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INTRODUCTION

	The average person has a small home, but a huge appetite for entertainment. All of us would want to zap video images from digital camcorders to our hard drives without tripping over the cables that connect them. As home entertainment systems become more sophisticated, u will have flat panel displays. You could hang them like paintings on your wall…..Now who would want cables to dangle from those beauties?
	So you think - big deal…. We have Bluetooth and 802.11 wireless technologies to solve this problem. They do a decent job of linking our pc’s and digital gadgets in the home and office. However, more bandwidth and speed is always welcome. It’s here that UWB makes its grant entrance.
	UWB can handle more bandwidth intensive applications – such as streaming video – than any 802.11 or Bluetooth technology. It has a data rate of roughly 100 Mbps. Compare that with the maximum speeds of 11 Mbps for 802.11b, called Wireless Fidelity or Wi-Fi,   which is the technology currently used in WLANs (wireless LANs). Bluetooth has a data rate of about 1 Mbps. UWB is expected to reach around 500 Mbps by 2004.
	Propagation environments place fundamental limitations on the performance of wireless communications systems. The existence of multiple propagation paths (multipath), with different time delays, gives rise to complex, time-varying transmission channels. A line-of-site path between the transmitter and receiver seldom exists in indoor environments, because of natural or man-made blocking and one must rely on the signal arriving via multipath.
	UWB gives us these extremely high data rates at lower costs and lower levels of power consumption, which makes it ideally suitable for handhelds and mobiles.



WHAT IS ULTRA WIDEBAND TECHNOLOGY?
	Ultra Wideband is a revolutionary wireless technology for transmitting digital data over a wide spectrum of frequency bands with very low power. It can transmit data at very high rates (for wireless local area network applications). The approach employed by UWB devices is based on sharing already occupied spectrum resources, rather than looking for still available but possibly unsuitable new bands. Within the power limit allowed under current FCC regulations, Ultra Wideband can not only carry huge amounts of data over a short distance at very low power, but also has the ability to carry signals through doors and other obstacles that tend to reflect signals at more limited bandwidths and a higher power. At higher power levels, UWB signals can travel to significantly greater ranges. Instead of traditional sine waves, ultra wideband broadcasts digital pulses that are timed very precisely on a signal across a very wide spectrum at the same time. Transmitter and receiver must be coordinated to send and receive pulses with an accuracy of trillionths of a second.
	UWB is not a new technology. Dr. Gerald F Ross had demonstrated its potential in radar and communications in the early 1970s itself.  However, its usage for wireless applications, particularly for WLANs and WPANs, began only in the late 1990s with several players like Xtreme Spectrum, Time Domain, Multispectral Solutions, A ether Wire, Fantasma Network, IBM, Intel and Motorola. 
	UWB was also used in espionage agencies in both the United States of America and the former Soviet Union. The research of military radar technicians led to the ‘ultra wideband synthetic aperture radar’, used by spy planes and satellites to see through dense ground cover to locate enemy troops and camouflaged equipment on the ground. It works by showering the target with rapid pulses of broad, low frequency signals that punch their way through solid objects. UWB works in a similar fashion. 



ULTRA WIDE BAND DETAILS

	This concept doesn't stand for a definite standard of wireless communication. This is a method of modulation and data transmission which can entirely change the wireless picture in the near future. The diagram given below demonstrates the basic principle of the UWB:  
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	The UWB is above and the traditional modulation is below which is called here Narrow Band (NB), as opposed to the Ultra Wideband. On the left we can see a signal on the time axis and on the right there is its frequency spectrum, i.e. energy distribution in the frequency band. The most modern standards of data transmission are NB standards - all of them work within a quite narrow frequency band allowing for just small deviations from the base (or carrier) frequency. Below on the right you can see a spectral energy distribution of a typical 802.11b transmitter. It has a very narrow (80 MHz for one channel) dedicated spectral band with the reference frequency of 2.4 GHz. Within this narrow band the transmitter emits a considerable amount of energy necessary for the following reliable reception within the designed range of distance (100 m for the 802.11b). The range is strictly defined by FCC and other regulatory bodies and requires licensing. Data are encoded and transferred using the method of frequency modulation (control of deviation from the base frequency) within the described channel.  

	Now take a look at the UWB - here the traditional approach is turned upside down. In the time space the transmitter emits short pulses of a special form which distributes all the energy of the pulse within the given, quite wide, spectral range (approximately from 3 GHz to 10 GHz). Data, in their turn, are encoded with polarity and mutual positions of pulses. With much total power delivered 


into the air and, therefore, a long distance of the reliable reception, the UWB signal doesn't exceed an extremely low value (much lower than that of the NB signals) in each given spectrum point (i.e. in 

each definite licensed frequency band). As a result, according to the respective FCC regulation, such signal becomes allowable although it also takes spectral parts used for other purposes:  
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	So, the most part of energy of the UWB signal falls into the frequency range from 3.1 to 10.6 GHz. Below 3.1 GHz the signal almost disappears. The more ideal the form of a pulse formed with the transmitter, the less the energy goes out of the main range. The spectral range lower than 3.1 GHz is avoided not to create problems for GPS systems.  However, UWB is accurate to within 10 centimeters -- much better than the Global Positioning System satellites and because it spans the entire frequency spectrum (licensed and unlicensed), it can be used indoors and underground, unlike GPS. UWB could replace communications of all types, ending forever our dependence on wires and making worthless the ownership of radio frequencies.

	The total energy of the transmitter which can fit into this band is defined by the area of the spectral characteristic (see filled zones on the previous picture). In case of the UWB it's much greater compared to the traditional NB signals such as 802.11b or 802.11a. So, with the UWB we can send data for longer distances, or send more data, especially if there are a lot of simultaneously working devices located close to each other. Here is a diagram with the designed maximum density of data transferred per square meter:




[image: uwb3]

	Density of transferred data able to coexist on the same square meter is much higher for the UWB compared to the popular NB standards. That is, it will be possible to use the UWB for the intrasystem communication or even for an interchip communication within one device!  

	In case of the NB a frequency and width of the dedicated spectral range for the most part (though the real situation is much more complicated) defines a bandwidth of the channel, and the transmitter's power defines a distance range. But in the UWB these two concepts interwine and we can distribute our capabilities between the distance range and bandwidth. Thus, at small distances, for example, in case of an interchip communication, we can get huge throughput levels without increasing the total transferred power and without cluttering up the air, i.e. other devices are not impeded. Look at how the throughput of data transferred in the UWB modulation depends on distance:  
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	While the traditional NB standard 802.11a uses an artificially created dependence of throughput on distance (a fixed set of bandwidths discretely switched over as the distance increases), the UWB realizes this dependence in a much more natural way. At short distances its throughput is so great that it makes our dreams on the interchip communication real, but at the longer distances the UWB loses to the NB standard. On the one hand, a theoretical volume of the energy transferred, and therefore, the maximum amount of data, is higher. On the other hand, we must remember that in a real life information is always transferred in large excess. Beside the amount of energy, there is the design philosophy which also has an effect. For example, a character of modulation, i.e. how stably and losslessly it is received and detected by the receiver. Let's compare the classical:  
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... and UWB transceivers:
[image: uwb6]
	The classical transceiver contains a reference oscillator (synth) which, as a rule, is stabilized with some reference crystal element (Ref Osc). Further, in case of reception this frequency is subtracted from the received signal, and in case of transmission it is added to the data transferred. For 

the UWB the transmitter looks very unsophisticated - we just form a pulse of a required shape and send it to the antenna. In case of reception we amplify the signal, pump it through the band filter which selects our working spectrum range and... that's all - here is our ready pulse.




A COMPARISON TABLE OF THE CHARACTERISTICS
	

	
	Distance range, m
	Frequency
	Channel width
	Throughput

	UWB
	Up to 50 (at present)
	3.1 to 10.6 GHz
	The same
	Hundreds of Mbit

	802.11b
	100
	2.4 GHz
	80 MHz
	Up to 11 Mbit

	802.11a
	50
	5 GHz
	200 MHz
	Up to 54 Mbit

	Bluetooth
	10
	2.4 GHz
	
	Up to 1 Mbit





HOW SECURE IS UWB?
	
	UWB promises to be highly secure. It’s very difficult to filter a pulse signal out of the flood of background electronic noise with traditional RF scanners. Besides, vendors such as Time Domain are encrypting the zeros and ones being transmitted by the pulses.
	If an intruder could find the signal in the noise floor, maintaining precise synchronization with a series of pseudo-random pulses of energy present less than 10% of the time and less than 500 picoseconds in duration is a monumental engineering challenge.






WHY UWB SO EFFECTIVE?


C =B log 2(1+S/N)

             Where:		
                         C = Max Channel Capacity (bits/sec) 
                         B = Channel Bandwidth (Hz)
                         S = Signal Power (watts)
                         N = Noise Power (watts)

            C grows linearly with B, but only logarithmically with S/N. Since B is very high C also becomes very high.








BASICS
	Normal radio waves are sine waves or smoothly fluctuating waves. Traditionally, radio communications stay within the allocated frequency band. We normally use a carrier wave to transmit data. The carrier wave is imprinted with data by modulating any of the following— amplitude, frequency or phase of the carrier wave. Three common ways of modulating a sine wave are AM (Amplitude Modulation), FM (Frequency Modulation) and PM (Pulse Modulation).
[image: am_aug2k2]
	What happens when you listen to news from an AM radio station, say an All India Radio medium wave station? The sine wave of the announcer’s voice is combined with the transmitter’s sine wave (carrier wave) to vary its amplitude, and then transmitted. In AM, the amplitude of the sine wave or rather its peak-to-peak voltage changes. FM stations and other wireless technologies including cordless phones, cell phones and WLANs use FM, where based on the information signal, the transmitter’s sine wave frequency changes slightly. In PM, the carrier or sine wave is turned on and off to send data. In its simplest form, it can be a kind of Morse code. (See diagrams for a basic idea of how narrow-band communications work). The receiver in each case is specially tuned to decode information in the carrier wave.Usage of a carrier wave within a narrow band effectively means limiting amount of data that can be imprinted on to it. Hence the importance of UWB.


WORKING PRINCIPLE
UWB uses a kind of pulse modulation. To transfer data, a UWB transmitter emits a single sine wave pulse (called a monocycle) at a time. This monocycle has no data in it. On the contrary, it is the timing between monocycles (the interval between pulses) that determines whether data transmitted is a 0 or a 1. A UWB pulse typically ranges between .2 and 1.5 nanoseconds. If a monocycle is sent early (by 100 Pico seconds), it can denote a 0, while a monocycle sent late (by 100 Pico seconds) can represent a 1. Now, one Pico second = one trillionth of a second. Hence, the quantity of data transmitted is on the high side
[image: pm_aug2k2]
	Spacing between monocycles changes between 25 to 1000 nanoseconds on a pulse-to-pulse basis, based on a channel code. A channel code allows data to be detected only by the intended receiver. Since pulses are spaced and timing between pulses depends on the channel, it’s already in encrypted form and is more secure than conventional radio waves. Through several million monocycles, it uses a wide range of frequencies to transmit large amounts of data in one go.
	Only a receiver specifically tuned to the transmitter can receive transmitted data. Hence, it is a comparatively more secure channel for data transmission. Moreover, by using some amount of modulation, sharp spiking and subsequent noise interference with other narrow band devices are reduced to minimal levels. Any other device into whose band UWB pulses might spill over, will at most, feel it as background noise as energy levels of the pulse are low.

APPLICATIONS OF UWB TECHNOLOGY
· RADAR APPLICATIONS
1. Disaster rescue: UWB technology has been used for some time in Ground Penetrating Radar (GPR) applications and is now being developed for new types of imaging systems that would enable police, fire and rescue personnel to locate persons hidden behind a wall or under debris in crises or rescue situations. By bouncing UWB pulses, rescuers can detect people through rubble, earth or even walls using equipment similar to radar. Construction and mineral exploration industries may also benefit.
2. Radars: The US military has already been using this technology for military radars and tracking systems for the last 15 years.
3. Collision avoidance: UWB technology can make intelligent auto-pilots in automobiles and other crafts a reality one day.
4. Construction safety: UWB imaging devices also could be used to improve the safety of the construction and home repair industries by locating steel reinforcement bars (i.e., re-bar) in concrete, or wall studs, electrical wiring and pipes hidden inside walls.
5. Automotive safety: UWB devices could improve automotive safety with collision avoidance systems and air bag proximity measurement for safe deployment
6. Medical Application: Potential medical uses include the development of a mattress-installed breathing monitor to guard against Sudden Infant Death Syndrome and heart monitors that measure the heart's actual contractions
7. Home safety: Some potential home safety uses include intrusion detection systems that are less susceptible to false alarms, and space heaters that turn themselves off when a child comes nearby.

· COMMUNICATIONS APPLICATIONS
1. UWB devices can be used for a variety of communications applications involving the transmission of very high data rates over short distances without suffering the effects of multi-path interference. (Multipath is the propagation phenomenon that results in signals reaching the receiving antenna by two or more paths, usually due to reflections of the transmitted signal. The ability to time-gate the receiver would 
2. allow it to ignore signals arriving outside a prescribed time interval, such as signals due to multipath reflections.)
3. UWB communication devices could be used to wirelessly distribute services such as phone, cable, and computer networking throughout a building or home. These devices could also be utilized by police, fire, and rescue personnel to provide covert, secure communications devices
4. It can emerge as a competitor to cellular services that currently use CDMA and TDMA technologies
· POSITIONING APPLICATIONS
Personnel tracking: Security personnel can use it to tag employees and visitors inside high security areas, give or deny permission to access certain areas etc. The US Navy is testing prototypes of this system to track its possessions overseas. UWB devices can be used to measure both distance and position. UWB positioning systems could provide real time indoor and outdoor precision tracking for many applications. Some potential uses include locator beacons for emergency services and mobile inventory, personnel and asset tracking for increased safety and security, and precision navigation capabilities for vehicles and industrial and agricultural equipment. 



ADVANTAGES OF UWB TECHNOLOGY
· Low power usage - Its significance lies in the fact that it transmits several times the data possible over current wireless technologies, using very low levels of power (in the order of a few mill watts).Making it ideal for use in battery powered devices such as camcorders and cell phones. Wi-Fi , in contrast, is limited to PCs and things that u can plug into the wall.
· The low power pulse can penetrate obstacles like doors, walls, metal etc, and suffers little or no interference from other narrow band frequencies. Hence, it is useful in densely built-up areas
· It doesn’t require allocation of ‘precious’ or ‘paid for’ narrow-band spectrum in use now.
· Its electro-magnetic noise is only as much as that of a hair dryer or electric fan and it doesn’t interfere with or hamper other RFs.
· Best of all, it costs a fraction of current technologies like Blue-tooth, WLANs and Wi-Fi.
· Minimal Noise Generation - UWB doesn’t suffer from multi-path interference (where signals reach the receiver after traveling through two or more paths). Something similar happens when your car is at an intersection surrounded by tall buildings. Your radio might not give a clear reception as it’s receiving both direct signals and those that have bounced off the buildings. Often, the static disappears when you move ahead or backwards. Hence, it can be used in densely built-up places, or where numbers of users are more than what is supported by Wi-Fi, Blue-tooth etc.
· Inherent security

KEY ISSUES FOR UWB
 UWB technology is attracting as an ultra fast interface for digital appliances. A number of technical issues involved in getting UWB up and running in homes and offices have been uncovered. .
      They can be broken down into five groups namely 
     1. Reducing interference with other radio systems, 
     2. Complying with electromagnetic regulations of many nations,
      3. Minimizing erroneous transmissions caused by reflections from walls and objects    (multi-path),and Assuring continuous communication between multiple pieces of equipment (multi-access),
     4. Reducing implementation cost of UWB radio circuitry.
     5. All of these issues will be vital to the success of UWB.









CONCLUSION
Some players have come out with UWB prototypes. Xtreme Spectrum claims to have created a chipset codenamed Trinity that offers 100 Mbps data rates and consumes only 200 mill watts of power. Trinity will be priced around $ 20 per piece in groups of 100,000. Commercial production is expected in the first half of 2003.
	So far, while some players have given it a wide berth, others are lobbying hard for it. Those who have worked on competing technologies like 2.5 G and 3 G are against it.
	They claim that since UWB is spread across the spectrum, it could theoretically interfere with other electromagnetic waves and essential services dependent on these, like air traffic communications, mobile services, GPS, radio and TV signals. Also, rivals like Synad Technologies have developed the Mercury5G chipset that can operate on both 802.11a WLAN and 802.11b (Wi-Fi) standards and offers reasonably high throughputs.
	Where does this leave UWB? It is undoubtedly a niche technology which holds promise in a wide area. But, its success depends on scoring against a handful of rival technologies in which companies have invested billions. Those who’ve invested their money will not hasten to consider an upstart rival, even if it offers better services. It seems that UWB will most probably succeed in WPANs as a means of delivering data-intensive applications like video. Imagine downloading the latest blockbuster on your portable player while tanking up at the petrol pump! But, this dream will take at least a year to materialize at the current pace of things.
	Now, visualize what happens when you have a large rock into a small pond. It splashes out the water in one go (as seen with our naked eyes). If captured as a still photo, we’ll see the millions of water droplets that splash out in a fraction of a second and make the splash we see. If ripples are like normal transmission of data between wireless devices (as in blue-tooth or Wi-Fi), UWB promises to be the ‘huge rock’ in data transmission
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