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ABSTRACT

An ultra-wideband impulse radio (UWB-R) technology is excellent
contribution for wireless body area network (WBAN) applications due to its low power
radiation, robustness against multipath and compact scale. However, it has a problem
on distorted waveform through a human body channel. Hence, the objectives of this
thesis is to improve the received waveform distortion by introducing matched filter at
the receiver side to maximize of signal to noise ratio (SNR). The waveform were
analyzed in case of single and double transmission waveform, and channel
measurements are performed in frequency domain using a vector network analyzer
(VNA) in the frequency range of 3 GHz to 11 GHz with rectangular passband UWB
transmitted waveform, which also done in an indoor environment at 3" floor of UWBIR
laboratory building. The double waveform transmission is-applied for significantly
improving the performances of UWB communication system. On the other hand, this
thesis also evaluated and compared the experimental results for the channel transfer
function, path lass, received waveform in case of within and without matched filter,
power delay profile (PDP), and bit error rate (BER) a performances of single and double
waveform transmission model. As considerations, the double waveform transmission

can obviously improve performance of UWB- transmission waveform for WBAN system.
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CHAPTER 1

INTRODUCTION

1.1 Research Background

Nowadays, wireless communication systems are becoming very popular topic
in daily life for short range communications. Moreover, Body area network (BAN) has
been developed for monitoring soldiers on the battlefield, managing patients in
forward locations in emergency management, elder care and rehabilitation purposes.
However, there is an increasing demand for effective communication technologies to
support emerging health care delivery systems, wireless body area network (WBAN) for
sensing and monitoring of vital signs is the one of most rapid growing wireless
communication systems. The requirement have led to-increasing research and
development activities and- promotes new applications for the ambulatory health
monitoring of chronic patients and the elderly population, aiming to improve their
quality of life in the WBAN applications area for many purposes. Especially WBAN and
the Ultra Wideband (UWB) technologies are widely used for a variety of many
applications because of its potential in high data rates, low power consumption and
low cost [1-2]. Figure 1.1 shows a wireless body network, which consists of radio

protocols and standards [3].

Figure 1.1 WBAN communication systems [3].



1.2 Statement of the Problems

UWB communications systems can be viewed as spread spectrum systems with
an extremely large spreading factor [4-5]. Traditionally, UWB radio systems have
referred to wireless devices with -10dB fractional bandwidths greater than 25%, or
absolute bandwidths greater than 1.5 GHz. This large bandwidth can be achieved by
driving an appropriately designed antenna with very short electrical pulses. More
recently the Federal Communications Commission (FCC) [6] has defined a UWB device
as one that has a fractional bandwidth greater than 20% or that occupies at least 500
MHz of spectrum. Furthermore, the FCC has regulated the spectral shape and
maximum power spectral density of a UWB radiation in order to limit the interference
with other systems. Also note in-part 15 (-41.3 dBm/MHz) still applies.

The history of UWB really started in 1895 with Guglielmo Marconi and his spark-
gap transmitter until most RF transceivers switched over to narrowband approaches as
a result of Armstrong and hetcrodyne techniques [7]. However, it is interesting to note
that modern UWB radio systems started as an offshoot of identifying the transient
behavior (impulse response) of microwave circuits [8] and have been around for a long
time. Not surprisingly, the early name used by UWB systems based on such transient
behaviors is impulse radio [9]. The objective of this study is to investigate the
transmission characteristics of ‘UWB impulse radio wave systems by using both
analytical and experimental approaches. Antennas that can radiate wide band signals
will be manufactured and used in the experiments. Many experiments will be
conducted so that the transmission of the antennas can be clearly understood.
However, many fundamental issues for UWB waveform still remain largely open. These
include waveform design, aspects of channel modelling and indoor propagation,
transceiver architectures and waveform distortion [10], as well as overlay issue that
include coexistence and sensitivity of UWB systems.

An extension Friis” transmission formula [11] suitable for UWB-HB impulse radio
will be derived to include the frequency characteristics of the antennas, the frequency
characteristics of free space propagation, and the spectrum of the transmitter signal. A
scheme for wideband characterization of the antenna transfer function will be
developed while the double transmission antenna will be used to increase the
accuracy of the measurements. By using a receiver matched filter which is either the
received signal template waveform or an isotropic template waveform, the distortion
of the transmitted waveform can be quantified. An experimental scheme including all
the above methods will be implemented to find of the UWB-HB transmission gain.
UWB antennas will be evaluated and the experimental results will be analyzed to give

recommendations for the transmission properties of these types of antennas used in



the market. Comparison of the results with the IEEE 802.15.3a will also be made. Lastly,
the effects of human body, and shadowing from a person will also be investigated.

1.3 The Objectives and Scope of Thesis
The main objective and scope of thesis is to improve the performance of UWB
received waveform on human body by using matched filter. The analysis is based on
the extension Friis transmission Formula and presented characteristic of transmission
waveform on-body to on-body in wireless communication. The purposes of this thesis
have been accomplished and given as below:
1. To study the wireless technology and applications to wireless body area
networks.
2. To study and analysis of UWB-HB transmission model as a waveform and
double directional waveform of arrival (DDOA) based on the extension
Friis’s transmission formula and introduce matched filter at receiver side to
maximal the SNR.
3. Indoor measurement and modeling of UWB-HB transmission waveform in
an indoor environment.
4. To evaluated the UWB-HB transmission waveform in case of double
transmission waveform and received waveform within matched filter based

on measurement data.

1.4 Organization of the Thesis

This thesis is organized according to each chapter as follows:

Chapter 2 focuses on providing the context for this work in term of wireless
communication systems, which forms the basics of WBAN and concentrates on
frequency regulations. Furthermore, it also provides a comprehensive overview of
UWB-WBAN technologies and their principle components and properties. Including
history, regulations, standard and applications of WBAN and UWB technologies are
described. This chapter also provide a brief describe the requirements and new
challenges of WBAN for heal-care applications.

Chapter 3 provides detail and theory discussion of some parameters used in
this thesis such as extension Friis” transmission formula, path loss, power delay profile,
received waveform and bit error rate.

Chapter 4 illustrates the performance Evaluation of BAN-UWB Communication
System with Double Waveform Transmission is studied in this chapter. The modelling
of channel transfer function, some important parameters and equipment are
introduced based on the measurement setup. In additions, the measurement model
is set at the different positions on human body.



Chapter 5 compares the results of the transfer function based on single and
double transmission waveform. Moreover, this work describes the results of magnitude,
phase, path loss, power delay profile, received waveform within and without matched
filter and bit error rate.

Chapter 6 summarizes all results and provides the future work of this master

thesis.



CHAPTER 2

UWB-WBAN TECHNOLOGY

2.1 Introduction

UWB has recently gained a lot of interest for WBAN applications. This chapter
presented as well as a brief of overview of the UWB-WBAN for wireless communication
systems, which is chosen to be used for short range communication and
accommodates appropriate in UWB-WBAN technology. Moreover, Friis’ transmission

formula is very important for estimating the link budget of UWB transmission channel.

2.2 Wireless Body Area Network (WBAN)

Body Area Network (BAN) has a very short history that is still an emerging
technology. In addition, BAN technology emerges as the natural by product of existing
sensor network technology and biomedical engineering. The first person is Professor
Guang-Zhong Yang who has defined the phrase Body Sensor Network (BSN) with
publication of his book Body Sensor Networks in 2006. BSN technology represents the
lower bound of power and bandwidth from the BAN use case scenarios. However, BAN
technology is quite flexible and there are many potential uses for BAN technology in
addition to BSNs. Some of the more common use cases for BAN technology are BSN,
Sports and Fitness Monitoring, Wireless Audio, Mobile Device Integration and Personal
Video Devices Each of these use cases have unique requirements in terms of
bandwidth, latency, power usage, and signal distance. IEEE 802.15 is the working group
for Wireless Personal Area Networks (WPAN) [IEEE 802.15] [12-13]. The WPAN working
group realized the need for a standard for use with devices inside and around close
proximity to the human body. IEEE 802.15 established Task Group 6 to develop the
standards for BAN. The BAN task g¢roup has drafted a (private) standard that
encompasses a large range of possible devices. In this way, the task group has given
application and device developers the decision of how to balance data rate and
power.

A few years ago, there has been a significant increases WBAN communication
systems. WBAN can call BSN is a small scale network device that connects independent
node are suitable in the clothes and attached on under skin of a body. Recent
technology advance has been developing in sensor and low-power integrated circuit
to enable remote monitoring of patient. A typical of WBAN consist of a number of

smaller size nodes, lightweight, low-power sensing devices and less space covered and



applied for many activities function. WBANSs typically use a conventional star topology
as shown in figure 2.1. Which nodes acquire, process and transmit information to the
central hub that would be included in a smartphone for a typical laboratory health
monitoring application. These networks are composed by wireless sensor or actuator
nodes used for measuring physiological variables (e.g., glucose level in blood or body
temperature).

Figure 2.1 Wireless UWB-HB communication network [13].

In general, IEEE 802.15:is the working group for Wireless Personal Area Networks
(WPAN). The WPAN working group realized the need fora standard for use with devices
inside and around close proximity to the human body [13-14]. IEEE was requested to
standardize the Body Area Network. IEEE 802.15 task group 6 (TG6) was set up to
develop an IEEE international standard for BAN in January 2008. IEEE 802.15 established
Task Group 6 is developing communication standards for BAN as a system optimized
for low power devices and operation in, on around the human body to serve a variety
of applications including medical, electronics, consumer, personal entertainment and
others. The BAN task group has identified four distinct communication scenarios. By
the way, the task group 6 has given WBAN standard as shown in table 2.1.



Table 2.1 Standard of IEEE.802.15.6 [14]

Regulation Values

Distance below 3m

Power Less than 25 W

Bit rate 10 Kbps to 5 Mbps
Connection model Star

2.3 Regulation of WBAN

The worldwide available frequency band for WBAN, it is desirable to designate
a worldwide frequency band to support for mobility and designate frequency bands
to WBAN with large available bandwidth. Moreover, WBAN may use spectrum with high
user density as shown in figure 2.2.

Australia
433.05-434.79
apan Japan

MICS <—WMTS —_— ISM IsM e UWB (MHz)

402

Figure 2.2 Frequency spectrums for WBAN [14].

2.3.1 Medical Implanted Communication Service (MICS)

In 1998, the International Telecommunication Union’s Radio Sector (ITU-R)
assigned in the band of 402-405 MHz for medical implant communication [15]. Due to
this band is widely used in the same worldwide. Moreover, the requirement of devices
has a compatible the EIRP is limited to -16 dBm in the bandwidth of 300 KHz. In order
to support the simultaneous operation of multiple devices and avoid interferers in the
same area, ITU-R recommended a total required bandwidth of 3 GHz to support 10
channels.

2.3.2 Industrial Scientific and Medical (ISM)

The ISM band are internationally band reserved frequency spectrums to be
used for ISM band purposes. Due to the radio devices using ISM band are generally
allowed for unlicensed operation, ISM band can also be regarded as one of the



frequency candidates for WBAN. International frequency allocation for ISM band by
ITU radio are contained in the radio regulation (RR) Nos. 5.138, 5.150 and 5.280 [16].
The frequency band that are most suited for WBAN at ISM bands include 433.05-434.79
MHz, 902-928 MHz, and 2400-2500 MHz.

2.3.3 Wireless Medical Telemetry Service (WMTS)

In 2000, Wireless Medical Telemetry Service (WMTS) is a radio communication
system. It was available in the USA by the FCC for ambulatory monitoring of a patient’s
health and gives greater mobility than solutions. The bands defined the frequency
ranges are 608-614, 1395-1400 and 1427-1432 MHZ.

2.3.4 Ultra-Wideband (UWB)

UWB system operate at very low radiation power density level by employing
very narrow pulse resulting in very large bandwidth. In 2002, the FCC opened a large
band from 3.1 GHz to 10.6 GHz [16] with different power levels for UWB. In March of
2004, the European Commission issued a mandate to CEPT to establish a task group
on UWB usage. Ultra-wideband has recently become for many years ago and apply
for radar, sensing, military communications and niche applications in broadband
wireless technology. The UWB is a one of the key emerging technologies that provided
for short range and low power radio communication systems with a-small devices to
medium from factor an indoor application. Several proposals exit for UWB solutions.
The performance of investigations have been carried out in BAN technology. The UWB
uses an extremely large bandwidth of RF spectrum for transmitting the data with very
short pulses and power spectral density (PSD) in the range of ultra wide frequency
spectrum instead of using narrow carrier frequency (in traditional RF technologies.
Moreover, The UWB. radio channel bandwidth for WPANs is specified the cover
frequencies ranging from 3.1GHz to 10.6 GHz and does not over exceed -41.3dBm/MHz
(8]

The United States FCC use the following 2 parts requirement to identify UWB
emission which measured at -10 dB factional bandwidth greater than 0.2 or -10 dB
bandwidth equal to or greater than 500 MHz [9]. The factional bandwidth is based on
the frequency limits of the emission bandwidth using the formula are define as:

fb :fH "f[_ (2.1)
B, Y/ % (2.2)
fu+ /e

Where fy is the highest frequency and fi is the lowest frequency.



Ultra-wideband is a technology for transmitting information spread over a large
bandwidth which measured at -10 dB. The FCC in the United States allocated a
factional bandwidth greater than 0.2 and having the occupies bandwidth below the
peak emission is 500 MHz. or The UWB transmitter sends a pulse with a channel
bandwidth of this wide and the receiver collects the power of the received signal for
rebuilding the pulse. Moreover, the spectral density level of UWB signal may be below
the noise level of receiver for other systems, UWB devices can operate using spectrum
occupied by existing radio services without causing interference, thereby permitting
scarce spectrum resources to be used more efficiently [16]. The UWB use an extremely
wideband of RF spectrum to transmit the data with very short pulses and PSD in the
range of ultra-wide frequency spectrum instead of using narrow carrier frequency in
traditional RF technologies. The UWB spectrum is shownin figure 2.3.
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Figure 2.3 Comparison between UWB and other wireless technologies [16].

2.4 Requirement of BAN Technology

BAN has the following significant requirement, these are usually a set of limits
or thresholds on the system parameters. For example, an upper limit on the maximum
body temperature (system parameter) ensures safety. Similarly, the IEEE 802.15.6 task
group on application requirements [18] we can extract the Data rates can not defined
the time draft for standard [19].however, the several applications need specific data
rates from the technical requirements [10] has support the data rate up to 10 Mbps
when using UWB. The security is also mention that will be required for the transport

of sensitive data and access to it within base station. For BAN sustainability are to
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ensure that at least a given number of nodes (system parameter) can be operated

using available power from different energy resources.

2.5 Standard and Applications of WBAN

2.5.1 IEEE 802.15.6

Among the many wireless communication standard activities worldwide, the
IEEE 802.11 and IEEE 802.15 family of standards have the largest impact on the wireless
today. In February 2012, IEEE 802 has established a Task Group called IEEE 802.15.6
standard is a new standard for WBAN [20]. Which aims to provide short range
communication (i.e. human range), low power and high reliable for wireless
communication.

BAN is defines as a communication which is a small scaled network that
operates inside a body. The task group 6 will provide an international standard for
highly reliable wireless communication and a short range low power for using in closed
vicinity of the human body and it also has optimized low power constraint in-body/on-
body nodes to support a variety of medical and non-medical applications [21-23].
Which is used for existing industrial scientific medical (ISM) bands. Support for security,
low power devices, quality of service (QoS), data rate up to 10 Mbps:is required while
simultaneously complying with strict non-interference guidelines where needed and
can be offer to satisfy an evolutionary set of entertainment and healthcare services.

2.5.2 Application of WBAN

The WBAN application consists of wearable and implantable sensor nodes that

offers many promising applications are not only limited to health care application but
it also has non-medical application [23] as entertainment, military, security and sport
as shown in figure 2.4 WBAN is mainly except for medical and healthcare monitoring
are the one of targeted of WBAN application, assistance to people with disabilities and
much more closely patient suffering with chronic diseases such as heart attack,

asthmas and diabetes.
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Figure 2.4 WBAN applications [23].

2.6 Physical Layer of BAN Technology

The current IEEE 802.15.6 standard was completed in May, 2010 and supported
three mainly different PHY layers of BAN. The I|EEE 802.15.6 structure Included
Narrowband “(NB),  UWB, and Human Body Communications (HBC) layers are
summarized and shown in figure 2.5.

IEEE 802.15.6

Standard
[
J )
. Unified MAC &
Multiple PHY Security
Narrowband HBC PHY
PHY UWB PHY (not wireless)

Figure 2.5 Structure of IEEE 802.15.6 standard [19].
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2.6.1 Narrow Band (NB)

NB PHY is aimed at communication with the wearable nodes on body and the
implantation nodes in body that is an optional layer specified by IEEE 802.15.6 It
functions mainly provided in three aspects as following: activation and deactivation of
the radio transceiver, clear channel assessment within the current channel and data
transmission and reception.

2.6.2 Ultra Wideband (UWB)

The UWB PHY design is not only to improve the robustness of the WBAN, but
also provides opportunities for implementation of high performance, low complexity
and low power consumption operation. There are two different types of UWB
technologies included in the UWB PHY. Namely, impulse radio UWB (IR-UWB) and
wideband frequency modulation (FM-UWB). The specification defines two modes of
operation: default mode and high quality of service (QoS) mode.

2.6.3 Human Body Communication (HBC)

HBC in some early literature is called Electric Field Communication (EFC), for
that EFC is the basic of physical realization. Its transmitter is implemented with only
digital circuits and needs one electrode, instead of antenna. The realization of the
receiver needs none RF modules, which makes equipment easy to carry and power is

very low.

2.7 UWB Regulation

UWB regulation has been opened the door without licenses in February 2002
by FCC as an outcome of deliberation in connection ‘with the National
Telecommunications and Information Administration (NTIA) [24].

2.7.1 Regulation in USA

In 1998, the FCC in USA has set out such a mark to regulate UWB technology
under the FCC part 15 regulation limitations and allow to use unlicensed of UWB
communication [17]. The FCC approved the deployment of UWB frequency range from
3.1 to 10.6 GHz band. The USA spectral mark for indoor and outdoor applications
specified by FCC is shown in figure 2.6 and table 2.2.
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Table 2.2 FCC limits in USA for indoor and outdoor communication applications [24].

Frequency Ranges Indoor Outdoor
(MHz) EIRP in dBm EIRP in dBm
960-1601 -75.3 -75.3
1610-1990 -53.3 -63.3
1990-3100 -51.3 -61.3
Above 10600 -51.3 -61.3
-40 1 L) 1 ¢ W3R 1 1] L 1 1 1 L L !
-504— —
S 24
-60}— =
¥ AN
o
@
o

-90}— il
— Part 15 noise limit
—— FCC spectral mask for indoor limit
i —— FCC spectral mask for outdoor limit
_1w 1 1 - A . o e
10’ 10'
Frequency (GHz)

Figure 2.6 The USA spectral mark for indoor and outdoor applications [24].

2.7.2 Regulation in Europe

The European Commission (EC) has finally issued details of the licensing
regulations for UWB networking in Europe. Beside the radiation limits and spectral
masks specified by FCC, there are three regulations which are responsible in European
regulation and standards such as: European Union (EU), European Technical Standard
Institute (ETSI) and European Conference of Post and Telecommunication (CEPT). The
regulation specifies PSD radiation frequency ranging from 3.1 to 10.6 GHz for indoor
and outdoor communication applications as shown in table 2.3.
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Table 2.3 Frist spectral masks specified by ETSI for indoor and outdoor communication

applications [25].

Frequency (GHz)
f<3.1 3.1< f<10.6 f>10.6
Indoor | =51.3+87log(f/3.1) -41.3 =51.3+87log(f/3.1)
outdoor | —61.3+87log(f/3.1) 413 —61.3+87log(f/3.1)

The new regulation of PSD radiation allows UWB-IR equipment using for an
indoor application. The main frequency range is reduced to be from 6.0 to 8.5 GHz as
shown in table 2.4. Figure 2.7 is the ETSI current spectral masks specified for indoor

and applications.

Table 2.4 Current radiation limit specified by ETSI for indoor application [25].

Frequency (GHz) PSD (dBm/MHz)
Less than 1.6 -90
1.6-3.8 -85
3.8-6.0 -70
6.0-8.5 -41.3
8.5-10.6 -65
Above 10.6 -85
-40 1 1 ] T I 1 L] 1 T 1 1 i | '
-50}— —
-60 —
N
p
S
& 701 o
A
o
[72]
o
-80— -
-90 o
_1m 1 1 1 1 l 1 A 1 1 1 1 1 1 1
10’ 10’
Frequency (GHz)

Figure 2.7 The ETSI current spectral masks specified for indoor and applications [25].
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2.7.3 Common regulation

Recently, UWB-IR signal regulation has been approved in other regions as well.
There is a common frequency available among FCC, ETSI and MIC. The regulation of
PSD radiation is satisfied all allows FCC, ETSI and MIC regulations by using an indoor
application. The main frequency range is start from 7.25 GHz to 8.5 GHz, while the
lowest frequency is satisfied MIC regulation and the highest is satisfied ETSI regulation
as shown in table 2.5 and the common frequency band spectral mask for indoor

application is show in figure 2.8 [26].

Table 2.5 The limitation of common frequency band for indoor application [26].

Frequency (GHz) PSD (dBm/MHz)
Less than1.6 -90
1.6-3.8 -85
3.8-7.25 -70
7.25-85 -41.3
8.5-10.25 -65
10.25-10.6 -70

-40 T . 5 Y l AL ] Lt L Lj L] T l

)
l
|

PSD (dBm/MHz)
4
(=]
T
|

8
l
|

-100 PR T T 1 1 ! RS T T S I |
10 10

Frequency (GHz)

Figure 2.8 common frequency band spectral mask for indoor application [26].
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2.7 Advantages of UWB

In the UWB short pulse transmission waveform, the several advantages does
not use the traditional radio carriers employed by cellular, satellite, television, cable
or other communications technologies. Moreover, the UWB provides the high data
rates are available used in multi-user, large channel capacity due to its high band width
and support real-time video streaming and low transmit power. Moreover, the UWB
frequency must operate in specific slices of an increasingly crowed radio spectrum,
otherwise they would interference with one another. One of the advantages of UWB
is that it eliminates many of the analog components of traditional carrier wave based
radios. It is an "all digital" radio. Once it is fully developed, it is destined to become a

very low cost solution.

2.7 Standard and Applications of UWB

2.7.1 UWB Standard

Institute of Electrical and Electronics Engineers (IEEE) 802.15 is a working
group of the IEEE 802 standards committee. There are two standards of UWB system
as IEEE 802.15.3a for high rate wireless personal area networks (HR-WPANs) and IEEE
802.15.4a for low rate (LR-WPAN) [27].

IEEE 802.15.3a was formed in January 2003 with the objective of the providing
a higher speed PHY layer which support data rates not exceed 480 Mbps for short
distance up to 10 -m [28] which involve imaging and multimedia. IEEE 802.15.3a was
withdrawn in January 2006 because the members of task group were not able to
decide between two technologies, multi-band orthogonal frequency division
multiplexing (MB-OFDM) and direct sequence ultra-wideband (DS-UWB).

The IEEE 802.15.4 was formed in March 2004. IEEE 802.15.4a standard utilizes
UWB technique for LR-WPANSs for low data rate not exceed 110 Mbps and long distance
up to 100 m. In this standard eroup use for new applications that require only
moderate data throughput, but long battery life such as low-rate wireless personal
area network and high accuracy localization systems. The transmitted signal is based
on very short pulse and estimated to impulse, which cause the name of UWB [29].

2.7.2 UWB Application

UWB is an area that has generated a lot of interest recently and very useful for
short rang communication, its multipath immunity, high data throughput, better wall
penetration, low power consumption, and low probability of interception and
detection. The huge and unlicensed bandwidth has been major proponent for research
in this field, because of all these futures UWB has become increasingly accepted for
numerous application as with innovative technologies, that can be shown in figure 2.8
as below:
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Figure 2.9 UWB for Short Rang Applications [27].

2.8 Summary.

UWB-HB communication has been presented in this chapter, we explain about
history of WBAN technology, BAN regulations. It also provides a comprehensive
overview of UWB-WBAN technologies and their principle components and properties.
This chapter also provide a brief describe the requirements and new challenges of
WBAN for medical applications. All contents are based on published standard,

regulations and documents.

077937



CHAPTER 3

THEORY AND ANALYSIS OF UWB-WBAN

3.1 Introduction

The WBAN-UWB analysis is based on the extension Friis’ formula in an indoor
environment. This chapter mentions theory and presented all equations use for
analysis including channel transfer function (magnitude and phases), path loss,
received waveform within and without matched filter, power delay profile (PDP) and
bit error rate (BER) whichis related to the model of experiment.

3.2 Extension Friis” Transmission Formula for UWB System

In narrowband system, the link budget of the free space propagation loss is
usually estimated by using Friis’ transmission formula [11] it is not directly applicable
to the UWB impulse radio transmission system, as the formula expressed as a function
of the frequency. Moreover, the waveform may be distorted due to the frequency
characteristics of the antenna treats the special case 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 to evaluate link budget

for narrow band system [11] and can be applied to the calculation of these LOS

channels. The Friis” transmission gain- G, is defined as
P(f) . ;
G 222 = GGG, (3.1)
. Y c Y
G. = = 3.2
i) (47rd] (47rdf] Wl
Where P, is the input power of the transmitter
P, is the output power of the receiver

G, (f) is the transmitted gain
G,(f) is the free space propagation gain
G.(f) is the received gain

A =% is the wavelength
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c is the velocity of light

f is the operating frequency

d is the distance between transmitter and receiver antennas

It is noted that, the eq. (3.1) is satisfied at some certain frequency and it’s not

directly applicable to UWB systems. The Friss’ transmission formula shall be extended
to take into account the transmission signal waveform and it’s distortion as well [31-

32].
He—l-"n(_f) HMF(f]
S » <
H i ( f ) H Friis l f }
D - D I e T >
Pulse Tx Propagation (- &= | Rx | Peak
generator atn channel ] atn ~| filter detector

Figure 3.1 Block diagram of UWB transmission model.
The block diagram of UWB transmission model is shown in figure 3.1. The input

signal v, (t) at the transmitter port is expressed as the convolution of an impulse input

the pulse shaping filter A () as

v.()=ES(t)®h (1) (3.3)

Where
[ (n)ae={ 1 H, ()P dr=1 54

Friis’ formula is extended taking into account the transmission waveform for

UWB system and H_ .. (f,d) can be written as

H ...(f,d)= % =H. (f,d)H (/HH (/) -H (f) (3.5)
H i (f2d)=H, (f.d)H,(/)H (/) -H, (/) (3.6)

H o (f.d)=Hy(f . d)H, ())H,(/)-H,(f) (3.7)



He-Friis,d (f’ d) = He-Friis,l (f’ d) + He-Friis,Z (f’ d) (38)

Where H (f,d) is free space transfer function
H,(f) is complex transfer function vector of received antenna
H (f) is pulse generation function
H,(f) is complex transfer function of transmitted antenna

Ei =1 isthe output waveform

H,(f)=H, (0,0, /)=0H,0.0, /) +oH,(0,.0,f) (39)

Where H,(a = r or t)is a complex transfer function vector of antenna relative to the

isotropic antenna

The eq. (3.9) is a complex transfer function vector of the antenna relative to
the isotropic antenna: The free space transfer function H,(f,d) can be written as

A
4rd

(He ()], 455 exp(—jkd) (3.10)

Eq 3.10'is the free space transfer function where

I (3.11)
A

Eqg. 3.11 is the propagation constant. The received waveform v (¢,d) can be

considered by using

v.(t,d)=v(t)®hy (1,d) (3.12)
Where v(t) is the transmitted signal waveform,

® is the convolution operator

D (t,d) is the impulse response of the extension of Friis” formula

3.3 UWB Received Waveform
The spectral density of UWB received signal V, is calculated by using

multiplication between H; and V., which can be written as
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V(1)=V ) He () 613

UWB received waveform in time domain, we can obtained the received by
using invert Fourier transform (IFT) of spectral density which can be written as

w(0)= [ V(1) ar (5.1

3.4 Matched Filter Receiver

At the receiver, the matched filter is introduced to maximize the SNR of the
receiver output. The matched filter with frequency transfer functions satisfied constant
noise power condition between input and output are considered. The block diagram
of the matched filter system is shown in figure 3.2 as below:

Rx antenna

) 4

V.(£.d)

Viir (f,d) :

Figure 3.2 Block diagram of matched filter receiver.

The spectral density of the signal waveform at the output of the matched filter
Vi (f-d)can be calculate by using the transfer function of matched filter H, (f,d)

multiply by the spectral density function of the received waveform V. ( fad ) as

Vur (o) = Hop (1,d)V,(£.d) 315)

The frequency transfer functions of matched filter can be written as

H:—Friis (f) (3.16)
\/ Tt &

=

HMF(f)=
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And the Matched Filter in case of Isotropic can be defined as

H, . (f)=—F Herus ) (3.17)
J [|H s df

-t

Where (") is the complex conjugate

Which satisfies the following constant noise output power condition from the
eq (3.16) His normalized as

[ (O a7 =1 (3.18)

In this case, the spectrum of the receiver output are 4., (1) and H_...(f)
respectively. After we obtained the spectral density function at the output signal of
the matched filter receiver waveform vy (¢) by using inverse Fourier transform, can

be written as

Vie(8) = A, (8) @ Iy (2)
N hy g @) B Dy g5 (1) (3.19)

Y
P

For the in case of Isotropic can be written as

Varaso () = Ae_priisrso (E) @ Iy 140 (1)
_ V 2fb he—Friis,lso (t) ® he—Friis,lso (—t) (320)
\/f he risiso (D1

For the output spectral density from matched filter V,(f). It obtained as

Vur(f)=H i (VH e ()
_ M‘HC—Friis(f)'z i
T e
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Taking its maximum as

mtax vMF(t) = vMF(O) = JVMF(f)df
- (3.22)

= szb jIHe-Friis(f)|2df

Eq. (3.22) is the UWB extension of Friis' transmission formula [11]. It includes three
elements, namely the frequency characteristics of the antennas, the frequency
characteristics of free space propagation, and the spectrum of the transmit signal. It is
clear from eq. (3.22) that the transmission gain of the UWB signal cannot be defined
as the product of gains of antennas and a free space channel as Friis' formula (3.22).
Instead, the total transmission gain including the effect of the waveform can be
obtained as eq. (3.22). For the normalization, the reference isotropic antenna with
H, (f)=1 s considered.

3.5 Path Loss

In the wireless: communication system the important parameter use for
analyzing the channel propagation that is path loss. Path loss model represents the
attenuation of the signal as a function of the distance between the Tx and Rx antennas.
Due to propagation channel by: consider the propagation of UWB signal in indoor
environments is an important issue with significant impacts on the future direction and
scope of the UWB technology and its-applications. The distance dependent path loss
PL can be expressed by eq.(3.23) as

PL[dB]= 2010g[v‘ (1)

, (I)} (3.23)

-—

Where v, (¢) is the transmitted signal waveform

v.(t) s the received signal waveform

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

received signal maximum power as function of distance ¢
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PLy s (d)[dB] = 201og[%—‘|)v(*t(%')—& (3.24)

From eq. (3.24) we define the transmitted signal equal 1. Therefore, we can

rewrite equation as following

PLyy (d)[dB] =—20log[max | v,(t,d) ] (3.25)

3.6 Power Delay Profile (PDP)

Power delay profile (PDP) represents the power received signal as a function of
time. The channel impulse responses are obtained by IFFT (Inverse Fast Fourier
Transform) of recorded transfer functions. A Hamming window is applied in frequency
domain to reduce the side lobes in the time domain. Mean excess delay 7 is the
averaged delay weighted by power and is calculated as (3.26)

n 2 n
P Zi—nl b ;[i il Zi=':P(Ti )ri (3.26)
Zi=l ai. Zi=l P(Ti)

Root Mean Square delay 7.y is the energy-weighted standard deviation of
signal delay can be written as

s =TT (3.27)

- Zn:afrf ZH:P(T.,)rf

N —— (3.28)

Za i gp(f,)

Where a; is the signal level of path i
r.  is time delay of path i

P(Ti) is the signal power of path i

3.7 Bit Error Rate (BER)
The BER is defined as the rate at which error occur in a transmission can consider

from correlation coefficient between received signals with template waveform [33].
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The correlation coefficient of correlation coefficient of template waveform C, can

show as

max

C = rab(T)l
\/max|ra (7)

(3.29)
emax|r; (7)|

The BER can be expressed as equation 3.30
BER = Q( 2C.(E, /No)) (3.30)

Where r, (z’) is the auto-correlation of signal a
K (r) is the auto-corretation of signal b
1, (7) is the cross correlation function between signal a and b

E, /N, is the energy per bit to noise power spectral density ratio
Q is the Q - function which is obtained from eq. (3.31)

Q(x)zx\ﬁ;e‘ i 14210 (3.31)

3.8 Summary

This chapter discusses theory and some parameters used for UWB channel
propagation for wireless communication system, based on the extension Friis’ formula
in an indoor environment. This chapter presented all equations use for analysis are
including path loss, received waveform, power delay profile, bit error rate and other
parameters, were used to analyses an effects from power loss and distortion of signal.
These effect are caused by multipath and absorption which are in between the
transmitter and receiver.



CHAPTER 4
EXPERIMENTAL EVALUATION OF UWB-HB
TRANSMISSION WAVEFORM

4.1 Introduction

In this chapter, describes the experimental setup and channel measurement
model for UWB-WBAN propagation were used in the experiment. The main equipment
is vector network analyzer (VNA), the meander line antennas are used as a transmitter
(Tx) and receiver (Rx) antennas, a characteristic of meander line antenna, parameters,
UWB transmission waveform and also dimension the experiment an indoor

environment.

4.2 Measurement Setup

The experiment conducted in this work is based on a model of a BAN holding six
node on-body sensors by using VNA, which has defined two different sets of
measurements as single and double transmission waveform. Both of transmitter and
receiver are meander line antenna and fix the frequency range from 3'GHz to 10.6 GHz.
The measurement setup in this thesis is shown in figure 4.1. For all important

parameters are also describes of each section.

4.3 Equipment of Experiment
The main equipment of this experiment not only including hardware but also
software as list below:
- Hardware
1) Vector Network Analyzer (VNA)
2) Meander Line Antenna
3) Calibration Kits
4) Cable line
5) Computer
6) Others devices
- Software

1) Matlab Program
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Design model

i

Define parameters

$

Preparing the measurement of WBAN-UWB transfer function

=

WBAN-UWSB transfer function measurement by using Vector Network
Analyzer (VNA)

&

Signal processing by using MATLAB program

2

Results analysis

Figure 4.1 Block diagram of measurement evaluation.

4.3.1 Vector Network Analyzer (VNA HP-8510C)

VNA is utilized to measure S-parameter which corresponds to a channel transfer
function, where Portl is transmitter (Tx) port and port 2 is receiver (Rx) port.
Respectively, VNA consist of the vector network circuit analyzer model HP-8510C [34],
S-parameter test set model HP-8514B, an HP-8510C network analyzer as an
intermediate frequency (IF) receiver, meander line antennas as transmitting and
receiving antennas, IBM PC-compatiible computer with MATLAB as a data acquisition
workstation and frequency synthesized sweeper model HP-83620A is main instrument
show as figure 4.2.

VNA devices are operating in single-sweep stepping mode, sweeping the
predefined frequency band using 801 points. The weeping time is automatically
adjusted by the analyzer, depending on the bandwidth and on the number of
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measured frequency point within the sweeping band. Moreover, the VNA require a
calibration with the same cables and adapters as will be used in the measurement.

For each frequency step, the system is continuous-wave signals are transmitted
though the transmitting antenna in an indoor environment. The RF energy reflected by
the target is collected by the receiving antenna.

%

Display

Scattening parameters test kits

2 Ports Vector Network Analvzer (VNA)

Frequency synthesizer

Figure 4.2 Vector Network Analyzer.

4.3.2 Meander Line Antenna

In wireless communication, antenna is very important equipment for
transmitting and receiving signals. The design criteria for WBAN antenna should be
small physical size. Hence, The Meander line antenna is a small antenna as 16x13.6x3
mm and transducer designed to transmit or receive electromagnetic waves in UWB
frequency by Sky-Cross Company, United State. And it’s a one of the commercial
product [35]. The geometric and dimension of the meander line is shown in figure 4.3
and absolute |S11| of Meander line Antenna is shown in figure 4.4. For the radiation
pattern of the meander line is omni-directional and the frequency range from 3.1 GHz-

10.6 GHz for UWB approved by the FCC in 2002. The meander line antenna and
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characteristic of the refection coefficient S1; of the antenna in UWB frequency is below
-10 dB.

Figure 4.3 Meander line Antenna [35].
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Figure 4.4 Absolute s, | of Meander line Antenna [35].
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4.3.3 Rectangular Waveform

For UWB transmission signal waveform, the rectangular passband waveform [36]
is considered as the UWB transmission signal. The expression of UWB transmission
signal (Vy) in time domain frequency domain are given by eq. (4.1) and eq. (4.2).
respectively. The transmitted signal waveform and spectrum of UWB are shown in

figure 4.5. And figure 4.6.

1 . .
v, = f_b[fH sinc(2f, )= fi sinc(2f; D) (4.1)
A
7l R AT b
Vil 2
Vi(f)= I (4.2)
'\ Zb.
ol -4
Where ¢ is the time
A is maximum amplitude

o is frequency
fH is maximum frequency [10.6 GHZ]

5 is minimum frequency [3.1 GHz]
K is occupied bandwidth [7.5 GHZ]

J. s center frequency
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Figure 4.5 Rectangular passband waveform in time domain.
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4.4 Simulation Parameters

The important parameters of measurements are listed in table 4.1. It is note
that the calibration of VNA was done at the connectors of the cables to be connected
to the antennas, in the frequency range from 3 GHz to 10.3 GHz and the number of
measure frequency point per sweep 801. Therefore, all impairments of the antenna

characteristics are included in the measurement results.

Table 4.1 All important parameters of experiments.

Parameter Value

Frequency range 3 GHz to 10.6 GHz
Number of point 801 points
Antenna type Meander line
Antenna polarization Horizontal
Intermediate frequency (IF) 2.5 MHz

Tx antenna height Im

4.5 Measurement Model

In this part, the measurements were described the details of measurements
setup, It can be possible to send 2 data at the same time by connecting Tx antennas
to Rx antenna. The double transmitter and a single receiver were set in horizontal
plane and used as middle line antennas. The transfer function were measured by using
VNA.

Table 4.2 Antenna height and the distance of Tx and Rx antennas on human body.

position Tx antenna height Distance of Tx and Rx antennas
1 1.3 m 0.3m
2 1.38 m 0.38 m
3 1.2m 0.23 m
4 0.8 m 0.2m
5 0.4m 0.6 m
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The measurement were carried out using a four-port VAN, which applied to
measure magnitude and phase of the transmission confident. The VNA was operated
in the response measurement mode where portl and port 2 were transmitter receiver
ports, respectively. The full 2-port method was utilized to calibrate the analyzer to
suppress the noise level and improve the sensitivity and accuracy measurement. In
the measurement, both of Tx and Rx antenna are meander line antennas (SMT-
3TO10M-A) by Skycross company, which are commercial antennas involved and design
for on-body communication. During the measurement campaign, the antenna were
attached to a human body, the double transmitter antennas (Tx), Txw)) were placed at
left and right sides of chest, shoulder, elbow, wrist, knee of each pair on human body
positions, respectively. A receiver antenna was attached to the navel on a human
body, like measurement model in figure 4.7. The distance between Tx and Rx antennas
height are shown in table 4.2. In addition, this work was experimented in an indoor
environment at the empty room of 12 KMITL building without other wireless sources
and anybody in order to ensure the statistically stationary of channel propagation as

shown in figure 4.8.

4.6 Summary

The main purpose of this chapter is to make the concept of UWB-WBAN. Which
is introduced the experiment and equipment in this thesis. The measurement setup
was done by using VNA, UWB meander line antennas and others equipments. Finally,

the results discussion will be explain in chapter 5.



CHAPTER 5
RESULTS AND DISCUSSION

5.1 Introduction

The measurement results for the parametric channel modelling by using
meander line antenna at the transmitter and receiver are given in this chapter. The
results of experimental based on measurements data consist of the antennas were
placed at difference positions on the body to compared single and double
transmission waveform results. As the results will be shown channel transfer function
(magnitude and phase), path loss, received waveform in case of within and without
matched filter, power delay profile and bit error rate are compared of single and

double transmission waveform.

5.2 Magnitude and Phase of Channel Transfer Function
5.2.1 Magnitude
This section describes the related results of channel transfer function and
phase, as a magnitude response of chest, shoulder, elbow, wrist and knee positions,

respectively. The measured |SZ,| is actually the multiplication of transfer functions of

Tx and Rx antennas which are separated by 30 cm, 38 cm, 23 cm, 20 cm and 60 cm
from navel (Tx) to 5 positions on body (Rx, as mentioned above), respectively. Hence,
we can observe the double transmitting antenna is higher than the single transmitting
antenna as shown in figures 5.1 to 5.5, respectively. Therefore, the investigated and
provided double transmitting signal waveform can be improved a side effect caused
by the body. From results, the magnitudes of channel transfer function between single
and double directional transmission on ‘chest position are difference based on

frequency characteristics.
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Figure 5.1 The comparison of channel transfer function between single and double
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directional transmission on shoulder position; magnitude.
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Figure 5.5 The comparison of channel transfer function between single and double

directional transmission on knee position; magnitude.

Table 5.1 Comparison of single and double channel transfer function; magnitudes

Magnitude Max (dB) Magnitude Min (dB) | Magnitude Mean (dB)
Fesiion Single Double Single Double Single Double
1 -47.89 -23.86 -63.88 -57.86 -55.88 -40.86
2 -25.82 -18.41 -66.6 -60.58 -46.21 -39.49
3 -22%5 -16.32 65,13 -59.71 -43.99 -38.01
4 -26.59 -20.23 -62.33 -56.31 -44.46 -38.27
5 -24.7 -17:79 -72.34 -66.32 -48.53 -42.05

From table 5.1 the comparison of single and double directional transmission

channel transfer function in magnitudes to know that double directional transmission

better than single directional transmission at all positions.

5.2.2 Phase

In this section, the comparison of single and double transmitting antennas are

performed based on the results presented from figure 5.10 to 5.14 shows phase results

between single and double directional transmission waveform of frequency transfer

function of channel at position number 1 to 5, respectively. Results shows that almost

phase results are linear from 3 GHz to 9 GHz, caused from the characteristics of the

antenna accepted the corresponding frequency.
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Figure 5.10 The comparisons of channel transfer function between single and

double directional transmission on knee position; phase.

5.3 Path Loss of Channel Transfer Function

The path loss, which is given by the ratio between transmitted and received
power is directly calculated from the measurements data, averaging over the
measured frequency transfers at each frequency points,.and it can be represented as
a function of the distance between transmitter and receiver. Figure 5.12 shows the
single waveform transmission of each position on body. For the results, we can see
that path loss on chest position is the lowest.and on knee position is the highest when
compared with other position as ‘shown ‘in table 5.2, The double transmission
waveform loss result shows in figure 5.13.. The result on chest position is also higher
than other position. For the measurement setup proposed, the antenna radiation
pattern is a function which weight the path loss and the distance between the Tx and
the Rx are lengthy distances. This is why for the chest position of measurements from
both of single and double transmission waveform are higher. Moreover, it can know
that the measuring of double transmitting antenna reduces path loss calculation is
higher than a single transmitting antenna. However, the path loss is increased the effect
may come from environment and human body absorption.
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Table 5.2 The single path loss and the double path loss values of each position on

human body.
Position Antenna Distance Single Double | Difference
height of Tx and | Path loss | Path loss (dB)
Rx (dB) (dB)
antenna
1 130 cm 30 cm 315 25.5 6
2 138 cm 38 cm 36.1 25.5 10.6
3 100 cm 23 cm 36.8 30.8 6
a4 80 cm 20 cm 38.5 324 6.1
5 40 cm 60 cm 46.9 40.9 6

From table 5.2 the single path loss and the double path loss values of each
position on human body. We can particularly see the path loss of each pointing as a
single and double results, for the same point of a single transmitted waveform have
most path loss than double transmitted waveform.

5.4 Power Delay Profile (PDP)

Power delay profile were produced by averaging all impulse responses. Figure
5.29 show the power delay profile of UWB-HB with difference positions in 3D. Which
consists of the Tx and Rx antennas of each position. The figure shown that the received
signal power will be greatly increased when using double transmission waveform. We
can particularly see the frequency characteristic of transfer function and received
power at the position 1.is highest, due to the Rx antenna is closer Tx antenna than
other positions. The effect of human body shadowing on the UWB antenna
propagation, signal level at each pointing down. The lowest level of the signal due to
the refection on human body surface and the structure of the antenna. However, the

received signal power is increased or decreased when Tx and Rx antennas are near
filed.
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Figure 5.13 The power delay profile of UWB-HB with difference positions.

5.5 The Received Waveform of UWB-HB Transmission

5.5.1 Single and Double Received Waveform

Comparing the results of the received waveforms of UWB-HB transmission in
figures 5.14 to 5.18, respectively. The received waveforms between single and double
transmission waveform. of 5 positions on human body are difference based on
frequency characteristics. In the case of double received waveform, the peak
amplitudes are higher than the peak amplitudes of single received waveform.
Furthermore, the UWB-IR communication system of the double transmission waveform

can be improved the received waveform than single transmission waveform.
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directional transmission on knee position.

5.5.2 Matched Filter Received Waveform

From the results of improvement by using matched filter and transmitted

a7

template. The amplitudes of the output received waveform with rectangular passband

transmitted waveform satisfying the FCC spectral mask for indoor and outdoor limit is

shown in figure 5.19 to 5:23. The peak power of received waveform on chest position

is satisfied 61.9 mV as a highest amplitude is shown in figure 5.19. For the lowest

position is satisfied 32.7 mV on knee position is shown in figure 5.23. As the figure 5.24

and 5.25 are shown the amplitudes of signal waveform at the output of matched filter

when compare with without matched filter at the body positions (1 to 5). From these

figures, the peak amplitudes of matched filter has less distortion compared with single

and double received waveform. Because there is no effect of transmitter and receiver

antennas.
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5.6 The Evaluation of UWB-HB Transmission Performance between Single
and Double Directional Transmission on Difference Positions.

This section; evaluated the BER performance of UWB-HB transmission are
shown. All of these parameters are based on the regulation of WBAN (IEEE802.15.6).
The BER of UWB-HB. transmission is compared between the single waveform
transmitted and the double waveform transmissionof each position on human body
are shows in figure 5.24 to 5.28, respectively. It can be seen that the BER is accepted
to 10 for UWB communication system. The BER of double transmission waveform is
lower than the single transmission waveform about 6 dB of E,/N,. Due to the
optimization of waveform distortion has been compensated by using double
transmission waveform. So it can be confirmed that the performance of provided DWT

is a solution to be used on WBAN transmission waveform.
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5.7 Summary

This chapter is shown the results base on measured data the results
described above, and also presented the real results of the measurement in an indoor
environment. The measurement carried out the single and double transmission
waveform of each position en human body, the results of experiment are shown and
compared between single and double transmission waveform of magnitude of channel
transfer function, phase of channel transfer function, path loss, received waveform,
matched filter received waveform, power delay profile and bit error rate. The
characterization of transmission loss an indoor in UWB-IR system can be improvement
by using matched filter at the receiver side, this approach is more useful to design and

evaluate the UWB-IR wireless systems.



CHAPTER 6
CONCLUSIONS AND FUTURE WORKS

6.1 Conclusions

This thesis presents an experimental study of UWB-HB impulse radio
transmission with double direction transmission waveform. The accuracy of the
extension of Friis” transmission formula for UWB channel based on measurements is
evaluated. Its applicability in the Fresnel and far-field region was also experimentally
studied. The observed error in the Fresnel region is caused by the radial field. In
addition, the distortion of the extended Friis’ transmission formula is very low and is
better than the original Friis’ transmission formula both in the Fresnel and far-field
regions. More comprehensive studies are necessary though, to consider the type of
antennas (size and current distribution) and to find how to compensate this error. To
know the individual antenna parameters, three-antenna measurement was introduced
to calibrate the measurement system. Some typical UWB antennas were evaluated by
using this proposed technique. The evaluation method of the UWB transmission gain
link budget was presented, which includes the transmitted waveform, the antennas,
free space propagation, and matched filter receiver.

A general obtained are shortly summarized. The data analysis results are that
introduces the concept of measuring single and double transmission waveform by
using the application of Friis’ transmission formula in BAN-UWB channel systems, which
is introduced the receiver matched filter to get the maximum SNR. The connectivity
and propagation characteristics in- BAN .composed by 5 positions (chest, shoulder,
elbow, wrist, and knee) at transmitters and 1 position is fixed on center (navel) of
human body at a receiver. A number of measurement have been undertaken in the
last few years to characterize the spatial UWB channel. In most of those studied, the
objective is introduced double transmission waveform of UWB-HB in this master thesis.
For realizing a reliable UWB-IR communication in WBAN, we have improved the
received waveform distortion by introducing matched filter at the receiver side. The
simulation and measurement results of each position on human body is investigated
the performance of transmission waveform by using double waveform transmission.
The both of transmitter and receiver are meander line antennas. Based on these
definitions, the double waveform transmission can obviously improve performance of
UWB-WBAN systems than single transmission waveform. The characterization of
transmission loss an indoor in UWB-IR system can be improvement by using matched
filter at the receiver side, this approach is more useful to design and evaluate the UWB-

IR wireless systems.
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6.2 Future Works

At the recent, many researchers are interested in the wireless communication
technologies. The UWB-WBAN channel models for future measurements. We
recommend to take place in expected WBAN utilization areas, such as hospital or
elderly care or residential homes. Moreover, the measurements on different models
i.e. when a patient sitting (as in figure 6.1) or lying on the bed (as in figure 6.2), more
number of volunteers, different environments, human body movement and other

body positions will influence the parameters of the models.

Figure 6.1 WBAN in medical application (1).

Figure 6.2 WBAN in medical application (2).
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A Path Loss Model on Body for BAN-UWB

Phouthong Southisombath’, Sathaporn Promwong®, Khamphoui Southisombath’
! International Collage
? Department of Telecommunication Engineering. Faculty of Engineering
King Mongkut's Institute of Technology Ladkrabang, Bangkok 10520, THAILAND
* Department of Electronic and Telecommunication, Faculty of Engineering, National University of Lao, LAOS

Abstract

This paper presenis a path loss models for body area nelwork ultra wideband (BAN-UWB) with different
body mass index (BMI). The rectangular passband waveform is used as transmitted waveform. The body
transfer functions are measured by using vector network analyzer (VNA) at frequency ranging from 7.25
GHz to 8.5 GHz. The path losses based on average and peak power losses are evaluated. The linear
regression model is used to characterize the path loss parameters. This technique is useful as the basis
for designing the evaluation of UWB systems and WBAN.

Keywords— UWB, BAN, WBAN, path loss, impulse radio

1. Introduction

Big frequency band of wireless technology is
UWB technology that new idea for body area
network. The UWB are low power and high specd.
BAN-UWB is a promising new application because
of its potentiality in different works such as health.
sport, monitoring, multimedia, surveillance,
entertainment and data transfer [1]. In addition, the
channel model including antenna is necessary for
BAN-UWB [2]. There are some researches that
model the BAN-UWB channels such as [3, 4]
However, there are no research that considers the
effect of body mass index (BMI).

This paper, evaluated path loss models of BAN-
UWRB. The rectangular passband waveform is used as
transmitted signal. The on-body channel transfer
functions were measured using vector  network
analyzer (VNA) frequency ranging from 7.25 GHz 1o
8.5 GHz. The meander line miniature antennas were
used as transmitter {Tx) and receiver (Rx) antennas.
The path losses based on average and peak power
losses are evaluated, The linear regres sion model is
used 1o characterize the channel parameters. The 8
sample bodies with 10 positions of each body were
considered. The effect of BMI is considered.

2. BAN-UWB analysis
2.1. Transmitted wavform of BAN-UWB system

The rectangular passband waveform used for
BAN-UWB system, the expressions of this waveform

in time domain ¥, and its spectral density Vtare [3)

" Corresponding author: Tel.: (+66) 971-581-819
Email: tity_sout@hotmail.com
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V'(‘,)=;l"[f.,sinc(zf,,:)—f.,sinc'(?fu)] m

JALIR P2 e

zngfi"s"f

A= @
0 af—j: >'€3?-

where £ is the time, [ is the frequency, [, is
the center frequency, f, is the spectral bandwidth,

the
is' the highest frequency and

S B il 2 s lowest  frequency,
Ju =l ¥/ 2

function sinc{x) = sin{7rx)/ (:rx) :

2.2. Receive waveform of BAN-UWBRB

The power spectral density (PSD) of received
waveform J, is calculated by using multiplication

berween channel transfer function /H_ =(f,d)

obtained from measurement and spectral density of
transmitted waveform

V()= H (S )V (S)

The received waveform in time domain v, is

3)

calculated by using inverse Fourier transform of its
spectral density and it can be written as

"

v ()= F "{V, (f)} = j V.(f)e  dr (@

il
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2.3. Path loss model

For UWB-WBAN, there are two defimtions of
path losses: based on avernge and peak power losses.
The path loss based on average power loss P/, indB
is defined as the ratio between the average power of
transmitted and received

[Fer
PL,[dB]=10log| ==—o —

=

Jv(r)a

3

The path loss based on peak power loss p7, in
dB is defined as the ratio between the peak power of
transmitted and received waveforms in time domain
and it can be written as

max| v} (1)

PL,[dB] = 10log (6)

max| v/ (z)

Linear regression is used 10 model the path l[oss.
The average path loss P/ in dB expressed as [6- 9]

f;i(d)[db‘] = PL (do){dli']-i- 108 !()g(-g-} (7)

&

where d, is the reference distance, o s

distance between Tx and RXx antennas, 7 is the path
loss exponent which indicates the rate at which the
path loss increases with distance between Tx and Rx
antenpas, The parameters 71 and  Pl(g))  are

evaluated by using least square method of linear
regression model between parameter 7L and log(d)

and determine o~ 1 meter.
3. BAN-UWB measurement system

The body transfer function was measured by
using VNA frequency ranging from 7.25 GHz to 8.5
GHz. The meander line miniature antennas were used
as Tx and Rx antennas. The 8 sample bodies with 10
positions of each body were considered. The position
on each body is shown in Figure 1. The parameters of
measurement are list in Table |.
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The men and women bodies were measured and
classified by using BMI into three body types, which
are thin and fat. The BMI values of men and women
are listed in Tables 2 and 3, respectively. The path
losses based on average and peak power losses are
evaluated and modeled.
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Fig.1 Mensurement Setup
Tabfe 1. Parameter of Eperiments
Parameter Value
Frequency range 725 GHzto 8.5 GHz
Number of points 801
T. and R, antennas Meander line
Number of samples 4
Table 2. BMI values of men cases
Body Height Weight BMI Body
cases (em) ke) type
Thin 173 53 17.7 Thin
179 S8.5 18.3 Thin
Far 168 30 29.4 Fat
170 80 27.7 Fat
Table 3. BMT values of women cases
Body Height Weight BMI Body
cases {em) (kg type
Thin 164 49 18.2 Thin
168 43 15.2 Thin
Fat 155 58 24.1 Fat
149 50 27.7 Fat
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“ig. 3. Path loss of fat man cases

4. Result and discussion

In this section, the BAN-UWB channel with
linear regression models of path loss based on both
average and peak power losses are evaluated and
shown. Figures 2 and 3 shows the path loss models of
thin and fat men, respectively. The average
differences between path losses based on average and
peak power losses are about 1.37 dB and 3.98 dB,
respectively. The difference between theses path
losses indicates the waveform distortion. Therefore,
the distortion of thin is lower than fat man.

The path loss models of thin and fat women are
shown in Figures 4 and 5, respectively. The average
differences between path losses based on average and
peak power losses are about 1.62 dB and 1.32 dB,
respectively. These results reflect that the fat women
has lower distortion than thin woman. Different as the
man case. In this case, the distortion of thin and fat
bodies has no much difference. Except the fat men, it
has significant high distortion.
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Fig. 5. Path loss of fat woman cases

For the parameters of BAN-UWRE channel, the
path loss ar referent distance (1 m) of men and
women are shown in Tables 4 and 5, respectively.

Table 4. Path loss at referent distance of men cases
Body cases Average peak
Thin 70.03 72.45
Fat 74.83 $1.84

lable 5. Path loss at referent distance of woman
cases

Body cases Average Peak
Thin 70.90 73.93
Fat 71.00 74,03

Tables 6 and 7 list the path loss exponents of
men and women respectively. Same as the path loss
at referent distance, the path loss exponents of men
bodies is lower than women cases.
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Table 6. Path loss exponent of men cases

Body cases Average Peak
Thin 2.50 2.74
Fat 1.90 2.59

Table 7. Path loss exponent of women cases

Body cases Average Peak
Thin 267 2.99
Fat 2.48 2.83

5. Conclusion

This paper presents path loss models for BAN-
UWR with different BMI. The thin and fat bodies are
considered for both men and women cases. The
results show that the thin man bodies have lower than
fat bodies loss, and the fat woman bodies have a little
lower loss than thin woman, path loss at referent
distance and path loss exponent. The different effects
between men and women bodies are not significant.
For the future work, we will consider the number of
people in the measurement will mcrease so that
results are more reliable and BAN-UWB localization.
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Abstract. The waveform distortion in an ultra wideband impulse radio (UWB-IR) transmission can
be extremely distorted through a channel transfer function even for free-space transmission because of
antenna dispersion. Therefore, the understand of antenna characteristics, which effects on waveform
distortion, is necessary. This paper presents the waveform distortion analysis for UWB-IR transmission
and wireless body area network (WBAN) applications based on measurement data. The reciever template
waveform is considered at the receiver side to maximize the SNR. In this results are evaluate based on
the extended Friis’ transmission formula. This technique gives very accurate results and is very useful
for evaluation of UWB-IR and WBAN.

Keywords: Waveform Distortion, Impulse radio, UWB, WBAN, Friis’s transmission formula

1. Introduction

The distortion of the signal in the frequency domain causes the distortion of the transmitting pulse shape.
Consequently this will increase the complexity of the detection mechanism at the receiver. However, the
channel in line of sight (LOS), Friis” transmission formula cannot be directly applied to the UWB radio
as the bandwidth of the pulse is extremely wide. Furthermore, simple comparison between waveforms

of transmitter and receiver is not significant because of the distortion of the waveform caused by the
frequency response of the antenna.

In this paper, the computational scheme in free space for UWB-IR. This scheme is based on the Friis®
transmission formula, adapted for UWB, in the sense that we would like to derive the equivalent antenna
gain for UWB-IR systems. The transmission waveform and the receiver template waveform are keys for
The extension of the Friis” transmission formula to UWRB system.

2. Computational Analysis of Waveform Distortion

In communication systems, the link budget of the free space propagation Joss is usually estimated by
using Friis” transmission formula {1]. This formula is expressed as a function of the frequency. Moreover,
the waveform may be distorted due to the frequency characteristics of the antenna.

The Friis” transmission formula has been widely used, and can be applied to the calculation of these
LLOS channels.

The Friis” transmission formula shall be extended to take into account the transmission signal wave-
form and its distortion as well [2].

Input signal vi(s) at the transmitter port is expressed as the convolution of an impulse input and the
pulse shaping filter #4(0) as

vilt) = Eio(1) = (1), (43

where

f R ()dt = [ H(OP df = 1. 2)

N
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Friis” formula is extended taking into account the transmission waveform as

V,
Hovan(n) = L~ e, - m, @3
“i
where
H, = H,0,, Ya. f)
= BuHuOu, Gar )+ PuHap B, @an ), (4)
a = rort,

1s a complex transfer function vector of the antenna relative to the isotropic antenna,

A ;
Hy = maxp{-—jkd). (&)
is the free space transfer function where
2
k= Ql (6)

is the propagation constant. The received waveform o.(z, &) can be found by using
ot d) = 1) ® hyiis (2, ), ¥))

where v(s) is the transmitted signal waveform, & is the convolution operator, Ayis(7, d) is the impulse
response of the extension of Friis’ formula defined as:

Pt d) = 7 {Hyis( S, ). (8)
where F'{-} is the inverse Fourier transform.
3. Experimental Evaluation of Waveform Distortion for UWB-IR

The impulse radio signal that fully covers the FCC band 3.1 ~ 10.6 GHz [3]. The center frequency and
the bandwidth were therefore set to be fy = 6.85 GHz and fi, = 7.5 GHa, respectively. The transmit
waveform assumed in the simulation was a single ASK pulse with the carrier frequeney fi. To satisfy

27 ], . _—
the bandwidth requirement of fh, the pulse length was set to be 7 Then the signal was band-limited by
b

a Nyquist roll-off filter with roll-off factor @ = 0 (rectangular window) and passband ( Jo— % Jo+ %)

The transmission process of the pulse waveform is simulated based on the measured transfer function of
the antenna.

The vector network analyzer was operated in the response measurement mode from 3 GHz to 11
GHz, where port-1 was used as the wtansmitter port and port-2 was used as the receiver port,
respectively. The measurement was done in an anechoic chamber to simulate free space. Both Tx and
Rx antennas were fixed at the height of 1.72 m. We have chosen the biconical antenna for Tx and Rx
antennas.

The largest dimension of each Tx and Rx antennas are the inclined height D, = 1), = 75 mm. The
largest dimension of the antenna considering the field regions are 12 = D, + D, = 150 mm. Then, 0.3
and 0.4 m TR separation distances are chosen for the Fresnel region, while 1.6 and 2.0 m TR separation
distances are chosen for the far field region. The practical maximum measured distance, 4 m, is chosen
as reference distance 1o estimate the accuracy of the antenna transfer function. The Tx and Rx antennas
are assumed to be identical.
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The rectangular density spectral waveform covering the FCC band, that is 3.1 GHz to 10.6 GHz is
used to test the distortion of the received UWB waveform. This waveform is expressed by
I . . . ‘
v(1) = ——————| frax$InCA2 fraxt) ~ frmin$0e(2 fmin O], 9)
Jmax — Smin
where fmin = 3.1 GHz is the minimum frequency, fmax = 10.6 GHz is the maxmimum frequency and
sinc(x) = sin(rx)/(mx).

4. Results and Discussion

The transfer function of Tx and Rx antennas are estimated by using the channel transfer function at 4 m,
assuming that these antennas are with identical transfer function. Figures 1 and 2 show the magnitude
of the transfer functions measured at 0.3 and 2.0 m distances. In Figs. 1 and 2, the measured values
are compared with the predicted and complex form Friis” transmission formula. Both results are almost
identical in the far field region, but the differences of magnitude are observed in the Fresnel region. We
can clearly see that in the Fresnel region, the measured magnitude results are greater than the predicted
magnitude results. This is due to the radial field in the Fresnel region. In the far field region, the radial
field can be negligible.

Figures 3 and 4 the received UWB-IR, by using the measured transfer functions and those predicted
by using the complex form Friis’ transmission formula and the antenna transfer function. We can see
a little difference between the measured and the predicted waveforins in the Fresnel region. In the far
field region on the other hand, the received waveforms are almost the same. Figure 5 shows the path
loss between two received UWB waveforms corresponding to the measured and the predicted transfer
function at a distance of 0.3 m and 2 m. The path gain is more obyious in the Fresnel region. Figure 6
shows the correlation between two waveforms corresponding to the measured and the predicted transfer
functions. It has higher distortion in the Fresnel region. While in the far field region, the distortion is
very small.

5. Conclusion

This paper. computational of waveform distortion based on Friis” transmission formula in complex form
has been experimentally studied to consider the UWB-IR transmission waveform. The error of the
channel transfer function and path loss are observed in the Fresnel region caused by the radial field. More
comprehensive studies are necessary to consider the type of antennas (size and current distribution) and
to find how to compensate the error.
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