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Due to the multi-dimension of near infrared spectrum ( NIRS) and large volume of data, huge
storage space is needed for data processing, which directly affects the speed and accuracy of online data
analysis. This study aims to discuss the feasibility of pretreatment of near-infrared spectroscopy of wood
based on wavelet compression as well as its effect on prediction accuracy of Betula costata Trautv wood
density using NIR technology. The NIRS data of B. costata wood were compressed using wavelet
transform algorithm with the aid of Matlab. Results showed that the global threshold value based on
balance sparsity norm and the heuristic threshold value were observed to be the best with decomposition
layer of 6 for the sym2 wavelet. With the method, the 2 151 variables were compressed into 38 wavelet
coefficients, and the corresponding energy reserved component, zero coefficient component and
compression ratio were 99. 66% , 98. 34% and 56. 61% , respectively. The partial least squares ( PLS)
models were developed based on both the original NIRS and the 38 wavelet coefficients after compression.
The inner cross validation was used and the external validation was applied to both the original and the
compressed dataset. The best prediction results were associated with the calibration model developed with
the compressed NIR data with determination coefficient (R*) of 0.913 9. This study indicates that the
wavelet compression method could effectively simplify NIRS data and improve the prediction accuracy.
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Tab.1 Compression results with different wavelets %

i AR RO B S i JE45 T
W
Energy reserved Zero coefficient Compression

Wavelet )

component component ratio
db4 99. 80 93.53 15.04
sym4 99. 82 93.53 15.04
coifd 99. 65 93.05 13. 61
demy 99.59 91.03 9.31




%53 4

PRAEE . ST/ NERG B B I 21411 i Bk BERF 7Y 91

1T symIV S i — 2 /NS AR /N AR TR
e ZLHAE AR VSR TRAGRCR BRI, [RIRE, B
INB O RZE N A ARSI AR AR E LN R AT 42 )R
AR 457, I fe 0/l 3k i 3 2l &2
sym2 /DN 246 Ji A5 21 10 BE ORS00 L F AR RO
o3 JEAR ORI TR 48 BOR el
®2 symN /NERHERER

Tab.2 Compression results with a series of symN %
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SymN  Energy reserved  Zero coefficient  Compression
component component ratio
sym2 99. 82 93.66 15.47
sym3 99.81 93.59 15.26
symd 99.82 93.53 15.04
symS 99. 81 93.50 14.94
sym6 99.79 93.43 14.73
sym7 99.77 93.37 14.53
sym8 99.74 93.30 14.34
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Tab.3  Compression results with varied wavelet

decomposition layers %
I RSO B LAY FRZBOLY JE4i 1t
L Energy reserved  Zero coefficient  Compression
component component ratio
1 99. 99 50 1.99
2 99.93 74.97 3.97
3 99. 87 87.45 7. 88
4 99. 82 93. 66 15.47
5 99.77 96.77 29. 88
6 99. 66 98. 34 56. 61
7 99.24 99. 10 102. 43
8 98. 51 99. 34 113.21
9 97.71 99. 39 107. 55
10 97.78 99. 45 102. 43
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Tab.4 Comparison of compression results with different compression methods %
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w1 T oy N FYSN oy " TSN
Denoisi AE e f B £330y JE45 L BE L PR B o> FRBUNY TR L
€no1sin;
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BT A
99. 41 98. 34 56. 61 99. 66 98. 34 56. 61
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2% AH Remove near 0 99.99 50. 02 1. 44 100 50. 02 1. 44
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Fig.1 Raw NIRS of Betula costata wood
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Fig.2  Reconstructed NIRS of Betula costata wood

Y ¢ 5 A0 i o kb B NIRS #5719 42 1E AR
RUPLIE Z2 450 T8N I R 447 8 57 (A R I AR AR e
FB, XA IE A ARG B ()5 e £L 7, A Kb B A G OE
5B UERER AR o 25 2 (] ) 22 {8 L 28/ N R 40 s AR
IE 5 B AR R AR 25 2 [ 1 22 (K 73% , & 2/
W45 Je A R B PR B 5843, RSD AY{E ¥/
F10% 7, a WA IR 0] B T SRR S R AT
Lol

x5 WHEAMEEEIIMEBIH TN R

Tab.5 Model statistics for Betula costata wood density prediction

s BB INTIE S /NI 4 TR AR
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Pretreatment Model
R SEE RPD R? SEE RPD
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HL.RPNIRERE ,SEE SNERME MR ZE  RSD N AEN bR fE 2 ,RPD A #H X Hris2E . Notes: R? refers to coefficient of determination ,SEE refers to

the standard error of estimate ,RSD refers to the relative standard deviation, and RPD is the ratio of standard deviation to SEE.

JFH JIT A IR o T 0 B A o AR 2 B 1A T T A5
) 0T A A AR | R4 TN AR e R B R TR
A BTN A R R TRLRE RS T A S A ead b
P 454 TSR R 47 0 45 ) A4 ok s R B KT
RACFAL ERT YerE BB, 25 b, FRARAS IE AT X
4 T 0 A T R e b (&1 3.4, H RPD N
3.406 9 KT 31 Ui T RS S AL IR )
T R RS P B RIS o %) T

3 sibhitit

7E Matlab B X AUREA B % BE NIRS #4770
?ﬁ}j___{gfrﬁ 5 WLVI:‘\KEJ/J\?&% \é—}%)%@ . @@Xﬂ’}j}éﬁ%{
SRR, 5 S AR AC B 3 B NIRS B, XA

HIRE S AT IO, AR BN S5 8 W 1) BT sym2 /M)
6 JZ 53 i () Y AR A T 2 4 ) R ) {1 4 3R
Ao B G NIRS B0 28 5 2 151 4> 40 1% 38
/NG FREL, TR AR SEGR B R U E | RE R
By, F R B 4y, R 45 L A i S 99.66%
98.34% .56.61% ,7E)X 7] e £ Hu % B8 J5L4f NIRS A7
WS BRI, SEBL T RS e K AL, 08D TS
] 156/ INE A4 ] X B A 1 %% B NIRS 47 A
ROUEAR , A PREE R A OC SR A 080 R 4 R
2) HLAAT T/ N R 4 Ak BRAS R (R R S S BRI, /N
U FE A0 X6 3T 21 AR T AR IR e 5 22 B0 i i B A, T
ZMEANTT N PSR T A: 5 5 R I R 4 S R I
BREH T F 45 i o 1) T e o 2R 500, A v o0 T



%3 DR A . SLT /NI RS A A 25 B I LT A MG RE Y FLAL B 5 93
1.1r
//
— 7
T P
E o
to o
= o
o g7 $ o %&
= g o @%/go °
1_;— ?: 8// o
e
A 5 A °
’éE =2 09 g .8
B i &
~ = L]
; (o]
= -~ o
Fos s
0.8 0.9 1.0 1.1
ARM B I i {E

Measured values of wood density/(g - cm™)

o FHIFALAEICalibration model

----- EIERE T4 Calibration model filling

o KyUFAET Validation model
"""""" USIF AR G Validation model fitting

3 AU A B 2 B S I B 5 BN (LA SC

Fig.3 Relationship between measured and predicted values of Betula costata wood density

_Lp

5 § % §
w0 1§ 83%
{g‘i 3 ! }}“ Ei
g t §§ %E
T o0
#3309 : %

éo.x—

m Il Il

0 10 20

TR EEFEAPrediclion samples
o Filll{E Predicted values ® ZZiM{E Measured values

[l 4 BUMEA L %5 BE NIRS 1 IE AR50 45
Fig.4  Prediction results of NIRS calibration model

on Betula costata wood density

2R/, 058 0.913 9 F10. 013 8, H: TR BEAf
TR BRI LM CIEA AR 5 BH /N e 4
FHTFARME AR 25 BE NIRS (4G 2 T A7 1Y, o] A 3%
P e AL 1 T 1

/N AR A TR AR AL BE NIRS 33 2 v A7 &5t
IR T /N R B, eI/ M A7 25 TR1 A R Bs) A 2
R E AR RS B R B T e, S T i e T 6 T ASE B A
JE ¥ T AR e MR B EAE R 0. 875 3
£]0.9139, FEENAIIRT, HIT8 T /N 46 % 4k
P PLS AL 52 | X H A 28 14 AR 2 A A 1) 52
A FEE—2 8 E . i IR R ok /X, 7
N7 FHAR SC T AR TR X A SR i 2R A 0000 s R
e BB EE , DRI R 2 s A, S
SEtFaT AT LA S X SR R A E K A
AT (U8 B2 AR Ry 21 4/ 2 A A5 80 1Y) S, i — 2D 4R
TR FH 2R 28 B A Ry BUAE, 2 75 T DU 3 AR A A
X BE R LU AN IORE BE L e Ah , PR AL %% B 5

AR EIE R RO R AR SCR TR

SR—FEARE AR B i i 2L NGRS AR SRR

AL Tk AR 0 3900 2 D A 8 4t e SR

3 5 PTG G AR PGS R op , BA AL 5E R — ot

£F , Mead i s IR B BOCBER AL . Bkt

T BB S T AR B, T LR A 3 3R AR

A TR B AR BB IR R XL M B BT

SRS . FEIRSERIBT I, n LR ] o e e ik

IIARIEANE M A BOETEAR B, 230 b 23

AL LT AR | LI Sy ACRE f RS A £ 53 T

AR AEIEREBCE . [RIF, oh T 3T 20 MY A v AL

RGE— KA ER 5 4 R 00, 7 A FH iy 2808 © R

HEATIEIE B kil NIRS A2 0E , DGRBS AU i) 150300

RE A SZAN AR 1T

5 % % #

[ 1] HAUGHEY S A, GRAHAM S F, CANCOUET E, et al. The
application of near-infrared reflectance spectroscopy ( NIRS) to
detect melamine adulteration of soya bean meal [ J]. Food
Chemistry, 2013, 136(3) : 1557-1561.

[ 2 ] NKANSAH K. Rapid characterization of biomass: the use of near
infrared and fluorescence spectroscopy as process analytical
technology ( PAT) method [ M]. West Virginia; West Virginia
University,, 2009.

[3] DIAZ J T, VEAL M W, CHINN M S. Development of NIRS
models to predict composition of enzymatically processed sweet
potato[ J]. Industrial Crops and Products, 2014, 59 119-124.

(4] AR, RIS, 20, % HTIEASDIES BP Mm%
T AR B I &KL ]. AR, 2012, 28(4): 9=
11.

HAO S Q, SONG B Q, LI P, et al. Prediction of sawdust water
content of Dahurian larch based on NIRS and BP neural network

[J]. Forest Engineering, 2012, 28(4) ; 9-11.



94 b om kK ¥ ¥ R 5538 &
[ 57 SRS, 2R, ST AMGIE o HrH AR LEAR B U B A I v TANG Y F, HOU Z Z, WANG Z B, et al. Cluster analysis of

[10]

IRFFEHERE (D], ARPR AR, 2014, 30(3) : 68-70.

ZHANG P, LI Y X. Theresearch progress on application of near-
infrared spectroscopy in wood mechanical properties prediction
[J]. Forest Engineering,2014,30(3) :68-70.

RAMADEVI P, MEDER R, VARGHESE M. Rapid estimation of
kraft pulp yield and lignin in Eucalyptus camaldulensis and
leucocephala by  diffuse
spectroscopy (NIRS)[J]. Southern Forests, 2010, 72(2) . 107-111.
FEWUE, WhAm, EWE. T AMDEREIE B AL SR
ZERRBELT]. ARAEAR, 2012, 31(1) : 28-31.

HUO S Y, YAO C L, WANG N. Nondestructive estimation of the

Leucaena reflectance  near-infrared

fiber length and crystallinity of Populus x euramericana by near-
infrared spectroscopy [ J]. Paper and Paper Making, 2012, 31
(1):28-31.

L3, XV, X — A, 45 R 2L AN IS BORTEAR B M P 43 BT
BB AP g i L], A ARl BF 5, 2012, 25
(4) :45-51.

KONG W Y, LIU Z B, LIU Y X, et al. Research status and
prospect of acoustic vibration properties modification of wood used
for soundboard[ J]. World Forestry Research,2012,25(4) :45-
51.

NICOLAI B M, THERON K I, LAMMERTYN J. Kernel PLS
regression on wavelet transformed NIR spectra for prediction of
sugar content of apple [ J ]. Chemometrics and Intelligent
Laboratory Systems, 2007, 85(2) : 243-252.

VEF, EEL, TEE, & hREARE/NRIRE LA
JCEIIRIIT[T]. LRER AR, 2012, 40(30) : 14726~
14727.

[11]

[12]

[13]

[14]

rthubarb from different habitats based on near-infrared spectrometry
by wavelet transform[ J]. Journal of Anhui Agricultural Sciences,
2012, 40(30) ; 14726-14727.

Hw A, e, XS, 5. /DR T 208 E
JEARLI]. S HriAsAAR, 2005, 24(1) : 17-20.

TIAN G Y, YUANH F, LIU HY, et al. Application of wavelet
transform to compressing near infrared spectra data [ J]. Journal of
Instrumental Analysis , 2005, 24(1) . 17-20.

GB/T1933—2009 AM % BT % [S]. dbat. h EARER
Wit ,2009.

GB/T1933—2009 Method for determination of the density of wood
[S]. Beijing: Standards Press of China,2009.

RN REER TR . IEARSIG R A BT B AR B A B A
B[ M. b AL Tl R, 2012,

ZHANG X C, WU J Z, XU Y. Modern NIR analysis technology
and ite applictions in modern agriculture [ M ]. Beijing: Electronic
Industry Press, 2012.

R MIE, SRS, &5 L AM GRS PRE I S5 S R AT
s AR R [ ], P 2°F 445K, 2013, 48(24) .
2128-2133.

QIU S J, HE Y, ZHANG G S,et al. Fast determination of coating
thickness of the total saponin of radix bupleuri enteric coated
tablets by NIRS[J].
(24).2128-2133.

Chinese Pharmaceutical Journal, 2013, 48

(TR FXE
TiEHE RITAR)





