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It is common to think that impulse radio ultra basignals (IR-UWB) in communication systems cancéne information at

very high rates. But each impulse of the signal camy just one bit of information. In radio netwsrit is necessary to add
destination address to every information unit. Bhst way for each subscriber is use series of isgguinutually orthogonal to
the rest of series in the network. But the orthadityy means long multi impulse series with low dgnsf impulses to make

time domain space transparent. As a result, datsmnission rates become much less than expectadciease data rates in
radio networks modulation of each impulse by aradkt, duration and polarity in the series is prodo&xamples of transmit-
ter and receiver are presented. As a result, irdtu@ loading on signals increases manifold, corepting or neutralizing

losses, related to the transmission of symbolsiipulse sequences.

Introduction

Efficiency of communication system is determined
by the type of modulation and method of reception.
Modulation characterizes the amount of information
bits, transferrable during one increment of sigpat a b
rameters change, and a method of reception isesffic
cy of detection (recognitions) of signal on a baokmd
noises and interference. This applies to the witide
band impulse signals radio systems (IR — UWB). The
IR-UWB signals attract researcher’s attention tisaiok
the row of advantages over signals based on sive wa
carriers 1.

The generation of impulse signals in principle does e

not represent difficulties. A problem consists afiyo Fig. 1. Gauss impulse transformation in the procdédsans-

availability of devices, able to generate the inseslof ission:a — DC Gauss impulsé — first derivation of Gauss
the I‘eC]UII’ed Sma" durat|on and amplltude Thew'reimpulse’c_second derivation of Gauss |mpu|5e

current impulse (figd), given in an antenna, trans- _
forms into bipolar electromagnetic oscillation. fte- Task Sefting

quency and phase characteristic of the antenriagarl In a “point to point” Communication’ without inter-
in the wide enough frequency band, then a forhef tference from other impulse sources, each impulge re
radiated electromagnetic impulse is the Gauss menogesents only one bit of information. In radio neti®
cle (fig.1b). The Gauss monocycle is bipolar oatitih  \vith many impulses from and to different subscrbier

— result of DC impulse differentiation by anten@m a js necessary to mark the impulses destinationsini-e
receiving side receiving antenna also differensiatee  plement addresses of recipients. Mutual pair-wise s
Gauss monocycle, as a result, a monocycle transforghronization of transmitters and receivers of tim |
into oscillation, the form of which is represented can be used for this purpose allowing defining witrat
fig.1c. If the antenna or propagation medium frewpye pulses from whole streams of impulses in the networ
bands look like a low-pass filters, then a monoeycljestinated to particular receiver. However, takinip
transforms into a radio impulse with many oscila8 account extraordinarily small durations of impulses
and its duration becomes inversely proportionalh® (ysually less than 1Dsec), requirement to accuracy of
overall frequency pass band. synchronization must be the same order. It is aED
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essary to take into account that the receptionsgh-a degrees). Signal constellation, determined by osit
chronous in time informative blocks (packets, far e of end of signal vector, can consist of great nundie
ample) requires preliminary search the synchrompat values in these half planes. Thus, the informatioad-
before reception for every block, that, taking imo- ing" will be similar toA/-fold phase-amplitude modula-
count duration of impulses, does the search of sytien (PAM). Each impulse can cari=log, k bits,
chronic signal very protracted, and packet commasnicwherek = 2*° — two to the number of product of gra-
tion not effective. Therefore, as the asynchrondais dation values of amplitude, phase, duration pararset
blocks transmission, it is necessary to apply afress The whole addresk- impulse sequence can caiviyL
“painting” on impulse signals, which would diffeten bits of information.

ate receivers without preliminary synchronization.

The most effective method of asynchronous trans- Ampiitude
mission is usage of pulse-code modulation (PCM), at Prased T
which information unit passes from a source tociie +
ent by certain impulse series orthogonal or quésogr
onal to ones sending by other users. On a recesidgy |
sequences distinguish by means of, for example, pas j T T
sive matched filters, which decode the impulseasts Noise
without synchronization (for example, based on layde
line with taps). It is clear, that the more impulsesed
for one information unit, the higher probability thfeir Ampiitude |

Phase 180°

correct address decoding. However, the transmigssion v
information units by sequences of impulses reducglsg 2. Vector of impulse in “amplitude — phase uration”
transmission rates, both between the separate @Rirs;;main.

subscribers and in the whole network because chosen _ _ o
sequences must have relatively large average duty ¢ It looks like there is no problem to distinguish-im
cles (ratio of pauses between impulses to impulses Pulse amplitudes in a receiver. There can be saote p
ration) for possibility to create sufficient ensdmipf lems to identify exact values of impulse duratibthere
sequences with impulses distinct in time. At thessic  are some frequency limitations in pass band ofreate,
methods of reception, based on the accumulation Rfiopagation medium and in the receiver itself bseanf,
signal energy, the impulses of the spaced out Segse mentioned higher, tran_sformatl_ons of very shoreghr
must have sufficient energy, which gives sufficient half wave second derivation impulse into many half
ceeding above the spectral noise density in theivec ~Waves radio impulse. This means, that impulse durat
Unfortunately spaced out series of ultra short e 9radation must exceed possible extension.

cannot carry enough energy to fulfill the needeergp The most difficult process is to distinguish thiiah

to noise spectrum density ratio. Therefore it isase POlarity of impulse. Usually coherent correlatiath-
sary to increase information capacity of code seqeg Nique with strict synchronization is used to idgna

to improve information rates in radio networks wity  Phase of the impulse. But it looks possible to cletiee

UWB signals. A way for this is usage of impulsesdmo Polarity by non-coherent method by analyzing phades
ulation. the second derivation.

_ Let’s consider possible devices for transmissiott an
Modulation of Impulses reception of with amplitude, phase and duration mod

The Gauss monocycle has three independent pardaied impulses.

eters — amplitude, polr_:lrity, and duration. Polamityhe _ Transmitter

DC impulse changes initial phase of second dedowati _ _ _ _
at front end of the receiver. By changing eachheke A scheme of transmitter (fig. 3) consists of a bi-
parameters individually or jointly it is possible tfill ~Phase output stage, loaded on ultra wide band aaten
up” additional information to impulse sequences, io  This stage is excited by a stage forming positivees-
make for every impulse a construction in “amplitudedtive polarity impulses (PDC); its duration set elegis
initial phase — duration” domain (F|g 2), provigin on the value of\/~fold code word of input data stream

considerably larger information loading on every- imcoming from a coder. The address impulse sequence

pulse and whole code sequence. goes on address input of the coder. In the simplest
The vector of impulse can be placed in different pdwithout additional modulation) the address seqeenc

sitions, but in one of two half planes (phase (180 Can represent information units. Information data

A
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stream goes to the coder data input. The codedehvi
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els of signal and noise, second — selects ultra-$mo

this stream into groups of bits, matches these pgoupulses of the signal and noise. Differential anmgl#

with the impulse parameters in the code table ad g
erates appropriate output control signals. Powatrob
blocks (PCB) controls amplitude of the impulse. $hu

compare levels from each of chains and selectslsnpu
es whose level exceeds the averaged value of noise
Amplitude limiter converts selected impulses inié d

every address code sequence impulse additionaldl mderent phases rectangular forntsgnde). Rectangular

ulated by three parameters — amplitude, phase arad d
tion.

|+E

PCB

A 4

Data Antenna

Coder

Add ressT
[-E

Fig. 3. Transmitter functional diagram.
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The noise immunity of such transmission system will

be similar to the one of the systems with amplipdase
modulation. Probability of error on receiving suél be
determined by distances between the ends of impigse
nal vectors and level of noise in the communicatioban-
nel. Therefore, it is possible to offer such corabons of
those three parameters, which would maximize distan
for the similar groups of symbols (code words). {Sac
method (for instance, Gray codes) is used in tiseesys
with amplitude-phase modulation [3].

Reception method also influences probability oberr
In the “non-energy” reception method [3,4], whickes
impulses with amplitudes higher thams level of noise
rather than impulses energy, error probability \wél de-
termined only by ability of receiver to distinguighada-
tion of each three parameters of the received isgsulin-
der given noise level. The signal processing isezhout
by the use of “standard” impulses of selected aog#i
and duration, generated in a receiver in replyeteived
ultra-short impulses. Correlation analyses of ‘déad”
impulses streams by a matched filter without trattem
and receiver synchronization is the base of thehooet
Such method of reception substantially simplifies r
quirements to hardware-software facilities of aneer.

impulses are summed up, integratjca(id goes on to a
decision device (bilateral threshold device). The i
pulse exceeding positive or negative threshold aspe
on the decision device output and indicates ths@lo&
the received signabj. Duration of this rectangular im-
pulse is proportional to duration of the receivee.o

d Delay Line

Level & length
decoder

e 1

e 2

Fig. 4. Functional diagram of receiver.

The lower part of the diagram illustrates the pssce
of address decoding (decoding of the orthogonal im-
pulse series with positive and negative impulsespha
and level selection of each of the impulses. Ordgip
tive initial phase process is shown on the diagram.

Basis of this part of the diagram Asfold threshold
device A is the impulse amplitude level gradations) and
delay line with taps and summator making matchked fi
ter. Impulses with positive phase go frodn point.
SummatorX accumulates impulses from taps of the de-
lay line and enter them on a decision thresholdogev
Exceeding the threshold indicates reception of esklr
with positive impulse polarity sequence.

Simultaneously every impulse enters ofifold
threshold device, giving out signals on each ofdus

Let us examine the possible diagram of an IR — UWByts at exceeding of corresponding thresholds. &hes

receiver with modulated impulses (fig.4). Formssf-
nals at some points of the diagram are shown adb. fig

signals open keys (gates), allowing signals frokinta
of delay line to the next level summators with #eld

A signal from antenna amplified by the low noisgjevices. On the output of decision devices we gisep
amplifier LNA (pointa) goes to two chains of quadra-series with levels, exceeding the address levethiy

tors (rectifiers). Output of quadrators is the vadfve
video signals with opposite phases. They entegrate
ing and differentiate chains. The first ones averky-

corresponding amount of gradations. Fragments of ad
dress sequences are shown on big.5
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/\ [\ wide, but each impulse can carry only one bit érin
mation.
R In radio networks the transmission of information
requires addressing. It is more useful to carry amt
dressing by the transmission of informative unitss a
m /\ b mutually orthogonal code impulse sequences. For the
increase of degree of mutual orthogonality it isdhed
U . to increase the amount of impulses combinations in

sequences and diminish impulses duration. The in-
crease of amount of impulses in address sequerices
maintenance of sufficient size of average duty eycl
|_| |_| results in lengthening of sequences and declimestra
a mission rate. Diminishing of duration of impulses d
minishes their energy that at the classic methockof
|_| ° ception results in the decline signal energy tos@oi

f spectral density.
_K__\__C\( It is suggested to use the method of "non-power" re
ception of ultra-short impulse sequences, providirey

g signal processing without the account of energy,ar-
eas of the accepted impulses. Instead only thepliam
@) tudes exceeding noise level control, generatiomeof
B B B B ceiver internal “standard” impulses, which are Hert
H H H . used in signal processing. Besides, this methavall
ddsscode-Lewl0 receiving asynchronous signals providing their elar
B B B B tion in passive matched filters.
; The increase of informative capacity of impulse sig
Code Love nals it is proposed to make simultaneous or separat
] B B modulation impulse’s independent parameters of — am
ot plitude, duration and polarity. A receiver must ddde
Comtewz to distinguish the gradations of changes. Functidra
(b) agrams of possible transmitter and receiver are pro
posed.
Due to modulation of impulses the informative load-
ing on signals increases manifold, compensatintear

_ o _ tralizing losses, related to the transmission ohisyls
An analogical presentation is used to illustrats-popy impulse sequences.

sible ways of impulsive sequence decoding. Natyyrall
our day’s digital methods and ASICs must be redlize References
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Fig.5. Signals curves at different points of theeieer:a — at
different points of the receiveb,— output series of different
levels.





