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VJIK 004.01/08

30ipuuk Te3 nonoigeit XIII MixkHapogHoi HayKOBO-MPAaKTUYHOI KOH(pEPEHIIIT
«IHdopmarriiiai TexHosorii 1 aBromatuzaris — 2020», (Oneca, 22 - 23 xxoBtHs 2020
p.) / Oneceka Hail. akana. xapd. TexHosorii. — Oxgeca: OHAXT, 2020. — 308 c.

30ipHUK MaTepialiB  KOH(EpEeHIli MICTUTh Te3W JIONMOBIIEH HAyKOBUX
JAOCTDKEHb 32 aKTyaJbHUMH TMpoOJieMaMH Yy Taly3sX, BIJHECEHHX [0
3aralbHONPUUHATOTO TepMiHa «IHmaycTpis 4.0».

Po3rnsHyTi mnOHTaHHA MaTeMaTHYHOTO 1 KOMII'IOTEPHOTO MOJICIIOBAHHS;
yhOpaBiiHHSA, OOpOOKM Ta 3axuCTy I1H(OpMAIi; MNPOEKTYBaHHS i1HGOpPMAIIHHUX
CUCTEeM 1 TMPOTrpaMHHUX KOMIUIEKCIB, IITYYHOTO IHTENEKTy; aBTOMaTH3allii
pPOOOTOTEXHIYHUX CHUCTEM; KOMM'IOTEPHUX TENEKOMYHIKAI[IMHUX MeEpex Ta
TEXHOJIOT1; aBTOMATH3alli Ta YHPABIIHHA TEXHOJOTIYHMMH IIPOLIECaMHU; HOBUX
1H(pOpMAIIHHUX TEXHOJIOTIH B OCBITI.

Pe3synbratu nociipkeHb MNPEACTABIAIOTH COOOIO CBOEPITHUI 3pi3 Cy4acHOIro
CTaHy CIIpaB y NEpPEepaxOBaHUX Tally3sX 3HaHb, KU MOKE JTONOMOITHU SIK (PaxiBLSIM,
TaKk 1 CTyJEHTaM BHWIIIB CKJIACTU 3arajiHy KapTHHY PO3BHUTKY 1H(OpMaIiiHuX
TEXHOJIOT'1H Ta MOB’sI3aHUX 3 HUMU NTUTaHb.

B 30ipHuKy npencTaBiieH1 pe3yJabTaTH JOCHIKEHb B 3a3HAYCHUX Tally3sX 3HaHb
B IT nepenoBux yniBepcurerax 3 Kuesa, Xapkosa, JIbBoBa, Onecu, Binnuui, [Jnimnpa,
MukonaeBa (OBHUH CIIHMCOK YYaCHUKIB-OpraHi3aiii quBucs Ha ctp.11). HasBHICTh y
MOJIAHUX MaTepiaiiax 1H(POpMallli aHIIIHCHKOI0 MOBOKO JI03BOJISIE BUKOPUCTOBYBATH
30IpHUK Te3 sK 3aci0 KOMYHIKAI[li MI’)K BUEHUMH PI3HUX KPaiH.

30ipHUK pO3paxOBaHO Ha HAyYKOBUX INPAILIBHUKIB, BHUKJIAJayiB, acHipaHTIB,
CTYJICHTIB BUIIIMX HaBYAJIbHUX 3aKJa/iB, SIKI HAMAralThCs J13HATUCSA PO CyYaCHHM
ctaH Hayku B IT-ramy3i Ta TeHACHIT pO3BUTKY Taiy3ed aBTOMaTHU3allli
TEXHOJIOTIYHUX TporeciB Ta poboroTexHiku. Il i1Hdopmaris wmoxe OyTH
BUKOPHWCTaHA JJIsI BUPIMICHHS IIUPOKOTO KoJia IPOOJIEM B 3a3HAYEHUX PO3JLiIax, 0
BUHHMKAIOTh SK B HABUYAJIBHOMY IMpPOIECi, TaK 1 B JOCHIJHUIBKOMY 1 HAyKOBOMY
IJIaHaXx.

PexomennoBano no myOmikamii Buenoio Panoro I[HCTHTYTY KOMIT'IOTEpHUX
cucteM 1 texHonorid «Iumyctpis 4.0» im. I1.H. IlnatonoBa Onechkoi HaIlioHAIBHOT
akaneMii xapuyoBux TexHosorii Big 02.10.2020 p., nporokon Ne 2.

Mamepianu, 3aneceni 00 30ipHuKa, OpyKyIomvCs 3a A8MOPCbKUMU OPUSTHAIAMU.

3a docmosipnicmu iHghopmayii 8ionogioae asmop nyoaikayii.

© Opecbka HaIllOHAJIbHA aKaIeMisi XapyoBUX TeXHoJOT1i, 2020



Cexkuis 1.
MaremMaTH4YHe i KOMII'IOTePHEe MOAEJTIOBAHHS
CKJIATHUX MpoLeciB

UDC 004.925.5

ANALYSIS OF MICRO-FACETED AND WAVELENGTH APPROACHE TO THE REALISTIC
IMAGES FORMATION OF ANISOTROPIC SURFACES
CHAN A. L. V. (kovychwriter@gmail.com),
ROMANYUK O. N. (rom8591@gmail.com)
Vinnytsia National Technical University (Ukraine)

Peculiarities of micro-faceted and wave approaches to rendering visually realistic images of physical
objects on the example of Ashikhmin-Shirley reflectivity function and determination of anisotropic surface
roughness coefficient using light wavelength are considered.

One of the important tasks of computer graphics is to render images from existing digital models of physical
objects. During creating images, in most cases, the leading role is played by compliance with a certain level
of photorealism, which allows achieving a smaller difference between the images and the real object. [1].
One of such situations is the process of visual-realistic formation of anisotropic surfaces, which is in various
areas of information technology computer graphics application — medicine (e.g., to create the human skin),
social security, games industry, cinema, design, visualization in various scientific studies etc. Today, there
are many methods for modelling rough inhomogeneous surfaces with different approaches according to the
field of application. However, many of them remain imperfect for various reasons: the problem of real-time
implementation; the complexity of calculations, which causes the high consumption of resources, and,
accordingly, increases its cost. Similarly, the subsequent solution of this kind of shortcomings is a relevant
exploring and comparison of existing methods of visually realistic reproduction of anisotropic surfaces using
computer graphics.

When creating a visually realistic image of an object with a rough surface, you need to build a geometric
model based on the reflectivity of the surface, which plays a leading role in photorealism. The directional
distribution of the reflectivity of the surface is characterized by physical models built on the basis of
algorithms for calculating the total illumination and reflection of the incident light. Accordingly, the
reflective properties of any surface can be described by calculating the Bidirectional reflectance distribution
function (BRDF) [2].

Most of the existing models of BRDF are not universal in relation to the surfaces for which they are used for
modelling. A specific model of BRDF may be better for determining the reflective properties of one surface
and worse for others. This is due, in particular, to different approaches to the formation of surface
illumination depending on the type of surface material. For the formation of rough surfaces, we can
distinguish two approaches to the construction of the model BRDF — micro-faceted and wave. The first
considers a rough surface as a set of microscopic flat planes at different angles relative to each other. The
light wavelength is ignored and transferred to the RGB colour model. The second is based on the wave
nature of light and determines the roughness coefficient of the anisotropic surface taking into account the
light wavelength.

N N

a)

Fig. 1. — Reflection of light on a homogeneous (a) and rough (b) surface
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Consider in more detail the micro-faceted approach. In the early stages of the development of computer
graphics technology, Phong, Schlick, and Blinn models were used to form a model for illuminating various
objects, each of which initially did not take into account the surface roughness factor. Such calculations are
better suited for isotropic smooth surfaces on which incident light is spreading without interference.
However, under such conditions, the possibilities of realistic reproduction of lighting of many materials are
limited. Today, many modifications have been made to the existing BRDF, including the Phong lighting
model. One of them was the Ashikhmin-Shirley model, known as the anisotropic Phong reflection model,
designed in 2000 to process the agreement between surface and body reflection from the observer's point of
view. In this model, there are no attempts to model shadows and masking, but there is a compromise between
diffuse and mirror coefficients [3]. The model consists of finding the sum of these reflection coefficients and

has the form:
28R, n,D\° m\\°
lg=—2—(1—R) 1_<1_T> 1—(1— > )

B (n, + 1)(ny + 1)
S 8m(h, 1) max((n, D, (n, v))

(n, h)™ cos? p+n,, sin? ¢F((h, l))

I =14+,

where n, and n, — coefficients that control the shape of the mirror particle. Different ratios of these
coefficients give different results of illumination of the object.

Figure 2 shows the illumination of two bodies by the Phong and Ashikhmin-Shirley models with the same
degree of roughness. As can be seen from the figure, the anisotropic model is more suitable for illuminating
rough surfaces, because according to Phong, objects still remain smoother and polished.

) b)

Fig. 2. — The lighting of objects according to the model of Phong (a) and Ashikhmin-Shirley (b)

The Ashikhmin-Shirley model has a number of specific features, which is due to the realistic reproduction of
rough surfaces. This model meets the principles of reciprocity and energy saving; allows to model reflections
from anisotropic surfaces; the shape of the reflection function is determined by intuitive parameters; contains
the Fresnel coefficient due to which the surface specular reflectivity increases with increasing angle of
incidence; has a variable coefficient of diffuse reflection, which reduces the diffuse reflectivity with
increasing angle of incidence [4].

An alternative to the micro-faceted approach is the use of wave optics models, which are also obtained by
physical modelling, but including the dependence of wavelength and surface properties. They are the result
of a scalar solution of Maxwell's equations, assuming a relatively high frequency. The results are more
widely available than micro-faceted models.

However, the obtained expressions are much more complex both in the calculation and in implementation,
which becomes a certain disadvantage of this approach. The two surface parameters commonly used in these
models are the surface height o5 and the correlation length I.. If it is considered that the surface is anisotropic

13



and changes the height and distance in its various sections, these parameters statistically describe the layout
of such irregularities. The height of the surface describes how high these irregularities are on average. The
correlation length is a measure of how far on average these inequalities are [5].

The final result of the lighting model, which takes into account the length of light and the roughness
coefficient, is the Krywonos Modified Beckmann-Kirchhoff model (KMBK), which looks like this:

_ KQml? gm vy le
fxmer = 2—)126’352?(—9) T &P\

m=1

Figure 3 shows the result of image formation by micro-faceted (geometric) method of building a lighting
model and wave.

a) b)

Fig. 3. — Micro-faceted (a) and wave (b) image formation

It can be concluded that the approach of wave optics gives no less qualitative results, and in some cases may
have an advantage over geometric due to its accuracy and detailed consideration of the features of
anisotropic surfaces.
Thus, the main features of two approaches to the formation of the model of illumination of anisotropic
surfaces are determined. The Ashikhmin-Shirley model as a micro-faceted approach and the KMBK function
as a wave approach to the formation of visually realistic images of objects with rough surfaces are analyzed.
Each of the approaches is appropriate to use with strict requirements for realism because their calculation
requires a lot of time.
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