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Abstract. Drawing images on curvilinear shapes with the least distortion takes
place in many design tasks. In most ways, build a grid, each elementary cell of which is
painted a given color. In this problem it is necessary to solve two main problems: the first
- to carry out the formation of a given curvilinear grid with elementary cells in the form of
squares, which are called isometric (or isothermal); the second is to paint each cell of the
curved area with the corresponding pixel color of the original raster

The aim of the study is to reveal the way of displaying raster images on flat
curvilinear areas represented by isometric grids, and with the help of a computer model in
the Maple symbolic algebra to analyze the influence of isometric grid parameters on the
position and size of displayed raster images.

The mapping of images onto curvilinear forms with minimal distortion takes place in
many design tasks. A method of conformal mapping of arbitrary raster images onto plane
curvilinear region is proposed, which are represented by isometric (also called
isothermal) grids. The essence of the proposed method is as follows. Any raster image, for
example, digital photography in jpg format, is characterized by the dimensions NxM - the
number of pixels in width and height. In addition, each pixel has a color and brightness,
which are arranged in rows and columns. To apply a raster image to a curvilinear region,
it is also necessary to divide the curvilinear domain into N xM, the number of elementary
squares, each of which is assigned the corresponding color from the raster.

The influence u=[u,.u,] @and vv,.v,] arguments of the various isometric grids ru,v)
constructed on the sizes and positions of an arbitrary raster image are investigated in the
article. It is shown how the isometric grid, depending on u and v localizes the raster
image - it can be located both within the limits of the isometric grid coordinate lines and
beyond it, can also be oriented in different directions with respect to the u and v
coordinate lines. It is shown the possibility of scaling a raster image that can be
performed relative to the relative dimensions of an isometric grid. Since there is a
correspondence between the pixel matrix of the original raster image and the u,v- cells of
the isometric grid, the rotation of the image will affect its position in the isometric grid.
For example, rotating the original bitmap image at an angle 90 degrees will change its
location on a plane isometric grids — from along the u coordinate lines to along the v
coordinate lines. Note that, the curvilinear cells of the constructed isometric grids differ
somewhat from the shape of the squares because the values ¢u and dv of the corresponding
arguments u and v of their coordinate lines were taken somewhat too large. Otherwise,
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cells would degenerate into points and the corresponding grid image would not be so
clear.

Key words: plane isometric grid, raster image, pixel color

Introduction. Drawing images on curvilinear shapes with the least distortion takes
place in many design problems [2]. In most ways you need to build a grid, each
elementary cell of which is painted a given color. If any photographic image, as the
original raster of N x M pixels is considered as squares of a certain color, then it is
necessary to divide the curvilinear area into elementary squares, each of which is assigned
a corresponding color from the raster. Thus, in this problem it is necessary to solve two
main problems: the first - to carry out the formation of a given curvilinear grid with
elementary cells in the form of squares, which are called isometric (or isothermal); the
second is to paint each cell of the curved area with the corresponding pixel color of the
original raster.

Analysis of recent researches and publications. The formation of flat isometric
grids using a complex variable is shown in [3]. Drawing of images on isometric grids is
givenin [2].

The purpose of the study is to reveal a way to display raster images on flat curved
areas represented by isometric grids. Using the developed computer model in the
environment of symbolic algebra Maple [1] to analyze the influence of isometric grid
parameters on the position and size of the displayed raster images.

Materials and methods. The general scheme of display of raster images on isometric
grids is shown in Fig.1. The implementation of this scheme is possible only with the
involvement of modern computer technology. We used the Maple computer algebra
system [1].

Results and discussion. Let's have any bitmap image, such as a digital photo in jpg
format. Raster image is characterized by size - the number of pixels in width and height.
Each pixel has color and brightness. All this data is organized into rows and columns. To
apply a raster image to a curved area, it is necessary to prepare it - scale, rotate, crop, etc.

These operations in the Maple environment are performed by operators of the powerful

91



"Enepecemuxa i asmomamuxa', Nel, 2021 p.
ImageTools library [1]. The formation of flat isometric grids is carried out with the help of
the library of functions of designing isometric grids developed by us under different initial

conditions [3].
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Fig. 1. The scheme of display of raster images on isometric grids

Take a parabolic isometric grid (Fig. 2, a), the parametric equation of which has the
form:
R(u,v)=R[u?-v?2uv,0], (1)

where u=u,..u,] and v={v,..v,] — the arguments of the isometric grid are equal to u=-1..1]

Fig. 2. Examples of drawing raster images on a parabolic isometric grid
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Equation (1) of the parabolic isometric grid was obtained by separating the real and

Imaginary parts R[ Re(f),Im(f)0] of the quadratic function of a complex variable f(z)=z?,

where z=u+v+-1. The coefficients E and G the linear element ds’=Edw +2Fdudv+Gdv? Of
the grid (1) are equal to each other E=G =4, and the coefficient F =0, confirming its
Isometricity.

Control of the position of the raster image and its size is carried out through the
appropriate parameters of the developed model. Fig.2, b illustrates a raster image

superimposed on an isometric grid, if the parameters of its position are taken u, =0, v, =0.
If you take the value v, =1, the raster image will be shifted along the v coordinate line of

the grid (Fig. 2, c). The raster image can lie outside the image of the isometric grid, as we
have in the value v, =-0.5 (Fig.2, d).

Implemented the possibility of scaling the raster, which can be done in relation to the
relative dimensions of the isometric grid (1). Thus, Fig. 2, e, f, g, also illustrates similar
raster images with similarity coefficients equal to 0.75, 0.5 and 0.25. The center of
similarity in the curvilinear coordinate system, which in this case is a parabolic isometric
grid (1), is located at the point O - at the beginning of the u,vcoordinate lines.
Simultaneously setting the similarity coefficient equal to the value of 0.75 and the
parameters of the raster position u, =05,v =0.1, you can place it in a given place of the
isometric grid (Fig. 2, h).

Since there is a correspondence between the pixel matrix of the original raster image
and the cells of the isometric grid u,v, the rotation of the image will affect its position in
the isometric grid. Thus, rotating the original raster image at an angle of 90 degrees (Fig.
2, 1) will lead to the fact that for this image the number of pixels in height will be greater
than in latitude. Reproduction of the rotated raster image shows its location along the grid
line v (Fig. 2, j). In Fig.2, k, | built raster images, respectively, for the parameters of
position u,=05,v, =oand u, =0, v, =0.5.

Let us investigate the influence of the arguments u,v-of the coordinate lines of the
isometric grid on the display of raster images. To do this, take another isometric grid (Fig.

3, a) with a parametric equation of the form:
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R(u,Vv)=R[ sin( u)cos(v),cos(u)sinh( v),0] , (2
which was obtained by separating the real and imaginary parts R[ Re(f),Im(f)0] of the
sinusoidal function of a complex variable f (z) =sin(z) .

If we accept the limits of change of arguments u=[-1..1] and v=-1..1] of isometric
grid (2) and display the original raster image (Fig. 3, b) with the values of the parameters
of its position equal u, =0, v, =0, we obtain Fig. 3, c. We set other limits for changing the
arguments u=[-1..1] and v=0..1] for constructing an isometric grid (2). The display of the

raster image on this grid leads to the fact that it is already in its upper part (Fig. 3, d).

Fig.3, d shows the influence of the values of the limits of change of arguments u=-1..1]
and v=[-1..0] of isometric grid (2) on the display of the raster image. Fig.3, f, g, h, show

the display of the raster image on the Y4 part of the isometric grid (2).
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Fig. 3. The influence of the arguments of the coordinate lines of the isometric grid on

the size and position of the displayed raster image

The influence of arguments u,v- -coordinate lines on raster images will be
demonstrated using an isometric grid (Fig. 4, a), which is obtained by separating the real

and imaginary parts R[Re(f),Im(f)0] of the function of a complex
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variable f(z) =sin(z)+tan(z) . The parametric equation of this isometric grid is quite
cumbersome and therefore is not given here.

All construction of raster images were performed for the same argument values

u={-1..1], but for different change limits of argument v. The position parameters of the
raster image are equal u,=0 and v,=0. You can see (Fig. 4) how the isometric grid,
depending on the v=v,..v,] localization of the raster image - it does not go beyond the

coordinate lines u=[-1..1] of the isometric grid , but can be extended both up and down.

Fig. 4. Examples of the interdependence between the isometric grid and the raster

image applied to it

In the constructed images we will pay attention to two circumstances. First, all raster
images were reproduced together with the isometric grid so that its effect on the change in
image shape could be visually assessed. The second, curvilinear cells of the constructed
isometric grids are slightly different from the shape of curvilinear squares, although the
coefficients E andG the 1st quadratic shape of the grid are equal to each other. This is due

to the fact that in order to improve the visualization of isometric grids, the values du and
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dv the corresponding arguments u and v their coordinate lines were taken a little too
large, otherwise the grid cells would degenerate into dots and get one shaded area.

Results and discussion. The proposed method of applying raster images on curved

flat areas represented by isometric grids is characterized by the possibility, firstly, the

implementation of conformal mapping, and secondly, the control of the location and

scaling of the raster image through the appropriate parameters of the isometric grid.
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BIJOBPAKEHHSA PACTPOBUX 30BbPAKEHD HA ITJIOCKI
ISOMETPUYHI CITKHN
A. B. Hecgioomin, O. B. Heceioomina
AHoTaniss. Hanecenns 300pasicenv Ha KpUBOMIHIUHI hopmu 3 WOHAUMEHUUMU
CNOMBOPEHHAMU MAE Micye 8 Oazambox Ou3anHepcbkux 3adauax. Y 6inouiocmi cnocobis
0y0yIOmb CImKY, KOJHCH)Y eJleMeHmMapHy 4apyHKy sKoi 3aghapbo8yoms 3a0anHuM KOJIbOPOM.
Y nocmaeneniii npobnemi neobXiono supiwiumu 08i 0OCHOBHI 3a0ayi: nepuia - 30iUCHUMU
Gopmysanus 3a0anoi KPUBONIHIUHOI CIMKU 3 eleMeHMAaAPHUMU KOMIPDKAMU V BU2lA0i
Keaopamis, AKi HA3UBANOMb [30MempuyHi (abo we izomepmiuni);, opyea — 3agapbdbysamu
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KOJICHY KOMIDKY KPUBONIHIUHOI 00aacmi 8i0NOGIOHUM KOIbOPOM RIKCeNs BUXIOHO20
pacmpa

Mema 0ocniosxcenns - po3kpumu cnocié 8i000paN*CeHH PACMPOBUX 300PANCEHb HA
NJIOCKI KPUBOJIHIUHI 0baacmi, AKi Npedcmasisaiomscsa i30MempudHUMY CIMKAMU, ma 3d
00NOMO2010 PO3PO0IeHOI KOMN TomepHOoi Mooeli 8 cepedosuuyi cumeobHoi areeopu Maple
Npoananizysamu 6NIU8 Napamempis i30MempuyHol CimKU HA NOJAONHCEHHS ma po3Mipu
8I000PAICEHUX PACMPOBUX 300PAICEHD.

3anpononosano memoo KOHPOPMHO20 BI00OPANCEHHS OO0BIIbHUX PACMPOBUX
300padicenb HA NIOWUHY KPUBOIHIUHOL 0bacmi, AKi npedcmasieHi i3omempudnumu (ix
maxodic Hazusaiomy izomepmiunumu) cimxkamu. Cyms 3anponoHo8ano2o cnocody nouseac
6 makomy. byov-sike pacmpose 300padicenns, Hanpukiao, yugposa comoepapis y
Gopmami jpg, xapakmepusyemuvcs pomipamu N X M - xinbkicmio nikcenié no wupuHi ma
sucomi. Kpim moeo, xooicen nikcenv mae Kouip i ACKpagicms, sKi po3mauio8ai 8 psioKu i
cmognyi. [1]o6 3acmocysamu pacmposge 300padicenHss 00 KPUBONIHIUHOI 0O1acmi, MmaKoic
HeoOXiOHO po30inumu KpueoaiHiuHy obaracme Ha N X M, Kinokicmb enemMeHmapHux
K8aOpamis, KOHCHOMY 3 SIKUX NPUCBOEHO 8I0N0BIOHUL KOTIIp i3 pacmpy.

YV cmammi Oocniooceno enaue u=[u.u,] ma v=v.v,] apeyMeHmie pi3HUX
[30MempuyHUX CimoK R(u,v), NOOYO0BAHUX 3a PO3MIDAMU MA NOJIOHCEHHAM OO0BLIbHO2O
pacmposoco 300padicenns. llokazano, Ak izomempuuna cimka, 3anedxdcHo 6i0 U i V
JIOKANI3YE pacmpoge 300padiCeHHs - 60HA MOXCEe PO3MAULOBYBAMUC SK 6 MeCax
KOOPOUHAMHUX JIHIU 130MempudHOi CimKuy, mak i 3a ii Mexcamu, a maxkoxic mModxce oymu
OPIEHMOBAHA 6 PIZHUX HANPAMKAX U000 I KoopouHamuux niHiu. Iloxasano moociugicme
Macuimaby8anHs pacmposozo 300PadiCeHHs, 5SKe MOMCHA BUKOHAMU U000 BIOHOCHUX
posmipieé  i3omempuunoi cimku. OCKIbKU ICHYE GIONOGIOHICMb MIJC NIKCENbHONO
mampuyero 8UXiOH020 pacmpogo2o 300padicents ma U, V - KIIMUHKAMU [30MeMPUYHOTL
CImKU, NOBOPOM 300paAdCeHHs GNIUHE HA U020 NOJIOJNCEHH 6 I[30MempUudHil Cimuyi.
Hanpuxnao, nosopom euxionozo pacmposozo 300pascenus na kym 90 epadycieé npuzgeoe
00 Mo2o, Wo 0151 0AH020 300padicenHs KLIbKiCmb nikcenie no eucomi 6yoe OLIbulow 4um
no wupomi. 3aysancumo, wjo KpuBOJIHIUHI KOMIPKU NOOYOOBAHUX (30MEMPUYHUX CIMOK
oewjo BIOpi3HAIOMbCSA  6I0 opmu  Keadpamie, OCKIIbKU 3HAYEHHS ma BION0BIOHI
apeymeHmu ma ix KOOpOUHamHi AiHii OyIu NPUUHAmMI dewjo 3aHa0mo 8eauKumu. B inuomy
BUNAOKY KIIMUHU BUPOOICYIOMbCA 8 MOYKU, | BION0BIOHEe 300pajdiceHHsi cimKu He Oyde
HACMINbKU YIMKUM.

Kuro4oBi ciioBa: naocka izomempuuna cimka, pacmpoee 300paxcenns, KoJip
nikcensa

OTOBPAKEHUE PACTPOBBIX N30BPAKEHWH HA IIVIOCKUE
N30METPUYECKHUE CETKHA
A. B. Hecéuoomun, A. B. Hecéeuoomuna
AHHoTauus. Hanecenue uzobpasicenuti Ha KpUBOIUHElHble QOopMbl ¢ Maletiuumu
UCKAJICEHUAMU UMeem MeCmo 80 MHO2UX OusauHepckux 3adauax. B 6onvuwuncmee
Cnoco608 CmMposam cemky, KaniCoyio 3JeMeHMApHyl0 A4elKy KOMOpOoU 3aKpauiuéarom
3A0aHHbIM YBemoM. B nocmasnennoii npobnieme HeobXoO0umo peuwiums 08e€ OCHOBHbLE
3a0auu: nepeas — ocyujecmsums QopmMuposanue 3a0AHHOU KPUBOIUHEUHOU CemKU C
NEMEHMAPHBIMU AHEUKAMU 8 8Ude K8AOPAmos, KOMopble HA3bI8AIOM U30MEMPULeCKUMU
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(unu ewe uz0MepMU4ecKUMY), 8Mopas — 3aKpacums Kadxtcoylo A4etKy KpUSOIUHelHOU
obaacmu coomeemcmayouwuM Y8emom nUKceisi UCXOOH020 pacmpa

Lenv uccneooganus — packpvims cnocod omoopadlCceHUuss pacmposvlx U300paiceHUll
Ha NIOCKUe KpUBOIUHeliHble 001acmu, Komopwvle NpeodCmasisitomcs U30MempuiecKkumu
cemKkamu, U ¢ NOMOWbI0 pazpabomanHoOu KOMNLIOMEPHOU MOOeiu 8 cpede CUMBOIbHOL
aneeboper Maple npoananuzuposams enusnue napamempos U3oMempuieckou cemxu Ha
NOJOJCEHUE U PAZMEPbl OMPANCEHHBIX PACPOBLIX U300PANCEHULL.

IIpeonoocen memoo KOHGOpMHO2O 0MOOPAdCEHUs NPOUZBOILHLIX PACPOBLIX
uzobpasicenuti Ha NJIOCKOCMb KPUBOIUHEUHOU obnacmu, Komopwvie Hnpeocmasiietbl
uzomempuyeckumu (ux makaxce Hazvieaiom uszomepmuveckumu) cemxamu. Cymo
npeonazaemo2o cnocoba sakaouaemcs 6 cieoyiowem. Jlroboe pacmposoe uzobpasxcenue,
Hanpumep, yugposas pomoepadus 6 opmame jpg, xapaxmepuzyemcs pazmepamu N X
M — xonuuecmeom nukcenetl no wupume u vicome. Kpome moeo, Kaxicowli nukceib
umeem ysem u SPKOCMb, KOMOPble PACNONONCEHbI 68 CMPOKU U cmoadoyvi. Imoobwi
NPUMEHUMb PACMPOBOE U300PAdCeHUe 8 KPUBOIUHEUHOU 001acmu, makice HeodXooumo
pazoenums Kpugoaunelinyro ooracms na N X M xoauuecmeo sieMeHmapHuix K8aopamos,
KAXNCObII U3 KOMOPBIX NPUCBOEH COOMBEMCMBYIOWUL Y8em ¢ pacmpa.

B cmamve uccneoosano enusHue u=[u.u,] u vv,.v,] apeymenmos paznuuHwvix

usoMempuieckux cemetl, NOCMPOEHHLIX NO pa3Mepam U NOJONCEHUEM NPOU3BOIbHO2O
pacmposozo uzobpaxcenus. Iloxazano, xax uzomempuueckas cemxd, 8 3a8UCUMOCTIU OM
U U Vv JOKaIuzyem pacmpogoe U300paxpceHue  OHA MOJNCEmM PACNONA2AmbCsl KAK 6
npeoenax KOOpPOUHAMHBIX JUHUL UBOMEMPUHECKOU cemKu, maxk u 3a ee npeoeiamu, d
makaice Modcem ObIMb OPUESHMUPOBAHA 8 PAZIUUHBIX HANPABGLEHUSX U NO KOOPOUHAMHbIM
aunusim.  Tlokazana B03MONCHOCIbL  MACUMAOUPOBAHUS  PACPOBO2O U300PAdNCEHUS,
KOMopoe 603MOJNCHO GbINOJIHUMbG OMHOCUMENbHO PA3MEPO8 U30MEMPUUECKOU CemKIL.
Ilockonvky cywecmsyem coomeemcmeue mexcoy HUKCENbHOU Mampuyeli UCX0OHO20
PAcmpoBo2o u300padcenus u u, Vv — KIeMOYKAMU U3OMEMPUYECKOU CemKU, NOoBOPOm
u3006padicenuss NOGIUsIEM HA e20 NOJOJdNCeHue 6 uzomempuueckou cemxe. Hanpumep,
Nn0BOPOM 8HIXOOH020 PACMPO8020 U30Opadcenus: Ha yeon 90 epadycos npueedem K momy,
Ymo 0151 OAHHO20 U30OPANCEHUSL KOJUYECMB0 NUKcenell no gblcome 0yoem 0oJbule, Yem no
wupome. 3amemum, 4mo KpUBOJIUHElUHble AUEUKU NOCPOEHHBIX U30MEMPUUECKUX CeMOK
HECKOIbKO  OMAUYaromcss om  @Qopmvl  KAOpamos,  HNOCKOAbKY  3HAYeHus U
coomeemcmeayowue apeymMeHmsl U uUx KOOpOUHAmHuble JUHUU ObLIU NPUHSAMbL HECKOAbKO
bonvuumu. B npomuenom ciyuae Kiemku 8blpodcoaromcs 8 moyKku, U COOmeemcmasyoujee
uzobpadiceHue cemxu He 6yoem CmoJib YemKUM.
KiioueBble CJ10BA: n10CKas uzomempuuecKkas cemia, pacmposoe uzoopasicenue,

yeem nuKcens
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