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The article presents a comparative analysis of raster and vector images in the
context of modern trends in computer graphics development. The relevance of the study
is determined by the rapid advancement of digital technologies, the need to enhance
visualization quality, and to optimize the storage of graphic data across various fields.
The key differences between these two types of graphics are identified based on a range
of criteria, including storage efficiency, scaling quality, color accuracy, texture detailing,
editing simplicity, and typical areas of application. The principles of image formation,
fundamental elements, and the regularities of graphic information representation in
the digital environment are examined. Particular attention is devoted to the practical
aspects of applying different types of graphics. An experimental comparison of one
hundred images (fifty raster and fifty vector) demonstrated the clear advantages of vector
graphics in terms of scalability, contour sharpness, and file compactness, while raster
images maintain leading positions in reproducing photorealistic scenes and smooth color
transitions. The method of expert evaluation of illustrative information was applied. The
results of data processing are presented in the form of a histogram. The study highlights
the growing popularity of hybrid solutions, in which raster and vector elements are used
simultaneously. This approach allows combining the realism of raster structures with
the precision and scalability of vector objects, creating an integrated environment for
the development of graphic projects. The findings of the study have practical value for
software developers, designers, and engineers working with graphic systems, as well as
for improving educational courses in computer graphics.

Keywords: raster graphics, vector graphics, computer graphics, images, compara-
tive analysis, expert evaluation.

Problem Statement. The modern digital environment is characterized by a gro-
wing demand for the creation, processing, and storage of high-quality graphic materials.
Among the numerous means of computer graphics, raster and vector technologies occu-
py a particularly important place. The development of hardware and software systems
aimed at integrating different graphic data formats necessitates a renewed analysis of
the properties of the main types of images. The need for such analysis is driven by the
expanding areas of computer graphics application, the transition to multimedia formats,
and the demand for optimizing graphic information processing.

Analysis of Recent Research and Publications. Recent scientific studies demon-
strate a growing interest in an in-depth examination of the properties of raster and vector
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graphics, as well as in the development of new methods for their integration. The study
[1] analyzed the efficiency of vectorization algorithms that ensure contour accuracy and
file size reduction. In [2], methods for integrating raster and vector elements within
unified graphic environments were considered, with particular attention to format com-
patibility and object editability. The authors emphasize that hybrid solutions enhance
productivity and flexibility in design processes. Research [3] focused on a comparative
analysis of raster and vector image quality parameters based on sharpness, detail, color
reproduction, and file size criteria. The results showed a significant advantage of vec-
tor graphics in tasks requiring scalability and geometric precision. In [4], an improved
approach to automatic vectorization based on machine learning methods was proposed.
Study [5] examined the influence of file format on the performance of image processing
software tools.

A synthesis of previous research indicates that contemporary science is directed
toward finding optimal solutions that combine the advantages of both types of graphics
and formalize their creation processes. Therefore, conducting a comparative analysis of
raster and vector images, taking into account their functional characteristics, remains
relevant and practically significant for the development of computer graphics and digital
visualization technologies.

Purpose of the Article. The aim of this study is to compare the features of raster
and vector images.

Presentation of the Main Research Material. Digital images are divided into se-
veral basic types that differ in their properties and characteristics. The most common are
raster and vector images. Raster images, in particular, provide a high level of detail and
the ability to reproduce complex color transitions, while vector images allow scaling
without loss of quality [6]. Digital images also include three-dimensional models, fractal
structures, and hybrid forms of computer graphics, which are used to create complex vi-
sual effects, realistic modeling, and the integration of different techniques into a unified
visual system [7]. Considering the limited application areas of other types of graphics,
this study focuses on raster and vector images.

Raster images are formed from a set of pixels (elementary points with individual
color and brightness values). Each pixel represents the smallest structural unit of an
image. Such images are typically obtained using digital devices such as cameras and
scanners. One of the main advantages of raster graphics is the simplicity and technical
accessibility of image input. The digitization of visual information is supported by a
well-developed system of peripheral devices. Raster images are optimal for reproducing
photorealistic objects due to their ability to accurately convey color nuances, perspective,
depth, and sharpness. However, it is difficult to represent real-world objects adequately
in a vector, mathematically formalized form. It should be noted that raster images have a
fixed resolution that determines their quality and detail when scaled. Increasing the size
leads to a loss of sharpness and the appearance of visible pixels. Another disadvantage
is the significant file size, as high-quality images may occupy tens of megabytes of me-
mory, complicating their storage, transmission, and processing. Editing raster graphics is
also challenging, as modifications to individual elements require adjustments to a large
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number of pixels. Although raster editors offer a wide range of artistic processing tools,
they are inferior to vector editors in terms of the speed of structural modifications.

Vector graphics are based on the mathematical description of objects using con-
trol points (nodes), curves, lines, segments, and contours. The basic elements are
points and lines. Segments consist of two nodes connected by a line or a curve, and
sets of segments form contours. A contour represents the outline of a graphic object
created using vector editing tools. Contours can be closed (all points connected by
lines or curves) or open (two arbitrary points among the set are not connected). An
important element of vector images is the Bézier curve, constructed using two control
handles extending from each segment’s nodes, allowing precise control of the curve’s
shape. Each element is described by formulas defining its shape, size, and spatial po-
sition [8].

As noted above, scaling vector images occurs without quality loss. Figure 1 presents
a comparison of a scaled fragment of the Lviv Polytechnic National University logo in
raster and vector formats. The vector image (a) maintains sharp edges even at a signifi-
cantly enlarged scale, while the raster image (b) shows visible pixels and noticeable
quality degradation. An 800% scale factor was applied for magnification.

b)
Fig. 1. Scaled fragment of the Lviv Polytechnic National University logo:
(a) in vector format; (b) in raster format.

When vector images are printed, their quality depends not on the initial resolution
of the image but on the resolution of the output devices (such as printers or plotters).
The same principle applies to displaying vector images on monitor screens. This charac-
teristic highlights another significant advantage of vector graphics — file compactness.
A mathematical description requires considerably less memory than storing each indi-
vidual pixel, which simplifies data transmission and reduces computational demands.
Moreover, vector objects are easily editable: changes in color, shape, or proportions do
not affect the overall file structure. Consequently, vector graphics are widely used in the
creation of logos, icons, diagrams, cartographic materials, and technical documentation.
However, vector graphics are less suitable for reproducing complex, multicolored, and
photorealistic scenes [8].
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Table 1 presents a comparative analysis of raster and vector graphics according to
the following criteria: storage efficiency, quality when scaled, color accuracy, texture
detailing, ease of editing, and typical areas of application.

Table 1
Comparison of raster and vector graphics
Comparison . .
criterion Raster graphics Vector graphics
Storage Large file sizes that increase with Compact file sizes due to mathemati-
efficiency higher resolution and color depth cal object representation
Quality when | Loss of sharpness and detail occurs Image clarity and stability are pre-
scaling during scaling served regardless of scale
Color Cap ab.Ie of rep roduC} ng smooth t(?m.ﬂ Limited reproduction of color and
gradations and creating photorealistic .
accuracy tonal gradations
effects
Texture Enables representation of complex Mainly used for schema.nc models
.. . o where complex texture is not essen-
detailing visual effects and texture transitions tial
Any modification requires adjusting | Editing is performed by changing
Ease of . . . A
editing a large number of pixels, making the | object parameters, which simplifies
process more complex and accelerates processing
. Most commonly used in digital Used for creating logos, fonts,
Typical areas . .. . .
of application photography, printing, and artistic cartography, technical drawings, and
visualizations iconography

A comparative analysis of raster and vector images was also conducted. For this
purpose, 100 images were examined (50 raster and 50 vector). The evaluation was
carried out using the criteria listed in Table 1, excluding the “typical areas of application”
criterion, as it cannot be quantitatively assessed and does not represent an advantage or
disadvantage. Each criterion was evaluated on a ten-point scale, where higher scores
indicate a stronger manifestation of the characteristic. The summarized results were
obtained by averaging the scores. The distribution of values illustrating the advantages
of both types of graphics is presented in Figure 2.

The obtained results demonstrate clear distinctions between raster and vector ima-
ges. The choice of the appropriate graphic format depends primarily on the intended
purpose. For instance, when scalability and data compactness are prioritized, the use of
vector images is more appropriate [9]. Conversely, when realistic image reproduction is
required, raster graphics represent the optimal solution [10]. The results obtained con-
firm the theoretical assumptions presented earlier.

Combined approaches that integrate the advantages of both raster and vector graphics
are increasingly being applied. Modern graphic editors provide tools for working with
both types simultaneously. Thus, raster and vector elements can be used within a single
project, ensuring flexibility and efficiency in the creation of graphical materials [11].
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Advantages of raster and vector graphics
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Fig. 2. Comparison of the advantages of raster and vector graphics

Conclusions. The conducted study made it possible to systematize the properties of
raster and vector graphics and to identify their respective advantages and limitations. It
was established that raster images provide high detail and realistic reproduction but are
characterized by large data volumes and a loss of quality during scaling. Vector images,
in contrast, are noted for their compactness, stability under scaling, and ease of editing,
though they are less suitable for rendering complex color transitions and textures.

The results of the comparative analysis confirmed the appropriateness of selecting
the type of graphics depending on the specific task: raster graphics — for photorealistic
visualizations, and vector graphics — for precise, scalable, and structurally organized
objects. Considering current trends in the field, the use of combined approaches that inte-
grate the advantages of both types of graphics is advisable. Such hybrid methods ensure
high quality, flexibility, and efficiency in the processing of visual data.
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Y cmammi 30iiicneno nopisHanbHUI aHANI3 pACMPOBUX | 6EKMOPHUX 300PAdICEHD 3
021180y HA CYYACHT MeHOeHYill PO36UMKY KoMN tomepHoi epagixu. AxmyanvHicmy 0oc-
JHOCEHHSL 3YMOGNEHA CIMPIMKUM PO3GUMKOM YUDPOBUX MEXHON02il, nompeboo y nio-
suweHHi axocmi gizyanizayii ma onmumizayii 30epieanns epagiuHux OAHUX Y pi3HUX
eanyssax. Busnaueno karouosi 6iOMIHHOCII MIJIC yuMU 080MA 8UOAMU 2PADIKU 3 HUZKOIO
Kpumepiis, ujo 0Xonjowms ehekmuericms 30epieants, AKiCmMb npu MAcumady8aHHi,
MouHicmb nepedadi Konbopy, 0emanizayiio mekcmyp, npocmomy peoazy8anHs ma mu-
nogi cgpepu 3acmocysanns. Posensnymo npunyunu ¢hopmyeanns 306padicens, 6a306i
ejleMenmu ma 3aKOHOMIpHOCMI 8i0meopenHs epaghiunoi ingopmayii' y yugposomy ce-
pedosuwyi. Ocobnugy yeacy npudiieno nUmaHHiIM NPaKmuidHo20 3acmocy68ants PISHUX
munig epagixu. llposedene excnepumeHmanvre NOPIGHAHHA CMA 300padicenb (n’sm-
decamu pacmposux ma n’samoeciamu eKmopHux) npooeMoOHCMpY8alo YimKi nepeeazu
8eKMOPHOL epaixu wooo Macumabosanocmi, YimKocmi KOHMypie i KOMRAKMHOCH
¢aiinis, modi sik pacmposi 300pasicents 30epicaroms nPosIOHI NO3UYIi'y 8i0MEoperHi (ho-
MOPeanicmuyuHUX CYyet i NIAGHUX KOTIPHUX nepexodie. Bukopucmano memoo ekcnepmuozo
OYIHIOBAHHS IIIocmpamueHnoi inghopmayii. Pezynomamu onpayroeanns npeocmasieno y
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suenAdi eicmozpamu. BKazano Ha 3p0CmMAaHHsA RORYIAPHOCIIT KOMOIHOBAHUX DilleHb, )
AKUX pAcmpo6i ma 6eKMOopHi eleMeHmu 6UKOPUCTO8YIOmMbcsi 00HodacHo. Takuil nioxio
oace 3mMo2y noeOHY8amu peariCmudHicms pacmpogux CMpYKmyp i3 movHicmio ma Macui-
MmaboBaHicmo 6eKMOPHUX 00 '€Kmig i cmeopumu €OuHe iHmezposaue cepedosuuge s
Po3pobaenns epaghiunux npoekmie. Pe3ynvmamu 00CaiodceHHs Maomy npakmudny yin-
Hicmb 0151 pO3POOHUKIE NPOSPAMHO20 3a0e3neyueHHs, Ou3alHepie ma iHdceHepis, wo
npayoioms i3 2pa@ivHuMy CUCmemMamil, a MmaKoxic 08 00CKOHANICHHS HABUATbHUX KVD-
cig i3 komn romepHoi epagixu.

Knwuogi cnosa: pacmposa epaghixa, eexmopna epagixa, xomn tomepua zpagixa,
300padicenHsl, NOPIGHANbHUL AHANT3, eKCEPMHE OYIHIOBAHMSL.
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