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BBEOEHUE

B 3apgavax uncposor o6paboTkum CUrHanNoOB 4YacToO UCMOMb3YT NpeacTaBneHne curHana B Buae
ONTUMarnbHbIX KOAOB, COXPaHAKLWMX PasHOCTU, C Lenblo 3(PdOEKTUBHOIO KOAUPOBAHUS WU KOPPEKLUK
ownboK, BO3HMKaKOLWMX B KaHanax nepegayn. K ogHMM M3 Takmx KogoB OTHocuTcsl knacc kogos [pes [1].
Takke kog 'pes ucnonb3yeTcs kak OOUH M3 LIAroB B pas3fM4yHbIX anroputmax, Hanpumep, B metoge JBIG
U MeToe KOHTEKCTHO-B3BELLEHHOIO AepeBa CxaTusi NONTyTOHOBLIX N306paxeHui [2].

M3BecTHO, 4To N — paspsagHbii Kog 'pes ecTb ynopsgoveHHas UMKnMyeckas nocrnegoBaTenibHOCTb
2N N- pa3psiAHbIX KOAOBbLIX CIOB pasnuyarwmxcsa B ogHoM paspsge. CyuwiectsyeT MHOro N — paspsigHbIxX
KogoB [pesi, UHTEpec NpeacTaBnsieT UCCregoBaHME anropuTMOB NMOCTPOEHUST BONYHO — MHBEPCHBIX KOOO0B
'pesa n nx ceoncts [2,3].

1. ANCOPUTMbI KOO OB N'PEA
M3BeCcTHO HecKonbko anropuTMOB MnoCTpoeHus kopoB [pes [2,3]. TpaguUUWOHHO WCNONb3YHOT

HEepPEeKYPCMBHBLIN anropuTM, OCHOBaHHbI Ha onepauuyM CymMMbl MO MoOZynio Asa @ WCXOAHOI0 [BOVYHOTO
koga N —paspsgHoOro YMcna 1 ero Konum COBUHYTOM Ha O4UH pa3psid BNpaBso.

G =BIN® (BIN = 1), ()

roe = 1 — onepauus casura BNpaBo Ha OauH paspsaa.
O6paTtHbIt koA 'pea IG popmupyeTcs NOBUTHO cneBa HanpaBo C NPOBEPKON YETHOCTN CYyMMapHOro
yncrna eauHyL B CTapLuMx paspsgax, CorfiacHoO YCrnoBuio NS KaXX4oro paspsiia KogoBoro criosa

gj» €CIU YUCTO eOUHUUHBIX PA3PAO08 YEMHO (2)

g = :
gj ecau YUcio eOUHUYHbIX pa3pﬂdoe HeYemHo

PekypcuBHoe noctpoeHue npsmoro koda 'pesa G yduTbiBaeT BUTOBYIO CTPYKTYPY M 3akniovaeTcs B
3epKanbHOM OTpaXeHUU W YABOEHUW UCXOOHOW nocnepoBaTenbHOCcTM M3 M — yucen Ha nepBoM Liare, U
nobaeneHun ewe ogHoro ctapwero paspsga (0 — kK ucxogHsim M yncnam, 1 — K 3epkanbHO OTPaKEHHbIM
yucnam ot M+1 go 2M) k nony4yeHHon 2M nocnefoBaTensHOCTY.

0. G 3)
M M
1, Gu
roe Owm, Im — HyneBoW M eguHWYHBIA BEKTOpbI nopsiaka M, gononHsoowme cTaplive paspsgbl
koga 'pesa nocrnegoBatenbHOCTU N3 M KOAOBLIX CIOB;

G,y =

Gum- 3epKarnbHO — OTpPaXKeHHasi nocrieqoBaTenbHOCTb M KOAOBbLIX COB.

Mpsimor n obpatHbIN koapbl pes - B3aMMHO obpaTHble Npeobpa3oBaHus. Torga nocrnegoBaTenbHas
nepecrtaHoBka AsouyHoro koga BIN no npsmomy u obpaTHomy kopdy [pes BoccTaHaBnNMBaeT WCXOLHbIN
[BOWYHbIN KOA,.

BIN—G—IG—BIN, BIN—-IG—G—BIN, (4)

2. ABONYHO - MHBEPCHbIE KOAbl N'PEA

Mpsmon (oBpaTHbIM) ABouYHO — uHBepcHbln ko pes RG (IRG) nonyyaeTtca npumeHeHnem
onepaumn ABOUYHO - MHBEPCHOW nepecTaHoBku (DIP) npsamoro (obpaTtHoro) koga Mpes.

G < (DIP) «RG, IG+~ (DIP) «IRG, (5)

Torga MOXHO BbIpa3nTb PEKYPCUBHYIO POPMYIy MOMyYeHMs NPsSMOro ABOUYHO — MHBEPCHOrO koAda
pes RG.

RG, O, ©)
RGw I,

He pekypcuBHbIN anroput™ MAeHTUYEH (1) ¢ y4eToM OBOMYHOWN MHBEPCUMM pesynbTaTta (5).

RGzM =

©anekTpoHHas Bepcua nogrotosneHa 3A0 ABTIKC CaHkr-lNMetepbypr, http://www.autex.spb.ru
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OOGpaTHbIn OBOMYHO — MHBEpCHbIM koA pest IRG dopmupyeTcss nobmutHO Kak B (2), HO cnpasa
HamneBO C MPOBEPKOW YETHOCTM CYMMAapHOro Yvcra edvHUL B MNadwux paspsigax U ABOUYHOW MHBEPCUM
pa3psifoB. PekypcuBHBIA anropntm ob6paTtHOro ABOMYHO — MHBEPCHOTO Koga ['pes BbipaxkaeTcst opmyIrion

RG, L, ")

RGZM - -
RG,, Lu

roe Ly, LM - BEKTOP AnnHbl M 1 MHBEPCHBIN €My BEKTOP, OS5 KOTOPbIX 3fIeMEeHTbl (hOPMUPYIOTCS
Ha OCHOBE MaCKMPOBaHUS MafLero paspsifa KogoBoro criosa.

Torga cnpaeepivebl NpeobpasoBaHus

BIN—-RG—IRG—BIN, BIN-IRG—RG—BIN (8)

Mpn 3TOM NonyYeHHbIN 0OpaTHbIM ABOUYHO — MHBEPCHBIN Koa [pest TepsieT CBOWCTBO LMKIMYHOCTH,
XapakTepHoe AN OPYrMX PacCMOTPEHHbLIX KOAOB, U O0bnagaeT CBOWCTBOM AononiHeHust o N Ons Kaxgon
napsl (k, k+1) cocegHnx KoaoBbIX CNoB, ecnu k - yeTHoe. MOXHO 3aMeTUTb, YTO CBOMCTBO AononHeHusa Ao N
XapakTepHO Ans ABOMYHOro koga aAnga kaxaow napbl (k, N-k) kogoBbix €noB, a Takke u ang obpaTtHoro koga
pes IG ana kaxgow napbl (k, k+N/2) kogoBbeix cnos. B Ttabnuue 1 npeacrtaBneHbl nepeble 16 ABOMYHBIX
KOOOBbIX CIIOB AN PaCCMOTPEHHbIX KOAOB.

Tabnuua 1. Kogosble crnoBa

BIN G IG RG IRG
0000 0000 0000 0000 0000
0001 0001 0001 1000 1111
0010 0011 0011 1100 0111
0011 0010 0010 0100 1000
0100 0110 0111 0110 0011
0101 0111 0110 1110 1100
0110 0101 0100 1010 0100
0111 0100 0101 0010 1011
1000 1100 1111 0011 0001
1001 1101 1110 1011 1110
1010 1111 1100 1111 0110
1011 1110 1101 0111 1001
1100 1010 1000 0101 0010
1101 1011 1001 1101 1101
1110 1001 1011 1001 0101
1111 1000 1010 0001 1010

MoXHO NpeanoXuTb PeKypCUBHbIE anropuTMbl MOCTPOEHWss obpaTHoro koda [pes m obpaTHoro
OBOVYHO-UHBEPCHOrO koaa [peda Ha OCHOBe npuHUMNA AOMorHeHWs kogosoro crnoBa no N, uTto
COOTBETCTBYET eAnHuLam BO BCex pa3psdax yucna. Onsa nonyyeHus IRG koga Ha kakgom yYpOBHE peKkypcum
ucxogHasi nocrnegosaTenbHOCTb M KOOOBbIX CMOB 3anMCbiBAeTCA B YETHble JNEMEHTbl  BbIXOOHOM
nocrnegoBartenibHOCTU pa3mepa 2M, a nx MHBEpPCUMM — B HEYETHbIE cocefHMe aneMeHTbl. [Anga nonyveHus |G
Koga mcxogHas mocrnegoBaTenbHoCcTe M KogoOBbIX CrnoB AononHseTcd 40 2M MHBEPCHbIMU 3HAYEeHUSIMM
koaoBbIX crioB ¢ M+1 go 2M anemeHToB.
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NPUNOXEHUA
PaccmoTpeHHble [BOMYHO — MHBEPCHbIE KOAbl [pesa MOXHO MCMOoNb3oBaTh B PasnunyHbIX 3agadax

undpoBon obpaboTkn. Hanpumep, npu cnekTpanbHOM aHanuie curHanoB B 0asvce dyHKUMW Yonwa —
Apamapa [4]. MoxHO nokasaTtb, 4TO MaTpuubl dyHKuM Yonwa [W] cBasaHbl ¢ maTpuuammn Agamapa [H]
nepecTaHOBKOW CTPOK MO NPAMOMY 1 06paTHOMY ABOVYHO — MHBEPCHBIM Kogam [ pes.
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INTRODUCTION

The Gray codes are used in many tasks of digital signal processing [1]. For example, the Gray code
is one of the steps of JBIG and CWT algorithms of grayscale image compression [2]. There are a lot of Gray
codes and algorithms of its construction, but it is interested to research the digital inverse Gray codes.

DIGITAL INVERSED GRAY CODES
Direct (reversed) digital inverse Gray code RG (IRG) that is also known as reflected Gray code, is formed
with application of digital inverse permutation (DIP) of direct (reversed) Gray code

G < (DIP) «RG, IG~ (DIP) «<IRG, (1)
Then we get the recursive formula

(2)
RG,, =(RG, 0,,,RG I,,)

Non recursive algorithms of RG and IRG are the same like basic ones of the normal Gray codes with digital
inversion of result from the right to the left. Recursive algorithm of IRG code is presented as
(3)

IRG,, =(IRG,, L,,. IRG, Lu)

where Ly, LM - vector of M order and its inversion for witch elements are formed with masking operation
of the lowest bit of the code word. Then
BIN—-RG—IRG—BIN, BIN-IRG—-RG—BIN (4)

IRG code lost the cyclic property of normal Gray codes, but possess of the addition property for each
pare of nearest words (k, k+1) as if k is even. There are recursive algorithm of IRG code according to
addition of the code word at ones in all bits. The initial binary sequence of M words are write in the even
elements of output sequence of 2M order and its inversions into next nearest elements.

APPLICATIONS

The considered RG and IRG codes are possible to use in spectral analysis of digital signals in Walsh
— Hadamard basis [3]. The matrix of Walsh functions [W] is connected with the matrix of Hadamard
functions [H] by means of permutation of rows according to the digital inverse Gray codes.
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