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Pedepat. B noknane npemiaraercs CTpyKTypa AMHAMHYECKH PEKOH(MHUI'YPHPYEMOW CHCTEMBI Il KOIMPOBAHHMS ayIHO CHIHAJIOB HA
ocHoBe IH(poBOro mporeccopa odpaboTku curuanos (host-mpoueccop) u pexonpurypupyemoro mnpoueccopa Ha FPGA (auckpeTHoe maxeTHoe
BalBIIeTHOE mpeodpasosanue ([IIBIT) Ha pacnpenencHroil apudmernxe). ITouck myurneit nexommosumuu JTIBIT ocymectsisercs Ha ocHOBE
anropuT™a, 6a3UpYOIIErocs Ha BBIYMCICHUH TIEPLENTyadbHON SHTPOITHN KaK MEpPBI KaueCTBa JIEKOMITO3HIINH.

Beenenne

CrpeMuTenbHOE pa3BUTHE CHCTEM MYJIbTHMEANA M WHTEPHET OOYCIOBWIHM aKTYaJIbHOCTh HMCCIECAOBAHUNA
pa3paboTKy HOBBIX METOIOB BBICOKOKaYECTBEHHON KOMIIPECCHU ayano CUTHaIOB [1] w anmapaTHBIX TUIATGHOPM ISt
HUX [2,3]. U3BectHO, uTo B CD TeXHONOrMH 4acTOTa AUCKPETU3AlMU ayJJuo CUTHAJIOB paBHa 44,1 k[, a pa3psaHOCTD
AIIIT — 16 6ut. CiegoBareiabHO, CKOPOCTh TIEpeadn MOCIeA0BaTeIbHOTO Kofa Oyner coctaBnsaTh 705,6 Kour/cexk.,
YTO JOCTaTOYHO MHOTO ISl CTaHAAPTHOTO THIA MYJbTHMEIHWa MpuiokeHui. [Ins o0paboTKM HeCTalnOHAPHBIX
CUTHAJIOB TIPAMEHSETCS HOBOE TEOPETHYECKOE HampaBiIeHHE IMM(POBOH 0OpabOTKM CHUTHANIOB — IHCKPETHOE
BOIBIIETHOE MpeoOpa3oBaHKWE, KOTOPOE B OTIMYHME OT HM3BECTHBHIX, IIO3BOJSIET OCYLIECTBIISITH OOpabOTKY TaKuX
CUTHAJIOB B YaCTOTHONH M BPEMCHHOW 00JacTsAX, MPOBOIUTH aHAIM3 CUTHAIIOB C TEPEMEHHBIM YaCTOTHBIM U
BpPEMEHHBIM paspenieHueM. Ha ocHOBe maHHOTO NpeoOpa3oBaHus BO3MOKHA OpraHU3alusl aJallTHBHOTO JIUCKPETHOTO
naKera BaiBieTHOTO npeobpasosanus (A/IIIBII), Ha 6a3e KOTOPOro MOTYT OBITH PEANTN30BaHBI CHCTEMBI KOMIIPECCHU
ay/Ino CUTHAJIOB.

[locTpoeHne amanTUBHOW CHCTEMBI KOMIIpECCHH TpeOyeT 3HAYUTENbHBIX BBIYUCIUTEIBHBIX 3aTpar.
JomMuHupyIomee NoJI0XKEeHNE, U PEeHICHNs 3a1a9l KOMIPECCHH ayIuo CHI'HAJIOB, 3aHUMAIOT CIICIHAIH3HPOBAHHBIC
YCTpOHCTBa, Oasupyrommecs Ha IBYX Win Oosiee mporeccopax mudposoit odpadbotku curHanos (LIITOC). Oxnako,
Ooiee TPOTPECCHBHBIM HANpPaBICHUEM, PEMIAIONINM JaHHYI0 INpOoOIeMy B IIOJTHOM OOBEMe, 3aKII0YaeTcs B
npumenernu LIIOC n mporpamMupyeMsix jorndeckux marpurl (B actHoctd FPGA - Field Programmable Gate
Arrays), KaK €IMHOTO SIIpa CUCTEMBI [5].

Lenpro maHHOTO JOKana SIBISIETCS MOKA3aTh CTPYKTYPY AMHAMHYECKH PEKOH(HUIYpHUPYEMOro mporeccopa
JUIL CHCTEM KOJIUPOBAHMS ayIu0 CHTHAJOB Ha OCHOBe anropurMa amantuBHoro [IIBII 6asupyromierocs Ha
BBIUUCIICHUH TIEPICTITYATEHOW YHTPOIMH KaK MEPhI KAYeCTBa JICKOMITO3UIIHH.

CTpykTypa ayauo Koaepa

B nmamHOM pa3nmene OydeT ommcaHa CTPYKTypa KOJAepa, MPUMEHIEMOTO Ui KOIMPOBAHUS MOHO ayJIHo
CUTHAJIOB C 9acTOTOM auckperusanuu 44.1 k.

OO0mmast CTpyKTypa KoJiepa ayIio CUTHAJIOB ITOKa3aHa Ha puc. 1.
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Puc. 1 CtpykTypa Komepa

XapaKTepHUCTHKA CTPYKTYPHI KOJIEpa CIICAYIOMIAs:

1. AHanm3 BXOJIHOTO CHUTHaJIa BHINOJHSAETCS OaHKOM (HILTPOB, peaanzoBanHoro Ha 6ase JI1BII agantupoBanHOrO K
UCTOYHHKY (ayJH0 CHUTHA);

2. BeImonHseTCS cCerMeHTalMs BXOJHOTO CUTHANA Ha (GpeiMBbl JUIMHHOM 256 0TCYETOB;

3. Ouenka Mackupyromux noporoB (Masking estimate) ocymiecTBisieTcs B BIWBJIETHOH obOmactu [6], a He B
YaCTOTHOM 00J1acTH [ 7], 4TO MO3BOJISIET YMEHBIIUTD BHIYUCIUTEILHYIO CIIOKHOCTh aJlTOPUTMAa;

4. ®opMUpOBaHWE IWHAMHUYECKH pPEKOHPUTypupyemMoi CcTpykTypsl aepeBa JII[IBII BemomHSETCS Ha OCHOBE
BBIYHCIICHUSI TTepIienTyansHou sHTponun (Perceptual entropy estimate) mist kaxxaoii Bersu aepesa JIIIBIT;

5. Haxoxmenue cyOOnTHMAalbHOW CTPYKTYphl nepeBa (Tree structure former) juis KaXAOro CETMEHTa BXOIHOTO
CUTHAaJa, YTO UCKIII0YaeT 30BITOYHOCTh BhIYMCIeHH B O1oke (Adaptive wavelet packet decomposition);

6. KBaHToBaHme B3WBIETHBHIX K03 duimeHToB (Quantization) BBIONTHIETCS JTUHEHHBIM KBaHTOBATENEM JJIsSI BETBEH
OJTHOTO YPOBHS M COOTBETCTBEHHO KOJIMYECTBO KBaHTOBATEJCH, MPUMECHSIEMBIX B CTPYKType KOAepa, 3aBUCHT OT
rIIyOnHbI moctpoeHHoro aepesa JI1BIT;

7. Konmposanwue (Coding n Tree structure coding) u nexoaupoanne (Decoding u Wavelet packet tree computation)
K03 unmeHToB mpeoOpa3oBaHUs W JAONOJHHUTENbHOW uH(opMmanmu (cTpykTypa nepeBa [IIBII, mnmmHHA
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KOJUPOBAaHHOW TIOCJIENOBATEILHOCTH W T.NI.) BBEIMONHsAEeTcS anroputMoM Xaddmana (Huffman) na 06aze
9KCTIEPUMEHTAJIBHBIX THCTOTPAMM pacipe/ieieHHs] BEPOSTHOCTH.
8. Crpykrypa Aekojiepa peam3oBaHa Ha OCHOBE CHHTE3Upylomiero 6anka GunbTpoB uaBepcHoro JITBII.

CTpyKTypa AeKoJiepa ayIno CUTHAJIOB TMIOKa3aHa Ha puc.2.
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Puc. 2 CtpykTypa nexojaepa ayauo CUTHAIOB

Anantusnoe IIJIBII (ATIIBII)

Snpom xonmepa u aekozaepa spisiercs JIIBIT (006o0ieHre auaaunyeckoro BIMBISTHOTO MPeoOpa3oBaHus),
KOTOpOE TIO3BOJISIET IIONy4aTh OOraToe MHOXXECTBO CTPYKTYp, IYTEM COOTBETCTBYIOIIMX €0 JEKOMITO3UIIUH.
Crpykrypa IT/IBIT Gosbiie coriacyeTcsi co CBOHCTBaAaMH CHTHAJIA, YeM BiiBiIeTHOE peobpazoBanue. [Tpuaem, [1/1BIT
ACCOIMHPYETCS C aJTOPUTMOM BBIOOpA JyYIIeH CTPYKTYpHI P NpeoOpa3oBaTeis M3 MHOXKECTBA CTPYKTYP, ITyTeM
U3MepeHUs 1 MUHUMU3ALUK ONpeIeIeHHOM Mephl kadecTsa J , 3aBucslIel oT 06pabaThiBacMbIX JaHHBIX. Hanpumep,
B [8] unciao HeHyneBBIX KOX(P(OHUIMEHTOB MpeoOpa3oBaHUs IOCIIE CPAaBHEHHUS C HEKHUM ITOPOTOM HCIIOJIB3YETCS B
KadyecTBE TaKOW MepHI.

Kpurepun onTtumm3ammy, OCHOBAaHHBIE Ha SHTPOIHH, XOPOIIO COOTBETCTBYIOT Npolenype BbiOopa
s dextrBHOTO OMHapHOTO nepeBa I[IJIBII anms mpuimoskeHWi KOAWPOBAHHS aylno CHUTHAIOB [4], TOTOMY dYTO
HauOoJiee aJIcKBaTHO OMHCHIBAIOT MH(GOPMAIIMOHHBIC CBOMCTBA MPEICTABICHUS 33JaHHOTO curHaia. [Ipu 3tom, s
MEPUENTYadbHOTO KOAMPOBAaHUM AayAWO CHTHAJOB HyXHa Takas jexommo3unus [IJIBII, mpu koTtopoi
MUHUMH3HPYETCS CKOPOCTh TIepelaud H  O0CCIICYMBACTCS  BBICOKOC KAaueCTBO BOCIPHUSTHS  YECIOBEKOM

nekoaupoBaHHoro curnana [4]. CrenosatenbHo, GaHk BoiiBIeTHBIX (QuibTpoB (P ,Z. ,d_), cormacosanusli c

KPUTHYCCKOHN MIKAJIOW YaCTOT BOCHPUATHS aKyCTHUSCKONW HMH(GOPMAIIMK YEIIOBEKOM, €CTh MpeJeibHas CTPYKTypa s
METO/1a TIEPIIETITyaTbHOTO KOAUpOBaHUs [9].

KoHucTpykiust anroputma BbiOopa mydmreld jaekommosuimu p ITJBIT 3akmodaeTcs B BBIYHUCICHUH MEPHI
kadectBa (uenesoit Gpynkuun) J 11 kaxmoro ysna z aepesa ITJIBII roy6uns! d. 3aTeM y fepeBa OTCEKAIOTCS BETBU
COTJIACHO YCIOBHIO eCaH Joyr > Jepiig, TO Jeur = Jeniig, AHAYE OTCEUD TTOMIMHEHHBIE Y3JIBI, TAE J. - MEpa KauecTBa IS
tekymero y3na gnepeBa I[IJIBII, a Jg;q - cyMMa Mep KadecTBa COOTBETCTBYIOIIMX ITOJYMHEHHBIX Y3JIOB.
PesynpTupyromue kodddummentsr ITJIBIT OymyT cooTBeTcTBOBaTH Nydmieid cTpykType aepea p IIJIBIT mocre
OTCEUYEHMSI BETBEH.

JAunamuyeckas pexonpurypauus IIJIBII

GOynkuus Jxoncona [10], koTopast 3aBUCUT OT NEPLENTYaIbHOW SHTPOIHH, BHIOMpPACTCS MEpOW KadecTBa
nexommnosunuu [1IBII, m XapakTepu3yeT MHHUMalbHOE 4YHCIO OMT Ha OTCYET CHUTHaja, HEOOXOIUMOTO JUIs
MOJy4EHUs], TaK HA3bIBAEMOro “TIPO3pavyHOro” KOJUPOBAHUS ayJUO CUTHANA, IPU KOTOPOM IIyMbl KBAHTOBAHUS HE
BOCIIPHHUMAIOTCS CIIyXOM 4eJIOBEKa.

Cpenn MHOXecCTBa HesIeBbIX (GyHKIMH J BeIIeInM (YHKIWH, KOTOPBIE aIIUTUBHBI K IOCIEI0BATEIBHOCTH
JAHHBIX X :

add add

JUO=0 J@ =X J" @)
Just y3na z nepesa [1IBII riryouns! npeoOpaszoBanus d npeyiaraercst ciaeayromas neiaesast GpyHKIus:

J(2)= Y log,(SMR(2)):

VX (2)
rae SMR - orromenne koadurmentos [TJIBIT X(z) k mopory Boctipusitus 71(z) B y37€ Z, Kak

SMR =X (2)|/ye T()/K(@) |

3nechk K(z) — xonndectBo koddduurentos I1/IBII B y3ie z, [_a_] — OKpYIJIEHHE a 10 OJMKalIIero Leaoro 3Ha4eHusl ¢

[eablo M30eKaHWsT TIEPETOJIHEHUS Pa3psTHON CETKH BBIYUCIHTENS, KOA(OUIIMEHT ¢ OOYCIIOBICH BBHIOOPOM THIA
KBaHTOBaTes, 1(z) - MOPOT BOCHPHUSITHS B y3JI€ Z, BRIYUCISIEMBIN 110 MeTOAMNKE [9].
Aneopumm dexomnozuyuu JIIBIT A5 IOMCKA TydlIeld CTPYKTYPBI:
1. Hagamo. Iyi1 KOpHEBOTO y3lla BBIYUCISETCS HadallbHOEe 3Ha4YeHWe (yHKIWH Mepbl J(z;), Toe z; =X - Qpdim
BXOJHOTO aynuo curHana. OObsABISIETCS IepBOHAYANBHAS CTPYKTYpa P(Z;).
2. OcymecTBisieTcss JIEKOMITO3UITUS CHUTHaJla ¢ UCIOJbh30BaHHEM OaHka (GuibTpoB 0Oe3 TOTeph Ha OCHOBE
OPTOTOHANIBHBIX BIMBIICTHBIX (DHIBTPOB IO CTPYKTYpE P(Z;).
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w

Beruucnsercs nenesas QyHkUus 1714 y31a0B gekomnosuuuy (J(z) u J(zy)).
4. Ecau J(z;) =2 J(z) + J(z,), moz0a noJuvHEHHBIE Y37kl CTAHOBATCA TEKYIIUMHM Z; = {Z;, Z;} U CIPYKTypa p(z;) =
p(z) + {p(z), p(z)) };

ecnu p<P,. nz<Z_, moz0a BO3BPAT K I1.2 UHAYe TIEPEXOJ K I1.5.

unaue y3nbl Z; U Z; OTCEKAIOTCS ¥ BO3BPAT K.IL.2.
5. Komren. Koaddumuentst ayqmero JIITBIT cOOTBETCTBEHHO MPEACTABIEHBI CTPYKTYPOH P(Z;).

Takum oOpazom, A Kaxaoro (GpaiiMa ayauo curHaia y3eq [ pa3JeNseTcs Ha IBa y3Ja j U k, €CJI B TOJBKO
€CII CyMMa BECOBBIX (DYHKIIMI, OTPEACICHHBIX B y3JaxX j U k, MEHBIIE, YeM Ta, YTO B y3ie i. JlaHHBIA anroputM
MO3BOJISICT TOJydYaTh CyOONTHManbHbIe pemieHus. Ha puc. 3 mokasaHa cybOonTumanbHas CTPYKTypa OaHka
BIUBJICTHBIX (DUIBTPOB YIS OJTHOTO U3 (PpEiiMOB ayino CUTHAIIA.
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Puc. 3 I[Ipumep cybonTuManbHON CTPYKTYphI OaHKa (GHIBTPOB

Pexondurypupyemasi cucrema

Pexondurypupyemas ciucrema IS BBIIIOJIHEHHS ONEpaIiii KOJHMPOBAHUS U JEKOJUPOBAHHUS ayIHO CHUTHAIIOB
B peasbHOM BpeMeHH noctpoeHa Ha 6aze FPGA u mudposoro nporeccopa 00paboTky CUrHAIOB. 3a1a4a BEIYUCIICHHS
aJIanTHBHOTO 0aHKa (WIBTPOB (aHAJIM3 W CHUHTE3) BO3JaracTcs Ha pekoH(urypupyemyr vacth cucremsl (FPGA +
pacnpenenenHast apudmernka). baszoBsiii 3nement [IIBII, mpencraBneHHbI OaHKOM (UIBTPOB, BBHINIOJIHEH HA
pacupeneneHHol apudmeruke (puc.4). 3mech BXOIHBIC OTCUETBI X(k), KOTOPBIM COOTBETCTBYET OWTOBAs
MOCIICIOBATEEHOCTh B,, 00padarhiBaloTCs (GUIBTPAMH HIDKHHX M BEPXHHUX YacTOT C KOHCYHOW HMITYJIbCHOU
XapakTepUCTUKON. Pe3ynpTaToM BBIYHMCICHHH TMOCNe [EIMMalii Ha 2 ©CTh [IB€ BBIXOIHBIC OHTOBBIC
rocyieioBareabHOCTH B, oTcuetoB v(k) u B, - w(k). B coorBercTBUU co cTpykTypoit mepesa JIIBII kommuecTBO
BETBEH C KaXIOH HOBOHM CTYNEHBIO BO3pPACTaeT BJBOE, a IOTOK JAaHHBIX B BETBM YMEHBIIACTCA Ha TaKyl0 JKe
BeIMYMHY, TO i obecreuenus <~ 100% 3arpy3km Momyned (UiIbTpanuy BBOIUTCA OJIOK Oydepuzanmmu u
nepexmrouarenei (Buffer/SW) (puc.5). Curaan SYNC cHHXpOHH3UPYET 3aIMUCh MPOMEKYTOUHBIX Pe3yIbTaToB Vvi(k) 1
wi(k) 1 9TeHHe UCXOIHBIX MAHHBIX IS MOCIEMYyomero ypoBHs x;(k) u3 Bpemenusix 0ydepos (BF. u BFy) momyneit
1...L n Bb1OOpKY cdopmupoBaHHbix pe3ynsratoB (OUTPUT). Cxema Borumcnenus JAIIBIT na FPGA mnokazana Ha
pHc.6, coryiacHO KOTOpo# st Kaxkaoro yposus aepesa JAIIBIT npumensiercs onun Giok ¢unsrpanun (Filter bank) u
oydepuzanum/nepexirouatencit (Buffer/SW) 3a uckiroueHreM NOCIECTHUX BETBEH.

INPUT Bx bits x(k+1) _[BF. SW X »| SW
|m——m e ———— 7| contol contral I__ (2Lx1)
A(0;
x(k) : Q 3 ! 4 s
| EPROM H »| BF. SW A [TT™ ]
| A1) |Look Up 2 E Control Control » 2
| > T?::e _g g 'Module 1 ‘g
- HE x 12
= Filter 8 g
; [ I 20 | -
o v3 »| BFu SW A 1™
IA N-1 23 Control Control -4
q (e (N-1)) ki =z %
wllo === __ _HMonPassHRFiller | g 58
CAO———— T T~ | E »| BF. SW X > R
EPROM | | ouUTPUT Control Control -4 g
| g Lot | — - from previous Module L Control | =
Ia(N-1)| Filter | | Bubits stage SYNC;
) | Low-Pass FIR Filter | (k) tree structure OUTPUT y
T L Low-PassFIRFilter | _{ree structure |
Puc. 4 AHanu3upyOUUil/CHHTE3UP VIO OaHK Puc. 5. O6mras cxema 610ka Oydepuzanuu u
(buTBTPOB Ha pacTpeieIeHHOW apruPpMETHKE. TIepeKITIoYaTenei

Wsmenenne ctpykrypsl FPGA ocymiecTBisieTcss B COOTBETCTBHM C ANTOPHTMOM 3a/aud, BBIYHCIICHHE
MaCKHPYIOIIUX OPOTOB, KOIUPOBAaHUE U IEKOANPOBAHHE U OIepaIiy O0IIero Ha3Ha4eHus BeImonHstoTes Ha LIITOC
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=
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Puc. 5 Cxema Boruncienus I1JIBIT na FPGA.

Pexondurypupyemas cucrema, oowemauustomas L[IIOC u FPGA, obmamaeT psaoM NpEeWMYIIECTB MEpen
JIPYTHMH albTepHATHBAMH: ObICTpEe U MEHbIIIE, YeM CHUCTEMbI OOIIEro Ha3HAYCHUsI, HU3Kas CTOUMOCTb pa3paboTKH,
YeM CIEIHATN3UPOBAHHBIX CHUCTEM; pPa3iIMYHBIC CTPYKTYPBI CHCTEM MOTYT OBITh pEalli30BaHBI 0€3 ammapaTHOTO
M3MEHCHHUS TAT()OPMEL.
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Audio encoder structure
The general audio encoder structure is shown in figure 1.
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former estimate

[ J_ | Tree structure
o coding

Figure. 1 Encoder structure
The main features of the audio coder are the following:

1. The input signals are segmented in a frames of 256 samples and analyzed with a time-varying filter bank that
implements a wavelet packet decomposition adapted to the source (audio signals);

2. The masking thresholds are estimated in a wavelet domain [6]. Using other transformation algorithms (DFT,
DCT) is not necessary. In this case, the translation errors from time/frequency to wavelets domain in the
psychoacoustic information are not present;

3. Dynamic reconfigurable wavelet packet (WP) tree structure is formed basing on perceptual entropy
calculations for each tree nodes of WP. Finding suboptimal WP tree structure in the block (Tree structure former) for
each input segments eliminates computational redundancy in WP;

4. WP coefficients are quantized using uniform quantizer for each current level tree-nodes and number of
quantization elements depends on the WP tree depth;

5. Decomposition coefficients and side information (the WP tree structure, the length of encoded sequence and
etc.) are coded using Huffman codebook based on experimental histograms;

6. At the decoder, the implemented synthesis filter bank based on inverse WP transform reconstructs the input
sequence.

The decoder structure is shown in figure 2.

Audio
P P output
Dequantization Inverse Wavelet .

and decoding ™| Packet Transform [ | Buffer
—>| Demux | A

Wavelet Packet
Tree computation

Figure. 2 Decoder structure.

Dynamic reconfigurable WP decomposition

Johnson function [10], which depends on perceptual entropy, is selected as WP decomposition cost function
and defines the minimal number of bits per sample, that is needed to obtain the transparent audio coding, where
quantization noise is not audible for humans.

The cost function for the node z of WP tree depth d is determined as

J(z)= Y log,(SMR(2),
VX (z)
where SMR is a relation between WP coefficients X(z) and perceptual threshold 7(z) in the node z, as

SMR=||X(z)|/1/c~T(Z)/K(Z) |

where K(z) is number of the WP coefficients in node z, [_a_] is rounding a to the nearest integer, it is needed to escape

the overflow, coefficient ¢ is defined by quantizer type, 7(z) is perceptual threshold in the node z calculated according
to the method [9].
Algorithm: Best WP tree structure searching:
1. Begin. For the root node is calculated the initial value of the cost function J(z;), where z; = X is the first input
audio signal frame. The initial WP tree structure p(z;) is defined.
2. WP decomposition based on orthogonal wavelets function according to the structure p(z;) is calculated.
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3. The cost functions for the decomposition nodes (J(z;) u J(z;)) are calculated.
4. If J(z;) 2 J(z)) + J(z), then the children nodes become a current nodes z; = {z; z;} and structure p(z;) =
p(z) + {p(z), p(z)) };
if p<P. and z<Z_, then return to p.2 else go to p.5.

else nodes z; and z; are cut off and returning to p.2.
5. End. The resulting structure p(z;) represents the best WP decomposition.

In that way, for each frame of the input audio signal node i is split on two nodes j and %, if and only if the
sum of the cost functions in the nodes j and k less then in the node i. Such algorithm permits getting suboptimal
solutions.

Reconfigurable hardware

The novel reconfigurable system based on FPGA and digital signal processor (DSP) for audio coding and
decoding in real-time is being described. Analysis/synthesis filter bank is organized as adaptive WP decomposition
and implemented on the reconfigurable hardware platform FPGA using distributed arithmetic (DA). The basic
decomposition of WP expressed as filter bank designed on DA is suggested in figure 3. The input samples x(k),
represented as bit stream B,, are filtered with high and low FIR filters. Two output sequences B, of the sample v(k)
and B,, of the w(k) are filtering result after decimation by factor 2. In according with a WP tree structure, the number
of nodes is increased in two times but the data stream is decreased to the same degree. For providing =~100% working
time utilization the block Buffer/Switch (figure 4) was introduced. Signal SYNC is synchronized writing intermediate
data vi(k), wi(k) and reading initial data for the next stage x;(k) from temporary buffers (BF; u BFy) of module /..L and
extracting results (OUTPUT). Figure 5 shows the schema of computation WP decomposition implemented on FPGA,
where only one filter bank and one block Buffer/Switch are needed to implement each level of WP except for the last
one.
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Figure 5 Computation WP decomposition on FPGA

Control signals, FPGA reprogramming signals in accordance with process, masking thresholds calculation,
encoding and decoding and etc. are formed and generated by DSP.

That reconfigurable system uniting digital signal processor and FPGA, has a lot of advantages in comparison
with other alternatives: quicker and smaller as general purpose systems; low development cost compared with specific
systems, different system structures can be realized without hardware changes.




