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Abstract: This study aims to achieve high-precision coloring of ordinary wood using computer coloration technology, creating
substitutes that are visually indistinguishable from precious wood, in order to reduce dependence on precious wood. Based on gene
expression programming, a multi-expression programming (MEP) algorithm is proposed to predict dye formulations and optimize the
spectral reflectance of dyed wood boards. The MEP algorithm can handle complex interactions among multiple dyes and obtain more
intuitive functional relationships. It improves the adaptive probability of genetic operators and employs parallel program design to
enhance function mining efficiency. The predicted relative deviation of the formulation in color prediction using MEP algorithm is
0.313, which outperforms traditional neural networks and genetic algorithms.

Key words: Wood staining; Gene Expression Programming; Multi-Expression Programming; Computer Color Matching; Genetic

Algorithms; Spectral reflectance.
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Fig. 2 Partially stained wood veneer
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Fig. 3 Partial sample spectral reflectance curve
1 RGO BRI OGS S R HR R (426. 49nm 2 JEHEHES)

Tab. 1 Partial wavelength spectral reflectance data for a stained wood veneer (data after 426.49nm omitted)

WK Wavelength /nm i <3 Spectral reflectance

397.66 0.363
400.28 0.322
402.9 0.283
405.52 0.251
408.13 0.226
410.75 0.206
413.37 0.198

416 0.188
418.62 0.177
421.24 0.168
423.86 0.163
426.49 0.155
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Tab. 2 Partial sample spectral reflectance data of wood veneer after feature extraction

i [ 53R Spectral reflectance

K Wave length/nm

Pett iR 1 Stained veneer 1 YLt AR 2 Stained veneer2 Yt AR 3 Stained veneer3
455.43(A) 0.103683191 0.09272542 0.10038679
447.52(B) 0.108366766 0.09744325 0.10712857
468.62(C) 0.08964023 0.07834418 0.08100179
546.26(D) 0.05238029 0.04378802 0.04114893
561.59(E) 0.05167837 0.04296519 0.04049571
473.9 (F) 0.084326707 0.0744829 0.07704929
450.16(G) 0.106992747 0.09571972 0.10341464
463.34(H) 0.097425299 0.08591981 0.09074321
444.89(1) 0.109337201 0.09887828 0.10975857
397.66(J) 0.362720435 0.35026645 0.43609464
542.91(K) 0.051983191 0.04348678 0.04202286
400.28(L) 0.321950043 0.30848253 0.37411821
460.7(M) 0.099037969 0.08770173 0.0919075
452.79(N) 0.105877816 0.09458296 0.10086071
556.25(0) 0.050687031 0.04198629 0.03976893
402.9 (P) 0.282613695 0.26939781 0.32783464
545.57(Q) 0.051237713 0.04275616 0.04091929
550.91(R) 0.050914249 0.04227326 0.04035679
532.25(S) 0.054378882 0.04620573 0.04564036
569.61(T) 0.054301493 0.0449264 0.04219857

3. AR

481



EANE RN e SN S11 RMAE A S AR D 21
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Fig. 5 Corresponding Expression Tree
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Fig. 6 Multi-point Recombination Example
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Fig.9 MEP algorithm flowchart
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Tab. 3 GEP and MEP Parameter Settings

23 Parameters GEP %332 MEP/MEP
FHEEAUE Population size 500 100
g AR FE R0 H Number of genes in a single chromosome 3 3
SkIBFEH K Length of the head gene 20 20
JEARIKEL Number of iterations 100 100
_ 2
% $4E Function set +‘ cexpr XThosgrts 1
X
A7 % Mutation probability 0.3 & B
{8 B A2 Inversion probability 0.1 0.1
IS #fi #: B 1S transposition probability 0.2 0.2
RIS 4fief i 2R RIS transposition probability 0.2 0.2
S FEAMER Single-point recombination 0.3 H &M
7 s 5 4 Two-point recombination probability 0.3 EBravE
3 AR S R X )
[0.2,0.6]
Adaptive mutation probability interval
[EReI A RZE R Ey e
0.3
Initial probability for adaptive recombination
O 2] T A 2 [X ]
[1.35, 2.25]

Standard deviation range for adaptive recombination fitness
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Fig. 10 Fitness optimization curve
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Fig. 11 Mean Squared Error optimization curve
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Fig. 12 Fitness optimization curve of MEP/Multithreaded Parallel MEP
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Fig. 13 Iteration time curve of MEP/Multithreaded Paralle]l MEP
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#* 4 GEP Hl MEP TR BeAE Yetufhs
Tab. 4 Optimal Chromosome Results for GEP and MEP Optimization

it
Model

it Jetifk Best chromosome

+-+(sqrty++K*(sin) (inv)(sqrt)(sin)(In)(inv)*(inv)+(sin) IARSQDSBPNHGOGKNTETJQ1011521981421 512194126 14103116193
inv)(exp)+/(sin)O(In)(In) B(exp)E(inv)*/(inv)(sin)*RTOOTROGTDCFFCQAEK?N?T 1120616201137503 186 16 13116131114

(

(sqrty K C+(X2)(sin)/(inv)*(sqrt)K (exp)(tn)/(inv)(inv)(inv)BTCDMIBIMCPQPBK AEKBMF11811172162320086115134181481 7
(X2)+G-S+(sqrt)(sqrt)(inv)(inv)(In¥In)(inv)(sqrt) (X2)+ G- SHDHTDDARLIKSAILDEFID12131413191614114709831622010161119
J(sqrt)(inv)(In)(sin)(inv)D(X2)+-(inv)(In)(In)TK (exp)(sin)++(sqrt) HLOLGHFFA?GIIPGO?RBRO31612188144082023 74176128791 6
(X2)(sin)-(sqrt)C(sin)* (X2)(X2)-+(X2)-(inv){(X2)*+(In)(sqrt) OKBMD?H?EHNIC?LPDCF?Q031015112019811716231434201811617

B G A A B4 2 = P BRI I R MR R 2

GEP:

MEP:

Y, :\/sin(%)xln(l)—(%\)><R><S+Sin(é)Jr Di

5 +«/sin(B) +K

1

y2 - —+sin(In(eE))
eI (B)

%zJK+C

1

Y, :(W+Jln(6)—JH ~-T+S-S+G)

y, =sin(D)x [In( )

1
(W ?—ln(K))
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y, =sin(,[sin((B* =M — D +In(33.38))* x (\/ngo ~K)?*-C))?
$4H1 GEP Al MEP {981 (1 AL M 1 I00E, SRR ROVF O IR bR 7 IR (R, 07 P T
3 . — D.
HEARN: rzzu, y(i =1,2,3) Stk S L, p, (i =1, 2,3) Syl stREA B A L L
i=1 i

13 2 FRMME Wk 5:
2% 5 GEP F MEP K5,
Tab. 5 Predicted Results for GEP and MEP

HAR T GEP ALy MEP Tl 75
FEA G Actual Formulation GEP Predicted Formulation MEP Predicted Formulation
- ‘ WM WM WM RORA EdE o EiE
WL M WEPEE VETEEE
Sample % a i % i 2 AN i 22
Red Yellow Yellow Blue
D Blue Red Yellow Blue Relative Red Relative
Dye Dye Dye Dye
Dye Dye Dye Dye Deviation Dye Deviation
1 0.14 0.38 0.05 0.154 0430 0.044 0.117 0.163 0.460 0.086 0.365
2 0.27 0.23 0.1 0.245 0.358  0.095 0.233 0.256  0.234 0.179 0.286
3 0.25 0.65 0.05 0.238  0.820 0.045 0.137 0.289 0.765 0.064 0.204
4 0.19 0.52 0.03 0.153  0.670  0.039 0.261 0.158 0.340 0.036 0.238
5 0.04 0.21 0.04 0.056  0.271  0.041 0.238 0.046 0.231 0.029 0.172
6 0.13 0.11 0.02 0.201  0.180 0.014 0.494 0.174 0.140 0.018 0.237
7 0.3 0.6 0.1 0.380 0.602  0.145 0.240 0.534 0.768 0.111 0.390
8 0.14 0.38 0.03 0.167 0.343  0.035 0.152 0.157 0.356 0.052 0.306
9 0.23 0.1 0.12 0.410 0.140 0.134 0.433 0.330 0.056 0.144 0.358
10 0.03 0.06 0.01 0.029 0.140 0.009 0.439 0.043 0.066 0.022 0.578

P A7 AR X O 2
Relative Deviation of Recipe
e 2 P ° 2 =
o m oa om e =
T

FEA R 5
Sample ID

14 GEP. MEP B! Tl Be 7 AHX i 22
Fig. 14 Relative Deviation of Recipe Prediction by GEP and MEP Models.
3 6 GEP fR2Uf0 MEP &2 T HEL 75 tERHRESTEE
Tab. 6 Comparison of Mean Relative Deviation for GEP and MEP Models

7 Model GEP MEP

JiC 75 FR K 2285 (. 0.489 0.333
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Mean Relative Deviation of

Formulation

R4 GEP HEAYAN MEP MR 7 TR 25 5L, el 7 A 22 4218, nf&l 14 oo st Zml bA
i, 5 GEP Wgs BAILL, MEP FRCRE4F, SR H MR AR 2 I EC 7 ARG W 2 /N, £ 6 A
ARSI P AR ZE 0 22, B MEP B TR 45 5 SERREC 77 B8 40 « XK B MEP SIETEALBE S % 1)
Bc 7 0 i - BT A . AHX T GEP #55Y, MEP %Y 645 T HE A b2 40 H T 5 55 AN R4 22 T 11 2 2R
ACHIGF, MNITHE S T F50I0 AR P52 0 i 1 o

NiE—BIGTE MEP 7R 4 (e 77 T b BRSSP 5 % o a8t 4% SV R 4o 28 I 4% 4SS 20 0, 58 188 4%
2 (GP). KIAMEFIZEMLE (BP LML), ZHFEML (RBF M4 ) A R £ @B IE T
T, FHATE SVR RN TALKTF G E = AN SHIET S8 C. #KKEL epsilon. % REL gamma X E
(Y5 FE 9[0,100]; BP #2 /4% i Bk AR ECA 1000 7%, MNP 4 442 RBF (20 4% 3k s B i B
N RBF B, L2 {2, %ESHIRE N 0.5: BIHLARMBE il B PR Ry 100, SRS i i
KIREN 15, BT RWNE 7. £ 8:

27 FEHLARMORD SVR R [ TR £ 5
Tab. 7 Predicted Results for GP and SVR Models

Fifi LA Mk Random Forest [LWwrRiibs) SVR [LWagiibs)
FEAGE ‘ \
Sample S AN TR iz WYL TR TR LR
Reactive  Reactive Reactive Relative ~ Reactive  Reactive Reactive Relative
i RedDye Yellow Dye  BlueDye Deviation RedDye Yellow Dye Blue Dye  Deviation
1 0.189 0.232 0.054 0.274 0.197 0.110 0.069 0.498
2 0.149 0.337 0.043 0.492 0.260 0.575 0.041 0.709
3 0.160 0.422 0.049 0.242 0.143 0.414 0.021 0.455
4 0.176 0.248 0.044 0.348 0.170 0.187 0.038 0.340
5 0.221 0.231 0.065 1.748 0.058 0.267 0.061 0.413
6 0.218 0.297 0.054 1.365 0.209 0.176 0.038 0.710
7 0.174 0.431 0.077 0.311 0.193 0.489 0.104 0.193
8 0.147 0.386 0.044 0.176 0.129 0.403 0.037 0.122
9 0.207 0.178 0.074 0.421 0.270 0.134 0.132 0.204
10 0.054 0.144 0.010 0.743 0.054 0.163 0.017 1.059

% 8 BP #I4 ML AT RBF #4848 (1 T4 S
Tab. 8 Predicted Results for BP Neural Network and RBF Neural Network Models

FEA 2 BP #1424 Py AR X RBF #iZ2 M 4% T 77 FE X
5 WEPELL VTR W = AL by W i 7=
Sample Reactive Reactive Reactive Relative Reactive Reactive Reactive Relative

ID Red Dye Yellow Dye  Blue Dye  Deviation Red Dye Yellow Dye ~ Blue Dye  Deviation
1 0.173 0.540 0.063 0.306 0.219 0.174 0.043 0.412
2 0.302 0.345 0.200 0.540 0.272 0.394 0.039 0.444

3 0.432 0.812 0.045 0.359 0.160 0.633 0.038 0.211
4 0.189 0.552 0.036 0.089 0.202 0.196 0.034 0.270
5 0.002 0.331 0.034 0.558 0.051 0.525 0.033 0.653
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6 0.156 0.087 0.015 0.220 0.153 0.170 0.016 0.314
7 0.290 0.582 0.234 0.468 0.375 0.362 0.081 0.280
8 0.198 0.402 0.026 0.202 0.180 0.396 0.044 0.267
9 0.243 0.238 0.156 0.579 0.239 0.110 0.179 0.211
10 0.050 0.078 0.016 0.522 0.054 0.073 0.007 0.436
K 9 BAEIIEL T LIRS i ZEXT LE
Tab. 9 Comparison of Average Relative Deviation for Various Models in Formulation
BEHLARAR BP #2245 RBF #2024 SCRFREE A
A Model MEP
Random Forest BP Network RBF Network SVR
7 A X i 22
0.313 0.613 0.384 0. 350 0.470

Relative Deviation

- - BEHLAR AR Random Forest

- = XFFEEFIE SVR
2.0 —-— BPH#IZEM &% BP Neural Network
=+ = RBF#IZ:[%% RBF Neural Network
— MEP

T 77 A A i 2
Relative Deviation

BEA i S
Sample 1D

Rl 15 AR/ TSR AR TR 2
Fig. 15 Prediction Curves of Various Models

FAERILEMARBEA F 1T XI5 AR 22 03K 9, # B ALZE MR A T 8 th 2R a0 Pl 15, Jmid Xt € 9
Hh AR LE MR RE AR LIRS 35 B 7 A i 22 3047 LU, 7T DL R tH 2 RA WmfE (MEP) fEAM Gt
ey B B R B o AR T AR Y, MEP KA R 68 5 AL R T SR BC LG, [RIEE, PO ARG i 22
FOBTE—NEU/MOTE N, BB TR AR LeicAe e, REH MEP BT [8] (1 AR A AR I B 6 OR 35 5
MTRINAERA M, JF B BRUREAR 128 AT 51 N BRI 22 o
5. Wig
5.1 ZFRIEXHmE (MEP) EARMEREFHHNKE

MEP RV F 2 AR R R R Y L 77, AN RIE 2T DA IR AN [R] 1) Je . S BORIBE 75 A8 . AR )
FIAA BT B R r R, BT LA B R R e S HORAR B2 (A OC R XS L (0 T2 i B
PRACAZ A3 5 1025 5 A1 LWL
5.2 ZFRIEXNHE (MEP) HZFERYE)RR

MEP ¥ A F 2 AR XKL R Y /L Ty, XN T SR R vk BB E RIE . & 24 1
RESHMBEZ MR R, TR, FELIIRMELR.

HESHORF AT MEP FREEFAMRMUZ N RIEA, URBIRAERREETT . XK EEE Y
Mg tEARSH, e AE L B ARFI 2R S5, AT ARSI AT 78 AT g 2 L BORE I A R A

MEP 1 I A6 T HE B A A N B AR . 35 ZEUE RO AN & e S 8 BB H bR, DAIRAS A4
MIRLRL . e Ak, ASERY iR 22 AN 58 1 PT R 2 s M AR AL 5 R A HERfR I R mT SE P, X T 15 31 1 s BB B 2 47

493



EANE RN e SN S11 RMAE A S AR D 21

FEZ AAEAS SR R G5 R
6.451%

Z RIE NI PRAER AR G IR B R Bz b, 2 3008 50 FEAE XS A G (0 B2 pR B 4240 2o 1
HERTERE . BEAEMMES T 2R RRENL, TBR T AR R, XA R 2 T e
IRESZ MR R Z AR R B HX A 7%, JATTA] DL RS AEH TN AS [R5 700 T A e 0l 2, AL
TMAESEBRR AR Bt ad 78, 3R i 2B 7 R AN 77 Sl o
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