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A Color Prediction Model of Printer Based on GA-RBF Neural Network
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Abstract A color prediction model of printer based on radial basis function (RBF) neural network optimized by
genetic algorithm (GA) and subspace partition is presented to settle the nonlinear of printer and complexity of printing
conditions. The color space of printer is divided into subspaces and the models are built in subspaces, GA-RBF neural
network model is built by GA optimizing the hidden layer nodes and width parameters of RBF neural network.
Prediction accuracy of the proposed algorithm is compared with RBF neural network and cellar Yule—Nielsen spectral
neugebaue (CYNSN) model. Experimental results show that GA makes up for the defect of single adjustable parameter
of RBF neural network and improves prediction accuracy. Compared with other models, the proposed model has
high prediction accuracy and generalization ability. It is feasible for color prediction of printer.

Key words spectroscopy; RBF neural network; genetic algorithm; color prediction model; spectral reflectance
OCIS codes 300.6170;330.1690;330.1730

1 51 &

BRI AT b %o B0 €, 52 TR B ) SR ke b g o (e ) o S € T AR TR Y S R =, TN H AT
A 0 A5 TR () ATF 5 AR AR L O B e TR, RO A ST IR Sl E S O S R I R 2 R A R e R | BB A8 AT 5kt
o ] 8 S i [ R R T G %) € T AR R G Ry T KK - 1) W R, T B R 4 B 5 AR R A
Y61t Neugebauer & 1 DL J 78 1L Al B JEFT AOME IE AR IV 2) LR UG R AU | 4 22 T A A ol 48 o) &% 4 1R A
FRARBR AE Oy PRI A 22 2 BRAR A A T ST 0 T SR PR T B A Y B AR B SR Y B A v
152K 1) PEASE AL 5 X R R EAT IR 248 1E i R 2 R B I A, S BB AL A % . 1T & g A 7Y v (1 22 10
2 [ U 55 7R A A R OGP R T o A ) A R RS AU 5 R i RS, R S8R AL, 28 M 8 A Sy — R B Tz
FH 1 fifp DR 3 20 1 Bl S5 ] 850 P A TR 8 0 265 g b o 1 K 11 15 S 35 o S 23 22 ) 1 A 4tk ] it

SCHR (L] FH S 1) A% 435 0 25 I 4% (BP) AR [) i 4 28 I 4 (RBF) 1 i 4t 25 I 4% fiff e 22 356 0 4 42 2 e S5 )

s B HA: 2015-05-11; Y B 1& 205 B #3: 2015-06-29; ) 4% i ki H #8: 2015-10-27
E&TE: B aoe AE 0 B4 5 H (JWCXSL1402)
EEB N THRI(1991—), 5 6 L5 A, E2 NS0 46 & 6 7 m Ay #F5E . E-mail: hatchyu@163.com
SR A X E(1953—), 2, 28, M A O, 32 S R A B AT AT
E-mail: lunaprint@163.com Gl {Z 8 & )

113301-1



52, 113301(2015) HMYSEMNYEBEIZFHE www.opticsjournal.net

@ﬁ*%%ﬁ% IR BP 28 0 2805 A v AE B B A SR VAR ML, T RBF et 22 (9 2% BE A% UAT: SRS 2 3 i AT

S R B, R R AT AE T 5 JERE 1 A o T AF T I BT BP M 4% [N 1k RBF 1t 28 [0 2% B3 & X G
Ekﬂmﬂﬁ?ﬁ@?ﬁ{ﬂﬂ‘%ﬂ,{ﬂ RBF i1 22 [¥) 25 Z: 400 1 2 A JC LA AT A o 38 A% 5900k (G A i 4D A ) 5 1Y)
AR UE 8 35 2R A7 BB AL AL O B BEAT #2100 265 40 0 45 4 9 D0 AR R 2 > RO B A7 A T HL o — 3 25 45
FH T FOUIN0ASE TR ) g A R R 2 ) G A A 45 22 9 SRR AT ™, B L 7 B A F 50 48 JHC 1oz T 2306 4 3
S SCR JH 8 A% B0 0 RBF A 28 0 265 1) B 35 74 i v 0 58 B2 2 B0 AT D0 AR DT R 22 858 80 B T 9T ENAIL A BT 5
PO, U T R i PO, D AT EAL A B T SR A T — R 5 ik

2  GA-RBF #1452 Ji

XF T — M ) RBF i 25 6 2 R 5 A7 [ 5 10 S A RN t0 5, A T R O T e i T 3t 4% SRR X
AR 43 R s B WS TE 19 T A7 48 R 42 R WSSO P 9 BE T, DA 20 s v O Ak e 3 J2 1 O (BRI 58 B [
Rf XS [ 285 £ 2 AL kAT 5 T TLJi;@Jiiﬁﬁﬁ?ﬂlU%l%o P IR T GA X RBF i 28 I 2% 119 i 25 73 v 3
FES BT AL, R TE 28 5 /Iy — 36 7 1 2 3 42 AU H
2.1 RBF #Z M %

RBF il 5 [0 28 2 — il Rp R 1) = 2 17 1) 190 465, LA S 2 T 23 m) A X s [ I B 380 4 1 T R 2 ) )
Y. RBF W28 45K G045 Gy A= (% A th 2 o DLFTEDHLIR S A i AR , LG BSR4 g 11 )2
T RBF # & 28 Il 2k, S AR RIS )2 4 4 00 J2 A0 — R 90 A% ] 5 o 550, 300 5 R T v 37 e B, 6

IRERAE P28 ST e A A ] KR
R(xk—ci)=exp(—”% all ], @Y)

2
20,

K |, = || FARIAIEEL, ¢, F s Bbo i, o i W s B O 25, DROE T AR 1) i pR BT S R0 Y
SR DR IO A i T2 Y R A R A

y/:ia)UR(xk—cl), 2)

A x, = (L ah,a0) v, = (o, a0,xy) A BN A R, L k=123 K, ¢, RRBHEZWATL, o, RAREH
J2 30 4 2 P AU L i=1,2,3- -k, ROR BT 2 B, v, TR S AT s =128 m, B R
R A A
2.2 GARMHHMEMEZIREET AR OMEE

WAL BB — A AN AR g 2 R A R R D IR AR AR R R R GE R
TR NH, ﬁa%ﬁ?)u&u%%ﬁﬁﬁuﬁ B X RBF #2855 465 45 46 (0 Ak 1) 352 4% 8006 1) B iR G

i T RBF #l1 48 W) 28 2 808 22, 2R 1T 3 ) S 5 2 {61 g €0 1A R, AOAS SR FH S B804 A%, 8 i A\ 1] 2 T B
HLIKSIE AR KBRS 2 5580 h BRI P — > ol [ 8 e e fR (9 4 BE St Kb, 0 1)
SR — A P X (K- h) RN R 5 — A~ 98 BE e R 1 4 B2 K, 58 B G R 02 — A Px K IR FE

2) 3 IV B PR AL

FE 3815 B v, DA N7 B 18 DR /N DAl — A e €0 (A X T 8 A T oiE O 45 10 R R, 5 1 B R 002 A
i B g B DG B o B B 5 0 B e Ol 0 figf$ﬂﬁlﬁ§¥ﬁ*ﬂﬂﬁ{ijﬁ’flﬁjﬂLrﬁ s, B

/=1 Z(r].—rjt) s 3)

A n R i A B B4R E  r SRR B B OGS S R ) SRR SE R g R R

3) Witk AL b

R FHAZ 1) 2k R K Pty € MSERE o JEAT B, 0 250 C W0 B Ak R i A RE A K080 Y 1 P ) S 2, 98 32
S8 o WIHRAL NI IE] R SR R 9 R R T SRR 0 R (B O 10, 1Y R B R T FL O 10~64, DU
AN ZE AR H B 5 e UK S E 1 R

113301- 2



52, 113301(2015) HMYSEMNYEBEIZFHE www.opticsjournal.net

4) R HRAE
PEBEHRAE & B R A B L M PERE . R AT S T AT I R AR R e B . LA p, MR AR e B A
pi=1 Zﬁ=ﬁ/ﬂw (€)]
Kb f RRARIE N B, £, R AR Y S
5) & X HfE

5 5 A Wy o Al v 0 i DR 2 3 A B 0 A1 B S U A, A AR R BE 0 A5 LR i o AR SR 9 K
B0 75 58, AE S {1 G % 3t A2 B0 025 v T A6 T ) S A A0L A S S A A 5 SCMNAC AR A o B AL 3o R
A x By AR A ST AR AR RS, Ron
y=ax,+ (1 —a)x,
{yzza-xl+§1—a;-x2’ ®)
Ao o &AM BIEHLI . 5 SUHRAE o 1 50 SUBE SR — BRI 7 0.5~ 1.0 22 1], /1N 58 SUME 2 2 48 2% i 2 7
ANHT o
6) A2 5 1R
AR 5 L — AR/ 7 S AR AR B AL 3t w4 A R DR, A O 0 0 A B0 9 SR R A R BE T [ e
YRR ZREE o IR BT S AN 237 AT R B DAL (L S MR OROIG,  fl g A% B 1 AR IR PIL I R
— B S A AR UH AR 0.01~0.2 Z 7]

3 ANk

L 50%IM s VB R 43 Bt i AT 723 (a1 R 43, g 3 A 23 [ R Ry 8(2x 2% 2) A T 25 [, X B A48 (8] 4647 4
o BAFEMT 64N INGREA 64K FEAS 75 B4 25 [ 2 ] GA-RBF BB BEAT B 6 T , =5
[ %] 43 G 1l 1R

B 1 = [ 4
Fig.1 Subspace partition

4 SEIR A E KA R o b
4.1 HARIKE

Jit FH 5 56 B R HI HP Designjet Z3200 Photo 4T ERHLAT B, 7 (), i 21 (m) , 5 (y) Fic HR ) A0 1 B34 [0%
10%, 30% , 50% , 70% , 90% , 100% ] HE 51 2 & W i (A A RN ZREEA . ¢, m,y WS T B2 [0%, 16.7% , 33.3%,
50%, 66.7% ,87.3%, 100%]HF 51 41 5 B L HAFE A Rl AR A . 1€ X—rite 28 w6 (19 43 0600 BE 11 4, DL K Bl 24 5 AL
PR o 1 S I 58 4%, 0 0 B 1) 0633 B2 S 2%, B 400~700 nom 38 [ P4 #4996 , ) B 4 10 namy, BV A 1 728 4 0
Y BE n=31,
4.2 g &EE MR

SEH Z SN AT ENHLHEAT M Ak [ B X D i 5 2% 55 AT ED i A5 A HE 8 PEREAT I E o 7E EFTZR PR L /2
AT R ST A o 6 3R o 7 2 R ORI e O R 25 B PR RN A A A5 R BEAT XS LG . R i
RO E S R 2 AE ) =0.06 , U8 B 1A d0de I TE E PR RAE R T 1 63 EFT4R
PE AL U R A SR 2 0K, FH dudo 43 T FEI 6 R T R 25 R (0 I i R IR BOTE I E TS 5K (0 R
T3 25 AE,, =0.22, U BT EQ 504 (9 18 e 1k R 4T .

113301- 3



52, 113301(2015) HMYSEMNYEBEIZFHE www.opticsjournal.net

4.3 HEMESKIE

FE 3 53 19 84~ 43 DX v LUAT ERAILBIK Sl (B A Ay i A28 S, D% S 5 3 g o A8 o, AT R 2 2% I 5, I
KSR BT AVBE AR 40, 28 UHEAR N 0.6, 28 FHE2 8 0.01, 5t B AR EC R 100 1k, DL/ 0,22
AL B AR o e B A 2T SR, i ST T GA-RBF RIS W 8 B o RHT B M A SR S (8 B S R
1 78 FL T B 7 23 0], U8 I 1 2 TR0 5 G B9 Ao 20 0 4% i o T80 ' 3% I S AL, O 1 5 00 O i I B R
Z A8 225 AE,, FOGTE 34 7 # iR 22 RMSE, DL DT 35000 458 780 (% € BEORS B OB TE NG B, 4% A IK S 7 T
PN 25 (0] 1 320 S0 B2 3K 3 8 43 590 78 TG A~ 2 [) e B A7 J0ml , BB €0 BN B /o A 1 S e & i o
4.4 XWHERESWF

&l 2 k28 [ R 4310 J5 GA-RBF fift 28 ) 26 450 70 (%) T 0RG B8 be s, S 25 SR 3R B, 2= 4 0 )5 L A L Y
iE SRR R I 173, A TR TN A S 38 €8 2 BRI 34, R K (8 2 B AR 4 4%, U6+ 25 [l 4l 7 7E £ i A Al i
AT AR T I TR vy 17 A5E 0 g 00 OKG 2

1.0

0.8——

0.6

Max AE

0.4

Mean AE

0.2

U(r)ldivided subspa;:e divided subspace %ndivided subspéce divided subspace
&2 KA 43580 03 F 25 [ GA-RBF BE R T5000 (19 7 347 €8 2 il e K £ 25 LA
Fig.2 Comparison of average and maximum aberration predicted by GA-RBF models based on undivided and divided subspace
A5 [ 3 )5, GA-RBF Bt 25 19 46 455 80 F50 000 17 €5 B2 /1 0' 15 85 2 808l a3k 19778 , GA-RBF 5 RBF fifi ¢
IRH) £ 7 e 455 8 %) T 0ORE J3E L B AN T 3 s o Fl IR BT AL, GA RO A i 3 AR v R AR Y FIDRG B2 Rz Ak RE
1 F23 %5319 GA-RBF 11 25 (5 £ T 00 6 1% 1) €8 B RO 1R B2
Table 1 Colorimetric and spectral accuracy of spectral prediction using GA-RBF neural network optimize based on

subspace divided

Training sample Detection sample
mean max mean max mean max mean max
No AE, AE, RMSE /% RMSE /% AE,, AE, RMSE /% RMSE /%
1 0.1403 0.3797 0.17 0.60 0.4838 1.1417 0.61 1.63
2 0.1021 0.3801 0.09 0.25 0.3978 1.0469 0.41 1.21
3 0.1759 0.4302 0.20 0.51 0.3553 0.7025 0.47 0.98
4 0.3174 1.9296 0.06 0.19 0.5162 2.2134 0.20 0.72
5 0.2048 0.5867 0.18 0.48 0.3526 0.8463 0.47 1.05
6 0.1184 0.2724 0.15 0.49 0.3818 0.8680 0.49 1.28
7 0.3281 1.2056 0.06 0.23 0.5120 1.6539 0.19 0.78
8 0.2546 1.6521 0.05 0.10 0.4385 1.6645 0.16 0.60
Total 0.2052 1.9296 0.12 0.60 0.4297 2.2134 0.37 1.63
0.6 4.0

0.5
3.0
% 0.4 %
§0.3 — "GA-RBF % 2.0 — " GA-RBF
= = RBF = = RBF
0.2

1.0
0.1

0 0=
Train sample test sample Train sample test sample

€13 GA-RBF Fil RBF 9 A5 2 T50 A - 44 5 22 i oK 822 HU
Fig.3 Comparison of average and maximum aberration predicted by GA6—RBF and RBF models
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