiment are shown in chapter 5.

6.1 Evaluation of each chapter.

In chapter 1, UWB technologies and background are presented. The technologies can
take full advantage of the extremely wide bandwidth made available for UWB systems and
can also coexist with other existing wireless communication systems. A comparison of
occupied bandwidths by UWB and other wireless technologies, motivation and research
approach is also provided.

In chapter 2, UWB communication system is presented. In this chapter we explain about
history of UWB, UWB regulations in the United State of America (USA) and Europe,
characteristics and advantages of UWB such as high data rates, low power consumption,
interference immunity, high security, reasonable range and low cost. We also present the
UWB IEEE standard and a standard of WPAN is IEEE 802.15 especially IEEE 802.15.3a a
new standard for very high data rate for WPAN. And finally we present some applications
applied to UWB usage such as precision location, through-wall sensing system, radar and
sensor networks.

In chapter 3, Theory and analysis of the UWB channel propagation in an indoor
environment is presented. This chapter mentions theory of path loss modeling and multipath

channel, which relate to the model of experiment. The block diagram of a transmission
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system for UWB signal was shown in figure 3.2 and presented all equations used for analysis
including power delay profile, path loss, RMS delay spread, correlation coefficient and BER.

In chapter 4, Experimental setup and channel measurement model for UWB-IR
propagation, explains how to setup the model and equipments the step of experiments in 4
polarizations, the main equipment in this experiment is vector network analyzer (VNA). The
biconical antennas are used as a transmitter (Tx) and receiver (Rx) antennas. A characteristic
of biconical antenna, parameters, UWB transmission signal waveform, and also dimension
and environment of experiment room are presented.

In chapter 5, Measurement results for the parametric channel modeling by using
biconical antenna at the transmitter and receiver are given in this chapter. The results of
experimental including power delay profile, RMS delay spread, correlation coefficient, path
loss, magnitude, phase and BER for each polarization, finally is show comparison path loss

and BER in four various polarizations.

6.2 Evaluation of experiments

Evaluation and results of experiment in each polarization can conclude as follows:
> Experiment 1 (Tx Vertical - Rx Vertical)

This experiment set Tx and Rx antenna are same polarization by using biconical antenna
and the polarization of Tx and Rx antenna is vertical. The results of experiment are show as
section 5.1.1 in chapter 5.

» Experiment 2 (Tx Vertical - Rx Horizontal)

This experiment set Tx and Rx antenna are various polarization by using biconical
antenna. A polarization of Tx antenna set vertical polarization whilst polarization of Rx
antenna set horizontal. The results of experiment are show as section 5.1.2 in chapter 5.

» Experiment 3 (Tx Horizontal - Rx Horizontal)

This experiment set Tx and Rx antenna are same polarization by using biconical antenna
and the polarization of Tx and Rx antenna is horizontal. The results of experiment are show
as section 5.1.3 in chapter 5.
> Experiment 4 (Tx Horizontal - Rx Vertical)

This experiment set Tx and Rx antenna are various polarization by using biconical
antenna. A polarization of Tx antenna set horizontal polarization whilst polarization of Rx

antenna set vertical. The results of experiment are show as section 5.1.4 in chapter 5.
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For compaﬁson results between four polarizations were show and explain in chapter 5,
figure 5.25 shown path loss comparisons and figure 5.26, 4.27, 5.28, 5.29, 5.30, 5.31, 5.32,
5.33, and 5.34 were shown BER comparisons. These results for parametric measurement
case it’s could be useful for designing UWB IR channel propagation in an indoor

environments.

6.3 Conclusion

Performance results showed difference value due to the polarization of the antenna. We
can see that when Tx and Rx antenna are same polarization (Tx vertical — Rx vertical and
Tx horizontal ~ Rx horizontal) the performance is better than Tx and Rx antenna are various
polarization (Tx vertical — Rx horizontal and Tx horizontal — Rx vertical) so a performance
of this experiment accurate along to theory of antenna. Beside polarization of the antenna,
other factor that may effected to the results of experiment that is environment of experiment
room. For example, reflections off walls, ceilings, furniture, people, and other objects that
may be present within a room. ’

UWB IR is a suitable technique to be used in high data rate and short range wireless
communications; however, performance of each antenna polarization in the experimental is
considered. The Results of this study is useful for designed UWB IR propagation channel in

an indoor environment for short range wireless systems.

6.4 Recommendation for future works

Many methods have been studied in determining the network connectivity including our
study in which we have considered only one direction under free space propagation model.

The recommendations for further research are:
® Range — data rate performance should be studied for different representative
indoor environments, ex. home environment, office environments, considering
propagation characteristics of such scenarios, using more suitable path loss

models.

® Range-data rate performance and specifically the UWB frequency dependent
path loss model should consider the frequency dependency of transmitter and

receiver antennas.
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Evaluation of the range-data rate performance considering MB-OFDM
technique.

Considerations Time of arrival (TOA).

Considerations Direction of arrival (DOA) or Angle of arrival (AQA).

Considerations transmitter and receiver antennas by using various antennas.
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ABSTRACT

Ultra wideband impulse radio (UWB-IR) technology is an
ideal candidate for wireless networks that can be utilized
Jor short-range, high-speed, low power, and low cost in-
door applications. This paper discusses the effects of the
human body shadowing on the UWB propagation based on
the extended Friis’ transmission formula. The matched fil-
ter is considered at the receiver side to maximize the SNR
Jor evaluation. The UWB transmission gain are presented.
The technique gives very accurate results and is very useful
Jor design and evaluation of UWB impulse radio transmis-
sion systems.

Keywords: UWB system, human body shadowing, free space propaga-
tion, Friis’ transmission formula

1. INTRODUCTION

In UWB communication systems, the antennas are sig-
nificantly pulse-shaping filters. Any distortion of the signal
in the frequency domain causes the distortion of the trans-
mitting pulse shape. Consequently this will increase the
complexity of the detection mechanism at the receiver [1].
Moreover, low cost, geometrically small and still efficient
structures are required for typical wireless applications. In
order to minimize the interference with existent systems,
the UWB is expected to be used mainly in wireless per-
sonal area networks (WPANs), wireless body area net-
works (WBANSs) and home networks. Therefore the an-
tenna design for UWB signal radiation is one of the main
challenges [2, 3].

Even if the channel is in line of sight (LOS), Friis’ trans-
mission formula cannot be directly applied to the UWB
radio as the bandwidth of the pulse is extremely wide. Fur-
thermore, simple comparison between waveforms of trans-
mitter and receiver is not significant because of the distor-
tion of the waveform caused by the frequency response of
the antenna.

In this paper, we discuss the effects of the human body
shadowing on the UWB propagation channel. This scheme
is based on the Friis’ transmission formula, adapted for
UWSB, in the sense that we would like to derive the equiv-
alent antenna gain for UWB systems. The transmission
waveform and the matched filter reception are keys for the

extension of the Friis’ formula to UWB, An experiment is
carried out using the biconical antenna and skycross an-
tenna for UWB operation in the anechoic chamber,

2. FRIIS’ TRANSMISSION FORMULA FOR UWB
TRANSMISSION SYSTEM

In this study, we focus on the effects of the human body
shadowing in free space.

In narrowband systems, the link budget of the free space
propagation loss is usually estimated by using Friis’ trans-
mission formula [4]. However, it is not directly applica-
ble to the UWB-IR transmission system, as the formula is
expressed as a function of the frequency. Moreover, the
waveform may be distorted due to the frequency charac-
teristics of the antenna. Ref. [5] treats the special cases of
the constant gain and the constant aperture, but no general
discussion had been made although it suggested the use of
the time-domain antenna effective length.

The Friis’ transmission formula has been widely used,
and can be applied to the calculation of these LOS chan-
nels.

Gran(f) = e = GANGANG(,
where G, and Gy are Rx and Tx antenna gain,
A \2
6N = (1) ®

is the free spgce propagation gain (less than unity in prac-
tice), A = - is the wavelength, c is the velocity of the

light, f is the operating frequency, and d is the separation
between transmitter and receiver antennas.

It is noted, however, that Eq. (1) is satisfied only at some
certain frequency, and is not directly applicable to UWB
systems. The Friis’ transmission formula shall be extended
to take into account the transmission signal waveform and
its distortion as well [6, 7].

Input signal v;(t) at the transmitter port is expressed as
the convolution of an impulse input and the pulse shaping
filter h;(t) as

vi(t) = E8(t) * hi(t), 3
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Figure 1. Block diagram of transmission system for the extension of Friis’ transmission formula to treat UWB signal.

where
/ ” h2(t)dt = / T HOPE=1. @

Friis’ formula is extended taking into account the transmis-
sion waveform as

Hepris(f) = Y%'lf—) = HiHH, - H,, (5)

where

Hy, = Ha(oa: Pas f)
éaHaa(eaa Pay f) + ¢aHa¢(aa, Pa, f)1(6)

rort,

If

a =

is a complex transfer function vector of the antenna relative
to the isotropic antenna,

A
Hy= - exp(~3hkd), )

is the free space transfer function where

27\
k= @®

is the propagation constant. Unit vectors 8,, P, express

the polarization and are defined with respect to the local

polar coordinates of each of the antennas. The following
relations can be easily derived.

ér = éh (9)

Pr = - (10)

At the receiver, the matched filter Hyg(f) is introduced to

maximize the signal-to-noise ratio (SNR) of the receiver
output, as shown in Figure 1.

HZ s (f)

\//—00 | Hepris(f)]? df

which satisfies the following constant noise output power
condition

Hwe(f) = , an

{o o)

/ [Hvr(f)2df = 1.

(12)

In this case, the output waveform when E; = 1, and
the spectrum of the receiver output are herris(t) and
He riiis(f), respectively. The waveform of the output from
the matched filter vy (t) and the spectrum of the output
from the matched filter Vigp(f) are

Pe-Friis(t) * hve(t)
he-Friis(t) * h&Friis(_t)

= e (13)
\/7 B2 g (£)dt
Vur(f) = Hepsis(f)Hur(f)
2
= lI{c-Friis(f)I , (14)

\//_oo | Hereits ()12 df

ume(t) =

taking its maximum as

/ : Vaar(f)dt

\//_ |Hers()I*dE.  (15)

Equation (15) is the UWB extension of Friis’ transmission
formula. It includes three elements, namely the frequency
characteristics of the antennas, the frequency characteris-
tics of free space propagation, and the spectrum of the
transmit signal. It is clear from Eq. (15) that the transmis-
sion gain of the UWB signal can not be defined as the prod-
uct of gains of antennas and a free space channel as Friis’
formula (1). Instead, the total transmission gain includ-
ing the effect of the waveform can be obtained as Eq. (15).
For the normalization, the reference isotropic antenna with
Hiso(f) = 1 s considered. The UWB transmission gain
can be defined as

max ump(t) =

Guws = max vmr(t)/ Max vMEso(t)- (16)

3. DESCRIPTIONS OF EXPERIMENTS
3.1. Experimental Setup and Measurement Model

By using the vector network analyzer (VNA), complex
transfer functions can be measured. However, this transfer
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Figure 2. The instrument setup.
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Figure 3. Top view antenna setting.

function is a product of transfer functions of Tx and Rx an-
tennas as well as the free space channel. Among them, the
free space transfer function is calculated from the distance
between the antennas by using Eq. (7). The VNA was oper-
ated in the response measurement mode, where Port-1 was
the transmitter port (Tx) and Port-2 was the receiver port
(Rx), respectively. Biconical antennas with the maximum
diameter of 65.3 mm and the length of 37 mm [8] and as
the AUT is the broadband Skycross antenna [9]. The mea-
surement was done in the anechoic chamber. Both Tx and
Rx antennas were fixed at the height of 1.74 m and sepa-
rated at a distance of 1 m. The setup is sketched for top
view and side view in Fig. 2 and Fig. 3, respectively.

Figure 3 shows the orientations of the Sy;, transfer func-
tion measurement for Tx and Rx antennas. The Tx antenna
is fixed at pointing angle 0° and the Rx antenna is rotated
from pointing angle 0° to 360° with each step at 5°.

3.2. Parameters of Experiment

The important parameters for the experiments are listed
in Table 1.

It is noted that the calibration is done at the connectors
of the cables to be connected to the antennas. Therefore, all
the impairments of the antenna characteristics are included
in the measured results.

3.3. UWB waveform Transmission

The effect of the waveform distortion is more obvi-
ous when the bandwidth is wider. We considered the im-
pulse radio signal that fully covers the FCC band [10], i.e.,
3.1 ~ 10.6 GHz. The center frequency and the bandwidth

80

Table 1. Experimental setup parameters.

Parameter Value
Frequency range 3GHzto 11 GHz
Number of frequency points 1601
Dynamic power range 80 dB

Tx antenna height 1.74m

Rx antenna height 1.74m
Distance between Tx and Rx 1m

Rx rotate range 0° to 360°

Rx rotate step 5°

Amplitude

0.6 0.7 0.8 0.9 1 11 1.2 1.3 14 1.5
Time (ns)

Figure 4. The transmission waveform of UWB signal.

were therefore set to be fo = 6.85 GHz and f, = 7.5 GHz,
respectively. The transmit waveform assumed in the sim-
ulation was a single ASK pulse with the carrier frequency
fo. To satisfy the bandwidth requirement of fy, the pulse

2
length was set to be —. Then the signal was band-limited

b
by a Nyquist roll-off filter with roll-off factor @ = 0

(rectangular window) and passband ( fo— %, fo+ -'gi)

Figure 4 shows the transmit pulse waveform. The trans-
mission process of the pulse waveform is simulated based
on the measured transfer function of the antenna.

4. EXAMPLE RESULT AND DISCUSSION

We can particularly see the delay spread at each pointing
angle. As the AUT is the broadband Skycross antenna, the
ideal linear phase is almost realized, except for the null
directions which change by the frequency.

The UWB signal shown in Fig. 4 is used as the trans-
mission waveform. The received waveforms at the output
of the matched filters is evaluated. The relative gain is de-
fined as Eq. (16). In practice, it is quite complicated and
is not feasible to implement the adaptive matched filter to
adjust for the antennas. Therefore, the matched filter de-
signed for an isotropic antenna is also considered and is
compared with the ideal matched filter.

Figures 5 and 6 shows the UWB transmission gain ver-
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sus antenna pointing angle that uses the optimum matched
filter compared with the matched filter for an isotropic an-
tenna,

5. CONCLUSION

This paper presented the effects of the human body
shadowing on the UWB transmission gain, which is an
extension of Friis’ transmission formula in order to take
into account the transmit waveform and the matched filter
into the system for the free space link budget evaluation
of UWB-IR for WBAN. The experimental examples using
the biconical antennas for transmitter and the receiver is
skycross antennas are presented.
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Abstract—In this paper, we evaluated the signal to noise ratio
(SNR) gain of ultra wideband (UWB) receivers performance for
wireless personal area network. The optimum and isotropic tem-
plate receivers are considered based on the data measurement. The
biconical antennas are used as the transmitter (Tx) and receiver
(Rx) antennas. The rectangular passband, which is satisfied the
full band of UWB signal definition and Federal Communications
Commission (FCC) indoor and outdoor limit spectral masks, is
used as the transmitted UWB signal. The channels are measured in
an anechoic chamber by using a vector network analyzer (VNA).
The SNR gains of optimal and isotropic template receivers are
shown and compared in results.

I. INTRODUCTION

Recently, ultra wideband (UWB) radio technology has be-
come an important topic for microwave communication because
of its low cost and low power consumption potentials [1]-[3].
The UWB is different from other radio frequency (RF) tech-
nologies. UWB transmits very short pulse and power spectral
density (PSD) in the range of ultra wide frequency spectrum
instead of using narrow band radio frequency in traditional RF
tecnologies. The UWB is a unique and new usage of recently
legalized frequency spectrum. The FCC specified that UWB
signal has frequency spectrum ranging from 3.1 GHz to 10.6
GHz [4], and have a fractional bandwidth equal or greater than
0.20, or occupied bandwidth equal or greater than 500 MHz.
The fractional and occupied bandwidth are defined as

| . 2(fu — fu)
Fractional bandwidth = ———==, 1

! v fu+fu M
Occupied bandwidth = fy — fi, 2)

where fi, and fy are the lowest and highest frequencies at the
-10 dB point, respectively.

The PSD of UWB signal does not exceed the FCC part 15
limits or -41.3 dBm/MHz, so that the PSD of UWB signal
is considered as the noise for other radio communication
systems. Therefore, the UWB radio technology can coexist
with other RF communications without interference. Moreover,
the UWB radio technology is an ideal candidate that can
be utilized for commercial, short-range, low power, low cost

indoor communication systems such as wireless personal area
networks (WPANS) [5].

The Friis’ transmission formula is widely used to calculate
the free space path loss for narrowband communications [6].
After that, the complex form of Friis’ transmission formula
is developed for UWB communications [7]-[9]. The matched
filter receiver is used as the UWB receiver [10]-[12]. Although,
the rectangular waveform distorted by UWB free space channel
is used to derive the theoretical SNR gains [13], there are no
considerations about the measured channel and UWB antennas.

In this paper, we evaluated the SNR gains of UWB receivers
performance. The optimum and isotropic template receivers
satisfied constant noise power condition between input and
output are considered. The biconical antennas are used as the
transmitter (Tx) and receiver (Rx) antennas. The rectangular
passband, which is satisfied the full band of UWB signal
definition and FCC indoor and outdoor limit spectral masks, is
used as the transmitted UWB signal. The channels are measured
in an anechoic chamber by using a vector network analyzer
(VNA). The frequency range of measurement is form 3 GHz
to 11 GHz. The path losses are evaluated and investigated
for considering the SNR gains. The SNR gains of optimal
and isotropic template receivers are shown and compared. The
results are discussed in the conclusion.

This paper is organized as follows. Section 2, the evaluation
of SNR gain for UWB systems. Section 3, the UWB template
receiver. Next, the evaluation results are illustrated in Section
4. Finally, the conclusions are discussed in Section 5.

II. SNR GAIN EVALUATION SCHEME FOR UWB SYSTEMS

A. UWB Signal Waveform Model

For UWB waveform signal, the rectangular passband wave-
form is considered as the UWB transmitted signal. The expres-
sion of UWB transmitted signal (v;) in time domain is given
by

v;(t) %[fusinc(?fﬂt) — fusinc(2fLt)], 3)
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Fig. 1. Transmitted signal waveform of UWB.
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Fig. 2. The instrument setup.

where A =1 V is the maximum amplitude, f, = 7.5 GHz is
the occupied bandwidth, fi, = 3.1 GHz and fy = 10.6 GHz
are the minimum and maximum frequencies. This transmitted
UWSB signal is shown in Fig. 1.

B. Measurement System

The UWB channel transfer function is measured in frequency
domain by using VNA in an anechoic chamber. The VNA is
operated in the response measurement mode, where Port-1 and
Port-2 are the Tx and Rx ports, respectively. Both Tx and Rx
antennas are fixed at the height of 1.75 m and separated by 1
m. This measurement setup is shown in Fig. 2.

The biconical antennas are used as the Tx and Rx antennas.
These antennas are chosen because they are easy to fabricate
and have low distortion property. The geometry and dimensions
of the antenna is shown in Fig. 3. The upper cone is connected
to the center conductor of a coaxial line while the lower cone
is connected to the shield conductor. The maximum diameter
is 65.3 mm and the length is 37 mm. Only Rx antenna is

84

Fig. 3. Geometry and dimensions of the biconical antenna,

TABLE 1
MEASUREMENT PARAMETERS.

Parameter Value
Frequency range 3 GHz to 11 GHz
Number of frequency points 1601
Dynamic power range 80 dB

Tx and Rx antennas heights 1.75 m.
Distance between Tx and Rx antennas 1.00 m.

Rx rotation range 0° — 360°

Rx rotation step 5°
Polarization horizontal

rotated from 0° to 360 ° with 5° rotation step. The horizontal
polarization is measured.

The measurement parameters are listed in Table 1. It is
note that the calibration of VNA is done at the connectors
of the cables to be connected to the antennas. Therefore, all
impairments of the antenna characteristics are included in the
measurement results.

III. UWB TEMPLATE RECEIVERS
A. Optimum Signal Analysis

The template receiver is used at the receiver side as shown in
Fig. 4. The optimum and isotropic template receivers satisfied
constant noise power condition between input and output are
considered. The optimum template receiver considered received
signal from measured channel and it is an ideal case with
maximum SNR gain, while the isotropic matched filter con-
sidered received signal from free space channel using Friss’
transmission formula [7]-[9] with isotropic Tx and Rx antennas.

For constant noise power condition between input and output,
the frequency transfer functions of optimum and isotropic
template receivers, Hop, and His,, are normalized as

| iHam(Pas = /:” Huol)PAf =2 (&)

Therefore, the output noise power is a constant as No fi,, where
Np/2 is the PSD of additive white Gaussian noise (AWGN).
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Under this condition, the frequency transfer functions of
optimum and isotropic template can be respectively written as

YINAE)
VIS V(D Pds
\/mvrinso(f)

Hiso(f) = ) (6)
Voo WViciso F)PdS

where * is the complex conjugate operator, V; and V;_;s, are
the spectral densities of received signals from measured channel
and free space channel with isotropic Tx and Rx antennas,
respectively. They can be evaluated from

Vi(f) = H(HV(S), Q)
V;'—iso(f) > Hf(f)vt(f)v (8)

where V; is the spectral density of transmitted signal calculated
from

Hopt(f) i )

o0
W= [ weer e, ©
—00
H_ is the frequency transfer function of measured channel
measured from Sec. 2.2 and Hj is the frequency transfer
function of free space channel given by

He(f) =

c i
_C e-i2mfdfc

4rd|f| %

where d is the distance and c is the velocity of light.

(10)

B. SNR Gain Analysis

Because of the frequency transfer functions of optimum and
isotropic matched filter receivers are satisfied the constant noise
power condition between input and output, the ratio between
average powers of output and input signals of matched filter
receiver, v, and vy, is the SNR gain. Therefore, SNR gain can
be defined as

Joo0 I00(8)[?dt

™ P (h

GsnNr =

The output signal of matched filter receiver can be computed
from

vo(t) = /_"" H,(f)Vi(f)e*™tdf, (12)

where a is opt or iso, which is presented to optimum and
isotropic, respectively.

The input signal of template receiver or received signal is
calculated by using inverse Fourier transform of its spectral
density

u(t) = [ T V(e iy, (13)

-0

IV. RESULTS

In this section, the evaluation results of SNR gains are shown.
First, the path losses based on average power losses of received
signal and output signals of optimum and isotropic template
receivers are considered.

Figure 5 shows the path losses of received signal and output
signals of optimum and isotropic template receivers along
pointing angle from 0° to 360°. The path losses at 0°, 180° and
360° pointing angles are low because they correspond to the
broadside direction of biconical antenna and they are high at
90° and 270° pointing angles. The path losses of output signals
of both template receivers are lower than that of received signal.
This improvement is considered in the term of SNR gain.

The SNR gains of optimum and isotropic template receivers
along pointing angle from 0° to 360° are shown in Fig. 6. The
average SNR gain of optimum and isotropic template receivers
are about 2.99 and 2.56 dB, respectively. Therefore, the SNR
gain of optimum template receiver is better that that of isotropic
template about 0.43 dB. Considering this, the bit error rate
performance of the optimum and isotropic template shown in
Fig.7. It can be seen that the different is low. As described
above, by this scheme, it becomes possible to detect several
types of UWB signals.
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V. CONCLUSION

In this paper, we discussed the SNR gains of UWB template
receivers performance are evaluated for WPANs. The optimum
and isotropic template receivers are considered. The biconical
antennas are used as the Tx and Rx antennas. From the results,
the SNR gains of optimum and isotropic template receivers are
about 2.99 and 2.56 dB, respectively. The difference is low, that
is only 0.43 dB. That because the channel is measured in the
anechoic chamber, which can assume to be free space channel,
and the biconical antennas have low distortion characteristics.
In the future work, the SNR gains of indoor environment and
other UWB antennas are investigated.

= Optimum Template}
------- Isotropic Template

1 3
5 10 15

Eb/No (dB)

Fig. 7. Bit error rate of the optimum template and isotropic template perfor-
mance are shown.
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