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Prediction of BYK-mac-i results for assessing graininess characteristics in

metallic coatings using scanner and texture analysis methods.
Fatemeh Malekpour?, Saeideh Gorji Kandi'*, Mohsen Mohsenit
Department of Polymer and Color Engineering, Amirkabir University of Technology (Tehran Polytechnic), P.O.
Box: 15875-4413, Tehran, Iran.

Abstract

Metallic coatings are widely used in various manufacturing industries, including automotive and decoration, due to their visually
appealing characteristics. Evaluating the texture graininess of these coatings plays a crucial role in quality control. This study
investigated various image processing methods including Fourier transform, wavelet transform, co-occurrence matrix, and distance-
dependent edge frequency to quantify the graininess attribute of metallic coatings. The texture analysis obtained data were compared
with the BYK-mac-i gonio-spectrophotometer graininess, and the correlation between them was calculated. The results showed that
all methods correlated significantly with the measured graininess data. Among these methods, the homogeneity derived from the
co-occurrence matrix demonstrated the highest accuracy in quantifying texture graininess, with a correlation coefficient of 0.88.
This result aligns closely with the findings obtained from the BYK-mac-i gonio-spectrophotometer. Additionally, the Fourier
spectrum means and wavelet energy in the diagonal channel in the frequency domain, and the energy and correlation features from
the co-occurrence matrix and distance-dependent edge frequency method in the spatial domain, provided acceptable results with
correlation coefficients above 0.82.

Keywords: Metallic coatings, graininess, texture analysis, BYK-mac-i gonio-spectrophotometer.

doudo —)
Ao 298 o jmga o iolyl p3lg) ((gilugyogs aiile (mlio )0 Glgpdz L § 5y Colix s 4 Sl glaiiy,
S| o..\.@l.m.;o/u».:l.v G 4 4.........:‘3 A L lﬁwy U"‘ u;‘).bUa 6[&§f§ .Jj)‘é ‘_gloo)....j o).;)lS leﬁfo 9 ul}w

0)‘.\560‘5@?9;&[3).0[)Lbu])ubsu_iv)).’so..\.uhbwy u_v“_g).ﬁUa g.)‘).».m u}}ﬁd)yéuﬁbsodhwbs‘))é)ms



o Aﬁz\ﬁz\ﬁ AN B s

ool 55 55 Jule lyte 41, L 5 88 s (o055 Lol 3 eanlin 1) 5, 5 (5 7m a2l oanlie L15) 5,515
ojlul 4y aS oamlive JB8 xaws LSl lgicas LSL ASTM E284 o uslin] gllas (0 ,F) 0,5 B, o idgs ol 5,0l
SBL 095 oo e 5y 9 (S5d £55 90 4 LBk (IS jsb 4 () S9h 0 i pa5 (il dily S5 65 Slixl auilosla
Say de )0 Dlyets Gl (G806 4S5 e JLBL 5 gl oo bl 615 D50 g Sl bgrye s Gl 5 ey 4 45 (Su5d
Glapiis gpa L Lol loadie glyie 4 1) pad lailor g &assp (Shy o0 oLKes 5°,25,5 ooV Jlo o
b d g Wload @508 0 (A Sy y0 &S 290 b (SasS Gl b JSS 4 i, s S (e Sl
ilidg; 5o Ladd 5 0500 (6)95 Lulpd g edalive seusly 4 ol (Kmly (S cnl aid S5ty 095 SLbI I (6 et
sl gals olis o bl pl waisTy o8 4 sur S Cdl 5l 6,5 ane pni b (V0 -Y) 068 oo otalive S ST g duas
oy a5 0gd o iy 25 (SO0 g by, bl lere 4 ol glasls ASTM E284-13b o Jusliw! b gllae (V) 548 o0 0l
Sj}‘*’“’ O glale (V) wiS e ol (SO U g olidg,y 5l edaiel (6651 005 o ] ,8 0uiST o8 Cod Sl (gdiges aS
3oyt Jelse a0 (S ol (VY AY) Conl odalice LB diges o 4 o3 Jolsd o il g 009 canline aygly 51 Jauws
Sl cel 53 sbalss, aS wlesls lis Gildlas .ol datinly Sl slaallssS, clale 5 Sz wjlal alox
OFY) s oo (rals |y Sig ol balass) clale iol58l oS Jb> o wigd o ol slasls

1570 D330 8 (S ilhodinge 5 eSS 7S g o] (g3l o o Slie sla gy 50 5,13k slo(Fhs Coanl 4 a2 g5 L
asle Sxo ‘_ng)‘}.g] .o)la S99 (o slals ‘_g).:foﬂ.\j‘ 6‘)‘.‘ b.d...‘z.c b.tbli’i.wé 5 Sra slahg, pol> Jb o o
) ads ) 5 oad slails asle g lil slaasls cpgas 0T g ol w)p L MA-TI2 s BYK-MaCc-i jiogisdy iSolgaisS
eiin Sl fSae iolol dasl o ay a5l ol gl sty o il 045 o o (Jl L .(V0 Y V) 0isS so fputs
Loy ol ol Ll (g pay STyol g BKws ol e (Siwon (ylime i) cpl )0 (gaudS o il 51 (SO .(VF) il
&)l 6 par szl 4 BYK-MAC-i jiogisdy iSawlsndsd 5l ol aliws mls Jos oz obJie goaxin Sldlas
5 ol5iws opl slacs puSoslasl 5l ol ol le (413 350 ;) (YL Kiwead ,Silo Slalllas oyl 5l o] Coway gl ailosls
AV AY) il oo s sbo b))

Sllie slagid gy o (Sl sl (o5 5 (it Sl S5 Sl Olyie 4 ngad (B3l Sy, w3 sladle o
5 pyas ol g, JUS 50 4,68 550 ol 1y ol slails (g5le (o Jow i 30 )50 ot (>SS wlons ke
NS paads sl (Joe (2w 0 bl § g pas Gl byl Judos b o San S .(VA) wiols &l L s b > wlgs
slals il s Glaxe 4y ay,98 les sl S 598 o 5l ool wl b o, San 4,58 (Q) wo,S olps—iy IS jolls

' McCamy
" Brilliance
"fineness

" Mottling

® Kirchner

” Sparkle

" Graininess
* Diffuse Coarseness
* Kitaguchi
"Dekker
"Ferrero



o ﬁéﬁi\j AN B s

Joae s aagh 0 lapl.(18) Wis S Byme ad lails Sy s5lw oo cax |y (Joe ol cpl 1 g 330,5 Byme o0l
ool walsl 10 . (1) 0l (spas o b 6 Yl (Siasad 45 yoie 45 00,5 (55l digy b ogighs xS | glaosls L 1) aJyl
a5 0l ) byl 00,5 qusy 1) 58 (aBLsne Joo 5 6 ra Sl )l o Regiphs iSnlsdsS s (Saen o502
St iy Lol iltsen (slo g, oy b e 5 S pal (V) 3,105 ppllan 3 Slae ladigai 553 0 4| Jas
Lol 500 Glasdllas ;o (V)) ditese ol slals (g5lo oS sl b )l5l (5 550 « Sogo hod 5 (Swaendgm i a5 wisls
53OS oslail g SOy et a5 w8l j0 g WSS (o |) S Sl iBigy LBl SIS, SlaS y soplwl 36
STyl 5, BT 5 (JS 5 any 5 (Ko samsgs ol 51 o 1) a8l 51 o omiad 0 55 8L 1 (smsii o
loaslas ;) (gojlosl b oo s M8 sl a5 wols o Lis 5 6,500 iagh 5o g T (YY) 25s,5 ssaliine oYl (Sied
(YY) oyl ad uls )8 (Lol L oYL Sen g consl s po

SlaolKin 5 s dgame (o yiw & 9 YU gan e aiile ol il (o Gl (g5l (oS 0 a8 ST g0 slacd i 9939 b
S pyad GBIy 2 e Wiz (69,50 (oo (nl )o Zu ledls falal]) 480 ayyg e Slay, 4 LS s Sl
g YL cdo L, Sdbie slo il g9 ol glaslo oS T aisle cad)l ) (6510 a5 Glapinn o jloolain TLaS 048 0
Ol 4l wars co alS 1) Dliess gan o Sa by, pl S oo S eslul s il b c—nlin S an
S (o et 3 1y (otalosl 5 (aio lakams jo ol (65,54,

& e =¥

FYHPY ‘_gjl.woél.oT -\-y

a5 slasgSay wind ags ¢ (b sl Glo,Lsl 5l e garals slbnl Guan L Sl iy sbedigad o ipgh cpl 5o
Sl 15, silien (sl oo stlomye ;5 sliin () sl 33,5 blyd sy (o (shals S 0 salad IS
pled b aias QB digy polie flaie a4 700 Y Cod 90 (Jols mls lal g <83 18 Gulesl o0 il s &
E955 obml 1 35 1ai b g diedan & jgody 105 AN, o3luil 5 £98 bl 09l Jols adises [0 ol lails Sal el
2y sleeslail o silver dollar 4 cornflake) cglise slaojlasl § JIKGI b poringl] jod £93 il .85 &g (5 Lo
poriosd] slo s Slasine ) Jsoz sl Casoas o)Ll 5l gloas J S 5 ggite canb b aiad bl (Cud s g lawgie
A2 oo L |y gty cpl o eolaiwl 5,40 1,5YL 8

pwegd] o e Slasuin 1) Joua
Table 1: Specifications of Aluminum pastes.

Number Sample Name Size (D50) Shape Effect
S10—E 10 um Silver Dollar Fine
S20—-E 20 ym Silver Dollar Coarse
C25—E 25 um Cornflake Coarse
S28 —E 28 ym Silver Dollar Very Coarse
C34—E 34 um Cornflake Very Coarse
C54—H 54 ym Cornflake Very Coarse
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Figure 1: A tree diagram of samples utilized in this study.
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Figure 2: BYK-mac-i Graininess bar chart for coatings with 50% metallic basecoat, a) Silver dollar, and b) cornflake

shape.
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Figure 3: BYK-mac-i Graininess bar chart for coatings with 30% metallic basecoat, a) Silver dollar, and b) cornflake
shape.
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Figure 4: Fourier transform extracted texture graininess versus BYK-mac-i graininess, a) Magnitude Spectrum
Mean, and b) Power Spectral Density.
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Figure 5: Wavelet Energy versus BYK-mac-i graininess in, a) approximation, b) horizontal, c) vertical, and d)
diagonal channels.
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Figure 6: GLCM properties versus BYK-mac-i graininess, a) contrast, b) correlation, ¢) energy, and d) homogeneity.
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