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Abstract: To develop a calibration model for rapid, accurate, and nondestructive grading of wood on the basis
of knots, near infrared spectroscopy (NIRS) technology was used on coniferous boards from Douglas fir (Pseu-
dotsuga menziesii), Chinese hemlock (Tsuga chinensis), Dragon spruce (Picea asperata), and Spruce (Picea
glauca and Picea engelmannii)-Pine (Pinus contorta)-Fir (Abies lasiocarpa) (SPF). Altogether 1 056 spec-
trums of samples were obtained in the wavelength range of 1 000-1 650 nm by SmartEyel700. Spectral pre-
treatment methods, including standard normal variate (SNV) and first derivative (FD) as well as modelling
methods such as principal component analysis-linear discriminant analysis (PCA-LDA), partial least squares-
linear discriminant analysis (PLS-LDA), and least squares-support vector machine (LS-SVM) were used and
compared. The experiments also explored the ability of using a model built for one species to predict samples

from other species. Then, a random frog algorithm was applied to select effective wavelengths (EWs). Finally, a
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LS-SVM model was established to detect knot defect on board surfaces based on eight effective wavelengths
(EWs) or only 1.23% of the full wavelengths with results compared based on sensitivity, specificity, and accu-
racy. Results of the validation set of mixed boards were: sensitivity——98.49%, specificity——93.42%, and accu-
racy——96.30%. Thus, near infrared spectroscopy combined with chemometric methods could be used to detect
surface knots on boards for different species of wood with the random frog algorithm being a powerful tool for
selecting efficient variables to optimize the model and improve detection efficiency. [Ch, 2 fig. 4 tab. 24 ref. ]

Key words: wood science and technology; near infrared spectroscopy; coniferous wood; board; knot; random

frog algorithm; least squares-support vector machines (LS-SVM)
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Table 1  Information of calibration set and validation set in the experiment

T IE 4 PIRFWES
T T
ABERERE T A - St TR S
T H A& /mm . 7 H AR /mm .
A B/ A ot/ A
0~10 >10 0~10 >10
Bl v 107 42 81 123 53 21 40 61
SPF 109 32 42 74 54 16 21 37
R 89 17 35 52 45 8 18 26
ok 93 26 32 58 47 14 14 28
e 398 117 190 307 199 59 93 152
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53 2R FH 3 B A3 100 -2 M 40 ) 43 B 7 (PCA-LDA) i e /I — 3fe [l U528 4 40 591 43 7 32 (PLS-LDA) il
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it DL PLS-LDA J5 i P e A48 et 0 AN B e 1 P A AL (R MR B o AS RS SR A BR — 38 LB TR I i 2 2%
BRI S50, R RBF &% B EUVE A LS-SVM 43 K 28 1A% R 5, I DA BE — 38 LI TR TR 45 A s 48 R 5T ik
i LS-SVM 7p BRI 248
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e -2 5 ) AL (FD-LS-SVM) fir @t e AU M e e . ey, AU SE B2 ARM 1) FD-LS-SVM 458 7Y X 4% 1 48 Fi
A 0 BOREE R SR R R B VE 2 45 B A 100.00% ,  100.00% , 100.00% F1 100.00% , 97.30% ,
98.90% ; &k A2 M A4 i FD-LS-SVM 5 8 % 4 11 48 A0 3k 4 19 SRRk o 5 S 0 R0 3 310 ofE 8 % 40 Ol oy
100.00%, 98.08%, 99.29%F1 99.78%, 92.31%, 95.77%; Z A bt FD-LS-SVM 45 78 %6 4 1F 42 F ) i
AE R RBOURE | R SR R VA 2445 5k 100.00% , 100.00%, 100.00%F1 100.00% , 96.43%, 98.67%.
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Tt AT OGIE AL, 4 S RIFAR A F) PCA-LDA #1741 | PLS-LDA #iAI: fE 45 T LS-SVM LAY
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HLOME . REHDREE | R MGERAE), W SRAS R B T 25 5 .
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I 2 R X SPEF, A2 Rl A2 AM o 915 FAE AR RO 8 2% 3 SNV-LS-SVM #27 i 48 %t SPF Al 4 11
Fi 5 PE (91.80% ) ey, AH HAFURRNE 22 (73.58%) , R WIZ AR AL R 6 FI T W0 SPF A b1y F @ k. Xt F
SPF #z#t, NP-LS-SVM, SNV-LS-SVM Fi1 FD-LS-SVM # %I % It 35 & AZ AR A4 R R 8025, (EXF =42
i bE #B R AR A A7 ) B AR . Horpr, FD-LS-SVM BRI A ROR B, KBTI = A2 A I U . e =
PEFNLUN B 24390 R 100.00% , 96.43%, 98.67%., [Ali, A% AR AZ MM BB RO e by, o
T RS AR R Bk 91.11%, 92.31%, 91.55% ., X FEkiMikt, NP-LS-SVM 4 %I %f SPF
= AZ AR A e 07 3 hy, PR HER 2R 2 3K 3] 95.61%F1 94.67% , FD-LS-SVM R 2 A28 b 1 iR
IR B by, HARURAE R S AR B ME A R A B R 97.87%, 96.43%, 97.33% . X T MM, NP-
LS-SVM #£5 X} SPF H b4 i PR 0 88 R s o, O | o e M AR 0 v 1 232 43 39l oy 100.00% , 96.72%
98.25% , FD-LS-SVM #% % Xt SPF i b4 18k AZ A A4 1 15 500 50 SRt e a1 0300 o 6 2 43 9 R 97.37%
95.77%.,
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K2 AFENXiEFAET PLS-LDA #0 LS-SVM =B 25 R
Table 2 PLS-LDA and LS-SVM results for different pre-processing methods

- Sl i‘ﬁ%ﬁi&i@ e IESE I
Jiik T % R 5 1/ % E A 3% T % i 51 % TR /%

PCA-LDA NP 100.00 86.49 94.54 100.00 89.19 95.60

SNV 100.00 91.89 96.72 100.00 91.89 96.70

FD 100.00 85.14 93.99 100.00 89.19 95.60

PLS-LDA NP 99.08 93.24 96.72 100.00 89.19 95.60

Bl v SNV 99.08 95.95 97.81 100.00 89.19 95.60
FD 100.00 95.95 98.36 100.00 89.19 95.60

LS-SVM NP 100.00 94.59 97.81 100.00 89.19 95.60

SNV 100.00 97.30 98.91 100.00 94.59 97.80

FD 100.00 100.00 100.00 100.00 97.30 98.90

PCA-LDA NP 100.00 91.87 95.65 100.00 91.80 95.61

SNV 100.00 93.50 96.52 100.00 93.44 96.49

FD 100.00 90.24 94.78 100.00 86.89 92.98

PLS-LDA NP 99.07 95.93 97.39 100.00 95.08 97.37

SPF SNV 99.07 95.12 96.96 100.00 96.72 98.25
FD 100.00 93.50 96.52 100.00 95.08 97.37

LS-SVM NP 100.00 97.56 98.70 100.00 95.08 97.37

SNV 100.00 100.00 100.00 100.00 96.72 98.25

FD 100.00 99.19 99.57 100.00 96.72 98.25

PCA-LDA NP 95.51 92.31 94.33 97.78 84.62 92.96

SNV 96.63 92.31 95.04 100.00 80.77 92.96

FD 97.75 90.38 95.04 95.56 84.62 91.55

PLS-LDA NP 96.63 86.54 9291 97.78 88.46 94.37

LR SNV 97.75 94.23 96.45 100.00 80.77 92.96
FD 97.75 92.31 95.74 95.56 84.62 91.55

LS-SVM NP 100.00 100.00 100.00 93.33 92.31 92.96

SNV 97.75 98.08 97.87 97.78 92.31 95.77

FD 100.00 98.08 99.29 97.78 92.31 95.77

PCA-LDA NP 100.00 89.66 96.03 100.00 89.19 96.00

SNV 100.00 91.38 96.69 100.00 91.89 96.00

FD 100.00 91.38 96.69 100.00 89.19 96.00

PLS-LDA NP 100.00 89.66 96.03 100.00 89.19 96.00

=k SNV 100.00 93.10 97.35 100.00 89.19 96.00
FD 100.00 91.38 96.69 100.00 89.19 96.00

LS-SVM NP 100.00 98.28 99.14 100.00 96.43 98.67

SNV 100.00 100.00 100.00 93.62 96.43 94.67

FD 100.00 100.00 100.00 100.00 96.43 98.67

TEBAL R, X 55 50 2 AR RARORE 9 1 T B HAT B ORI RE T o e 3 RARURE B9 TR Y B A R
YRS P AL SE B A AR Y BB, TR, B SR A ARORS (9 U AR TR e A REME A IR 51 SPE L 8k
KM AR PR T80 . IR AR SPF . Sk M= 2 MM 22 i, 5L R B2 R 2E
K
oI 1 nf . RER AR, HENTIE oM A — @ AR, @arit 4 SRR iR
TR T RE B SR A SEPRAE . SR LS-SVM SR A 90 IR IR R, SR NEE 4 s .
Hi e 4 L. 5 R — b e DU AS R i P D' 3% T A L5 I AR ), SR — B S B A 4G 5 fe/ s 3R L
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F 3 BE—RFh LS-SVM R 3F H i 43 Fh 71 i 45 SR

Table 3 Results of using a model built within one species to discriminate samples from other species

A i i L I A A WA A i A L A Wi
Ak 3 HUENE % RS ERI% dib % RS E%  IE W ERI%
Jb%#E NP SPF 100.00 75.41 86.84 ks NP Jb#E 6481 86.49 73.63
Bk 97.78 73.08 88.73 SPF 96.23 95.08 95.61
ZH 100.00 64.29 86.67 Py 7 95.74 92.86 94.67
SNV SPF 73.58 91.80 83.33 SNV duedsz 24.07 94.59 52.75
ks 100.00 26.92 73.24 SPF 13.21 100.00 59.65
ZH 100.00 82.14 93.33 A 74.47 100.00 84.00
FD  SPF 98.11 70.49 83.33 FD L ## 1.85 100.00 41.76
RA 100.00 38.46 77.46 SPF 69.81 96.72 84.21
=k 100.00 50.00 81.33 A 97.87 96.43 97.33
NP Jee#ts 5741 94.59 72.53 NP JtE#E 9630 81.08 90.11
ks 88.99 92.31 90.14 SPF 100.00 96.72 98.25
Zh 95.74 96.43 96.00 ks 97.78 88.46 94.37
SNV de#ts 7593 86.49 80.22 SNV dusdkz 2778 91.89 53.85
SPF ks 100.00 61.54 85.92 Zh SPF 81.13 96.72 89.47
=k 97.87 92.86 96.00 Btz 91.11 92.31 91.55
FD  deEsts 1481 97.30 48.35 FD el 6296 81.08 70.33
ks 91.11 9231 91.55 SPF 100.00 95.08 97.37
= 100.00 96.43 98.67 ks 97.78 92.31 95.77

R 1) EEALPT R SR A PERE e b . FD-LS-SVM ARG I 350 4R A BURE | R S R AN DR HE B8 =R 0 3ol hy
99.50%, 95.39%, 97.72%., L3 3, ZRGEEIRIXS SPF, BAZ = A2 Wbt i) B 45 R 5 B — AL Y 1) 33
2 R — B, IR R RO L 5% B AZ A B 4 S 1 (94.59% ) Wi AR T b 5% BUARZ B — A T A [R] 26 45 AR
(97.30%) o 1X FWIR A AR BIARBA 15 5 PRI ASE 2R A 7 PRS0, S REE FH T AN [R)BR fASOR 114 3 1 SR B ARG
24 RETVTFREEEEENEISHN

R FBEALTT ek 303 (RE) X JEUAR G TE (19 650 A~ Jeiil A8t BEAT R b AZ t e o R P A7 i AL 4K R 37
51847 100 W5 BB B b BE R EATHERS , LL0.72 D9 BIfEL, 2B H A AR R R A T 8 A8 i AR R R AR
£, HZER558 1314, 1358, 1409, 1340, 1260, 1586, 1288 F1 1402 nm, HHr, 1358 nm [f}
AR PARTRER, FLAER ML 421 C—H 45 4R3h A AL AR 3 1 — A5 Wiy, 1 409 nm i3 o4 K
JRE KAy C—H iz sl 09— G5 Mt , 1 586 nm B ARM LR 4E R b O—H 4 4R 3l ity — Jefis
Al 2 AR R LT T RBE I, S AL F AL B IR R | SRR R A RS IR

4 2HESHERBETRAWME LS-SM BB ER

Table 4  Results for full wavelengths models and effective wavelengths model

Tﬁﬁ! fﬁlﬁ?ﬁl&i‘ TR HERS Tﬁﬂ 7‘161?3@'1&" TR il S
ER M UENE % FERE/ % EHR% || R H5k B % FeSPE/ % IERR%
NP T’ 98.99 94.74 97.15 FD A 99.50 95.39 97.72

JeEtz 9815 91.89 95.60 b€ E2 100.00 94.59 97.80
SPF 100.00 96.72 98.25 SPF 100.00 96.72 98.25
LR 97.78 92.31 95.77 LR 97.78 92.31 95.77

A . Rk -

- P 100.00 96.43 98.67 _— =iz 100.00 96.43 98.67

zﬁ SNV T’ 99.50 94.74 97.44 gz NP HE 98.49 93.42 96.30
JEE#E4Z 100.00 94.59 97.80 db 36 Wk 98.15 91.89 95.60
SPF 100.00 96.72 98.25 SPF 100.00 96.72 98.25
LR 97.78 92.31 95.77 Az 95.56 88.46 92.96
=k 100.00 92.86 97.33 =iz 100.00 92.86 97.33
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PiAEFEZE S BRI, st RRAE i K mT DAV Bf S e AlobE 2 T T B BE I A AR . BRILZ AN, BRI Ok
TERCHRA N 1 056x650 [k 1 056x8, A] 4 w1+ i Br

¥ 8 FRE I 4 (effective wavelengths, EWs) T i 61 504 7F M A, R LS-SVM &7 1R A bt
AT 5 B B R AE 0 B R B Y (EWs-LS-SVM) , I 5 JEL 46 D635 T 42 ik B (full wavelengths, FWs) i £ 15 7!
(FWs-LS-SVM) X}t o 455413 4 iR .

M 4 paf DU . EWs-LS-SVM A58 AU 28 46 (1 SO | e 57 1 R 1L 531 o 6 232 43 31 Ry 98.49%
93.42%, 96.30% ., 5 )5iHIE3EE T ) FWs-LS-SVM L BUAH L, EWs-LS-SVM A5 78 %55 il 24 £ 19 45 55 P i /)
F W] EWs-LS-SVM #5270} % 187 15 F- B B U0 A8 ) w43 B AIK, X vl B2 fi F EWs-LS-SVM #7818 4
PR AR R, TS8O R T TR U 5 B ZRTEM . e, X 4 SRR b 317 B AR 55 B
R EWs-LS-SVM i I 146 vh b S€ B AZ F1 SPF Aobf 1) FL 00 25 5 5 FWs-LS-SVM BRI 45 BLAH ], (AL 2
BRAZ RN A2 0 10000 285 A7 B B A . %5 I 3] EWs-LS-SVM #5202 iy A% 1t Xy FWs-LS-SVM £ AU 1.23%,
R LIEZ

3 Hi

KR L AMGTEHE AR G A A AT B2 O RO T AL A2, SPY, B M = 1255 4 FhEr m Rp At 3
T 7 T SR B R DRI v . ZE IR — B B0 AL 3 25 A fe /N A - SR ) det AL T A B — A e
HbE 5 F UM AT LA KT G AR Blob b 1 IR BB R A MR Bt s SPF, kA2 T & A2 ARb AT — B — R b
BRAA B 75 AR Ay 2 SRR B A 0 kA N R R, B N MR, (HAESE RS
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