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PO3POBKA TA JOCHIKEHHA MOJAU®IKOBAHOT' O AJITOPUTMY
OPAKTAJIBHOI'O KOJYBAHHA

Y ecmammi 3anpononosano mooughixayiio aneopummy GpaxmanbHo20 KOOYEAHHS WISAXOM GUKOPUCTIAHHSL
OUCKPEMH020 KOCUHYCHO20 NepemBopeHHs, Gellgiem-nepemsopents Xaapa il napaienvHux 0O4UCTeHb.
Pospobnenuii areopumm mae na memi 3meHueRHs 0OUUCTIOBATLHOT CKAAOHOCTI Aleopummy QpakmaibHo2o
KOOY8aHHA U NiOGUWEHHS WBUOKOOTT npoyecy CIMUCHEHHS 300PadiCeHb.

Knwuoei cnosa: cmuchenns 300padicenv,  PpakmanvhHe  KOOY8aHHS, OUCKPEmHe  KOCUHYCHe
nepemeopentsl, getignem-nepemeopenHs, Napaieibti 0OUUCTeHHS.

Beryn

CporoniHi 3aBASKH 3HAYHOMY TTOIIMPEHHIO €JIEKTPOHHO-00YHCIIOBAIBHOI TEXHIKU 30epiranus u
0o0poOKka JaHuX pPI3HOMAHITHOTO THUIYy 3IIHCHIOETHCS MEPEBaKHO B IUGPOBOMY BUIIISLIL. Yce
OUTpIIOT MONyIISIpHOCTI HAOyBAarOTh MYJIBTUMEIHI THIIM JaHUX: BiJ€O-, ayAi03amuch i nudposi
300pakeHHS. BuXonsym 3 BHILNEONMMCAHOTO, OIHIEI0 3 HaWAKTyalbHIMIMX MPOOJEM CydacHHX
iH(hOpMaLIHHUX TEXHOJOT1H € po3po0Kka epeKTUBHUX METO/AIB KOMIIPECIT MyJIbTUMEIINHUX JaHHX,
30Kkpema rpadiunoi indopmarrii.

Jlo mynpTuMeniiiHo1 iH(opMalii HalvacTile 3aCTOCOBYIOTh METOAM CTHCHEHHS 13 BTpaTaMH.
Taki 3acTocyBaHHS € CIpaBeAIMBUMM, OCKIJIBKHU Ul MYJIbTUMEAIMHUX 00’ €KTIB, 3a3BUYAl, MOXKHA
BIJIMOBUTHCS Bij 30epiraHHs TNEBHUX IXHIX OCOONHMBOCTEH (HANMpUKIAM, APIOHUX AeTancii Ha
300paXk€HH1), U0 JO3BOJIUTH MiJABUILUTH CTYIIHb CTUCHEHHA. AJie ICHYIOTh HOLIUPEHI alrOpPUTMHU
cTucHeHHs Oe3 BTpart, Taki sk: FLAC s 3BykoBux ¢aitniB a6o PNG s nudpoBux 300paxeHs.
3a BUKOpUCTaHHS IUX (OpMaTiB BapTO BpPaxoBYBaTH, IO iX MPOEKTYBAJIM SK YHIBEpPCAJIbHI AJIs
CBOIO THIy JaHUX — 1 B pE3ylbTaTi BOHU BHSBWINCh HENPUIATHUMH JUIS BpaxyBaHHS
0COOMMBOCTEM KOHKpETHOTO (aiina, Mo MmiJisrae CTUCHEHHIO. SIK HAcHiIoK BiAOyBaloOCh 3HAYHE
MOTIPIICHHS KOE(II[lEHTa CTUCHEHHS MOPIBHSIHO 3 AHAJIOTIYHUMHU aJrOPUTMAaMU KOMIpecii 3
BTpaTaMH.

Jns ungpoBux 300pakeHb SK KJIacy MYJIbTUMEAIMHUX JaHUX HaWMNOIIMPEHINMM (OopMaToM
ctucHeHHs 3 BTpatamu € JPEG. Bin HaOyB 3HauHOro BHUKOPHCTAaHHS 3aBISKU IOIIMPEHHIO
uuppoBux ¢Goroanaparip, CKaHEpiB TOLIO. 3 ypaxyBaHHSM KUIBKOCTI IpeJCTaBiIeHUX y (opmari
JPEG 300pakeHb CTalOTh OYEBUJHMMH 3HAuHI BTPATH, MOB’s3aHi 31 30epiraHHAM, Hepeaayero i
00pOOKOI0, MOYKIIMBO, HEONITUMANIBHO (32 SIKICTIO 1 CTYIIEHEM KOMIIpecii) CTUCHEHOT 1HpopMaIli.

Otxe, HAOYyBalOTh aKTYaJILHOCTI JOCIIIKEHHSI METOJIIB CTUCHEHHSI, SIKI TPYHTYIOTHCS Ha 1HIITHX
MIPEJCTaBICHHAX 300pa)KeHb, J0 SIKUX HAJIEKHUTh (paKkTajdbHE KOAYBaHHS, OCOOJIMBICTIO SKOTO €
BJIACTHUBICTh caMomnoniOHocTI 300pakeHHs. [Ipore cywyacHi MeToau (GpakTaJIbHOIO CTUCHEHHS
300pakeHb MOTPEOYIOTh CYTTEBOTO PO3BUTKY 3 OJHOYACHHM ypaxXyBaHHSM 0OaratboX KpPHUTEpIiB
(30Kpema, MIBUIKOCTI pOOOTH, CTYIIEHSI CTUCHEHHS, SIKOCTI i1 9ac AEKOMIIpecii) As Toro, moob ix
MOXHa OyJIO pO3MISIIaTH B SIKOCTI peasibHOi anbTepHatuBu JPEG nis 6aratbox kimaciB 300pakeHb,
SIK1 BUKOPUCTOBYIOTh Y HAYKOBO-TEXHIYHIH 1 MOBCAKIEHHIN cdepax KUTTEAISUIBHOCTI JIFOIUHU.

Po3B’s3aHHIO TIpoOJeM 1 3aBAaHb (PpaKTaTbHOrO KOAYBAHHS INPUCBSYEHO BEJUKY KUIBKICTBH
nociikens BiTumsHaHux (. C. Baromin, B. B. Ceprees, B. A. Coiidep, B. B. Anexkcannpos,
H. JI. T'opcekwuit) 1 3apyoixaux (M. bapucmi, A.Kaken, FO. ®imep, 1. 3ayne) yuenux [1 — 3].
OpnHax 1 10C1 € Ky pyXaTHCS B IIbOMY HalPSMKY.

Metor 11i€i ctarti € moOyaoBa MOAM(IKOBAHOTO AITOPUTMY (paKTaIbHOTO KOJYBaHHS, IO
J03BOJINTh MIABUIUTH HIBUJIKOAIIO IPOLECY CTUCHEHHSA 300pakeHb, a TaKOX JOCATHYTH
MPUHHITHOTO KOeQiIli€eHTa CTUCHEHHS IUISIXOM ToeqHaHHs Bimomux TexHonoriii JIKII, BeliBner-
TIEPETBOPEHHS 1 MapajieIbHUX O0YUCIICHb.

OCHOBHUMHM 3aBIaHHSIMHU, TTOCTABJICHUMH I JOCATHEHHS METH, € po3poOKa Ta JOCIIIKEHHS
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ONITUMAJILHOTO CIIOCO0Y pO30UTTS 300pakeHHs Ha IOMEHHI i paHrosi OJIOKH, pO3poOKa iHJEKCHOT
f IECKPUNTOPHOI METOJJMKH 31CTaBJICHHS JJOMEHHHX 1 PAHTOBHX OJIOKIB Ta IMMOE€JHAHHS PO3POOICHNX
METOAMK JUIsl yYTBOPEHHS IJIICHOTO aJITOPUTMY.

Po30uTTs 300paxeHHs1 HAa JOMeHHI i paHToBi 0JI0KH

3o00pakeHHs1 PO30MBAIOTh HA PAHTOBI OJIOKM OJIHAKOBOTO PO3MIPY I' 1 HA BC1 MOXKJIMBI JIOMEHHI
0y10ku po3Mipom 2r. 1[0 MHOXUWHY JTOMEHIB Ha3WBalOTh OCHOBHOK. Jlami ¢opMyroTh OAATKOBY
MHOXXMHY JIOMEHIB TaKUM YHHOM: JUIsi KOXXHOTO 3 «OCHOBHUX» JIOMCHIB OyIyIOTh CiM
Tpanchopmariiid, a came: moBoporu Osoka Ha 90°, 180° 1 270°, BimoOpakeHHs OJI0Ka BIAHOCHO
BEPTUKAIBHOI OCI CUMETPIi 1 MOBOPOTH OTPUMAHOTO BioOpakeHoro Ojoka Ttakoxxk Ha 90°, 180° 1
270°. YV pe3ynbTaTi NO€IHAHHS OCHOBHOI 1 TOJATKOBOI MHOXKHH JIOMEHIB (JOPMYIOTH PO3IIUPEHY
MHOXHHY JIOMEHHHUX OJIOKiB. J[JIs1 KOKHOT'O PaHTOBOTO 0JIOKA IPOBOJISTH MOIIYK Cepel PO3IIHUPEHOT
MHOXXHHH JIOMEHIB. [[Jisl 1IbOr0 KO)KHOMY PaHTOBOMY 1 JIOMEHHOMY OJIOKA TPUCBOIOKOTH 1HIEKC i
JICCKPHIITOP.

Hapenennii cmoci®O po30MTTS 300pakKeHHS HAa JOMEHHI 1 PaHroBi OJOKH € ONTHMAaJIbHUM,
OCKIIIbKU KOKEH OJIOK MOke OYTH OJTHO3HAYHO ieHTHU(}IKOBaHMN HOTO MOPSAIKOBUM HOMEpOM (3a
MOTICPEHBO 33JaHOTO PIKCOBAHOTO CITOCO0Y HyMmepallii): i 30epiranas Homepa 0Jioka HeoOXiaHa
MEHIIA KUIBKICTh OIT, HiX, HaNpHKIald, A KOOpAMHAT Horo BepxHboro kyra. llle omniero
MepeBaror0 € BiJICYTHICTh HEOOXITHOCTI BKa3yBaTH PO3MIp KOKHOTO OJIOKa B CTHCHEHOMY (aiiii:
JOCTaTHLO OJIUH pa3 y 3aroJioBKy (haiija BKa3zaTH PO3MIip paHroBOTro OJOKa, a TaKOXK KOCQIIEHT
MPOMOPLIHHOCTI JJIsl BA3HAYEHHS PO3MIPY TOMEHHOTO OJIOKA.

Po3paxyHok iHaeKciB 115l JOMEHHHX i paHroBHX 0JIOKIB

I3 meroro oOumclieHHs 1HAEKCY Il KOXKHOTO Oioka b o0uuciiooTs Matpuiio B iforo
JBOBUMIPHOTO JUCKPETHOTO KocuHycHOoro neperBopenHs ([IKII). Buxonsuu 3 ananizy podotu [4],
IIPOIOHYEMO TaKUH aJrOPUTM PO3PaXyHKY 1HAEKCY 3 BUKOpUCTaHHAM oTpuMaHux JIKII-mMaTpuis:

— PO3IISAAaOTh «BEPXHIM JIBUU KyT» MaTpull B, ska BiamoBigae morouHomy Ojoka b (mix
MaTpuis B = {Bij}ij=13)-

— 3TIJHO 3 MOPSAAKOM BHOOpY €NEeMEHTIB Al OOYMCIIEHHs 1HAEKCY, HaBelIeHOro Ha puc. 1,
OLIIHIOIOTh €JEMEHTH I1i€i miaMarpuii 3 1-ro 1o #-ro, ne ¢ — oOpaHa po3MipHICTb 1HIEKCY, 1€ [1, 8].
SIKIIO MOTOYHMM €JeMEHT MEHIIMH 3a Hylb, TO BIJIOBIIHOMY pPO3pSIy IHIAEKCY Yy JBIHKOBOMY
MIPE/ICTAaBJICHH], MOYMHAIOYM 3J1iBa, IMPHUCBOIOIOTH 3HaueHHs 0, sKmo OulbIIMH 3a HyJab abo
JOPIBHIOE HYJIIO — 3HAUEHHS 1.

1 S
2 4 6
3 7 8

Puc. 1. ITopsiiok BUOOpy €IEMEHTIB 11l OOYHCIICHHS 1HIEKCY

3acrocoBytoun a0 Oimoka b moBopoTH um BimoOpaxkeHHs, npasuia 3MiHu JKII-matpuni B
3a7al0Th TAKUMH PIBHAHHIMU:
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Fy; = (-t U:fu fn-ij»
Fij = (_1)]+1 lj;flj fi,N—jr (1)
lj’ﬁ] fi,j'

nei,j=1,N.
3Biacu BumumBae, mo JKII-marpumi (BiAmoBigHO, 1 1HAEKCH) «I0JATKOBHX» JOMEHIB MOXKHA
3HAMTH TOCUTH IPOCTO HAa OCHOBI NonepenHbo oouncinennx JAKII-marpuis «OCHOBHUX)» JOMEHIB.

Po3paxyHok 1ecKpUNTOPIB 1Jis1 JOMEHHHMX i PAHTOBHUX 0JIOKIB

Jnst  oO4YuCIeHHS JECKPUNTOPIB  BUKOPHUCTOBYIOTH JBOBHMIpHE JHCKPETHE BEHBIIET-
nepeTBopeHHs Xaapa [S5]. [IpononyeMo Takuii anroput™ (HOpMYyBaHHS JECKpUIITOpa s Oj0Ka b
PO3MipoM pXp MIKCeiB, 1e p=2q, gEN:

—  00YHCIIOIOTH KOC]IIIIEHT ey :

Z 120 2)

— 0JIOK po30MBarOTh HA YOTUPH PIBHUX HI,I[6JIOKI/I b,, b3, byi bs.
—  IOCHiOBHO OOYHCITIOIOTH KOS(DIIEHTH

1
([ e2= e — —22?:1 2;1:1 by

_ q
€3 = - Zl—l Zj=q+1 bif
3 1 3)
€y = €1 — 72 q+12
1

— _ = q
\65 =€ g2 Hi= q+12] =q+1 bl]

10 BiAMOBIAArOTH Mij OJ10KaM by, bz, by 1 bs.

—  (OpMYIOTB BEKTOD € = [e;e3e4es5], sIKui 1 Oy/ie IyKaHUM JECKPUITOPOM.

Sk 1 obuucneHHsa iHIAeKCy, pOpMyBaHHS JEeCKpUNTOpa A JOJATKOBOTO JIOMEHY MOXe OyTu
CIPOIICHO, a caMme: 3aMiCTh PO3PaxyHKY 3a BHUIICHABEIEHUM alTOPUTMOM MOXKHA 3AIMCHHUTH
MPOCTY TIEPECTAHOBKY KOMIIOHEHT JECKPHIITOPA OCHOBHOTO JIOMEHY BIIIOBITHO JO KOHKPETHOL
TpaHchopmMariii O10ka.

Y3arajJbHeHM#i aJITOPUTM NMOUIYKY ONTHMAJIbHUX JOMEHIB

1. Po3rasparoTh nepiiuii paHroBUil OJIOK 77y .

2. ®opMyrlOTh MIMHOXUHY D, pO3MMPEHOi MHOXHHM D 1OMEHIB IIIAXOM BHOIDKM BCiX
JIOMEHIB 13 3HAYEHHSAM IHJEKCY, IO MOBHICTIO a00 YacTKOBO 30iraeThcsi, METOAOM 1€papXiyHOTrO
HOLIYKY (IOMEHHM, IO Hanexarb D, , Ha3BaHl TAKMMH, II0 MAlOTh «IEPBUHHY TOIOHICTB» i3
PaHTOBUM OJIOKOM, SIKHH PO3IIIAIAI0Th, A00 MPOCTO «IIEPBUHHUMU).

3. Hdeckpunrop OyoKa 77 MO 4Yep3i MOPIBHIOIOTH 13 JAECKPUITOPAMHU KOKHOTO 3 JIOMEHIB, IO
Hanexars Dy, .

4. ®OpMyIOTh MiAMHOXKHHY D; MHOXMHM D, NUIAXOM BHOOPY NEBHOi KUIBKOCTI JOMEHIB,
JIECKPUNITOPH SKMX MaKCHMAaJIIbHO HaONM)KEHI J0 JECKPHUIITOpa pPaHTOBOro OJIOKa 77 B CEHCI
€BKJI1I0BOI BiJICTaHI (JOMEHH, 1110 HaJeKaTh D HA3MBAIOTHCS TAKUMH, 110 BOJIOJIIOTh «BTOPUHHOIO
MOAIOHICTIO» 3 PAHTOBUM OJIOKOM, SIKMI PO3TIISIIAETHCS, 200 MPOCTO «BTOPHHHUME).

5. Cepen 3HaiiieHUX «BTOPUHHMUX» JIOMEHIB IIyKalOTh JOMEH dq, a TaKOX BIAMOBIIHI mapi

— d; xoedilieHTH ACKPABOCTI Ta KOHTPACTHOCTI Sy 1 01, BUXOAT4M 3 yMOB MiHimisauii CKB:

d1 = argmin(CKB(ry, dl)) ne d; = sdy + oE, d; — cTHCHeHnii 10 po3mipy 61oka 1y 610k dq, a E
— OJIMHUYHA MATPHII po3Mipy O5ioKka 77. JJoMeHHUIt 010K, UTst sIKOTO Oy/ie BUKOHYBATHUCS HaBEICHA
ymoBa MiHiMizarii CKB, Ha3uBaeThcs oNTHMaNbEHUM 200 HAMKPALIUM.

6. SIkmo 3HaliicHWH Ha TONEpPeJHHOMY KpOIi JAOMEH di HaJeKUTh «OCHOBHII» MHOXHWHI
Hayxogi nparti BHTY, 2015, Ne 2 3
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JIOMEHIB, (PIKCYIOTh HOTO TOPSIKOBUN HOMEp Vjp, SKIIO XX «IOJATKOBii» — (IKCYIOTh HOMED
TpaHcopmarlii 7y, HUIIXOM SKOTO BiH OyB OTpUMaHUM 3 «II0YaTKOBOT'O» JOMEHY, a TaK0X HOMEpP
I[BOTO «IIOYATKOBOTO» JJOMEHY ;.

7. PosrnsgaroTe Apyruid paHroBUM OJIOK 715, JUISL SIKOTO IMOBTOPIOIOTH KPOKH 2 — 6, a TOTIM
paHroBuii OJIOK 73 1 Tak Jaii, JOKU HE OyAe 3HAWJEHO ONTUMAIIbHUI JHOMEH dy IUIsl OCTAHHBOTO
paHroBoro 610Ka 7y _, 1€ N, — KUIbKICTh PaHTOBUX OJIOKIB.

Ha puc. 2 HaBeneHna cxema 3anpoOIOHOBAHOTO JITOPUTMY IMOIIYKY ONTHMAaIbHUX TOMEHIB, sIKa
BpPaxoBYy€ po3mapajieieHHss 00YMCICHb Ha PIBHI PAHTOBUX OJIOKIB, OCKIIBKH JUISI KOKHOTO 3 HUX
HEOOXiTHO BUKOHYBATH MEBHY KiJIbKICTh HE3aJIEKHUX OINEpaLliid.

306parkeHHn
MepjaHHa dinbTpauia
P036UTTA Ha LOMEHHI i paHroBi 610Ku
no TexHonorii Keagpoaepes
[OKM KoxHoro 610Kry
MNobyaosa iHaeKciB
MobyaoBa geckpunTopis
PaHrosuit 6nok PaHrosuit 610k
DdopmyBaHHA dopmyBaHHA
NiAMHOMMHN NEPBUHHUX e Ve NiAMHOXWUHW NEPBUHHMX
nomenis Drl AomeHis Drl
PopmyBaHHA dopmyBaHHA
NiIAMHOMKWUHN BTOPUHHWX NiAMHOMWHW BTOPUHHUX
[oMmeHiB Dr2 AoMmeHis Dr2
Mowyk onTMManbHoro Mowyk onTUmansHoro
AomeHa d1 pomeHa d1
v v v ¥
06’eaHaHHA

RLE

Puc. 2. AnropuT™ NONIyKy ONTHMAaIbHUX JOMEHIB

Hayxogi nparti BHTY, 2015, Ne 2 4



ABTOMATHUKA TA IHOOPMALIIHO-BUMIPIOBAJIbHA TEXHIKA

Moaundikauisa popMysiu 004NCIeHHS CePeAHbOKBAAPATUYHOIO BiIXUJIEHHS

Mopaudikaris dopmynn ob6uucinenns CKB po6asTe TakuM YMHOM, II00 3MEHIIHUTH
00YHCITIOBAJIbHE HABAHTAXKEHHSI HA CHCTEMY.
3aranpHa GopmMylia IEpETBOPECHHS 3HAUYEHbB ITIKCEIiB JOMEHHOTO OJIOKA BUTJISIAE TAK:
D; =sD; + o, “)

ne D/ i D; — nepeTBOpEHUIA 1 MOYaTKOBHH i-Mii JOMEHHHUI OJIOK BIAMOBIIHO; § — KOSDILliEHT 3MIHU
KOHTPACTYy; 0 — KOe(III€HT 3CYBY 3a SCKPaBICTIO.

Jlnst omiHKM po301KHOCTI (BIACTaHI) MK NMEPETBOPEHHM JOMEHHUM Ta IMOTOYHHM PaHTOBHM
OmokamMu HEOOXiIHO BBECTHM BIANOBITHY METPUKY. 3a3BU4ail BHKOPHCTOBYIOTH (DYHKIIIIO
cepenHbpokBaaparuaHoro BiaxuiaeHHs (CKB):

Q =YD —R)?* =3, ((sD; +0) - R,)’,
ne R, — i-uii panroBuii Omok; D i D; — mepeTBOpeHUil i MOYATKOBHM I-Wil JOMEHHHI OJIOK
BiIMOBIAHO; N — KUIbKICTh MIKCENIB y PAHTOBOMY OJIOIIi.
OueBUIHO, 110 YAM MEHIIIA BiACTaHL MK OJIOKaMHM, TUM OlJIbIlIe BOHH IOHI0HI.
KoeoiuienTu s 1 0 MoxHa 3HalTH 3 popmynH (5), y3sSBIIM YaCTKOBI MOX1/IHI 32 IUMU 3MIHHUMH.
Pozkpuemo kBaapat y Bupasi (5):

Q = Zﬁv=1 SZDl’Z + ZSODl’ + 02 - ZSRiDi - 20Ri + Rlz (6)
Maemo Taky ymOBY:
d
% - Zé\l:l(ZSDiz + 2D;0 — 2R;D;) = 52?’:1 Di2 + 02?’:1 D - Zﬁv=1 R;D; =0

as
(7
2Q _ 1 1
%0 EZ?]:l R; — 552?21 D

Bupasumo 3cyB 3a sICKpaBicTIO:
1y 1.yN
0==Y1R ——s¥i_1D 3
N N
[TincraBumo (8) y piBHSHHSA YacTHMHHOI MoXinHOI mo s (7) 1 oTpumMaeMo Taki Gopmynu s
3HaXO/KEHHsI KOe(IIIEHTIB:
s = N ZiLi RiDi=%; R 34 D
- N p2_(yN 2
L Df=(ZL, D) 9)
_Ll.gN N
0=y Qiz=1 Ri —sXi=1 D)

[leperBopuBiu popmyiy (3), oTpuMaeMo BHpa3 JUIsl 3HAXOIKEHHS BIJCTaH1:

Q=s*YN D+ No>+3¥N R?—2sYN RD;+2s0¥N D, —20YN R, (10)

®opmymu (6, 7) M03BOJISAIOTH CHPOCTUTH OOYHMCITIOBAILHE HABAHTAKEHHS, OCKUIBKH CYMHU

N R, YN R2,YN D;, YN, D? moxua oGpaxyBaTw me 10 MOYaTKy mepeGopy, KOIMH BiKe
chopMoBaHI MHOXXHHHM DPAHTOBHX 1 JOMEHHHMX OnokiB Toxi Ha erami 3iCTaBJIEHHS HEOOXITHO
oGumcIuTH THIIe cyMy Yo R;D; i 3Haiiti KoedimienTH.

ExcnepumeHTaNbHI pe3yJbTaTH TeCTYBAaHHS PO3p00/1eHOr0 MeTOay

[IpoBenemMo crodYaTKy MOCHIIKEHHS KJIACUYHOTO AITOPUTMY (PAKTAIBHOTO CTHCHEHHS. s
nporo Oyna cpopMOBaHa TeCTOBA BHOIpKa, sSIKa MICTUTh PI3HI 32 CBOIM BMICTOM 1 CTPYKTYPOIO THITH
300pakeHb, 10 TPAIUIAIOTHCS HaWYaCTIIIe:

— Ha3eMHI 300pa)keHHS CLIEH ITYYHUX 00 €KTIB;

— Ha3eMHI 300pakeHHS IPUPOJTHHUX 00’ €KTIB;
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— aepoKOCMiuHi 300paKeHHS;

—  aCTPOHOMIiYHI 300paKEHHS;

— 300paxXeHHS HECTPYKTYPOBAaHUX 00’ €KTIB, TAKHUX SIK: XMapu a00 AWM.

Ha puc. 3 naBepeHi mpukiagu 300pakeHb LUX KIIACiB, AKi Jalli BUKOPHUCTOBYBAaTUMYTHCS 3
METOXO IOCHIIKEHHS.

‘Peppers

Lena

Puc. 3. TectoBi 300paxeHHs

Po3rnsiHeMO MOKa3HUKM €(QEKTUBHOCTI, JOCSATHEHI KJIACHYHUM aJrOPUTMOM (hpakTaJIbHOIO
crucHeHHs. Y Tabn. 1 HaBeneHi 3HaueHHs Yacy pOOOTH KoJepa, CepelIHbOKBAJAPATUYHOTO
BIJIXHJIGHHSI BIJHOBJIGHOTO 300pa)keHHs TICIS JEKOMIIpecii BiJ BHUXIJHOTO, CITiBBIJIHOIICHHS
CUTHAJI-IIYM, a TaKO)X KOMIIOHEHTH KpHUTepilo MiHiManbHOI noBxuHU onucy (MZO) i #oro
MiICYMKOBOTO 3HaUEHHS JUTs 300pakeHb pizHOro po3mipy — 60, 120, 180 i 240 mikceniB, CTHCHEHUX
3a (hiKCOBAHOTO PO3MIpPy PAHTOBOTO OJIOKA, 110 CTAHOBUTH O mikcenmiB. /laMo 03HaUYeHHS KPUTEPII0
MJIO. IlpuHuMn MiHIMaIbHOI JOBXHHU ONMUCY C(HOPMYIIOEMO TakK: Cepe]l MHOKHUHHM MoOjeien
HEOOXiTHO O0paTH Ty, sSKa JO3BOJISIE MIHIMI3yBaTH CyMy JOBXHHH omucy mojeni (y Oirax) i
JIOBKMHY JaHUX, ONMCAHUX IIISXOM 3acTocyBaHHA 1iei mogeni (y 6itax). ITix Mozxemo po3ymitoTh
NeBHYy iH(GOpMaIiiHY CTPYKTYpPY, SKa SBIsS€ COOOI0 3aKOJI0BaHE 300pakeHHS. Y SIKOCT1 JIOBXKHHH
onucy Mojeni Oyaemo posriasaatu oocar Li,, CTUCHEHOro 300paxkeHHs B Oirtax. Ilin nomxuHOoO
JaHUX, OMUCAHUX IUISIXOM 3aCTOCYBaHHS MOJENI, pO3yMilOTh Ty YAaCTHHY JIaHUX, SIKa HE BBIAIILIA B
caMmy Mojienib. [HIIUMU clI0BaMH, 11e 00CST BTPAT Ljyss YHACIIIOK CTUCHEHHS.

Otxe, kputepit MJIO MoxHa po3paxyBaTH 3a HOPMYIIOFO:

L= Ly + Limg (1)

PosrnsiHemMo yMOBHI mO3HaYeHHSI, SIKI BAKOPUCTOBYIOTH y Ta0i. 1. Tyt N — po3mip 300pakeHHs, ¢
— yac OOYMCIEeHb Yy CEeKyHAax, ¢ — cepenHe kpajaparuuHe BiaxwieHHs (CKB) BiarBopenoro
300paxkeHHs BiJ opuriHaibHOro, PSNR — crhiBBiIHOIIEHHS CHUTHAN-IIYM, L, — OIIHKA 0OCATY
BTpaT 1H(pOpMallii 3a CTUCHEHHS B 0iTax, L;,, — OLIHKA JOBXKHHU CTUCHEHOro (aiina B Oitax, L —
cyma 3Ha4eHb Ljog 1 Limg — MIHIMAJIbHA JOBXKUHA OIKCY CTUCHEHOT0 300pakeHHs. MiHimi3awito miel
JOBXHHHM 31HCHIOIOTH MO0 BCIX MOXJIMBHUX BIANOBIAHOCTAX IOMEHHHUX 1 paHrOBHX OJIOKIB 3a IXHIX
(hiKcoBaHUX PO3MIpIB.
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Taommms 1
Pe3yabTaTH TeCTyBaHHS KJIACHYHOTO aJITOPUTMY AJs 300pakeHb Pi3HOTo po3Mipy
N | t | c | PSNR | Ling | Ligss | L
Aerial
60 0,82 32,365 16,685 3022 25233 28255
120 16,04 21,336 21,547 13014 92574 105588
180 91,10 13,840 25,307 30421 187285 217706
240 287,56 12,329 26,311 55485 322719 378204
Cloud
60 0,82 3,343 35,133 3023 12913 15936
120 15,97 1,720 40,903 13014 38951 51965
180 87,24 1,146 44,429 30421 69578 99999
240 286,70 1,121 44,665 55485 124105 179590
House
60 0,82 21,403 21,520 3023 21725 24748
120 16,03 13,743 25,367 13014 78847 91861
180 86,64 9,088 28,959 30421 159497 189918
240 301,86 8,765 29,138 55485 281237 336722
Lena
60 0,82 14,308 24,121 3023 20531 23554
120 15,94 8,918 28,561 13014 69354 82368
180 86,44 6,216 31,731 30421 135884 166305
240 288,86 6,086 31,916 55485 238511 293996
Moon
60 0,82 8,141 29,916 3023 16859 19882
120 16,04 5,685 32,652 13014 62723 75737
180 86,43 4,100 35,806 30421 127659 158080
240 298,76 4,414 35,196 55485 235437 290922
Peppers
60 0,82 16,944 22,345 3023 21298 24321
120 15,97 9,946 27,157 13014 71099 84113
180 86,34 6,019 32,538 30421 134361 164782
240 284,15 5,334 32,767 55485 228856 284341
PosrnsiHemMo, HAacKITBKH BHCOKOK € SIKICTh CTHUCHEHHS 3 BHUKOPHUCTAHHSM KJIACHYHOTO

¢dpakranpHOro aroput™my. OCKITBKH JOCUTH TAPHOIO SKICTIO BITHOBJICHOTO 300pakeHHS 3a3BHYA
BBakatoTh BennunHy PSNR~30, y Tabn. 2 HaBeneHi OIIHKM KOe(]IIiEHTIB CTHCHEHHA Yy pasi
B1THOBJICHHS 300paX€HHS 3 TAKOIO SIKICTIO IIJISIXOM JIUICHHS] BUX1AHOTO YKciia OiT y 300pakeHHI Ha
3Ha4YeHHA Ly, lle 3HaueHHs Bigmosimae HaiOmmkdomy no 30 3HadeHHro PSNR B Ta6m. 1. Kpim
TOro B Ta0J. 2 TakoX HaBeAeH1 koedilieHTH cTucHeHHs i popmary JPEG 3a HanamTyBaHb, sKi

BianoBigaroTh PSNR~30.

KoedinienTn crucHenns 3a PSNR~30

Tabums 2

KoedirieHT cTUCHEHHS

3oGpasceniz ®pakTabHUI aaropuT™M JPEG
Aerial 3,6 4.4
Cloud 59,4 473
House 8,2 8,0
Lena 14,7 15,8
Moon 33,3 24,2
Peppers 14,8 15,1

Bapro 3a3HaunTH, 1m0 332 BUKOPUCTAHHS CTAHIAPTHHX IPOTPaMHUX 3aco0iB KoedilieHT
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crucHeHHst JPEG moske Oyt Habararo ripmimM yepe3 HEONTHUMaibHI HaJalITyBaHHS I 3ammc
BEJIMKOTO 00CATY J101aTKOBOT 1H(pOopMaIii y dhaii.

SIx BUAHO 3 TaONHII, KOS(IIEHTH CTUCHEHHS CYTTEBO BiIPI3HAIOTHCS JUIS PI3HUX 300pakeHb.

[IporecTtyeMo Temep po3pobieHuit MoaudiKOBaHHWA aNTOPUTM (PPAKTATBLHOTO KOMYBaHHS 1
MOPIBHSAEMO PE3yJIbTATH.

OCKiTbKM OCHOBHUM HEIOJIKOM KJIAaCHYHOTO JITOPUTMY € IIBUIKE 3POCTaHHS 4acy poOoTH i3
301JBIICHHSM PO3MIPIB 300paKe€Hb, OUYEBUIHOIO € HEMEPCICKTUBHICTh WOTO BUKOPHCTAHHS Ha
npakTuii. Y I CTaTTi ommcaHi po3po0sieHi METOAW IONIYKY BiAMOBIAHOCTEH JTOMEHHHX 1
paHroBux OJOKIB Yy (QpakTalbHOMY KOJyBaHHI. BHKOHa€EMO eKCIIEpHUMEHTAbHY MEpPEBIPKY
PO3POOJIEHOTO AJITOPUTMY W BU3HAYMMO BTPATH SKOCTI 300paxeHHS. OCKIIBKU IMiIBUICHHS
IIBUJIKO/II HE BIUIMBAE€ HA PO3MIPH CTUCHEHOTO (aiiyia, JOCTaTHBO Oyae PO3IIISTHYTH 3HAYCHHS
CKB i PSNR 1151 BiTHOBICHOTO 300paKCHHSI.

VY Tabn. 3 HaBeneHi XapaKTEPUCTHKH SKOCTI BIJHOBJICHOTO 300pakKeHHS, OTPHUMAHOTO IiCIIs
CTHCHEHHSI MOJU(IKOBAaHMM QJITOPUTMOM, a TaKOX dYac HOro poOOTH Ha 300paKEHHSAX PI3HHX
PO3MipiB.

Tabmuis 3
Pe3yabTaT TecTyBaHHSI MOAU(iKOBAHOI0 AJITOPUTMY
N | t | o | PSNR | Limg | Lloss | L
Aerial
60 0,09 35,010 16,120 3022 25626 28648
120 0,48 24,425 20,373 13014 95273 108287
180 1,68 16,261 23,906 30421 194581 225002
240 3,93 14,431 24,943 55485 335408 390893
Cloud
60 0,09 4,021 33,532 3023 13659 16682
120 0,50 1,992 39,628 13014 41788 54802
180 1,74 1,312 43,251 30421 75539 105960
240 4,01 1,235 43,780 55485 131567 187052
House
60 0,09 25,520 19,992 3023 22599 25622
120 0,47 17,643 23,198 13014 82894 95908
180 1,60 11,260 27,098 30421 167840 198261
240 4,14 15,148 24,522 55485 300273 355758
Lena
60 0,09 17,702 22,158 3023 21563 24586
120 0,53 10,83 27,429 13014 73525 86539
180 1,66 7,389 30,374 30421 143374 173795
240 4,10 7,076 30,497 55485 248954 304439
Moon
60 0,09 9,981 27,097 3023 17621 20644
120 0,45 6,564 31,785 13014 65029 78043
180 1,62 4,755 34,342 30421 133436 163857
240 4,05 5,000 33,909 55485 244204 299689
Peppers
60 0,09 22,30 20,072 3023 22770 25793
120 0,48 12,073 26,181 13014 75027 88041
180 1,60 7,388 30,303 30421 142956 173377
240 4,04 6,416 31,671 55485 241339 296824

SIx BUAHO 3 Tabi. 3, MBHUAKICTH POOOTH HE JIMIIE BUILA MOPIBHIHO 3 KIIACUYHUM JITOPHUTMOM (Y
30 paziB Ha 300pakeHHSX po3mipoMm 120 mikcemiB), a ¥ Mae IHIIY 3aJEXKHICTh BT PO3MIPY
300pakeHHS. YHACTIJOK IbOTO0 Ha 300pakeHHSX po3MmipoMm 60 MmiKceTiB OTPUMYEMO 8-KpaTHHI
BUTpAIll, a Ha 300paxxeHHAX po3mipom 240 mikceniB — yxe 70 — 75-KpaTHHI BUTpAILL.

[nsxom mopiBHSHHA Tabmuik 1 1 3 MoXHa 3pOOMTH BUCHOBOK, IO KPHUTEPId SKOCTI
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MiHiManbHOT AoBXHHU omucy (MJIO) B pe3ynbTaTi BUKOPHUCTAHHS ONTHUMI30BAaHOTO aITOPUTMY
MOTIpIIyeTbcsl B cepeqHboMmy npubnu3zHo Ha 4%. Ilpu upoMmy nans dYacTuHH 300pa’keHb
CIIOCTEpIraeMo TOCTiiHE 3pocTaHHs moripimieHHs (Hampukian, 3 1,5% mo 3,5% mnsa Aerial) 3a
301BIICHHS PO3MIpPY 300pa)KEHHS, TOMI SK JJIA IHIIUX 300paXKeHb MOXE BiJOYBAaTHUCh HaBITh
3MeHIICHHs1 moripmeHHs. OTe, BUTpaml y MIBHUAKOAII MOPIBHIHO 3 KIACHYHHM alTOPUTMOM
3HAYHO 3POCTA€ 3a 30UIBIICHHS PO3MIPY 300paKeHHsI, TO/AI SK Mporpail y KoedimieHTi CTUCHEHHS
BiJl po3Mipy Maibke He 3aJIeKUTh a00 He 3aJIeKHUTh 30BCIM.

VY 1i#t po6oTi Takok OyJIO 3aIIPOIIOHOBAHO 3aCTOCYBAHHS MapajelbHUX OO0UMCIIEHBb. 3a3HAYMMO,
0 po3mapajieieHHs OOYHCICHb 3aCTOCOBYBAJOCH YK€ JO OINTHUMI30BAHOTO alTOPUTMY
(bpakTadbHOrO KOAYBaHHs, sikuii OyB omucanuid Bume. Ha puc. 4 HaBemenuit rpadik, mo
BiIoOpakae pe3ynbTaTH TOPIBHSAHHS IOCTIOBHOTO 1 TMapalieTbHOTO aiaroputMmy. OCKUIBKH
po3mapaneseHHs] 00UNCIIeHb He 3aJIeKUTh BiJl CTPYKTYpPH 300pa)KeHHS, @ TAKOXK HiSIK HE BIUIMBA€E HA
SKICTh BIJTBOPEHOTO 300payKEHHS, JIJIsi TECTYBaHHS Oysi0 00paHo 4 300paKeHHS PI3HUX PO3MIpIB.
OTxe, pO3TISHEMO 3AJIEKHICTh Yacy CTHCHEHHS Bif po3Mipy 300pakeHHs. PoboTta mapanenbHOro
QITOPUTMY B IIbOMY BHITQJIKy peaiizoBaHa JUIsl 16-mporecopHOi CUCTEMH.

4.5

a Pl

G T 1 T T 1
60x110 120x215 180x320 240420

Posamip sobpameHHa

e [OCAILOBHMA === TapanencHnil

Puc. 4. 3anexHICTh yacy BUKOHAHHS B/l pO3Mipy 300pasKeHHs

Sk Gaunmo, MBUAKICTE 00pOOKH 300pakeHb 3a MapajebHUM aJlfOPUTMOM HabaraTo BUIIA, HIXK
yac poOOTH TOCTIIOBHOTO ajIropuT™My. bByrno BCTaHOBIEHO, IO BUKOPUCTaHHA KOXKHOTO
J0JJATKOBOTO MPOIIecOpa MPU3BOAUTH J0 MiABUIICHHS MIBUAKOAIT HA 60 — 75%.
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BucnoBxu

Po3po0rennii anroputM MOLIYKY ONTHUMAIbHUX IOMEHIB, SIKUM 0e3MmocepeiHbo fBIsLE€ COOO0I0
MOJU(IKOBAaHHUNA AITOPUTM (PPAKTAIBHOTO KOAYBAHHS, JO3BOJISIE MiABULIMTH IIBUIKOIII0 00pOoOKH
300pakeHHs 3a paxyHok BukopuctanHs [IKII, BeliBner-mepeTBopeHHs Xaapa 1 mapalieTbHUX
00YHCIIEHb, a TAKOXK JI03BOJISIE 3SMEHIIUTH O0UUCIIIOBAaJIbHE HABAHTAXKEHHS HA CUCTEMY.

Ockinbku (ppakTasibHe KOAYBaHHS HaNeXWUTh a0 NP-MOBHHMX 3ama4, MPUWHATHUA PO3B’ 30K
TaKMX 3aJ]a4 JOCATAE€TbCS JIMIIE 3a BUKOPUCTAHHS €(PEKTUBHUX IMPEIMETHO-3AJIEKHUX EBPHUCTHK.
binpmicte poOiT 13 (GpakTadTbHOTO CTUCHEHHS IPUCBSIYEHI came po3poOll IMOAIOHOTO THITY
EBPHUCTHK.

Jlnst cyOOnTUMabHOTO BUKOHAHHS (DPAKTAIBHOTO CTHCHEHHS HEOOXiTHO OOMEXHTH Tepedip
JIOMEHHUX OJIOKIB, paHTOBUX OJIOKIB 1 BIJIMOBITHOCTEH M1 HUMH, IO ¥ OYyJI0 3alIPOTIOHOBAHO B IIii
crarti. EBpUCTHKM MalOTh BiAKMIATH HENEPCHEKTHBHI CIOCOOM pO30UTTS 300pa’keHHs] Ha PaHTOBI
0JIokr 0Oe3 BHKOHAHHS MOJAJBIINX KPOKIB CTHUCHEHHS, a TakoX 3a (DIKCOBAHOTO PO3OHTTS
300pa)kCHHS HA PAHTOBI OJOKW — BIIKHMJIATH HEMEPCIEKTHBHI MiIIMHOXHUHU JOMEHHHMX OJIOKIB ISt
MEBHOTO paHToBoro Oyoka. Y mid poOoti (opmMyBaHHS TpPEIMETHO-CIEUU(BIYHUX EBPUCTUK
3MIMCHIOBAJIM 3a JOTMIOMOI'OK) HAWMOMIMPEHIMUX METOAIB, SKMMH Hapasi € koedimientu JKIT i
BEUBIET-PO3KIIaAaHH BIAMOBITHUX 0JI0KiB. L{i mepeTBOpeHHs 103BOISIIOTH MOOYAyBaTH O3HAKH, SIKi
HECYTTEBO CIIOTBOPIOIOTH MOMIKCEIBHY Mipy MOIIOHOCTI OJIOKIB.

3MeHIIeHHST O0YHMCIIIOBAIbHOT CKJIQJHOCTI JOCSATAIOTh MUISXOM 3MEHILIEHHS MOMIKCETbHHUX
MOPIBHSIHb 3a PaxXyHOK BHKOPUCTaHHS 1HJEKCIB Ta JAecKpuntopiB. [lomikcenbHi MOpPIBHSIHHS
3MIACHIOIOTh JIMIIIE 32 OIHKU BIAMOBITHOCTI BTOPUHHUX JOMEHIB paHTOBOMYy. TakoX Ha
3MEHILIEHHS! OOYUCIIOBAIBHOIO HABAHTAXXEHHS Mae BIUIMB MojaudikoBaHa ¢GopMylia pO3paxyHKY
CepeIHbOKBAAPATUYHOTO BIJXHUJIEHHS, OCKUIBKM 3HAUYE€HHS CyM 1 KBaJpaTiB CyM JOMEHHHX 1
paHTOBUX OJIOKIB MOXHA OOYUCIIMTH III€ JI0 MOYaTKy mepedopy.

OTxe, 3ampoNOHOBAHO MOJU(DIKOBAHUN aNTOPUTM (PPAKTAILHOTO CTHUCHEHHS, €(EeKTHUBHICThH
SIKOTO MiJITBEP/I’KEHA €KCIIEPUMEHTAIBHO.
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AUTOMATICS AND INFORMATION MEASURING FACILITIES

0. Sofina, Cand. Sc. (Eng), Assist. Prof.; A. Lozun

DEVELOPMENT AND STUDY OF THE MODIFIED ALGORITHM OF
FRACTAL CODING

The paper suggests modified algorithm of fractal coding using discrete cosine conversion, Haar wavelet
— transform and parallel computations. The aim of the developed algorithm is to decrease computational
complexity of fractal coding algorithm and increase the rate of image compression.

Key words: image compression, fractal coding, discrete cosine conversion, wavelet — transform, parallel
computations.

Introduction

Nowadays as a result of wide spreading of electronic — computing equipment storage and
processing of various types of data is realized in digital form.

Multimedia types of data — video — audiorecordings and digital images become more and more
popular. One of the most actual problems of modern information technologies is the development of
efficient methods of multimedia data compression, particularly — graphic information .Proceeding
from the above- mentioned, one of the most urgent problems of modern information technologies is
the development of efficient methods of multimedia data compression, particularly, graphic
information.

Most frequency compression methods with losses are applied to multimedia information. Such
approaches are valid as in case of multimedia objects it is possible to give up from saving their
certain peculiarities (for instance, tiny elements on the image), that enables to increase the degree of
compression. But there exist widely spread algorithms of the compression without losses, such as
FLAC for audiofiles or PNG for digital images. Using these formats it is worth taking into account
that they were designed as universal for certain type of data and, as a result they turned out to be
useless for taking into consideration the peculiarities of the specific file to be compressed. As a
consequence, considerable worsening of compression factor as compared with the analogous
compression algorithms with losses, occurred.

For digital images, as the class of multimedia data, the most widely spread compression format
with losses is JPEC. It became widely used as a result of digital cameras, scanner, etc. Taking into
account the amount of images, presented in JPEG format, losses, connected with storage, transfer
and processing of, probably, not optimally (by the quality and compression degree) compressed
information, become evident.

Hence, studies, dealing with compression methods, become actual. They are based, on different
image representation, namely, fractal coding, characteristic feature of this method is the feature of
image self similarity. However, the existing methods of fractal compression of images require
considerable development, taking into account numerous criteria (in particular, operation speed
compression degree, decompression quality) to be considerable as real alternative to JPEG for
numerous classes of images, being used in scientific, engineering and every day spheres of human
activity.

A great deal of research was performed by native (D. C. Vatolin, V. V. Sergeev, V. V. Suifer, V.
V. Alexsandrov, N. I. Gurskiy) and foreign (M. Barnsli, A. Jasquin, Y. Fisher, D. Zauper) scientists
[1 —3]. But, still there is much room for further research in this direction.

The aim of the paper is the construction of the modified algorithm of fractal coding , that will
increase the speed of image compression process and achieve the acceptable compression factor,
combining the already known DCT technologies, wavelet transform and parallel computations.

Main problems, to be solved for achieving this aim are development and study of optimal
methods of image division into domain and ranking blocks, development of index and descriptor
techniques of domain and ranking blocks matching and combining of the developed techniques for
creation of the integral algorithm.
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Division of the image into domain and ranking blocks

Image is divided into ranking blocks of the same size r and into all possible domain flock of 2r
dimension. The given set of domains is called basic one. Further, additional set of domains is
formed in the following manner: for each of “basic” domains seven transforms are built,
namely:turns of the block at 90°, 180° and 270°, mapping of the block relatively the vertical axis of
symmetry and turns of the obtained mapped block also at 90°, 180° and 270°,. As a result of
combination of the basic and additional sets of domains the expanded set of domain blocks is
formed. For each ranking block the search among expanded set of domains is carried out. For this
purpose each ranking and domain block is given index and descriptor.

This method of image division into domain and ranking blocks is optimal because each block
may be definitely identified by its consecutive number (in case of preliminary set fixed method of
numeration): for saving the number of block, fewer number of bits is needed, for instance, than for
the coordinates of its upper angle. One more advantage is that there is no need to indicate the size of
each block in the compressed file : it is sufficient to indicate only once the size of ranking block,
and also the coefficient of proportionality for determination of domain block size.

Calculation of indexes for domain and ranking blocks

In order to calculate index for each block b, matrix B of its two — dimensional discrete cosine
transform (DCT) is calculated. Proceeding from the analysis of [4] the following algorithm of index
calculation using the obtained DCT matrices is suggested:

“Upper left angle” of matrix B, that corresponds to current block b (submatrix B =
{Bij}ij=13) is considered;
- In accordance with the order of elements selection for calculation of the index, given in Fig.
1, elements of these submatix from the 1% to M where ¢ — selected dimensionality of the index t€ [1,
8]) are evaluated. If current element is less than zero, then corresponding digit of the index in binary
representation, starting from the left, value 0O is assigned, if greater or equal zero — value 1.

1 o
2 4 6
3 7 8

Fig. 1. Order of elements selection for index calculation

When turns or mapping change rule is applied to block b, DCT matrices B are set by such
equations:

ng = (_1)i+1Fij:ﬁ} = fN—i,j;
Fij = (_1)1+1Fij;ﬁ'j = fi,N—j, (1
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where i,j = 1,N.
It follows that DCT-matrices (and, correspondingly, indices) of “additional” domains may be
found rather simply, on the base of pre -calculated DCT — matrices of “basic”” domains.

Calculation of the descriptors for domain and ranking blocks

For calculation of the descriptors two-dimensional Haar wavelet-transform is used [5]. The
following algorithm of descriptor formation (for block b, of pxp pixcels dimension, where p=2¢,
g€N) is suggested:

— coefficient e; is calculated;

1
€1 = pZ?zl 2?21 by; . 2)

— block is divided into four equals subblocks b,, b3, by and bs.
— we calculated the coefficients in succession

1
([ e2= e — q—ZZ?zl 2;1:1 by

— Lyag ya
€3 = e — q—22i=1 i=q+1bij 3)

— 1ya q
€4 = € — q_22i:q+1 21-21 by

_ 1 yq q
\35 =€ _q_zzi:q.m Zj:q+1 bij

that correspond to blocks b,, bz, by and bs.

As the index calculation, description formation for additional domain may be simplified, namely:
instead of calculation, using the above-mentioned algorithm e = [e;e3e4es], simple rearrangement
of descriptor’s components of the basic domain may be performed in accordance with the specific
transformation of the block.

Generalizing algorithm of optimal domains search

1. The first ranking block 7; is considered.

2. Subset D, of the expanded set D of the domain is formed by means of sampling of all
domains with completely or partially coinciding index value, applying the method of hierarchy
search (domains, that belong to D, , are called those, possessing “primary similarity” with ranking
block, being considered or simply “primary”).

3. Descriptor of 7y block is compared by turns, with the descriptors of each of domains,
belonging to D, .

4. Subset Dy of the set D, , is formed by means of selection of certain number of domains, the
descriptors of which possess maximum degree approximation to ranking block ry in the sense of
Euclidian distance (domains, that belong to D; are called those, possessing “secondary similarity”
with ranking block, being considered, or simply “secondary”).

5. Among the found “secondary” domains domain d;, is being searched and brightness and
contrast coefficients s; and o0y, corresponding to the pair r; —d; proceeding from MSD
minimization conditions: d; = argmin(CKB(ry,d;)), where d; = sd; + oE , d; - block d ,
compressed to the size of block 7y, and E — single matrix of block r; size. Domain block, for which
the given MSD minimization condition will be applied, is called optimal or the best.

6. If the domain d; found at the previous step belongs to “basic” set of domains, then its
consecutive number vy, is fixed, if this domain to the “additional” set — number of transformation
71, 18 fixed, by means of which it was obtained from the “initial” domain and the number of the
given “initial” domain 7.

7. The second ranking block 7,is considered for this block steps 2 - 6 are repeated, then ranking
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block 73 is considered and so on , until optimal domain dy is found for the last ranking block ry_,
where N, — number of ranking blocks.

Fig. 2 shows the scheme of the suggested algorithm of optimal domains search, that takes into
account paralleling of computations on the level of ranking blocks, as for each of them a certain
amount of independent operations must be performed.

Image

¥

Median filtering

)

Partitioning into rank and domain
blocks using quad tree technology

DCT of each block
Determination of indices
Determination of descriptors
Rank block Rank block
Formation of the primary v v Formation of the primary
domain subsets Drl . Ve domain subsets Drl
Formation of the secondary Formation of the secondary
domain subsets Dr2 domain subsets Dr2
Search of optimal domain Search of optimal domain
d1 di
l y A 4 l
Union

RLE

Fig. 2. Algorithm of optimal domains search

Modification of standard deviation formula calculation

Modification of standard deviation formula calculation is carried out to decrease computation
load on the system.

General formula of values transformation of domain block pixels has the following form:

D} =sD; + o, “4)
where D; and D; transformed and initial i-" domain block, correspondingly ; s — coefficient of
contrast change; o — coefficient of brightness shift.

For evaluation of the discrepancy (distance) between the transformed domain and the given
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ranking blocks it is necessary to introduce the corresponding metric. As a rule, function of standard
deviation is used:

Q=YD -R)*= §V=1((5Di +0) — Ri)2: 5
where R; — i-" ranking block; D; and D; — transformed and initial i-" domain block,
correspondingly; N — number of pixels in ranking block.

It is obvious, that the less is the distance between blocks, the more they are similar.
Coefficients s and o can be found from the formula (5), taking partial derivatives by these
variables. Let us remove the brackets in the expression (5):

Q =YV s?D? + 2s0D; + 0> — 2sR;D; — 20R; + R?. (6)
We have the following condition:
Y
P YiL1(2sD} +2D;0 — 2R;D;)) = s XL D} + o X D — Y RD; = 0

(7

aQ 1 1
% 52?21 R, — NSZ?’=1 D;
We express the shift by brightness:
1 1
0= ﬁzﬁ\;l R; — NS Z£V=1 D; 3)
Let us substitute (8) in the equation of partial derivative by s (7) and we obtain the following
formulas to find the coefficients:
_N YN RDi=XN R YN D,
T 0P -, Di)z 9)
1
0=y (vazl R;—s Z?’:l Dy)
Having transformed the formula (3), we obtain the expression to find the distance:
Q=s2YN . D?+No?+3¥N R*—2s¥YN RD;+2s0¥N D, —20YN R, (10)
Formulas (6, 7) allow to simplify the computation loading, because the sums
fvzl R;, ?’21 Rl-z, ?[:1 D;, ?’:1 Dl-2 can be calculated still before the exhaustive search, when the

sets of ranking and domain blocks are formed. Then, on the stage of comparison it is necessary to
calculate only the sum YV R; D; and find the coefficients.

S

Experimental results of developed method testing

First we perform the study of classical algorithm of fractal compression. For this purpose the
testing sample was formed, it comprises the following, different by content and structure, types of
images, met most frequently:

— land images of the scenes of artificial objects;

— land images of natural objects;

— aerospace images;

— astronomic images;

— 1mages of non-structured objects, such as clouds or smoke.

Fig. 3 contains the examples of these classes of images that further will be used for investigation.
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Fig. 3. Test images

Let us consider the indices of efficiency, obtained by means of classis algorithm of fractal
compression. Table 1 contains the values of coder operation time, standard deviation of the restored
image after decompression from initial image, signal/noise ratio and also the components of the
criterion of minimum length of description (MLD) and its resulting value for images of various size
- 60, 120, 180 and 240 pixels, compressed at the fixed size of ranking block, that is 6 pixels. We
will define MLD criterion.

Principle of minimal length of description will be formulated in the in the following way: among
the set of models it is necessary to select the model, that enables to minimize the sum of model
description length (in bits) and the length of data, described, applying this model (in bits). The term
“model” implies certain information structure, representing coded image. As the length of model
description we will consider volume L;,,, of the compressed image in bits.

Length of data, described by means of applying the model implies that part of data, that didn’t
enter in the model itself. In other words, this is the volume of the losses L, as a result of
compression. Hence, MLD criterion can be calculated by the formula:

L= Lipss + Limg (11)

We will consider designations, used in Table 1. Here N — size of the image, t — time of
computation in seconds, ¢ — standard deviation of the restorted image from the original, PSNR —
signal — noise ratio, L — evaluation of the volume of information losses during compression in
bits, Lin, — evaluation of the length of the compressed file in bits, L — sum of L, values and L;,,, —
minimal length of compressed image description. Minimization of this length is realized at all
possible correspondences of domain and ranking blocks at their fixed dimensions.

Table 1
Results of testing of classic algorithm for images of different size
N | ! | o [ PSNR | Ly | L | L
Aerial
60 0,82 32,365 16,685 3022 25233 28255
120 16,04 21,336 21,547 13014 92574 105588
180 91,10 13,840 25,307 30421 187285 217706
240 287,56 12,329 26,311 55485 322719 378204
Cloud
60 | 0,82 | 3,343 | 35133 | 3023 | 12913 | 15936
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120 15,97 1,720 40,903 13014 38951 51965
180 87,24 1,146 44,429 30421 69578 99999
240 286,70 1,121 44,665 55485 124105 179590
House
60 0,82 21,403 21,520 3023 21725 24748
120 16,03 13,743 25,367 13014 78847 91861
180 86,64 9,088 28,959 30421 159497 189918
240 301,86 8,765 29,138 55485 281237 336722
Lena
60 0,82 14,308 24,121 3023 20531 23554
120 15,94 8,918 28,561 13014 69354 82368
180 86,44 6,216 31,731 30421 135884 166305
240 288,86 6,086 31,916 55485 238511 293996
Moon
60 0,82 8,141 29,916 3023 16859 19882
120 16,04 5,685 32,652 13014 62723 75737
180 86,43 4,100 35,806 30421 127659 158080
240 298,76 4,414 35,196 55485 235437 290922
Peppers
60 0,82 16,944 22,345 3023 21298 24321
120 15,97 9,946 27,757 13014 71099 84113
180 86,34 6,019 32,538 30421 134361 164782
240 284,15 5,334 32,767 55485 228856 284341

Let us consider how high is the compression quality, using classic fractal algorithm. Rather good
quality of the restored image is considered to be PSNR~30, then Table 3 contains evaluations of
compression coefficients in case of image restoration with such quality by means of division of
output number of bits in the image by the value of L;,, The given value corresponds to the closest
to 30 value of PSNR in Table 1. Besides, Table 3 also contains compression coefficients for JPEG
format in case of regulations , corresponding to PSNR~30.

Table 2
Compression coefficients at PSNR~30
Image . Compression coefficient
Fractal algorithm JPEG
Aerial 3,6 4.4
Cloud 59,4 47,3
House 8,2 8,0
Lena 14,7 15,8
Moon 33,3 24,2
Peppers 14,8 15,1

It is worth mentioning, that when standard programming facilities are used, JPEG compression
coefficient may be for worse as a result of nonoptimal regulation recording of large volume of
additional information in the file.

As it is seen from the Table compression coefficients differ greatly for various images. Now we
will test the developed modified algorithm of the fractal coding and compare the results. As the
main drawback of classic algorithm is rapid growth of operation time while increase of image size,
its practical usage is inexpedient. The developed methods of domain and ranking blocks
correspondences search in fractal coding were described in the given paper. We will perform
experimental testing of the developed algorithm and determine losses of image quality. As the
growth of operation rate does not influence the size of the compressed file, it will be sufficient to
consider the value of standard deviation and PSNR for the restored image.

Table 3 contains characteristics of the quality of the restored image, obtained after compression
by the modified algorithm and also its operation time on the images of various size.
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Table 3
The results of modified algorithm testing
N | ! | c |  PSNR | Line | Liyss | L
Aerial
60 0,09 35,010 16,120 3022 25626 28648
120 0,48 24,425 20,373 13014 95273 108287
180 1,68 16,261 23,906 30421 194581 225002
240 3,93 14,431 24,943 55485 335408 390893
Cloud
60 0,09 4,021 33,532 3023 13659 16682
120 0,50 1,992 39,628 13014 41788 54802
180 1,74 1,312 43,251 30421 75539 105960
240 4,01 1,235 43,780 55485 131567 187052
House
60 0,09 25,520 19,992 3023 22599 25622
120 0,47 17,643 23,198 13014 82894 95908
180 1,60 11,260 27,098 30421 167840 198261
240 4,14 15,148 24,522 55485 300273 355758
Lena
60 0,09 17,702 22,158 3023 21563 24586
120 0,53 10,83 27,429 13014 73525 86539
180 1,66 7,389 30,374 30421 143374 173795
240 4,10 7,076 30,497 55485 248954 304439
Moon
60 0,09 9,981 27,097 3023 17621 20644
120 0,45 6,564 31,785 13014 65029 78043
180 1,62 4,755 34,342 30421 133436 163857
240 4,05 5,000 33,909 55485 244204 299689
Peppers
60 0,09 22,30 20,072 3023 22770 25793
120 0,48 12,073 26,181 13014 75027 88041
180 1,60 7,388 30,303 30421 142956 173377
240 4,04 6,416 31,671 55485 241339 296824

As it is seen form Table 3, operation rate is not only higher, as compared with classic algorithm
(30 times on the images of 120 pixels of size) but also has other dependence on image size. As a
result on the images of 60 pixels of size, we obtain 8 multiple gain, and on the images of 240 pixels
of sixe — we obtain 70 — 75 multiple gain.

Comparing Tables 1 and 3 it may be noted that quality criterion of minimal length of description
(MLD) as a result of application of optimized algorithm worsens approximately by 4 %. For part of
images, constant worsening (for instance, from 1.5% to 3.5% for Aerial) is observed at the increase
of image size, where as for other images the reduction of worsening may take place. Thus, gain in
operation rate as compared with classic algorithm grows when image size increases, where as the
loss in compression coefficient does not almost depend on the size or does not depend at all.

In the given work the application of parallel computation is suggested. It should be noted that
paralleling of computations was already applied for optimized algorithm of fractal coding, that was
described above. In Fig. 3, there is a graph, that represents the results of comparison of serial and
parallel algorithm. As the paralleling of computations does not depend on the structure of the image
and also does not influence the quality of the restored image, four images of different size were
chosen for testing. Hence, we will consider the dependence of compression time on the size of the
image. Operation of parallel algorithm in the given case is realized for 16-processor system.
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Fig. 4. Dependence of execution time on the size of the image
As it is seen, the rate of images processing applying parallel algorithm is far higher, than

operation time of serial algorithm. It was fund out that the usage of each additional processor will
increase the operation rate by 60 —75%.

Conclusions

The developed algorithm of optimal domains search, that is modified algorithm of fractal coding,
enables to increase image processing rate due to the usage of DCT, Haar wavelet transform and
parallel computations and gives the possibility to decrease computation loading on the system.

As fractal coding refers to NP — complete problems, acceptable solution of such problems is
achieved only when efficient subject-dependent heuristics are used.

Greater part of studies, dealing with fractal compression are dedicated to the development of
similar types of heuristics.

For suboptimal realization of fractal compression it is necessary to limit exhaustive search of
domain blocks, ranking blocks and corresponds between them and this was proposed to do in the
given paper. Eurisitcs must cut off unpromising ways of image division into ranking blocks without
performing further compression steps, and in case of fixed division of the image into ranking blocks
— cut off unpromising subsets of domain blocks for certain ranking blocks.

In the given paper the formation of subjects — specific heuristics, was realized by means of the
most widely used methods, namely DCT coefficients and wavelet —decomposition of the
corresponding blocks. These transformations give the possibility to construct features, that
insignificantly distort pixel- wise degree of blocks similarity.

Decrease of computational complexity is achieved by means of reducing pixel-wise
comparisons, due to the usage of indices and descriptors. Pixel — wise comparisons are realized only
in case of evaluation of correspondence of secondary domains to ranking one. Also, modified
formula of standard deviation calculation influences the decrease computational load, because the
value of sums and sums square of domain and ranking blocks may be calculated prior to the start of
exhaustive search.

Thus, modified algorithm of fractal compression is suggested, its efficiency is confirmed
experimentally.
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