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Po3pobnena cuctema TEXHIYHOTO 30Dy, SKa BUKOHYE CTHUCHEHHS 300pa)K€HHS 3
IIUPOKUM JuHamiyHuM fianazoHoM (LJIJ{) no curnamy 3 auHamiyHUM fiana3oHoM 48 16 6e3
BTpaT YITKOCTI SIK Y CBITJIMX, TaK 1 TEMHUX MicLsSX Ta 0e3 apTredakTiB 1 Mae TOMIpHI amapaTH1
BUTpaTH MpH peajizalii B mporpamoBaHux JoTiyHUX iHTerpanpHux cxemax (I1JIIC). Bubpano
anmroput™ Retinex crucuenns 11J]J]-300paxeHHsT Ha OCHOBI OlTaTepaabHOI PYHKIIIT JTOKATBHOT
SICKpaBOCTI. 3amporioHOBaHO crpoiieHuid anroput™m crtucHeHHs [IJ1J[-300pakeHHs, skuit
3aMicTh OutaTtepasibHOT (PYHKIIIT BUKOPUCTOBYE (DYHKIIIIO aHAI3y JIOKATHbHUX XapaKTEPHUCTHUK
300pakeHHSI.

Po3po6eno 6i0i0TeKy BIpTyaTbHUX MOIYJIIB JIJIi CTBOPEHHS CHCTEM TEXHIYHOTO 30Dy
pizHOi ckiaanocti Ha 6a3i ITJIIC. Momyni 6101i0TeKH MaroTh MIHIMI30BaH1 amapaTHI BUTPATH,
BEJIMKY MPOMYCKHY 3[aTHICTh Ta yHidikoBaHu# iHTepdeiic. BoHM po3paxoBaHi Ha 4YacTOTy
crigyBaHHs mikceniB g0 150 MI'n npu peanizamii y TIJIIC ¢ipmu Lattice Tta yasiui Gimbmry — y
ITJIIC ¢ipm Altera, Xilinx.

3anpornoHOBaHO AHAJTITUYHUN METOJ CHHTE3Y KOHBEEPHHMX OOUYHMCIIIOBAYIB HAa OCHOBI
npoctopoBoro rpady cunxpoHHux noTokiB maHux (['CII[), sxuii 3a0e3medye CHHTE3
KOHBEEPHUX OOYMCITIOBAILHUX MPUCTPOIB 3 PErJaMEHTOBAHO BEJIMKOIO MPOMYCKHOO 3/1aTHICTIO
Ta MiHIMi3oBaHUMHK anapatHuMu BuTpatamu y IIJIIC. Iloka3aHo #oro CHpolieHHS TNpH
MPOEKTYBaHHI  MpoIecopiB  00poOku  BimeozoOpakeHb. CKIAMHICTG ONTHMI3alll  TOpH
BUKOPHUCTAHHI METOAY € 3HAYHO HI)KYOK HDK Yy IHIIMX METOJIB 3aBJSKH BEJIHMKIA KUIBKOCTI
oOMeXeHb, Kl HakinagaoThees Ha 'CIT/I.

Po3pobneno sapo wmikpomnpouecopa RISC-ST2, ske opieHToBane Ha 0OpOOKY
nocaigoBHux notokiB nanux y [IJIIC. Bono 3aiimae HeBenuki anapatHi BUTpaTtu i Bukonye 100
MJIH. KOMaHJ 3a cekyHay. s Hporo po3po0ieHo mporpamy acemoOnepa. Snpo mikporpoiecopa
MpU3HAUYeHE I KEpyBaHHS MOJYJASIMU CHCTEMH TEXHIYHOTO 30py Ta peanizamii
IHTEeNeKTyallbHOI 00pOoOKH 300paxeHb. BOHO CIpOMOXKHE pO3MAKOBYBATH Ta BHBOJAUTHU
300paxxeHHs1 GlF-¢aiiniB 31 MBUIKICTIO 5 MeTamiKcesiB 3a CEKYHY.

BunpoOyBaHHs cucTeMU TEXHIYHOTO 30pYy MOKa3aid, 10 BOHA BUKOHYE CTHCHEHHS
nuHamiyHoro nianazony HIJIJ[-300paxenns 3 120 16 mo 48 a0 3 MiHIMaTbkHUMHU BTpaTaMu
YiTKOCT1 JleTalied sIK y TEeMHHX, TakK 1 CBITIIMX MiclsX. BcTaHoBimeHO, 110, 3aBASKU
BUKOPHCTAHHIO MOJICPHI30BaHOTO anroputMy Retinex, mokpainyeTbcs dYiTKICTh JIeTaie,
0COOJIMBO Ha SICKPAaBUX JAUTSTHKAX 300pa’KeHHS.

Pa3paborana cucremMa TEXHHYECKOTO 3PEHUSI, BBITIOTHSIONIAS CXKAaThe M300pakeHUs C
IUPOKUM JuHamuueckuM nuanazonoM (IIJI/]) mo curnana ¢ nuHamudeckum auanazoHoMm 48 nb
0e3 moTeph YETKOCTH KaK B CBETIBIX, TaK M TEMHBIX MecTax, 0e3 apTeakToB U HMEET
yMEpEeHHBIC allllapaTHbIE 3aTpaThl TMPU peaau3alid B MPOrPaMMHUPYEMBIX JIOTHYECKHX



uaTerpanbHbix cxemax (IIJIMC). Beibpan amroputm Retinex cxxatust LI/1J[-uzo0pakenuss Ha
OCHOBE OmaTepaibHONW (YHKIUH JIOKATBbHOU spKOCTU. IIpeiokeH yHnpoIIeHHBIH alropuTM
cxarus IJ1J] nsoOpaskeHus, KOTOPBI BMECTO OWIaTepaibHON (PYHKIIUU UCIIONIB3YeT (DYHKIIHIO
aHaJIN3a JIOKAJIbHBIX XapaKTEPUCTHK H300PaKEHHUS.

Pa3zpaborana 6ubimoTeKa BUPTYaTbHBIX MOIYJICH IS CO3JaHUSI CUCTEM TEXHUYECKOTO
3peHHst pa3nuuHON cioxkHocTH Ha 6aze IIJIMC. Momynu OMOMMOTEKM MMEIOT MHHUMH3HPO-
BAaHHbIE allllapaTHbIE 3aTpaThl, OOJBIIYIO MPOIYCKHYI0 CIOCOOHOCTh U YHU(DULIHMPOBAHHBIN
uHTepdeiic. OHM paccYUTaHbl HA YACTOTY clenoBaHus nukcener 1o 150 Ml npu peanusanuu B
[TIJINC ¢upmsr Lattice u Basoe 6ompuryto — B [IJIMC ¢pupm Altera, Xilinx.

[IpennoxeHpl aHaTUTUYECKUH METOJI CUHTE3a KOHBEHEPHBIX BBIUUCIUTEIIECH HA OCHOBE
MPOCTPAHCTBEHHOTO rpada CHHXpOHHBIX MOTOKOB maHHBIX (I'CII), koTophiii obecrieuuBaeT
CHUHTE3 KOHBEHEpHBIX BBIYMCIUTENbHBIX YCTPOWCTB € PErJaMEHTHPOBAHHO  OOJIBIION
MPOITYCKHOM CIOCOOHOCTHhIO M1 MUHMMH3UPOBAHHBIMU alapaTHbIMU 3aTparaMu. [lokazaHo ero
VIOPOIIEHHE MpH TMPOEKTUPOBAHUM IpolieccopoB oOpaboTku BuaeouzodOpaxenuir B IJIMC.
CH0HOCTh ONTUMU3ALUU MPU MCIOIb30BAaHUM METOJAa 3HAUMTEIbHO HIKE, YeM B JAPYruX
MeToJ1aX, Oaroaaps 00JIBIIOMY KOJIMYECTBY OTpaHUYEeHHM, HakmaapiBaeMbix Ha ['CI1JI.

Pazpaborano sapo mpoueccopa RISC-ST2, opuentupoBaHHoe Ha 00pabOTKy
nocenoBarenbHbIX MoToKoB AaHHBIX B [IJIMC. OHo 3aHnMaeT HeOoIbIlINe annapaTHbIe 3aTpaThl
u BeimosHseT 100 MaH. KOmMaHJ B cekyHAy. s Hero paspaboTaHa mporpamma acceMmosnepa.
Snpo nmpoueccopa nmperHa3HAYEHO Ui YIPaBICHUS] MOIYISIMU CUCTEMbI TEXHUYECKOIO 3pEHUs
Y peaju3alfi MHTEIUIEKTyaTbHON 00paboTKu n3o0pakeHuit. OHO CrOCOOHO PACIIaKOBBIBATH H
BBIBOIUTH M300pakerne GIF-¢aitinoB co CKOpOCThIO 5 MeTanuKceNnei B CEKyH Y.

WcnpiTanus cucTeMbl TEXHUYECKOTO 3pEHHs MOKa3allk, YTO OHa BBIMOJIHAET CXKaTHe
muHamudeckoro auanazona IIJ[JI-uzoOpaxenus ¢ 120 b no 48 ab ¢ MUHUMaTBHBIMH
MOTepSMU YETKOCTH JleTajlled Kak B TEMHBIX, TaK M CBETJIBIX MecCTaX. YCTaHOBJIEHO, 4YTO,
Onarojaps HMCIOJIb30BAHUIO MOJEPHU3MPOBAHHOTO airoputrMa Retinex, ymydiiaercs 4eTKOCTb
JeTayei, 0COOCHHO Ha SIPKUX yIaCTKaxX U300paKCHHS.

The vision system for the high dynamic range (HDR) video signals is developed. The
system performs the HDR image compression to the signal with dynamic range of 48 dB without
loss of sharpness in the light and dark areas and no artifacts, and has moderate hardware costs
when it is implemented in FPGA. The Retinex compression algorithm based on the bilateral
function is considered. A simplified HDR compression algorithm is proposed, that uses the
intelligent image analysis of local characteristics instead of the bilateral function .

The intellectual property core (IP core) library for the different vision systems is
developed. The IP cores have the minimized hardware costs, high bandwidth and unified
interface. They are designed to support the pixel frequency up to 150 MHz when implemented in
the Lattice FPGAs, and twice more when implemented in Altera, Xilinx FPGAs.

An analytical method for the pipelined IP core design is proposed, which is based on the
spatial synchronous data flows (SDF). It provides a synthesis of pipelined computing devices
with a given throughput and minimized hardware costs. The simplified design of IP cores for the
video processing is shown. The optimization complexity using this method is much less due to a
set of restrictions imposed on SDF.

The microprocessor RISC-ST2 IP core is developed, which is focused on the sequential
data stream processing. It takes a little hardware costs and gives up to 100 min. instructions per
second. An assembly program is developed as well. The microprocessor IP core is used to
control the vision system and intelligent processing of images. It is able to extract the images
from the GIF-files at the speed of 5 megapixels per second.

The vision system tests have shown that it performs the HDR compression from 120 dB
to 48 dB with a minimum loss of clarity of details both in dark and in light areas. It was found
that detail visibility is improved especially in bright areas of the image due to the use of the
modernized Retinex algorithm.



4. HasBHICTh OXOPOHHUX JOKYMEHTIB Ha 00 €KTH MpaBa IHTEIEKTYaIbHOI BIaCHOCTI.

OO0’ekTaMu IHTEJEKTYaJIbHOT BJIACHOCTI € BIPTYyalbHI MOJYINi, 3 SKUX CKJIaJeHa cucrema. €
poboya TOKyMEHTaIlis Ha 1i MOIYi. |HIIUX OXOpPOHHUX JOKYMEHTIB HEMa€, TaK SK BIpTyallbHI
MOJIyJi, SIK MPaBWJIO, HE MAIOTh OXOPOHHHUX JIOKYMEHTIB uYepe3 HEMOXKJIUBICTh BCTAHOBIICHHS
¢axTy iX BIPOBaHKECHHS.

5. IlopiBHSIHHSA 31 CBITOBUMHU aHAJIOTaMH.

HaiibnmmkunmM aHanmorom € 6i0iioreka BipTyanbHux MoayiniB 1onos ¢ipmu Helion, Himeuunna ta
CHCTEMH TEXHIYHOTO 30py Ha 1l OCHOBI. Y IHX CHCTEMaX BHKOPHCTOBYETbCs anroputM HDR-
CTHCHEHHsI Ha OCHOBI MOOY0BU (DYHKIII pO3MOIiICHHS SICKPaBOCTEH, SKOMY IPUTaMaHHa Tipiia
SIKICTh CTUCHEHHS Ta MEHINA IIBUIKOisA, HDK airoputMy RetineX. YV mopiBHSHHI 3 aHAIOTOM,
IIPOMIOHOBAHA CHCTEMa MAa€ MEHIII anapaTHi BUTPaTH, Kpallly sIKICTb CTUCHEHOI'O 300paKeHHS Ta
OUTBIITY MIBUAKOIIO.

6. ExoHOMIYHa npuBa0IMBICTb JUIsl IPOCYBAHHS HAa PUHOK

Cucremu 06po6ku HDR-300paxeHb MOKyTh OyTH MOHOIIOJIbBHUMU Ha PUHKY MOJIOHUX CHUCTEM,
TakK SK Ha BipTyalbHi MOy JJIsl TAKUX CHCTEM MOLIHPIOeThest oomeskeHHst United States Export
Administration Act mo ekcriopryBaHHIO y TeBHI Kpainu. [lpu 3amiHi MOTIOHMX IMIIOPTHHX
CHCTEM Ha CUCTEMY, 1110 MPOTIOHYETHCS, MOKIUBUM NMpuOyTOK Outbiie 10 TUC. TpH. 32 0.

7. TloTeHuilHI KOpUCTYBadi — MIHOOOPOHIPOM, BHUPOOHUKHU BIIEOCHUCTEM KepyBaHHS
TPAHCIIOPTHUMH 3ac00aMH, MPHUIIUIBHUM BOTHEM; BUPOOHUKH CHCTEM BIIEOCIOCTEPEIKECHHS,
CHUCTEM MPOMHCIIOBOT JTIarHOCTUKH.
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