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Abstrac-The purpose of this work is to develop the
gyically correct reflectance model based on logarithm
fanction, which allows to increase the realism level of objects
ualization.

Keywords-reflectance model,  bidirectional  function,
garithm function, physically correct model, symbolic regression
g conservation law, normalizing coefficient. :

I. INTRODUCTION

| The main requirements to objects visualization [1] are the
| lighspeed and enough level of realism. The higl‘E .r?peed of
| ﬁ visualization is provided through using effective
siice shading methods [2] and simple forms of light
mm e models. In order to achieve high realism level of

hiets visualization the surface microfacet division [3] and

: mcle dual theory can be used depending on the task.
e _"Sh_‘ Nf_ledance models [4] should comply with the

_ mmmn law and Helmholtz reciprocity principle.

- o Swapping mholtz reciprocity principle (5] lies in the possibility
oy the income and outcome light direction. The
WM'OD law [6] means that the amount of light
ik the surface can’t be bigger than the amount of

| Wm?l?"“ models that comply
R o = ¥ ave called physically correct [7]- Therefore,
R Y nleeut of new physically correct light reflectance

with the energy

. “-. LITERATURE ANALYSIS
Mmam approaches to scenc rendering are
* “hd ray tracing.
$S5€nce of ray tracing method [8] is that the light r2y
'm the camera through the image pixel, the pixel
s calculated when the ray intersects with the
method is used only for the tasks of highly
i method is very laborious so it's not
of dynamic graphics.
i roductive and lies in
sional scene model into tWo
ical primitives of surface ar¢
is taken into account.

e

=ORFE mwe w -

maidaniuk2000#gmail.com
are described by bidirectional reflecta istributi
¢ nce distribution
f?mctlons [8] (BRDF). BRDF [9] show the ratio of reflected
light radiance in the direction V to irradiance in incident
light direction L (Fig. 1).

Fig. 1. The data for BRDF calculation

Bidirectional reflectance distribution functions are
calculated using the formula [6]

d1(¥)
I(L,)coso, do, :

where do — differential solid angle, #(¥,) il(L) —light
intensity in the reflected light direction and incident light
direction respectively.

The light intensity in given direction is ca
formula

lculated using

d®

) Y
dscos(c)do

ds —aread of light incidence, @ —the radiant flux

where
value. ,
main tWO types [10] of BRDFs are theoretical
e o
i d empirical.
sically accurate) &
(phY / odelling the surface

cal BRDFs are used for mode! :
xact consideration of physical laws.
mnpululinnull}- expensive, S0 lh'c}'
oductive computer graphics
retical reflectance models the squ'ace
big number of microfacets.
d Cook-Torrance BRDFs.

The theoretical
flection with €

his type ar€ ©
£ y‘" highly Pr

the theo :
systems: l':s described using a

uch models th

e Ward an
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jentation
; ean facet Or€!
F is based on using the m ula is uS
devit:lilor‘r; EsR.DFo:' the BRDF calculation the form
[10]
Nﬁfj
1 _ | , e.wmap :
(ﬁzxﬁy} 4am
L
where N — vector normal, H — half-vector between
and V. -
For the Cook-Torrance BI_IDF [I{l}i‘] Ca:[JU f?al;?or
Beckmann microfacet distribution D , reg'):rofacet)’ e
(describes the reflection from the mi

geometrical attenuation factor G (describes the shainWItEE
of facets) are used. The function is calculated using

formula

n the

D-F-G
a(N-L)N-V)
The empirical BRDFs approximately represent the

surface reflectance characteristics, therefore they are
characterized by high productivity.

The most common empirical BRDFs are Phong and Blinn
functions [11], considering the simplicity of their calculathn
and decent results of objects visualization. Phong BRDF is
calculated using the formula [12]

cos(x)”,

where n is surface specularity coefficient (shows the
surface reflection degree), x — the angle between light

reflection vector to viewer ¥ and specular light reflection
vector R .

Energetically correct Phong model [6] includes
normalizing coefficient calculation using formula

(n+1)/2x.

Blinn BRDF [13] modifies the Phong BRDF using the
angle between normal and vector / = (I:M})/lzf +P;l . This
anglt; [13] shows the value of surface deviation from
maximum specular direction,

When the surface specularity coefficient reaches big
value;, the calgulatlon complexity of Blinn and Phong
functions is starting exponentially increasing,

Schlick BRDF [14] is the first degree approximation of

the Blinn. : :
th: > rl:;:ll!:hong BRDF. Schlick BRDF s calculated using

cos(x)

n=n-cos(x) + cos(x)

The disadvantage of funetion j
oo ; N is not enoy
glow's attenuation zone reproduction realism, Bl of
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- lick BRDF, wh;

he modified Sch : iy
migeiuthom. is calculated using the form“?: [d]?it"’p!d

Y

2cos(x)

(1:25)(n—n-c08(x) +1 -25t:ostx))e -

The modified SC}'IIICR function ig More .
attenuation zone of glare. i

Gauss BRDF [10] is a function based op ¢,
between vectors. This BRDF provides

Ble (]
3Ccu’,;zi]ﬂlm

reproduction but the angle calc‘ulati.on is a Compy  thy
complex operation. The function is calcuiatedpuzﬁurmlb
expression g fy
n(4(A.L)?
& 2

The logarithm functior? baseq B““ﬂ-Phong
approximation is characterized with [ow com RDF

requirements and high pr.ccision glow's epicente
attenuation zones reproduction. The functiop i celotigy

using the formula [10]
(1-0.5-1og, (1-n-log, (cos(x)))).
Let's mark logarithm function based BRDF g i

Blinn-Phong BRDF as F),, Schlick BRDF as i

Fig. 2 shows the plots of F, , F,, F, when n=20,

1 T T

05 -

0
0 0.5

Fig. 2. Fipe , Fy, F, plots when n=20

h : b
Fig. 3 shows the plots of maximum relative
between Fe» F, and F, at the interval ,,5[1;1000] y
glow’s epicenter zone.
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Fig 3 The Plots of maximum § between Fiy A
AEIL1000) in the 8low’s epicenter zone



! Showa the plots of maximum absolut
H B and Hi.;-'-itiﬂw[ﬁuwﬂ'fn.l[IifIﬂ;OT.mu :

pharialcoordnats, The eqution akes the fom







5 value at the interval ne[1,1000] is

logarithy for., SPheres ys;
m function 1o, USin
ased mode|, S‘I:?l?i based mog

cAL USE OF THE RESULTS

V- . of use of the modified logari
_igtion o ogarithm
. ’ﬁ tance model the web tool OneShader

code of F,, implementation using

[}

H . F .
ibrary Shading Language). Fig. 11 shows '8 10. Code of energetically correct F

3 :}hf’ Energetically correct
¢k model. riginal logarithm function

implementation using GLSL

] n energeti /
gl Mwmmngesbasedu getically correct F_, original F,_, F| respectively

marizing: the use of energetically correct logarithm 3]
ion based model allows more precise glow’s epicenter
& stenuation ZONES reproduction in comparison with F

shuriginal Fi .

[4]

[5]
V. CONCLUSIONS
is e article the energetically correct surface reflectance  (g)
e based on logarithm function was developed. The
jriim function based model compared to the Schlick (7]
ukd allows approximating the reference Blinn-Phong
wi with considerably smaller absolute and relative errors.

T ariginal logarithm function based reflectance model

mﬁ@ by introducing the normalizing coefficient. The 9]

ted with the usage of symbolic regression normalizing

wﬁ’m“h provides compliance with the energy
n law and energy maximization condition.

(8]

(10

H&E GLSL shading language the visualization realism
% compared for the Schlick model, the original and [11]

pttica ;
gfmd“)’ correct models based on logarithm function. It

fro
mu;ﬁf_‘ the most accurate specular color component

e deye
"“ﬂhofhlﬁgd SM?CC reflectance model can be used for
ly realistic computer graphics.

REFERENCES

:‘j:rm :“ing for Free-view Synthesis”, Proceedings of the
3 1 'E'MI.D()[-G"@"-‘N and Interactive Technique, vol, 4,no 1,
B s ! hitps://doi.org/10.1 145/3451260
:‘.*m’hdingnm? and E Bengtsson, “Fast near Phong-quality
W’ I WSCG2006 Full Papers proceedings Rzl

487

| hat the proposed model among the considered )
(13)

[14]

T led
W Leimkghler, S. Rodriguez, and G Drettakis, “Hybrid (15]

gon:pu::ur% "N;'m'-mng and Modeling Anisotropic Reflection”,
. r Graphics, vol 26, 2 265-272
10.1145/133994.13407 B0 2. 4465372, L% DO
R _Munles. and C. Urefia, “An Overview of BRDF Models ",
University of Granada, 2012
D ‘Edwwds et al., “The Halfway Vector Disk for BRDF Modeling”,
ACM Transactions on Graphics. vol. 25, no. 1, pp 1-18, 2006. DOI
10.1145/1122501.1122502
E. Lafortune, and Y. Willems, “Using the Modified Phong Reflectance
Model for Physically Based Rendering ", K.U. Leven, 1994
R. Lewis, “Making Shaders More Physically Plausible”, Computer
Graphics Forum, vol 13, no. 2, pp. 109-120, 1994. DOL
hitps://doi org/10.1111/1467-8659.1320109
S, Marschner et al., Fundamentals of Computer Graphics. London,
NY, USA: CRC Press, 2016
F. E. Nicodemus, “Directional Reflectance and Emissivity of an
Opague Surface”, Applied Oprics, vol. 4. no. 7, pp. 167-T15, 1965
DOL: M&MMMJMM
0. Romanyuk, and A. Chomyi, High-performance methods and lools
for painting three-dimensional graphic objects. Vinnyisia, Ukramne
UNIVESUM-Vinnytsia (in Ukrainian), 2006.
A Oztirk, A Bilgill, and M. Kurt, “Polynomial Approximation of
Blinn-Phong Model”, in EG UK Theory and Practice of Compuler
Graphics, Middlesbrough, 2006, pp. 55-61

T. Phong, “[llumination for Computer Generated Pictures ,
b1 & fmofmutcu. vol. 18_no. 6, pp. 311317, 1975 DOl

5 9

Communicai
Jldoj.org/10.114 36 3
cction for computer synthesized

= 1
J. F. Blinn, Models of light re 1 for | a
I i hics, vol. 11, no. =, PP
ictures”, ACM SIGGR.—IH}I Cémpu!r_r Omﬁ;"n; )

192-198, 1977 pOoL: ht .
C. Schlick, “A Fast Alternative 1
Gems, vol. 4, PP: 385-387, 1994

k, S.
Y. Zavalniuk, . Romanyux,
Kmobeinikovu. “The _dcvelop_mem of
reflectance M el”, (in Ukrainian), (23;0
.lecfma.’ngiz; vol. 44, rjo ‘,
il 5

14

o Phong's Specular Model”, Graphics

paviov, R Shevehuk, and T
second degree physically correct

(oelectronic information-pawer
9-25, 2022 DOl

pP
7.44-2




