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Investigation of the Effect of Structure Spectrum on the Appearance of
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Assessment of the total appearance of an automotive coating using standard methods would have a great impact in the automotive
industry. These methods should have a good correlation with visual assessments. In this research, the correlation between visual
assessments and the wave scan DOI results were investigated for white, metallic grey and metallic black automotive samples. The
visual assessments were carried out by a panel of 14 observers, including 6 males and 8 females under a light source simulating D65
in a light cabinet with a viewing geometry of 45/0. The visual assessment method used was one of paired comparison. Such quality
rankings were then converted to quantitative equivalents by the aid of the Thurston scale and the results were compared with each of
the wave scan output parameters. Statistical and ervor estimation parameters (i.e. R and stress) illustrated that amongst all wave
scan parameters, only Wd, We, LW and in that order strongly correlated with human evaluations of geometric attributes for these
achromatic paint samples. Investigation of structure spectrum showed that Wb is another important parameter indirectly influencing
on the surface appearance and in fact the value of Wb is greater than Wd and Wc in the acceptable region. Therefore, there seems to
be a complex relationship between these parameters which represent the short and the long waves which is of utmost importance in
assessing perceived total appearance. J. Color Sci. Tech. 7(2013), 123-1310©. Institute for Color Science and Technology.
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10- Surface structure
11- Short wave

12- Long wave
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1- Appearance

2- Specular gloss

3- Distinctness of image
4- Surface waviness

5- Orange peel

6- Psychology

7- Mood

8- Contrast
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3- Reproducibility
4- Stress

Journal of Color Science and Technology(2013)

Sy b Lyl o Ladiges adS .ol colasul g9 (5,95 ols>

siagiles VexY e slal b (so¥sd Slmio 55, 2 5,085 ol &8 5

s oole]

OB gy =YY
5 st Loatgad Ml 4 05 o 3 (ol & (o tudgy wnl b
Syl &Y ¢ G915 (55 Wilimd Y Jlael 3l oy g W0b 6,5 22
Ol 5o ot Jleel ladigas (595 (9,500 Ve Cualid b tilingy g 25Ul
el oai 0olaiwl BASF 5 i cole al ol sl 5l caand
Gloo L goado)s5 o)ls aaBo Vo Do 4y dl o ol 5l (e odiges
0S|, en (5 il AV s 0l Sy ol 5 ol ax 0 VY
S g (5 mS1 Sladiged (sl (5393 5 S Sladiged (sl Sph
Ladiges 55, cyo,5ee T Iaga canliids b o 31 55, 5, sl
a0 VFO sleo LioysS jo dado ¥V Coe 4 badiges loaze o Jlos!
Calbes Lidig o dny o dls o j0 aiae F ooy ol 5 e
OISl ey 5 Jloel Ladiged (59, 09,50 VO LY (o)
LB o5 5 Ll oSl 51y aigy i &Y
4 E5 6ln e g Jloel ladiged (59, 2 5 59) 5 g @ (oo
o o F il 4z 0 VFD Ol axj0 LoysS olg adBo Ve v
Sl 18 ani (Sl (S sladiges 51 SG o 5l a5 cnl @
W250,5 oolel digas YO ¢Sl (g S5

Lazyo Ve angly )3 (DOD) pgal z9dg 9 Sudln slacaeS
oS, 230 NOVO GLOSS 1Q Joco yiesssbenisS olSi s
Ui iy o850 b lasigas (5,5l il 3 ROHOPOINT
=5 o5lasl BYK Gardner gloJl oS & 5L WavescanDOI
Sl 523 D65 5 lailiwl (6,98 ain b (5,58 CuinlS ol 5y 8
A oslaiwl e diges (5 par b))

olass «diged YO 5l (6 pan Slislesl oo ool jataie 4
lagge canlel &S WA il o5 (5)5b a2 00 5 Dl (s3g00me
Sehw sladiges jlog)S 58 50 9005 (558 paie | Cenl hans il
5 ol e 4y s Sl 5SS 5 (St oSl
Gl JS 4 oS o ol (g y5b |, botiges W el ST
o=l aS Al an az g L ol ogdle i il |, pie ol
il o i il 50 L Canbso 35 (6 p Bl 4y By
3 62 ogl> 1 (6 pa BT (glls a5 0y 8 Sl oleaiges
Gloassas jlatsed VW ashw sloaises 5l i il 4ol
08,5 S 903 1 F Sl e g 55

Sy bl =YY
a5 Jlw YO s 5Kl L oaisSonnlin VF (g bl sl

(YY) 55 659U 9 pole indg 34\ LI gele ds)uins



OHCon g  Jds doxs

il e 5 lsds HEALS sanlis

laasises Lot Lol goged plol jglate 4 Gaiizs ol yo

OB aSeaalive 51 S0 0 (6200150 (o) 2 sl Sl (S

OB S eamlive (623,155 gl (liee ¥ Jgazr g0,5 Sl
a3 o lid Sl Sie sladiges (o1,

FSe 2 @il gl (o Sle 5 2l (Pl polie ¥ Jgur
Sl (St sladigas sl il 6ylel el b GFaiSonnlie

ooyl 65l el
sigei
FSlas Bl Sl
Yy, Y. 8 S S

Lol slaoloj)l ams oo LS T Joazr @l S5 5blen
OB e Seanlics 3l o slaz e g 009 1y, ,SE MalS 0as
9 S mlt adlbe Gnls beess 2Ll e 0 50
Gz (nl 3 508 QLB 5 Ll (s sy sloatls)) s 223,55
el oo ools L ) IS o a4 Wo )8 awslie pa b

14
12 A
-~ 10 4
X
7 s
2
& 6
4 -
2 -
0 T T
Solid White Metallic Black  Metallic Grey
Female B Male
&l
- 12
S 104
o8
@ 6
4 -
2 -
0
Metallic Black
Female B Male
<

O Sy )l 63 @l (@ e @l (W JSb
Sdle (6 S g (S « Sbie puéouhun ladiges ;o HLBT g ol

Journal of Color Science and Technology(2013)

X(E; —FV,; )
Stress=+———==—x100 )
JE(F,?)
2
Fe XE; ")
SE,F,

ool cjjjsb U”‘)f‘ ASMb‘sn ool 09; sbvisEi 4.]4;‘) U”‘ B
00gdZe 4O u,u).w‘ )‘JJ“LA ] & lJ 65L~M F Ml) u,ul.o.‘bc 55) )‘
FoS el bl jlade jadar e a8 (6 eb a4y Cenl prie o) e

B o sl lyeols degms 5 Hlee doyuo

Sra 2Ll @l (ow) 2 -)-Y
5 )5 glhs el oY ba ol )l Cova 285 S5 sl
Ol 3945 00,5 gy p @l Gl o L laaline (g pdyagas
20,8 sslaul ol L;)Lnij:;a)l,g 3 Bk

(5 iy m0zs) BasSeanlics o 38ly b)) Hskaie 4
L el jladie 4 Cos (BaiSonalin 5l S e las oliee
JEIRCRNC <| IPRARINH C PSRV 2P VO ESC o B P GV
dudw glBd Saes 6,0 ¥ Jooz 50 il jel)ly mSla >
sl 0 08l L5 Sl (g ST 5 S e Sellio

S S bl sl (Sl g S Tas (JBla polie ¥ Jeaer
oyl 6T bl b eSiles e ) Comd GF S cunlice

o el (550 ol ly
siges
Al Jolao RS
\Y,0V V.08 Ve Sl i
VYO i YA Ske (S
YYYY £yy VeAY Sls (g S

bl (Silas s e LES Y Jour @l a5 b len

S23 s Glis g 009 Gl L (S onalin (6 iy o
7 i sladiige 5 palls og > (oLl o LS asSesalive
ol odle lanils L 33l Slie Siis 5 g yinSE «Sllio
slraises ;o HFauSeanlin bl sl e (ol 4 4z b
A e Sl 1f s sladiged L anglie o Sl (S
b5 6ol ool Cgne (Slie (Sie) 05 SBES g 50 s o0
Ol L g 00,5 (e eanlive (g 5dly job  mhaw 35 7 oo
e g rl 2b))l Sl e s ladiges j3 (olids, adlse

(I¥AY) 55, 6 9Ud 9 pyle (g 33 —pele/ &3Sl

'Yy



1Yy

by G 3 855 s sl (ol Lol bl wisls oLz
V6 ran sl @l v oml 4 o oolatul (gt 65
0b o s phie Jolsh b s par plifie S 4 0aiSosalin
O (5 pa Bl sas 6l e diges 51 G e oS (5 0k &
oS50 Ly a5 b (sl il 51 Sy o bl ) and ol 5o
208 ey Gram e Lol (6,0 ojll mzse
L s oK sla il y 51 52 5 BLSIY 57 sla o
5 (St « SJlia f s sladlaal 13 o 4 (5 e wlide
ool 5 (R Gt o 6l (sl sal b Slie 2S5

el 00l ools oyl

1- Coefficient of Determination

5290395 Fows SS9 6Bl 0gla 53 (5 B b il ) s

9 Al slayloges 6250155 5 G RAynaeS s S )sbplea

3 eS Lapils il el 0Kile s 00 (Las Y 52 o
5 Gy Gl (i vy oo 85 4l sl QLG
)l mbs g Sl oS QLBIL alie )0 lapils (s pdyapans

el 13,95 11 (6 i Camo g EB3 3l oS (6

b g ge olwd (s sla skl sy bl )l (o) 2 Y-

Sy byl @bs
94,0V agly ;9 noal zods 5 Lol Dl s ogace T Jgux
VE g Sl ks aigaiV ¥ (ol |y b il (gl il

Aiged 90 dn BaiSeaslic a5 goue ¢0 (o Dglds aSLl sl

Ol yusti’ 0090

Sy Aigod
Wb Wa dullness Gloss DOI
Y,0-FY,% Y,Y-YF.A Y,Y-YV,0 A Y-0,0 F 1-9A,4 VY Sl yuf dds
(AR AT AN-YY VVA-YRY AY,0-4Y,F4 A YAV, VY \'¥ Sl g s
YY,0-£F.Y Ve Y-YYLY 7.0-Y-.¥ AV, N-90,7 ALY-9AA ¥ Sl (S
SW LW We Wd We
7,4-Y7.,0 - #-YFY YY-yf,v V.0-YFY Y.0-YV,7 'Y Sl yud dds
£,0-FY, VLV-YYLY q,V-YY, ¥ Y-¥y,4 yy-va V¥ Sl s S
YA-74.,4 f-YYA ZA-Y0,0 Y A-#\Y YY,Y-VEY ¥ Sl (S
Sllie o dpbes ladiged )0 mhaw JlSlo sl yiall b g (whike LLIID Jguer
b L le b wlyb ~
Gslel yolyly
SwW LW ‘We wd We Wb Wa dullness
2 -,AY -.fa - Af -2 < fA LAY VY R?
YV,Ys Y¥.,07 fy.y V0,08 14,0 YA YA INAY Stress
Sl (S sloaiged )0 s Ll b el b 6 par (ubdie LS F Jgur
g JLS Lo o ol _
Gl yolyly
SW LW We Wwd We Wb Wa dullness
AN <A 20 -,47 EAA Y -f - fY A R?
7.0 Y&.2A Yo, ¥ A Al £f.7 o Yv.Aa Stress

Journal of Color Science and Technology(2013)

(1YAY) 55, 69Ud 9 pole Mg 5y LI hede djubns



OHCon g  Jds doxs
Sl 5,1 slaaiges ;o s LSl sla el )l b par olidie L3IV Jgaa
b e le b plyb _
Salel ylyly
SwW LW We Wwd We Wb Wa dullness
YA A R A0 +,YA LYY LAY YA R?
YANA YO, ¥ \fd \Y,- Y.y fe,0r \AY \E AR Stress

L ogdo L oldaige g lslw ub (ow)p =YY
wollo

el dr sl Joid MB aspime i polite &) Cand () 3
e Sk 09,995 ladisel gl We g LW ¢ Wd a5
0wl BaiSeanlin jf W Sulis S 5 St o Sylie
obew 3 1) 6,0l ogla J5:8 BB o3game baaiges 5l 05,5 0 10 b
Sy oS (glosgace i 3 nl @ dnled (sl LS )l Lkl
I3 BB eogume Hloim o] bl jo B asSenalin (g i
5 spama s cal &1 a5 s 8 ool il Sl il
O We g LW e WA oalfiws slayal)ly 51 Sopo sl Jod
ol oo ools L A Jgaz ,0 ol mls a5 w5
Jssd 5 sdgaome ams o o5 A Jpaz quli5 o (s sloplas
=5 Slle (St 5 S Sl puf si sladiged sl
ol Gl Jsd BB edgame Sl W el gl
b alidy, plod 4 prosd bl a5 Sgai hy o olRios gloually
(6 7S Sl s slaiges (6 5l i inia
Ul 5 aiien Jssd Ll 5,0l oslr (ols 45 (S lia (St
L blie g par olie dae (pl s ogdle .Cuwlioad odls Lis T LY
ools aales "Vs" (g laisl cadle b alogype JSS (59 s diged 2

ol 00

e oS50 by o s S5l slazally 5 Spm 5 (s e
LLs,IWe g LW Wd sla sl )by Lo ams oo lid ooy (6,50 510l
RY) ot oy 45 (55 & o (5 Goliho b 093 b
)JQLQ.A RGN ,"\ 9 ’,QY“ ,ﬂf L: )_>‘).> u_..aj.a a_ La)lo,g_;
a5 5k a4 as o LS Iy pliee gl 5 eyl (bl 2l
slayall 5 s ran wlade a8gemme 99 o (il yelil polie
V40 5 YE,O8 OB 5l s ey 4 Wo s LW Wd _alSis
bl

9 Sode Slaasges sl |y (stlis 09,V 5 7 Jgom bl
Ot polae Syl ay axgi b aws o ol Sl (g xS
Tro9 9l i (290095 (555, o gl (cwiie la S
L Gl nsiges 405 5 55 28 0l gl )3 45y
o5l 6 pan o)) dy oo Sl 4 I el Ae 5l iy 50 lailo]
9 Sl 4_._9; S yg—o LSILQJ)J Cmwgy 0dudy L)AJLAAJ‘I’ Lm<\.:5.o.: 6,&”0
99 575 3 S Sesgy oy Cinogi 983 00 (L (g el b
oyl J=B We g LW e Wd a8 ws sla ol )b b o9 4 zlaw
bl sra b)) @S b (allis sla el (ol &5 (5)5b 4 cu
ol 5l as sl (lame e W 2l oo 0l 59 5 90l (o9
g ooliinl (p9)355 (255, Su 6,0l ool oLl ln Ol e

Slie 6,08 5 (Sie ( Sle 18 dbs sladigel o We g LW e Wd a8 slo il )l 51 S yo sly oo pns Jgd LB odgumes 1A Jgur

OB oS oualice olasi

sblf.’i.wé S ypnolyl (gl ous cpuuad Jou8 BB o0guxo , 4 g0d

LwW Wc wd
20,0 Y,0-10,Y V,0-1F,4 VAR N4 Sl b
\,Y-2.2 Yr-\1v,0 Y-10,4 VAR Sl (6 S
f-v.,0 \Y,Y-V14,7 Y A-\2Y VYANAS Sl L5i“M

Journal of Color Science and Technology(2013)

(I¥AY) 55, 6 9Ud 9 pyle (g 33 —sole Qb

1¥A



1re

529039 Foaws SS9y §)BUS 09la 13 (5 AL iub 8l ) e

Wa
(0.1-0.3)

Wb
(0.3-1)

dullness
<0.1

We
a1-3)

Wd

(3-10) (10-30)

‘Wavelength(nm)

e w4
w32

el ]
w20

w15
w27

el w31 w33 w17

13,158 s BB ongasme ;5 a5 Sl pé sbes slaaigal (o Ll Gl Y JKi

45
40 -
35 1
30
25
20
15

10

/

0 T T T

Wa Wb
(0.1-0.3) (0.3-1)

dullness
<0.1

We
1-3)

wd
(3-10)

We
(10-30)

Wavelength(nm)

|——G338

G28

G33 |

5,858 Jsed L osgasme ;5 a5 Sl (5 nS sladiges o bl il Y S

bW ol )l Jlade jo cglas cewl plp Lo @ Wh i)l jlade asy)
Al ansls 18 mdaw (60l ogl> )0 Wilg co s0L; s v
9 SreSE sladige sl ) orelie 3ig) 75 F 5 T laJset
Gl db e a5 (5 5k 4 wies oo lis SOl S
Slaie g aiiwd Wb Connd )0 S SO llo 5 Ladiged oyl
L 0o (ot i a5 52l 0l ;o Wd g Wb (sla el )Ly
O ol gl LB Cand 50 sl sy (55ke] bl 4l 4 axg5
bl cnl Jy )l 929 (s alal; (s par Wl s WD el
NS 8L 95095 A9 S oW gy s 2 sk

R 009,

Journal of Color Science and Technology(2013)

sloaasses g liSle b (povie w3 o0 OLSY IS (o) 2

S sl a8 15 (5l aghr (55 o Sllieud i
YA iSlas 4 V,0 Jélpdi)lmJMWbcmé)o%
Ot SLlo aS WIS g WT Wi g0l dus (5l ol ogdle ]
e el S5 Ll 5y i i 5 a5 5,5l o5l
2l b annlie )0 Ll (s aily slagse oauled) WA el
bl ke Ll ool 55 5 ool e o b Ly 5 Jila Untigas
S i (5, gl LIE s 5055 sl oioled) Wh
sl adoon ;Llil cnl e 2ol oS 55k 4y 05 o0 S5,
Latties daS o So sl)ls 5 0gi e (5,0l ogl> Sgups
e i 5 Ay 4S5 W20 W4 digel 90 duslie cpl p ogdle Lall oo

(1¥AY) 55, 69Ud 9 pgle A9 34 [\ Jelé ajubis



OhCon 9  JdS dox

45

.

40 -
35 1
30
25 |
20
15 -

10

0 T
dullness Wa Wb
<0.1 (0.1-0.3) 0.3-1)

We wd We
1-3) (3-10)

(10-30)

‘Wavelength(nm)

| —o—B15 —8—B31

B28 ——BI8 |

5508558 Jgd LB osgusme o o Sl Siw slodigas o bl s F JSCh

aJs ols lis Ladsges o sl b pw)pmo)ls g5 alaily
Sy Sy gl s Jgs LB 6,0l gl gl ls 45 s lodige
)b_fu o)|3_,o.£b as 6)91" 4 Jwd (WD) aL's'}f LSLQCS.A Cownd 5o
syl cnlplss sl We s WAzl jlade 1125755 Wh el )y
6ol ogda 1 peiie nf job ) 45 313 3929 525 (6,503 o
sbaggs g oS lagge Gm dw oo 5 4 g Cenl 35550 hats
S5y 6Ll oglx )3 45 500 952y (loszny alaly mhaw ol

Syl sl (18504 ,095

PSS g gl
5y09> ol &8 b slaciles 5l aS Auils oo 995 an b lalge

S S5, ole dnd g Voo VF o lal gy ol 8 JB o

1. R. S. Hunter, R. W. Harold, The measurement of
appearance, Second edition, Wiley Inter science, 1987.

2. W. J. MR. Pointer, R. M. Luo, Gloss as an aspect o the
measurement of appearance. J. Opt. Soc. Am. 23(2006), 22-
23.

3. H. J. Streitberger, K. F. Dossel, Automotive paints and
coatings, second edition, Willy-VCH Verlag GMBH&CO.
KGaA, Weinheim, 2008.

4. N. Dekker, E. J. J. Kirchner, R. Super, G. J. van den
Kieboom, R. Gottenbos, Total appearance differences for

Journal of Color Science and Technology(2013)

S 325 azxai =¥
il e oBaSeanlin 38lgs ols lis Jimgh opl Lg)L.J s
Sl e s sbraises 5 SIbLe (S slodiges (5 ol 05l
oj_l? S s us’l—i))‘ ) w_.m el )...w.:.a \SJ[M Lg)...wfb 9
Lannlio o Lapils g piquas 5 63,5 glas (g0l
o5l bl sl Gudos (ul o eslitinl 9550 (5 (25l Y5
4S5 Goob an vy 0 Ll 4 clie (9955 Sl 25, sl
o=l BasSeanlin g pdyasass g g pdy 1,0 Gl .Sl
Abs (29,095 sladtgal o el anyo VY 5l S Lyl s
Wd slo el b s 5 4 s par b)) @l cal Ae 5l i Ll
c»_MJCB.A oKwo (_¢‘>5),‘> L_sLbrdc‘)L: )JL»..: l.l A.M._vlﬁ.n ) Wc 9 LW .

&0 =0
metallic and pearlescent materials: Contributions from color
and texture. Col. Res. Appl. 36(2011), 4-14.

5. E. J. J. Kirchner, G. J. van den Kieboom, L. Njo, R. Super,
R. Gottenbos, Observation of visual texture of metallic and
pearlescent materials. Col. Res. Appl. 32 (2007) 256 -266.

6. Z. Huang, H. Xu, M. R. Luo, G. Cui, and H. Feng,
Assessing total differences for effective samples having
variations in color, coarseness, and glint. Chin.Opt. Lett. 8,
717 (2010).

7. V. G. W. Harrison, S. R. C. Poulter, Gloss measurement of

(I¥AY) 55, 6 9Ud 9 pyle (g 33 —sole Lhuklh



1)

11.

529039 Foan oy 6 U 0gla 33 5 Udw o i3l ) e

papers-the effect of luminance factor. J. Appl. Phys. 2
(1951), 92-97.

. G. K. Boeckler, Measuring gloss and reflection properties of

surfaces.J. Tappi. 79, 9,1996.

. ASTM E284-09a standard, ASTM international, West

Conshohocken, 2009.

. G. Hemashankar, Correlation between visual perception and

waviness measurements for coated surface. ProQuest
Dissertations and Theses; 2008.

H. Gradischnig, First experience with the wave scan DOI
and correlation to the visual perception, 6th Wave-scan User
Meeting, Konigsdrof, Germany:BYK-Gardner, Gereststried,
Germany,2004.

Journal of Color Science and Technology(2013)

12.

13.

14.

15.

Wave-scan DOI, The new generation for understanding the
appearance of coatings, 9th BYK-Gardner European User
Meeting, 2010.

W.S. Toregerson, Theory and methods of scaling, John
Wiley & Sons, New York, 1958.

J. Ma, H. Xu, M. R. Luo, G. Cui, Color appearance and
visual measurements for color samples with gloss
effect.Chin. Opt Letter.7(2009), 860-872.

S. H. Sadeghi, S. Moradian, F. Ameri, F. Mirjalili,
Quantifying visual perception of gloss, distinctness of image
and orange peel of automotive finishes utilizing a visually
spaced grey scale. J.Color.Sci. Tech. 6(2013), 377-384.

(YY) 55 659U 9 pole indg 34\ LI gele ds)uins



