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ABSTRACT 
A wireless ad-hoc network is a decentralized type of wireless network. A WSN is dynamically self-organized and self-
configured, with the nodes in the network automatically Wireless sensor nodes are low power, battery operated devices with 
limited computation and transmission. A medium access control (MAC) protocol is required to coordinate the access to the 
channel, while ensuring good throughput, fairness, low latency at a reasonable energy cost. In the first part of our work, we 
propose a distributed Channel allocation scheme to exploit this multi-channel capacity in sensor networks while taking into 
interference avoidance. The problem of channel allocation is similar to the code assignment problem in Code Division Multiple 
Access (CDMA). Earlier works on CDMA code allocation have approached this as a graph coloring problem, where colors can 
be repeated only at 3 hops or more, unlike traditional graph coloring as surveyed in 1-hop clustering structure is in place: the 
non-linear relationship between energy and distance makes a single bit transmission more energy efficient using several short, 
intermediate hops instead of one longer hop. 
Keywords: Channel allocation Coloring Multi-channel, MAC Sensor network, Lineof sight (LOS), Non- line 0f sight 
(NLOS). 
1. Introduction 
In recent years, ultra-wide-band (UWB) technologies have drawn great interest in the wireless community [1]. The      
development of UWB has ushered in a new era in short-range wireless communications. Among various potential 
applications, one of the most promising is in wireless sensor networks (WSNs)[2]-[4], which requires both robust 
communications and high-precision ranging capabilities  There have been numerous research results in the literature to 
indicate that UWB is one of the enabling technologies for sensor network applications[5]. UWB systems have 
potentially low complexity and low cost, with noise-like signal properties that create little interference to other systems, 
are resistant to severe multipath and jamming, and have very good time domain resolution allowing for precise location 
and tracking. Various ultra-wide-band wireless sensor network applications include locating and imaging of objects and 
environments [5], perimeter intrusion detection[6], video surveillance[7], in-vehicle sensing[8], outdoor sports 
monitoring [8], monitoring of highways, bridges, and other civil infrastructure [9], and so on. The feasibility of UWB 
technology for wireless sensor network applications including UWB chip and radio module design and precision 
locating system designs.  Recognizing these interesting applications, a number of UWB-based sensor network concepts 
have been developed both in the industrial and the government/military domain. In this paper,   we first provide an 
overview of UWB communication and localization systems for wireless sensor networks. 
Design Objectives: 
The large scale, the energy-constrained and the ad-hoc nature of WSNs have motivated lots of research on the effective 
and efficient design and management of such networks. To support scalability, partitioning nodes into clusters and the 
pursuance of distributed algorithms have been endorsed by the research community. Meanwhile, energy conservation 
has been exploited at many levels, e.g. power-down modes, programmable transmission ranges, multi-hop routing, etc. 
In most cases, energy conservation comes at the price of increased data collection delay. For example, activating a 
subset of the deployed nodes and forwarding data on least energy-cost paths often increase the number of hops and thus 
lengthen the packet delivery latency. Increased delay can slow down reaction to serious events and is thus undesirable. 
In this paper we strive to support the scalability, energy efficiency and responsiveness goals at the MAC layer. 
2. RELATED WORK 
Existing system: 
The Problem of channel allocation in (CDMA) networks that eliminates collisions through spread spectrum techniques 
and orthogonal codes. Earring works on CDMA code allocation consider as a graph coloring problems. Centralized 
code assignment schemes are unsuitable when directly applied to sensor networks as it may be infeasible to establish 
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direct communication between the base station (BS) and the individual sensor node. Existing system also involved 
presenting optimal 2-hop coloring algorithm for special technologies, such as ring, bus, chain, tree and hexagonal 
grids. A node chooses a unique ID and broadcast it among its 2-hop neighbors. To conflict information is conveyed 
back to the transmitting node and new Id is chosen thus repeating the process. This process involves large message 
passing as n-1re-tries may be required for each node in worst case. 
2.1Sensor Network Overview  
In sensor networks [1]-[2], many spatially distributed radio transceivers with attached sensors are used to monitor 
environmental conditions, such as temperature, sound, vibration, pressure, motion, etc., at different locations. Usually 
these transceivers should be small and inexpensive so that they can be produced and deployed in large numbers. The 
main goal of the network is to communicate sensor data with given reliability and delay constraints. The transmission 
of data from the source to the destination may occur in several hops, where some nodes in the network operate as relays 
for the transmission the information. Such relaying makes it easier to transmit information across a large network, and 
transmission over various paths also increases the robustness with respect to an individual node failure. 
The key requirements for transceivers in sensor Networks[2]: 
• Low cost: Since a large number of nodes are to be used, the cost of each node must be kept small. For example, the 
cost of a node should be less than 1% of the cost of the product it is attached to. 
• Small form factor: Transceivers’ form factors (including power supply and antenna) must be small, so that they can be 
easily placed in locations where the sensing actually takes place. 
• Low energy consumption: A sensor usually has to operate for several years with no battery maintenance, requiring the 
energy consumption to be extremely low. Some additional and outage) can be guaranteed. 
• Variable data rate: Although the required data rate for sensor networks is not as high as multimedia transmissions, 
low data rates may be adequate for simple applications while some other applications require moderate data rates. 
• Heterogeneous networking: Most sensor networks are heterogeneous, i.e., there are nodes with different capabilities 
and requirements. 
•Robustness: Reliability of data communication despite interference, small-scale fading, and shadowing is required so 
that high quality of service (e.g., with respect to delay). 
2.2 Existing Technologies and Their Applications 
Until recently, most wireless sensor networks relied upon narrow-band transmission schemes such as direct sequence or 
frequency hopping along with multiple-access techniques such as carrier-sense multiple access (CSMA) carrier sense. 
For example, the narrow-band direct-sequence spread spectrum (DSSS) PHY layer that is currently used in conjunction 
with the ZigBee[2] networking standard in the 2.4 GHz band2 employs a 2 Chip per second code-shift keying 
modulation to provide 250 Kbits/s. ZigBee can be used for wireless control and monitoring solutions without extensive 
infrastructure  wiring. Wireless sensor networks using ZigBee can also be used to monitor logistics assets and track the 
objects. 

 
Table 1. Comparison of Wireless Technologies [1]-[2] 

Wi-Fi is a more mature technology and has been widely adopted in various applications. However, its complexity and 
energy consumption are much higher than that of ZigBee [2]. For these reasons, Wi-Fi technology has been applied 
only to perform some particular functions in wireless sensor networks. In many cases, it is used to collect sensor data 
for transmission over longer distance with fixed power supply. In some industrial and hospital wireless network 
systems, Wi-Fi have also be used to monitor and locate facilities with an accuracy of several meters. Compared to 
narrow-band DSSS and Wi-Fi, UWB offers significant advantages with respect to robustness, energy consumption, and 
location accuracy. Table 1 provides a comparison among the three above-mentioned technologies. 
 
2.3 DESIGN CONSIDERATIONS OF WIRELESS SENSOR NETWORK 
2.3.1 Global Regulation on UWB:  
The US Federal Communications Commission (FCC)[15] defines UWB signals as having an absolute bandwidth larger 
than 500 MHz or a relative bandwidth larger than 20%. The absolute bandwidth is calculated as the difference between 
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the upper fH and lower Fl frequencies of the _10 dB emission level. On the other hand, the fractional bandwidth is 
expressed as Bfrac = 2(fH-fL)/(fH+fL). Spreading the desired signal over an ultra wide absolute bandwidth allows for 
the construction of wireless systems that minimally interfere with existing wireless systems operating on frequencies 
within the UWB bandwidth. For this reason, numerous national frequency regulators over the world have issued rulings 
that allow the unlicensed operation of UWB systems, even if the UWB spectrum overlaps with the spectrum assigned to 
existing (legacy) systems. UWB devices already in, or expected to enter, the market use frequencies in the range  
between 2 GHz and 9 GHz which are already allocated to radio services as defined in the International 
Telecommunication Union (ITU) radio regulations. Therefore, the ITU has performed studies to investigate the 
coexistence of UWB and existing radio services. European regulations are being considered in several countries as the 
basis for the future regulation of UWB. The main EUregulatory parameters are depicted in Figure. 

 
Fig 1: European spectrum mask compared to FCC  regulation[15] 

Regulation in Japan has been fixed since 2006 and is now in a transition phase to a fully DAA-based approach. New 
inputs to the Ministry of Internal Affairs and Communication (MIC) can lead to simplification of the existing 
regulations. An increase of permitted power in the higher bands has already been requested. Further enhancement 
proposals such as the integration and consideration of specific environments have been agreed by interested UWB 
parties and will be forwarded to the MIC as soon as initial feedback has been received. 
2.3.2 UWB Channel:  
The propagation channels over which the UWB systems are to operate have a dramatic impact on the system 
design[13]. If the system were to operate only in an additive white Gaussian noise channel, then the receiver could be a 
simple energy detector (assuming pulse position modulation), which just detects whether a pulse is present at a given 
moment or not. However, UWB channels are delay dispersive, with root mean square delay spreads on the order of 5–
50 ns in indoor environments. UWB channel models are very different compared to their conventional narrowband 
counterparts, because first UWB is a carrier less communication scheme and secondly it uses a much wider bandwidth 
than the conventional wireless schemes. The design of a wireless receiver and transmitter, the basic building blocks of 
any wireless product, is significantly dictated by the channel model corresponding to the communication scheme 
utilized. Another important effect of the UWB propagation channel is the ranging issues arising from a power delay 
profile (PDP) showing a soft onset. In UWB non-line-of sight (NLOS) channels  the (easily identified) strongest 
component can be several tens of nanoseconds after the first component received. For ranging purposes, we need to find 
the delay of the first multipath component. Incorrectly identifying the first multipath component (MPC) leads to errors 
in the range estimation. Therefore, UWB has advantage over narrow-band technology to achieve accurate ranging. 

 
Fig 2: representing MPCs in a UWB and conventional wideband system [12]-[14] 

2.3.3 UWB Transmitter/Receiver Schemes:  
There are a number of different ways to spread signals to large bandwidths. From a signal-processing point of view, 
low-rate UWB is essentially spread-spectrum[13] with a very large spreading factor; for this reason, any of the well 
known spread-spectrum approaches can be employed. 
2.3.3.1 Modulation and Spreading: 
 Frequency hopping (FH) uses different carrier frequencies at different times. In slow FH, one or more symbols are 
transmitted on a given frequency; in fast FH, the frequency changes several times per symbol. The bandwidth of the 
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resulting signal is determined by the range of the oscillator, not the bandwidth of the original signal that is to be 
transmitted. The use of pulses for carrying transmitted information opens the door to several modulation options. The 
first one is pulse polarity modulation; Amplitude modulations other than binary ones are generally not used due to the 
low associated performance/complexity trade-off. Depending on the performance/complexity trade-off, several classes 
of transceivers [13] can be considered. The most efficient implementation is the coherent one (Figure 3). This 
implementation is also the most complex one. On the transmitter side, the pulse generator has to control the 
transmitted pulse shape finely and is generally able to handle its polarity. On the other side, the receiver is able to 
estimate the composite channel impulse response (the resulting waveform of the transmitted pulse shape affected by its 
interaction with the propagation channel). This estimation is then used as a comparison pattern to demodulate the 
received signal and all modulation schemes can be used. Correct operation of the transceiver is ensured by a good 
quality time base on both the transmitter and receiver sides.  
 

 
Figure 3 : Coherent receiver transmission scheme[13] 

A less complex implementation is the non-coherent approach. It is generally less efficient but more attractive if cost or 
power consumption is crucial requirements for the envisioned application. Signal detection is based on energy detection 
performed on the incoming signal. This class of receiver is unable to handle pulse shape or polarity detection, and the 
associated pulse generator implementation is generally simplified. Time base requirements are generally relaxed, 
allowing the use of low cost oscillators. 

 
Figure 4 : Non-coherent receiver transmission scheme[13] 

A third class of transceivers is also generally considered. This approach, called a “differentially coherent” transceiver, 
is based on the ability of the receiver to keep a delayed version of the incoming signal and use it as reference to be 
compared with the current signal. On the transmit side, a differential modulation scheme is used in order to resolve the 
resulting bit ambiguity. This approach is less complex than the coherent one and can generally work with low cost 
oscillators. This class of transceivers offers an intermediate performance/complexity/power consumption trade-off 
between the two previous ones. 
 

 
Figure 5 : Differentially coherent transmission scheme[13] 

2.3.3.2 Orthogonal frequency-division multiplexing (OFDM):  
In OFDM, the information is modulated onto a number of parallel subcarriers. For this reason, OFDM has no innate 
spectral spreading. Rather, spreading can be achieved by low-rate coding, e.g., by a spreading code similar to code 
division multiple access (CDMA) or by a low-rate convolution code. The bandwidth of the resulting signal is 
determined by the employed code rate and the data rate of the original (source) signal. OFDM is suitable for high-data-
rate systems but not for sensor networks. The HDR PHY is modulated by OFDM symbols spanning 528 MHz of 
contiguous bandwidth. Each allocation of 528 MHz is called a band. Every two or three bands are grouped into a band 
group, in which devices may access in the same transmission, according to the TFC in use. 
2.3.3.3 Code-division multiple access (CDMA):  
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Also known As Direct-sequence spread spectrum (DS-SS) multiplies each bit of the transmit signal with a spreading 
sequence. The bandwidth of the overall signal is determined by the product of the bandwidth of the original signal and 
the spreading factor. At the receiver, dispreading is achieved by correlating the received signal with the spreading 
sequence. Different users use different spreading sequences, and can thus be distinguished. CDMA has been widely 
used in third generation cellular communications; though the overall signal bandwidth in that case is restricted to 5 
MHz two orders of magnitude lower than for UWB signaling. It is also used in the high-data-rate UWB system of the 
UWB Forum. The key challenge in implementing a CDMA  system is that the signal has to be generated at the 
transmitter, and sampled and processed (dispread) at the receiver with a rate that is at least equal to the employed 
bandwidth. 
2.3.3.4 Time-hopping impulse radio (TH-IR)  
Is based on the following principle: each data symbol is represented by a sequence of pulses with pseudorandom delays; 
the modulation is applied to the whole pulse sequence. The sequence is chosen differently for each user; this allows the 
receiver to distinguish between different users. The duration of the pulses essentially determines the width of the 
transmit spectrum.TH-IR was first investigated in the pioneering work of Win and Schultz in the 1990s. The key 
challenge lies in how to properly receive and process the many echoes (multipath components) of the transmitted short 
pulses. 
2.3.4 Multiple-Access Consideration 
In a wireless network, the manner in which devices access and use the transmission medium (in this case, a wireless 
channel) is termed multiple access; within it falls under the scope of the multiple-access control (MAC) sub layer. All 
devices on the network must share the wireless channel since wireless communication is inherently a broadcast 
communications scheme and signals sent by one transmitter are heard at multiple locations. Thus, a major goal of the 
MAC [10]-[12] is to limit/minimize the interference within the network. There are several well-known methods by 
which wireless devices can share a channel. These typically involve transmitting signals that are orthogonal in one or 
more dimension such as time, frequency, or code. The MAC layer developed for the EUWB low data rate location 
tracking (LDR-LT) platform is based on a time division multiple access (TDMA) access scheme. MAC layer is based 
on Aloha and can have two modes: one which is a beacon-enabled and a second which is a non-beacon mode. The 
MAC layer has been designed in order to allow distance measurement between all nodes (also in an anchor free mode) 
and to allow data transmission if not all slots are used for localization depending on the distance measurement rate. 
The beacons allow to synchronize the network and to give a temporal reference. 
2.3.4.1 Time-Division Multiple Access (TDMA):  
TDMA[3] is a centralized scheme in which only one device transmits at any given time interval. We have essentially 
signals that are orthogonal in time; this is achieved by dividing the time axis into discrete non overlapping 
transmission intervals and assigning intervals to particular network devices. The devices then only transmit during 
their assigned time, and at all other times may listen to the channel to hear transmissions from other devices. For the 
purpose of a sensor network, TDMA in this strict definition is not necessarily feasible. This is due to the fact that in 
order to fully coordinate the timing of transmissions from multiple devices, a global time reference is needed, i.e., the 
network would need to be synchronized. For a small network consisting of a few devices all within communication 
range, synchronization is possible. However, in many scenarios envisioned for sensor networks, network-wide 
synchronization and thus TDMA was not considered. Another issue with TDMA relates to the scheduling of packet 
transmissions among the nodes.  
2.3.4.2 Frequency-Division Multiple Accesses (FDMA):  
Analogously to TDMA, FDMA[3]  assigns orthogonal frequency channels to various devices. This can be achieved by 
dividing the frequency spectrum into no overlapping segments and assigning these segments to individual devices for 
their transmissions. Within the context of UWB systems, this multiple-access technique has several problems. 
First, regulatory requirements require that UWB devices transmit signals with a bandwidth no smaller than 500 MHz 
Thus in order to support N users, the system bandwidth would need to be at least 500_N MHz So we see that in order to 
support multiple simultaneous users, each device must be able to receive and process extremely wideband signals. 
Secondly, depending on the duplexing method, network-wide synchronization may still be needed. This is the case 
when considering half-duplex communication where devices may be either transmitting or receiving. In this case, the 
system must schedule which devices are to be transmitting and which are to be receiving during each time instant. This 
type of scheduling is difficult to achieve without some form of global time reference.  
2.3.4.3 Code-Division Multiple Accesses (CDMA):  
CDMA networks[3] do not have the scheduling issues associated with TDMA and FDMA techniques described above. 
Since they rely on signal processing at the receiver to separate transmissions from multiple users. CDMA assigns 
(quasi-) orthogonal spreading codes to individual devices, which then multiply their symbol stream by the assigned 
code. CDMA allows the simultaneous transmissions (in time and/ or frequency). CDMA is also attractive for UWB 
sensor networks because the spreading factor in a UWB system is so large, theoretically, many simultaneous 
transmission can be supported. 
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3. WSN Target Applications Using UWB 
In general, WSNs can be adapted to many applications. The most important areas are: 
• Consumer products; 
• Healthcare; 
• Industrial applications; 
• Environment, infrastructure, and buildings. 
There are some characteristic examples of wireless sensors these are as follows: 
Tracking or detecting noise of footsteps of Strangers: Wireless Sensor Networks are used in the battlefield area to 
detect or to track the noise of foot-steps of the Strangers enter in border area by using wireless integrated sensor 
network. 
Hospital locating, tracking, and communicating system[9]: Current systems are to be further improved in terms of 
location accuracy, communication performance, cost, and spatial coverage. The future systems are required to enable 
pervasive locating and tracking of all kind objects including facilities, equipments, nurses, doctors, and patients. The 
requirements of location accuracy are to locate large equipment and personnel at least within a single room and to 
locate small but expensive equipment within 1 m range. The mobile nodes and most sensor nodes need to be battery-
powered. UWB technology can provide the required communication, specified location accuracy, low cost, and battery-
powered solution; therefore it is suitable for this kind of application. 
To track employees and visitors in the factory: For some large factories, there is a need for the central office to track 
and log equipment location and status on the production floors. It is also required to track employees and visitors, 
usually with an accuracy of better than 1 m. Current solutions employ Wi-Fi for data communications and a separate 
system for locating equipment and personnel. UWB system can solve both communication and locating needs, possibly 
as part of a hierarchical system in which the UWB locating and communication system is installed for each floor and 
connected via Wi-Fi for the whole factor. 
4. Conclusion 
In this paper, we have presented ARCH; a novel MAC protocol for multi-channel WSNs. ARCH enables the efficient 
usage of the available bandwidth through the careful assignment and spatial reuse of radio channels. ARCH pursues a 
combined FDMA and TDMA scheme in order to limit data collection latency and avoid interference among nodes’ 
transmissions. ARCH employs a distributed algorithm to arbitrate channels among cells. Distinct channels are also 
assigned to the different routing branches in order to expedite the data delivery to the base-station. Several new efficient 
variations of DCA channel assignment schemes for GSM cellular systems have been presented in this report. In order 
to be thoroughly evaluated a novel generic Java simulation system has been developed and thoroughly analyzed, 
suitable for large scale cellular systems. 
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