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PEANU3ALUNA AITTOPUTMA SPIHT HA CUTHAIIbHOM MNMPOLIECCOPE
UYepaukos A.B., [lmaxoB A.T'., Yobany M.K.
MOCKOBCKUW SHEPTETUYECKWI MHCTUTYT (TEXHUYECKUI YHUBEPCUTET)

B pabote paccMaTpuBaroTCsl BOIIPOCH peann3anui anroputMa cxarus nzoopaxkennii SPIHT na curnamsHOM
npoueccope TMSC62x ¢dupmbr Texas Instrument. J[aHHbIA anroputM NPHHAMAISKHT K KIACCY KOAEPOB «C
MoTepsSIMU» W paboTaeT ¢ BekBieT-gexommnoszunuen curHana. SPIHT mokaseiBaeT xopolmme XapaKTepUCTHKH
KadecTBa Ha OOJBINMX CTENEHAX CXaTus, 00amas NpH 3ITOM TPOCTOH CTPYKTypoil. I'eHepupyemslii mpu
KOOUPOBAHWU NOTOK UMECT PAM MMOJIOKHUTCIIbHBIX CBOMCTB:

1)BO3MOKHOCTh TOYHOTO PETYJIMPOBAHUS CKOPOCTHU IEpPe/iauu, a IpH 3anucy B (ailil ero pasmMep MOKeT ObITh
3aJ]aH C TOYHOCTBIO JI0 Oaiira;

2)BO3MOKHOCTh BOCCTAHOBJIEHHSI BCETO M300pa)KCHUSI NP IIPEKpaleHNH TpHeMa AeKoxepoM OuT B aro0oi
TOYKE;

3)BO3MOKHOCTB OBICTPOTO MPOCMOTpPa U300pAKESHUH B YAAJCHHON Oa3e TaHHBIX.

B pabote paccMOTpeHBI METOABI TOBBIIICHHS CKOPOCTH KOAHMPOBAaHUS, KaK alrOPUTMHUYECKHE, TaK U
MpOTpaMMHEIE; pa3paboTaHa ammapaTHO OPUCHTUPOBAHHAS BEPCUs KONepa, MpeIHa3HaYeHHAS IS UCTIOIBb30BaHIS B
cucrteMax Ha 0a3e CHTHAJIBHBIX IPOIECCOPOB.

1. BeiiBi1eT-1€ KOMIIO3M LI M.

Kak m3BecTHO, CBEpTKa C pa3fgeTUMBIMU (UIBTPaAMH, MIHPOKO MPUMEHSEMBIMH IPH BBIIIOJHEHWU BEHBIET-
JIEKOMITO3HULIMH, TIPOUCXOJUT IOCIIEJOBATEIBHO 10 CTPOKaM, 3aTeM o crojbnaM. B nepBom ciydae oOpalueHus K
naMsaTH 32 KOI(QQUIMEHTaAMHU IPOUCXOMASAT IOCIEAOBATENbHO, YTO IO3BOJISIET B IIOJIHOW Mepe HCIOJIb30BaTh
BO3MOXKHOCTH KJII-TIAMSITH, a TaKXKe IpPU HEeOoOXOIUMOCTH OpPraHU30BbIBaTh Oy(dep BO BHYTPEHHEH mNamsTh
mporieccopa, YTO 3HAYUTEIFHO YCKOPSIET BBIYUCICHHE CBEpTKH. J[Is ciaydas cTonOMOB OOpalleHus K ITaMsATH
NPOHUCXOJAT HE IOCIEAOBATENIFHO, a C MIaroM pPaBHBIM pa3Mepy CTPOKH HCXOJHOTO H300paKeHus, 4YTO He
JKENATENBHO JUTS KAII-TIAMSTH, a TAKKe TPeOYeT JOMOTHUTEIBHBIX BEIUMCIICHUI CMEIICHUs aapeca ko3dduimenra.
Taroke, B ciTyyae OpraHH3allM{ CTAaHIAPTHOTO CTPOKOBOTO Oydepa BO BHYTPEHHEH MaMATH, BO3HUKAIOT CIIOKHOCTH
MIPH PACIIMPEHUHU CUTHAJIA IO CTOIONAM, KOTOPOe HeOOXOIMMO IS BHITIOIHEHHUS BEHBIIET-1EKOMITO3UIIHIH.

Pemmmth 3TH ipoOIeMBI MOKHO ¢ ToMOIb0 DMA KOHTpoIuIepa mporeccopa, HCIOIb3ysl ero I OpraHu3aInd
TPAHCIIOHUPOBAHMS TPYMIIBI CTOJIOIOB MCXOJHOTO M300paXeHUS U3 BHEIIHEH MaMSATH BO BHYTPEHHHH CTPOKOBBIN
Oytep. Omepamust TPaHCIIOHMPOBAHUS MO3BOJIET IEPEHTH OT CBEPTKU CTOJOMA K CBEPTKE CTPOKH, UTO
CYIIECTBEHHO YBCINYMUBACT 6bICTpOZlel71CTBHe. C TOYKH 3pCHHs MOBBINICHUA Ka4Y€CTBa, MOSABIACTCA BO3MOXHOCTDH
NPOCTOH peaju3alii NEePHOJNYECKOr0 PAcUIMPEeHUs] CUrHaja MO CTOJ0LAM MpU HCIOJIB30BAHUM BHYTPEHHEIO
oydepa, 00beM KOTOPOTO MEHBIIIE HCXOAHOTO N300pasKeHHS.

2. Aaroput™m SPIHT.

Hnst apantanuun anroputma SPIHT k peanuzanuu Ha CUTHajdbHOM IMPOLIECCOPE HCIOJNB3YIOTCS CIELUATbHO
pa3paboTaHHBIE METOIWMKH: MaTpuia 3HauuMocTd W Oe3cnmckoBbeiii SPIHT. Ilong opraHu3amuio MaTpHUITBI
3HAYMMOCTH U XpaHEHHE pabounx OWUT aJropuTMa OTBOIHUTCS JOMOJHHUTENbHAS MaMaTh paBHass W*H Gaiit, rme W u
H — mmpuna 1 BeIcOTa H300pa’keHMs] COOTBETCTBEHHO.

B mpormecce anammza amemenToB LIS, xomep HOMKEH MpocMaTpuBaTh BCe AEPEBO B TMOWCKAX 3HAYMMBIX
K03 puIneHToB. ITOT MpoIecC, HEOTHOKPATHO MOBTOPSICH, 3aHUMAET 3HAYUTEIBHYIO YaCTh BBIYHCIUTEIHHBIX
pecypcoB. st yckopeHHs mporiecca KOIUPOBaHHS UCTIONB3yeTcs MaTpuIla 3HaanMoctu (MS).

MS dopmupyercs TakuM 00pa3oM, U4TO 3HAUEHHE KaXKJOTOo ee dJeMeHTa (i,j) paBHO YMCITy OWT, 3aHUMaeMOMY
MaKCHMaJIbHBIM MO MOAYJIIO KO3(QUIMEeHTOM JepeBa, BHICTPOSHHOIO M3 TOYKH (i,)) ¢ yuerom KopHs. Mmes B
PacnopsHKEHUM TaKyl CTPYKTYpY Ul aHaiM3a dJeMeHTa THha A J0CTaTOYHO PacCMOTPETh TOJIBKO TOYKH C
KOOpJMHATAMH «JIeTel», oOpamiasch Ipu 3ToM K MS. AHanu3upys ke 2JIeMeHThl ThIa B HeoO0X0MMo paccMOTpeTh
TOJIBKO TOYKH C KOOpJIMHATaMH «BHYKOB» B CTpPyKType MS. DTo mpocroe HH)XEHEpPHOE PELICHHE ITO3BOJIMIO
3HAYUTEIBHO COKPATHTH BpeMsl paOdOTHI KOJiepa U CICTaI0 BO3MOXKHBIM €TI0 IMIPUMEHCHHE B CHCTEMaX KPUTHYHBIX K
CKOPOCTH KOJTUPOBAHUS, HATPUMED, TAKKX KaK 00pabOTKa BHICOCUTHANIA B PEATEHOM BPEMEHHU.

Paspaboran mpoctoit axroputm QopmupoBaHusS MS, TO3BONAIONINA 32 OAWH MPOXOA MO KOd(PQHIHEHTaM
BEHBIIET-pa3IOKEHUS COOpATh B MAaTPHUIIC 3HAYMMOCTH HH(POPMAITHIO TI0 BCEM ICPEBBSIM.

Anroputm SPIHT wucmone3yer B paboTe CIMCKOBBIE CTPYKTYpHL. [Ipm peammzamum B BUAE NPHIOKCHUS
CIIMCKOBAasi OpraHu3aiys yao0Ha JUisi IPOrpaMMKCTa M HE MMEET almapaTHbIX OrpaHuyYeHuit. J{is peanusannu xe Ha
CHUTHQJIBHBIX IIPOIEccOpax HEoOXOAMMO HCKIIOYHTh AWHAMHYECKYI0 paboTy ¢ mamsaThio. ClenoBareibHo,
HCTIOJIb30BaHUE CIIMCKOB HE KeNaTeIbHO.

bescniuckoBriit  SPIHT crpout wuepapxuueckue 1epeBbs, HE MCIOJb3Yys CIHCKOBBIE CTPYKTYphl. Bes
uHpopManus 0 BETBSX JEPEBbEB M O 3HAYMMBIX TOYKAX XpaHUTCA B paboued mamsitu airopurma. OOpaboTka
CTPOHTCS TAKMM 00pa3oM, 4TO BCe HEOOXOIUMBIE TOUYKH (3HAYMMBIC TOYKH, TOYKH BXOJa B IEPEBO) aHATU3UPYIOTCS
OIIMH pa3, KaK M B CIIMCKOBOM QJITOPUTME, Onarozapsi 4eMy Iepexojl Ha Oe3CIHMCKOBBIH alrOpPUTM MPOXOIUT Oe3
noTeps B ObICTposeicTBUM. Tarke MOSBISETCS BO3MOXHOCTh Pa3JelIbHOM 00pabOTKH AepeBbEB (B TOM 4HCIIE
TapaIebHON).
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HaumHast paGoTy ¢ HH3KOYACTOTHOW YaCTH, AITOPUTM pPACCMATPUBACT KAXKIYH TOYKY, KaK OTICIBHBINA
KO3 QHINEHT U KaK TOYKY BXoJa B nepeBo. Kaxkprit koo PUIMEHT COAepKUT aBa MO THITA: THI «KaK TOYKa» U
THO «Kak nepeBo». CHadanma KOX(pQPUIHEHT aHAIH3UPYETCsS KaK TOYKA: €CIM OH CTajl 3HAYMM Ha TPEIbIIYIIINX
JTarmax, TO MepeaaeTcs ero TeKyIuid OUT, HHAYe BBITIOTHACTCS IMPOBEpKa HAa 3HAYMMOCTh. TOUYKa MOXeT OBITh JBYX
THUIIOB:

IP - nesnaunmas Touka (insignificant point);

SP - 3HaunMas Touka (significant point).

3aTeM TOYKa aHAIM3UPYETCs Kak BeplIuMHa jaepeBa. Eciu JepeBO BBICTPOCHHOE W3 JIAHHOM TOYKH OBLIO
PAcKpBITO Ha MPEIBIAYIIMX dTarax, Mmoje TUIMa «KaK JEPEeBO» COAEPKUT THI «IpoxXo». B Takom ciydae kojep
MEPEXONT K aHAIN3Y «ICeTeH», KOTOPBIC aHAJTOTHYHBIM 00pa3oM 00pabaThIBAIOTCS KaK TOYKH, 3aTEM KaK BEPIITHHEI
nepeBbeB. TakuM 00pa3oM, IMOCIEAOBATEIHbHO aHAIM3UPYIOTCS BCE «OTOPOIICHHBIC» HA MPEABIIYNINX 3Tarax
toukd. Koziep B 3TOM cily4ae OCYIIECTBISET IBMKCHUE BIIyOb JiepeBa. Eciiu moe Tuma «Kak JepeBoy» COACPKUAT A
wim B, Komep aHaNM3upyeT 3HAYMMOCTH JepeBa BEICTPOSHHOTO W3 JaHHOW TOYKH. ECIi 3HAYMMO NIepeBO C THIIOM
A, et aHaNM3HUPYIOTCS KaK TOYKH, THUN JepeBa 3aMeHsieTcs Ha B m cpa3y ke aHammsupyercs kak B. B ciyuae
3HAYNMOCTH JepeBa C THIIOM B THII 3aMEHAETCS Ha «IPOXOI», «IETW» MONYy4YaroT THI A H cpazy xKe
AHATTU3UPYIOTCA.

Kaxngprii 6aiiT pabodeil maMaTH aJrOPUTMa COOTBETCTBYET TOUYKE HA BEHBIET-IEKOMIIO3UIINHA M COAEPKUT B
CBOMX OUTaX:

¢ 3 mo 7 - MaTpuila 3HAYMMOCTHU JIEPEBHEB;

2 - ¢nar npunamexHocty K [P wim SP (3HaunMble 1 He 3HAYMMBIE TOYKN);

0,1- Tun Touxu B nepese (A, B, D (ot anru. «deeper»).

Be3cnuckoBBIi adropuT™M Ha TPAHHIAX Tepelayd OWTOBBIX IMOJICH aOCONIOTHO COBIAJACT IO HEpeAaHHOU
WH(POPMALIUU CO CIHCKOBBIM aJrOPUTMOM, CaM K€ IMpoIlecC Mepeaadyd OUTOBOTO OIS UAET HECKOIBKO B IPYTOM
nopsiike. Kak mokaszaimu TecThl, 3TO pa3linvue BbI3BIBACT HekoTopoe cHinkeHre PSNR. UTo MOXHO yBHIEThH Ha
CIIEIYIOIIEM PHUCYHKE.

Puc. 1: Tect xauectBa: Spiht 1 - 6eccriuckoBrrii anroputm; Spiht 2 - CITUCKOBEII aNTOPUTM.

OTKa3 OT CHHMCKOBBIX CTPYKTYp IIO3BOJISIET pa3palaTbiBaTh IPOCTYI0 BBICOKOCKOPOCTHYIO amapaTHYO
peanu3anuio Kojepa Ui ero MPIMEHEHHs B CHCTeMaX 00padO0TKU M300paKeHUH.

3. BoiBOABI.

[IpemmaraeMbie METOAUKH MTO3BOJILIOT PEaTM30BEIBATh COBpeMeHHBIN anroput™ ckaTisg SPIHT Ha curHampHBIX
nporeccopax. OO03HA4YEHBI pEIICHWS TaKuX MpoOJieM Kak: JIEKOMITO3UIMS CTOJIOIOB, TOHWCK 3HAYUMBIX
K03 QUIMEHTOB, 0TKa3 OT UCIIOJIb30BaHUS AMHAMHYECKOH aMATH.
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REALIZATION OF ALGORITHM SPIHT ON SIGNAL PROCESSOR

Chernikov A., Plakhov A., Tchobanu M.
MOSCOW POWER ENGINEERING INSTITUTE (TECHNICAL UNIVERSITY)

The realization on signal processors TMSC62x of algorithm of images compression named SPIHT is
considered in the paper. The given algorithm belongs to a class of coders « with losses » and works with wavelet-
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decomposition of a signal. SPIHT shows good characteristics of quality on the big degrees of compression, having
thus simple structure. The stream generated at coding has a line of positive properties.

The methods of coding speed-up, both algorithmic, and program are considered in the paper; it is developed the
hardware focused version of the coder intended for use in systems on the basis of signal processors.

1. Wavelet decomposition.

Convolution with separable filters occurs consistently in the lines, then on columns. In the first case the
requests of coefficients from memory occur consistently. It allows to use opportunities a cache-memory, and also to
organize the buffer in internal memory of the processor, that considerably accelerates calculation of convolution.
For a case of columns the requests of coefficients from memory occur not consistently. In work it is offered to use
DMA controller for the organization of transposing of group of columns of the initial image from external memory
to the internal line buffer. Operation of transposing allows to pass from convolution of a column to convolution of a
line, that essentially increases speed.

2. SPIHT algorithm.

During the analysis of LIS elements, the coder should look through all tree finding the significant coefficients.
This process, repeatedly repeating, occupies a significant part of computing resources. For acceleration of coding
process the new structure was put into the algorithm - the matrix of significance (MS), that has allowed to reduce the
operating time of the coder considerably. The simple algorithm of formation MS allowing for one pass on the
wavelet-decomposition coefficients to collect in the matrix of significance the information about all trees is
developed.

Algorithm SPIHT uses list structures in its work. At realization as the application the list organization is
convenient for the programmer and has no hardware restrictions. For realization on signal processors it is necessary
to exclude dynamic work with memory. Hence, the use of lists is not desirable. For this reason for hardware
realization was developed non-list SPIHT. The offered algorithm builds hierarchical trees, not using list structures.
The processing is constructed in such a manner that all necessary points (significant points, points of the entrance in
a tree) are analyzed once, as well as in list algorithm that’s why the transition to the non-list algorithm passes
without speed losess.

Refusal of list structures allows to develop simple high-speed hardware realization of the coder for its
application in images processing systems.
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