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HA MAricTepCcbKY AUCEPTALII0

BUKOHaHY Ha TeMy: Croci® onTuMisaillii CTUCHEHHS 300paXeHb 3a CTaHIapTOM

JPEG2000 Ha 6a31 npucTpOiB HU3LKOTO EHEPrOCIOKUBAHHS

ctynentoM: Kypunko Makcum IropoBuy

AKTyajJibHicTh TeMHu. [Ipu mnpoekTyBaHHI NPUCTPOIB O0OPOOKH 300pakeHb
BUHUKAa€E HEOOXITHICTh BUOOpPY (opmary 300pakeHb Ta crocoOy iX CTHUCHEHHS s
30epekeHHsI Ta Tepefadi Ha IHIN TPUCTpoi. Bim mpaBUIBHOCTI Takoro BUOOPY
3aJIeKUTh HE TUIBKH SIKICTh IPEICTaBICHHS 300pakKeHHs, ajie 1 CIIOKMBAaHHS €Heprii
MPUCTPOEM, 0OCAT HEOOX1THOI IaM’AT1 Ta MBUIAKICTh epeaadl 300pakeHb 0 MEPEXKI.
Kpim Toro, Takuit BUOIp BIUTMBAE TAKOXK Ha I[IHY OCTaTOYHOTO MPOTPaMHO-aNapaTHOTO
piteHHs. 1715t A0CSTHEHHSI HU3bKOTO €HEPrOCIIOKUBAHHS KIHIEBUMHU IPUCTPOSIMHU, JUISI
0o0poOKKM  300pakeHb  BaXJMBO  BUKOPHUCTOBYBAaTH  INPHUCTPOI  HHU3BKOTO
eneprocrnoxuBanHs (Low Power Devices — LPD), ski 3HaxomaTh 3acToCyBaHHS
IPAKTUYHO B YCIX raigy3sx BUPOOHUITBA Ta MOOYTY.

Tomy po3poOka apXiTEKTypH €HKo/epa Ta Coco0y CTUCHEHHS 300pa’keHb, SKi
J03BOJIIFOTh THYYKO Ta ONTUMI30BaHO M1JIAIITOBYBATH €Tall CTUCHEHHSI 300paXkeHHSI
i 3agadi kputepii (MBUAKOAIS, eHeproe(heKTUBHICTh, BAPTICTh) 3 OPIEHTAIIEI0 HA
BUKOPHUCTAHHS armapaTHUX MPUCTPOIB HU3BKOTO E€HEPrOCIOKMBAHHS € aKTYaJbHOIO
3aJ1auero.

MeTow JocCiHiIKeHHsI € KOMIUIEKCHA ONTHUMI3allig MpoLecy CTHUCHEHHS
300paxenb 3a ctangaptToM JPEG2000 sik 3a kpuTepieM €HEprocroXuBaHHS, Tak 1 3a
KPUTEPIEM IIBUIKOII.

O0’ekTOM JOCJIIKEHHSI € TIPOILIEC CTUCHEHHs 300pa)KeHb 3a CTaHIapTOM
JPEG2000.

IIpenmMeToM nOCTiTKEHHSI € apXITEKTYpH E€HKOIEPIiB 300paskeHb Ta crocodu

CTUCHEHHS 300paxkeHb 3a crannaptoM JPEG2000.



Metoau aociaimxenHs. MeToa MOPIBHAJIBHOTO aHaMi3y (CIIOCOOM CTHCHEHHS
300pakeHb 13 BTpaTtaMu Ta 0e3 BTpaT), METOJ a0CTparyBaHHs Ta cUHTE3y (BUOIp Ta
BpaxyBaHHSA JCKUIBKOX 3Hadymux (akTopiB mpu NOoOyaoBi cmocoly), MeTon
dbopmamizaiii (CTBOPEHHsI apXITEKTypH CIOCO0Y), eKCIEpUMEHTAIbHUN METON Ta
METO]1 MOPIBHSILHOTO aHalli3y (CIoCcoOU MOPIBHIOKTHCA 3a KPUTEPISIMU MIBUAKOIIT Ta
KUIBKOCT1 HEOOX1THOT ITaM’sIT1).

HaykoBa HOBU3HA OJIATAa€ B HACTYITHOMY:

1. Bmnepie 3anponoHoBaHa apxiTeKTypa eHkojiepa 300paxens y popmat JPEG,
sKa moJsrae y momaudikaiii BiIOMOi MOAYJIBHOI apXiTEKTYpH €HKOJepa 3
MO>KJIMBICTIO KOH(ITYpyBaHHS MOJYJIIB, BIIPI3HAETHCS BiJ HET 00’ € THAHHIM
nBox map eramiB npouecy JPEG konyBaHHsS, Ha SIKMUX BHPIIIYHOTHCS
mija3aaadi, Mo NoTpeOyITh MIIBHOI B3aEMOJIT MK COOOI0 3 Iepenayeto
BEJIMKOI KIJTBKOCTI JJaHMX MK HUMH, 1 JIO3BOJISE CIPOIICHY IHTETPaliio Y
SHKOJIep arapaTHUX MPUCTPOIB PI3HOTO TUITY 3 METOIO ONTHUMI3aIlii MPOIIECY
CTUCHEHHS  pacTpoBuUx 300paxenp y ¢opmar JPEG sk 3a
€HEPTOCIOXKMUBAHHSM, TaK 132 MBUAKICTIO.

2. Brnepie 3anmponoHOBaHHM cmoci0 CTUCHEHHS 300pakeHb 3a CTaHIAapTOM
JPEG2000, sixuii monsirae y peanizaiii ctpyktypaux eramiB JPEG koneky 3
OpIEHTAIlIEI0 HA TTPUCTPOT HU3BKOT'O CHEPrOCIOKUBAHHS, BIIPI3HIETHCS Bij
ICHYIOYMX MOXJIMBICTIO 3HAXO/KEHHS KOMIIPOMICIB MK OakKaHUMU
XapakTEepUCTUKAaMU MpU MOOYyN0BI TIOPUAHMX —amapaTHO-IPOrPAMHHX
pillicHb, a TAKOX JO3BOJIIE CTBOPEHHS MPUCTPOIB 0OpOOKH 300pakeHb 3a
3aJIaHMMH BUMOTaMH JI0 XapaKTEPUCTHK arapaTypy Ta CHEProCIOKUBaHHS.

3. Bukonano moOpiBHSIBHHM aHami3 naekinbkox eHkoxaepiB JPEG, mro
peani3oBaHi  3TIJHO 13 3alpONMOHOBAaHUM  CIIOCOOOM 3 pPI3HUMU
KOMITIPOMICHUMH BapiaHTaMU ONTHUMI3aIlii K 3a €HeproCroKMBAHHSIM, TaK 1

3a WBUJKICTIO OOPOOKH.



IIpakTyHa WiHHICTH OTPUMaHUX B POOOTI PE3yJIbTATIB MOJATAE B TOMY, IO
3aMpONOHOBAHUM CHOCIO HaZae MOXIIMBICTb PO3POOHUKY peanizyBaTh CBOI BIIACHI
MOYJIl 3aMICTh CTAaHAAPTHUX MOJYJIB 3 METOK ONTHUMI3allli MPOIECYy CTUCHEHHS
pactpoBux 300paxkeHb y (popmat JPEG. Peanizamis onTuMizoBaHUX MOAYJIB MOXKE
OyTH SIK UMCTO MPOTPaMHOI0, TaK 1 HA OCHOBI CIIEILia/II30BaHUX alapaTHUX MPUCTPOIB,
B TOMY 4ucia ¥ mpuctpoiB LPD, a Takox 3 BUKOpUCTaHHSM KOHBEEpHU3allii 00poOKu
JEKUTbKOX 300pa’KeHb Ha PI3HMX eTamax mpolecy cTUcHeHHs. Kpim Toro, 3aBasku
MOXJIMBOCTI THYYKOTO KOH(QIrypyBaHHA uepe3 myomuHuid APl € MoXIuBICTBH
MPOCTIllle BUKOHYBATH POOOTY 3 PI3HUMH BEPCISIMU MTPOEKTY Ta BUMPABIIATUA MOMUIIKU

0/Ipa3y JJis BCIX MPOEKTIB, OCKUIbKU API 3anmuiaeTbes 3araibHUM ISl BC1X MPOEKTIB.
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ABSTRACT

Relevance of the subject. When designing image processing devices, there
arises the necessity to choose the format of images and the method of their compression
for storage and transmission to other devices. The correctness of such a choice affects
not only the quality of the image representation but also the energy consumption of the
device, the volume of necessary memory, and the speed of image transmission over the
network. Moreover, this choice also affects the price of the final software-hardware
solution. To achieve low energy consumption by end devices, it is important to use low
power devices (LPDs), which find application in practically all sectors of production
and everyday life. Therefore, the development of an encoder architecture and an image
compression method that allow for flexible and optimized adjustment of the image
compression stages to the given criteria (speed, energy efficiency, cost) with a focus on
using low power hardware devices is a relevant task.

The object of research is a process of image compression according to the
JPEG2000 standard.

The subject of research is the architectures of image encoders and methods of
image compression according to the JPEG2000 standard.

The purpose of the work is the comprehensive optimization of the image
compression process according to the JPEG2000 standard in terms of both energy
consumption and performance criteria.

Scientific novelty is as follows:

1. For the first time, a JPEG image encoder architecture has been proposed,
which consists of modifying the well-known modular encoder architecture
with the ability to configure modules. It differs from it by combining two pairs
of JPEG encoding process steps where subtasks that require close interaction
between them are solved with the transfer of a large amount of data, and it

allows for simplified integration of various types of hardware devices into the



encoder with the aim of optimizing the process of compressing raster images
into the JPEG format in terms of both energy consumption and speed.

2. For the first time, a method of compressing images according to the
JPEG2000 standard has been proposed, which involves the implementation
of structural stages of the JPEG codec with a focus on low-power devices. It
differs from existing methods by allowing for compromises between desired
characteristics when constructing hybrid hardware-software solutions, and it
also enables the creation of image processing devices according to specified
requirements for hardware characteristics and energy consumption.

3. A comparative analysis of several JPEG encoders implemented according to
the proposed method with different compromise options for optimization both
in terms of energy consumption and processing speed has been carried out.

The practical value of the results obtained in the work lies in the fact that the
proposed method provides developers with the opportunity to implement their own
modules in place of standard ones for the purpose of optimizing the process of
compressing raster images into the JPEG format. The implementation of optimized
modules can be purely software-based or based on specialized hardware devices,
including LPD devices, and also using pipelining to process multiple images at different
stages of compression. Moreover, thanks to the ability for flexible configuration
through a public API, it is possible to more easily work with different versions of the
project and correct errors immediately for all projects, since the API remains common
to all projects.

Approbation of the work. The results and conclusions of the «Comparative
analysis of image formats for their compression in low energy consumption devices»
were presented and discussed at the XVI Scientific Conference of Master's and
Postgraduate Students "Applied Mathematics and Computing" PMK-2023 (Kyiv,
November 28-30, 2023). «Encoder architecture for optimization of raster images

compression to the JPEG format» is published in a scientific professional journal



«Computer-integrated technologies: education, science, production» issue Ne53 on the
topic «High-level technique for description of cloud infrastructure resourcesy.

Structure and scope of the work. The master's thesis consists of an
introduction, four chapters and conclusions.

In the introduction, the general characteristics of the work are given, the current
state of the problem is assessed, the relevance of the research direction is substantiated,
the aim and objectives of the research are formulated, the scientific novelty of the
results obtained and the practical value of the work are shown, and information on the
approbation of the results is given.

In the first section, the existing techniques and tools for compressing raster
images in JPEG2000 format are examined, and a comparative analysis is conducted to
1dentify the strengths and weaknesses of these approaches.

In the second section, the resources for image compression in JPEG2000 format
are discussed, detailing the principles of their operation and the methodologies
involved. Additionally, the structure and underlying principles of the proposed
technique for image compression are presented.

In the third section, the specifics of implementing the developed JPEG2000
image compression tool are outlined, highlighting the technical and practical aspects of
its application.

In the fourth section, the efficiency and simplicity of compressing raster images
using the proposed JPEG2000 technique are analyzed and compared with the traditional
methods used in this field. This comparison aims to demonstrate the practical
advantages of the new approach in terms of speed and ease of use.

The results of the work are presented in the conclusions.

The work is presented on 98 sheets, contains links to the list of used sources.
Keywords: image compression, JPEG encoder, embedded systems, low-power

devices, raster graphics, hardware acceleration.



