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1. Introduction

The transmissionmethods ensuringerror protection inpacket radio networks are based
onerror detectionand correctionwith the help of noise-resistant codingor theuse of
a feedback of different types. Having inmind that the status of the radio channel
depends onmany factors andalters according to the seasons and daytime, It isnecessary
‘tochooseand apply sucherror protectingmethods, thatal lovefficient transmission in
awide disturbances range.

Inorder to estimate and choose any transmission method,, one of the possibilities
is to compare the most important characteristics of the radio networks such as
transmission rate (or messages delivery time) and rel iability of the information
received.

Many investigations connected with the choice of operationalgorithmsminimiz-
ing the average messages delivery time, have beenpublishedin [1-4] . Inthepresent
study the average del ivery time depends onthe transmission rate and the validity of the
information received is additional Iy computed. Since thesetwo characteristicsare in
contradiction, avariant for the selectionof transmissionmethods is suggestedwith
respect toagereral ized characteristicswhich isaproductof the relative transmission
rate and the informationvalidity. This result can be conditional ly acceptedas a
quantitativeestimation of the transmissionefficiency. Forthispurposetheanalytical
relationsfor the transmission rateand the reception rel isbi l ity are studiedwith respect
‘tothe approachused for error protection.

2. Transmission methods using noise protected coding

a) Transmission rate
The transmissionrateR _canbe determined as relative speed of the information

* The investigations have been sponsoredby the Ministry of Education and Science, Bulgaria, Contract No

5028.
8 2



coded, which isthe ratio between the nunber of the informationsymbols inthe packet
(or message) and the total number of symbols. IFL isthenurber of bits inthemessage,
notacoounting the service informattion, C—thenurber of servicebits inthepadket, and
X — the number of packets inwhich the message is defective according to agiven
criterion, thenthe length of the packet given 1(X) isequal to L/x+C.

Then
D R, = L/(L+CX).

Itisobviousthat relation (1) isval idwhenthe continuationand intensityof the
disturbances are such that the error caused by them does not exceed the correcting
capecitiesof the code selectedwhich ischaracterised aboveal I by the nunberof service
bits inthe packet.

In case we admi't that the code is selected to correct agroup error, then the
disturbancen <1/t , wheret _isthe timenecessary to transmit thepacket, n_—the bound
valueof disturbencss intensity, theexasedingofwhich leeds to incorrectableerrors, i .e.,
such intensity, inwhichthe information receptionwitherrorsdetectionand correction
isinpossible.

b) Transmissionvalidity

It canbe evaluated by the probabi lity that the receiverwould get corrected
information. Itisobvious thatthisevent isavailableunder the fol lovingconditions:

— ifroerror isdiscovered, the probabi ity for error detection P, isdetermined
as PX. =1 - 270 -1 = 7 _ 2°CX;

— iftheerrorsavai lable correspond to the correcting capacitiesof the code gppl ied.
This probabi lity is equal to the probabi ity to have more than one group of errors and
if it isassuned that the errors flow isPoisson [5], inwhich the probability for the
occurrence of keveritswirthinthe interval t_ (necessary for packet transmission), is:

V() =ente(mt))</K!,
then the probabi 1 ity that the errorsare adequate to the code correcting capacities is
definedas Pc:Vn ) +V, ()= (1Mt )e . The probabil ity for correspondencewith
thecorrecting capacitiesof the code iIsafunctionof disturbances intensityand the time
necessary for the transmission of one packet, denotedby t_. The bound values of this
probabilityareatnt =0, p=1, andatnt =1, P =0,736.

— iftheerrordiscovered iscorrected, i.-e. , the probebi ity for thiseventt isequal to
ae.

Hence, the fidelity of the information received Isestimated by the val idity of the
firsttwoevents andsince these two events are independent, the probabi ity for correct
reception is p*=P,_. P or

(¢24) Px=(1-2%) (1 t)enk).

3. Transmissionmethods using a determining feedback

Determining feedback of different types is applied for error protection—onewith
expectation, with continuous transmission, with storage, with address request for
a) transmissionrate
— systemswirtha feedbackwith expectation - the transmitter inthemsends the next
packet onlyafter ithasanacknovledge signal for correct receptionVby the receiver
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[6]1- In this case, if an error is detected in the reception, this
message is deleted, and a signal for repetition W is sent to the
transmitter. The transmitter then transmits the next or repeats
the preceding packet after a given time of waiting t=2t + €,
+tt+ L, following the preceding packet transmission, where t,
is the time for signal propagation from the transmitter to the
receiver or vice versa, t is the time for generation and
transmission of signals V or W, t_ is the time of decoding and
error search in the message received and t, is the time for
reception and analysis of signals V or W. In such an organisation
the maximum possible number of packets transmitted for a given
time t is defined as N, ... = /(t. + t), and the maximum
transmitted symbols - (LHCXIN, ansmax -
The receiver gets LN, . symbols, the number of the packets
received being different from the number of the transmitted ones
by Ny, + N.;.c» Where N, Is the number of the packets deleted in
the receiving side, due to the disturbance, and N, . Is the number
of not transmitted packets in the interval connected with
acknowledge expectation. Obviously N, =nt; N ... =nt*Bt, /(L+CX),
so taking into consideration these relations, the relative speed
of transmission is defined as:

3) R, = LN, ;oo/ (L+CX) Ny = (LZ(LHCX)(1- /7t (E, + £)D).

In this case t= (L+CX)/B 1is the time necessary for
transmission of one packet, and B is the transmission rate.
Expression (3) shows that there exists such intensity of the
disturbances at this organisation of the transmission

C)) n, = t/Ct. + t)Z

in which the capacity equals zero. Expression (4) determines in
fact the bound values of the disturbances, while at larger values
only continuous request for repetition will be realized.

IT Inamessage transfer arepetition request for theerror packet only issent, the
maximum time T, for the transmission of one packet can be computed.

T~ +t (Mt -1))/1-—nt),

where t, isthe time for one-fold transmissionof the packet. The relativerate inthiscase
i
(B) R4=LE/(L+CX) T, =Lt /(L+CX) (L, +t (nt, -1))/(1-nt.),
at that the bound value of disturbances intensity at repetition of the error packet only
isdefinedas:
(6) 1’ladr = t‘t 4
wheret, isthe timenecessary forpacket transmission.

The relationsobtained shovthat 1fwe discuss the parareter relative transmission
speed only at good status of the channel the use of a determining feedback has an
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advantage compared to the correcting codes. But there is always
a threshold value of the disturbances intensity, when the
correcting codes become more efficient.

b) transmission validity

Itcanalso beestimated by the probabi lity the receiver toget corrected informa—
tion. Itisodoviousthatsuchanevent is presentunder the fol loving conditions:
—incaseanerror isdetected, the probabi lity forerrordetection £, isdetermined
&
Pdet =1- 2—((L+CX)— L) = 11— 2—(:)(;

— 1F the error correction on the account of multifold
repetitions is possible using a feedback, the probability for this
event P is equal to one.

corf
— if the error detected is corrected, the probability for such
an event is equal to one.
Since the information val idity isestimated by the first two events, thatare
independent, the probabi 1 ity for correct reception is:

- K - —((L+CX)-L) — —CX =
Proe= Py Py = 1 -27((C0O-D =1 _ 2Cx;

Asalreadysuggested, agereral dharacteristics, equal to the product of the relative
speed and the transmission accuracy, isused.

The efficiency of the transmissionmethod with a feedback and repeating of the
error packetonly isdeterminedas:

a E=L/(L+CX) (1 —nt,) (A -2 OOy~ L/(L+CX) (1 -nt,),
andwhen usiing correcting codes, E_ . isthe following:
(@) E. .=/ At )1 -2 @At )e )~ L/(L+CX) (It ete.

When investigating the effectiveness of the two transmissionmethods itcanbe
seenthat there isa threshold value of the disturbances n, the exceedingofwhichmakes
the useof thecorrectiing codes less efficient, the canputations showving that thisvalue
is small enoughand It isabout n,, <0.001/t_.

Using relations (7) and (8) obtained,  such information redundancy (service
symols) canbe defined, which givesgreater efficiency of correctingcodes application
incomparisonwiththe methods using repetitions, apart franthe chamnel quality, i .e.,
theerrors intensity. This isevidentlypossible, when

Ere ”E, 1.e. L/(LHCX), (It ) e e > L/ (L+CX) (A -nt).

The inequal ity obtained enables the defining of the redundancy for agiven status
of the chanrel, inwhichthe use of noise resistant coding (correcting code) ismore
efficient thanthe repeating of erroneous packets. After the respective redundancy is
defined it remains only to find the correcting code with such redundancy -

Concluding, we canmake the inference that since the transmission inpacket radio
networks is defined by the variable status of the chanrel, inorder toensureefficient
transmission inawide rangeof errors intensity, Itisnecessarytouse correctingoodes,
the redundancy ofwhich is computed with the hellp of the relations proposed. They take
into considerationthe relative transmission speed and the accuracy of the information
received depending on the transmissionmethod selected.
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BrIOOP MeTOna 3alMTE OIMOOK B ITAKETHEIX PaOIMOCeTaX

XprucrtmHa IackaioBa, Kuprl KomyakoB

MHCTUTY'T MHYOPMAIIMOHHEIX TexXHOoJI0Twi, 1113 Coprmsa

(PesoMme)

[IpenmoxeHa BO3MOXHASA KOJIMUECTBEHHAas OlleHKa 2OOeKTUBHOCTHY Nepeiayun B
TMaKeTHBIX PaaMOCeTsIX, MUCIIONL3Ys OB0OMEHHB KPUTEPWI, OTUMTHIBAIIMI CpeaHee
BpeMsi IOCTABKM COOBMEHYS VI IOCTOBEPHOCTE MPUHSATOM MHQOPMALIN .

B cTaThe nmokaszaHe B oflmeM BUIe pe3yJibTaTH IPU METOIAaX Iepenaun,
VICIIOJIb 3YIOIMX IIyMOYCTOMUMBOE KOIOMPOBAHME M METOIL Nepenaun C pelanien
oOpPaTHOM CBS3M .
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