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A Data-Driven Framework for Classification and Similarity Assessment of
Persian Carpets Using K-Means Algorithm

Mehran Dadgar
Department of Textile Engineering, University of Neyshabur , Neyshabur, Iran

M_dadgar@neyshabur.ac.ir

ABSTRACT

This study was conducted with the aim of designing an objective classification system for authentic Iranian carpets. The research findings provide
a basis for developing a global carpet classification system, which could lead to the establishment of a quantitative valuation index and an integrated
certification system. In this regard, a comprehensive database of 99 museum carpet samples was collected, containing 12 parameters related to
structure, design, and raw materials. To achieve these objectives, K-means clustering algorithm with Euclidean distance and k=3 was employed
based on the elbow method, and the samples were divided into three homogeneous clusters based on knot density, material composition, and pile
material. The main innovation of this research lies in converting traditional and subjective criteria into objective indices, enabling direct comparison
of new carpets with historical samples. This system not only increases valuation accuracy but can also lead to pricing transparency, development
of global markets, greater buyer confidence, the possibility for buyers to purchase according to their taste and interest in carpets from a specific
region, and providing a basis for trust in sellers' opinions.

Keywords: Carpet, Clustering, Indexing, Database, Valuation.
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6 National Museum of Ancient Art (NMAA), Lisbon,
Portugal

7 Scanning Electron Microscope (S.E.M.)

8 Fourier Transform Infrared Spectroscopy (FTIR)
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L UV-Vis diffuse reflectance
2 3D-fluorescence

3 Raman spectroscopy

4 Zarbia(s)

5 Oudaya Museum

FAY e amio 1F+0 il Al oyl Y o)lad 10 650~ Sligy 5 rles s id 5 psle = (pale alono 7]




S50l ¢yl 0

e )90 oold @?}l” ‘G‘)‘

W)L».d 6‘)‘.’ L_QLCL..) 9 J.>‘3 6)l¢4a sstL».wC)Ja 9 4,J31
2 e uss g ves &l o b8 Ls;S TS
59 2 05d o0 g 05> (wl j0 Hgmaosls mlolyl Sl sl
ey o Lk hegh ol 5 Sue il s
o £5§\).3.| ol slo 5,3 (s Goail gl jemecsls
Sl s g Pl gledise b waz slahyd coaS

o 58 saadss ez ols aibolus dnnsi sl (ol
b s sl pole Gieghy woad S p bl oo
P9 A3 30 2. IAAETIONR P RVIVE ST J I PO /v
(5199)5 ‘Lglo)’}.o u.ujs L god a4 6)LI.>'-L...‘ 6[»0.)‘0 J....L’}u
Codlad ylpl es Wlg o a5 ams o &) 431)5]93
sk lailiwl gl 1y ol ) cMalen jo slazel 5 (5,108 ol

ke lgen (58 6515 55 Slex

b o9y golge =Y

VS 5o G (nl mie g ol Ul aods 5k
o ol |y alas Lol ol 3 ) S el oals ools ol

A

5 peets p Slalllas 51 (5 ks 45w o yLas [¥E-FY]
Sl 59, p Olalllas I (pi5u il o 35 pete (B8 Cuoye
Sl oz lag,ld b i s, 8l 5 X,
G20 e 5 09> 50 Dl 4 5Ls oo sl w005 )ls

WS 0 (x|

S yd aoye 33 Jlpl Bliws (5,8 0% ol 992 L
O ot atws 5 )8 55,0 5 Dbl an T (soladl
2ol ol el (63,8 a5 5 (e g (205 Boes liren
6,lais g I elae o cdlad dgu dacond lugl 4y yoxie
Sldllas 098 oo (Fu,l slodiges b g8 slojo,8 anslis
b Sesd ol sl sl oy & Bos iy
Sloal Sgazme (S (slad Sug, b (6 - P )b Sl
4 25 b lre hawd sl 4z LS o8 plla 03l
corly S oss plply il sue sl asls
Olgreds (5,1 Ghami g anaiib sl jemmeosls 9 e
LB Ll e 5l 5 oale lasl o wll DS S,
ISl oS aa b e ol ol olulid
2 e ele il ol S (b b sl sas s

Slge iz 05 @515 Gezmen S ojlail LB sla Sy

v

Sl eSS L ST LB Gadles [ ool (58] aex

. LQA.J‘.JLQJBT&.Q_? I

sle (53 g ail

Kemeans oo ,sSl (ol s s 6 cle 555 o adss |4

alp ol Joses ) S5

2 K-Means

! Global Carpet Classification System (GCCS)

FAY e amio 1F+0 ol DAl oyl Y o)lad 10 650~ Sligy 5 rles 5 d 5 psle = (oale alono VY]




SOl oyl w0

e )90 oold @ﬁ)l” 43‘)‘

W) @5 S el old (B8 5l Glages ¥ S0
oL diges ST lgie 0 aS ams o plis [, VOVYASYF
WS L 38 ol el o0t el anlllas pl ool oKL |
S5 700) Jolte slye oS 5 cqupe yromws 40 0,5 V-
old Jeol ik g (a5 A0 iy 0 00y
S S o0 Lls s 4 diges ol obl .ol oulie
S 8T O)90 5y 9 )L sla il bl Jolate
el el pls sl Jlow) slaiges a1, o
O Jso2) 5 weiyyl Jouzr 20 oo b ool
Cew b 1y Olpl Sgyre gadly JB slag,b 5l golass
S, 5 A s a4 w8 slapley &5 WS e
iz glo ools Jgaz (pl jo  Klosds azbil lapleie
oud bl 5 geead Slpl Jeol Alidee Sleed 4 by e

Yy

Ao 0,5 WST)5 o zyb) Goyd gl diges -)-Y
L )3 (G diuws g (dlgo
alyools SSbopl glo 58 sl )b 51 (S Y S

SARS (0 ul...u Agos o‘ﬁ.:.c

18) ol 4Bl Az 7 )b el pgual ¥ JSS

L85 £0] Sl 51 (Y Jgo ,0 YOVYASNE

[£7 FO] Ll ol ! JB ouls b (Shg-) Jgux

JEIR oSyl el o3l | oads axsly Joo Aoy S, sl X,
15138611 @y Sed ol ol | 16.1M*2.5m ol s o o,
15115014 oladl cwle ols | 4.3M*3.3m S op o 8 gy sl oged
25275014 oheS owladl | 4.2m*3.15m oS s & Sl
25213921 & bl | 2m*1.42m e peSdea Sy 0,5 5,
91136713 a5 ials | 3.52%2.55 [ S A
15179812 s g owlie olis | 2.8%1.7 o Jss Js
91155012 my Sz als | 3M*1.98m 35 op o8 S 20 ey
15114914 oledl wle ols | 3.98M*2.7m oLl oy 0,8 Js
15135312 S ol ol | 7.72%1.74 Lo oo Jes Jes
15139931 oy Sed ol ol | 2.34%1.56 olgaal oy 3oy8 5,
15139941 Op Sod wle ol | 183*1.13 olasl oy jord Jss
15139812 ©5 5 S owle olz | 3.14m*2.03m olgasl Sy 0,5 Js

FAY e i 1F+0 ol Al oyl Y o)lad 10 650~ Sligy 5 2l s b 5 psle = oale alono¥0)




S50l ¢yl 0 wygo 0018 92l &l
15139311 @y 9 S wle ol | 2.4M*1.5m olgasl Sy e85 5,
15139941 ©y 9 Sad ewle ol | 2.29%1.48m olgasl oy jo Sy p,S
17311981 By 95 ekl | 7.15M*L.1M ol s o e,
1513591 By 9 S wle ol | 2.03M*1.29 S 0y 0,8 gy ey
91194012 BB asl | 3m*2.1cm o5 Egiie 5 S,
25214311 56 wlesl | 2.05m*1.35m Js)| gy jord Js
91159911 my Sod b | 2.34m*1.57m olgasl S Js
87734514 my Sed Sl | 4.05m*2.83m s 0y 308 o
91135212 sy sl | 2.75m*1.83m obe,S s Js
15137311 5 5 Sad ewle olz | 2.12M*1.34m T Js oS %
131186613 a5 2,k | 3.28m*2.47m s | orde, sl osed 03 jor
85334811 iy Send wais | 2.12m*1.44 S Sy p,5 Sy 0,5
15136022 ©y 9 S ewle ol | 3.07M*2.05m Sy s oy jo,8
87114512 o coun SLLI | 3M*2m ool KW <!
15178413 Jilga g owlie olis | 3.52M*2.55m o GrSB | o9 onilym b
15138811 oz cwlee ola | 2.33M*1.51m Sl 5K, Js
15137011 @y Sad owle oli | 2.13M*1.38m T S Ky p,5
25213911 as wlasl | 2m*1.37m e e Js Js
31419012 Sugil sa | 3.4m*2.13m ol S Js
15135311 ©y 9 S owle ol | 2.05mM*1.35m olals 0y ja,8 Js
91134812 ool G o S iils | 3.11M*2.18m obe,S 0y jord 03 jord
87733712 my S Ll | 2.9m*1.94m S| o5 jos8 Js
15134714 Ty 9 S wle ol | 3.98M*2.98m oS Js Js
35158513 (ole)S 4) ai> a5 | 3.56M*2.55m olbrind, 5, Ky p,5
17315812 Ty S oddel | 3.22M*2.14m Ol Js 0y jo,8
83375512 ol o ooy | 3.09M*2.18m o3 £k S
91154312 my S il | 3.3M*2.1m e o o, 5,
85535311 Slise> cwais | 2.1M*1.38m o8 jo 0y jo,8
21158111 o ledl | 2.5m*1.66m o Ky p,5 5,
75175911 ol 3, eoy0 ol | 2.03M*1.29 1) S 0y 0,8
15138614 ©y 9 Sad owle ol | 3.95M*2.95m ol > % 0y e,
91217511 Led 9o (iils | 2.18M*1.39m S, Js 0y jo,8
31382712 i saw | 3.15m*2.1m Py Eotie <!
15134822 T 5 S wle olz | 3.02M*2.03m op Js 055 jo,8
75176212 ©y Sod abloop, | 3.03M*2.02m REPN IRy 055 jo,8
87734511 my Sz Sl | 2.60m*1.59m & ks Js s
15115414 ©y Sad wle oli | 3.99M*2.98m A Js 05 3a)3
15135912 sg0 gy S owlie oli | 3.01M*2.04m A s S 025
91356812 J5 s mip Sod il | 2.99m*1.98m RLEves Js 0y joy8
15116011 oledl owle ols | 1.62mM*1.06m o3 Jws 5 S,
15136711 © 5 Sod ewle ol | 2.20M*1.6m olgasl Jes Js
75176511 ©r Sad boop, | 2.7M*1.78m S Js 05 3a)3

£+ amio 1F+0 ol Al oylas Y o)lah 10 690~ Sligy 5 rles (5,98 5 psle = sale alono V5]




S50l ¢yl 0 wygo 0018 92l &l
15115511 oladl cwle olz | 1.59M*1.05m o oy 3o 8 <!
15135511 my Sad wle ol | 2.32M*1.5m ol 5 K, 5,
37119811 il o550 | 1.63M*1.1m olgaol Ky p5 JUNRRC
17319931 Ty S sedded | 2.22M*1.45m Sl <! o e,
17315211 Ty S oo | 2.4M*1.47m oS Sy p,5 Js
15137411 ©y 9 Sad owle ol | 1.98M*1.08m o3 Js Js
3543011 my S gl wg | 1.68M*1.10m o oy 30,8 <!
79215011 S5 e | 2.45m*1.56m oleyS Jss 0y joy8
15135621 oz owlie ol | 2.29M*1.49m Lo s s o e,
15139911 Sz owbee ol | 2.1M*1.39m oleaol Ky p5 035 o
15137221 By 9 S b ol | 2.19M*1.34m Gl ks
15196212 o g omolie ol | 2.75M*1.80m FOg Sy 0,5 s
1513512 5 emolie ol | 2.46M*1.62m ool 5 K, jom
91295811 ool Sz | 2.15mM*1.37m o3 Js oy o,
31277212 sl asS san | 2.86m*1.86m o8 5, Ky p,5
15134511 @5 S wlie ol | 2M*1.37m Tl Jes Js
15136311 oy Sad owle ol | 1.65M*1.05m oob] g oy jo,8
37119511 Sailg> 5 550 | 1.56m*1.05m oleasl Sy 0,5 s
6123512 e 53 5 | 3.07m*2.01m o s <
31515511 my Sed Glals | 2.23m*1.36m o oy a8 Sy 0,5
15139221 my Sad ol ol | 1.74m*1.11m Oledol ks 5 S5,
15119211 olesl owle ols | 2.07*1.4m o 5, e
85539911 Slise> | 2.34mM*1.54m olgaal Eaiie S
8553011 Slisg> | 2.03m*1.39m osb] o o, oy jo,8
75178712 ©5 S ol oy, | 2.75M*1.75m J s =l
25275511 hsS owlzdl | 2.06m*1.33m Gyl Sy e85 .
17275611 6,05 e okl | 2.13M*1.45m o8 ks ks
79355211 S ole | 1.59M*1.09m o8 <! For8 Sl
15136011 oy Sad ol ol | 2.17mM*1.42m o8 08 S | ords, 6l ostd 9 &
1513511 oy owbe ol | 2.05M*1.30m Olions ks oy 30,8
15135511 ©y Sad wle ol | 2.1M*1.45m RS S 5,
21495611 J5 as oledl | 1.29m*1.96m s ok Sy 0,5
17319921 S oo | 2.4M*1.59m ol ks ks
25215612 5 4w sjlaas wlasl | 2.9m*2.16m B3 Eoiie 055 jo,8
91356211 J5 arus iy S | 2.19M*1.39m RLEVeS 0y a8 0y oy
31386513 2B B san | 3.37TM*2.6m obeyS 5, s
13458513 90 e oo a8 | 3.61mM*2.46m e s S
35438512 m5 S wig | 3.45M*2.45m olbnd, s Mo
15115812 oledl owle ols | 3.11M*2.12m RLEves 0y a8 ks
31416813 5D b saneil | 3.54M*2.49m RLEves Sy 0,5 0y joy8
15134822 my Sad wbe ol | 3.07M*2m Lo s 03 0,8 o5 oy
15259912 s eyb i cwlie ol | 3.14M*2m ol ok RV

FAY e amio 1F+0 ol DAl oyl Y o)lad 10 650~ Sligy 5 2l s d 5 psle = (oale alono 1Y




S50l ¢yl 0 wygo 0018 92l &l
61375812 Sk g U5 | 3.02m*2m J(E s E9iie
31344512 &80 waw | 3.15m*2.15m aoly Egiie Js
37126012 Mo &350 | 1.2M*2.3m ole,S Eokie Js
91155512 Ty S il | 2.97Tm*2m Fe; 0y 0,8 o e,

JE PR B PSCO N NCHIN PRESPIN R 3 L 7R
el ailate wlal 3,8 &bl ab  glolis oS : ol diges
e adgl slge (8 Dlasiie g 4dl> ) i) )
Ol gamaliss slals Lol al ooz Gl slaosls

LIRS o FeSid |y gy

Gl plas’ 12 a8 coslodmlin Vo v s Jold ools olSSL
(g adg el g 4525 ploxl (gl el pie oz
PV Jsaz 9) Jgux jlead Sl sls s 5l golass
Jedos g i j0 Slasli sles 5 cewl ool &il)l - Jgoo
Wges 10 Jols V' Jgoz el ouls oolaiwl (gun dbe>

G)L»M LSLQ..))LML..M:‘ wlm‘ » aS Cul L5‘°)9’° U”"J‘s

0310 oKy (sl o0ls anlol =Y Jguo

code number Number of knots | Silk cotton Cotton | Silk Woollen | silk Total
per dcm2 warp warp weft weft pile pile
15138611 7400 0.0% 15.0% 10.0% 0.0% 65.0% 10.0% 100.0%
15115014 2500 0.0% 15.0% 15.0% 70.0% 0.0% 100.0%
25275014 2500 0.0% 15.0% 15.0% 70.0% 0.0% 100.0%
25213921 1400 0.0% 15.0% 10.0% 75.0% 0.0% 100.0%
91136713 4450 0.0% 15.0% 15.0% 70.0% 0.0% 100.0%
15179812 9600 0.0% 15.0% 10.0% 65.0% 10.0% 100.0%
91155012 2500 0.0% 15.0% 15.0% 70.0% 10.0% 110.0%
15114914 2300 0.0% 15.0% 15.0% 70.0% 0.0% 100.0%
15135312 2800 0.0% 15.0% 15.0% 70.0% 0.0% 100.0%
15139931 9900 15.0% 0.0% 15.0% 65.0% 5.0% 100.0%
15139941 9900 15.0% 0.0% 15.0% 65.0% 5.0% 100.0%
15139812 9600 20.0% 0.0% 10.0% 65.0% 5.0% 100.0%
15139311 8400 15.0% 0.0% 10.0% 70.0% 5.0% 100.0%
15139941 9900 15.0% 0.0% 10.0% 65.0% 10.0% 100.0%
17311981 9600 0.0% 15.0% 15.0% 65.0% 5.0% 100.0%
15135911 3400 0.0% 15.0% 15.0% 70.0% 0.0% 100.0%
91194012 1500 0.0% 15.0% 15.0% 70.0% 0.0% 100.0%
25214311 1650 0.0% 15.0% 10.0% 75.0% 0.0% 100.0%
91159911 10000 15.0% 0.0% 15.0% 65.0% 5.0% 100.0%
87734514 2000 0.0% 15.0% 15.0% 70.0% 0.0% 100.0%
91135212 2700 15.0% 0.0% 15.0% 70.0% 0.0% 100.0%
15137311 5400 0.0% 15.0% 15.0% 70.0% 0.0% 100.0%
131186613 7000 20.0% 0.0% 10.0% 70.0% 0.0% 100.0%
85334811 2300 0.0% 20.0% 15.0% 70.0% 0.0% 100.0%
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15136022 3400 00% [ 150% [ 15.0% 700% [ 0.0% | 100.0%
87114512 1900 00% | 150% | 15.0% 70.0% 100.0%
15178413 7000 200% | 0.0% | 10.0% 700% | 0.0% | 100.0%
15138811 7700 250% | 0.0% | 10.0% 65.0% | 0.0% | 100.0%
15137011 4800 00% | 150% | 15.0% 70.0% [ 0.0% | 100.0%
25213911 1400 00% | 150% | 10.0% 750% | 0.0% | 100.0%
31419012 7700 00% | 150% | 15.0% 60.0% 10.0% | 100.0%
15135311 3100 00% | 150% | 15.0% 70.0% | 0.0% | 100.0%
91134812 2300 00% | 150% | 15.0% 70.0% | 0.0% | 100.0%
87733712 1300 00% | 150% | 15.0% 70.0% | 0.0% | 100.0%
15134714 2200 00% | 13.0% | 17.0% 70.0% | 0.0% | 100.0%
35158513 4000 00% | 150% | 10.0% 750% | 0.0% | 100.0%
17315812 3600 00% | 150% | 15.0% 70.0% | 0.0% | 100.0%
83375512 2800 00% | 150% | 15.0% 70.0% | 0.0% | 100.0%
91154312 1800 00% | 150% | 15.0% 70.0% | 0.0% | 100.0%
85535311 2800 00% | 150% | 15.0% 65.0% | 5.0% | 100.0%
21158111 6500 00% | 150% | 10.0% 65.0% 10.0% | 100.0%
75175911 3300 00% [ 150% | 15.0% 700% | 0.0% | 100.0%
15138614 7400 00% [ 150% | 15.0% 700% | 0.0% | 100.0%
91217511 5400 00% [ 150% | 15.0% 700% | 0.0% | 100.0%
31382712 730 00% [ 150% | 15.0% 700% | 0.0% | 100.0%
15134822 2300 00% [ 150% | 15.0% 700% | 0.0% | 100.0%
75176212 3800 00% [ 150% | 15.0% 700% | 0.0% | 100.0%
87734511 2000 00% | 150% | 15.0% 70.0% | 0.0% | 100.0%
15115414 3000 00% | 150% | 15.0% 70.0% | 0.0% | 100.0%
15135912 3400 00% | 150% | 15.0% 70.0% | 0.0% | 100.0%
91356812 4600 00% | 150% | 15.0% 70.0% | 0.0% | 100.0%
15116011 3600 00% | 150% | 15.0% 65.0% | 5.0% | 100.0%
15136711 4500 00% | 150% | 15.0% 70.0% [ 0.0% | 100.0%
75176511 4200 00% | 150% | 15.0% 700% | 0.0% | 100.0%
15115511 3000 00% | 150% | 15.0% 665.0% | 50% | 100.0%
15135511 3000 00% | 150% | 15.0% 700% | 0.0% | 100.0%
37119811 9600 150% | 0.0% | 10.0% 750% | 0.0% | 100.0%
17319931 9800 150% | 00% | 15.0% 750% | 0.0% | 100.0%
17315211 2700 00% | 150% | 15.0% 700% | 0.0% | 100.0%
15137411 5450 150% | 0.0% | 10.0% 0.0% 75.0% | 100.0%
3543011 4900 150% | 0.0% | 10.0% 70.0% | 50% | 100.0%
79215011 2500 00% | 150% | 15.0% 70.0% | 0.0% | 100.0%
15135621 3100 00% | 150% | 15.0% 70.0% | 0.0% | 100.0%
15139911 12300 15.0% 15.0% 70.0% 100.0%
15137221 5100 15.0% | 15.0% 70.0% 100.0%
15196212 3800 150% | 15.0% 70.0% 100.0%
1513512 4200 15.0% | 15.0% 70.0% 100.0%
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91295811 3300 150% | 15.0% 70.0% 100.0%
31277212 5100 15.0% 15.0% 75.0% 100.0%
15134511 2000 150% | 15.0% 70.0% 100.0%
15136311 3950 150% | 15.0% 70.0% 100.0%
37119511 9000 15.0% 15.0% 700% [ 50% | 100.0%
6123512 3000 15.0% | 15.0% 70.0% 100.0%
31515511 3000 15.0% | 15.0% 65.0% | 5.0% | 100.0%
15139221 8400 15.0% 10.0% 70.0% | 50% | 100.0%
15119211 8400 15.0% | 15.0% 70.0% 100.0%
85539911 10000 15.0% 15.0% 65.0% | 5.0% | 100.0%
8553011 3600 150% | 15.0% 70.0% 100.0%
75178712 7500 15 10 65 10 100.0%
25275511 3000 15 15 70 100.0%
17275611 3100 15 15 70 100.0%
79355211 2700 15 15 70 100.0%
15136011 3600 14 16 70 100.0%
1513511 3100 15 15 70 100.0%
15135511 3000 15 15 60 10 100.0%
21495611 3100 15 15 70 100.0%
17319921 9800 15 0 5 5 70 5 100.0%
25215612 3100 15 15 70 100.0%
91356211 15 15 70 100.0%
31386513 4200 14 16 70 100.0%
13458513 7200 15 15 70 100.0%
35438512 7200 15 10 75 100.0%
15115812 3300 15 15 70 100.0%
31416813 4600 15 15 70 100.0%
15134822 2300 15 15 70 100.0%
15259912 9800 15 15 70 100.0%
61375812 3300 15 15 70 100.0%
31344512 2000 15 10 75 100.0%
37126012 3600 15 10 75 100.0%
91155512 3000 15 15 70 100.0%
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Number of knots per dcm2 | Silk warp | cotton warp | cotton weft | Silk weft | woolen pile | silk pile
7400 0.0% 15.0% 10.0% 0.0% 65.0% 10.0%
2500 0.0% 15.0% 15.0% 0.0% 70.0% 0.0%
2500 0.0% 15.0% 15.0% 0.0% 70.0% 0.0%
1400 0.0% 15.0% 10.0% 0.0% 75.0% 0.0%
4450 0.0% 15.0% 15.0% 0.0% 70.0% 0.0%
9600 0.0% 15.0% 10.0% 0.0% 65.0% 10.0%
2500 0.0% 15.0% 15.0% 0.0% 70.0% 10.0%
2300 0.0% 15.0% 15.0% 0.0% 70.0% 0.0%
2800 0.0% 15.0% 15.0% 0.0% 70.0% 0.0%
9900 15.0% 0.0% 15.0% 0.0% 65.0% 5.0%
9900 15.0% 0.0% 15.0% 0.0% 65.0% 5.0%
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Clustring Results of Data by K-Means method
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