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Abstract:

The optical and appearance properties of carpets can influence the purchasing decisions of consumers,
manufacturers, and interior designers under the influence of various factors. So far, a comprehensive review and
proper modeling of the optical properties of carpet has not been conducted. The evolution of modeling these
optical properties has expanded from simple physical approaches to intelligent systems. The three-dimensional
structure of carpets indicates that simple models cannot adequately describe their optical properties. Moreover,
the effectiveness of each modeling approach varies. Consequently, researchers have used new and advanced
modeling methods to thoroughly investigate the optical properties of carpets. Various appearance and
constructional factors, including the structural parameters of the carpet, fibers characteristics, and environmental
optical parameters, all affect the optical properties of carpets and and require further investigation to develop a
more comprehensive model. In this regard, quality control and prediction of the final product's appearance in the
carpet industry can be enhanced through the development of a comprehensive model that integrates optical
property analysis, image processing, and artificial intelligence.

Keywords: Optical properties, Carpet, Modeling, Color, Image processing, Artificial intelligence.
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Figure 1. Schematic illustration of light reflection from longitudinal direction (A) a hand-woven carpet and (B) the longitudinal surface of
the pile yarn(19).

T 9 SOy Wb -Y-¥

o Jesl g Sl Al o pwsipe 5 ole S8 byl g ol (358 (6 pm kS 5 Aok 0 an wiz 556 S W)
gl 48,5 A o

) Logas 0,10 3,5 (gldibaze o 5 Kiny 5 waldl 51 36 L o yb 5 oS5, 5l solit] ol cad o)Lt Y-¥ i o &5 jsboislan
Slr (N Sl oS 050 oo ool (65405 L Sla 5,8 50 pgad 4 anil> )0 JeSe Sl g A 0 e S, S
o] sbml gz 4 b, o (Sualen (izen 99,00 )5 @ @ Ui ok (S blE 5 ol lagis 05 e
Gl glad 5 wils 6 ho Sk ()b 5 9)) Jre (pBs) oSS, sioe Bl Glalb vy S35 4 (s e
FSUE g Fp S 1 Lad 00 )S D St |y e logtd b e Jre 0y Sla S5, o7 b p0 wies e osl> 500,
0970 3 03g9es al> 3550 4 [; LU Az gi Wl oo anBle 10 05w GoSS) b 5 S e 50 08 S, oS 5 s e ol
S Y Sl 5 ) Bes (bt b (ormb) 433, )15 4 I35, g9 4 din o858 00 i ) 598 5 S5, S0
3 el 658 U3k g S He 2 Ygens Sopd S, (Jlo ln (B FY-FO) wims oo it 355 5l Sglie ()98
(P wls 6 5t Ho8 QB3L dasS, AigS enl g sl (1Se (209, ST, sl 9)90 (nl Wb o)lal &5 ok len o5 >
shls (83 5l eolital jginS lalad )5 inlply WS oo Saie St ) 98 055 b p)S wnde wile (g, S,
75U (s SBL 5 698 i cu s p Wlgiee 15 IS, Johe JLSLe (Y FY) Bl Soglhae Wlgioe (rhs, o,
Slitwd B8 )0 pgad 4 65,5, 09 5 135, g9 CBELAT) 0l (bt Jobss SWIL 15, a5 e o3 0 0135
S agly el (ol Gidg lml L LSS, (B e Sl S0 ol g sl Ty 5 ole 2 Lerkines ooty
10 BT 5t YL laGas 10 s 5 o] GBS, 45 il 0 03l LS ¢ oy lalllas 3 im0 o kS |y 30
ol sl 5 S whaio mhans (luesl ()55 )3, 51 (20 w090 nl ysle S9zs T, S 2208 5 ok uz om SUSL
“¥7) 09l alide sl 50 5y 60l st 625 SSE crge Wl 0 S oS 5 ) s b 2 e e ul
Ky 50 Sl a5 s e |y GGl (nl Ol Kaagh 4 b xS ojll g ngal Ao n Hezen (e SlaSSS (FA



& g5 T ®
@MMJ;%@@

plil CIELab 5, slad jo Ygers g pSojlail opl oS Judoo YU cdo L 1) 5, Ges 5 il aysly «cdl 5 &b
(SISO (S g W ogl> Soyu b S e St ) a4zl el wlgiee mizmes S5) S5 (00) WS o
S5 el LS S oo 18 p JLST 50 ) 5 05 S, &S (el (0)) 30K 25U ()88 Sl LS 5 T, Bes
4 e 45 WS oglar oy 0y (e g e p Sl & St (g (Ple 2lids) 99doe Sl £5d5e (nl ko 58
L Gdn A o> g Gar S0 ez Ky oS5 b plaaz)l b lagh b 50 (BF) ogdioe plojen Cunl LS 0y 9
el dily ks o)Ll y Sk g sy STl lagl Blite 25U 5 oSS, Sjglre 4 o5 S5, died 4 Dad
UL L slss, 28,5 18 (Jle (lsie ar aies )8 30 cod 1) RaSs b QUL (S wilg oo riien S,
Sadsce i3l s eFojlail sl ialdl cely slaajgm b (SKiie aile YU i b (glacss, SIS 0 05 b ks aiile YL
S8l &S platp )0 oy 4 S sbml az b )0 (eSeal (i Cul Sew slate pitipa b () slasSl 0s2s
S 30y bip)S IS 50 05w ) (5 jsb 4 S9dse (o9 (S0 S0 4 i gadge (ul i)l platel
Srar gos dbml ln b, wedae dien i (b o sl s9zs 4 G srar 8L ()
S5 Blis glah b 0 45 aims e bt b mag 2gb e eolitul il gjledinz 5 op0e b ciie glasS)
balotis )0 S5) 2 oSl Slal Gl JB 50 orizren a2y | oLy, 5 (lad S o Wl e 5 o e )b S,
bl 0w K 5l eolanwl (e flaie a4 .l 00gr 35 (poled g A (6 e ool Sloul wegdle Lalize sl yisu g
ol b 55 ey (JB adle o oo )lS elde 5955 oo (A cutig 5o Ll jpam il (holed Glie 4 e slo JB

OF-51) ol i o)

oolzl (598 slate SlaSs, I (Jg abl ool ()b ST abl SIS0 (gpay Sy0 p wilgi 0 58 S5y 5 2ok Gl bLS)|
Sloglar Cunl (Sow Sinlor oSS, Loz Slagsblie )3 35800 iz () SLOPS S 4 pia WS
= 9,5 03l Bl (Bos ) Ol CuBls s ez ge alg oo eigd LSS Glagtl 5 LSS, S sl ez LS
Ganiwd ) Jgaz Ojgo 4 bl o 1) (B8 658 2lst p Fae sla bl (g os ggeame )3 (YY) Wil Laoe sles

BlodjlE 5 i cwyp dyee |, SHye 90,8
S3® 6398 Ples 3 ol 46 9" S0yl -

A s Gefealislnl g b n sl josd Sl sl (358 mlaw (g5, 5,5 [Lad 5 005 5l 36 aS (B8 (59,050
e (5,0l ) s g 59 Sl rels ab SUEL jo ek 4 Coles jo g kSl Dl ol ogd 0 B8
s LB oo a oolital 0,50 5| iy LB gelans sl slaatle (6ol 45 il sols i lalllae 5
) Ol 3 it (5 Sl S o, 0 593l 3] Aol s 035 ST 1, 5,55 adly oo sl e
JrsS Sy s oolaiul o Wlg oo s pSoslasl cpl 0I5 0,8 solaiul il )8 ol 380 Laseis sl bagyl
R ST PR e 0590 5 plgs bl daleslsa b e w005 p SUl o (AR de p o)lla g CodsS
B Gl 69 FEIES 2 w15 5 Lkl U siledae ln 0 Griares 5 6195 (S rar Sl el
bl oS ;0 (578 S5 sk 4 e bayn (Sl (Soptl a5 ol plas (Fopth il b Ky (o)
Seit e ol LU (53, Slallhs i e G205 (©) 5, osls 5 Gl (L) i, o (5ol 4 13550
2 ooly> slags slas (Wl 53,530 5l G a5 0l plis gl (olidy, 9 Gr g9 oSTS Gn ] JRe) 82
o Blo glajy Lzl a5 al pasuie disly (l 50 05800 a8 IS (Saris e 5 (L) olids; Sials cel glans
Sleogaz (53 69, GN,L DIl (owyp b igren 09d o0 SOl ol Sl plasal laaygly ;5 558 Houe b
3 OR erdiiS p lade il oo Gl (B3 Culid 4z e a5 ad SdL s (B85 dher 5l (Sund g Slexsle
SU5 355 5 G 5 ot S5 et ke VL o515 L (slahd S e i G L 5
2 LBz S5 515 (6508 6 d S (e iy 5 b la 8 a8 ol lis «g BTk 5l ey ;R0 Olss sl

1 Wearing



& g5 T ®
@MMJ;%@@

e o5 Lol 1035 e Jme chaso 4z aolie S L5 5l g sl ST ite Lol oisS s 5 sl L yh 45 el o
Slamly (58 5n Caz g Sl 50 S 0gou ¥ IS0 (FY-FR) s o0 &) (hodie a)b (59, SVL Jlown 1L 50 ouli]
935 G869y » &S widlioe sladll g (9,05 davel g 28 les b doxul 0 ams e lis Lo 950 4 5L Jles!

s g i | o] iz ey Jsb )0 Cales 50 500 o (59, )b Jleel a4 yzmie 5 A8 00 05

— Load U
/ —— Pileyarn <—f
a A A A -

a) b)
F_’ Load M H ]— Load
)
? U \)
Pile yarn : Pile yarn
d)

ool 00 5 (S0, 5 Byl 4y e o 0 5 UK s (0 455 5 ol €ty b B8 05 33 @ 55 555 b Jlosl YU
.(\Y)

Figure 2. Application of load a) New carpet; b) Worn carpet; c) pile deflection; d) pile deformation causing jamming (17).

gl g5y, Codlis 2l gy s loauile oleedsdy ods 4 5, Salis 5 <l b ol |y (So,55L ol il
@ Geigred 5 i (69 ol @ 6ol (AES Az s Jle plye 4 08 patie 55 5y ol Cews 5l g ud A
b yoiio ol olaas Jds a la b8 o SlidS cnl plp 5o Saglie Uy jls (Soaw o] S5y 5 4k 5 & 5L
o Lal 5 p ol g & At Sigladyge 23 L & (B30 n e BUIT oS 5 4 g oe o it ) el Ooglia
G el p2d Shgo 4 Lol b o Canl pete 0,5 es (She &5 Giole 5l A0 Sanis oy s (FF) o8
4 e 45 d9d oo o) ol Blo Sl (F9,95L (5 ok 4 (V9 9bon (Sl S g e sl 5SS

slap LSy 2 slo Shis 5 (38 658 Pl 2 Fse Slse saimslid V Jgar (F1) b walys sk a8

6o Al 2 ol 18 g 88 Gl S S r ) Jeua
Table 1. Some characteristics of carpet and their effect on optical pro

Structural Characteristic Effect on the Optical and Visual

Properties of Carpets
Directly affects lightness, gloss,
Fiber type (wool, acrylic, polyester, etc.) absorption, and light reflection. Brighter (5, 6)
fibers reflect more light.

A higher refractive index results in greater
Refractive index of fibers luster. Silk and polyester have higher (7, 30-32)
refractive indices than wool
Triangular or multilobal fibers reflect light
in a more concentrated manner, resulting in
Fiber cross-sectional shape increased luster. In addition, different (19,29)
cross-sectional shapes exhibit different
reflection characteristics
Knot type affects the angle of the pile and
the way light is refracted. Different knot

Knot type (Farsi knot, Turkish knot, etc.) types result in differences in visual (33)
appearance
Longer pile results in greater light
Pile height scattering and a more matte appearance, 7.9

whereas shorter pile results in greater
reflection and a glossier appearance
Higher pile density results in greater
optical uniformity; however, if the pile is
irregularly distributed, it can lead to visual (9, 11, 12, 24-26)
non-uniformity. Higher density also
produces a more uniform surface and,

Knot density (number of pile yarns per unit
area)
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consequently, more uniform light
reflection
Unidirectional pile orientation causes a
dual shade effect, resulting in different
- (7,8)
visual appearances of the carpet when
viewed from different directions
Greater surface roughness results in
Surface roughness of fibers and yarns increased light scattering, which reduces (9,11, 18)
luster and enhances the matte appearance
Color contrast between the background and
pile colors enhances the visual effect and
influences the spectral absorption and
reflection of light
The use of dyes and chemical treatments
can alter the light reflection characteristics
of carpets. Dyes modify the angle of light
reflection by forming specific surface
layers. For example, blue and green colors
exhibit the greatest difference in
reflectance between the longitudinal and
cross-sectional directions at greater color
depths. In addition, different finishing
treatments can significantly influence the
apparent color and visual appearance of
textile materials.

It results in a reduction in overall
reflectance and an increase in
heterogeneous light scattering, leading to a
decrease in the reflectance coefficient and
consequently affecting the apparent color
of the carpet.

Pile orientation

Background color and pile color (1-3,7, 43, 53-61)

Chemical substances and dyes (5,6, 17)

Wearing (62-69)
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2 Mie theory
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Figure 4. Schematic illustration of the interaction of incident light radiation with a single particle (87).
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Figure 7. Generated patterns after four generations (98).
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Figure 8. The process of primary color gene selection based on the color network model: (a) Color network model; (b) Selection of
primary color genes (99).
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Figure 9. Analysis of color genes and primary scheme in Yungang Grottoes statues (a) Yungang Grottoes statues; (b) Color network
model; (c) Color genes; (d) Primary color scheme (99).
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Table 2: Comparative table of proposed models for analyzing and predicting the optical properties

Theory/ Model
type

Type of analysis

Accuracy

Advantages

Limitations

Suitable only for
g Classical analysis - Simple, basic, and transparent and (19, 50, 63, 64, 70,
S SRl (S (light absorption) [y easy to understand homogeneous 72-80)
media
Kubelka-Munk Scattering and Moderate to good Suitable for semi- Numerous (81)
theory absorption model transparent assumptions and
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materials; provides
an appropriate
simplification

low accuracy for
complex structures

Reflection-path

Suitable for
predicting
reflectance from

Requires accurate

Geometrical model modelin Good the yarn cross- cross-sectional data (86, 87)
9 section; enables
detailed graphical
analysis
Light scattering Accurate for_ .
Mie theory from spherical Good powd_ery mate_rlals Only_appllcable for (72-80)
- or with spherical specific geometry
particles :
particles
Statistical Capable of Time-consuming,
Monte Carlo model | simulation of light Very good analyzing any computationally 74)

propagation complex structure intensive
Real analysis of
. i . carpet appearance Need for standard (17, 23, 40, 50, 70,
Image processing Data-driven/visual Good to excellent with photos, non- lighting 79, 80, 91, 99)
contact
s Ability to model
Artificial Neural Data- "
Network (ANN) driven/statistical Excellent comple?( non_llnear Need a lot of data (7, 72, 94-96)
relationships
. - Requires powerful
ottt | Vit e | VO Saaeas | .0t
robust dataset
Current functions
still have
Mlypees | b
Genetic algorithm drlven/peep Excellent including color and complex (98, 99)
Learning Pl L
esign combinations.

Requires a lot of
data.
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Figure 10. The PCA plot of the first two principal components (PC) of; (a) reflectance; and (b) function function (K/S) in the cross-
sectional and longitudinal side directions (38).
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Table ¥. Comparison of some optical parameters between yarn and woven carpet (19)
Feature Yarn (longitudinal direction)  Woven carpet

Reflection More (brighter) Less (darker)
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R
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Figure 11. The images of hand-woven carpets and-yarns dyed at 10%-100% concentration of madder natural dye (19).
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