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Abstract— In today’s high-tech “SMART” world, sensor-basedindustry, common examples are location-based né&syor

networks are widely used. The main challenge witteless-based
sensor networks is the underneath PHY (physicairlalin this
survey, we have identified core obstacles of wa®lesensor
network when UWB (Ultra-Wideband) is used at PHYela A

systematic approach is ustxrlassess the effectiveness of UWB for,

WSN (Wireless Sensor Network). Multiple informati@ources
(surveys, research papers, articles, books anditathsurveys)
were consulted. Our aim is to measure the UWB'scéffeness for
WSN and analyze the different obstacles allied withk
implementation. Here focusing on the core concefrsy.,
spectrum, interference, and synchronization) weestaour research
by reviewing existing solutions and end up with 6adings of the
new theories.

Our research concludes that despite all the beitlkesr and
challenges, UWB's efficient capabilities makes itadmactive PHY
layer scheme for the WSN, provided we can contntérference
and energy problems. This survey gives a fresht dtarthe
researchers and prototype designers to understartgt¢hnological
concerns associated with UWB'’s implementation.

Keywords 4mpulse Radio, Media Access Control, Ultra-
Wideband, Wireless Sensors Network.

1. Introduction

Throughout the last decade, our view and utilizatiof
information transportation both have drasticallyaiched.

imaging based applications [5], intrusion prevemtsystems
[6], surveillance [7], traffic radar systems [8]posts
monitoring [11], hydrographic systems, and othevil ci
infrastructure [12]. Due to UWB’s harmless effeattmuman
body, UWB is also found as an alternative to thkeot
Medias which may affect human body in WBAN (Wireles
Body Area Network). Due to these added values, Ugvan
active research topic in both the industry and the
government/military domain. Many famous labs, BTta
Ipswich London, US Army Research Labs, and DOCOMO
Research lab USA has active research projects oB.UWe
research about the physical layer (802.15.4a stdhdes
very promising results [13] and a precise PHY andQv
layer solution for (most of the) WSN applications.

From the recent research, it was observed that aidgke
advanced issues with the Wireless Sensor Netwoegk ar
related to Physical layer or Radio Layer. Comphiybwith
physical layer and low duty cycle are the essentfal a
WSN. Spread Spectrum and Narrow Band both have been
successfully implemented with the conventional meks,
Wi-Fi (802.11) and ZigBee (802.15.4) both standaads
based on Spread Spectrum but unfortunately wittsaen
network they have serious technical issues. Fomeia
ZigBee is a low power solution but it has suppaorithtion

Since the new era of communication technology etiart and does not support more than 50 nodes. Similtrbygh

UWB has been one of the leadings research topidhan

Wireless HART is a globally recognized platform hLtg

communication community [1], [2]. Researchers argompatibility with WSN’s protocols is an issue. Al8Vi-Fi

examining its effectiveness in various directioitiough

and Bluetooth both have very high power consumption

UWB can be used in a broad range of applicatiohs, tThese issues are not limited to, power consumpton

prominent one is the sensor network (e.g., WSN}E]

WSN'’s physical layer has many unique requiremeitts.

requires a simple energy efficient, robust link, light

transceiver but also at resource management (dihe targe
number of nodes). Narrowband on the other hand/fwasus
limitations. One of the major issues with Narrowtham MUI

transceiver  architecture, and simple but reliablemulti user interference) and data rate is alsoioser

synchronization. Last but not the least is overlergy

concern.

consumption by the network. Researchers has miltiplhability of Narrow Band and Spread Spectrum tdfifful
opinions on UWB's effectiveness. Some of them dd n@nodern wireless sensor network requirements, resear
think that there is any value behind this light BOW turned towards Ultra Wideband (UWB). Due to the low

communication alternative, but most of them areitpes
about its effectiveness. Outcomes of the literatimew that
UWB is a perfect platform for WSN-applications [§16].

transmission power, UWB signal does not interferigh w
Narrow band radio communication, also it saves ggnémnat
is the basic need of a wireless sensor node. Widlaband

One of the interesting quality of UWB communicationyas also found as an alternative for the short eadata

system is its low power consumption that makestitietive

communication both indoor and outdoor environments.

for both types of UWB, OFDM (Orthogonal frequency This survey starts with a technical background othb

division multiplexing) and IR (Impulse Radio). UWS’
implementation is simple and economical. Its rasisé to
interference with other systems and time domaioluéi®n
make it a perfect platform for wireless sensor mekw In

UWB and WSN systems, their design issues and key
requirements and their mutual constraints. The oéshe
paper is divided as follows. In section 3, comphiyb
between the two systems (UWB and WSN) is discussed.
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Core technology implications are explained in Swcty.
Section 5 wraps up this paper by highlighting opesearch
concerns.

2.  Technical Background

2.1 Overview of WSN

In wireless sensor networks, transceivers (paireith w
sensing circuitry) are used to transmit sensed deag.,
temperature and humidity) to the sink. Nodes cosasriof
transceivers (and other related circuitries) need be
inexpensive and less complex so that they can yeasil
deployed in any desired area. The goal is to trinsemsed
data to the hub reliably without any issue. Fort tleason
communication among nodes is usually in an ad-behibn,
and the communication infrastructure is not fixdaata
transmission from a source node to the destinatianWSN
may go via multiple hops, where some nodes havéeln
jobs, e.g., relaying. To design a wireless sensawark
following are the fundamental requirements. See Hh®
(high-level design) of WSN Figure 1.
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data rate requirements, design of WSN topology thalse
planned.

Hybrid Structure: Intelligent circuitry has made our
networks more intelligent than ever, today wirelesgaisor
network is used in a versatile fashion with muéipl
capabilities. Where some nodes are sensing tenuperat
others are measuring pressure. The Hybrid WSN
(Heterogeneous Wireless Sensor Network) is alréadie
market. So, network design should support hybraduiee at
the design level.

These are the primary requirements of a wirelessae
network design; some other secondary requirements de
energy compatibility, design flexibility, and platfn
efficiency.

2.2  WSN Design Issuesand Requirements

High-level design of a wireless sensor network Fegd
shows a distinctive architecture of a WSN Node .wdek is
comprise of small tiny nodes, and their role isididd into
several categories. Some are working on real senSome
are just as relay masters (to forward data to &e hop). A

Economical: A single node’s cost defines the overall cost ofg\y work as SINK (for data processing and schegland

a solution. Thus, it is important to keep the nedebst
affordable. Nodes are usually in the count of haddrto
thousands thats why price matters. Another imponpaimt
is the lifetime of a node; usually nodes retirettas battery
ends its life.

are linked with other networks (e.g., the interned a
gateway. Wireless is used as a medium among nodékef
connectivity. To understand the design requiremerita
WSN, one has to compare it with the conventionahda
network. WSN differs from traditional data netwarkkhe

Power depletion: Nodes in WSN usually have to run forfollowings are the common differences.

years and years, and as the battery gets draired ate
considered retired. Hence, it is crucial that thetwork

should be designed in a way that it can keep iteehalife

according to the original project plan.

SFP (Small Form-factor Pluggable): Transceivers in WSN
need to be built on small form factor so they céerchigh

speed and compactness. SFP transceivers have twtbe

swappable [14] so that they can be deployed tol@rgtion
easily.

Robustness: Managing abnormality during transmission is

an important feature of any network, and it is aeco

requirement of a Wireless Sensor Network. In analide

network, the node must have the ability to tackie t

e The number of nodes (used) in WSN is between huisdre
to thousands.

* In Wireless Sensor Networks, nodes’ deploymeniniden
tough environmental conditions.

e The battery life of WSN nodes is final and at thmel ef
battery life, batteries are not replaced.

» The topology of nodes in WSN differs significanfrpm

the traditional network as the aim is to make shed

the death of one node does not compromise

performance of the rest of the network.

Following are the core design constraints in detail

the

2.2.1 Resiliency (Consistency):

environmental challenges, e.g., fading and shadpwinysN has to be conceived in a way that the deatmefnode

Robustness is directly proportional to the netwldetime.

WSN

Figure 1. High Level Design of WSN-Communication

Data rate: Data rate is an important component of WSN,

design. Though wireless sensor network works on data

should not impact the availability of the whole wetk.
Resiliency keeps regular network operations alivenein
case a node is down. During the design phase of VitSl
important to make sure that there is an acceptebie of
redundancy available. Following equation is used tfe
resiliency calculation, this is analytically modelédy the
author in [15].

R()= ex{-A) (1)
Here R, = resiliency (redundancy)y, = fault rate of node k
and t = time period.

2.2.2 Scalable Design:

One of the splendor features of wireless sensavarktis its
nigue scalable structure. By scalability, we azreéase the
count of nodes without changing the main topology.

rate, some complex multimedia (streaming type) ®eNSpjthough, in the design phase, coverage area, amtba

networks may require medium to high data-rate. Base

quantity are finalized, we always have the flexipilto
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change (increase/decrease) this. The following ftaris
used for scalability calculation.

d(r)=NA/R )
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Here, R, Pr represent transmitter and receiver power
respectfully, Pout is power at transmitted antenna.
T,nand R, are the transmitter and receivers’ wake up time,

similarly T, and R, are Transmitter and receivers’ startup

Here (areap=7r* & “R" is the coverage area. N showstime. N; / Ng Are the switching b/w “On” and “Off” states
(number of) nodes/sensoir) counts the required number of the transceiver and depends on (MAC) schedulimgase

of nodes in a specified coverage area (range).

2.2.3 Hardware Constraints:
Looking at a node structure (Figure 2), we canvsg®us
parts (embedded within the chipset). Such as,
Sensing Unit (e.g., Analog to digital converter aedsor)
Microcontroller/ Processing Unit
Memory
Radio Transceiver unit.

I Y { Y q " ‘q
i
/\W,\
E Flash/ \y—|/ g
- EEPROM €
5 Micro é Circuit
§ Buffer amp controller Goon | E

[ —
Figure 2. Generic block diagram of a WSN-Node [16]

All these major parts contribute to the overallfpenance of
WSN. In the next section we will review the majardiware
constraints for WSN.

(a) Energy

Energy or power management in wireless sensor mktwo

depends on two important parts, technology (behimel
battery) and its operational utilization. From theailable
technologies, we have three options, Alkaline, ilith, and
Nickel. All three types have their limitations adchwbacks.
For example, Alkaline is a cheap solution but sind wide
voltage range are the weaknesses. Similarly, Lithis a
compact solution but the low nominal discharge eunfris an
issue. Nickel Hydride is the third option. Thoudiey are
rechargeable but due to decreasing in energy getisity do
not fit for Wireless Sensor Networks.

(b) Transceiver

LPT (Low power Transceiver) is a common choiceVi¢BN.
However, research shows that the low power tramscei
consume almost the same amount of power (as caomaht
radios) when they are in Tor “R,” mode. Therefore use of
effective scheduling algorithm at MAC (Medium Acses
Control) is crucial. Inside the transceiver, botAnsmitter

and receiver consume almost the same amount of powf§SSer than the Ultra Wideband.

Aside from major parts, Mixer, Voltage Oscillatoand
Amplifier also consume limited energy. They needvenin

addition to the START up power; START up plays Y

significant role in energy saving. Therefore, ittansidered
an important parameter for the MAC design (wher
Transceiver's scheduling is defined). Startup powesn be
calculated by the following formula [17].

= NT( Pr(Ton+ TST)+ Pou( T0|))+ Ng [Plé Rt R11(3)

of Radio’s power distribution, antenna consumesy \ess
power compared to the operational part. Transmissange
is a major factor here. Longer transmission rangsama
more energy for the radio. For the selection ofaadhich
is “fit for purpose”, encoding algorithm and antargain are
the two additional areas of consideration [18].
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(c) Processing Unit

Data processing is performed prior to the data
communication. In recent advancement due to chip
integration in a the microprocessor, the power cored
during this phase is lesser than the data commiimica
phase. That makes them a perfect choice for thesl@gis
Sensor Network. Besides the cost and the funciiynaf
these modern circuits, they are versatile and ctibipawith
WSN. As Power is the main constraints of Wirelesesser
Network, research shows that the most substanmiglegsing
structure is CMOS (complementary  metal-oxide
semiconductor), that gives better efficiency byiting the
depleted power.

Along all the above aspects, financial constrasts also
very crucial. It is important to keep the overa#twork
budget in control at all times.

3. UWB Compatibility with WSN

Ultra Wideband due to its properties is a soliddidate for

the Wireless Sensor Network. Though narrow band
transmission schemes under WSN, e.g., DSSS (direct
sequence spread spectrum) are widely used andris ve
effective under 2.4 GHz band their performance atr
Major disadvargagke
these transmission technologies are statisticaibpfagned in

the following table, Table 1.

n the other hand, Ultra Wideband signal offergydar
bandwidth (e.g., 500 MHz plus) Figure 4. It works a

garrow pulse (width around Nano and Pico secondd)aa

huge frequency spectrum500 MHz).
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Table 1. UWB vs. Existing Technology Solutions

Technology Standard/| Frequenc | Advantages Hindrances
Spectrum | y Band
ZigBee IEEE 2.4 GHz Low Cost, Supports Limited
802.15.4 & 900 Power No. of Nodes.
MHz Efficient
Wireless IEEE 2.4 GHz Widely Protocol
HART 802.15.4 recognized Compatibility
issue, Limited
Nodes support
Wi-Fi 802.11 2.4 GHz, Higher Data Power
a/b/g/nlac | 5 GHz rate consumption
Bluetooth IEEE 2.4 GHz Low cost Limited nodes
802.15.1 support, Power
consumption
uwB IEEE 3.1-10.6 Low energy, | Transceiver Design
802.15.6, | GHz high
4a bandwidth
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So the transceiver part of the node has no corommiti
circuitry (means no extra burden on the hardwafdjat
makes the design simple (by comparing with the siidal
carrier based abstract) resulting an economicalitisol.
Also, simple transceiver architecture of UWB savest,
power, and reduces the size of the hardware. falibty of
transmitting high data rate (for a short distancekes it a
superb choice for real-time multimedia applicatidosoking
at the unit cost of power consumption of 1 bit und&VvB,
it's less than the conventional wireless commuiocat
model. Due to these qualities UWB is an attractgheme
for the modern sensor networks [20], [21].

3.1.2 Spatial Capacity & Transport Mechanism

Data intensity of a wireless channel is called ispatpacity
and is crucial in wireless sensor networks, esfigorehen
network environment is dense and large. By comparin
UWB with the other short distance technologies, Ugi&s

By comparing the UWB's properties with the Sinus’d’id,better transport mechanism and spatial capacityipiéarea.
carrier-based system, the following are the UWB'Spatis one of the reasons UWB is considered fonpdex,

advantages.

» Data Transmission Rat®¥ery High

» Space Frequency SpectruBuperb efficiency.
» Probability of Interceptionvery Low

» Distance Measuremerittigh precision

» Power Consumptioriery Low

* Cost:Very Low

* ImplementationEasy/Moderate

IEEE 802.11n

430 Mbps -

300 Mbps

54 Mbps

Data Rate

IEEE 802.11alg

11 Mbps

3Mbps | IEEE 802.11b

259 kbps -
Zigbee®
20 kbps

il R S

1 10

T
100
Range (meters)

Figure 4. Different wireless standards in ISM Bands [19]

In the next section Ultra Wideband strength ardampd in
more details.

3.1 Strengthsof UWB for Wireless Sensor World

Narrow band
networks, but it does not fulfill all the requirents of the
sensor  network, especialy WSN'’s
requirements. On the other hand, UWB
platform, hence detection and interception of UW8nal
(due to the low
Ultra Wideband is less complex and more reliabia thakes
it very suitable for WSN.

3.1.1 Energy Efficient, economical
Transceiver Circuitry

is a common solution for conventiona

connectivit

“T" power) is relatively complex Figure 3.

dense environments shows the statistical comparizon
UWB and the other related technologies in termspttial
capacity Figure 5.

5
802.11b 5 kbps/im~2 F—/
)
Bluetooth 30 kbps/m*2
A
802.11a 84 kbps/m"2 _—/
O

g
WS 1000 opsin'2 —

0 200 400 800 800 1,000 1,200

Spatial Capacity(kbps)

Spatial Capacity(kbps
UWB 1000 kbps/m"2 1,000.1

802.11a 84 kbps/m*"2 83.9
Bluetooth 30 kbps/m*"2 60
802.11b 5 kbps/m*2 55

Spectrum

Spectrum

Figure 5. UWB's spatial capacity

3.1.3 Multipath Splitting Ability

Multipath transmission effect is a major concermr o
wireless communication system. In the conventioviedless
systems, the RF (Radio Frequency) signals areragmis, in
other words, take a longer period than the muhipat
transmission time. That impacts the quality of srarssion
and data rate. Conversely, UWB radio signal haremely
short maintaining time (due to single-period pulsesd very
low duty cycle. Low duty cycle and short maintagpitime
make it accessible to separate the multipath ssgaal per
liime. Due no time overlap, multipath signals casilgaebe
separated. Looking at Figure 6, three differennades of

ynultipath are considered. The upright values shou\VéB
is IightweigHPUIse strength (in mV). The vertical vertices ofleacenario

are different, due to the different channel att¢iona The
first graph is with LOS (line-of-sight) and the reéwo with
NLOS (non-line-of-sight). By viewing the experimenin
various research, results show that the largestrobd
fading of UWB signal is only 5 dB (in the multipatiase).

and simple For the same multipath case, fading for narrowbeadio

signal exceeds 15-30dB.

UWB is not a new technology, but its use in Wissle In the real world, WSN is usually deployed in coexl

Sensor Networks is just a few years old. It usesoma
pulses and a wide frequency spectrum for the treassom.

(severe) multipath environments. Due to UWB’s mboue
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ability of “multipath separation” it works well witwireless
sensor networks. (Even in an extreme conditions) iy ——

3.1.4 Interference Resistance

Processing gain is observed high in UWB. That cadriexe
interference immunity in UWB. As the UWB signal’'sezgy
is scattered in wide bands (for the other NB sy¥téme
strength of the signal is almost equal to the wimtése.
UWB'’s spectral density is very high, even lowernthhe
usual environmental noise. Its probability of détecis also ' ] 3 04 08 3% 07  of
very low and almost impossible under pseudo random SEEEEEEEEEE . ,
coding. That makes UWB an ultimate choice for high Figure 6. Multipath environment (UWB)
security (e.g., military) applications [22]. Besidiis, italso 4,  Core Technology | mplications
allows band sharing. An excellent solution for tB&F

4.1 Spectrum Challenge

(Electric and Magnetic Field) problem in severe sken
environments. Data transmission under Ultra Wideband is a stgkin

) ) solution for the wireless sensor network, but witrious

3.1.5 Exact scaling and distance measurement implications. Here core challenges are explainedstails.
Deployment of nodes in a properly planned fasheoeritical ~ Spectrum Challenge is one of concern.
for Wireless Sensor Network and one of the maj@sigh | ooking at the possible use of technology, follogviare the
constraints for its applications. In a network nddeation three possible uses of UWB.
data can be collected in many ways; one of the comm
ways is to use GPS (Global Positioning System)jibM¢{SN
it is not recommended due to the energy issue., Aistoes 0.05
not work under weak GPS reception. A parallel sotuts to

006 T T T T T

— DScode 1]
== DScode2|

Narrowband interferer

use UWB for this purpose. See Figure 7 below fqici 0.04f
time-of-arrival/angle-of-arrival (TOA/AOA) as an ample. = '
The pulse width of UWB is usually in Nanosecondsito = 003
Ps), which takes more than 1 Giga Hertz of bandwidt 0.02

It offers centimeter-order relative positioning.
Unquestionably, an attractive solution for militagnd 0.01
related applications [23]

A) TOA
=TT T T &)

5020

5015

7 N N f (MHz)
7 \ 7 AN Figure 8. Normalized Transfer Function [27]
| é /) \‘. 81404 1-UWB based connectivity to portable nodes (most
\ N é [ commonly household devices like MP3 players, USB&y,
'\\ A/P}%}--— /';"[k P2 ,"I and digital sensors) is conceivable and under relsefor
S N N J/ T future SMART networks.
Trm=— Y o /,x‘“’ 2- UWB can be used for the Wireless Universal $&igs
| o “‘il" - JFostion = connectivity with standard computing nodes (e.ginters,
\ d B S and scanners).
\ AP3 J TN 3- UWB could be a good_ candidate for the next ggticar
. S “»1?& i Bluetooth tecr_mology devices, suc_h as smqrtph(ﬂﬁjs fFor
ST A o~ all three possible uses, spectrum is an activeerondue to
APl the absence of standardized spectrum.
Figure7. Basic TOA and AOA positioning As UWB’s emission spreads over a huge frequency

D he UWB di i in | d hiah d bandwidth with limited Giga Hertz to operate. Ithard to
ue to. t € = versity In low and fig . at_a rateadopt a solution that is compatible with all wigdesystems.
application, it is an easy to adopt platform focdlization,

ind K Sl d bod K Another concern is compatibility with different smes.
Indoor networks, na_IV|gat|on syst(_ams and body asdaor S UWB based service can create harmful interfereacsotne
(BAN) [25]. In unique cases; integration of UWB it

lobal L GPS fically of other wireless services. So the challenge cbeldow to
_?_0 a p03|.t|on|nSg syst'(\alms IE TS)N Sp§0|h|cahy| cr)]rfull fill spectrum demands. This issue needs tavbeked out
ransoportation Sensor Network ( ) might help t ?especially for hybrid wireless sensor networks)n€ldering

applications to mitigate pos_itioning issues witkduedancy. the SMART world, where spectrum utilization woulé B
However, the use of GPS is not recommended for mibst major concern. Ultra Wideband licensing is an open

WSN applications question.
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4.2 Interference (IR-UWB vs. Narrow band) narrow bands and UWB in a Wireless Sensor Netwsrd i

To analyze the impulse radio UWB’s performance wita 9great concern and requires an appropriate soluResearch
narrow band, we have used the same approach exgreeich at this point does not give a prominent solutiohe Tmost

in [27]. Here our UWB system is coherent DS-BPAM. sensible resolution to tackle the noise issue isgfttive
Received pulse p(t) is a sixth derivative of Gaassivhere Radio” (CR) which uses different patterns, defimsder the
energy=1 Ns [28]. radio setting. On CR, the field is analyzed fiesid based on
the results waveform adoption takes place. Thajuise a
p(t) = 640 realistic approach and mitigates the effects oérference
231N, also improves the spectrum utilization [31]-[34]
P
2 (4) 10° ma
t Y t ) 64 4 t) ‘”’[ij T
1-127 — | +167°| — | ——=nm°|— | |e \ 107!
Tp Tp 15 (7, =
, B 102
Where pulse duratiom, =0.19 ns, Frame Length =50ns 8
by the same tokeN, =16 pulses/bit. The Fourier transform 05' 10°
of the above is i 4
- 10
TTe2.2 o
P(f) :3i 12 £5e 2 i (5) = 10° s "
31155N 3 Nt
. . -6 _
In above experimental scenario, the frequency afoma 10 z';g
band is 5.1 GHz. For the pulse shape understanding o7 " ‘ L L T
different users, Figure 8 shows the normalized sfiem c 5 10 15 20 o5
function, which is more systematically explained the SNR (dB)
author in his publication [27]. Figure 9. Frequency Domain representation of OFDM over
Ho(f)=Ho(f)/ T, 6) BFC for a code word [29]

It clearly shows thatH, (f) BEP both are depending on 4.4 Transmissions Capacity

three major components 1) - carrier frequency t#iference In addition to the Spectrum and interference chaks,
2) - spread sequence and 3) - pulse shape. transmission capacity is another serious concease&ch
As we are focusing on the Impulse Radio, our séerfdi7] demonstrates that the transferring data from a UbveBed
is based on single narrow band link Vs. IR-UWB. ¢lerwireless sensor network (to conventional netwosk)riore
interference is by a single transmitter. complex than the regular narrow band wireless nesvo

4.3 OFDM-UWB vs, Narrowband [45].

) _ In a typical wireless sensor web, communicatioresalace
For the better understanding the interference batwd\WB

- in a broadcast way. Moreover, wireless as a medilways
and NB. It is important to explore OFDM-UWB (Ortf@®l 55 attenuation resistance that disturbs the sigoapacity.

Frequency Division Multiplexing UWB) behavior unddB  \y/B signal detection is even more complex. As theras
interference as well. Practicing the same approdesgribed signals on the receiver are rottenly superposedcéiesignal

by [27], [28]. The probability of code word erroorfan getection requires a complex architecture. To wstdad this
OFDM-Ultra Wideband with interference from the NB;, 5 petter way, we have considered the famous 4Gian

(Narrow band) can _be seen in Figure 9. Here B':_@qlBI fading model”. Extracting actual data from a reeelisignal
Fading Channel) is in the frequency domain (preﬂum_p is always a complex process as decoding has many
and Ni=1 to 6 symbols per each block where Raleigh igependencies and factors, e.g., the attenuatiasl tevany
fading (exponentially distributed Signal to Noisatio in  j,qiidual pulse that depends on the transmissistance.
each block) ) . Another complexity of encoding algorithm, whichdstical

We have noticed that Large Nsb (Coherence bandWidt) ihe radio architecture of the receiver. The mekw
results_morg errors/code words. Hence small Nsih€€amce topology is another facet. One of the most comnuemarios
bandwidth) is better for the performance. We knbmF_E(_: is relaying signals by the intermediate (node) snodes
(Forward Error Correction) codes are charactegbyic decode a coming signal, re-encode and retransmrtts

developed to resolve the independent symbol errofge gestination. In sensor networks, multiple prots work
Whereas coherence is a frequency that needs a sdi@m c|iectively and stack as a “protocol model”. Iffides two

deals with correlations among errors [24], [30]4][4TO  common ways to calculate the transmission range, by
avoid the interfered power (to more sub-channeis)s  (|ystering and multi-hop transmission. We have ctett a
recommended to have fewer subcarriers. As shoviigare el proposed by [35] which is an analytical way t

9. When Nsb=6, and Ni=1 with the single subcarrié® hgerstand the capacity of UWB in Wireless sensor
performance is stable. On the other hand, when Nse® networks.

channels) performance dramatically decreases. Gemsg
these results, one can see that coexistence bettheen



153
International Journal of Communication Networks &mfdrmation Security (IJCNIS) Vol. 7, No. 3, December 2015

Consecutive OFDM Subcarrers in Time domein (&) Transmission Capacity {T)-(Hierarchical Network)

Supposing, multiple transmission sessions in pggia a
given time and space, and the network successfully
transports one bit of information for the distadel meter.
Here “the sum of products of bits and the distangver
which they are carried is a valuable indicator afedwork’s
transport capacity” [37].
Throughput-fierarchical network Considering maximum
throughput of multiple connections in the network
transmission. The largest communal throughput anliokg
4.4.1 Interference Model is throughput capacity. Supposing that each nobgrarily
For the link capacity understanding, researchere hssed selects a node. Throughput capacity can be defasethe
several models. Protocol model is the most commueh alargest communal throughput that can be achievédeas
flexible model. We have selected the same pattem fany source and destination nodes [38].
analysis [22]. The main dissimilarity between two capacity notiasighat
Let's assume a signal from node p to q is facing af the transport capacity for longer distances,emesources
interference. The region is circular with radius&) p,, ~are required. So for the (capacity of) data tramstee
Node p at the center am, is the distance between node pfistance must be considered (between two points)it@
and q (and\ > 0) other side, throughput capacity does not consider t

Considering the transmission between node p and q qlstance and all the transmissions are assumed. $dene

successful (assuming it is not in the interfereae of any &€ the observations. . _ .
other active transmission). Now let's take a phaisimodel 1st observationtn [39], transmission capacity on “n” nodes
here; a signal from p to q is successful if SINRueaat is assessed. For the scenario of arbitrary netwdddes are

receiver node is above the threshold. i.e. optimally placed, and traffic patterns are optimalélected.
' It is observed that by dividing the uniformly amoiadj

P.Oooq
SINF?( c) O pTPg Pa >2p4 (7)  nodes, each will ge® (W /\/ﬁ)bit-m/sec. If we go further

N+> P .
kor{ ke ka (assuming the same distance of 1m between sourde an
P, = power of the pth transmission= parallel transmission gestination), throughput capacity will bé (W /\/ﬁ)
in progress. N=noise power,

And a > 2, andB3= Threshold level. On the transmitter sidegitzlseg' tionA h by 1391 Phvsical del
conditionP, < Pj,g should be followed. nd observationAs per research by [39] Physical model,

Here the physical model is associated with the diagp thoughcW-/n bit-m/sec is achievable, butWn(a - 3) /a
process (Signal to Noise Ratio of debugging in ipldt Bit-m/sec is not.

Amplitude

Subcarrier index

Figure 10. Subcarriers of OFDM in Frequency Domain

modulation patterns) [22]In simple words, the protocol ) 1 Wn . )
model is the simplified version of the physical rabd Precisely T In+ven bit-m/sec is
As signal decoding has a direct link with the phgki 7 ea-2117

model [22], the protocol model has to be consideasda 164 22 +———

. a-2
subset of the physical model.
Using the same scenario with the Gaussian, fadingein possible when the network is acceptably designede lit is
The path loss i@ " ppq_5 noticed that the higher bound of orc&(W /\/71) bit-m/sec

Here,pyq is the distance b/w p and g, aryd> 0. As there is is possible. In an unusual event (e.g. fraction J@Rwin).
medium absorption, sp> 0 [36]. The output signal at “p” at The transceivers can be limited by ti##,“in that case, the

timetis 8 1 \/_
_ - higher bound will bg, | ————W-+/n bit-m/sec.
Ya(t)= D Epqe s Q(d+ R() 8 "M \/; 1,
(P¢Q) (ﬁpmin]
Where Q, (t) is the impulse by node p, arR} (t) is Pnax

It is important to understand that, wherhas higher value,
i.e. signal declines swiftly by distance. Theseglfler and
assumed not less than somg;, > 0. lower) bounds both limit the transmission capacity.

white Gaussian noise with variana% ,abovep, is

4.4.2 Capacity Categories (b) Transmission Capacity {T)-(Arbitrary Networks)

By assuming a wireless sensor network consists’'bfitdes  If the network is designed in an arbitrary or ramdmanner,

and fixed (circular) area “A” with nodes’ througtipu e.g., nodes are randomly deployed, and randométéakc

limitation “w” bfsec. There are two types of capgci Like the previous scenario (considering the sammopol

matrices that can be considered for the sensoromketw and physical model as an interference and usingsémee
technique as by [39]).
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Protocol model: Assuming that nodes “n” are usiugge “r” The author in [41] has explored the transmissionité
in a network infrastructure with the ideal nodedtians and under UWB by using Gaussian fading model. Considgri
optimum selection of source/destination. The trassimn output results, it is the best capacity analysiskwo

will be assumed successful if the distance betwsssrder DTN
(Xp) and receiver (Y node is less than “r" => '

[1Xp-X ol 1] [ )
By assuming that the node Xk uses the same sulnehaat i
.
A
2

| |
-—

Wm/\

the same time =>

[IXi-Xjl= (1+0)r]

Physical ModelAssuming P” as a power level for all nodes
and {X,; kOt} is the subset of nodes which are transmitting
simultaneously on the sub-channel. Transmissionvéxt

_____ ;____
T
=

| Do I
| | | |
| | | |
Xp and X will be assumed successful if AA /\i A ii A /i\ A
’ e — S B t
B — VVV i T VNV VIV
X, - X[ BEERRREEEENN
5 > 9) 1 2 3 4 1 2 3 4
N+»Kr—
Z T|X X |0’ Figure 11. Two steps-Analog Synchronization
P Mg

4.5 Synchronization:

Another challenging area for UWB based sensor ndtigo
“Synchronization”. As synchronization has an enauso
impact on the network performance, proper synclzaditn
for each link (from point to point and multi-poing a key
requirement. Particularly in a dense network emiment
where severe inter-symbol interference (I1SI) faataists.
For a UWB based communication system, selectiora of
modulation scheme requires lots of traits, e.gtadate,

Throughput (Arbitrary Network): To understand the
throughput in a better way, let's understand theiea@ble
throughput first. “A throughput of(n) bits/sec for each node
is achievable if there is a spatial and temporaésee for the
scheduling transmission, such that by operatingttia
network in a multi-hop fashion and buffering atimhediate
nodes when awaiting transmission, every node cad x@)
bits/sec as an average to any selected destin§4ioh

lim Prob(A(n) = cf( n) isachieveable channel condition, receiver type, error coding,, I8hd
. interference factor. Modulation for the UWB is aaiezed
liminf Prob(A(n) = ¢ f( n) is acheieveabte into two main kinds, Single band and Multiband. réde
n-co Multiband is in fact division of UWB bandwidth inub-
Whether a specific throughput is achievable or nwinly  pands (of course with less bandwidth), and it isvim that
depends on the location. In case of arbitrary netwo the band comprises of 3.1-10.6GHz [42]. Differentliog
Here c is deterministic constant and C >0 & C'ox + techniques are used for the communication throughti-m
Observations: band. Time-frequency code is the common approacthé
The throughput capacity for protocol model will be data sequencing.

W _ _ _ Sub-bands can use either of the modulation teclensipgle
A(n)z@ I bits/sec  pairs and achievablecarrier or multi-carriers. Orthogonal Frequency iBin
yniogn Multiplexing (OFDM) is the most adaptable modulatio

throughput will be bits/sec. pattern where multiple carriers orthogonally traisdata.
Moreover, for the physical model the achievabledighput  Considering OFDM, multi-path energy pool is onetbé
will be vital elements that define the communication rarige

oW ) WSN. In the MB-OFDM technique, transmission takkese
A(n)= W)blts/sec. orthogonally among sub-bands. The advantage of this
technique is to collect multipath energy by sologRguence.

Implications: _ _ ~ Its downside is its complex transceiver design. OFDWB
In the above observations an ideal MAC schedulieg gg already been under consideration for WSN.
assumed. With is no collision during the commurdgat

Similarly, if the value of “n” (number of nodes)kept large, 4.5.1 Timing Synchronization (under UWB)

the throughput will decrease, and that might not bBy looking at the possible signal detection techeg CS
acceptable. Whole analysis are based on statiesnod(compressed sensing) and RAKE receiver are the most
(without any mobility) that could be another comter common for the non-coherent UWB receivers. The iz
Despite all, energy consumption by participatingde® point is that most of the UWB receiver designstzased on
during data communication is neglected, which needsmple RF part, and they transfer the signal detegirocess
consideration. Another important observation; whelue of to the digital part. That needs a very high-freqyeand

a is large, capacity is good enough for both theesashigh-resolution analog-to-digital converter (ADG)5]. An
(throughput and transport). ADC is also required, which usually works at thegNigt

rate [43].
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Hence, for better performance, the sampling ragzlsi¢o be
in the Gigahertz range (e.g., for OFDM minimum 500M
and up to 4GHz in case of Impulse Radio). Aparifrinis
ADC must be able to execute 4-6 bit resolutiontfea it can
consistently resolve signals from interferencesg.,e.
narrowband). Here, the challenge is such that tt
performance of an ADC tends to be power hungr
Therefore, it is not feasible for WSN systems, whenergy
is a vital concern.

An alternative scheme is to use fewer bits forgampling.
That means reduce the ADC speed. One common approi
is to use low-speed ADC for the main part of thgnal and
use the analog domain for the rest tasks [46].

The main challenge with the analog part is the ivects
template and timing (for received signal and itshpaln a
digital implementation, multiple correlators, prolge
delayed with one another (i.e. by pulse duratioe)used for
the correlation. One of such architecture was psegan our
earlier study [47].

It was observed that timing acquisition is a vepmplex
task, especially in the UWB WSN systems. Mainly daese
of the limited transmitted power and high-resolntimulti-
path scheme. For the consistent timing synchrooizaif
transmitting power is low, it takes very long sémtime,
whereas a received “Rx” signal (combination of npéth
pulses) produces an output in the multiple stagéf that
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by [58] reveal that this technique has significadvantages
when used for WSN.
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Figure 12. Energy ratio b/w Rx pulse (UWB) and the LO

In figure 12 Correlation function is used for thaeggy
fraction among Rx Pulse & LO pulse. Here the ains wa
minimize the errors related to correlation and oanthe
power ratio (over 70 percent of the overall sigpalver).
Misplacement between Rx and the local oscillatgnai LO
was required to keep under 25ps. That triggerednaptex
design restriction for the analog synchronizatiome direct

makes the process very complex. That makes timiffgethod to overcome this challenge is the use afecldoop

acquisition the main bottleneck for a lightweigletceiver
design. Exact TOE (Timing offset estimation) is tinajor
requirement for the UWB communication, especiallyOM
scheme will not fit if TOE is not correct. Most comn
technique for such case is the “Clean Template$lioling
correlator (between received and transmitted sjgmatl it is
not an ideal solution for Impulse Radio.

While exploring multiple solutions, research [48B] has
some improved results for the IR-UWB WSN
synchronization. However, most of these technigaes
based on assumptions, e.g., 1) assuming no muntigatno
time hopping (TH) codes. 3) known multipath chanmgl
complex and long synchronization time. Our analysithat
Timing with Dirty Templates (TDT) is an ideal scherfor
IR-UWB, introduced in [54]-[57]. The basic logic tiad
this technique is a correlation of received sigmdh “dirty
template”. That is, in fact, pulled out from theceeved
waveforms. Term dirty is used as many unknown facto
distort it.

4.5.2 Analog Synchronization:

If we analyze the typical UWB radio signal prodegs
method, the first step is signal detection. Morepwbe
identification of symbol-level timing offset is theext.
Timing synchronization performs the coherent dentetghn.
That in fact, enables the system to utilize thedwadth to its
maximum capacity. By using analog synchronizathd»C
can avoid high sampling rate, but its use for WS3N i
challenging. Research shows that synchronizatiorthat
analog front end is very attractive for the wirslesensor
network, mainly due to its energy consumption (bgpging
the sampling rate and bit resolution) [58]. Reseaesults

systems [59]. The author in [59], has proposedoaecloop
adaptive filter. Considering Wireless Sensors Nekwthere
are design concerns, e.g., a phase locked loogrdesider
current CMOS technology locks the acquisition tiatel00
ns. That is very long for synchronization in WisdeSensor
Network. On the other hand, considering the opep-lo
scheme. The received signal passes through angapalt;
synchronization detects a difference (about 10-Bhd\sec
limit) in the time range of the received pulse.

Consecutive recapitulation of the correlated Rxdieed
signal) and LO (Local Oscillator) and analog dedell show
the open-loop synchronization. However, to appéydhalog
delay a consecutive shift of received signal is deee
Similarly, the use of delay cells using the (acabfs)
accuracy (e.g., 25ps) for the entire probing tiniégenerate
attenuation at LO signal. The resulting attenuatisiti
mismatch the correlation output (between the #sd last
stages). Two steps synchronization is one of thaisas to
this problem. Thoroughly explained in [58].

Two-step synchronization is based on coarse and fin

tracking parts Figure 13.
Coarse Searching

Ol | ]

® / Fine Track\

ing
Figure 13. Two-steps analog synchronization scheme [58]

In the coarse gaining, part timing point of Rx @ired
signal) as per the .T(chip time) is calculated. The coarse
gaining needs more time than the required resaiutime
(e.g., 25ps). Per each search cycle the coarsehasgris
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performed in four parts; each part has a delay5ifp2. It
could be at the same time.
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Figure 14. WSN-Positioning (direct & 2-way approach)

The signal-probing job is completed by distributitige
correlation value of Rx by four equally delayednfisrof the
template (LO Signal). For each interval correlati@iue of
received signals is compared internally and inteofathe
highest correlation value is selected. Right atfter gaining,
synchronizer takes local oscillator signal as injputhe fine
tracking part. Here at this stage (as showed inr€id.2), the
start of Rx (received signal) is synchronized wéth ocal
Oscillator (as per the required time resolution).
Although this fine tracking has to meet several itign
chunks, still with its existing status it is veryuah applicable
to WSN applications. Due to this less number cératation
(that reduces the systems error ratio) Local @doills
performance improves significantly. The output frooarse
gaining part goes to fine tracking section, whiefires the
Local oscillator signal according to the timing olkesion
(e.g., 25ps).

Finally synchronized signal enters the mixer areldignal
is correlated with the UWB, and output from corteta goes
to ADC [60].

4.6 Position Estimation for WSN
UWB has prodigious features of positioning estiomti
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nodes. Weak bonding or lack of collaboration ofie®or in
other words lack of timing information results gsies, like
hidden and expose node problems. Both hidden apdsex
issues trigger the positioning problem. As a restlie
network goes to the unstable state. That can baledaf
media access layer parameters are considered dthvng
design phase of WSN.

At the design phase core areas as MAC support;nitation
sharing, data sampling rate, node scheduling, ilitgitand
signal strength has to be the part of initial wéssl sensor
network design. Otherwise, post-implementation ¢ean
may bring problems. Most common approaches forigeec
wireless positioning in wireless sensor networks RSS,
TOA, TDOA, and AOA. The author in reference [61]sha
discussed this in details.

For the positioning errors due to the noise, Kalrfidering

is a most common algorithm. This is famous as LQRear
Quadratic Estimation), before estimation of vansbl
multiple in series observations are collected diree. That
increases the accuracy of dynamic positioning insses
networks. Another important aspect of this algantis that

it does not require too many assumptions. Kalmigerifig is
discussed in [61].

Another issue for WSN is NLOS (non-line of sight)
communication. Which ominously degrades the prenisif
positioning systems [61]. Therefore, in many NLQ®(-
line-of-sight) Wireless Sensor Network, the posiing
constraints are much higher than the LOS (lineigii3
systems. There are numerous methods to overcorse thi
issue. The most common and adaptable method istactd
NLOS data and try to eliminate NLOS errors. A Idt o
research has been conducted in this direction; Kalfilter

is one of the techniques [61]. Which is very atiKa for
many cases. Another solution was presented by Guiren

support, and we know that position estimation is afjs research paper [61], [62]. This technique hamnyn

important requirement of

many WSN applicationsinteresting scenarios. Mainly in this techniqueedéibn of

Categorically WSN positioning (under UWB) could beNLOS (non-line-of-sight) errors is based on channel

possible in two ways, “direct approach” and “twesst
approach” [77]. In the direct approach, UWB signa$
(directly) used, whereas in the two-step signalreggh;

parameters (extracted from the signal) are used for5

positioning, and the signal itself does not (disgcinvolve.

Here one concern could be the use of parameters)atly

extracted from similar undesired signals. In theedt

approach, as the signal individually is involvedgr@al’s

origin may be verified. The two-step approach hames
advantages. It is simple, from a performance pointiew it

gives same results as direct approach. That make®re

applicable to WSN. Hypothetically position estinoati
methods are inherently connected to the MAC layer.
consists of schemes for the timing enhancementrelated

ranging precision. Also, it shares the timing (mmfation) for

the exact positioning data, which is a key condifior many

UWB-WSN applications and very useful for applicago
that require position estimation.

By using its own reference time, a network node easily

attributes.

5. Current Statusand Future
1 Possible Target Area/Applications

5.1.1 Low Data Rate (LDR) Applications

Impulse Radio Ultra-Wideband is an excellent chdaethe
low data rate applications. As it works with simple
transmitter module, which consumes very less energles
it an attractive choice for the wireless sensomwnet. The
downside of IR-UWB is its receiver module, wherewate
pulse detection is a problem. Though many tradifion
solutions are tested but still there are many caafons.

On the condition that the sensors should be redetiabthe
whole covered (the designated) area. The circujnyd
topology) must work under very low-power consumptio
That brings them to the category of a short-rangesisg
network (e.g., 100m). To achieve a high resolutanmd
accuracy, a large bandwidth is required which hade

estimate the time of arrival of a UWB signal from &ompined with jitter immunity. Practical examples saich
neighboring node. The reference point is combinéth W (ogo|ution (and accuracy) are radar and the irrusi

other system measurements for the exact 3D posifitso
exchange of clock (timing info) needs collaborat@among

detection systems. Research shows that receisadban
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energy detection (technique) [63] is a compatibled a Besides above, robotics-based industrial requirésneng.,

applicable approach.
Looking at its commercial use, surveillance appites

self-propelled industry, distance and positioniggtesms and
logistic based sensors applications are also &tieac

designed on IR-WSN are already on the market, aadym candidates for the UWB based sensor networks.

militaries and security organizations are using6#]. IR-
UWB'’s unique (noise-like) behavior makes it a végsible

5.2 FutureDirection

“BAN" is one of the examples.

5.1.2 High Data Rate (HDR) Applications

sensing solutions are going to be the necessitgvefyday
life. When this technology is going to be used ofarge
scale, complex integration (of the multiple sensetworks)

UWB is also a good candidate for the high data ramould be a major challenge. Another area of corxcesrihe

applications. Due to complex structure and comnatito
requirements, high data rate wireless sensor nksweiquire
very intricate transceiver architecture. Where sied
reliability are two major requirements. OFDM-UWB deal
wireless sensor platform is the only practical sohu that
fulfills all these requirements. Currently, resdems are

data processing, execution of sensed data totafherds on
the density of application.

Following are a few future directions for UWB bad&/@&N.

» Monitoring public situations, for example, advdes{
securing building and areas, climate patterns, wadther
forecasting

trying to find out a better solution for the jammiissue. Itis « Observing habitations, wildlife migration, and pégion
a major snag in handheld devices under OFDM-UWB: Theount.

main focus area of high data rate application ifetu « Home security: use of intelligent robotics.

* Multimedia & Interactive Applications « Object-ensemble tracking: interpretations of sightype
Interactive applications and multimedia-based tetigies moreover, by contents [68].

depend on the very high data rate. These timecaliti . Nyclear radiation control systems.

applications sometimes need over 1 Gigabits/seatatd , (jse in cultivation and irrigation.

rate. Similarly some Internet-based services (due high , \qa for water system is monitoring

number of us.ers) also demand high data rate. - Distributed video and sensing networks.

* Smart Devices Interfaces . * Ground Penetrating Radars (GPR).

Due to technology advancement, everybody has nfiltip, USE in the food industry, e.g., Moisture content
gadgets to organize his daily lifestyle. These gtslgise a Quality and Life of food e '

variety of ways to exchange data. The way the fisemsors oo . .
C . . . » Medical industry as remote detection of diseasegs, e
is increasing in the SMART technology, the uniform Cancer [69]

wireless interconnection is greatly in demand t@apwhe )

cables and related hardware [65]-[67]. However, hsuc W,BAN (Wwelgss b.ody area network).
wireless solutions will be attractive for the bagtpowered ° Wireless Multimedia Sensors Networks.
devices without any external power supply.

 Positioning based Applications

Today many SMART applications need an accurate a
well-calculated location data. Location data isyveritical
for many industries and used as pre-requisite DRHHigh
data rate) modules. Due to its excellent capadslitUWB is

an active approach for the location-based apptinati
. shows that the idle state of a hode also consumessistent

5.1.3 WBAN (Wireless Body Area Network) amount of power [70]. That is why proper schedulijad
BAN (body area network) is a type of Wireless Sensqmgac layer) is very important for the overall netitife [71].
Network, which is based on small low-power, smatides | ots of researchers recommend that energy depletiarbe
used on the human body to sense different types Riduced by packet spliting and by the consistenty
measurements. Due to its unique nature it has eniqgprwarding algorithms [76]. Although scheduling cddio
requirements such as, “On/Off” (specifically in a high dense environmeni3
HeterogeneousNetwork structure is complex with many costly, use of low power mode (or completely digaplthe
modules, e.g., a sensor unit, actuator node amvggtnode. adio) is considered gainful. To handle the idktestenergy
Data rates:Data rate in BAN is usually variable and usuallyjy cMOS based systems researchers in [68] did some
comes in the range of low to medium rates. research. As the MAC, the design causes the sesffast
Energy:Due to nature of design only low energy consumingp the life of a battery. A better UWB based MACnhca
platforms work, IR seems an excellent choice folNSA resolve these issues. U-MAC [72] and Pilot AssiSt&iC
QOS_: BAN is related to medical, so reliability and goabf [73] are the excellent examples. Energy saving ritfyo
Service are core concerns. uses the forwarding path [74] but if the node tsated on
Ultra-wideband ~ based BAN  solutions are undethe ytmost forwarding path (e.g., near the bagés)a The
considerations and IR, and OFDM both are attractivgattery of such nodes will depilate faster. Hendé reduce
platforms for BAN. the lifetime of the overall network.

5.3 Open Research Concerns
Iga) Effect of UWB on WSN-Network Lifetime

Although, in most of the applications, the lifetimé UWB
based architecture is assumed safe and guaratieed,are
several underneath challenges. It is assumedhbanbst of
the power is consumed in the transport layer, batistics
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(b) Self-Organizing under UWB
Self-healing isan important need for a sensor network. Wit
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challenge is data encryption, which requires adamount

ipf processing power and memory that is why heavy

a UWB radio layer, it is not easy to adjust theigad €NCryption is not encouraged in WSN.

transmission range when the topology changes. UW
Transceiver has to be flexible enough to accept shanges
when used in a wireless sensor network. Damageediok
should not disturb the whole network connectivithat is
the basic principle behind all wireless sensor oeka. The

way in which PHY based on UWB will cope with this

challenge is still under research.

(¢) Maintenance & change control:

gnother concern is integrity of sensed data thdaat is the

essence of the whole network; a minor manipulatan
trigger a serious loss. So data alteration of gpg tshould
strictly be controlled. Similarly, a legitimate lamcast is
crucial which can certify the sender and its d&anial of
service is another serious security concern in WHNt can
stop the whole network from their basic functior aan be
triggered by sleep deprivation agony: energy sourag get
weaker by nonstop service requirements or needafiid but

Maintenance for UWB based WSN is considered easy. Aevere tasks [75].

far as overall network maintenance is concernedntost
common task is the deployment of patches or upagi@d of

5.4 Concluding remarks

system code (firmware) on each node. All sensoregsodhiS survey has presented a detailed overview oi-ul

should be updated promptly, with the right versmithe

wideband, and it is implications when used in vessl sensor

code. Maintenance needs to be automated and fulfptwork. UWB in its both forms OFDM and IR is an

managed. Also, the interruption to the productioaffic

should be as minimal as possible. Version contrgl§hould
be documented. The nodes must have the abilitpdess the
quality of the link and must be able to indicat¢ anoblems

amazing platform for the wireless sensor networgugh
there are many challenges that need to be resaWest of
these challenges are related to the spectrum,ntiasi®n,
synchronization, and coverage. During this survatipie

that may arise. Each maintenance should be based ofiéSearch resources in the domain of WSN are redeaed

complete implementation plan, back out plan antgies.

(d) WSN Security and Lifetime under UWB

Security and overall lifetimes of wireless sensatorks are
important concerns, which requires continuous &tan
Due to the rapid changes in the technology, and WSN
functional processing capability data integritaiways at
risk [78]. Wireless Sensor Network lifetime canibereased
by implementing modern zoning technique.
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Figure 15. WSN-Market (2010-2015)

Use of UWB for medical, military and other critical
applications needs additional carefulness. Radiangport,

and MAC layer should be design with extra care Is® t
network can tackle the external attacks. Here th@nm
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core concerns were identified with the possibleation of
the problem resolution.

Technology trends show that in future, the use WfBJfor
the sensor applications will increase, and thisease will
directly impact the spectrum. In-fact spectrum nggmaent
is a key requirement for the use of UWB in futuensor
networks. Here we have highlighted possible chgksnin
terms of UWB spectrum utilization and pointed ooihcerns
about its licensing. We have also discussed oiwress like
connectivity and interference that may create s&rio
communication problems for wireless sensor netw@ke
key problem to resolve, while connecting multipdasors by
UWB radio is the likelihood of joint interferencey ther
radios that already operate in the same 3.1-10.6@Hge.
To tackle such issues, we have
techniques for the resolution (e.g., cognitive oadi

In addition to the theoretical analysis here we ehalso
surveyed some existing technology solutions andligigted
their strengths and weaknesses.

Finally, we have identified several unsolved reskar
concerns that need further investigation. We belignat this
survey, with large bibliography content, can giva@uable
insight into recent UWB developments and opens & ne
research door for those who are interested indieplower
WSN solutions.
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