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Ampobarttis CTBOPEHOI pOoTrpaMH Tij 4ac po3B’ A3aHHI 3a7a4si BUOOPY METO/IB 1 peXKUMIB
00p0oOIEHHST HOBOTO MaTepiaity rmokas3aja, [0 HOro BUKOPUCTAHHS € e(DEKTUBHHUM 1 J1a€ MOX-
JMBICTH 3MEHIIMTH BUTPATH €HEPrii, MaTepiaidy Ta 4acy Ha MPOBEACHHS eKCIEPUMEHTAIbHUX
TOCIIKEHb.

Omnucani MeTOaM 1 3aC00M MOXKYTh OyTH BUKOPUCTaHI JJIsl BUPIIIEHHS PI3HOMAHITHUX TeX-
HOJIOTIYHUX 3a/1a4. BUOIp KOHCTPYKIIHHUX MaTepiaiiB, BUOIp IHCTPYMEHTAILHUX MaTepiaiB,
BUOIp Mapu «0OpOOITIOBAIBHUN — IHCTPYMEHTAIBHUN» MaTepiai; BUOIp METO/IB Ta YMOB 00po-
OJICHHSI HOBOTO KOHCTPYKIIIHHOTO MaTepiany; BHOIp PeKUMIB 0OpOOJIEHHS HOBOTO KOHCTPYK-
[iIfHOro MaTepiany; MPOEKTYBaHHS TEXHOJIOTIYHHX MPOIECiB BUTOTOBJICHHS JIeTajel TOILIO.

Po3po0neny mporpaMmy peKOMEHIy€eThCS BUKOPHCTOBYBATHCS SIK B aBTOHOMHOMY PEXHMi
JUISL O3B’ SI3aHHS OKPEMUX 3a/1a4 TeXHOJIOTIYHOT MiATOTOBKY BUPOOHUIITBA, TaK 1y CKJIaJli CH-
CTEMH aBTOMAaTH30BAHOTO MPOEKTYBAHHS TEXHOJIOTIYHHX MPOIIECIB.
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One of the main features of wireless networks is that they are used as transmission medium the radio channels that are
affected by a lot of interference. In some cases it leads to a high bit error rate (BER) level in the channel which significantly
reduces its throughput. In the article analysis of approaches and appropriate methods for BER measurement in a wireless
channel were conducted. It is shown that the methods that are used for BER measurement do not allow calculate BER value
with sufficient accuracy. In the article an original model oriented method of BER measurement is proposed. BER calculation
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is performed using a mathematical model of wireless channel throughput. As the mathematical model is used a modified
model of wireless channel with retransmissions. As a basic metric for BER level calculation is used experimentally measured
throughput of the wireless channel. Experimental_assess of method accuracy was conducted. Analysis of method accuracy
shows that the proposed method allows with a high accuracy cal culate the average value of the wireless channel BER level.

Key words: 802.11 wireless networks, bit error rate calculation, model oriented method, traffic generator, wireless
channel throughput.

Oomiceio 3 ocobnusocmeli 6€30pOMOBUX MEPeHC € BUKOPUCMANHA K NEPe0aBalbHO0 CepedosUlya PAdiOKaHAY, KU, 3a36U-
uail, Mae 6enuKull pigeHb 3a8ao. Y OesKux 6Unaokax ye npuseooums 00 eenuxo2o piehs bimosux nomunox (bit error rate - BER) y
Kanani, wo cymmego 3MeHuLye 1020 NPOnyCKHY 30amHicmb. Y cmammi nase0eHo ananiz HaseHux nioxooie ma 8ionogioHux memo-
oig eumipy pisnsa BER. Iloxazano, wo eonu ne oosgonsoms nposooumu sumip BER 3 docmammuwoio mounicmio. 3anpononosano
opuciHanbHull MooenvHo opicHmosganuti memoo eumipy BER. Obuucnenna BER suxonyemsca 3 sukopucmanmsam moodeni nponycknoi
30amuocmi 6e30pomogo2o Kanany. Ak Mooenb UKOPUCOBYEMbCSA MOOUPDIKOBAHA MOOETb KAHATY 3 NOGMOPHUMU nepeoadamu. Ak
bazoea mempuxa ona odouucnenns BER suxopucmogyemuvca snauenns nponycknoi soamuocmi 6€30pomogo2o Kauany, sKe 3Haxo-
OUMbCSL eKCnepUMeHmaibHo. IIpoeedeHo excnepuMeHmanbhe OYIHI8aHHs MouHocni Memoody. TTokazano, wo 3anponoHO8aHut
Memoo 003607I5€ 3 BUCOKOIO MOYHICMIO 0buucToeamu cepeone snavenns BER 6e30pomosoco kanany.

Kniouogi cnosa: 6esopomosa mepesca 802.11, pospaxynox pigHs 6imoux noMuioK, MOOeIbHO OPIEHMOBAHUL Memo0,
2enepamop mpagixy, nponyckua 30amuicms 6€30pomoeo2o KaHauy.

Oonotl uz ocobennocmeil becnpo8oOHbIX cemell ABAEMCA UCNOb308AHUE 8 Kayecmee nepedaioujell cpedbl paouoKaHd-
714, KOMOPbtl NOOBEPAHCEH DONLULOMY KOTUYECIBY NOMEX. B HeKOmopbIx cyuasx smo npugooum K 60abuomy ypoeH oumo-
evix owubox (bit error rate - BER) 6 kanane, umo cywecmeenno ymenvuiaem e2o npoRycKHyio cnocobnocms. B cmamoe npu-
6e0eH aHaIu3 Cyuecmeyiowux nooxo0os u memooos usmepenus BER. [lokazano, ymo onu ne noseonsiom usmepames BER ¢
docmamourotll mouHocmoio. [lpednodcen opueuHaIbHblll MOOEIbHO OPUEHMUPOBAHHYLI Memo0 usmepenus BER. Buiuucienue
BER swvinoansemes ¢ ucnonwsoganuem mooenu nponyckHol cnocooHocmu 6ecnpo8ooHo2o Kauwana. B kauecmee modenu ucnono-
3yemcs MOOUPUYUPOBAHHASL MOOENb KAHANA C NOGMOPHbIMU nepedayamu. B kauecmee 6a30601 mempury Onsi 6bIYUCIEHUS
BER ucnonv3yemcs sxcnepumenmanvHo usmepenHas nponyckHas cnocobnocms becnposoodHnozo kanana. Ilpoeedena sxcne-
PUMEHMANbHASL OYeHKA MOoyHOCmu mMemodd. TIoKazano, ymo npeodnodCceHHbill Menmoo NO360J58em ¢ BbICOKOU MOYHOCHIBIO
paccuumvieams cpeoree 3Hauenue BER 6ecnpoeoodnozo kanana.

Kniouesvie cnosa: decnposoonas cemov 802.11, pacuem yposHs 6umogvix oubok, MOOeIbHO OPUEHMUPOBAHHDII Me-
Mmoo, eenepamop mpaguxa, nponyckHas cnocooHoOCmsb 6ecnpo8oOHO20 KaHald.

The problem urgency. Wireless networks of IEEE 802.11 standard are widssled in
various distributed information systems. Designamgl reengineering of modern networks is
performed in accordance with the requirements o6.Q6he goal of QoS is to provide
guarantees on the ability of a network to delivedictable results. One of the main elements
of network performance within the scope of Qo$hieuaighput of networks channels.

One of the main features of wireless networks & they use as a transmission medium
the radio channels that are affected by a lot ifrfarence. In some cases it leads to a high bit
error rate (BER) level in the channel (so calletbreprone channels) and, as a result, to
significantreduction of its throughput.his problem is especially important for wireléssal
networks (WLANs) with a closed office environmerttusture (no direct line of sight
between the AP and the stations with many obstrstbetween them) [1].

As it was shown in research, carried out by Athemsthe closed office environment
structures subscribers throughput even on the dfas®e access point (AP) may vary up to 10
times depending on its BER level [1]. Therefore, wast calculate the throughput for each
wireless channel according to its BER level.

Thus, the development of appropriate models andhadst for calculating BER level in
the 802.11 error-prone wireless channels is relevan

State of the art. Analysis methods for BER study show that therethree approaches
and appropriate models antethoddor calculatingBER level in a wireless channél].

The first approach uses analytical dependencescdtculating BER level. In such
calculations a distance between the subscribeta, rdte and modulation method are taken
into account [3]. However, the analytical model maintake into account many features of the
environment where the wireless network is locatEderefore, the results of throughput
calculations, using this approach can be far froendctual values.

The second approach is based on experimental nesasnts of Signal to Noise Ratio
(SNR) in receiver and BER calculation on a bas8NR value [4]. The disadvantage of this
method is that the received signal power in a w#glchannel is measured by receiver only
during reception of a physical layer preamble, dbeation of which is about 3% of a frame
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transmission cycle. This can lead to large ernofBER calculation and hence to large errors
in calculation the throughput of the wireless clelsifi2].

The third approach is based on experimental metfaddirect measuring of BER level.
To implement this approach it is necessary to uspexialized equipment (programmable
signal generators and logic analyzers) and speedkoftware [2].

The cost of such equipment can be 10 times hidteer the cost of the wireless network,
which measurements are conducted foinus, this approach is very expensive and time
consuming, therefore it is practically not usea ireal practice.

In the article a model oriented method of BER cialiton is proposed. BER calculation is
performed using the mathematical model of wireldsannel throughputAs a basic metric
for BER level calculation is used experimentally amgred throughput of the wireless
channel.The method allows with a high accuracy to calcuthteaverage value of BER level
for the whole transmission cycle.

Model oriented method. In the article a mathematical model of channelughput for a
Base transmission cycle (BTC) is used, which is i@st commonly applied in 802.11
wireless channels [5]. The procedure of a framestrassion in this mode can be represented
as a following sequence of time intervals and bdogkinformation: DIFS— Back of period
— DF — SIFS— ACK, where DIFS, Back of period and SIFS — timtermals defined by
standard, DF — data frame, ACK — acknowledgmemé [6].

Time of 802.11 Base transmission cycle we can vaste

Tetc = Toirst Teopt Tpata+TsiFst Tack (1)
whereTpirs, Teop, Tsirs— time of DIFS, Back of period and SIFS intervdlgata, Tack — time
of data and acknowledgment frames transitions.

Time of data frame transmissi@defined in standard as:

Toata = Tereambid TeHeadet Lmspu/DRI, (2)

whereTpreamble TrHeader— time of frame preamble and heati@mnsmissionlyspy — length of
data frame information fieldR — data ratd, | - the next highest integer.
ACK frame transmission time is defined in the stnddas:

Tack = Tpreambiet Tpreadert | Lack /DRI, (3)

wherelLack — length of acknowledgment frame.

Using the given above equations (1) — (3) we cadcutzte the time of Base transmission
cycles for the IEEE 802.11g standard.

Using equations proposed [ — 9] we can calculate throughput of the wirelessnoleh
for the Base transmission cyaigth retransmission as

CTare = Lwsou @ —Pop) (4)

Toata +Tack + Tpause
where Bg — probability of frame distortion in the wireledsannel, Fause= Toirs + Teop + TsiFs
This expression (4) is a mathematical model focwating the throughput of the IEEE
802.11 standard wireless channel for the Basenresgon cycle with retransmission.
Probability of frame distortion in the wireless anal can be express as:
Por = 1- (1-BER)V, (5)
whereN = Lyspu + Lack,
To simplify the procedure of BER calculation we lwilse Ppr approximation.Using
binomial decomposition expression (5) it can beesented as a polynomial:
Poe = N-BER — [N(N —1)(BER)3/2+[N(N-1)(N —2)(BER)*]/6—
— [N(N-1)(N-2)(N-3)(BER)*)/24+...+ BER)". (6)
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In this expression the members, starting from #eosd, are two orders smaller than the
previous. So we can use approximation to calcigte

Por = N-BER. (7)
Using (7) from equation (4) we can express BER eals:
BER = (1_M) N1 (8)
MSDU

Using the equation (8) we can calculate the BERellem a wireless channeAs a
parameterfor BER calculation we will useexperimentallymeasuredwireless channel
throughput CErc.

Experiments description. For experimental throughput measurements we wallIRERF
traffic generator, which has built-in tools for TC&#d UDP packets generation and
throughput measurement [10for traffic generationlPERF is used agent-server scheme.
Throughput measurements we will conduct in 802.1J¥gAN using a Closed Office
structure with some obstacles between subscrilteaacess point (Fig. 1).

AP
JPERF JPERF
AGENT SERVER
L=VAR <@/
3 N
Computer 1

Computer 2

Fig. 1. Experimental scheme

The experiments were carried out at various poimtthe office for various distances
between subscriber (Computer 1) and access pokik (Fhe measurements are carried out by
the following scheme. For a maximum frame size 60D bytes channel throughput
measurement is performed using a JPERF generator.

By the equation (8) is calculated the BER levethi@ channel. Then is performed a frame
size consistent reductioor each frame size the experimental measurememhaihnnel
throughput is conductedlsing equation (4) and BER value obtained in thgt £xperiment
analytical calculation of channel throughput vakiperformedTo assess the accuracy of the
method for each frame size are calculated erraneg for analytically obtained channel
throughput

C M
o= CTgrc —Clere 1.00%:
CTate

where CTerc—
throughput.
Experimental analysis of the method accuracy shibhasthe maximum error occurs in a
case of maximum distance between subscriber angssqmint. For this point graph of
methods inaccuracy depending from the size of mattesd frames is shown at Fig. 2.
Analysis of the graph shows that the maximum ero@schot exceed 6%, which indicates
about a high accuracy of proposed method.

M
calculated value of channel throughpﬁfr,BTC— measured value of channel
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Fig. 2. Graph of method inaccuracy depending from the size of transmitted frames

ConclusionsModel oriented method of BER calculation is progbd98ER calculation is
performed using the mathematical model of wirelgsannel throughputAs a basic metric
for BER level calculation is used experimentally asared throughput of the wireless
channel.The method allows to calculate the average BERI lfarethe whole transmission
cycle. Experimental study of the method showed thatmaximum error of BER calculation
does not exceed 6 %.
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