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Abstract

The boost in the number of mobile users and automated devices has led to urge of high speed communication with
low power consumption devices. Another demand is the uninterrupted communication. This has led to the evolution
of a technique referred as Ultra Wideband (UWB). UWB is capable of providing very high data rates and has very
low power consumption. This technique relies on carrier less transmission of data in the form of pulses over a wide
bandwidth and is mainly suited for short range applications. The short pulses add to the robust performance in the
presence of multipath effects. Low spectral power density permits amalgamation of multiple signals and also
interception. Due to numerous benefits, UWB finds it usefulness in many areas such as wireless communication, radar
imaging, medical and indoor positioning. The paper aims to provide an overview of UWB standards, characteristics
and applications.
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Introduction

Internet has become an integral part of human lives. The need of net connection has become a necessity. Nowadays,
the public places are installing modems to attract customers in the name of free Wi-Fi. But there are some requisitions
such as high data rates, noise free voice communication over data and low power consumption. Most wireless
applications work on narrowband signals, which have low data rates. Also, some technologies are not interference
free except few. The Wi-Fi devices installed at homes cannot cater to the need of the person who is little far from the
device, due to multiple walls between them as the concrete structure poses strong resistance to the flow of signals.
Next, in offices there are numerous electronics gadgets that are connected to wireless device and each demanding high
data rate which is a problem as the narrowband signals have less data speed. Also increase in number of users mean
dividing the spectrum into several bands which further reduces data speed. Moreover, in large warehouses it becomes
very difficult to track the position of the workers for efficiency monitoring. Subsequently, in hospitals a patient is
loaded with the wires from the medical equipments which monitor their vital statistics. Lastly, voice or cell phones
controlled consumer electronics has picked up pace in recent times. For the household equipments to respond in real
time a strong internet connection is a mandate. A simple solution to all the above problem lies in a rising technology
named as Ultra Wideband (UWB).

UWRB is a spread spectrum technique that has gained importance in a very short while. The revolutionary feature of
this technique is very high speed and low power consumption making it apt for short range communication [1]. It is
also referred as impulse radio UWB (IR-UWB) as it transmits in the radio wave ranges over a large bandwidth, thus
utilizing the scant resource efficiently [2]. The data at the UWB transmitter is directly modulated in the form of very
short pulses, hence the name impulse. Due to the very small time period, the bandwidth occupied is huge. The UWB
has been allotted the unlicensed spectrum (3.1GHz-10.6 GHz) for its deployment but as services like GPS, Bluetooth
are already exploiting the same band, power of UWB waves has been limited so that it does not causes interference to
the existing applications. It has very low power spectral density, even lower than white Gaussian noise as can be seen
from the Fig.1. The narrowband and spread spectrum techniques transmit data having high power and so are not
affected by wideband signals.
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Fig.1: Frequency Spectrum of Ultra WideBand Signal

Ultra wideband is different from other narrowband schemes in terms of signal properties. Firstly, UWB transmits the
data on a very wide bandwidth (GHz) as compared to the narrowband transmission employed by other schemes. The
order of bandwidth used by UWB is in GHz. Secondly, the other multicarrier techniques either employ frequency,
phase or power factors as a carrier for sending of data but UWB transmits data in the form of short pulses of approx
Ins duration thus making it pulse-position or time dependent technique. Next, in IR-UWB no carrier is required and
the data is directly modulated and transmitted over the channel [2]. Lastly, the hardware requirement is very less as
compared to other techniques. Power amplifier is a very power hungry device which has no place in UWB transmitter
as the signal strength required is very low. Due to omission of carrier, frequency mixer blocks are not essential. Thus,
the overall cost is pretty much less.

Ultra wideband technology has several benefits that make it a viable option for multiple applications. First, the short
pulses have a small delay spread and the reflection by surrounding objects are dealt by the communication channel
itself so it does not pose any problem at the receiver [3,4]. Also, the multipath signals can be combined at the receiver
to provide increase in gain. The signal can pass through the walls with limited loss of signal strength thus can provide
internet access in every nook and corner of the house. Second, the term ultra-wide signifies that the signal occupies
vast bandwidth and thus has very high data rates. In crowded places, multiple users can access the source by employing
multiplexing techniques such as code division multiplexing. Next, the short pulse has a large range of sight and thus
is beneficial for accurate positioning of targets in large compounds such as a warehouse or an office building [5]. The
portable transmitter can be provided to the worker and then movement can be tracked using receivers placed at specific
height at suitable locations. Moreover, the exact position calibration feature can provide a solution to monitoring the
patient without long wires. A transmitter can be installed above the resting place of the patient and any movement due
to respiration can be noticed by the device which can be communicated to the control computer center or sensors can
used to read the statistics of the patient. This finds great use in body area networks (BANs) [6]. Additionally, UWB
satisfies all the requirements for real time communication in smart homes such as high data speed and long range
connectivity [7]. Finally, due to low power spectral density the effect of waves on living beings is negligible which,
is a remarkable advantage as research is pointing out the ill-effects of rays from mobile phones, base stations and
microwave devices on humans.
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Fig. 2: Applications of Ultra Wideband Technology

The multiple advantages of UWB pave a way for the usage of the technology in various fields such as Smart Homes,
Medical Services, Radar Imaging, Smart Offices and Tracking [8] as shown in Fig.2. Each application has a
requirement of high data rates, multiple access, low power consuming device and efficient short range communication.
The applications are discussed in detail later in the paper. The paper is organized as follows. Section 2 deals with the
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Standards and Regulations defining the specifications and limitations of UWB technology. Next section talks about
the characteristics of technique. In Section 4, applications are elaborated. Lastly, the paper is concluded in Section 5.
Standards and Regulations

Ultra Wideband technology became an area of interest to scientists and researches owing to its multiple advantages
but the permit of usage was not sanctioned due to the technical issues such as interference with the already existing
GPS and other military applications. But due to continuous appeal, in early 2000’s, the Federal Communication
Commission (FCC) stated guidelines for the UWB usage [9]. According to the guidelines any signal having bandwidth
greater than 500 MHz or having fractional bandwidth more than a quarter of center frequency will be categorized as
Ultra Wideband signal [10]. The power spectral density for indoor usage was limited to -41.3dBm/MHz, additionally,
a slot of 7.5GHz between the unlicensed band 3.1 GHz and 10.6 GHz was allotted to UWB signal for wireless
communication. This was not an issue as UWB has very low power densities in comparison to other narrowband
signals using the unlicensed band.

The European Telecommunications Standards Institute (ETSI) followed FCC but with certain stricter conditions [12].
Instead of one single band, two bands were defined by ETSI, a lower band from 3.1-4.8 GHz and upper band from 6-
8.5 GHz. For frequency band 3.4 and 4.8 GHz, UWB systems should follow detect and avoid (DAA) principle, which
states that the device should look out for any narrowband signals in the band and only if no transmission is detected
can the UWB device operate. However, for higher frequency bands DAA can be avoided but power density was
limited to -41.3dBm/ MHz. In 2005, The Ministry of Internal Affairs and Communications (MIC) in Japan also
recommended the use of two sub-bands, where the lower band range from 3.4-4.8 GHz and upper band ranges from
7.25-10.25 GHz [13]. DAA condition is necessary for the low band usage. The Electronics and Telecommunications
Research Institute (ETRI) reduced the permissible limit of power spectral density in Korea. Further, band allocated
for various applications are listed in Table 1.
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Fig. 3: Ultra Wideband Spectrum Allotment and Limitations [11]
Table 1: FCC Regulations on Ultra Wideband Frequencies
S. No | Applications Bandwidth Allotted Usage
1 Communications and Measurement 3.1-10.6 GHz Wireless transmission
and Sensors
2 Vehicular Radar 24-29 GHz Collision avoidance,
Airbag Activation
3 Ground Penetrating Radar 3.1-10.6 GHz and below | Research Institutions,
960 MHz Mining, Detect buried
objects
4 Wall Imaging 3.1-10.6 GHz and below | Law Enforcement,
960 MHz Construction
5 Through Wall Imaging 1.99-10.6 GHz and below | Detect Location, Fire
960 MHz Rescue
6 Medical Imaging 3.1-10.6GHz Medical Personnel
7 Surveillance 1.99-10.6 GHz Public Utilities, Industry
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The two IEEE standards 802.15.4-2015 and 802.15.6-2012 further define the characteristics of the physical UWB
layer in terms of modulation techniques, number of channels, data rate [14, 15]. The comparison of the two standards
in presented in Table 2.

Table 2: Comparison of IEEE Standards

Parameter IEEE 802.15.6-2012 IEEE 802.15.4-2015
Modulation Technique On-Off Keying, Burst Position Modulation-BPSK
Differential BPSK/QPSK
Number of Physical Layers 3 18
Ranging No Yes
Max Data Rate 15.6 MHz 27.24MHz
Encoding BCH RS, Convolutional
Frequency Channels 11 16
Bit Interleaving Yes No

The standard can be chosen according to the application and the requirement of the user.

Characteristics of UWB

Ultra Wideband technology is empowered with wide bandwidth, high data rates and low power consumption. Some
of the main characteristics of UWB making it a favorable option for wireless communication are discussed in this
section.

a) Large Channel Capacity

According to FCC, any signal having bandwidth greater than S00MHz or has fractional bandwidth greater than a
quarter of center frequency is called as Ultra Wideband signal. Wide bandwidth of signal results in greater channel
capacity as the capacity of channel is directly proportional of bandwidth. Channel capacity can be defined as the
number of bits transmitted per second over the channel. The capacity of UWB can be given calculated from Shannon’s

Theorem as
[P(af

[ Nodf
Where, C denotes Channel Capacity, B is the Bandwidth, P is Signal Power and N signifies Noise Power. Thus with
increase in capacity, data rates of the order of gigabits per second (Gbps) can be attained but due to limitation imposed
by FCC only short range communications can avail the advantage. The high data rates assists in real time transfer of
data signals, key aspect for the successful operation of smart homes. With high bandwidth, the dependency of capacity
on SNR is less and hence UWB signals can survive even in noisy environments.
b) Carrier free Signal and Low Cost
Unlike most conventional schemes, IR-UWB directly modulates the data in the form of pulses for transmission. This
results in simple hardware requirement as many complex devices such as shaping filters, equalizers, digital to analog
converters, and frequency mixers are not required and thus accounts for low cost UWB systems. As UWB is employed
for indoor applications, power amplifier, which is a very power hungry device, is also not required at the transmitter
thus providing additional savings in cost and power consumption. The elimination of many hardware blocks also
reduces power requirement. Another benefit of low power is resistant to interception and detection. The eaves dropper
has to be in the vicinity for successful reception.
¢) Modulation Techniques
As UWB shares its spectrum with other narrowband and radio signals, to create negligible interference to the existing
devices modulation plays a major role. The data in UWB method undergoes pulse shaping in the first step. Pulse
Position Modulation (PPM) is employed for shifting of the pulses in time domain resulting in pulses of very small
time duration approx 1ns. The nanosecond pulses are impossible to detect as their time of arrival is difficult to predict
and thus is very useful in military for communications. However, some PPM sample may not carry any data and cause
interference. This can be diminished by spreading and randomizing the signal using pseudo-noise sequences. The
randomization of the signal is termed as Time Hopping (TH) [16]. Another way to reduce interference is to increase
the time period of the pulses. To enable multiuser transmissions, code division multiplexing is preferred as compared
to frequency division as the latter dissects the bandwidth available. Code division multiplexing segregates the user
based on the different coding patterns, enabling users to have all bandwidth available. CDMA also prevents the
interception of signal by nearby user as the codes are only known to the transmitter and receiver. Furthermore,
Orthogonal Frequency Division Multiplexing (OFDM) can be incorporated to avoid interference.

C =Blog, (1+
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d) Resistant to Multipath Fading and Jamming

The multipath fading is very severe in narrowband signals due to the destructive interference of Line of Sight (LOS)
and Non-Line of Sight (NLOS) signal. In an indoor atmosphere, many appliances or objects reflect the UWB signal
in all possible directions, thus multi-path fading is also an important factor in the performance of UWB devices. The
signals while traversing face delay spread but due to short pulse width, spreading is limited resulting in large coherence
bandwidth. So possibility of reaching of various components during the same time interval is very faint. Thus, UWB
signals are impassive to multipath fading as it posses large bandwidth. Additionally, the multipath components can be
combined at the receiver to increase the diversity gain. The UWB waves can also pass through walls as the lower
frequencies in the spectrum have large wavelength, hence can penetrate through variety of materials. Another
important concept is jamming of signals. Processing gain (PG) is a parameter used to define the jamming capability.
It is defined as the ratio of total bandwidth available to the bandwidth used by signal. As the jamming devices are
tuned to certain set of frequencies, UWB signals are never completely blocked as compared to narrowband signals.

Applications

Ultra Wideband is synonymous to carrier less, short pulse, high data rates and spread spectrum transmission. These
features enable multiple user signals and applications to run simultaneously over a given bandwidth. Many systems
integrate UWB technology to enhance the performance. The results further stimulate the research for its applicability
in other domains. Some of the main applications are elaborated below:

a) Radar Imaging and Tracking

Radar Imaging is a technique used to obtain images of objects falling in line of sight (LOS) of the signal. It finds
application in detection of wall, in vehicles, underground objects, mining and surveillance. Underground imaging also
finds its application in military for assessing the positions of landmines. Tracking deals with the identification of a
person or an object inside any boundary or in the vicinity. The short pulses in UWB assist in accurate distance and
position calculation with very good resolution which is a prime requirement for Radar systems. The wideband property
helps in differentiating between close kept objects and is immune to medium particles and interference. Vehicular
radar systems employ UWB signals with directional antenna to detect the presence of moving object, aiding parking
and avoidance of collision. In [17], author has presented a thorough survey of UWB and has also explained the position
estimation techniques such as angle of arrival, signal strength and time of arrival. In [18], author has implemented the
position system and calculated the accuracy of ranging which is reported to be less than 10cm for indoor and outdoor
environments. The author in [19], studied the effect of power variation on the ranging applications and results show
improved performance.

b) Communication

The dependency on internet has led to the installment of Wi-Fi devices in most public places, offices, industries and
houses. The attractive feature of UWB technology is that it transmits over the radio frequency bandwidth and
unlicensed band. The vast frequency range facilitates in providing high data rates over short distances. The operation
over low frequencies contributes to low attenuation and path loss. UWB signals can also be transported over wires
and cables [20]. The low power signals do not pose any resistance in the path of television, voice, data signals already
flowing through the wires and cables. In literature, various modulation schemes have been implemented to study and
improve the performance of UWB systems. OFDM technique has been applied for improved performance of UWB in
[21]. In [22], single carrier UWB (SC-UWB) has been implemented with frequency domain equalization (FDE). In
[23], author tried to calculate the bandwidth which can be least affected by multipath components in indoor
environment and came to conclusion that a bandwidth of 200 MHz is suitable for immunity to multipath fading. The
author in [24], studied the effect of multi-tone frequency shift keying on Ultra wideband signals. Research has also
been focused on suitable antenna for Ultra Wideband applications in [25, 26].

¢) Medical Field

The ultra wideband technology is a promising candidate in medical field for communication due to its low signal
strength. The low power of the signal is unaffected by the interference in the vicinity and jamming devices and also
has a very less impact on human body. For monitoring patient statistics, on-body and in-body sensors are implanted
which communicate to nearby control computer centre. The on-body sensor usually communicates about the saturation
level, heart rate, temperature and blood pressure of the patient. The sensors free the patients from the wires of the
medical instruments. In [27], the author has compared the performance of wireless body area networks (WBANSs) in
the presence of UWB devices and other wireless systems. In [28], the actual hospital dimensions were utilized to
model the channel and simulations were performed taking into account different receiver such as Rake, Energy
Detection receivers.
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Conclusion

Ultra Wideband (UWB) technique relies on carrier-less transmission and has benefits such as high data rates and
multiple access. In the paper an overview of the standards applicable to UWB technology in US, Europe and Korea
has been discussed. Also IEEE standards 802.15.4-2015 and 802.15.6-2012 has been compared based on modulation
techniques, interleaving, coding techniques and number of physical channels. A detailed information on the
characteristics of UWB technology has been layout. Additionally, some applications such as radar imaging, wireless
communication and medical services have also been dealt with. Inspite of having multiple benefits, the practical
implementation of UWB technique is not straight forward. Achieving giga bits per second speed is yet in theory only.
Also the signal is affected somewhat by multipath fading and poses some interference to other techniques. The antenna
design for UWB transmissions is yet to achieve perfection. These are some areas in which future research can be
focused upon.
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