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Using Pseudo-inverse to Eliminate the Limitation of the Number of
Colors in Colorimetric Match

S.H. Amirshahi
Department of Textile Engineering, Isfahan University of Technology

ABSTRACT- Adn algorithm is suggested for implementation of unkimited primaries in two-constants
Kubelka-Munk color matching attempt. Allen’s method for tristimulus color matching, which was limited to
Jour colorants in two constant theory, dealt with inversable matrices. By application of the pseudo-inverse, it is
not necessary to limit the number of primary colors to four as Allen suggested. The suggested method is
programed to a color maiching attempt with five pre-colored fibres.

LB ol By 50 il glaze sulen K 2o slgd,
Sl gasilas &y Bp w)lblind & pad ulSail jocs
(g s Nas 3,05l Sl gt JolS' S S ol
q,blxmljuﬁw&,;léwwauyaﬁf@?
ot 8 Ol 2398 o oy Bl ) Lgeiomin ot 51 s

Dl QLIS Ol g0 25 @y goo a1y Bt

\Y¥

4ndde —\
b ls  a&aus slediy) 3l oozl L lgdla 5
il mlis 5 sbdl gailen K ol [V] Sl - KyS
‘SJ&;‘A-Q&JA_SQJU.L.»U:':J)JJ;W‘OMJJ‘M

2 lipd e odeals (6 ey IS suilen K5 o7 (6 520 538 9 1S el

J‘iéb.-dl 4

VPV il oY o lads (N F Jlo (I


http://jcme.iut.ac.ir/article-1-80-en.html

Downloaded from jcme.iut.ac.ir at 10:18 IRDT on Sunday May 26th 2019

u{i; ,5‘45)” X, Y,Z

oSal R

K, st ylaae AE &ye;  samp $o gz i S35 B
ol A $slar Sy g T W&5edile sy pli F(e €y )

LRV PR VICIN B,

W:WGAWJ@
Aw;buﬂjﬁuw At

Sb-hpSodrce s K

L;b_g‘;;i_”cua.ij’bw)ﬁ.ad.ﬁj‘uu:uﬂecj.é‘.,-zju.a)a
S laad sl slaes o8 oyl s 5 odd JSKa5 Glgen 5o
23 ol las 4 3 5den (5 2es IS Gilen K o ws
s 5t eslizal b o sk 4 el 0ad slgndey o T 35

=

Ky andy LS glaad gl slaas s s gdoes (oolgdy
B 50 4k W Ghy ol el sl ) galea
ot O 0 41§ perlS slen Ky S 3 SSbe- S 1S
5 ol8 ot oals OLES allie el 5o aluolom gy 5 aS0ts 2o La3]
a3y gad s S - WS 2 S 0B s sl
e plas s 53 el Sl 53 45 el (6,50

6o MS gusilon Koy 55 540 9o glaay Jai— ¥
b e )8 sailen K sl Tl (oI sty ol

'J‘:uua‘jwﬁjojyi:

T. E. Rt == T. E. Rsamp (‘M)

R ain oud 5,50 B dgaiben Kb T oS gl Sa

€ gl eae SAMP 5 'TBn 5B LIS T yos g ! sads Wil
REJUV Y 0 L4 DTS ASC.'A.M‘ ‘5'

dl&)c‘ﬂujdgwdtgsfwﬁ:u»mdownaw

2o QLIS Ol 5 oo 335 Sy geo @y a2 5

X[ = F\(C v c“, veey CN)
Y, = Fy(cy, Cy, -y Cy)
Z, = Fy(cy, Cy, -y CN) ()

F‘. gF‘, ‘F\ 503 4 RS L@M ‘5‘.45);-.4:)3‘.5‘.3.42{ th c)(t aS
CN 5 ... I.C‘. (.C‘ .J—“‘J.ﬁ.) JU‘L‘* 6\4.<3) w 1‘.‘}5- ):..9 db

VPVE il ¥ ojlad NV E Jlo (IR

SIBRAN » - )

33l s gl sl 526 5 3Mest AR (L) 45
K gasilen Ky 5 pm0 ol 3 4,81 il 0l Alan & gl
(35 g g U oo 4y K5) 3 55 i 38,5 55 5o Lois
GG o o olesn Koy M (oS odalin 5 o
s pbn ool il (655 e 2 53 ok A5len 5 3 ilend
i 53 gl s s Sben K55 By et bl 51 Y

sl 428y 55 4 S,
Ky Oy 4y ol ()58 e GhSler Ky K5 (g5
3 oolinaul o) g 53 48 3 pd e axlid (g 20 IS hSLan

. L;L..g‘i' (Z, Y, X) VL’@M LSLGSJ’”‘ ,:.:LEA t.s_....uhaa le.hd\,)}‘

5330 8o g e 3 codd dilan & gad g 2,15 Laul gl 51
S35 sl b g ol Ky et Koo 0l 4y g3 0 Jool
(e S a5 ot s g 5 2,5l B gl g o
I (ﬂi)bsv.o S ol (G pm JE uiber Ky K a5, 8

i Ole ) Sy &
(AX, AY; AZ) > (") % ° )

Lyas O aw GlS e polie g N AZ, AY, AX oS
By g8 Lo ins o LS |y ookt il By 5 3000
ey s i 55l 55 5 ol 9 Apsslale
Slams Y] ol o algidiey sy o} Ol il 4 Gl
3l o5 S (6 e S giilon Ky 4 o gy o Sl
S5 Sl s 55 olrdey Sy el e [Y] T
334,05 5 5 K w0 Sole - 8555 Bl S 4,5 55 a3,
3360 1358 g n 3 pen Kyl 41 Sl - (K4S 20
g o g S A5 a0 SIS Sl Lo el oy

'


http://jcme.iut.ac.ir/article-1-80-en.html

Downloaded from jcme.iut.ac.ir at 10:18 IRDT on Sunday May 26th 2019

3
S\, fee St ¥eo Sy ¥ee
®, = Sy, eve Sy vv. Sy er.
’ ) (Vo)
Syvee Syve. Seve.

\VF XY

8l Sila — K oS W Sl 5 P odr slgn 5 S SK S

Alab 5, 0 S,
(8R/3K)y. . . .. . SRV
D, = ° (R/3K)¢y, - - °
) ) - Ry ] s
3
(3R/aS)y. . . ()
b= . (R/S)gy. ..
. C @RS
Sl a,Sa
—YR.Y t \
@R/, = — D (D
S, () - Ri(1)
3
SRt
(RJaS), =R, (1) — (D)
S;(0 (Y + R (1))
s e OLES |y Dua WISIRI(Y)
Ky v..
Ky = K\‘,.\‘Y
) (\0)
Keveel ys s
\O

05,57 s U Y pmas wdins e 0L 1 155, ol il
tslonn O g5 g |y 423 1S 4 LSS, ke (548 slaadslen
@‘JJ@J&‘SQW&@G&&@‘&J{J}JH
lgshle cds aS cod 5Y o) ool 51 [F] Ad sl Jool-
s Jaal53 125 Al Sl ealinad L) edd demsloes

a5 50 K5y ler  eolimud glis oM ol i) O g
Sladils 534S gl aolen g pas JSG (ol ok gzl U g
g dal g 5 alslae s 5 on Al (53 el 1SS

A A A

ety B vy = Blirxy )

YXF g e o ploe S A (R0 g i b S gl S8 4

A=T.ED,(®, - K¢u) + Ds(®s - Syu)] %)

el S L Wiledd e gl 48 4 SV Usles gl
ijtﬁ‘o)@cﬁjbﬁbsbﬁ%uu)&n

Xeoo Xpy, » -« Ky,
T= Y\‘.. yﬂ’o o v yv.,,
‘Yoo Zey, Vool wichs )
Ee.. - -
° E L]
E = A .
E. (A)
Veod ys x5

B cwl@ § &) les Ky w6 T ol S 4458 Olen

o g OLE ) aie s oo S35 5

Ky .. Ky oo Krpveo
o — | K Ko Koy
=] : :
)
K\ Voo KY Veo KV,Voo

3 3

VXY

VPVE i (¥ o lad oV E Jlo (3Rl


http://jcme.iut.ac.ir/article-1-80-en.html

Downloaded from jcme.iut.ac.ir at 10:18 IRDT on Sunday May 26th 2019

S Sl s AT 5 eSS ilaa K 5

S el (53578 35 opl sl 0dS Ly 4 G sSan (Sl 5l
e a4 b s a5 g an a2l S 4l s &5, olis
39 48 ol gl ot slo] K Bl 4 5 1058 3 sk
A e 5l sl s @ e b o 0355 cule) g
(S 42 s s O 03 a5 oSSm0 03 g on Vaa g s 5l
LU 530y csbie coaSAC = t Usles 13 A s 5le 55
st o A o 53 S ealizal O o (sl 6,500 s, 5
Sl A g 5l o fSre 4 LS o Jo by S5 o alae &
€ geme ChlE ) g0 cpl 53 3 g g 00ls DL AT L

:JJJTQM)QO‘JJ'L;«J;_}CJ)J—\@

c=A"t (\%)

Jptres Songs Jom AT 5 A s sl o sSine 4 Sins LI AY
A G yle 80 4m & oy 534S Sl s ol C
A G Srn b O o 30 s 5 Sl g o pSnn o o
(AT = A%) s g dal g5

Slgm e J gz 53 M gy 53 S gdome Ly Sl 3
G533 33 4S5 gt b oy i b el 0y e S
Uslae 5335000 o 330 3 g2 5 Laad o sles gl T (oolgniy
AL LSS gladdl s Gl o 5l wg Ao pe 53 S(0)
Wl dalgs )y ) Sl 548 e

Ay BN x 1y = Ay sy (Yeo)

i JLS 655 sl saims 0lis N alotes ra— e
L) )—f.J ‘;‘SOJH 4—1(?) L PR K sl Ls..\:.sw&)d');

Wl o

A = T'E[DK(QK - KN- u) + DS(¢S - SN“)] (Y\)

Oled o5 5 4 Dg Dx B (T (glgaws sl (Y1) dolee o
4 g loasdy g izea (YY) 5 (V1) o(A) (V) 55les (Slguns 5la

VYT sl ¥ o led N Jlow (JoRERI

3
S¢, . |
S
S = | 61T
S
Voo \Fx N (%)
3
w=[Vv Y V] (V)

poler Ky sl Sl — 8L 58 5Ll der Sl 15 S 5 Ky

|M

01 03,5 7 ongop s gliza 4y o35 S 3ol = ¥

S s ol mxd s jle G A O s SAC = T Usles
s s 6 s Il g3 aholan ol Jo (8l 3 55 o0 4585
(3 gl pgae 35 Ul (M) (slastablie shias ~
iU sl sgaee ol 5 S5 (M) glaodaline sliss -
Gl Wsbace ol Jom 8 I 5 o0l S U5l I 5o
aolen g L5y i oabimal W b 30, Y s
Glilenr K 53 Al i Jguam 3y Jalymc = ATV
30 Sl 8 Sosbelin et Sl uslen Ky 2l o B
o 3H 03zl U p 3 o 53 alns o3 5 bl 35 s o
e 4535 OBl (88 hE by s IS o S
s Sl ol 53 05 Ol 4 S sl baeols gl 1 Gl
b o gmd el i 4 dslas m jalas lide 455 08 o
Sldas 53 g s B S a0 T Oy pdaes Jila (B S cph)
0352 il o sSame Jaylidys 5 g g elisad Gler K
gy el 55 ) e 4 alsles Ol g L SLe

c=(AT.A) ‘ATt (\A)
S 553 7Sl SAlan K5 55 G b g0 goe Dslae 4 Gidms)
O L@M' Qb_’.:\:gyc c.s'.'.JL Cﬁ"jl éb L ol J_,U:.n)‘.;.w.:

\#


http://jcme.iut.ac.ir/article-1-80-en.html

Downloaded from jcme.iut.ac.ir at 10:18 IRDT on Sunday May 26th 2019

Ll s 9 goue Slesubasl - ¢
3 oozl glas p gutilan Ky glaast p poles J ool O g2
Sl 5 e 40 P 31 e 53 el 5o
Solgiry 5y el o 03l g il Sldes plasiligl
ﬁﬁ;;gﬁ}i&&hﬁ&;&é}‘d@i it Ky ¢l
ROW PRECEN N (] (VPY 4 N PPt « PR (N TP 1
S 4 ¢l ks S5y 3 Sl ey SN a8 S (slaad sl
Slabeiin Lo gy S g HezarE 005 ()3 5) oo
cned it el OLES (1) 5ykecd J g s baad ol o Sl
tilon Ky 5 a3d; L5 4 ad sl S, sl s p sl
oy o & sl pl 3 5ol sluas Jold Calisus 09 8 lex

s a8 K 5 5

(Kyam) ol 9308057 JobesS

(Kople) Lo 5o w0 sl os Sl © puses S
(S5, ler) S i 4 Jslos Sl 1 ppwon S

(K ) SbaghpimisNead slos Sl 1 poler 035

gl Olgie 4 oS (gl ok Ky S Kt dagya -\ gt

KH IR 63 5 JKQ

St gadsb

S A e ke O
Y/¥A  \S/¥D YE/A0  F/Y\ FE/EE foo
YN0 Ye/AA  YP/AF  Y/YO  FV/EY  ¥Ye
Y/AY O YA/YD  Yeo[40  ¥/FO  QY/[eD  ¥¥e
YAY  YAIYA Nf[eY V/YF  OV/$F ¥Fe
Y/AY  YelfV Ao  YY/VQ  £o/8Q Ao
Y/e4  \Y/vE OV EVIAA  FY D Qoo
YAYZ NI A F/OY  O4/ve  PY/YY  OYe
\/AA AR oV SYIVY  EY/YV  Ofe
/v Y/ab T/YY  PO/YY PY[ Ve  DFe
\/50 Y/ay $los sO/VE  FY/ON  OAe
\/50 Y/VY O OAY/EV SO/AS SY[EE Foo
\/84 Y/s0  YP[eA  £O/A4  $Y/EA £Ye
\/ve Y[$o  ft[ev  $Ple¥ YOV  £¥e
Y/4 FOY  OV/VO  SF/N\E SYIVY  £Fe
/04 VYV SVIYY SOJEA SE/AY FAe
VIED  YO/AN  $Y[e5 SE[VV  £Y[FA Vel

Vv

Wledal 55 55 5 Ml

Ky, foo Ky feo - - K(N—\),h.
&, — K\,f\‘- KY,’H’« T K(N-\),f*r.
K : S ) (YY)
Kyvee Kiveo - - KZyyves
’ ’ (N-1),V Ve x(N-YV)
S\,fao S",f" c S(N—\),foo
®. — Syeve Sveve - - Spgo vy, ere
S . : : : (Yv)
S\ Voo Syve. - Sin- oo
? ’ (N-1),v A % (N - V)
)
1 KN, oo
K
N, fYe
KN = .
K
LN, Veod yo (%)
3
Sn, ¥
S
Sy = N, FYe
S
L™NVeed yexy (Y0)
3
w=[1 y .. \(N_\)} (7)

Ax(N- V)

)‘Jlooxai'): (T°)anAbuﬁbﬁ)anc‘;ﬂbmJ:
'JJ‘zgf‘ ,hUé )bﬁ‘ 6'0!4.2.17- BL Ac

+
Ainx ) = Brrsny Alrx y) V)

&:«.M\MJ‘;L/‘ uﬂ}iﬂ—l 4,:_.’:, J" oslazul ‘5‘;.:.6 > AS(VV) P
&)JJ 43.5))6&.: LS"&) sldas 39 Lﬁﬁ.’_).\:u &)3@0_5&
2 g 03lial Wl 5 o (6 y20u JS gt Lan

VPVE il oY o jlad 1 F Jhoo e JMazl


http://jcme.iut.ac.ir/article-1-80-en.html

Downloaded from jcme.iut.ac.ir at 10:18 IRDT on Sunday May 26th 2019

Labh L) ol (Ao p0) wBLE 03y e by e 45355, o
kS or Jor S 55 AR (G g 43 0] ga g 033 |80 )
ol el okd o3 58 4 S5y an g Jsl oy g0 & bl
ol iilon K5y el (8l SIS0 ol drys L3 s e
ot 95053 0035 Ky e b liea 5 Juolo Ky il gas
J55S gy ol (ABDyy = o) o a8 5 a5 53 a3l 2
G gas 5 3 5ld & pod oy S5y NSl o3 5l0k0 Oy
S 68 0lad il 0dd dlons 35A (65 5 prie 5 0 Ailan
Pl sl Ky md ol Sl eolizal i oo L s o
Jie 55b @) Koo 5555 mlie 3 53 Lt pad o S5y SV
Ky 5 g doles e b Sl cwl sdd (A, g o

sl o3 slalze EalS y (glen

& oS domis = 0

o3lizusl 4y 355 (g i JIS (guilen K 55 9] g 5 (5o o
s sl N by S ol 4 s &) (g j2d Sl )
23 Ssgdees solgdy p‘-&)}in S eslaxal b wayls 54y el
535 % 45 i e siilan K5 55 08 S, eSS ol
s 53 S 6 S Olen (odls dal 35 5 gy gl 35 g
e 0 g e Sadl ol G elad s a4 csy
S 230 gilen L 4l b VL ool Aams 3l 6l 5
b god o ) N el 030 Sa (D) (6545 o
Al 55 K03 68 b 5 50 SN el g ok Uolaze 2y
cns g 0L Ly gz slelie 5 28 oo gyl l el 4Bl

4 4 CIELAB (Goues ;5 S5 & g5 gy Slasidia = ¥ gt
difodds el s 2 Hluitinl Ol g2

b a® Le# RNV V]
=\/Y O/VA ¥/ \
\4/0A -4/#9 fY/¥eo Y
e AAl 4/AA YY/\A Y

-YA[o$ Y¥/ev YV/eA ¥
~-YA[0O gIvy f\/YV 0

S Ol e 4 Dy, s okl 3 jie ol Ky s
o ABDyy = o) Wb Ol (g 2e JIS gulen K5 o
L Shas obal gusles Ky laal Ol e 4 o5 gl &g
e aylOlpe 4 a8 glotd K b 3 SLIV_daluas b
2 e gy ol Gl Oladiie Wil 4 Ll
(CIEVASE)N o %05 il seS o alinn 3Dy, (6, 55 555l
K5 g2l 55 (V) B (1) sled st lodd o3l 0L (Y) I goker 5o
Olon dips go 0LES 1y baad gl 51 aksses (slgas S L (stilen
iy S35 0951 58 4 ks e OLES (V) B () sl sdr S0 8
Lt Slaw g g 03] (aadd polie pw AR jlude falS el
GIlen 4y e 4 ol GUgSK ol al3il 5 esler Ol 4 5 0
48 sl glaad ol b sl oty ax,.,; PANCI PRI
b oSy e 0 ite OISel 50, 5505 3 slize SalS 51655
oy 5 R 4y 5l el pgghe 4y ol pl 4 es g Ses 4l 90
Slan el 3555 50 & gad guSler K 35 26K L 5 K5

[N 03 MGUB‘,&J (JM) }a}dﬁ'a)g L;'o#ﬁ,ds@_&:{&)dm‘jﬁa -Y JJJ'?'
€, 54 slaad gl ilisia gty S Jau g5

AE (B 3535 L)oo\ttt SR oot kbt smboualins s

A D,y - S s Pl P 335 55
£/54 Y/ay YE/AY Y4/3A AR \
\/0N o VA/vA \O/vY v4/04 YY/ve Y
\/o¥ o \A/PY VAPV Al YY/sv \AVANS ¥

YPVE ol oY o jlad oV F Jlu oSG0l

\A


http://jcme.iut.ac.ir/article-1-80-en.html

Downloaded from jcme.iut.ac.ir at 10:18 IRDT on Sunday May 26th 2019

05 035 e S gady (518) IS 305 ki iy g K SN luha - ¥ Jguter

a5, 80 (slaadsljl ilisen slaeg S ko

AE | (A 035 L) soledae 5 ol s b S b loeadsins o ke
A D;, i Moo ol 3 257 05
o[8Y ° VE/PY Vy/ey IVER 2dAl4 Y
o[YV ° \0/\e ° \Y/ov #IAe FO/PY f

ol 035 creasid glaAS gad (dM)aﬁ&‘eﬂbﬂQw&JJWU.ﬁ@ -0 Jylo

03Uizuls ;g (slaad i3l ikista sloo g o8 da 57

AE (S 035 1)\ 558 bl o Sraslonnisind e

A D;, e s ! P 335 03,8
gley 4 YE/va AT YA/YV \
\/08 o V¥ VYot 5 /M YY/$A ¥
\/o¥ o YE/A \W/0 ¥/AQ FY/PY VA/VA ¥

oS 03] aaS SAAN iy (I Bk E gad Sy s KO WIS e — £ St

oslizals y ga (slaad gl alisea glooy S Jau 55

AE (U 835 L)salgiday o 558 st rod S tnlonaloins P

A Dy S N o 5 ) 095
¥/vY ¥/Ve YO/NY ve /Y4 /08 \
o\Y o Yo/\0 YY/Y OV/VE o Y
ofo¥ o \/ov Yo/¥s Yo/AY AoV o ¥

ol 03] pea S S1A4I gai g (5u2) T4 33K 1y K5 NS ylulla - V S gutor

osliZals ;g (slaad g1, 2lisea glaey oS o g

AE (U 039 L) so\gtag 5 g8 oot ot imalonalsin il -
A Dy, P Mo o P 250 05
VY/0f AV os/\Y vY/y V£ /50 \
ofVe ° Yo/VY £Y/eY 14/vy A4 Y

o VWV doianl ¥ oyled oV E Jls cdDhER


http://jcme.iut.ac.ir/article-1-80-en.html

Downloaded from jcme.iut.ac.ir at 10:18 IRDT on Sunday May 26th 2019

1. colorimetric color matching 10. relative spectral power
2. Allen of the light '
3. inversable matrix 11. spectral reflectance
4. two constant Kubelka-Munk 12, target

theory 13. nonlinear function of
5. matrix pseudo-inverse colorant concentrations
6. spectrophotometric color 14. linearisation

matching 15. iteration
7. tristimulus values 16. Kubelka-Munk absorp
8. metamerisim -tion coefficient

anbiojly

17. Kubelka-Munk scattering
coefficient

18. Gaussian elimination

19. fit

20. least-squares technique

21. singular

22. MatlLab

23. standard illuminant

24. standard observer

25. degree of freedom

9. color matching function
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