AHOTAIIA

Kpanidikamiitna poGoTa BKJIOYae MOSCHIOBaIbHY 3amucky (81 c., 54 puc.,
6 momatkiB).

Mertoto po3poOku € cTBopeHHs mporpamHoro 3aco0y mis GPU-npuckopenoi
KOHBEEPHOT 0OpOOKHM 300pakeHb, 10 3a0e3neuye ePeKkTUBHY OOpOOKY Bi3yallbHUX
JAaHUX 3a JOTIOMOTOI0 33JaHOTO KOHBEEpPA.

B xox1 po3poOku 6yio:

1) mpoBemeHO OIS Ta MOPIBHSJIBHUN aHAI3 ICHYIOUMX MPOTPAMHUX 3ac00iB
00poOKkM 300paskeHb 3 TOukH 30py ix miaTpumku GPU Tta moxmuBocTein
KOHBEEPH3aIIii;

2) BHUSBICHO HENOJIIKH ICHYIOUUX pillleHb, MOB'S3aHI 30KpeMa 3 HaKJIaJHUMH
BuTpatamu Ha nepenauy nanux CPU-GPU npu nocnigoBHiit o0poOiii;

3) oOrpyHTOBaHO BHOIp TEXHOJOTIYHOTO cTeKy Ha 0a3i WebGL ta GLSL s
peanizaiii GPU-npuckopeHoro KoHBeepa y Be0-cepeoBUIIL;

4) po3pobJicHO apXiTeKTypy mporpamHoro 3aco0y 3 akmeHntom Ha GPU-
pPE3UACHTHY KOHBEEPHY 00POOKY;

5) peanmizoBaHo Ha0ip KIIOUOBUX (UIBTPIB Ta oOmeparii mepeaoopooKu
300paxenb y Burisaai GLSL mieiinepis;

6) peanizoBaHO MPOTPaMHUI MEXaHi3M TOOYJOBH Ta BHUKOHAHHS KOHBEEpa
¢bineTpiB Ha GPU;

7) po3poOsieHO 0a30BUH KOPUCTYBALbKUI IHTEep(ec a1 B3aeMomii 3
MIPOTPAMHHM 3aCO00M;

[Iporpamuuii 3aci6 103BOJISE: 3aBaHTAXKyBaTH U(PPOBI 300paxkeHHs; HOPMYBaTH
JIOBUIbHI ~ MOCIIJIOBHOCTI  (KOHBEEpH) 13 HaOOpy peanizoBaHux GUIBTPIB Ta
HAJIAIITOBYBATH iXHI TapaMETPH JIJIsi OTPUMAHHSI IOTPIOHOTO pe3yabTaTy; BUKOHYBATH
00poOKy 300pakeHHs CPOPMOBAaHUM KOHBEEPOM; BUKOHYBATH aJITOPUTMU OOpPOOKHU
noBHicTi0O Ha GPU T MiHiMi3yBaTu nepenauy nanux mix CPU ta GPU; Bi3yanizyBaTu
pe3ynbTaTi OOpOOKH B peaJlbHOMY 4daci Ta 30epiratu oOpoOJieHI 300pa)KeHHS;

BUMIPIOBAaTH YaC BUKOHAHHS KOHBEepa JUIs OIIHKK MPOAYKTHBHOCTI. B mporeci



po3poOKu OysM BUKOPUCTaHI cydacHi BeO-TexHousorii Ta rpadiuni API, 3o0kpema
WebGL ta GLSL mist GPU-niprickopeHHsI 004K CIIEHb.

YnpoBapkeHHS LBOTO 3ac00y JO03BOJUTH 3HAYHO MIABUIIUTH HIBUAKICTH Ta
e(heKTUBHICTh eTary oOpoOKH 300pakKeHb I IOAANBIIOr0 BUKOPHUCTAHHS Y
iHpOpMaIIHHUX CUCTEMaX, SIKi BUKOPUCTOBYIOTh Bi3yallbHI JlaHl, 30KpeMa y cucTeMax
KOMI'IOTEPHOTO 30pY Ta IITYYHOTO 1HTENEKTY, SKi MPALIOI0Th 3 BEJIUKUMHU OOCATaMH
Bi3yalbHUX JaHuX. [IpOEKT ciyryBaTUME MPOTOTHIIOM JUIsI TOJANBIINX PO3POOOK
BHCOKOTPOJYKTUBHUX BEO-OpI€EHTOBAHUX 1HCTPYMEHTIB 00pOOKH 300pakeHb.
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KOMIT'IOTEPHUM 31P, WEBGL, GLSL, ITAPAJIEJIbHI OFUMCJIEHHS.



ABSTRACT

The qualification work includes an explanatory note (81 pp., 54 figs., 6

appendices).

The aim of the project is the creation of a software application for GPU-

accelerated image processing pipelines, which ensures efficient processing of visual data

using a specified pipeline.

In the course of development:

1)

2)

3)

4)

5)

6)

7)

a review and comparative analysis of existing image processing software tools
were conducted in terms of their GPU support and pipelining capabilities.
shortcomings of existing solutions were identified, particularly related to the
overhead costs of CPU-GPU data transfer during sequential processing.

the choice of a technology stack based on WebGL and GLSL for
implementing a GPU-accelerated pipeline in a web environment was
substantiated.

the architecture of the software tool was developed with an emphasis on GPU-
resident pipeline processing.

a set of key filters and image preprocessing operations was implemented as
GLSL shaders.

a software mechanism for building and executing a filter pipeline on the GPU
was implemented.

a basic user interface for interacting with the software tool was developed.

The software tool allows to: load digital images; form arbitrary sequences

(pipelines) from a set of implemented filters and preprocessing operations and adjust

their parameters to achieve the desired result; perform image processing using the

formed pipeline; execute processing algorithms entirely on the GPU and minimize data

transfer between the CPU and GPU; visualize processing results in real-time and save

processed images; measure pipeline execution time to assess performance. During the

development process, modern web technologies and graphics APIs were used,

particularly WebGL and GLSL for GPU-accelerated computations.



The implementation of this tool will significantly increase the speed and
efficiency of the image processing stage for further use in information systems that
utilize visual data, particularly in computer vision and artificial intelligence systems
working with large volumes of visual data. The project will serve as a prototype for
further development of high-performance web-oriented image processing tools.
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