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ZI AR . REARKIK G & R EAE 120447, HAAKE 24 h
Koy EmEABL 0. 1200, KRB KSERELTHT
M5 o P A% AR FIAZR AR 2 N R B T Y AN [6) Bk BE 4 3 SR A
B L3T ARG . 380 ST, HAR G 18 A0 LLR & R i o 4 K 19 Bt
TOPEERR  WOoE BRI S A AE 000 8] 10006 Z 6] . 53 8h itk
R =R E A, BRER . BRABEAL 5 D
HVEARBRE S 0 AR & 8o 100% 5 3% BB — 44 Bl i B2 o
Fe . R E R e W MERE A S AN RIEAR B R &, iE AR R A
0% PA I 30 A B —MEFhRE Fii Sy S2, S2 il & ST 4R Jy il 2k
£, HAEFITE T AR BRAG B0 ng B0, wr DAY JR A AL 1) 35 P
WA+ R B — AR A A TR AR 4 AR B B LR A
B32 ANKE, IR T HP AR E &, i S3. S3AENRIEL .
5 BTN T 25 B 5 J AL % AR -He AR TR & JRORL Y 43 47 g
IR
1.2 SBifRE

H] Thermo Fisher Scientific 2\ & # Antaris [ 7 {# H i
PELLAMGIE SR SE BT R ST, S2. S3 I LLAMETE . e
AR SEANT « WEGE Ry 10 000~4 000 em 5 JGIEE R
FHERECH 64 U SRFESA 1557 A, R B I0UHE 5% W K 7
FORAICHE . FEAFERRAERAE 5 W, BT X0 1 B LU
ZINDN ) R 05 R R AE R A R 22
1.3 SENE

eI ZREE 131 MR A A0 M 30 AN —HEah g R &
B, DR RIUEE 32 MEAH MW AR S &= . HE AR E Y
SRR UELE T A FE S I A & . SRETAER E I 2 2
GB/T 2677.10—1995; 2 & B & & M W & #& B GB/T
2677.9—1994; Klason R £ & &N 1 GB/T 2677.8—199%4
e .
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LASSOC(the least absolute shrinkage and selection opera-
tor) B 3% it Tibshirani 42 i, o2 — 40 BLE A &2 228 1 B 4
A DAk T o A IR I A TR AR A, 4 TR I 2R 500 4 X (i A
(Lo JEHO /N T 77 8 8 1 5 8, I de/ B R 22 1 J7 Fil (residual
sum of squares, RSS). M f— L6 w5 ZEE 4 %, Wb
ANHE B AE S T4 . BB HEAf AR R

WH p NAZBE T 220 s oz, MPEEE y, THEHRE

y=atpia +a+ +Bx, e (D
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cns EEHAZR 2
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T2 **s Xp H"Jm{m“ﬁ» Xﬂ’ﬁ;i@mqj‘b’fi“{ﬁ/fkﬁ E“ Zy, =0,

ZI’J =0, ZIIZJ =1l.5=1.2,.p, "LEB: (,819 Bos v
i—1 i—1

BT,
Y Ly fACHETTAETT . T RSS 1) fe /M I b 57 ok HOk %

n p
(a,p) = arg minz (yi —a— Eﬁjr,, )7,
i=1 =1

»
subject to 2 [ B <2 (2)
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FER (P A=0 RAWHE . FHRZNL T ho i,
B XHE AR AR A=0, o FAFTENE « = 0. IR, B
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n » , »
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WA UALBR 0T, Gt gl BT s e, HoA Rk
B A AR, [ IR S R AT GO, A (AR
NEPE— LASSO fif B8 532 5 36 g A it 5C B U2 de O T 4 S 8
p WY R A Matlab 8.0 R f4 R 58 SUBGGIE 3 L& 4
w5 R 25 5 5 il (prediction residual error sum of
squares, PRESS) 84 IF 475 #i i 22 (root mean square error of
cross validation, RMSECV) . HAG /N, o (EE AL 15k
il B UT
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Horb o RIGIEEMEFEH » Yiomeaswred B Y precierea 23 591 52 B
WEHEHEE ¢ SRR A SE BRI I AT, 31, measure 2 B0 IF 4R
AR i 0 R R E A

T ¥4 75 R 4R 2% (root mean square error of prediction,
RMSEP) A L 5z e fifr 222 65 84 %o 56 90F 4% f 75000 4% 40 . RMSEP
OB AR . TS BE B WERR MR . R A

2 (Viimeasured ™ Vi predicted )¢
RMSEP = .| =

n—1

A X 43 #11R% 2% (relative percent deviation, RPD) & & jiF
bR 22 5 RMSEP 9 Ib 5., 5 R f# £ RPD =
VI—A—RLD KRR . A DA & BEE 5 RM-
SEP #J I {6 (RER) {8 # RPD. RER il i £ A & it i [l XF
RESEP #4745 #EfL , 8% RER {88 584, (H Y REA S &
TWH B B 22 i, HAE 5 RPD (B RIRE . 8 2 2537 A4 v Aty

2 5% fii 22 (absolute deviation, AD) J& i i 5 3£ Br I &
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VERORE R0 0 Hr o 8 TR 22V B 3 0% DU T 110 i 0 7 O
W, f5 5 A R B {H (Bias) , B 4 % 22 X % A0 i oF 3 1
BCMRE 23 i R B R SR 2

2 #iR5THe

2.1 MEBEHST

YI 25 5 R B UE SR R & 03R4 H i (LA AR & e 3 R) B fk
WY R BLANGE 1 PR, Hadm AR G RAENSGER S
o> G UESE S3 h ¥ 51 40 A . FENZRAE S2 B4y b, 5l 0
50 100% , o H 97 T 5 4 19 B0 Tolk AR 7 v b T 4% ot bR

10 CHE YR RE 23 R M AR B A B 19 43 A BB 7 . I 4R &R ST
TROF LR TR & AR 75. 43% ~81. 55 % Z IA], B iE4E S3 4%
LR G RAL 75.60% ~81.35% Z ], B4 & 76 4 S2
MR AR SR LT A R Y RV . ST A IR OB & R
24.09%~30.65%., S3 B GBS B WE N 24.01% ~
30.62% , BLEAE S2 FESH BRI S EE N . S1 b Klason
RZEEGREME R 17.82% ~26.48% . S3 H Klason A % & &
TR 17.99% ~26.51% , FAEALE 1L S2 5 ) Klason A
ROEIWEEA . Sk R STIRAGFER R4 S2 B —
FE SRR T AR AR R A JFORE AT RR 8 B Y 52 PR TE A O
HH O AT LA 3y S P P A A BT

F1 BHEREESHBER(%)
Table 1 Content distribution of samples( %)
RS LanE S
Sy RARES SL(131 D) Ll S2(30 4 HARER S3(32 4
SEE PHE PR bRz SEUE PHME P R SEN EIH P iE bRdEZE
[N 0~100 49. 71 50. 02 28.91 0 8 100 50. 00 50. 00 50. 85 0~100 48.62 46. 66 29.75
LR YE &K 75.43~81.55 78.36 78.39 1.89 75.21~81.60 78.52 78.70 1.98 75.60~81.35 78.55 78. 48 1. 68
% bk 24.09~30.65 27.62 27.78 2.04 23.72~30.84 27.49 27.61 2.11 24.01~30.62 26.87 26. 64 1. 94
Klason A% 17.82~26.48 21.86 22.17 2.79 17.80~26.69 21.34 21. 95 2.83 17.99~26.51 22.10 21. 80 2.68

2.2 HMEIEL G
T (20420 5) "C I SR 48 19 Il 2R 48 3 21 A0 e i i /&1 1 e
e x BB v BIERROGE . I RIR 2 SRS
FE MRS S2 B — B i B AR L. HERL X 4y, R — 2
KA RS BT &7 4 4 2B IRBE S5 S H2 W i .
REEFEHRAEY, EEAWE. BT, AR LT Y%
By RGNS EE TR E, NIRRT REEME
RAEREHD . B, Klason K2 % £ 8% M5 HE
HF 7 600~4 000 em ™ Z AN, Ry T ARG SE (G B A R,
FEHL 7 600~4 000 cm ' [X [H) {4 6 % 48 i Ak 2 S AR .
1.15

Absorbance(log(1/R’

0.75 T T T T T 1
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Fig. 1 The near infrared spectra of samples
2.3 REMERERMWET
2l . R R AR IE S AR
(standard normal variate, SNV) Fl £ {5 5 & IE (multipica-
tive scatter correction, MSC) & Jy 7% Fil 4b BEG i . Hd (5 5

WA TR S T, SR HEADERELEME ST
o, SNV 5 MSC I LA B A BURL K /N AS 3 50 2 B0y A
SEPERU RS . He e 2 B 9 R AL B SN, AL T
Ak B 7 AR N F X . 2 BIHALFE 7 600~4 000 ecm ™ X [H] /)
I HLIEEE, I+ % A Matlab 8.0 w1, [FH} i 2k LASSO
BE AN R4 %E H 32 FI ¥ — 1% (leave-one-out method)
T3S IR @ S BT, RPN R4 3k 161 ARS8 1
ASRE AR R U X G, HABAE & T R B BUNZ A &, S
Wi S LR RE, LU AR R BTN 1 B
TR 160 K. YA, Lg% R . BN, Klason A K
A RMSECV (B /Nt A58 B R B b, b Bk ) Ay S5 A0 781 %
SR, F20R T 10 B BAL B (R TR 03T 41 A0 S i E AR K
S, Hoh o 48 T AL BT R 4 O 3 A ST BT, RE R RM-
SECV {H ¥ e 2% . S A 28 10 71 . SNV A— B S 500
FR AL S I # oK & AL B & K RMSECV
1.66% . #ERIEMRIHSESHCN 12.96; L P, SNV f—
By 5 55007 2 WA B 9T 45 £F 4 A RMSECV e fik.
0.44% , HEMIHE SN 24.13; K2 T, SNV F—k
S WAL BT EE ST Y B K BE BT R RMSECV i fK, A
0.54% , BIAVEAR IR S B 16. 045 &l Vi, MSC A
S B AL S BT i Klason R RELT RMSECV Ak, A
0.49% , BRI SE 1 Hh 9. 81, 4 MERABA M RLE K,
AH AT
2.4 MSTIGIE

DL GIESE v 32 AN A B S G 4 B pR AR A 30 47 4 ST 56
TIE DA T B 2 AR e A 0 RN S0 0 S UL 2R 3, B A
SAE A 9\ A B FIRE A B o 45 B HORCIEL 2, 1T LR 3R 8 A ) 5
TN . 4 AR 4 i A% (43 312 0. 115 06, —0.001 9%,
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Table 2 Preprocessing method selection and model parameters
B E I 4 %7&@% : . 2?%2’&? : ‘ %‘é)k*%’ : ‘ Klason ﬂi?
RZ, RMSECV/ % RZ, RMSECV/ % RZ, RMSECV/ % RZ, RMSECV/ %
pn 0.996 4 1.97 0.915 6 0.52 0.901 4 0. 65 0. 960 9 0. 59
- 0.996 7 1. 89 0.921 5 0.51 0.910 5 0. 62 0.961 2 0.58
-+ SNV 0.997 3 1.71 0.927 6 0. 49 0.914 9 0.61 0.964 6 0.56
W+ MSC 0.997 0 1. 81 0.9257 0.49 0.915 6 0.61 0.965 1 0. 55
g+ — S8 0. 996 8 1. 85 0.932 0 0. 47 0.921 2 0.59 0.962 1 0. 58
S 0.996 7 1. 88 0.924 3 0. 50 0.913 4 0.61 0. 966 8 0. 54
SEWE SNV —Br S8 0.997 5 1. 66 0.919 4 0.51 0.932 3 0.54 0.970 4 0.51
SNV S8 0.997 4 1. 69 0.940 3 0. 44 0.926 1 0.57 0.967 4 0.54
- +MSC+ — i 3 81 0.997 1 1.76 0.934 1 0. 46 0.923 9 0.58 0.970 4 0.51
S+ MSCH i S 5k 0.997 3 1.72 0. 930 3 0.48 0.921 6 0.58 0.972 4 0. 49
*3 HAPHNEESHTNE
Table 3 Measured and predicted values of models
o4 WA/ % SRR/ % R/ % Klason &A%/ %
‘ WA e fE AD WE  WEE AD WE  WEE AD WE  WEE AD
1 1.23 0 1. 23 80. 76 81.12 —0. 36 30. 88 30. 07 0. 81 26. 28 26.51 —0.23
2 5.01 4.53 0. 48 81. 84 81.35 0.49 29.98 30. 62 —0. 64 26.78 26.13 0. 65
3 10. 86 7.92 2.94 81. 04 80. 53 0.51 30. 88 30. 16 0.72 26. 82 25.9 0.92
4 10. 39 11.7 —1.31 79. 24 79. 96 —0.72 29.49 29.48 0.01 25.65 25.51 0. 14
5 14. 78 13.05 1.73 78. 45 78. 48 —0.03 30. 58 29.51 1. 07 25.49 24.73 0.76
6 16. 14 16. 08 0. 06 78. 22 78.1 0.12 28. 14 28.73 —0.59 25.16 25.08 0.08
7 20. 87 18. 49 2. 38 79. 83 79. 28 0.55 27.65 28.32 —0. 67 24.99 24.99 0
8 20. 68 21.73 —1.05 76.07 76. 44 —0. 37 28. 37 28.05 0. 32 23. 44 23.78 —0. 34
9 24. 22 24.6 —0.38 80. 96 80. 71 0. 25 27.25 27.9 —0.65 24. 45 24. 62 —0.17
10 26. 04 28.94 —2.9 79. 22 78. 39 0. 83 28.62 27.95 0. 67 24.76 24.2 0. 56
11 31. 84 30. 36 1. 48 76.69 77.6 —0.91 26.97 27.28 —0.31 21.96 22.75 —0.79
12 37.43 34. 81 2.62 77.05 77.39 —0. 34 28. 26 27.52 0. 74 21.77 20. 96 0. 81
13 36.23 36. 4 —0.17 78.32 78.98 —0. 66 28.7 29. 61 —0.91 22.61 23. 34 —0.73
14 37.79 39. 25 —1.46 80. 85 80. 56 0.29 27. 24 26. 8 0. 44 23.44 23.19 0. 25
15 38. 7 41. 71 —3.01 76.42 75. 84 0.58 27.2 26. 74 0. 46 23.28 22.67 0.61
16 47.11 45.03 2.08 76. 54 76.99 —0.45 27.22 26.53 0. 69 21.5 22.2 —0.7
17 45.93 48.29 —2.36 77.71 77.38 0.33 27.09 27.41 —0.32 21.19 21. 85 —0. 66
18 51.5 51.45 0. 05 78. 82 78.2 0.62 25.38 25.18 0.2 21.23 21.74 —0.51
19 54. 06 55 —0.94 77.88 78.47 —0.59 24.51 24. 66 —0.15 25.29 24.91 0. 38
20 57.05 57.92 —0. 87 80. 21 80. 65 —0. 44 24. 2 25.02 —0.82 20. 48 21. 25 —0.77
21 59. 54 61.79 —2.25 78.02 77.42 0.6 27.27 26. 37 0.9 21. 29 20. 64 0. 65
22 65. 33 64.32 1.01 79.43 79. 35 0.08 25.08 25.95 —0. 87 22.22 21. 39 0. 83
23 67.82 67.06 0.76 79. 49 79.91 —0.42 24.55 25.34 —0.79 18.5 18.72 —0.22
24 69.19 71.83 —2.64 78.18 78.91 —0.73 23.91 24.79 —0. 88 18. 09 18. 48 —0.39
25 76. 95 75.54 1.41 81. 36 80. 74 0.62 25.4 25.06 0. 34 20. 25 19. 56 0. 69
26 81. 11 78.6 2.51 79. 6 79.9 —0.3 24.12 24.92 —0.8 18. 47 19. 03 —0.56
27 84. 6 82. 81 1.79 77.48 76.73 0.75 25.2 24.73 0. 47 19. 45 20. 15 —0.7
28 82. 96 85.79 —2.83 75. 34 75.6 —0. 26 25.57 25.7 —0.13 19. 54 19.3 0. 24
29 89. 66 89.3 0. 36 78. 64 78.92 —0.28 26. 88 26.03 0. 85 18. 03 18.62 —0.59
30 95. 31 93.12 2.19 76. 36 76. 04 0.32 23.38 24.01 —0.63 17. 34 17.99 —0.65
31 99. 87 98. 47 1.4 76.71 76.23 0.48 25.7 25.16 0. 54 19.13 18. 71 0.42
32 99. 37 100 —0.63 76. 89 77.51 —0.62 23. 44 24. 35 —0.91 19. 04 18. 26 0.78
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Fig. 2

The scatter diagram of measured values and predicted values

(a): Poplar; (b): Holocellulose; (¢): Pentosan; (d): Klason lignin

—0.026 3% }% 0.023 8%, Hiigp AT BRI FTEME, H

MM ASREMEBEZ, SEBI LR MWS. R4 R

BERIAEARE . AW R A . TR 45 S 58 A WA 32 2 4
W, BEORER R | Klason A K58 2278 D B WAL .

Jo g LASSO 33k 58 Wit 2% Jr s 4 @RS B 7 1
AR 2 5, {8 Matlab 91 2% W % /> — 3 ¥ (partial least
squares. PLS)ZE 7. & 7 PURP PLS #58 H F LA# i S3
FESL PIRIOT IR BRSO3 4. AR & LASSO R Al
PLS #i %1ty RMSEP {543 51k 1. 82 % #1 1. 96 %, AD i [l 4
MR —3.01% ~2. 94% M —3.18% ~3.22% , LA ESE
LASSO #i#1 f1 PLS #i %1 (1) fty RMSEP {8 4y % % 0. 52% f
0.57%, AD i [l 4> %} —0.91% ~0.83% Fl — 0. 96 % ~

0.90% . AT 0L LASSO 3 F F iR & o b b A & 5 il e e 25
LR WA T PLS 1, JIOME & i LASSO SR FI PLS
K RMSEP {73 51 0. 67% F1 0. 64% . AD 35 Fl 23 %1 A
—0.91%~1.07% fl —0.88% ~1.00%, J T B J& B¥ 4> #7
PLS B B& ff T LASSO ¥, Klason A& 2 % i LASSO # 5 Fl
PLS #i#1 gy RMSEP {43 %1% 0. 59 % 1 0. 68% , AD 433K
—0.79%~0.92% f —1.05% ~0.83%, AD i B4z, A
LASSO % ({) RMSEP {28 % /), LASSO 7 7 Klason A
FEoM o mE T PLS . Al W LASSO % H T HI KR &R
BHI AT BR T SR AL TE 2 T, HOR o LA ST A T —
FEHIRTE

% 4 LASSO #EEM 53t b

Table 4 The evaluation of the models by LASSO

o LASSO # {7t/ — e (PLS)
o R%  RMSEP/%  RER AD/ % R%  RMSEP/%  RER AD/ Y%
A 0.996 3 1.82 54. 95 —3.01~2.94  0.9957 1.96 51. 04 —3.18~3. 22
LR YR 0.904 7 0.52 11. 07 —0.91~0. 83 0.884 7 0.57 10. 06 —0.96~0.90
B bE 0.881 0 0.67 9. 88 —0.91~1.07 0.892 8 0. 64 10. 41 —0.88~1.00
Klason A % 0.9518 0. 59 14. 44 —0.79~0.92  0.936 3 0. 68 12.58 —1.05~0. 83
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T2 ol s TR ROR IR A LB A i s AR A, T
WA ARE s R 4E R . RILHE . Klason AR M4L22 50 #r
PRAUERLE . PR TLIR IR 22 43 MR £0. 4%, £0. 4% R+
0.2% . LREFHEF MR AD i B AN SR PR AL AD S B ¥ 7 3
fEFR I R 25 LAY, BRIk LASSO Sk i dt i 2R 4F 2 %
R AERET AT DU T B0 0 19 5 & 4 40 s T LASSO ¥
A7 1) Klason AZAI AD J5[H 5 F 3 Ak S 2%,
RYTE G FH F ARG 6 1 1) 5 43 AT B 3

3 45

RN ARKGAR A FF dh B — i R M R RE B B 3T 4T
SPETE . B 7 600~4 000 em ' P B G IE KO .l i LAS-
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Analysis of Poplar-Eucalyptus Mixed Pulp Raw Materials Based on
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Abstract In recent years., with the advance of forest and paper integration strategy. we often use mixed raw materials pulping.
It is difficult to realize the rapid analysis of mixing degree and chemical composition content of raw materials. which has become
the bottleneck constraints of pulping industry development. In order to solve this problem, the research chose the widely used
poplar-eucalyptus wood mixed raw materials as study object, the near infrared spectrums of 131 poplar-eucalyptus wood samples
which poplar content was artificially controlled and 30 single poplar and eucalyptus wood samples were collected with Fourier
near infrared spectrometer, then the content of holocellulose, pentosan and Klason lignin was measured by chemical methods.

Uinterval. The model of

The near-infrared spectra of these major chemical components are concentrated in the 7 600~4 000 cm™
poplar content and the model of pentosan content were established by LASSO(the least absolute shrinkage and selection opera-
tor) algorithm combined with spectral data of 7 600~4 000 cm ' which was pretreated by smoothing, standard normal variate
and first derivative. The holocellulose content model was established with LASSO algorithm combined with same range of spec-
tral data which was pretreated by smoothing, standard normal variate and second derivative. The Klason lignin content model
was developed with the same algorithm , the same range of spectral data with the pretreatment of smoothing, multipicative scat-
ter correction and second derivative. Poplar content, holocellulose, pentosan and Klason lignin models have root mean square er-
ror of prediction of 1. 82%, 0.52%, 0.67% and 0.59% respectively. Absolute deviation (AD) range were —3. 01% ~2. 94 %,
—0.91%~0.83%, —0.91%~1.07%, —0.79%~0.92%. The models have good performance better than the traditional par-

tial least squares models that can be applied in actual industrial production.
Keywords Near-infrared spectroscopy technology; LLASSO algorithm; Pretreatment; Mixed raw materials
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