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B CTaTbC MNPOAHAIN3UPOBAHEBI moaxoagbrl K TEXHUYECKOU pcaiursanuun
MHOTOKAaHAJIhHOTO  QJalTUBHOTO  (WITPa, HCIOJB3YEeMOI0 B  KadecCTBE
KOHTpPOJIJIEpa MHOI'OKaHAJIBbHBIX CHUCTEM AKTHBHOT'O IMOAABJICHHUSA aKyCTHYECKOI'O
myma. Iloka3zanel mnpeumyiecTBa peanuzauuu (UIbTpa B BHJAE MaccuBa
BBIYUCITUTENBHBIX OJIOKOB. BhIunciauTenbHbIC OJIOKK peanu3yloTcs Ha 0aze sueex
nndpoBoii 00pabOTKHU CHTHAJIOB MPOTPAMMHUPYEMBIX JIOTUYECKUX HWHTETPATbHBIX
cxem (TIJIMC). Pa3mep MaccrBa BBIYHMCIUTEIBHBIX OJIOKOB 3aBUCHT OT KOJHYECTBA
KaHaioB ¢uibTpa. I TpencTaBiICHHONM apXUTEKTYphl BBIMIOJHEH aHaINU3
3aBUCHUMOCTH MaKCUMAaJIbHOM paboyeil 4acTOThI OT pa3Mepa MaccHBa.

KinroueBble ciioBa: akTUBHOE MOJAABJIEHUE IIyMa, MHOTOKAaHAJIbHBIM aJalTUBHBIN
(UIBTpP, BEIYUCITUTENBHBIN OJIOK, siueiKka 1 poBOi 00padOTKHU CUTHAJIOB.

BBEJIEHUNE

[Ipu perieHnn oTAENBHBIX 3a/1a4 aKTUBHOT'O MOJAABICHUs aKycTHueckoro nryma (AIII) —
HarpuMmep, MOJAaBJICHUA IIyMa B 3aMKHYTOM IPOCTPAHCTBE WJIM CO3JaHUS JIOKAJIbHON 30HBI
TUIIMHBl — HUCHOJb3YIOTCS MHOTOKaHAJIbHBIE CUCTEMBI, cojepxamue J ONOpHBIX
MukpodonoB, K wuznyuateneit u M MmukpodoHoB ommOku. B kauecTBe KOHTPOIIEPOB,
BbIpabaThIBAIOIIMX NPOTUBO(A3HbIE IIYyMY KOMIIEHCUPYIOIIME CUTHAJIbI, B TAKMX CHCTEMax
UCIOJb3YIOTCS MHOTOKaHaJIbHbIC aJalTHBHblE (WIBTPHI C AJITOPUTMOM HAMMEHBIIUX
CpEIHUX KBaIpaToB M IIPeaBapUTeIIbHOM (unbTpanueii onopaoro curaana FXLMS [1, 2].

Crpyxtypa koHTposutepa cucreMbl Al mpu J=K=M=2 npezacraBiena Ha pucyHke 1.
Kaxnpiii j-it onopHblit curnan obpabarsiBaetest KJ agantuBHbiME puinbTpamu (AD) u MK
¢wibTpamu-onenkamMu  (@O) mepenaToyHOW (QYHKIMM OYTH KOMIIEHCAlUM  MEXIY
U3IyvareseM U MUKpO(QOHOM omuokH [2]:
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rjie N — HOMEp UHTEPBaa JUCKpeTH3auy, Y, (N) — Kj-i KoMnoHenT K-ro Komnencupyomero
curnana Y, (n), wy(n)= [W,?J (n) Wij (n) .. Wk“j"l(n)]T — BEKTOP BECOBBIX KOI()(HUIIMEHTOB
kj-ro AD Ha N-HOM WHTEpBae JIICKpETH3AIIHH,
X;(n)=[x;(n) x;(n-1) .. x;(n—N +1)]" — BeKTOp OTCUETOB j-TO OMOPHOTO CHTHAIA,

N, — mopsinok kj-ro A®, X,;(N) — pesymbrar dumbTpamuu j-ro omopHoro currana Mk-m
@0, S, =8 S, .. 8-'1 — Bexrop Becobix Kodpduruentos mk-ro ®O, L, —

nopsiiok Mk-ro ®O. Kosddurmentsr kaxaoro A® MepecuyUTHIBAIOTCS C YYETOM BCEX

AMCIOINXCS B CHCTEME CUTHAJIOB OIITHOKH [2]:

wj; (n+1) :ij(n)+y-iem(n)-x;nkj(n—i), (3)

m=1

e Wfq- (n+1) — HoBoe 3HaueHue i-ro Ko3pdunuenta Kj-ro Ad, W,ij (n) — Texyriee 3HaUEHHE
i-ro koadunmenta kj-ro AD, y — mar cxomgumoctu [3], e,(nN) — mM-it curnan ommoOKy,

Xy (N —1) — N-i-i oTcyer j-ro onopHoro curnana, otdgunbTpoBanHoro Mk-m ®O.
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Puc. 1. Ctpykrypa konTposuiepa cucrems! Al npu J=K=M=2

Tpebyemass mnpou3BOAMTENBHOCTh KOHTposiepa cuctembl AlIIl omnpenensercs, B
OCHOBHOM, OOIIMM KOJMYECTBOM OIEpaluii YyMHOXEHUs ¢ HakorieHueM Nwac, KoTopoe
HEOO0XO/MMO BBINIOJHUTH (PUIBTPY CHUCTEMBI B €IUHHILY BPEMEHM (3Ta BEJIMYMHA OOBIYHO
u3MepseTcs B MIWIIHOHAX onepanuii B cekyHay — MACS):
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Nmac = Fs * [(N + L)-M-K-J + N-K-J], (4)

rae Fs —gacrora nuckperusanuu cucremsl AIILLL B (4) u nanee B cratbe nopsigku AD u ®O

npuHuMaroTcst paBHbIMU N 1 L cooTBETCTBEHHO.

A® HauOOJBIIUX MOPSIKOB (JI0 HECKOJIBKHUX THICSY KOA(PPUIUEHTOB) TPEOYIOTCS, €CIIH
cucrema AIIII npegHazHaueHa [ NOAABICHHS CIY4allHOTO HU3KOYaCTOTHOTO IIyMa —
opuenTupoBouHO OoT 100 go 1000 ['u. DTo TpeboBaHue cBsA3aHO ¢ TeM, UTo AD COBMECTHO C
®O noKeH WMUTHPOBATH NEPEAATOYHYIO (YHKIIMIO IMYTH PACHpPOCTPAHEHUS NIymMa OT
OTIOPHOTO MUKPO(OHA 70 U3JTydaTels B IIMPOKOM JHara3oHe yactoT [4, 5].

B OompmmacTBe citydaeB koHTposmiepsl cucteMm AT peanm3yroTcss Ha CUTHATBHBIX
nporieccopax [1, 2, 6, 7]. C yaerom Toro, uro 3HaueHuss N 1 L MOTyT JOXOAHUTH 1O HECKOIBKUX
teicsd [1, 5, 6], J, K m M 00OBIYHO COCTaBISIOT HECKOJBKO necaTtkoB [1, 2], a Fs momkna
MPUMEPHO B JIECATHh pa3 MPEBBINIATH YaCTOTHI MojaBisieMoro imyma [1], mis momaBieHwus
CIy4JailHOTO ~ HHU3KOYaCTOTHOTO  IIyMa  OT  MpoOIeccopa  MOXKET  TpeOOoBaThCs
MIPOU3BOIUTEIIBHOCTh J10 HecKoJbkux jecatkoB GMACS um Oosiee. JlaHHOe TpeOGoBaHWe
MPUOIU3NUTEIFHO COOTBETCTBYET ITMKOBOW TIPOW3BOAMTEIBLHOCTH HamOoJiee OBICTPBIX Ha
JAHHBIH MOMEHT MHOTOSJICPHBIX CHTHAIBHBIX IporeccopoB [8]. B Tex cimywasx, korma
MPOU3BOUTEIHFHOCTH OJTHOTO TMPOIECCOpa HEAOCTAaTOYHO, MOJKET HCIOIb30BaThCS WX
o0benuHenue B MaccuB [1, 6, 7]. C npyroi CTOpoHBI, peain3alisi BEICOKOTIPOU3BOUTEIBHBIX
KOHTPOJJIEpOB MHOTrokaHanbHbIX cucteM AlIll Bo3MoOkHa Ha HOporpaMMHUPYyEMbIX
nornuecknx uHTErpanbHbX cxemax (IIJIMC). TlpowmsBomurensHocTh coBpeMeHHbIX [IJIMC
MoxeT pocturath Teicsdy GMACS Gmarogapss HaMHYUIO THICSY sYeeK MUPPOBOM 00pabOTKH
curHaioB (IIOC-sueek) [9]. Takoe kommuectBo [1OC-sueek, Hapsmy C BO3MOXKHOCTBIO
MPOrpaMMHUPOBAHUSL  MEXKCOEAUHEHHN  Jormdyeckux  pecypco IIJIMC  mosBossier
peanu3oBbIBaTh MHOTOKaHaIbHBIA FXLMS-unbtp pazmuuneiMu cnocobamu. K tomy xe,
I[JIMC mocnemqHux MOKOJICHHH MOTyT paboTaTh C IMEPEMEHHBIMH, IPEJACTaBICHHBIMH B
dbopmaTax u ¢ GUKCUPOBAHHOM, U ¢ MaBawomen 3ansaroit [10]. B Hacrosmeit pabore aBTop
CpaBHMBAET JBa MOAXOJa K peanu3auur MHorokaHaibHoro A® na IIJIMC, npuBomut
onucanue apxuTekTypsl AD B BHIEe MaccMBa BBIYUCIUTEIBHBIX OJOKOB U aHAIU3HPYET
MIPOU3BOIUTENBHOCTh (PUIIBTPA STOU apXUTEKTYPHI.

1. IOAXObI K PEAJIM3ALIMN HA TUIMC MHOI'OKAHAJIBHOI'O FXLMS-
OUJIbTPA

Mo3KHO BBIIENUTH JBa OCHOBHBIX MOJXOJa K peanu3aiud MHorokananpHoro FXLMS-
¢bunpTpa Ha 6aze [[OC-stueex TIJIMC [11]. TlepBblit moaxoa mpeamosiaracT MoIU(PHUKAIIUO
apxuTekTypsl cucronnueckoro KUX-bunprpa mopsaka N myrem ycTaHOBKM Ha BXOJIE
¢bunbTpa MYIBTUILIEKCOPA BXOTHBIX CHUTHANIOB, JOOABICHHS K KaXKIOMY OTBOAY (QHIbTpa
O3Y nna xpaHeHus ero ko3dduiueHToB, M A00aBIEHHS MEXIy OTBOJAAMHU (HIBTPa
aneMeHTOB  3ajepkku  Ha J(MK+1) TakTtoB JUIi  COXpaHEHHsS M NPOJBIIKCHHS
MYJIbTHILICKCHPOBAHHOTO MOTOKa NaHHBIX [12]. [TonyueHHas cTpykrypa Oyaer paboTaTh B
peXHMe MYJIbTUIUIEKCUPOBaHUS BO BpeMeHU. OJHUM U3 HEOCTATKOB JAaHHOW apXUTEKTYPhI
sBiseTcs To, yTo oHa TpeOyeT Oosbmoro komuuectBa (N) LHOC-sueek. IIpu sTomM yacth
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HOC-s4yeex mpuaeTcst OCTaBUTh HEUCIOJIb30BaHHBIMU. Jlenio B Tom, uto y [TJIMC konuuectBo
LOC-s4eex mpuOIM3UTEIBHO PAaBHO KOJUYECTBY OJIOKOB mMamsiTH pasmepoM 18 xout [9], u
ecnd o0beMa MaMATH OJHOTO OJIOKAa HEIOCTATOYHO JUI Pa3sMELICHHS JJIEMEHTa 3aJIepiKKU
MEX]ly COCEIHUMH OTBOJaMH (QHIbTPA, KaKk MUHUMYM Kaxknas Bropas L|OC-sueiika Oyner
npocrauBate. C eme Oonbuieil  BepositTHOCThIO  yacTh  L[OC-sueek  ocraHercs
HEHCIIOIb30BaHHOM, €Clii OJIOUHAsl MaMsTh WCHOJIB3YeTCs M JUIsl XpaHEeHUs! KodPPHUINEeHTOB
¢wieTpoB. Ecnm ke xpanuth ko3ddunmentsl GuiabTpoB B pacupenenennoil namsatu [TJINC,
MOJKET NMPOU30UTH CYIIECTBEHHOE CHIKEHHE MTPOU3BOIUTEIILHOCTH.

B pamkax BTOporo moaxona MHOTOKaHAIBHBIM FXLMS-pmietp peamusyercs B BuIe
MacCHBa OT/ENbHBIX BEIYUCIUTEIBHBIX OJIOKOB, COCTOSIINX U3 OJHOW niH Heckoibkux [JOC-
syeeK. B oTnuumMe OT TMpeapIayniero BapHaHTa, KOJHMYECTBO BBIYHCIHTENBHBIX OJIOKOB
MPOMOPLIMOHAIIBHO MPOU3BEIEHUIO JTIOObIX IBYX M3 Tpex mapamerpoB — M, K u J. Kaxaprit
BBIYUCIIUTENBHBIA OJIOK paboTaeT ¢ COOCTBEHHBIM HaOOpoM KOA(D(OUIIMEHTOB (DHIBTPOB,
BXOJHBIX W BBIXOJHBIX CHTHAJIOB W TocienoBatenbHO BbimonHseT N wim L omeparuii
yMHOXeHUs ¢ HakoTuieHueM. [Ipu takom moaxone ysenmmuenue M, K, J, L wm N, nnm 100601
KOMOWHAITMK JTHX TapaMeTPOB, HE JOJDKHO WPHBOIUTH K WM3MEHEHHSIM CTPYKTYPBI
BBEIUMCIIATENIEHOTO OJI0Ka; OHO MOJKET TOBIMATH TOJBKO Ha 0O0Imee KOJHMYECTBO
BBIYUCITUTEIIBHBIX OJIOKOB B MAaCCUBE W/WiH TpeOyeMblii 00beM mamsaTi. OIHAKO YBETUYCHUE
pa3MepoB ycTpoiicTBa, peanuszyemoro Ha I[IJIMC, mokeT NpUBECTM K CHIDKEHUIO €ro
npoun3BoauTeNbHOCTH. B MHOTOKaHANMBHBIX cucTemax AITII M o6braHo Gosbire, yem J nmu K
[1, 2], mosTomMy 1menecooOpa3HO pean30BBIBATh MACCUB pa3MEpHOCThIO KxJ. ApXxuTekTypa
MHOTOKaHainbHOrO FXLMS-dunbtpa, npeacrapmisionas coOOM MacCUB BBIYHUCITUTEIBHBIX
0JI0KOB pa3MepHOCThI0O KXJ, aHanmu3upyercs nanee.

2. APXUTEKTYPA MHOI'OKAHAJIBHOI'O FXLMS-OUJIbTPA

[Ipemnaraemast apxurekTypa npeacrasieHa Ha pucynke 2. Kaxapiit Kj-it BeIYMCIMTEIbHbIH
omok comepxur aBe L[OC-sueiiku (DSP slicel, DSP slice 2), u agBa Omoka mamsTu
(},tX’mkj_RAM, ij_RAM).

B kaxmom Kj-m Omoke IIOC-sueiika 1 oOpabGaTbiBaeT j-ii OMOPHBIA CHIHAN
ko3 durmentamu Kj-ro AD — mpu 3TOM MOJyYaeTcs j-d KOMIIOHEHT KOMIICHCHPYIOIIETO

curnana (Y, (n)) — u kosdduuuenramn M mk-x GUILTPOB-OLIEHOK — TIPU 3TOM T0Ty4aroTcst M

snaveHuit X', (N) (1, 2). HOC-syeiika 2 BbIYMCISET HOBBI HabOp K03 duieHToB Kj-ro AD

mkj

(3). Pexxumsbl padots! 06enx LIOC-sueek mporpaMMHUpyIOTCs, Kak MOKa3aHO Ha pUCYHKe 3.
bnok namsatu Wy;_RAM cozepxut N ko3¢pdunrentos AD, u NOIHOCTbIO OOHOBIISETCS HA

Ka)XJIOM MHTepBajne auckperuzauuu. brnox mamsatu puX’mki RAM mpencrasiser co6oif

uuknuyeckuit 6ydep, coneprxamuii N+1 na6opos no M snauenuit X'; (N—1), nosydennbix

B pe3ynbTrare GuibTpanuu j-ro onopHoro curHana M ¢punstpamu ®@O. Opranuszanus 6J10KOB
NaMATH NOKa3aHa Ha PUCYHKE 4.
Ha rtekymem BpemenHoMm wunrtepBaie L[OC-sueiika 2 wucnonszyer N HaGopoB mo M

sHaueHudt X', (N—1) (rae i=/...N, cM. pucyHOK 4) IS BBIYMCIIEHUS! HOBBIX KO3(D(HUIMEHTOB

ki-to A® (3). B sto xe Bpems LlOC-sueiika 1 o0OpabaThiBaeT OIOPHBIH CHUTHAI C

M. B. YweHunHa
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ucrnoab3oBanueM kodpdunuentoB M ¢unsrpoB @O, u 3anmucsiBaeT M HOBBIX 3HaUYCHUI B

uX’mki_RAM. Tlocne stux npouenyp L[OC-sueiika 1 oOpabaTbiBacT OHOPHBIA CHrHAI

HOBBIMH KO3 punmenTamu AD.

1-t cmonbey (k=1)

K-t cmonbey (k=K)

S]_ SK
| RAM TYl | RAM Yk
Xy
> R);\lM X €m X €m
I ! }x }
1-a | DsP uX’mi DSP | DsP uX k1 DSP
Cmpoka slice 1 RAM slice 2 slice 1 RAM slice 2
(=1) NTA A A A A 7y
: Wll r WKl
K RAM ; RAM
2 ¢ 2 o
¢ ¢
RAM I % I 1% I
2-9 > DSP PN uX’mlg DSP > DSP uX’ng DSP
CMpoOKa slice 1 RAM slice 2 slice 1 RAM slice 2
(=2) o A A A C A A A
T Wi, i Wi
: RAM : RAM
+ +
3 o 2 e
T .. ) —
&; X, : _I Y1 : YK
RAM I X Te 1 % {en
Cn’;][;ZKa DSP MXmay DSP [_)SP uX ik DSP
(=) slice 1 RAM slice 2 slice 1 RAM slice 2
A A A A A A
“0” Wiy, “0” Wi
RAM RAM
¢ o

Puc. 2. Muorokanansubiii FXLMS-dunbtp B Buie MaccHBa BHIYMCIUTEIBLHBIX OJIOKOB

Kamnaﬂ j-fi CTpOKa BBIYMUCIIMTCIbHBIX OJIOKOB pa60TaeT C OIHMM H TEM XKC OIIOpHBIM

CHUTHAJIOM, KOTOpBIﬁ MOCTYIIACT Ha HOC'quﬁKH 1 KaXXJ101T0 U3 K BBIYHCIUTEIBHBIX OJIOKOB

ctpoku. N 0OTCUETOB j-rO OIOPHOTO CHUTHAJA cojeprkarcs B 6ioke mamsatu Xj_RAM. Kaxuapriii

k-it cronber; Qopmupyer KOMICHCHpyrOUHMH curHan Y, (N) myreM CyMMHpPOBaHUS €ro

KOMIIOHEHTOB, MOJYyY€HHBIX J BBIYMCIUTEIbHBIMH OnokaMu cTosOua (pucyHok 2). Ilpu

pacuere X'

(n) BBIUHMCIIMTEIbHBIC OJIOKU B KaXJ10M K-m CTOJ'I6I_IC HCIIOJIB3YKOT OJUH U TOT

xe Onok mamsatu S RAM, conepxanuii koappunuentst M @O (pucynok 4). M curnanos

omn6Oku nmoctynaroT Ha [[OC-sueliku Bcex 6I0KOB MaccuBa ¢ Oioka mamstu ey RAM (Ha

PUCYHKE 2 OH HE TIOKa3aH).

. B. YweHnHa
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X; X' mig
RAM RAM
\ 4
Sk X' mij
RAM RAM
A €m
Wi RAM
RAM
- , Wig(n)
j— ) 4 J We ) 4
— kj
Zl Yy }»EI——>Z Yi [rAM
j= > j=1
] A\ij (n+ 1)|->
Puc. 3. Pexxumbr pa6otst LIOC-sueiiku 1 (ciaesa) u [OC-suetiku 2.
OnemeHThl [{OC-s4eek noka3aHsl CEPbIM IBETOM
em_RAM S« RAM X' m_RAM Wi, RAM
eo() %1 X ‘wig(n) Wii(n)
e;(n) s'yi X w-1y6() w'g(n)
em-1(n) s 14X "14(n) w'h(n)
Sogk Mux ’Mkj(n-l)
X;_ RAM s'a px uay(n-1)
) -
S x 14i(N-1
x(n-1) 2 #x "ug(n-1)
X(n-N+1) Sij % wg(n-N)
S wik pex ay(n-N)
s #x "1g(n-N)

Puc. 4. Opranuzamus 6JIOKOB IMaMsITH

3. [IPEABAPUTEJIbHAA OLIEHKA PECYPCOEMKOCTHU U JOCTUXUMBbIX
PABOUUX YACTOT ®UJIBTPA

Jns  peanusanuu  MHorokaHaiabHoro  FXLMS-¢unbtpa, apxutekrypa KOTOpOTro
npeacTaBieHa Ha pucyHke 2, Heooxoaumo 2KJ LOC-sueek. Takoe komuuectBo L{OC-suyeex
noctynHo aaxe Ha Hepoporux [IJIMC nocneqHux NOKOJIEHUH.

O0bvem mamsTH, TpeOyeMblid Uil peanu3alud MHOrokaHanbHoro A®d, He 3aBHCUT OT
apxutekTypsl ¢uiabrpa [11]. Tlpu 18-OuTHOM TpeACcTaBICHUH YMCeN peanu3anus QUibTpa
notpedyer 18-[KJ-(N+MN+M)+KML+IN+K] Outr mamstu. OmHako apxutektypa (uibTpa
OTIpe/ieNisieT OpraHu3aliio OJOKOB MaMsATH M TpeOOBaHMS K 00beMy Kaxaoro u3 Hux. Jlms
NPE/ICTABICHHON apXUTEKTYphl TPEOOBAHUS K OPraHU3alMU U 00beMy OJIOKOB ITAMSITH CBE/ICHBI B

Tabmuiy 1.
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W3 Tabnuuel 1 cnemyer, yTo MpUMEpHO MOJIOBUHA TPeOyeMOro oObeMa MaMsITH UCHOIb3YeTCs
1 peamzaiuu O10okoB puX’mki_RAM. Tem He MeHee, MOXXHO NOOMTHCS 3HAUYUTEIBHOM
DKOHOMHUH NAMSITH, €CIIM COXPaHATh B Omokax uX’mi_RAM me camu 3nauenms X' (N), a
pe3ynbTaThl UX YMHOKEHUS HA U, IPUHATHINA PABHBIM OTPULIATEIBHON CTENeHN ABOMKHU. lIpu

OTOM KaX/Iast M3 YEEK MaMATh OyIET CONEPKATh Mo 5-6 crapimmx paspsnos X' (N) .

Tabnuma 1. TpeboBaHus K OpraHu3aui ¥ 00beMy OJIOKOB MaMsTH

Tpebyemoe konuuectBo | TpeOyemoe KOIMUECTBO
brnox mamsatu
0JIOKOB STYEEK MaMsITH B OJIOKe

Xi_RAM J N
Sx_RAM K LM
em_RAM

1 M
(He moka3aH Ha pUCYHKE 2)
Wi RAM KJ N
uX’mki. RAM KJ M'(N+1)

B macrosmee Bpems oOmmii o0bem Omounoit mamstu IIJIMC moxkeT cocTaBisiTh 10
HecKoJbKUX AecatkoB Mowut [9]. Ecou J, K u M cocTaBisior Heckonbko aecsatkoB, L < N, u

omoxy namstn X mki_RAM conepskar 5-6 crapmmx paspsanos X', (n), nopsgok A® u @O B

Ka)XJIOM U3 KaHAJIOB MOXKET JOCTUI'aTh HECKOJIBKHUX THICSY.

TakroBast wacrora koHTposuiepa cucteMbl AIII momxHa ObITh Kak MUHUMYM B P pa3
BBIIIIC YaCTOTHl JTUCKpeTH3aluu cucteMbl (P — KOJMYECTBO TaKTOB, HEOOXOIMMOE
BBIYMCIUTEIBHOMY OJOKY JJisi BBIIOJHEHHs] BCeX ONepaluid 3a OJUH HHTEpBall
nuckperusanun). KoamuecTBo TakToB, HE0OOXOIUMOE JUTsl KXKIOW U3 Olepaluii, MpUBEICHO B
tabnuue 2. Ilockonbky HOBble KkodhuiueHTsl A®d BBUUCISIOTCS OTHOBPEMEHHO C
o0paboTkoit omopHoro curHana, I[[OC-s4eiikn NOpoOrpaMMHUPYIOTCS B COOTBETCTBHHM C
pucyakom 3, J << N, a M-(L+3) mensbie, yem N-(M+5), MuHiManpHas TakToBasi 4acToTa
MO>KET OBITh OIICHEHA CJIEIYIOIUM 00pa3oM:

fop > FsN(M+6). (5)

Tabmuma 2. KoanyecTBo TakToB, TpedyemMoe Ui Kax 101 U3 onepanyii BHIMUCIUTENBHOTO OJI0Ka

[Iepecuer O06paboTka ONOPHOTO O6paboTka
k03 dunmentoB AD | curnana M ¢punsrpamu OIIOPHOTO CUTHAJIA
Onepanus 1 o6HoByeHue Ooka | PO u oO6HOBIIEHHUE OJI0KA ¢ueTpom AD u
namata Wy;_RAM naMata pX’mei_RAM BoruncieHue Y, ()
Kon-Bo TakTOB N-(M+5) M-(L+3) N+3 + J-1

Tpebyemass mns  MHorokanaiapbHoro FXLMS-gunbTpa TakTOBas dacToTa J0JDKHA
COOTBETCTBOBaTh CKOPOCTHBIM Xapakrepuctukam [IJIUC. C yuetom Toro, uto Fs 00b14HO
cocraBisger enuHuubl K1 [1], M — Heckonmbko nmecsiTkoB, a N — 10 HECKOJIBKHX THICSY,
TpeOyemasi pabodas 4acTOTa MOXKET COCTABJIATh OT HECKOJBKHX JECATKOB O HECKOJIBKUX
coreH MI'u. HecmoTpst Ha 10, uTo Mo oTnenbHocTH LIOC-sueiiku u OnoyHas mamsiTb MOTYT

M. B. YweHunHa
Peannszaumsa Ha MNJINC MHorokaHanbHoro agantueHoro FXLMS-duneTpa B BUAE MaccmBa BbluUCAUTENBHbBIX 6/10K0B



DNeKTPOHHBIV XypHan «TexHnyeckasa akyctuka» 2016, 1 8 (11)

paborate Ha dactorax mopsaka 500-700 MI'p [13-15], mpow3BOAMTENHHOCTH MacCHBa
BBIUMCIIUTENBHBIX OJ0KOB, peann3oBanHoro Ha I[TJIMC, MOXeT CyImiecTBEHHO CHU3UTBCS C
YBEJIIMYEHUEM €r0 pa3MepoB. OTO MOXKET IMPOU30WTH BCIEACTBUE YBEIMUEHUS 3a/lepiKEK
pacnpocTpaHeHUsi CUTHAJIOB BHYTpU MaccuBa. B cieayromiem paszene aHaau3upyeTcs
3aBUCUMOCTh MaKCHUMaJIbHOM TaKTOBOM 4aCTOThI MACCUBA OT €r0 pa3Mepa.

4. PE3YJIbTATBI BPEMEHHOI'O AHAJIN3A U X OBCYXXJIEHUE

PesynmbTaThl BpeMEHHOTO aHanM3a IMpoekTa MHorokaHanbHOTO FXLMS-dunsrpa,
npeacraBiacHubie Huke, noaydensl s [IJIMC Xilink 7 cepun [9] mpu ycmoBuu 18-
Pa3psAHOTO TIPEICTABICHHS YUCEIT.

[Ipex e Bcero, HEOOXOMMO PACCMOTPETh 3aBHCUMOCTD IMTPOU3BOIUTEIIBHOCTH OTICIIEHOTO
BbluMcauTenbHOro Onoka ot mapametrpoB M um N. HOC-sueiika moxer paboTtaTh ¢
MAaKCUMaJIbHOM TAaKTOBOM YacTOTOM TIPH MCHOJIb30BAaHUM BHYTPEHHMX KOHBEHWEPHBIX
pEruCTpOB, Kak Toka3aHo Ha pucyHke 3 [16]. O0bem ognoro Omoka mamstu [IJIMC
cocTaBiseT 36 KOUT; OJIOKH MOTYT OOBEIMHSATHCS ITOMAPHO 0€3 MOTePh MPOU3BOAUTEIHLHOCTH.
O0ObequHeHne  OOJBIIET0  KOJMYECTBA  OJIOKOB  IIAMATH  BBI3BIBAET  CHIDKEHHE
MTPOU3BOIUTEIIBHOCTH H3-32 BO3HUKHOBEHUS JIOMOJIHUTEIBHBIX 3aJIEPIKEK PaCIpPOCTPAHCHHS
CUTHAJIOB Mexay Omokamu. Tem He MeHee, 3afepKKH ATH He3HauuTeabHBI, T.K. [IJIMC
pacrojiaraeT CHeHualbHBIMU TPAaCCUPOBOUYHBIMHU pecypcaMu Ui OObeIuHEHUs OJII0KOB
namsta [17].

3HaYeHUs] MakCHMaIbHBIX paboynx YacToT (fop max) BBIYUCIHTENBHBIX OJIOKOB IIpH
pa3aMyYHbIX cOOTHOIIEHUAX MXN, mongydeHHbIe B pe3yabTaTe BPEMEHHOIO aHajin3a MpoeKTa
¢dunpTpa nocine ero pasmemnienus u pa3poaku Ha [IJIMC, npencraBnens! B Tadmuiie 3. [1poekr,
peanuzoBannbiii Ha ITJIMC Artix 7 XC7A200T-3, cOmep:KUT BBIYHCIUTEIBHBIA OJOK C
HacTpauBaeMbIM cooTHomieHneM MXN wu Onok ympaBineHus. Sldeiiku Onoka mHaMATH
uX’mki_RAM 6-OnuTHLBIE. Tabmua 3 MOJTBEPIKIAET, 4qTo MakCHUMaJIbHAA
MIPOU3BOJIUTEIBHOCTh  BBIUMCIUTENBHBIX  OJIOKOB  COOTBETCTBYET  CllydasM, KOTJa
puX’mki_RAM ymemaercst B 0HOM MM ABYX OJlOKaxX IaMATH 1o 36 KOuT.

Tabnuua 3. MakcumanbHble pabouyre YacTOThI BBIUMCIUTEIBHOTO OJIOKA IPH €r0 peanu3alun
Ha [IJIMC XC7A200T-3

MxN 2x1024 6x1024 | 12x1024 | 24x1024 | 32x1024 | 64x1024

fop_max, MI'Iy 447 447 447 446 400 337

Ha maccuB BBIYMCIAMTENBbHBIX OJOKOB B LIE€JIOM 3a/IepP’KKH PACHpPOCTPAHEHUS CHTHAJIOB
BIMSIOT OoOJiee CYIIECTBEHHO. 3ajepxkka pacrpocTtpaHeHus curtaiga B IIJIMC 3aBucur ot
KOJIMYECTBA MEPEKIIOYAIOIINXCSl JIEMEHTOB Ha MYTH €ro pachpoCTPaHEHUs, a TakkKe OT
KodpduuMeHTa pa3BeTBICHHs IO  BBIXOJY dJJE€MEHTa-UCTOYHUKAa  curHama. Jlms
paccMaTpuBaeMoOl apXUTEKTYpbl (WIBTPa MEPBBIH M3 MapaMeTpoOB 3aBUCUT OT PACCTOSHUS
MEXJly COCAMHSEMBIMH DJIEMEHTAaMH;, BTOpPOW OIpenensercss OOUIMM KOJIMYECTBOM
BBIUMCIIUTENBHBIX OokoB. Takum oOpa3om, oba mapamerpa mnpomnopuuoHaigbHbl K u J.
Bospacranne M Oyner yxyaumaTh MpOM3BOAUTENLHOCT B MEHBIIEH CTENEHU: BO-TIEPBBIX,
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MeXay OIOKaMu TaMSTH UMEIOTCS CHEIHalbHBIE TPACCUPOBOYHBIC PECYPCHI; BO-BTOPBIX,
yBenuueHrne M He BiiedeT 3a cOOOH CTOJIb 3HAUUTENLHOTO PA3BETBICHHS CUTHAJIOB, Kak
yBenuuenue K u J.

4-6

BBIYMCIIUTENIBHBIX OJIOKOB JIJIS1 pa3JInYHbIX pa3MepOB MacCUBOB U cooTHoIeHuH MXN.

B Ta6m/max IMPUBCACHBI MaKCHUMaJIbHbBIC TaKTOBbIC YaCTOThI MaCCHUBOB

Ta6mz1ua 4. MakcuMallbHbIE TAKTOBBIE YaCTOTHI MACCHUBOB BEIYHUCIUTEIBLHBIX 6JIOKOB,

noctkumbie Ha [TJIMC XC7A200T-3 npu cootnomennn MxN 2x1024

Pasmep maccuBa, KxJ

2x2 4x4 6x6 8x8 10x10
fop_maX1 MI'g
(ko3 dureHT pa3BeTBICHUS 447 406 346 309 255
M0 YMOJIYAHHIO)
fop_maX1 MI'n
(cumxeHHbINH KO3 dUIIHEHT 447 440 408 357 312
pa3BETBIICHNU)

Tabmuma 5. MakcuManbHbIE TAKTOBBIE YaCTOTHI MACCHBOB BBIUMCIIUTEIBHBIX OJIOKOB,
noctknmbie Ha [TJIMC 7 cepun ipu cootHomennn MxN 12x1024

Pa3mep maccusa, KxJ
e 2x2 4x4 6x6 8x8 | 10x10

fop._maxs M1t XC7A200T-3 409 324 268 241 220
(koopduument | ~opaosT 3 | 528 | 421 | 367 | 317 | 289
pa3BeTBJ'IeHI/I5I 10

YMOJTYAHUIO) XC7VX415T-3 | 504 421 325 303 304
fop_max, MI'n1 XC7A200T-3 421 339 293 256 227
(cHMKEHHBIH

Ko(HIHCHT XC7K325T-3 528 425 400 333 310
pasBeTBIICHH) XC7VX415T-3 | 524 439 402 335 313

Tabnuua 6. MakcuMalIbHbIC TAKTOBBIC YaCTOTHI MACCHBOB BBIUMCIIUTEIIBHBIX OJIOKOB,
noctxumbie Ha [1IJIMC 7 cepun npu cootHomennn MxN 36x1024

Pa3mep maccuBa, KxJ
e 2x2 | 4x4 | 6x<6 | 8x8 | 10x10

Fop_maxy MII1 XC7A200T-3 393 333 222 - -
(kodbdumment | y7K325T-3 442 400 303 142 -
paBBeTBJ’IeHI/IH

10 ymon4auuio) | XC7VX415T-3 477 414 313 144 125
fop_max, MI'1L XC7A200T-3 396 | 333 | 222 - -
(criDKeHHbIH XC7K325T-3 441 400 322 144 -
KOA(QPUIIHEHT

passetmcnms) | XCTVX415T-3 480 416 325 185 147
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Tabnuuer 4—6 comepkaT pe3ylbTaTbl BPEMEHHOTO aHaIHM3a JJIs ABYX BapUaHTOB HACTPOEK
KOA(QHUIIMEHTOB Pa3BETBICHUS: 3HAUYCHUS MO0 YMOJYaHUIO (IIpU 3TOM Kod3(duuumeHT paBeH
100000) u cHmxeHHOrO 3Ha4YeHUs. CHIDKEHHE KOA(P(PHUIMEHTOB PAa3BETBICHHS M0A0MPAIOCH
WHIUBUAYAIBHO I KaxIoro pasmepa wmaccuBa. Coxaepkamuecs B Tabmunax 4-—6
pe3ybTaThl aHAIHM3a TOKA3bIBAIOT, YTO CHUKEHHE KO3(D(UIIMEHTa pa3BETBICHUS MO3BOJISET
JUIIb  HE3HAYWTENFHO YIAYYIIUTh TPOM3BOJUTEIBHOCTh. (CIenoBaTenbHO, 3aJCPiKKH
pacrpocTpaHeHs] CHTHAJIOB 10 MAacCHBY BBIYMCIUTEIBHBIX OJIOKOB B OOJIBIICH CTETICHU
OTIPENIENIAIOTCS PACCTOSHUSMHI MEXK/Ty JJOTHUYECKUMH JIEMEHTAMHU.

C npyro#t CTOpOHBI, MOJBEACHUS KO BCEM BBIYMCIUTENBHBIM OJOKaM TpPeOyIOT TOJIBKO
CHTHAJIBI OIIMOKH, a TaKXe aJpECHble W YIpaBisoNnMe curHanbl. KoHBedepuzamus STHX
CHUTHAJIOB MOXET COXPaHUTh IPOU3BOJUTEIILHOCTh MAaCCHBOB OOJBIINX pa3MepoB. B
TabnuIe 7 TPUBEACHBI PE3yIbTaThl BPEMEHHOTO aHalW3a, MOJY4YeHHBIC Ui MAaCCHBOB
BBIUMCIIATENBHBIX OJIOKOB pa3jMYHBIX pa3MEpoB IMpPH YCIOBUH KOHBEWEPH3AIMU CUTHAIOB
OIMOKH, YIPaBISIOMKNX U aAPECHBIX CUTHAJIOB, a Takxke kKod(duinmentoB ®O. B pesynbrare
KOHBEHepu3aIu Kakaas CTpoKa B MacCHBE MOJYYaeT CHTHAIBI C 33JePKKOW HA OJJMH TaKT
110 CPABHEHUIO C MPEABIIYIIEH CTPOKOM.

Ta6n1/1ua 7. MakcuMalIbHBIE TAKTOBBIE YACTOTHI MACCUBOB BLIUNCINTEILHBIX 6J'IOKOB,
noctkumbie Ha [TJIMC 7 cepun npu cootHomennu MxN 36x1024 npu 0TCyTCTBUH U
HAJIMYMU KOHBEHEpHU3aIIUU

Pasmep maccuBa, KxJ 4x4 4x4 4x4 8x8 8x8
TTJINC XC7A200T-3 | XC7K325T-3 | XC7VX415T-3 | XC7K325T-3 | XC7VX415T-3
fop_max, MI'n 333 400 414 142 144

(6e3 KOHBelepH3aIINH)

fop_max, M~ 357 425 406 246 295

(c xoHBetiepuzareii)

3AKJIIOYEHUE

VBennyenne KkonuyectBa KaHaloB cucreMbl Alll u mpousBoaUTENbHOCTH €€
KOHTpOJUIepa CHOCOOCTBYIOT pACIIMPEHMIO JHara3oHa 4YacTOT [OAABISEMOro IyMa,
MOBBIIIEHUIO YPOBHS IOJABJICHHMS IIyMa B KOHTPOJMPYEMOH 00jacTh U YBEJIWYECHHUIO
pa3sMepoB «30HBI THILUHBD), (opmupyeMoil cucremoil. IlpemioxxenHoe B paboTre perieHue
MO3BOJISIET IEPEUTH OT MHOTONPOLIECCOPHON peanu3ali KOHTpoJUIepa CUCTEMbI K
HCI0JIb30BaHUIO 01HOM MUKpocxeMsbl TTJINC.

[IpemyioxkenHass  apxuTekTypa MHorokaHanbHoro FXLMS-punetpa obecneunBaer
cOaaHCUPOBAHHOE COOTHOILIEHHE 00BEMOB MapauIebHBIX U MOCIEJOBATENbHBIX OMEpPaIii.
OCHOBHOE MPEUMYIIECTBO apXUTEKTYphl COCTOUT B TOM, 4TO Tpebyemoe konaudectBo L{OC-
s4YeeK MPOMOPIHMOHAIBHO KOJIMUYECTBY H3IydaTeled M OMOPHBIX MHUKPO(OHOB, KOTOPHIX B
cucremax AIIIl oOGbIYHO MeEHbIIE, YeM MHUKPO(GOHOB OIIMOKH, ¥ HAMHOTO MEHBIIE, YeM
KoiuyecTBo  Kod(dduimentoB  ¢unbTpoB. Takum  oOpaszom, peanuszauus — (puiabTpa
MPE/UIOKEHHONW apXUTEKTypbl BO3MOXkHa pgaxe Ha Henoporux IIJIMC c HeGombmmm
KOJIMYECTBOM stueek IU(PpoBoit 00pabOTKH CUTHAJIOB.
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