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AHoTaIis

Y pobomi pozenamymo ancopummu inpainting, wo 3acmocosyiomvcsi Ol GIOHOGNEHH NOWKOONCEHUX a0
8UOANIeHUX (Dpazmenmie 300padcenb Y cyHacHux epagiunux pedaxkmopax. Ilpoananizosano esontoyiro nioxodis 0o
3an08HeH s 8IOCYmMHIX oOnacmeil - 6i0 KIACUYHUX Memooie Ha OCHO8L dughepenyianvhux piensns (PDE) oo patch-based
aneopummie ma Cy4acHux Heupomepedicegux mooene. Busnaueno ocobnueocmi koscnozo nioxody, ix nepeeazu ma
oOMmedxcenHsi ni0 uac 00poOKU MeKCmyp, CMpPYKMYpHux eiremenmie i ckaaduux cyen. Oxkpemy yeazy NpuoiieHo
3aCMOCy8anHI0 INpainting 6 IHMeNeKMYaIbHUX THCMPYMEHmMAx pedazy8anHsi 300padceHs, 30Kpema asmoMAmuyHOMY
suoanentio 06’exkmie ma pekoncmpykyii ¢oony. Iloxkaszano, wo 6npoeadicenHss Memoois IUOUHHO20 HAGUAHHSL CYMMEBO
NIOBUWUNIO SKICIb A PealiCmMUdHICMb GIOHOBNICHUX 300PaAdCenb, WO poOUms 0aHy MexXHON02iI0 OOHUM [3 KIHOUY08UX
Hanpsimie po3eumiy Cy4acHux epa@iuHux pedakmopis.

KurouoBi ciioBa: inpainting, 00poOka 300pakeHb, PEKOHCTPYKIIisl 300paxeHb, Tpadiuni peJakTopy, HelHpomepexi,
B1IHOBJICHHA TeKCTyp.

Abstract

The paper considers inpainting algorithms used to restore damaged or deleted image fragments in modern graphic
editors. The evolution of approaches to filling missing areas is analysed, from classical methods based on differential
equations (PDE) to patch-based algorithms and modern neural network models. The features of each approach, their
advantages and limitations when processing textures, structural elements and complex scenes are identified. Particular
attention is paid to the application of inpainting in intelligent image editing tools, in particular, automatic object removal
and background reconstruction. It is shown that the implementation of deep learning methods has significantly improved
the quality and realism of restored images, making this technology one of the key areas of development for modern graphic
editors.

Keywords: inpainting, image processing, image reconstruction, graphic editors, neural networks, texture
restoration.

Modern graphic editors are widely used for image editing, in particular for removing unwanted objects
and subsequently restoring the background. For this purpose, inpainting technology is applied — an algorithmic
filling of missing or damaged areas of an image based on information from surrounding regions.

One of the first scientifically grounded approaches to inpainting were methods based on mathematical
models, particularly on equations that describe the propagation of information from the boundary of the
damaged region into its interior [1]. In these algorithms, the image structure is continued according to the
directions of brightness gradients, which makes it possible to effectively restore small defects.

Further development led to methods based on the Fast Marching Method, which provide faster and more
stable filling of small regions [2]. Such approaches work well for removing scratches or minor damage,
however, they do not ensure high-quality reconstruction of complex textures.

The next stage of development was represented by exemplar-based or patch-based algorithms [3]. Their
principle consists in copying fragments from undamaged parts of the image into the restoration area. The
algorithm finds regions similar in texture and color and gradually fills the selected area with the corresponding
fragments. This approach significantly improved the quality of texture reconstruction and became the basis of
many automatic object removal tools in graphic editors.

With the development of deep learning, neural network approaches to inpainting have emerged. In [4],
the use of contextual encoders was proposed, which allow restoring missing parts of an image while taking into
account the global context of the scene. Further studies have shown that the use of attention mechanisms
improves the accuracy of reconstruction of complex structures and textures [5].

A comparison of different approaches shows that mathematical methods [1; 2] are effective for small
defects and are characterized by relative simplicity of implementation. Patch-based algorithms [3] perform
better when working with textured surfaces; however, they depend on the presence of appropriate fragments in
the image. Neural network methods [4; 5] provide the highest quality of reconstruction due to the consideration
of semantic context, but they require significant computational resources. For clarity, the main characteristics of
different approaches to image restoration are presented in Table 1.

Table 1 — Comparison of image inpainting methods



Method Principle Advantages Limitations

PDE-based methods Propagation of information | Simple implementation, | Poor performance for
from the boundary of the | effective  for  small | complex textures
damaged region using | defects
differential equations
Fast Marching method Gradual filling of missing | High processing speed, | Limited  ability  to

regions based on brightness | stable algorithm reconstruct complex
gradients structures

Patch-based methods . Good reconstruction of | Requires similar
Copying texture textures and repeating | fragments in the image
fragments from structures
undamaged areas of the
image

Neural network methods | Use of deep learning | High quality  and | High computational cost
models (CNN, GAN) to | realistic reconstruction
reconstruct missing areas
using global context

Thus, the paper analyzes the main approaches to image restoration using the inpainting method,
including mathematical models, patch-based algorithms, and modern neural network methods. It is shown that
classical algorithms are effective for removing small defects and have low computational complexity; however,
their capabilities are limited when reconstructing complex textures and structures. Patch-based approaches
significantly improve the quality of texture restoration but depend on the availability of similar fragments in the
original image. The most promising approaches are neural network methods that use deep learning and
contextual analysis mechanisms to restore complex scenes. The use of such algorithms in modern graphic
editors provides a high level of automation in image editing and opens new possibilities for intelligent
processing of graphical information.
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