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Wood species recognition using hyper-spectral images not sensitive
to illumination variation

WANG Cheng-Kun, ZHAO Peng’
(College of Information and Computer Engineering, Northeast Forestry University, Harbin 150040, China)

Abstract: Wood is usually stored outdoors so that when its hyper-spectral image is picked up, the ac-
quired image is usually disturbed by environmental factors such as illumination, temperature, and hu-
midity. This disturbance may produce the false wood species classification results. To solve this issue,
the wood texture feature is extracted in its hyper-spectral image by use of PLS and LBP. This texture
feature is then combined with the near infrared spectra of wood hyper-spectral image so that the fused
features are sent into SVM and BP neural network classifiers. Experimental results indicate that our
scheme can reach to 100% classification accuracy without environmental disturbance. Moreover, to
testify our scheme’s robustness in case of illumination variation, a simulation experiment is performed
and it indicates that our scheme outperforms the conventional and the state-of-art wood recognition
schemes.
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Fig. 1 the overall flow graph of our wood species classification processing
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Table 1 the detailed document of our wood species samples

Number English Latin Number English Latin
1 American red oak Quercus rubra 5 Teakwood Dicorynia guianensis Amshoff
2 Merbau Intsia bijuga 6 Golden SilkTeak Tectona grandis L. F.
3 Limba TerMIMnalia neotaliala Capuron 7 Birch Betula platyphylla
4 Safflower Pear Pterocarpus sovauxii Tub 8 Camphorwood Cinnamomum camphora
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Fig.2 the microscopic images of our 8 wood species (a) American red oak; (b) Merbau; (¢) Limba; (d) Safflower Pear; (e) Teak-

wood; (f) Golden SilkTeak; (g) Birch; (h) Camphorwood
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Fig. 3 hyper-spectral exhibition graph (a) original hyper-
spectral image; (b) the corresponding spectral curve for one
pixel)
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Fig. 4 grey-level images of wood cross sections (a) Ameri-

can red oak, (b) American red oak, (c) Teakwood
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Table 2 image similarity comparisons

Method FDHM SSIM MIM DHashM
[ 4a, & 4b 0.9098 0.1703 0. 0294 0. 5350
[ 4b, Kl 4c 0. 8468 0. 1264 0.0320 0. 5057
El 4c, Bl 4a 0. 8243 0.1148 0.0320 0. 4976
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Table 3 the selected best wavelength combinations with different schemes

1 2 3 4 5 6 7 8 9 10
FDHM 3 9 18 28 29 35 46 47 48 49
SSIM 9 17 18 28 29 35 46 47 48 49
MIM 1 2 3 5 7 14 17 21 23 49
DHashM 9 17 18 28 29 35 46 47 48 49
ABS 1 9 11 12 13 17 46 47 48 52
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Fig. 6 image fusion after wavelength selection (a)~(e) are selected 5 wavelengths, (f) is the fused image
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Fig.8 wood species sample images (a) and (b) are American red oak; (¢) and (d) are Safflower Pear; (e) and (f) are Limba
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Fig.9 wood sample’s feature curves
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Fig. 11 textural and spectral feature connection
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Table 4 the execution time for dimension reduction schemes

Method FDHM SSIM MIM DHashM ABS Image Fusion LBP PLS
Time(s) 0. 945 2.084 0. 586 2.185 0. 185 0.315 0.738 2.023
x5 WE-ERHEERE 1
Table 5 time requirement for processing one sample 832: %ﬁ%\/ P
with different schemes 0.94 o \\S/D
Mehod PLSLBP o~ " °
FDHM  SSIM MIM DHashM ABS 50.887/\/_\\/\
Time(s)  3.873  4.174  3.715 4.212 3.613 = 0.861 —_FDiM
0.84\- —SSM
(19 J2: 14 DHashM 2 4 6 2 J7 1 3 A b 8 F s 5 )y L AR
i T 00 1T ABS 2 A R4 7 0 K bR R R0 7 0 e
FEI von ®
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Fig.12 wood recognition accuracy with multiple wavelength
selections (a. SVM classifier; b. BP neural network classifier) :
ab
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Table 6 the best classification ratio for different

schemes
SVM BP

Method Number Accuracy Number Accuracy
FDHM 5 98.95% 6 96.42%
DHashM 3 100% 3 95.81%
SSIM 4 97.91% 10 96. 13%
MIM 3 90. 62% 3 92.24%
ABS 8 95.83% 7 94.91%

o BRAE B T R B AT il A R AN iR
(EE e RS

N RN E — P EOGIE ER 0 SOE
JEFAT 21 A % B b A (LLF 8 FR FF (Fusion Fea-
ture) ) 7 B TR IE B 2, & 14 hogs s T R )
PN



135 FIRIE A 0 AR AN SR A IO g D RS A R B Rl L Sk 0 5 81

1

091

081

0.7

Accuracy

0.6F i
0.5f

0.4r[

037400 500 600 700 800 900 1000
Band Number

P13 folf A A B A 1) R L i
Fig. 13

wavelength image

wood species recognition accuracy by using single

1.02

1+

\\/\/

e

o

=)
T

Accuracy
IS)
el
=
T

0.94 —— FDHM
—— DHashM
—+— SSM
0.92 - —+— MIN
~o- ABS
0.9

0.995
0.991
0.9851
§ 0.98-
5
309751
<
0.97 —— DHashM
- —
0.965 ~o- ABS
1 1 1 1 Il 1 1 1 1
0'961 2 3 4 5 6 7 8 9 10 11

Number
(®)
Bl 14 RRAERLG S M BUIE R 3 (a) i F SVM 432548, (b)
i I BP 432588
Fig. 14  wood recognition accuracy with feature fusion (a)

SVM classifier,(b)BP neural network classifier:a b

NI 14 H Rl LI Y FF LR SVM 4325 25 i )
TEB 281 100% 75 I H BP #if 28 9 2% 3 1715 5]
i, £ FH ABS A1 MIM ()38 B £ 77 75 1 TE B R A SR
i T ] FDHM . DHashM . SSIM f4 1E 8 % , {2 TG i
it IR — b 7 3 IE A R R T 100% ., 3@ i ik
A3 B AT LA B8 G SRR U I B R AR
ST S5 B T IR A IE A %

3.3 5HMEAENILER

TEAS T AT PREA SOk 5 22 M52 ASC(Av-
erage Spectral Classification) , PCA+GLCM DA K SCHik
[2-4 ] =Pl R B U A R X . ASC BT REL
AR X G R T AR R RN R Y DG 3
IO H B9 7 T4 B R R S OGS BRI 20
i . PCA+GLCM (Principal Component Analysis +
Gray—Level Co—occurrence Matrix) 9 32 %2 8 AH J& X
GG A PCA [B4E , 2 IR — 32 140 T X Bz (1
IRBEPRG I XTI BE R B IBUR: GLOM SUBIRFAE
SCHR[2-4 [ TE W22 S0mk X R
3.3.1 HERELER

TEA/ N AT THEA RS2 s AT i ], 3R
gy 7L B S R A B AR AR BT AL B Y
FIA]

R T Hhoa] D e BRAE B d 22 114 2 SOk 4 19 T
V5 %7 1 A T A B R R AR 1 i AT R
Y, Hoaz A7 o 8] N6 BR KO OC , iZ R b 43 i 2
TEER 100 Y 5 221 S ] o ) — 5 TFEI B 1Yy
J& ASC PCA+GLCM , 3CHR [2 JAISCHR[3 ], 3 DU Ak
TRALFR—AFEA B B [RIERTE 1 FP LAY .
3.3.2 BREMEILER

TEAS /NS FATTHE R oA A58 125 1 R0 TE A 5
(dperm ) H 37 SCHR L3 J AN SCHR [4 ] b B85 BRI Y il
B FAFFE R LA , FRATTR R0 B s &N S 1R
FIERA ., Rhar i TANEEM P IER 2.

N 8 rha] LU AR SO R B PR I A 8] ik
100% , & JIr A 75 2 T RO TE A 3 b . HG2 3.
ik [3 ]+ SPDD Fl IBGLAM 45 fiF i 7 J& 79 1E 56 2R
ASCIERfZR LI K SCHR 2 R IE B 2. U IE A 3%
D (5% £ 2 PCA+GLCM FISCHR [3 ] AORDRI U1 L K
SCHk[ 4]0 GA/KDA S

2ok S AT A AT B OSCHR [3 ] 9 5 i il )
RO 4325 07 AT O, TR0 TE A 2R T S i 23 K
R EE R R 3 X —FP g ) R R o AR
SCHTE Y 8 Tl AR BA A — B o3 2 il i A, A AL
A FEAAR SCHR 3 ] rb i $ofF R M REAS IR A AR
T AR 4 LB R B/ B A ] R PR 2 B T 5T
B e S I N (& = W NN (T e )
A9, DT A5 75 TS ASORY 99043 0 o 15 Tl 286 4
AR SCHR 4 P KDA/GSV D B AR L MEFRIE 5 4y
RNERFIE  (HJ2 LDA TR 5 th LR U5 3 2003 260G
JEE MR R K



82 EANP/ RS IR 3 S 3 o 39 %

KT BIEEFERERE

Table 7 time requirement for different algorithms

Method Time(s) Method Time(s)
ASC 0.305 Literature 2 IBGLAM 0.315
PCA 0.295 IBGLAM 0.315
PCA+GLCM GLCM 0.232 Literature 3 SPPD 0.011
Total 0.535 Total 0.415
GA(once) 5.824
LBP+PLS 3.613~4.212 Literature 4 KDA/GSVD 0. 460
Total (100 times ) 596. 251
®8 JBNEEMIRGERE
Table 8 the classification ratio for different schemes
Method Accuracy Method Accuracy
ASC 91.67% SPPD 73.95%
PCA+GLCM 72.91% literature 3 SPPD+IBGLAM 91.67%
literature 2 89. 58% Fuzzy+SPPD+IBGLAM 56.25%
TF 100% GA 82.29%
LBPPLS FF 100% fiterature 4 GA+KDA 51. 04%
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Fig. 17 wood recognition results with textural feature
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Fig. 18 wood recognition results with feature fusion
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Table 9 classification ratio with different I values
I Correction methods 50 100 150 200 250 300
uncorrected 90. 62% 84.37% 75.00% 61.45% 59.37% 54.16%
ASC S/B 90. 62% 84.37% 76. 04% 62. 50% 61.45% 55.20%
DS 90. 62% 90. 62% 92. 70% 91. 66% 91. 66% 89. 58%
uncorrected 82.29% 78.12% 73.95% 65. 62% 65. 62% 65. 62%
IBGLAM S/B 78. 12% 77. 08% 75. 00% 77. 08% 68. 75% 68. 75%
DS 12.50% 12. 50% 12.50% 12. 50% 12.50% 12. 50%
uncorrected 86. 45% 82.29% 79. 16% 78.12% 76. 04% 72.91%
SPPD+IBGLAM S/B 76. 04% 78. 12% 78. 12% 72.91% 68. 75% 68. 75%
DS 13. 54% 12.50% 12.50% 12.50% 12.50% 12. 50%
TF — 97.91% 97.91% 97.91% 97.91% 97.91% 97.91%
FF — 100% 98.95% 98.95% 97.91% 98.95% 97.91%
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Table 10 the classification ratio for 3 similar wood species

TF

FF

Method PCA+GLCM IBGLAM
FDHM DHashM FDHM DHashM
Number 3 3 2 - -
Accuracy (%) 75.56% 80. 56% 97.22% 94. 449 41.67% 55.55%
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