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®OPMYBAHHSA TA ONPALIOBAHHSA EHTPOMINHO-
MAHINMYNIbOBAHUX CUTHAJNIbHUX KOPEKTYIOUYUX KOAIB Y
BE3MNPOBIAHNX CEHCOPHUX MEPEXAX
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Pe3rome: Buxnadena cucmemamu3ayis meopemuiHux OCHO8 Ma AHATIMUYHUX 8UPA3i8 oyiHKu mip enmponii. Hagedeno
XapaKmepucmuky CUSHALbHUX KOPeKmyouux kooie noas Ianya. Onucano Moxiciugicmes 6UKOPUCMAHH eHMPONIUHOT
MAauinyiayii ma CUSHATbHUX KOPEKMYI4ux Kooig y 6e3npoGiOHuUx CeHCOpHux mepexcax. Bcmanoeneno, wo
EeHMOPONIUHUY NIOXIO 3 3ACMOCYBAHHI KOPEKMYIOYUX K00ie noasa I anya ¢ Haubinbus epekmusHuM ma nepcneKmueHUM
0121 hopMYBaAHHS T ONPAYIOBAHHS CUSHAIE NPU nepedayi iHopmayii 6 6e3npoiOHUX CEHCOPHUX MePeHCaXx.
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Abstract: It is described a systematization of theoretical bases and analytical expressions for evaluation of entropy
measures. It is showed a characteristic of signal corrective codes of Galois field. It is described the use of entropic
manipulation and corrective signal codes in wireless sensor networks. It is founded that entropy approach of applying
the corrective codes of Galois field is the most effective and promising for the formation and processing of signals
during transmission in wireless sensor networks.
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BCTYN cencopu. CeHCOpPU MOKYTh OyTH HaWpi3HOMAaHIT-
HIIIMMH, BOHHU IJIKIIOYAIOTBCS 4Yepe3 LUQpOBi i
aHaJIOTOBI  KOHekTopu. Yacrime 3a  iHIOIMX
BUKOPUCTOBYIOTBCSI CEHCOPU TEeMIIEpaTypH, THCKY,
BOJIOTOCTi,  OCBITJICHOCTi,  BiOparmii, = MarHiTo-
eJIeKTPUYHI, XiMi4Hi, 3BYKOBi 1 geski inmi. Habip
BUKOPUCTAHUX CEHCOPIB 3aJIC)KUTH BiA (YHKLIH, 110
BHKOHYIOTHCS 0E3MPOBITHIMHI CEHCOPHUMH
Mepexxamu. JKUBIEHHS MOTIB 3MIMCHIOETBCS Bill
HeBenukoi Oatapei [2]. MOTH BHUKOPHCTOBYIOTHCS
TUTBKH s 300py, TepBUHHOI OOpOOKM i
nepeiaBaHHs CCHCOPHUX JaHUX.

besnpoBinHi ceHCOpHI Mepexi (wireless sensor
networks) — omHI 3 TepemoBUX KOMI FOTEPHHX
MEPEXKEBUX TEXHOJIOTIH, PO3MIp PHUHKY SIKUX B
2011p. craHoBuB 1B MimbsApma  moinapis[1].
OCHOBOIO ~ Takux  MepeX €  MiHIaTIOpHi
00YHCITIOBATBHO-KOMYHIKAIIiHI TPUCTPOI — MOTH
(Bim aHri. motes — TOPOIIMHKH), ab0 CEHCOpPH.
CeHcop € TUIATOKO PO3MIpPOM HE OUIBIN 33 OIUH
KyOluHuii  groiiMm. Ha mumati  po3MINIyOThCS
Tporecop, maM’sTh ¢Jielr 1 omnepaTUBHA, MHPPO-
aHajoroBi 1 aHamoro-uM(poBi TepeTBOpIOBai,
pPaaioyacTOTHUN TMpHUMay, PKEPESo KUBJICHHS 1
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1. TEOPETU4HI OCHOBMU
EHTPOMIMHUX METO/AIB
OMPALIIOBAHHA CUTHANIB

B cBiTOBifi mpakTHIi S OI[IHKK EHTPOMil
iHpopMarii HaWImIMpIIe 3acTOCYBaHHS OTPUMAIU
indopmartiitai mipu P. Xaprii Ta K. Illeanona. B
TOW K€ Yac Ha MPaKTHI[ 3aCTOCOBYEThCS Oararo
IHIIUX OWIHOK eHTpomii(Tadm. 1), sKi MOXyTh OyTH
TEOPETUYHOIO0 OCHOBOIO I METOMIB (hopMyBaHHS
Ta ompalltoBaHHs curHamiis [3,4,5].

Taduuusa 1. ®opMyJiu olliHKH eHTPOIil

Ne OyHKIIisA

Mipa
eHTpoIil

H =logS" =n-logS, ne H — eutporis;
1.| § — umcno HesamexHHX pPiBHOMMOBIpHUX
craHiB jukepen iHpopmanii(Al); 7 — noexuna
BUOIPKH.

I =log,\2mec?, I, =E[log,30,]
2.1 2

E[] -
OKPYTJICHHSIM JI0 OL1BLIOTO
H, <T/At+1og(C/&).ne At — xpox

3 MUCKpeTH3alii, I1mo 3abe3rmedye TOYHICTH |:
. . =
kBaHTyBaHHs & ; C — Jiama3oH KBaHTYBaHHS;

P. Xaptmi

[IOYMCeNlbHA  (PYHKIA 3

K. Kpamna

Koamorop

T — inTeppan yacy crioctepexenns JI.

H= —kZpi log p,, ne k - nonarniii

4. =l
KOe(iIi€HT, o0 BPaXxOBY€e OCHOBY JIoTapudma;

K. Illexno-
Ha

P;j— MOBIpHICTB i-T0 cTaHy JuckpeTHoro JII.

hA = ]Fc'ep(t) /‘fI;laX(t) > Ae féep(t),

5. fmax(®) — Biznosimmo  cepemme i

MaKCUMallbHe 3HAUCHHsS MOXIiJTHUX
KUTBKOCTI CTaHIB JDKEpea.

B. Borona

3MIHHU

! 1 & .
I.=n -E{Elog2 ;z (Df - R, (J))}’

J=1

6.| ie D — mucnepcis 3navens Xx;; R ( ]) -
aBTOKOpEJIAiiHA (YHKIIISA; M — YHUCIO TOYOK
dynxuii R ( j ) HA iHTEpBaJi KOPEISIIii.

S1. Huxoimaii-
gyKa

H(u, p) :_kz[uipi logp,], ne u; -

i=1
xoedilienT KopucHOCTI; k — cTana BennvuMHa,;

JIx. JIonro

P = p; — IMOBIPHICTb i-TO CTaHy.

. PW. PW.
H(P’W):_Z n — log n — > %
i=1
8. Z PW; Z PW; =
j=1 j=1 =
ne BW; — ouinouni koedinientn. =
H =lim(log N)/n]==3" p(j)-log p(j), | &
Q
n L A
9.1 me N=pn! H S, - 3aralkHA KUILKICTh 5
J .
MOXKJIMBUX KOMOIHAITIH CTaHiB 5
L L
HX)==Y...> p(X)log p(X), ne =
I3 1, &
10 (1<l <L;i=12, .., n) ;r
X - anpiopua HeBusHaueHicts ; X, ), — =
CTATUCTHYHO 3aJIeXHi cTann JI1
H<k2BT(1+S/N) H=k-nlog$,,,,
g
ne S, — cepente 3uauenns crauis I, BT | 2
=
1 inpopMmaniiina 0a3a NOBIZOMJIEHb, WO | (=
dopmyersea; N — 3nauenns mymy.l/S —| o
IHTepBa KOPEJISIIii MiXK BiJTiKAMA
JeranpHuii  aHami3  BIIACTHMBOCTEH  OIIHOK

eHTporii TpoBemeHW B [5], A€ IOKa3aHo, IO
peaiizailis  GHTPONIHHMX MOJEICH Ha OCHOBI
¢yHKUiN aBTOKOpemAwLii(Tadn. 1(6) mo3Boisie 3HIATH
icHyro4i (DYHKITIOHAJIbHI OOMEXEHHS, SKi MPUCYTHI
npu PO3paxyHKy eHTpomii Ha OCHOBI
inpopmaniitaux mip P. Xaptmi ta K. IllenHona.
Ockinbky TmepHia HE BpPaxOBYE CTAaTUCTUYHOTO
pO3MOAUTY MOTOKY iH(OpMAaIitHUX JaHWX, a Ipyra
BpPaxoOBy€ TIIbKKW WMOBIPHOCTI CTaHiB JpKepen
iHbopMarii i HE BpaxoBye WMOBIPHOCTEH ix
nepexoxy 3 OJHOIO CTaHy B IHIIMH, IO
peanizyeTbcs B iHQoOpMaliiHid Mipi eHTpomii Ha
OCHOBI tdhopmynn, 3allpONIOHOBaHOI  MpodQ.
Hukonaituykom .M [3,4,5].

[MpukinanoM KofiB, sIKi BOJIOJIIOTH BHCOKUMH
SHTPOMINHUMH XapaKTEPHUCTUKAMH € CHTHAaJIbHI
KopekTyroui koau B 6asuci ['amya [3].

2. CUTHAJIbHI KOPEKTYHO4I KOOU B
BA3UCI TANTYA

Komu mons T'amya (puc. 1)[3, 6] 3a 3araibHOIO
KIIacU(iKaIiero BITHOCATHCS o migKIacy
LMKJIIYHUX OJIOKOBHUX KOJIB, Kl BOJIOJIIOTH BCIMa
OCHOBHHMH  BJIACTHBOCTSIMH  3aBaJ03axXHILEHUX
komiB. B  0OmokoBHX  KOZaxX  IIOCIIJOBHICTH
€JIEMCHTAapHUX IOBIIOMJICHb PO30HMBAIOTHCS HA
Oomoxku cumBomB (By, By, B;, ..., B,) dikcoBanoi
noexkuHu K, KOXKHOMY 3 SKHX CTaBUTBHCS B
BIAMOBIIHOCTI  NEeBHA  KOMOIHAIi1  CHUMBOJIIB
KomoBoro cioBsa (by, by, bs, ..., b,).
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@D 1T

12... N

V=N

V' —00’eM BUPOIKECHOT MATPHIT

Puc. 1 — IlpeacraBiaenns koay I'anya

Hukmigyai  Koaw  BIMHOCATBCA A0  Kjacy
CHCTeMAaTUYHUX KoxiB. /i1 MaHMX KOZIB MOKHA
3aMyucaTH BiIMOBIAHMN 1M aHATITUYHUNA BUpA3, YU
IesKe JIOTIYHE CIIBBIOHOIIEHHS, K€ BHU3HAYACTHCS
MpaBUjIaMH CTBOPEHHS IMX KofiB. Haioimbmmn
3py4HOI0 (HOPMOFO TIPECTABIICHHS IIUKITIYHUX KOJIIB
— BUKOPHCTaHHS anredpaiuHoro Bupasy [3, 6]:

Gx)=a, - x""+a, , - x"7+..+a -x+a,(1),

I do,...,d, — YUCIIA, IO JOPIBHIOIOTH «0» uu «1»,
SIKi BU3HAYAKOTHh BIJAIMOBIJHI 3HAYCHHS PO3PAIiB
KOIOBUX KOMOIHAIIH.

TakuM 4MHOM [ HaL LUKIIYHAMH KOJaMH
3BOJUTHCS bi o) il Haj BIAITOBIAHUMU
MaTeMaTHYHUMH BUpazamu. JlaHi KOIu € OIMHUMH 3
HaWOIBIT TOCKOHAJIO YIIAKOBKOIO iH(OpMaIrii.

Haii6inpin ehekTHBHO MepeBard AaHOTO Oa3ucy
MOKHa BUKOPHCTATH TIPH KOAYBaHHI iHTETpaIbHHUX
3HaYCHb, OCKUIBKM TIPH IHTETPYBAaHHI KOXHE
HACTYITHE 3HAuUCHHS 30UIBIIYEThCS HA OIMHUIILO.
Tomy Ha Bigminy Bin Oasucy Pamemaxepa koxHe
UCKpETHE 3HAYEHHs iHTerpaiia QyHKIi 3aMicTh n—
PO3PSAHOTO NBIMKOBOTO KOAY (DIKCYETHCSI OTHUM
6irom ["anya (puc. 2).

11110101011101100111...00000
H_} H_J

KOIOH €

Puc. 2 — ®opmysanns xoay 'anya

VY 3aranpHOMy BUINAJIKy Koja mona [amya
TCHEePYEThCS 3TiHO PIBHAHL HE3BIIHUX IOJIHOMIB
(Tabm. 2) Ha OCHOBI y3arallbHEHOTO PEKYpPEHTHOTO
Bupasy[7]:

X = (xi 4, 9x,-0,9.0x,_,-qa,., )n ()

ne a;€0,l- nBilikoBi 3HAa4YeHHS HE3BIJHOTO

anrebpaigHoro  modiHOMy, 10  dopMye
PEKYPEHTHOTO KJIt0Ya ISl TIOCITiAOBHOCTI.

KOJI

B  okpemux Bumagkax kox lamyaG,

(hopMy€eTBCS 3TiTHO peKypEHTHOI MOCIiTIOBHOCTI:

Gi+1 = Gi ® Gi—n 3)

Il 1 — PO3PSTHICTH KOJAOHA

Ta6auus 2. Hespigni noainomu 7(x) =x" + f(x)
CTeIEeHIB I | XapaKTepUCTHK P

P r 7 [ = £ ()]
2 X tx+l
3 Oax+lid 1241
4 A rxtl
5 O ax+l
6 O rx+l
7 x tx+lix 4041
8 Brxted +a? 41
9 O rxtal
10 04341
11 e x? 41
12 2l i xr
13 Bt e x+l

2 14 A x4 x 0 x sl
15 x4 xrl
16 A0 x? i xtl
17 Ty
18 A’ 41
19 A +x? 4 xtl
20 204?41
21 x4l
22 X2 rx+l
23 B0+l
24 e e x? x+dl
25 x4l
26 208 ex? v x4l

[Ipu mepenaBanHi Ta mpuitMaHHI iHGOpMaIi Ha
OCHOB1 CHTHAJBHHX KOMIB BUKOPHCTOBYIOTHCS
MaHiNyJbOBaHi CUTHaIW c(HOPMOBaHI Ha OCHOBI
YOTHUPHOX O3HAK, SIKi TTOCTABJICHI Y BiIMOBIIHICTE 10
eJIEMEHTIB iH(hopMaIliitHOrO [IOB1JOMJIEHHS
BiJINIOBiTHO 10 KoAiB mosst ["amya [6].

Bimomwmii cmoci6 mepemaBaHHS, Ta TpUAMaHHS
iHdopmarii Ha OCHOBI MOIU(DIKOBAaHOI HaCTOTHOL
monyssmii (MFM) [8]. B MomudikoBaHiii 4acTOTHiH
MOJTYJIALIi BUKOPUCTOBYIOTHCS 4 CUTHAJIbHI O3HAKH:
¢bport wHapoctaHHA(A ), ¢GpoHT coamy(V), sKi
BIJINIOBIIAIOTh CHUMBOJY «1», 1 TOTEHINAT «+»,
MOTEHIIAN «—», AKi BIAMOBIAAIOTH CUMBONY «O0».
I[Ipu moBTOpeHHi cumBoy «0» st OiToBOi
CHHXPOHI3amii TaKOX BHKOPHUCTOBYIOTH (PpPOHT
HapocTaHHsA( A ) un criagy( Vv ).
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IIpote Takuii cmocid HE MO3BOJISIE BUSBIATH 1
BUTIPABIISITH TOMUJIKH.

[Hmwmii  cnoci®6 mepenaBaHHA Ta TNPHEMaHHA
inpopMmarii[9] mo3BoNsge BHUABHTH Ta BUIPABUTH
NOMWJIKA TIpH TpUAMaHHI OITOPi€EHTOBaHMUX IaHUX
32 paxyHOK KOPEKTYIOUHMX BJIACTHBOCTEH KOMIB
lNanmya Ge3 momaTKOBOro MepeaaBaHHS KOHTPOJIBHUX
CyM.

[Mlpu mnepemaBanHi Ta mnpuiiMaHHi iH(OpMaii

BUKOPUCTOBYIOTBCS MaHiMmyJIbOBaHi CHUTHAJIN
chopMOBaHI Ha OCHOBI UYOTHPHOX O3HAK, SKi
MOCTaBJICHI y  BIANOBIMHICTH JO  CJIIEMEHTIB

iH(OpMAIifHOTO TOBIIOMJICHHS  BIAMOBIAHO JI0
koxiB mons ['amya. Takwit mpuHIMI (GOpMyBaHHS
CUTHAJIGHOTO KOXy TIOJSITa€ B TOMY, IO OITH
ONMHUIIL B  TAKETI  JAaHUX  HYMEPYIOThCS
pexypeHTHHM KomoMm Lamya G2. Ilpuuomy s
OMMHWIF B TmakeTi mammx Oir Tlamya «1»
nepenaerbest ppoHTOM HapocTanHs( A ), a OitT [amya
«0» mepenaerscst ppoHTOM cnany(V ). bitu HymiB B
MakeTi NaHUX TaKOX HYMEPYIOThCS PEKYPEHTHUM
xomoMm I'amya G%,. IIpudomy i HyIiB B HakeTi
nanux Oitr [amya «1» mepemaeTbcss MOTEHLIATIOM
«t», a 0iT I'anya «0» mepemaeTscsi MOTEHITIATIOM
«». B sKOCTI YOTHPHOX O3HAK MAHINMYJIAIT Ha
CUTHAJILHOMY piBHI MoXe OyTH  BiAIIOBITHO
BHKOpHCTaHI HaOOpu 3 HYOTHPHOX (ha3, HaCTOT,
ITyMOIIOAIOHUX CHUTHAJIIB Ta iX KOMOiHAIIIH.

[Mpukian  curHally — MaHiMyJbOBAaHOTO 34
JOTIOMOTOI0 CUTHAJIBHUX KOPETYIOUMX KOZIB, TPH
sskoMy 00’em kony ['amya BiamoBimae 00’emy maHuX
HaBeJICHO Ha puc. 3. 3 Tabuui (puc. 3) BUAHO, IO B
onomi 06’emom N=2* 3aBEPIIICHHS TTOCIiIOBHOCTI
HyIiB Bifmmosinae xomy l'amya 1101 i 3aBepuryetbes
CHUMBOJIaMH ++—+V V AV, TOOTO N=6, 3rigHO
Gt A 3aBEPIICHHS MOCI0BHOCTI OJMHUIL B KOJI
lanmya BiamoBigae cuMBoOIaM AV V A, TOOTO KOOy
l'amya 0110, N=10.

Mozuuji Gitie dl1|d2 | d3|d4 | d5|d6|d7 | d8|d9 |d10|d11|d12|d13|d14|d15/d16
BiTh AaHMX 111 1 17 1] 1 1 1 1 1 1 1 1 1 1 1

Bitv Fanya Ga2(1)| 1 | 1 1 1 0 1 0|1 1 0 0 1 0|0]|0]|O0
cumsonsemitkoa| /\ | /N | ANV IAIVINIANIVIVINIVIVIVIV
curvsmominon LA A LA TV AT AT AT L LA ] [ ]
O T T T e e ]

Bithh AakHux 0|0 0|0 0|0|0/|0 0|0 |0 |O o|jo |0 |0
Bit FanyaGaX0)| 1 | 1 1 1 0 1 01 1 0 0 1 0|0]|0]|O0
cumsonssmiivoa| - | - | 4- | 4 [ — N -
CurHansHwii kog ] L]

Bith AakHux 111 0 1 1 0 1 1 1 0|0 0 1 1 0|1
Birv TanyaGeo(1)| 1 | 1 101 o] 1|0 1 1 0
Bitwt FanyaG42(0) 1 1 1110 1
amsonsaivoa| N\ | N\ |+ | N[N+ | VIAIV |+ |+ —| AN |+ V
emansivon | H b

Puc. 3 — ITpuxaan ¢popMyBaHHSA CUTHAJLHOIO
KOPEKTYI040ro Koay Aas ingopmaniiinoro
NOBIIOMJICHHS
Takum umHOM  3a0e3medyeTbes — ehEeKTHBHE

CHMETpUYHE KOIyBaHHS y BHIULIAI KomiB [amya
MOCJIZOBHOCTI HYJIIB 1 OJWHHUIL OJIOKY IaHHUX 3
OJIHO3HAYHUM BH3HAYECHHSIM iX uncna NytN;=N,
sIKE BHUKOPUCTOBYETBCS [JI1 BUSABJICHHSA Ta
BUIPABJICHHA TIOMUJIOK TICJS TepelaBaHHA
JTAHUX.

Ha puc. 4 300pakeHa peaizalisi MOTOKY JaHHUX
MaHilyJIbOBAHUX 32  JIOMIOMOTOK  CHTHAJBHUX
KOPEKTYIOUM KOJiB, 3 BHSBJICHHSIM IIOMWJIOK Ha
CHUTHAJILHOMY piBHi. B Tabmuii npuBeaeHo NpHKIan
BUHUKHEHHS ITOMIJIOK HA CUTHAJILHOMY PiBHI B 7-ii
ta 17-i1 mo3urii HyniB, a Takox 10-if Ta 21-ii
MO3ULIT OAUHHULIb.

BusiBjieHHS TOMHIOK TIpPYHTYe€Tbcsi Ha  OiT-
OpIEHTOBaHIA HyMepamii TOCTiAOBHOCTI HYINIB 1
OJTMHHIIb, SIKI TIEPEIAIOTHCS 32 JOIOMOTOI0 KOJOBUX
nocmigoBHocTel ["amya. SIkmo moMumiika BUsIBIICHA,
BUKOPUCTOBYEThCS ~ (OpMyNla, J€ PEKypEeHTHUM
MUISIXOM  TIEPEBIPSIEThCSI, B AKIH caMe TO3HIIIl
BinOynacs 3aMiHa CHMBONY HYJS(OIMHHMII), B
mporieci TMepefaBaHHs JaHUX 1 JAHWH CUMBOJ
3aMIHIOETHCS Ha TIPABMIIBHHM [9].

H°Me§i;‘:3””“' 112 3|4 |5|6|7|8|9 1011|1213 14|15|16|17|18| 19|20 21| 22|23 | 24
BT dianux 1lolol1]ol1|ol1t1]1)ol1|1]o|1|1]lo|1]1]|1]1]0]1]o0
Bir Fanya GA(1) 1 1 1 1101 0] 1 110 11000 0
Bit FanyaG4%(0) 111 1 1 0 1 0 1 1
CurHanbHuit Kog, fﬂ”W%W”Efﬁf}”"tﬂﬁFﬂW&”" B R WTW - Wf—l;Jr == WFW ffffffffff -= ¢f fL --
Momunka * * * * *
Camsoneraii ko)l Ay A A A = E e AV A=A o =R v Al
3 NOMMUTKOK = \V V Vv

Puc. 4 — Peanizanis NoToKy JaHMX 32 10IOMOI0I0 CUTHAJbHUX KOPEKTYIOUMX KOiB, 3 BUSIBJEHHIM NOMUJIOK
HA CUTHAJILHOMY piBHi
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3. CMIPAJIbHI BITACTUBOCTI
KOPEKTYIO4YUX KOAIB B BA3UCI

FAJNTYA
Teopetuuna OCHOBa M ABUIIEHHS
3aBa/I03aXUIICHOCTI  CHTHABHUX  KOPEKTYIOUHX

KOJIiB TIOKa3aHa B po0OoTi [10], Ha OCHOBI BHSABICHOT
HasiBHOCTI B TOCHigOBHOCTI [amya dYepe3piBHEBOi
PEKypeHTHOI BIaCTHBOCTI.

Hexait maemo kop I'anya, sikuil mpeCcTaBIsSIETHCS
PEKYPEHTHHM KOJIOM:

G; =11110101 10010001111010110...

MoxHa TMOKa3aTd, W0 KOJ TeHEePOBaHHWW Ha
OCHOBi BHUpa3y (3) MOXKHa ymHaKyBaTH B CIIipaib
(puc. 5), mpuyYOMy IO KOXHIM 3 YOTUPHOX TBIPHHUX
(hopMyeThCsl peKypeHTHa IOCIiJOBHICTh, SKa Mae
BIAMOBITHI PEKYPEHTHI BJIACTUBOCTI KOy B 0a3mci

Tanya.
OtpuMaHa cCHipajdb 3aKOJ0OBaHA PEKYPECHTHUM
KOJIOM PO3KPYUYETHCS 31 30epeKeHHIM

7/ %o%o’

///%

B ol o 71%1/

o [T 17
/1

/ % /
o%o 1 1

pPEKypeHTHOCTI 4depe3 12 CHMBOINIB, IO JO3BOJISE
BUTIPABJIATH TIOMIJIKM TIO TBIPHUX CIHipalli 3TiHO
BUpA3y:

Gm = Gi ® Gi—13 4)

3 BpaxyBaHHSIM CIIpaJbHAX  BIACTUBOCTEH
CUTHAJIBHUHA DPEKYpEeHTHUH KOA MOXHa €(EeKTUBHO
BUKOPUCTATH TIPH BUSBJICHI MMAKETIB TOMHJIOK.
OCKIUIBKH CIIOYaTKy MEPEeBIpsIETHCSI 1 BUMIPABIISIETHCS
MOMMJIKM 3TiTHO BUpa3sy (1) a moTiM, 3rigHo BHpaszy
(4) mo TBipHUX cripai.

Ha puc. 5 nokazaHo BUSBICHHS NMOMUJIOK TpHU
BUKOPHUCTaHHI CHipaJIbHUX BJIACTUBOCTEH
CUTHAITLHUX KOPEKTYIOUMX KomiB mons [amya. Sk
BHJIHO 3 PHC. 6 TP BHHUKHEHHI ITOMHUJIOK B II’SITH
MIAPS TO3MINSIX BHSBJICHHS TOMMJIOK 3aBISKU
peKypcuBHOMY BHpa3y (3) cTae HEMOXXIHMBUM,
OCKUTBKM MOJKJIMBA HEMpaBUIIbHA KOPEKILs,, TOMY
MOTPIOHO  BUSBIATH JaHI TMOMHWIKH  3aBISKH
CHipaTbHUM BIACTHBOCTSIM, TOOTO BHpa3y (4).
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Puc. 5 — CurnanbHuii KOPeKTYIOUMIi KO/ yIaKoBaHMIl y BULIsAi cripai

Howmep
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Puc. 6 — BusiBj1eHHSI IOMUWJIOK MPH BUKOPHUCTAHHI CHipaJbHUX BJACTUBOCTEH CHTHAJBHHUX KOPEKTYIOYHX
KoaiB moJs INanya

4. BE3MNPOBIAHA CEHCOPHA MEPEXA

Y wmepexi kommanii Dust Networks[2] By3mm
MOpamioloTh B IIYMOMNOAIOHOMY  peXumi i3
CTpUOKOMOMIOHO ~ TIEPECTPOMKOK  YacTOTH B
miamazoni 902-928 MI'm. Binctans Mik By3aamMu
ckmagae 30-60 M B mpumimienHi 1 go 150 M moza
npuMimieHHsM. [IpoTe BHaAcHiZoK MaluxX poO3MipiB
MOT pO3Mip aHTEHU TaKOXX IMOBWHEH OyTH MalvH, i
repeaaBaHHs JTaHUX HEOOXiJTHO BECTHM Ha BUCOKIH
4acToTi, a 1Ie He 3aBXIU CyMiCHO 3 BUMOT'OI0 MaJloi
CMOKUBAHOI  TOTYXHOCTI. Jo  Ttoro ik,
BHCOKOYACTOTHI TPAaHCHBEPHU — JOCTATHHO CKJIAIHI
NPUCTPOi 3 CXEMaMHM MOZIYJIAIIl 1 JIeMOIYJISIIii,
cmyroBuMu Qinbrpamu. [l mepenaBaHHS JIaHHX

BiJl BENMKOTO YHWCIIa BY3JiB HOTPiOHI JOAATKOBI
CXEMH MYJILTUIIICKCOBAHOT MepeIaBaHHs 3 YaCOBUM,
JacTOTHUM ab0 KOIOBHUM pO3AUICHHAM. Bce 11e
ICTOTHO YCKJIaTHIOE 3aBJIaHHS 3HKCHHS
CMIOKMBAHOI TIOTYXXHOCTiI 70 HEOOXiTHOTO pIiBHA B
JIeKiTbKa MiKpoBar.

Be3npoBigHa ceHcOpHa Mepexa, po3poldiieHa
aBTOPaMH, HaJIOKHUTh 70 PO3IOIIICHUX
iH(MOpMaIiiTHO-BUMipIOBATBHAX KOMIT FOT€pPH30-
BaHUX MporpaMHO-anapaTHUX 3ac00iB
NEpPETBOPEHHSI,  JHUCTAHIIMHOTO  TepeaaBaHHS,
peectpamii Ta  BigoOpakeHHs  JaHUX  IIPO
XapaKTePUCTUKU CKJIaJTHHX MPOCTOPOBO-

PO3MOIIICHUX MPOMUCIIOBUX 00’ EKTIB KOHTPOJIIO Ta
ynpaBiiHHs. Taki CEHCOpHI Mepexi MOXyTh OyTH
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BHKOPHWCTaHI IS BiIaJICHOTO KOHTPOIIIO Ta OOJIIKY
BUTPAaTH CHEProOHOCIiB  (ENEeKTpOCHeprii, rasy,
CTHCHEHOTO TOBITPA, BOAW, MapH, CHIIyYUX
MatepiaiiB), igeHTH(IKaIii, CTaHIB TEXHOIOTIYHUX
YCTaHOBOK,  SIKI ~ XapaKTepU3yIOTbCsS  KBazi—
CTalliOHADHUMH CTaHaMH (CJIEKTPUYHI JBUTYHH,
KpaHH, 3aCyBKH, CTaHKH ITI0 0OOpoOIli MeTaliB, Ta
IHITUX MaTepialliB), YCTaHOBKH Ha(TOTa30BOTO
KoMmIUiekcy  (OypiHHS, BUAOOYTKY, MiATOTOBKH,
30epiranHs, mepepoOKy Ta TPAaHCTIOPTYBaHHS Ha(TH
Ta HaQTONPOAYKTIB), a TaKOX TPAHCIOPTY,
nepepoOku, QacyBaHHS Ta TepepoOKH TPOIYKTiB
Xap4yBaHHSI.

[ana Mepexa BOJIOJi€ KpalMMHU BIACTUBOCTSIMH
3aBaJO3XUILEHHOCTI Ta HAmIMHOCTI, a TaKOoX
amapaTHa CKJIQIHICTh € MCHIIOI, HiXK Yy BiIOMHX
0Ee3MPOBIIHNX CEHCOPHUX Mepeskax.

besmposinHa CEHCOpHA Mepexa, Ha
NepeaBabHIi  CTOPOHI  MICTUTh  Kk-CEHCOPHHX
BY31iB, Ha BXOJax sKMX € jgaBadi (puc. 7). Buxin
KOXKHOTO JlaBaya IIiJKIIOYEHUH [0 CEHCOPHOTro
BXOAY MpHUCTpo0 GoOpMyBaHHA Ta HHGPOBOTO
ompauioBaHHs curHaiiB. KpiM I1b0ro ceHcopHHi
BY30J1 MICTUTH OaTaperd aBTOHOMHOTO >KWBJICHHS.
Peectparmiitnuit  Buxim MiOKITIOUEHUN g0  duiemn-
nam’siTi peectparii, a iHQOpMaiifHUN BHXiN uyepes
TpaHCHBEpP MiJKIIOUCHUN 0 IepelaBabHOI aHTEHH,

a Ha TpUAMAIBHIM CTOpPOHI  MICTATBCA k-
NpUAMaTbHUX aHTCH. BUX0IM aHTEeH MiAKIIOYCHI 10
BXOZIB BiJIOBIAHUX NPUCTPOIB  OMpAIIOBAHHA
OTPUMAaHHUX CHUTHaJiB. Buxomm 1ux mpuCTpoOiB
MM AKITF0YEH] bi (o) BIAITOBIAHUX BXOJIIB
KOHIleHTpaTopa. Ha  mepemaBanbHiii  CTOPOHI

MIPHUCTPiil GOopMyBaHHS Ta IUPPOBOTO OMPAIFOBAHHS
CUTHAJIIB MICTUTh IHTETpaTbHO-IMITYILCHUI
eHTpOMiiiHui nepeTBOproBay [anya, sIKWi BKIIOYAE
MepeTBOPIOBaY Hampyra/dyactora, reaeparop ['anya,
BHUXIJT SKOTO MNAKIIOYCHHA 0 CHTPOIIHHOTO
NEepeTBOpIOBaYa  CUTHAIIB, BUXiZ SKOTO €
iHpOpMaIiiHUM BHXOAOM MPHUCTPOIO, i 10 e
mam’sITi peecTparii TaHuX (peecTpamiiHuN BHXiH).
Ha npwuiimManbHii CTOPOHI TPHUCTPIA OIMpaIToBaHHS
CUTHAJIiB MICTUTh NpUCTpiit BHU3HAUEHHS
ABTOKOPEIAIIAHOT Mipu eHTpomii 1 TpHUCTpii
nemMomyIrii 6iti I'amya.

%
YT

1 _Y/V'Y |

34 p

1 — posnoninenuii 00’ €KT yIpaBIliHHA, 2 — CEHCOPHI BY3JH 3
TiepeiaBaIbHOI0 aHTEHOIO, 3 — MPUCTPIlt BU3HAYEHHS SHTPOIIII 3
NIpUIMalIbHOIO aHTEHOIO, 4 —TIpUCTpilt nemonyrswii 6itis ["amya,

5 —KOHLIGHTPATOP.

Puc. 7 — CtpykTrypHa cxeMa CEHCOPHOI Mepeski

B ocHOBY pobotm 6€3mpoBimHOT CEHCOPHOI
MepeXi  MOKIAJACHO  NPUHIWN  TepeaBaHHS
iHpopMaLii Ha OCHOBI OPTOTOHANBHUX EHTPOIiHO-
MaHIMyJIbOBAHUX CHUTHANIB Ta KOJJOBOMY pO3IiIEHI
CUTHANB y Oe3mpoBimHIA JiHIT 3B’S3Ky Ta
BUKOPUCTAHHI CUTHANIBHUX KOPEKTYIOUMX BXOJIB Y
Oazmuci 'amya.

IadopmariitHo-BUMIpIOBAJIBHI  TaHI 3 00’ €KTY
YIpaBJIiHHS TOCTYNAIOTh Ha CEHCOpHI By31H 1 3
nepeaBatbHOI aHTEHOIO 2(pHc. 7), a caMe Ha BXOIU

nmaBadiB 1  CEHCOpHUX BYy3JIiB  0Oe3mpoBimHOT
CEHCOPHOI Mepexi(puc. 8).
1 3 /]/
Y Y
2 23 H— 5
Y
21 {224 1 5]

1 — maBay, 2 — iHTErpaIbHO-IMITYIbCHHI €HTPOIIIHHII
neperBoproBad ["amya 2.1 — mepeTBoproBad HaIpyra/4acToToTa,
2.2 —renepatop ["anya; 2.3 — eHTpomniiiHuii nepeTBoproBay
curHaiy, 3 — GJIOK )KUBJICHHS By3Ja, 4 — durewm-nam’siTh JUist
peecTpatii naHux, 5 — nepeiaBaibHa aHTCHA

Puc.8 — CTpykTypHy cxemy By3Ja 0e3npoBigHOl
CEHCOPHOI Mepe:Ki

Buxin xoxHoro paBaya 1 migKIIOUCHHH [0
BIJINIOBIIHOTO ~ BXOJy  IHTETrPajbHO-IMIYJBCHOTO
eHTpomiiiHOTO TmepeTBoproBaya [amya 2, sKuid
MICTHUTh IIE€PETBOPIOBaY TUIy Hampyra/dactora 2.1,
IMITYJIBCH SIKOTO TaKTYIOTh PoOOTY reHeparop I 'amya
2.2, AKM{ 3 BUKOPHCTAaHHSAM KOJOBOI IIKanu [amya
mo oci opauHaT (GOpMye aCHHXPOHHHM MOTIK OiTiB
l'arya B MOMEHTH IIepeciueHHs KBaHTOBAHUX
3Ha4YeHb oci opauHat(puc. 9) [7].

Y

o

coo

——oo—

com

Puc. 9 — InTerpajbHe npeAcTaBJIeHHSA CUTHATLY 3
BUKOPHCTAHHAM KOA0BOI mikaau ['anya

[licns mporo KomoBaHI JaHi TOCTYMAlOTh Ha
(baem-maM’ATh peecTpariii JaHuX 4 Ta eHTPOIHHMIA
neperBoproBady 2.3, AKMA 32  JONOMOIOIO
IIyMOTOAIOHUX CHTHANIIB KOIYE OJWHHWYHI Ta
HyIbOBi OiTn ["anya.

CyTth Meronmy (opMyBaHHS Ta OIpalFOBaHHS
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KBa3IiTPIHKOBUX CHWTHAJTIB 31 3MIHHOIO EHTPOITIEI0
(puc. 10) monsirae B TOMY, IO ABIHKOBHM CHMBOJIaM
iHpOpMaLifHOTO  TIOBIAOMJICHHS  CTaBUTHCS Y
BIIMOBIAHICT,  3HAYEHHS  PO3MOMUTY  EHTPOIIii
curHany[11]. Tak, B kaHami 3B’S3Ky € TMOCTiliHA
ckianoBa (puc. 10,a), sika BHUKOPUCTOBYETHCS JIJIS
[MO3HAYEHHS TOBTOPEHHS, TIOYaTKy 1  KIiHIA
moBimoMiIeHHs. [HQopMariianM cumBoaM  «0»
(puc. 10,6) 1 «l» (puc.10,B) craBuThCH Y
BiJIMOBIHICTh 3HAYEHHS EHTPOIIi IIyMOIOAiOHOTO
CUTHAIy 3  MaHIMyJIbOBaHUM  MAaTEMaTHYHUM
CIIO/IIBaHHSM.

0

Puc. 10 — IIpeacrasienns indopmaniinux
NMOBiIOMJICHb IPH MAHINMYIANIT KBa3iTpiiKoBUX
CUTHAJIB 3i 3MiHHOI0 eHTpomi€10: a) «1»; 0) «KCHHXPO»;
B) «0»

[Mpuknan KBa3iTPiHKOBOTO CUTHATY 3i 3MIHHOIO
eHTpomiero a8 iHGOpMauiiHOTO TOBiAOMIICHHS
po3mipom B 1 GaiiT 300paxkeHo Ha puc. 11, ge: I —
cTpyKTypa dpeiima, 11 — peamizartis Gi3HIHOTO PiBHS
eHTpOomniiiHOMaHinmyIpoBaHuX  curHamiB, I —
KBa3iTPIMKOBUI KO MaHIMy/lIbOBaHUX CHTHaJiB, IV
—  XapaKTepHUCTUKH [ 'ayCiBCBKOTO  pPO3IOALTY
CUTHAJIIB 31 3MIHHOIO EHTPOIIIEFO.

Puc. 11 — Ilpukiaan kBa3iTpiiKkoBoro curuajy 3i
3MIHHOI0 eHTpomi€l AJs1 indopmauiitHoro
NOBiOMJICHHS po3MipoM B 1 GaiiT

Ak  BumHO i3 pwme. 11. 3a  momomororo
KBa3iTPIMKOBOTO CHTHAaTy MOXXHa HE 3MiHIIOUH
CTPYKTYpy CHTHAIy OpPTaHi3yBaTH «CTapT» 1 «CTOI»
0iTu, a  TakoX  BUKJIIOYUTH  IOBTOPCHHSA
iHpOpMaliiHUX CHMBOJIB, IO 3abe3neuye sKiCHY
0ITOBY CHHXPOHI3AIIifO0.

ChopMoBaHi  TakUM  YHHOM  CHTPOMIHHO-
MaHIMyJbOBaHI CHTHAJM 4Yepe3 TpPaHCHUBEp S5 3
MepeaBATBHOI0  aHTEHOK 6  JHWCTaHIHO

MePEeAAIOTHCS HA IPUHMAIBHY CTOPOHY .

Ha npwuiimaneHii ctoposri (¢ir. 8) micturbes k-
NpUMajIbHUX aHTEH 3, KOXKHA 3 SKHUX 3IIMCHIOE
MpUiiMaHHs TIEPEIaHuX CUTHANIB 1 iX mepemaBaHHS
Ha TIPUCTPIi OMpAIOBaHHS aBTOKOPENALMINHOI MipH
eatporii 4 [12].  OmpaupoBaHuii  cHUTHAI
nepeacTbesl Ha MPHUCTpPild aemonyisnii OiTie [amya
5, e BimOyBa€eThCs MepeBipKa TaHUX HA TIOMUJIKH, 1X
KOPEKIlisI Yy BHIAAKy HAJBHOCTI TOMIUIOK V
NepeaHux JaHUX Ta TepeaaBaHHs iHopMarii Ha
BiJITIOBi/THI BXOJIM KOHIIEHTpaTopa 6.

B xonmeHTparopi n MOCHIAOBHO MPHHHATHX
oiTiB ["ayya mepeTBOpIOOTHCS B IU(PPOBI MO3UIIHHI
KOAM, SIKi TPEJCTABIISAIOTH TOKa3H BIAMOBIIHOTO
ceHcopa.

5. BUCHOBKHU

Buxnameni mOCTIDKEHHS B Taidy3l CTBOPCHHS
0E3MpOBITHUX CEHCOPHUX MEPEX € MEPCICKTUBHUM
HanpsIMOM Y iX po3BUTKY, KpiM 1IbOro 3acToCyBaHHS
EHTPOMIMHOTO TiAXOMy TpH peaiizamii MeTOIiB
MaHimysarii curHamB Ha ocHoBi IHIIC 31 3MiHHOIO
SHTPOMIEI0 3abesmneuye BHUCOKUH piBEeHb
3aBa/I03aXMIICHOCTI NepelaBaHHs JaHUX B YMOBax
IHTCHCUBHHX TIPOMHCIIOBHX 3aBaj. BukopucraHHS
CUTHAJIBHUX KOPEKTYIOUHX KOZIB Uil (hOpMyBaHHS
Ta nepeaaBaHHs iHpopmanii CTBOPIOIOTh
NEpCIeKTUBY IX IIMPOKOTO 3acTOCYBAaHHSA Ha B
KOMIT'IOTEpHUX  CHCTeMaX, JJIsl  ITiJIBUINCHHS
3aBaJOCTIKKOCTI 1 3aXUCTY BiJl HECaHKI[IOHOBAHOTO
JOCTYTIY.
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Abstract: It is described a systematization of theoretical bases and analytical expressions for evaluation of entropy
measures. It is showed a characteristic of signal corrective codes of Galois field. It is described the use of entropic
manipulation and corrective signal codes in wireless sensor networks. It is founded that entropy approach of applying
the corrective codes of Galois field is the most effective and promising for the formation and processing of signals

during transmission in wireless sensor networks.

Keywords: wireless sensor networks, entropy, corrective signal codes, Galois.

1. INTRODUCTION

In this article the wireless sensor networks are
observed — one of the leading computer networking
technology, which size of markets in 2011 is
amounted to half a billion dollars [1]. The basis of
such networks is a miniature computing and
communication devices — motes (dust particles), or
sensors. A set of sensors used depends on the
functions performed by the wireless sensor networks

12].

2. THEORETICAL BASIS OF ENTROPY
SIGNAL PROCESSING METHODS

In world practice to estimate information entropy
of widely used information measure received by R.
Hartley and K. Shannon. At the same time in
practice, many estimates of entropy, which can be
theoretic basis for methods of formation and signal
processing [3, 4, 5].

Implementation  of models based on
autocorrelation entropy functions allows you to
remove the existing functional limitations that are
present in the calculation of entropy-based
information measures R. Hartley and K. Shannon.
Since the former does not take into account the
statistical distribution flow of information data and
the second considers only the probability of
information sources states and does not consider the
probability of transition from one state to another,
which is implemented in information which assists
in innovation as entropy based on the formula

proposed by prof. Nykolaychuk Y.M. [3, 4, 5].

3. SIGNAL CORRECTIVE CODES IN
GALOIS BASIS

An example of code that have high entropy
features are corrective signal codes in Galois basis
[3].

In some cases, Galois code G, [3, 6] is formed
by recurrent sequence: G,,, =G, ®G, | where n —

bit codon.

When transmitting and receiving information
through signaling codes used manipulated signals
are generated based on four characteristics that set in
line with the elements of notification in accordance
with codes Galois field [6].

It is known method of transmitting and receiving
information based on the modified frequency
modulation (MFM) [8], which uses four signal
features: front increase (A), front drop (V),
corresponding to the character «1» and potential «+»
the potential «-», corresponding to the character
«0».When character «0» repetition for bit
synchronization is also used front increase (A) or
decrease (Vv ). However, this method does not allow
to detect and correct errors. An other way to transmit
and receive information [9] allows to detect and
correct errors when receiving data bit-oriented by
corrective properties of Galois codes without
additional transmission checksum.

When transmitting and receiving information
using manipulated signals formed on the basis of
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four features which are set in line with the elements
of an information message accordingly codes of
Galois field. This principle of formation the signal
code is what would go in the packet data units are
numbered recurrent source Galois G%. And for
items in the package data bit Galois «l» is
transmitted front rise (A) and Galois bits «0» is
transmitted and do joint front (V). Bits of zeros in
the data packets are numbered as a recurrent source
of Galois G*. And for the district left in the packet
data bit Galois «1» is transmitted potential «+» and
Galois bit «0» is transmitted potentials scrap «-». As
the four signs of manipulation in signal level can be
properly used sets of four phases, frequency, noise-
like signals and their combinations.

Error detection is based on bit-oriented
numbering sequence of zeros and odes down
and transmitted using code sequences Galois. If
error found, the formula, where recurrent by check,
which is held positions change the character zero
(one), in the process of data and this symbol is
replaced with the correct [9].Theoretical basis for
improvement noise immunity corrective signal code
shown in [10], based on the detected presence of a
sequence of Galois across level recurrent properties.

4. SPIRAL PROPERTIES CORRECTIVE
CODES IN GALOIS BASIS

May have the Galois code, which seems recurrent
code: G; =1111010110010001111010110... We

can show that code generated on the basis of above
expression can be packed into a spiral, and for each
of the four generators formed recurrent sequence
that has the appropriate recurrent properties of the
code in Galois basis.

The resulting spiral coded recurrent source spins
preserving rekurentnosti over 12 characters, which
allows correct errors in generating a spiral by the

expression: G, =G, ®G,_;.
Given the properties of spiral signal recurrent

code can be effectively used for packet errors
detected.

5. WIRELESS SENSORS NETWORKS

Wireless sensor networks, on transmission side,
has k-sensor nodes at the inputs of which are
sensors. Output of each sensor is connected to a
touch input device formation and digital signal
processing. Registration output connected to the
flash memory registration, and information output
by transceiver connected to the transmitting antenna
and on receiving side are k-receiving antennas. The
outputs of antennas connected to the inputs of the
respective devices processing the received signals.
The outputs of these devices are connected to

corresponding  concentrator inputs. On the
transmitter side of the device formation and digital
signal processing includes the integral-pulse entropy
Galois converter, which includes the converter
voltage / frequency, Galois generator, whose output
is connected to the entropic transducer signal output
which is an information output device. On the
receiving side signal processing device includes a
device definition autocorrelation measure of entropy
and demodulation device of Galois bits.

The wireless sensor network work was based on
the principle of information transmission based on
orthogonal entropy-manipulated signals and code
separated signals in a wireless communication line
and use corrective signal inputs in Galois basis.

Information-measuring data with the object of
arriving at the sensor nodes from transmitting
antenna, namely sensors inputs of sensor node
wireless sensor network.

Output of each sensor is connected to the
corresponding integral-pulse converter entropic
Galois containing transformer type
voltage/frequency pulses whose work tact Galois
generator that code using Galois scale on the vertical
axis forms an asynchronous stream of bits in the
Galois points of intersection quantized values
vertical axis [7].

Then coded data enter in flash memory data
recording and entropy converter that using noise-like
signals and encodes a single zero bit Galois.

The method of formation and processing quasi-
three signals with variable entropy is binary symbols
that alert is assigned the value of entropy
distribution of the signal [11].

Formed thus Entropy-manipulated signals via
transceiver transmitting antenna of remotely
transmitted to the receiving side.

On the receiving side contains K-receiving
antennas, each of which performs receiving of
incoming signals and transmitting them to the device
processing autocorrelation entropy measure [12].
Processing signal is transmitted to the device
demodulation Galois bit, where data errors test and
their correction in case of errors in transmitted data
and information transfer to the respective inputs of
the concentrator.

In the concentrator n consistently taken bits
Galois converted into digital positional codes that
represent the impressions corresponding sensor.

6. SUMMARY

Described researches in the field of wireless
sensor networks is promising direction in their
development, addition of application entropic
approach to the implementation of manipulation
signals methods based noise-shaped signals variable
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entropy provides a high level noise immunity data in
intensive industrial noise. The use of signal
correlation correcting codes for information
formation and transmitting make a wide use of
computer systems in order to increase immunity and
protect against unauthorized access.
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