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Abstract—The paper proposes to use impulse radio ultra Wwaled signals in self-organizing ad hoc and
MANET networks to solve multiple access and widetworks coverage area problems. New methods oalsign
reception and information capacity increasing aoppsed.
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Introduction country or on the continent of the addressee. &ot-r

For the last decade, many researchers and devellﬁg— the station call-signs, containing symbols otis-
' o ries, were used.
ers have dedicated themselves to self-organizidip ra

! ) . Another example of the ad hoc network is Internet!
networks — the systems of radios-terminals withualt .
. . : Internet was created and still develops as the or&taf
multihop relaying and routing. Networks are the-ra

dom structure, which consists of either many iv The arbitrarily packet routers, which provides nalitte-

(ad hoc) or mobile (MANET) subscribers, united onlylﬁaymg of packe_ts fpr many SUb.SC”berS using dO”?a'”
. o ames. The switching on and disconnection of variou
under the general rules (protocols) of interactibris

assumed that such networks, as a rule, do notmse éc;l#tiﬁfl g]uéhsecrri]beetz\:éorguioc?r?l n(():';]glnsrgps)t\;[vr;e Scc;r;m@ét:k
stationary infrastructure, but they can organizsrtty- ' y 9 y e

namically changing hierarchy for an improvement dgputs in the network
network functioning by using these or other tadtica Ad hoc and
technical characteristics of terminals — largerigad MANET niches

transmitter's power or the power capacity of bater Th dit ¢ material and t
directional antennas, preferential location whiah e € expenditure o mateérial and temporary resources

sures larger zone of radio visibility, etc. Somerai- for research and developing of self-organizing oadi

chical relations between terminals also can be.used networks obviously assumes the prognosticatiorhef t

Actually, such networks must replace the portabI“é"Che" for their use among the sufficiently devedal

“walky-talky” telephone radio networks by automatin contemporary systems .Of stationary qnd mob!le radio
the process of connecting subscribers and widengfor SOMmmunication. "? ogr view, the basic fields of bpp
of information (data, photos, video in digital fan tion are_the foIIovv_lng. . o :

The self-organizing radio networks, gathered from ° Military tactical radio communication, which en-
the random radio stations, appeared in the 70jsast sures the high networks survivability due to de-
century and they were “invented” by radio amateurs. centralization and mutual multiple connectivity;

. Lo : Departmental or private networks (dispatch, in-
Usm.g AX.25 p_acket SW'tChmg protocol,_ W|rel_e_ss en- dusptrial networks ptemporary networ(ks (fl)uring the
thusiasts sent information for the certain recipibn '

> O L Co mass events — conferences, sport competitions,
transferring it to its first-encountered radio ®mt

; . ) o public meetings, etc.);
equipped with packet radio communication means. Af- Connections in groups of people and population

ter receiving the message in many packets formrathe which are away from the infrastructural commu-
dio station is attempted to find the addresseehef t nication networks (members of expeditions, re-
message or, at least, any station, which is lociatele mote agricultural areas, construction sites);
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« Communication during natural and technological Radio channel is the broadcasting medium. The sig-
catastrophes, when the infrastructure of regulaal of one subscriber is “audible” by all other scitib-
communication is destroyed; ers located within its radio visibility zone. Oretlone

» Sensor networks for the information transmissiohand this is positive property which makes possitzle
from the mass of data sources — security systengg, transmission to any of the surrounding terminals
sensors of states and results of the measuremepig, on the other hand, transmission of two or nrare
from different objects, development of the “clevyio signals at the same time leads to interferemees
er houses”, etc. sulting in mutual data distortions on reception.isTh

Among many problems, solved with the developi2kes place when “classical” signals with sinusbdea-
ment of those self-organizing networks, there ig odiers are used. Frequency selection of such sigmels
main thing — guarantee of reliable routing in tmsta- Sumes monopoly usage of the frequency by one tiser a
ble network structure within a limited time. any time. If the same frequency band is used byyman

Routing in the nonstationary topology and the sutisers, time division must be used to prevent packet
scriber activity is solved by some rules (protopolsoverlapping.

Hundreds of routing protocols are proposed at ptese The wide band spectrum signals (CDMA) allow
They are subdivided into three basic types — piesct Overlapping of several signals with equal signakls
reactive and hybrid. at receiver input. The number of signals which cinia

Proactive protocols |mp|y “knowledge” by each Ofin the time is determined by the degl’ee of theitual
the net terminals a number of subscribers in neétwoprthogonality. The orthogonality usually dependssen
and ways to reach to them. For this each switched Ifcted band spread sequences and signal baseatithe
network terminal must gather the maximum amount &f the bandwidth of the transmitted signal to tiaed
information about the state of network. These data width of transmitted data. With an increase of datas
represented in the form the routing tables to the s and limitations of available frequency bandS, il i -
scriber needed and number of necessary relay lop<Hlt to ensure the interference immunity of a miess
reach it. It is understandable that such protowaisk  significant quantity of simultaneously transmittsig-
well in the stationary networks or the networkshuthe nals. And equality of signal strength at receivensuts
|0w-m0b|||ty t0p0|0gy — ad hoc. They require thg_s| in radio networks is difficult or impOSSibIe to aehe.
nificant time expenditure for the composition obl&s The problem is usually solved by medium access
by observation of the data exchange by the sutesribcontrol (MAC) protocols usage.
of the network or collect messages received inrmetmi MAC protocols for multiple access are rules for
the subscriber inquiring requests. transmission of each network subscriber taking into

Reactive protocols assume transfer by the subscri§onsideration needs of communication channel oecupa
ers of the inquiring messages about the presengecsf tion by other subscribers. All multiple access pcots
essary subscriber in the network and the possihﬁw introduce mltlgatlon of the network throughput ane
of access to it at time of request. These protoands Crease of transmissions delays due to packets sigces
more suitable for the dynamically changing situaio 0 stay in a line waiting for transmission. In ad
the network, for example, in the networks of mobil@OC/MANET networks with many relayings the multi-
terminals — MANET. ple access protocols must be carried out on edair-re

Hybrid protocols are developed for a compromise ifnd terminal. Therefore, delays grow with increase
the volumes of service and useful information teaff traffic generated by subscribers in the areas diueaiu
circulating in the self-organizing networks. radio visibility and numbers of relayings on theite

These protocols solve the problems of routing withhe sum of delays can exceed the allowed dataedgliv
more or less success, which depends on many factdi®e value, thus, making the network not suitale f
but in essence on the rate of changes in netwpd{de the information transfer in a real time.

ay. Thus, the fulfilment of multiple access protocols
rule — one signal in the channel at any time, Easic
How many ad hoc gnd MANET obstacle in the creation of productive self-organgz
networks are in use? radio networks. There are dozens of MAC protocsis u
Answer to this question is such — practically ne.oning different mechanisms to solve the task to hase
Why? one signal on the channel at any time. But it fBadilt

The reason is a problem of avoiding or minimizindf it is generally possible to use them in ad ho&NET

mutual interference when many terminals transmit &€tworks because of many reasons — different distan
the same time. between terminals and different propagation deldifs,
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ferent signal to noise and interference ratio,rfetence Sequences of impulses with the large averaged duty
from “hidden” terminals, etc. factor (ratio of the total pauses between imputedahe
This problem can be solved if overall traffic ore th total impulses duration) must be used in the nekwor
communication channel is much less then possibBuch discrete signals make it possible to creatge la
channel throughput. In this case one can use uncamsembles of orthogonal or quasi-orthogonal signals
trolled access of the “unslotted ALOHA” protocoltlvi with minimal mutual interference. As a result, thisr-
up to 18 percent of the channel maximum throughpunits to use an uncontrolled access to a commuaitati
This means ineffective use of the allocated fregyenchannel — so-called simple ALOHA multiple access
resource. protocol. Even partly coincidences in the time itspg
Thus, the multiple access protocol problem makéom different signals do not worsen the qualityeath
high-performance ad hoc and MANET networks practother, but improve it thanks to mutual increaseithe
cally unrealizable. pulse power of the impulses. As opposed to CDMA,

impulse Radio Ultra Wide Band andad  gierente 1 T Be Poucr Tom Terous inals
hoc/MANET networks play sig g

ty.
Impulse radio ultra wide band (IR —UWB) signals
possess a whole series of the properties, whicbréav
bly compared them with signals based on sinusoidal
carriers [2]: The Federal Communication Commission of the
« They perform effective current to electromagUSA in 2002 has made constrains on use of IR-UWB
netic fields transform; signals [3]. The Commission has limited the signals
« Good penetration through various propagatiopower by the value of -41 dBm/MHz and the frequency
mediums; band of 3,1 - 10,6 GHz. These limits were doubled i
« Low spectrum density which prevents interferEuropean Community countries. The limits were itro
ence to existing radio services and systems; duced to prevent mutual interference with othevises
« These signals make it possible to locate sourt§ing the same band. Thus, such small power litnés
of transmission: distance of communications up to several meters. Th
- It is possible to provide sharp antenna radiatigp@ndwidth limit does not permit to use impulsesrtio
pattern: than 1 nanosecond because ultra short impulsespngas
« Transmit-receive equipment can be realizetis 7.5 GHz band pass filter, become radio impulse
mostly on digital technology. with significantly longer durations. This means sem-
Their use in self-organizing radio networks cafg such characteristics as transmission ratesyetole
solve the problems which prevent their wide pradticnumbers of simultaneously active subscribers in the
implementation. First of all, noted above multigle- network.
cess problem. It is obvious that transmitters in ad hoc and MANET
The transmission of information using these signal@dio networks must have substantially more power a
in radio networks is accomplished by sending blamks bandwidth to provide reliable communication in wide
ultra short impulses (usually less than 1 nanostcon area networks. To make it possible a new frequency
ration) series. These blocks are impulse positiotlec band outside widely used frequencies should beatHo
sequences (IPCS) which represent both transmitte€l for high rate long distance ad hoc/MANET sersice
symbol and the address of destination terminal (Big Frequencies above 60 GHz could be suitable for this
purpose.
After some studies of suitable frequencies [4], it
' L Lo | A seems to us that 70 — 170 GHz band could be apj#ica
' [ | || I for this purpose. Atmospheric signal losses in Haad
— ~1|, |~ \—— - J~ donotexceed 12 - 15 dB/km. The durations of the i
‘ , . I [ pulses, which ensure the maximum of spectral densit
[ Ts
N

FCC limit and long range
communication

location in this frequency band, equal to 6 - 1&@pec-
onds values (picosecond ="0s). Generators of such
ultra short impulses can be realized by contemporar
impulse techniques.

Wide frequency band allows, on the one hand, using
ultra short impulses without their duration inceas

Ts

Fig. 1. Symbols represented by IR-UWB signals.
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and, on the other hand, reducing spectral powesiderselection rather than their energy collection digant-
ties, thus minimizing possible interferences toeothly simplifies IR-UWB receivers. The noise immunity
services. Besides the displacement of IR-UWB sinalsensitivity) of this method exceeds one of theenagrs
spectrum into the band higher than 60 GHz makeswith the input ultra short impulses energy collecti
possible to use high-pass filters both in trangrstand
receivers to cut frequencies lower than this fregqye
reducing interferences to and from common radie s€
vices on lower frequencies.

Reception wr qud
.D'.

method

The ultra short impulses bear very small energy be-
cause of their short duration. Signal enekynPir,
where P; —impulse powerg — impulse durationn —
number of impulses in the signal. The probabiliten
ror is determined by known relatide/N, (No — noise

spectral density at reception point) and also depem Fig.2 “Non energy” receiver circuit diagram: HPFhigh

type of modulation and reception method. IMpulssi-pO pass filter, Amp — amplifier; - limiter, Quad — quadrator, SM —
tion code modulation with identical impulse powar i single shot multivibrator, Sum — summator.

the signal sequence is the equivalent of the audgdit
modulation, resulted in the worst reception effesti
ness. However, only incoherent method is practicall Information capacity
possible to receive ultra short impulses. Cohemsgth- of IR-UWB signals

od sUpposes: comparison of recelvgd and r,eferenceUsuaIIy each code sequence represents transmitted
waveforms in the correlator and requires precise sy,

hronization. With the | | duration | e symbol and the address of the recipient. To provide
chronization. Wi € Impuises duration 1ess imultaneous multi address transmissions in netsvork
nanosecond, the accuracy of synchronization must

futually orthogonal code sequences must be used.
several times higher, which is difficult to carrytan y g d

table devi d f Doboler shifti Such sequences are combinations of number of impuls
portable devices and presence of Doppler shiftsgur es of certain series with sufficient duty factotisl

motions. Therefqre, incoherent method is  the baﬁ‘ﬁakes it possible to generate large orthogonalasign
method of reception.

The incoh ¢ method of the i | it nsembles. But there is a contradiction: long iregul
€ Inconerent method of the Impuise position co qguences with large number of impulses improve BER
recgptlon is usually achleveq with a circuit WhIG}’Bn. factor but limit data transmission rates and/or ham
eq“"’?'e”t of the matched fllte.rs mgde on _delggshn of subscribers in the network utilizing ALOHA MAC
(passive correlators). They are invariant to sigmelal protocols
moments, 1.e., thgy d_o not require synchronlzano_n._ There is a method to increase data rates withdat da
However, realization of this method meets difficul-

ties in treating the ult hort | | becafshe: packet extension. In contrast to sinusoidal carhew-
I€S In treating the uftra short IMpuises, bec eir ing two independent parameters — amplitude andephas
low energy and needs of accuracy in making anagng

) ; i mpulses have three — amplitude, duration and jiplar
lay line taps (not to mention broadband of the)I_loe Modulation of these parameters separately or iama-c
needs to have avery h'g.h frfeq_uency clock for ameq bination makes it possible to convert the address s
alent digital processing circuit if one is used.

. uence, carrying one symbol, into the address segue
"\N; “have propcisgd al methdqd a}nd dng|cEsIm<éf arryingM = n log, k symbols, wher& — summary val-
cafle ngn Eer?]ergé/ |mpf>ur?e ra 'r? lét.ra wide 3na " ue of the impulses variable parameters gradationrs,
ception [5]. The idea o the method is to use dhau ,mper of impulses in the address sequence. Thus, f
short impulses level of which exceedss value of in-

. X . . example, with two gradations of amplitude, duration
coming noise as a trigger for monostable multivitara ?d polarity k = 8), each impulse can carry 3 bits. An

o~ X a
In response the multivibrator generates |mpul§es ficrease in the number of gradations (except fglari
larger duration and necessary amplitude. TheselsnquhiCh has only 2 values) makes it possible to iasee

es are further processed by a dig“"?" system fgmadi information load on the signals. In our example)
selection and symbols decoding. Signal processing 00, the address sequence carries 3000 bits.4Fig.

Ionge:jdu.ratlonAlmpuI_ses (;an ble accomplllshfdf?éf}eso hows vector diagram of impulse amplitude-duration-
ware devices. A version of analog equivalent o polarity modulation,

ceiver is shown on fig.2. Thus, this approach giuise
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A Yet another problem for implementation of IR-UWB
Amplitude signals in ad hoc and MANET networks is power and
Phase 0° - bandwidth limits imposed by FCC. To solve this abst
cle new frequency bands can be used for these net-
£ ; works. We propose for this purpose frequencies band
‘ from 70 to 170 GHz. This band has relatively sraail
mospheric power losses, not crowded with radio ser-
| vices. Such wide frequency band makes it possible t
| | 3 —> 1 have low power density of the signals to preversspo
% Duration ble interference to other radio services. Mututriier-

Noise ence protection can be significantly improved bings
high pass filters on both IR-UWB transmitters aee r
1 ceivers.

A new method of “non energy” reception is pro-
| posed. The method simplifies ultra short impulge si
nals reception and processing.

To increase information capacity of IR-UWB signals
impulse parameters modulation is proposed.

Amplitude N
Phase 180°

A

<
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