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NIRS U K 58CH 159K AT b ) 2 1, DA 95/ 96 T (PLS) [] I3 80 0 1) 58 U565 T 35 J5 AR 1% 22 O H 4k o
B, S5 AR S BOR TG I B SR EL. T Metropolis 4 51 v W) 52 B 8l i 1 e 456 52 . e 6% 7E B fo L 2 [
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FEKRFEF R E EZEYRIEYR-FFZ—, & —Fhmfr sk
SR A P 7 AE B UR . DR AR A TR 7 T SORI G AR AL 7 2 T
SGEMEACEAR G EM R R R D AR TR X
KRAGFT B B B 5% 0 K 5 2T 4 2 45 48 T 2L 5 K 1 T i g
etk FELAEY AR . RT3 2 4 4
R AERFIARBTR = AR BTF 4 R o A . 5E o Ak
BT 35 = Fil 4y O 7E A L B o 0 45 A TE — TR R IR B
FRE AR R A e R G5, JE 38w EORFFFAE W AL R T R 1
BROEED . TORREFF G A s 5% A0 A kLB, % Ak
FEHFOR A 2T 4 R RN 4T e R TR R KL &9 & B
ARSEET . B, ST O TAR B T KRS A B A 0 b o A
THERAE, BUHENEHFPFERALEFER S BRI
M MERRIE DT AR A AR oA T vk s M kA AE
TN L A ) R

JE £ 48 6 3% (near infrared spectroscopy. NIRS) 43 #7 4
AREAFME, Pk, T, MRASER2hA. T2
FA T i B AR BON 30 1 5 e T R A, AR
Ko s M2 T AR F 5T 0 FH NIRS X M 47 40 ity BE o i) £ 4 &£
F 27 4 A BEOEAT I E T . Niu 22038 8 ] NIRS $ A&
o AN T JE S 0 /)N 22 R T 06 AT 7 4 RN 2P 45 4 R Sk b &
Prg sz . Xue S 42 T — Bl NIRS ZELR K000 07 i H T &
KAEFFARPTEFE R oM 132kl . BB g% 2 LR ALY
FEFF AW 4, R W% 17T LATRAL #15 19 K F5 FF 9 T 52
XPAR, fFH NIRS X o 47 27 2 28 1 27 4 32 0

B A T 2141 035 (OR FRS B I 52 5, R A I B8R = R
R . LAl @ Bt AR R, WRKITARM™E ., i
HRE BT P RUA 0H BR OGS o i AN A T R E £ I
ORI R BE (0 5 W . AH OG5 3 4R T a8t 1% 1k
(genetic algorithm, GA)YM | ki 7 8¢ 40 4k B et iy e
HU B RO AL Sk AT NIRS 28 B4 P04k . NI 7 32
AR A B b GA H A B i & pE A4 R 1 R B
I FCRA B R R A% A S0 RO 1% U8 K i 22 ) iy 2
R, T LS A % % XAk S v M 4 AT R AE
WA SRR 1 H GA FEAE R a8, L 1E 5 W14 R
RO,

F . K GA 5#31E kB ik (simulated annealing algo-
rithm, SA) 45 4 4 8 5 4% 45 10138 kB 1k (genetic simulated
annealing algorithm, GSA) ., il i &5 & 16 B 2 B0k i1 18 By
PRI, T S T L R I A AR R R R I R
M, RIG . U /N 3 (partial least squares, PLS) 1] 9
B ) 22 B IE ) 5 MR iR 22 (root mean square error of cross-
validation, RMSECV) i HAR s, i F 44 2 9 GSA 5535 %)
UL BT K R 47 4 38 R £ 2 3 5 i NIRS 1) 42 335 K By
[&] X 7] s B¢ /)y —. 3 3% (synergy interval partial least squares,
SiPLS) 1 jz ) X [6] fi &% /> . 3¢ (backward interval partial
least squares, BiPLS) L1 J5 (3% X #EAT AR AE B A Ak, T
FRAR B LT AR R AP 2T 4R 5 1 NIRS [\l B R (P4 g .
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1.1 #H#FmREl&E

SEg B ARFEAT B ROl Kz m A, BHARART
JEB R 10 mm B9 8 AT B . K38 A AT 7 A 0 R o 2 AR
AR WAL B ROR G . TR, LA A W T A B 9 AR
FRBE AT P 7 1 O e SR T AR S AR AT I (AR D
NaOH #53 CHB R o 48 28 TH WOy % T 2E 00 388 ek
WO BN NaOH CR 35 A= 4y 1) 56 80 e 8 W0 S O b Oy 12
X FORFEFFHEAT T FIAL B, I 48 AN [ 4k 33 500 vk BE L K [+ b
FEAS A RAE , SLTFRAE 120 4>, K THAL 1S K R FF AL 5 iE
THET L B, 3 40 B E34EE .
1.2 AHEEMFALRSENE

LR R TP LT 4E R 79I 5E #% I Van Soest By BT, R
F Ankom 200i 2 F gl £F 4 73 7 4K U #5583 AR S AT 1
VEUCEF A . TRV D 4 2F 2 AR PRV IR B W . JE T
HATBIAE R AL AE R & i (BRI T 4 & 1 — IRME R IR AR
B ER ) I 2T 4E 3R Ak (R PR R 2T 4B 8 i — IR VR 2T
i) o BRI 3 U, T3 YA T (A AR O 1 A A
fH.
1.3 REHERE

X TRAL BE (¥ E Ok R FF R GO R 8 ] Nicolet 24 A 11
Antaris [| B B35 2150 D' 3% A0 AT BLUA3 BR 18 S A % A
. GG REJLE 10 000~4 000 cm™ ', pFEE K 8.0 em ™!,
FE A 32 W, BT ol B W MR LS S 1, e 5Bk
B WIS 5, = UG B BOT BB o B R 0 IR AR O
SIS I A A 1557 A, Bl s BE D 3. 86 cm !, i
WK SN 1000103 em ™!, 25K S 3 999.64 em ™,

2 BRI R TRIVE A

2.1 GSAH#EME
2.1.1 Fkwmiste

LM AL AL i b . FhEER) IR 1k . PR BOE L BEIR
BRAE . HEALAESE . g T OR T il g i B KON R R
TEGIE I K A 1707 43 3 2 7R 1 K AR R 1 S HR
‘R CETERT S HisE, MR AR BERL R — A M X
L= oehife . Ho MOFREEL, L oid& . 90 0w
WG 10 =K (S0 max = fomn) s HH KIE—DEBE o o M
So_min IR HEFHE v 9 fx KR B /DS H AR BRBCE . R R AR AR AR
Lo =at,, HP 0<<a<<l,
2.1.2 #EHJE SRR

T BE BRI EON B R AL Ty R AR AR HR
A ERIOE G B R MR, B8 PLS A BRI 1) RM-
SECV £y AR BREL, 254 R E S H05% 18 B RN T

fit(x) = exp(_ ﬂv%f>

e £ R TS R B BAR BRBUE . fon 0 2 AU T
R B/ B A BB . ¢ g 2 A R R
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SR FH M3 7 B pR B T O s, AR SR R IR I BT 5
A3 IO B M 2 S 3R/ s R M 0k e A A R e A R T R
AT RE S BT U SR R B e U s TEFE AL S B0 B3 G R
FLA AR TR R3S N B R, R S sl s N — AR, #Em
TR G 1 A AR
2.1.3 A&t

FEMFLE T GA RS, 2, 7B R IEF SA
[ Metropolis ¥4 5 H P #8 4. GA ML BAE R W Bl
TR I MG e, S UIRER B BB S X, 2 58
YER B9 B 57 W . SA 19 Metropolis 6 5 52 il 42 15 48 1
ik 1 ) S RIR 25 32 R B A 43 o A SR AR 1 A SR T 2 0 AR
S, BUTE Y AT Y R R B ALIE B o O HEAT AR S RS
1 32 B R T Metropolis 4 51 i U 52 8
2.2 BEESTREM

TEHEAT NIRS SR ALIERT, Se0E f Savitzky-Golay V-1 .
—Br 8. B S8k, £ o0 K IE (multivariate scattering
correction, MSC) . #r # IE W] 7% #& (standard normal variate,
SNV) K HH G 07 A7 6 S 2, 4l 1] Kennard-Stone
K UL B1LR JE1E R 43y 90 AL IE AR FEA A 30 AN I0 E A A
A, BRIE TR AT T PLS [BUEEER MRS . 5L H0m 34
iR 22 (root mean square error of prediction, RMSEP) 3 #ff
FEJCIE WAL B 5 vk . G LS B A 0 A AE R R A 4
2 = PR B0 WAL BT 2 7 s Savitzky-Golay -
. MSC fl SNV, 73k Bisk # 5 ik )5 . i1 GSA 5k
BT 4 GE A Full-GSA) K SiPLS {28 )5 it X (it 2 SiPLS-
GA)FI BIPLS flE 28 J5 3% X (i2 24 BIPLS-GSA) #E A7 7 1E 3 K
ModE . I, 40 B LA = AR 1 5 i R AR B K o oA,
PLS # VR FF A AR AP AR S & & oA, JFRA
BIERE REC(RD . WIE TR RE(RY) « BIE ¥ J7 iR 22
(root mean square error of calibration, RMSEC), RMSEP,
6 £E 7Y S 24 A0 X iR 22 (mean relative error, MRE) FllAH X} 43
#ri% 22 (residual predictive deviation, RPD) 3 ¥ #/ 5 ] 5% %Y
L

Bk A FAE Matlab R2012b 3 {4F - G p sz B, H & Bi-
PLS fl SiPLS % F itoolbox T HA 5L .

3 #R51He

3.1 REHESN

XF 120 NFE B IR UG O 1% & Savitzky-Golay . MSC
M SNV Higb 3 )5, {# | Kennard-Stone 4% 3+ 1 {19 Lt 1] %
SREA, IBIBCE S FEA 90 A~ Bk AR A 30 4>, X R Y
LPERFIRLER T mAER 1R,

X AL RIS S LL ARG AT E T, B B
G = A M TTRR R 4 B 69. 7300, 13,8701 7. 38%
B =AY 4 1 BRL BTk 23k 90. 98 % . A% I 4B IR TIF FE 1)
ST A WA AR SL AR 1R .

= S NS I ORI IS I ST o = 1 v T Y =N O s o A )
5, RIEELFAERMPLAAER G REARS TIIEE, U
88 I REAS X 43 J7 1 #E 4T NIRS 4347

Rl FHINYLTLEIAE

Table 1 Contents of cellulose and hemicellulose

v Rl IEPN: BoME iR 2

ARG Ly /% /% SD/Y
g Y% 42.9359 51.526 8 36.2270 3.310 3

M YE R 20.033 2 33.252 9 9.484 2 8. 256 8

Yk % 43.389 7 50.9822 36.477 3 2.891 5

WA . e N

Heefdi &R 17.227 3 33.801° 3 9.512 2 7.2335

O kg R
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Fig. 1 Distribution of the samples in principal

components space

3.2 NIRS ${E K ik
3.2.1 Full-GSA #F 4 5% ¥ £ %

Full-GSA DL 44l 1 557 MK AR G JEH . BEHLAE )
300 YK R 1557 YLt R M @RI IR R RE s 25 A R R
FHPERE . EIBWIR T E R4 K 100, B AL 0.8, HE
A AREL I 50, A2 AR EL 0. 7, A8 SR 0. 1, B4 A 38 3
ALEC m B 50, JiHER GSA BEEMBENLTE . 43 51 AT 3 10
WK GEHR Full-GSA-10) | 12 K (G2 R Full-GSA-12) 1 16 ¥ (id
H Full-GSA-16) %t £F 4t 2% F1 2 1 4t 5 & B4R AF 3 K kA7 4R
. ZWHATH, BRERE PR K SRR T R R R
DA DAIX SRR A A VR SRR AR I S Il R AL, AT
DA R B GSA SRk B ALY . H 6B 48 45 2 B m 1Y [l 5 4
RIPERE . MKk B, BCIEAR RO B IE A MR Y BE S 5 RS AL R}
B 35 Hh U B I BB e T R BRI B, EIRE R R
FRIEEBEAL. JEFLET GSA Ll RMSECV K 418 3k 17 AF
VAL, B0 90 4R 0] U1 PR BB 45 il B R OIS IE SR R A 1 2
A

AT T A R AR AR D GSA MRk, 3 & B, Sk AT
10 B, B 9 WL B i 2 (73 AN [BUE PERE IR A 5 AT
12 Y, B 10 R BL B i A& 25 (10T AN [l A M g de 1 5 3K
A7 16 YRBF, 3E 13 R BL R 9 1 2 (118 A4S [l )9 1 fig e £
HAL e 25 R 5 T S 0T BO6 35 &l 2 R

e &1 2 AT . O R AL A R AE UK P 2RO K R AR
NIRS W e i B 30, B 2L 55 1 )52 B £F 4k R %t pi iy C—C, C—
O, C—H, —OH #1—CH, %'EREH . ¥ 15 WL kK
H(37 A H, 258(9 009.80 em '), 400(8 462.11 ecm '),
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406(8 438.97 em '), 470(8 192.13 em '), 630(7 575.02
em '), 665(7 440.02 cm '), 667 (7 432.31 em '), 785
(6 977.19 em™ ') 1 822(6 834.49 ecm™ DX} C—H, —CH,
M—OH B — % 5 5, 1 013 (6 097.81 cm '), 1 037
(6 005.25 cm '), 1 038(6 001.39 em™ '), 1 048(5 962.82
em '), 1 089 (5 804.69 em '), 1 090(5 800.83 cm '),
1118(5 692.83 em '), 1 179 (5 457.56 em '), 1 224
(5284.00 cm '), 1 269(5 110.44 cm '), 1 280(5 068.01
em '), 1283(5 056.44 cm™ ') FIl 1 288(5 037.16 em™ ') X Jij
# C—H, —CH,, C—0 HMI—OH ) — % 4, 1 374
(4 705.46 cm™ '), 1 440(4 450.90 cm '), 1 468(4 342.91

em” ')A 486(4 273.48 ecm” DX C—C, C—H., —CH, fl
C—OmMAEGHM .

18 3.5

16 3.0

(1/R)

log

Selected times

0 200 400 600 800 1000 1200 1400
Number of wavelength

B2 HHE Full-GSA FRMELER
Fig. 2 Results of wavelength optimization for
cellulose by Full-GSA

TEHEAT LR R RRAE B L L i, AT Full-GSA B ik
10 ¥k, 2 8 YR L B AP 45 (83 AN [l A 4 B 1 g e £ 5 R
A7 12 WA, e 9 L E B P AR (119 4> [al 19 M RE 5 12 5
AT 16 RIS, B 11 R L b9 3K A (164 4> [l 19 44 B e
fE, HARES R WA 3 iR,

ey &3 AT, R LAY 2 BORRAE S ARTE FE AR Y NIRS
W SO R ST L L S 1 R 2 £F 4k R xR i C—C, C—0,
C—H, (=0, —OH, —CH, —CH,, —CHO fi-—NH,
SSHEER .

3.2.2 SiPLS-GSA #f 43k k£ %

SIPLS-GSA SEf#i f SiPLS #4 4= 3 Xl 4 2 A~ ¥ 51 1 F
IR PG AR R A F X R AT g, 3 PR RM-
SECV fe/MNWH G K RIAEJy SIPLS {3k f5 3% X, 48 )5
GSA HATFAE P AL L o 2 25 48 43 1 K o5 A BO0T i3
T R B AS R TI0  A (Y 52 WA . 43 K29 30, 40, 50, 60, 80,
100, 120 i midl 40+ X ], AR UOR D635 1 43y 52, 39,
31, 26, 20, 16 #l 13 A~ F XA, 34k RMSECV It 2~4
AT X R4 2 1 4 G KR Dy SIPLS (R EE YRR AE TS X . AR
TR EABCR 08 1 27 4t 3R R 47 4E R ARAE RS K gk 2
N

=)
o
W

3.0
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] 2.0
g —
= 1.5 &
B =
E 1.0 _’é"
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B3 HF4%E Ful-GSAEKREER
Fig. 3 Results of wavelength optimization
for hemicellulose by Full-GSA

£2 AEEMEFHBE SPLS RBABRLR
Table 2 Results of optimized spectral regions for

cellulose and hemicellulose by SiPLS

RIK RAET X ] i8S

I i i gy RMSECY
dJ 4% 13 5 [891013] 479 1. 3610
4% 16 10 [1112 13 15] 388 1.228 0
HE S 20 10 [12 14 16 19] 311 1.299 0
g Y & 26 10 [71819 13] 241 1.311 0
Y %R 31 9 [8923] 150  1.316 0
o 39 9 [10 11 28] 120 1.2330
S 52 9 [13 14 16 28] 120 1. 246 0

pogE R 13 10 [25712] 479 1. 062 0
ﬂéi%?ﬁ% 16 10 [6 912 14] 388 1.079 0
Rayai ¥ 3 20 10 [6111318] 311 1.048 0
LY R 26 10 [814 15 22] 240 1.045 0
YR 31 10 [14 17 22 27] 200 1. 066 0
ﬁfﬁéﬁ%‘i 39 10 [17 21 27 33] 160 1.032 0
Rayai S 3 52 10 [24 28 36 44] 120 1.044 0

HeHl RMSECV 3 BURI 43 16 A~ F X ] 19 s A 41 & X (]
(11 12 13 15]/E2k SIPLS ik J5 i £F 4k R F# 4035 X, SiPLS-
GSA ¥iZ 44 X XY 976 ~1 266 F1 1 364~1 460 K
(388 MOEN GSA i Hir A K #E47 BRIk S8, GSA Bk
SR BT MK 388, FEALIE N 80, 1B iR &
0.9, #ALAEHE 100, £FIRAF 3N A4 m B 15, HABSEE
Full-GSA —%(, FOLEZPAT 10 W5, ZiHHRaEE T 6
W LA E I K a5 (157 A AR g SIPLS-GSA {1 1) £F 4 % 4
fE B K

BRI 43 39 AF X E LA X |17 21 27 3314k Si-
PLS {5k Ji 1 2 21 2 R R AR 3 X P K 0k 641~680, 801~
840, 1 041~1 080 1 1 281 ~1 320, 23} 160 4, F:fii /i
GSA X H AT P A s ik, B Hy 160, BB LA A
50, SBIHARIL B AL EL m W10, HA 280 27 4 3 Bl K AR ek i
—F, BRESPAT 10 )G, @B EMEE D 3 ke EW
P R (148 )y SIPLS-GSA fR ik i L LT 4E R R P .
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3.2.3 BIiPLS-GSA 4 4E 3k K 1k ik

BiPLS-GSA R 5 SiPLS-GSA #H [8] #4 IX. i) % 4+ 4 % .
SeB L RERN 4> 13, 16, 20, 26, 31, 39 Fl1 52 A~ F X 6], H
i F{ BiPLS % B8 7 X a1 50 F RMSECV sz /i 41 A X 1]

f 9 BIPLS {365 i < . 485 G 7 GSA S 4 %6 J5 9 8 X
SRR B K A DR . S R I BT 0 190 2F 4k 2 ke £F
Y R X I 3

R3 FHEFIMELAESZ BIPLSHEEXER

Table 3 Results of optimized spectral regions for cellulose and hemicellulose by BiPLS

%y R X [ £ F LT B Ak T XA 40 5 PR R RMSECV
o 4fi % 13 8 (47891012 13] 838 1.343 8
o4 % 16 8 [6111215] 388 1.322 7
% 20 10 [12 14 16 19] 311 1.298 9
Y 26 7 [16 18 19 20 24 25] 358 1.2825
g% 31 8 [15 18 21 22 23 28 29 350 1.2918
% 39 8 [210 14 24 27 28 30 35 37] 359 1.276 3
FUp 52 8 [18 23 30 35 37 40 47 49 50]] 269 1.2885

o 2 Y 13 10 [3578912] 719 1.060 5
S 2T 2 %2 16 9 (56914 16] 486 1.087 2
R S 20 10 (13781011 14 17 20] 701 1.028 0
S Y 26 10 (71112 14 15 18 22 23 24] 539 1.030 6
e o Y % 31 10 [510 16 17 22 26 27] 351 1.029 6
e 2 Y 39 9 (1131518 20 21 32 34 36] 360 1.038 8
o o Ui % 52 10 [17 20 24 28 36 44] 180 0.983 9

FEIRA 43 26 A~ F XA i de AR A A X L1618 19 20 24
2514 BIiPLS {l 2L 5 1 £F 45 2 AR AE 35 X o X N7 5 K R A
901~960, 1 021~1 200 Fl 1 381~1 498, I3t 358 4>, 43#F
R, SIPLS I BiPLS {3 /) £F 4k 3 ¥R 1R 35 X A7 7E 260 4~ )%
KAMEL, 5 BIPLS fRk 1% X 19 72. 63% , LA SiPLS Al
BiPLS 1% X A % B — k. 13X 358 Ml K siEh GSA
MR AP A AT RFRALE . BESEBCE T K 358,
FHEEAR Ry 70, SBIR AR HE B A2 %L m B 10, H AL S 40 Si-
PLS-GSA —%(, ESHATHEE 10 RG, ZitEHE LD 6
LA L i34 A (130 M) 1E 2 BIPLS-GSA i 8 14 £F 4t R 4%
e,

FEHUR 4y 52 A F XAl s AE A X RI[17 20 24 28 36
44 14F 2y BIPLS fhi% 5 1Y 2 27 45 AR AE 35 X, X B K sl
481~510, 571~600, 691~720, 811~840, 1 051~1 080 FI
1 291~1 320, 34+ 180 4>, BiPLS il SiPLS i % i 2 47 4k %=
FRAE 35 X [ A B — Zefk . 8] GSA XJ BiPLS 4/ % J5 1% IX
AT WA ML R, B 160, FREERLEL Y 50, HAth
SR GALER PR EN 2, FERESPIT 10 RG ., HHE
BT 3 KL BB K A (153 ) 4y BIPLS-GSA 1 %
B2 27 2 R AR B K
3.3 HIERKREERENSSH

Pl Full-GSA, SiPLS-GSA Fl BiPLS-GSA {3 5 19 5 4iF
W s VB PLS [ml IS5 7 (4 A o 38 ST Rl FF 2 4 25 R 2 4 4
R HERAIEE, It 5 GA BN 2% GE N Full-GA) |
SIPLS 38 5 3% X (32 &y SIPLS-GA) Hil BiPLS 3% )5 1% X (i
i BiIPLS-GA) #E 47 F7 AR 5 A U0 38 (9 45 SR A7 X0 bh . L4 2R
A PR,

R4 aTH, SRR ILIEITEET . GSA fLIES R iy il

D REHR = T GAs GSA fRIEM LR 24 R M AR RE F1 R}
#EK T 0.83, RPD #KTF 2.5, UlBEAMIIEA B ) ; GSA
PERYELFAER AR TR R FI R #RK T 0.97, RPD 48K
T 6, ULHIBEAIEF R . 2 £ 4k 2R [0 05 A A () T R
THAEREHBEA, X 53CH 060 i BF 5045 R — 2. A2k
FU{RGREANTRERET RN, FECRFLEER HIHK
A MRE fHmé & TL 4R, SMBEKLETET, Fa4
Z RPD HARALERM 2 152 . P 4K RPD(RPD=SD/
RMSEP) {f 4 K A Ji R 76 T i 4b 38 2ok A8 v 2 2 4 38 45 5 W 1k
W, REREATF AR &2 H LK, #M SD EEK
(L D, MR STHEER RMSEP [HAZAR K.

i SiPLS FI BiPLS [l I35 (4 P4 2 85 AT 1. SiPLS il
BiPLS {4 RMSECV i £ £ 41 & X [ /E b 0 28 3% X, 76
—EFERE PR IL T AT 2 R ORN 2 2 4 R R AR K 1 43 A
PE, PIRR TR BB R M R R & T PLS, H R e 4E 5 R
FH SIPLS 3% (19 3% 0K [0l 5 P B8 g5 £F . 7 £F 48 3 R AT SiPLS Al
BiPLS 53 (9 1% X 1 PEBE A 22 R K,

i Full-GSA, SiPLS-GSA Fl BiPLS-GSA {Ji ¥ J5 1) 4 fiF
WK TR P 2 800] A1, Gl T GSA R DAAE IR KR
BT B BT A AR it BRI A, 12
T [B] R R A 1 B . A 8 GSA XF 4 &% SiPLS i BiPLS
R JG1E X HAT A B K ik, WERES AT E
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Table 4 Evaluation indicators of wavelength optimization for different methods
43 Voo WA 5B R? R? RMSEC RMSEP MRE/ % RPD
o R PLS 1557 0.868 8 0.831 4 1.127 4 1. 206 3 2.029 1 2.379 1
YR Full-GSA-10 73 0.877 3 0.854 0 1.094 4 1.111 4 1.798 1 2.601 7
YR Full-GSA-12 101 0. 882 0 0.857 5 1. 075 4 1.104 4 1.762 2 2.618 3
g4y R Full-GA-16 48 0. 884 0 0.861 7 1. 067 2 1.107 4 1.833 1 2.6111
YR Full-GSA-16 118 0.882 2 0.858 9 1.074 6 1. 085 5 1.752 4 2.663 7
FYgE SiPLS 388 0.877 1 0.842 9 1.094 9 1.120 4 1.849 0 2.580 8
YR SiPLS-GA 220 0.892 4 0.850 9 1.031 5 1.104 0 1.829 5 2.619 3
g4 SiPLS-GSA 157 0.898 9 0.853 3 1.003 1 1.103 8 1.821 6 2.619 7
YR BiPLS 358 0.883 8 0. 830 2 1. 066 3 1. 146 5 1.908 9 2.522 2
FYE BiPLS-GA 204 0.891 0 0.823 5 1.037 9 1.153 0 1.867 8 2.507 8
FHE BiPLS-GSA 130 0.892 1 0.830 9 1.033 0 1.144 2 1.845 0 2.527 2
e Y K PLS 1557 0.982 8 0.972 4 1.075 0 1.171 3 2.707 7 6.175 8
LF YR Full-GSA-10 83 0.983 8 0.976 5 1.041 3 1.083 7 2.628 7 6.674 8
YR Full-GSA-12 119 0. 985 0 0.977 6 1. 003 4 1. 066 3 2.512 8 6.783 8
EEARIF Full-GA-16 68 0.983 6 0.979 8 1.047 6 1.007 9 2.5535 7.176 6
AR i$ Full-GSA-16 164 0.9855 0.982 8 0.988 6 0.920 9 2.2635 7.854 8
T YR SiPLS 160 0. 987 6 0.984 6 0.914 6 0.862 8 2.0350 8.384 0
LY E SIiPLS-GA 147 0. 988 0 0.984 6 0. 900 8 0.863 7 2.100 2 8.375 3
YR SiPLS-GSA 148 0.987 5 0.985 0 0.918 5 0.852 1 2.020 8 8.488 6
ef YK BiPLS 180 0.985 4 0.978 8 0.991 6 1.005 8 2.486 9 7.191 6
N o Ui R BiPLS-GA 151 0. 987 0 0.982 5 0.935 2 0.961 4 2.3311 7.524 0
2o Y E BiPLS-GSA 153 0. 986 7 0.983 1 0.945 1 0.944 6 2.284 6 7.657 5

7 Full-GA-16 R #4716 K Full-GA &%
Note: Full-GA-16 represents that the Full-GA algorithm is executed 16 times
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Fig. 4 Distribution of measured and predicted values for cellulose and hemicellulose
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Pretreatment is an effective way to improve the utilization efficiency of the corn stover biotransformation. The conver-

sion rate is directly related to contents of the cellulose and hemicellulose in corn stover during the bio-refinery conversion to bio-
fuels. To achieve an effective control for the corn stover bio-refining process after the pretreatment, the near infrared spectrosco-
py (NIRS) was used to quickly detect contents of the cellulose and hemicellulose, solving the problems of being time consuming
and high-cost in the traditional chemical analysis method. To improve the efficiency and precision of the NIRS detection, the ge-

netic simulated annealing algorithm (GSA) based on genetic algorithm (GA) combined with simulated annealing algorithm (SA)
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was presented for optimizing the characteristic wavelength variables of NIRS. In the GSA, firstly, the number of the NIRS
wavelengths was used as the code length for binary coding; secondly. the root mean square error of cross-validation (RMSECV)
of the partial least squares (PLS) regression model was used as the objective function; thirdly, the fitness function was designed
combining with the temperature parameter; and last, the selective replication of the perturbation solution was realized based on
the Metropolis criterion. Therefore, GSA can effectively improve the search efficiency at the later stage of evolution while avoi-
ding premature convergence. 120 samples of corn stover were prepared by using the pretreatments of alkaline, biology, and the
combination of alkaline and biology. The contents of cellulose and hemicellulose were measured using the wet chemistry meth-
ods. The NIRS were collected using the Nicolet Antaris || Fourier near infrared spectrometer. The spectrum was pretreated by
7 points Savitzky-Golay smoothing combining with multivariate scattering correction and standard normal variate transformation.
The samples were divided into correction set and validation set by using Kennard-Stone algorithm at a ratio of 3 : 1. The GSA is
used for the characteristic wavelength variables optimizations of the NIRS whole wavelengths (Full-GSA), the synergy interval
partial least squares selected spectral region (SiPLS-GSA), and the backward interval partial least squares selected spectral re-
gion (BiPLS-GSA), respectively. And then, the optimized results of the characteristic wavelength variables were evaluated by
the PLS regressive model with the validation set. In Full-GSA, 1 557 wavelength points were used as chromosome genes in
whole wavelengths, 118 cellulose characteristic wavelength points and 164 hemicellulose characteristic wavelength points were
selected after 16 executions. In SiPLS-GSA, the cellulose and hemicellulose wavelength points of spectral region optimized by Si-
PLS were 388 and 160, respectively, and 157 cellulose characteristic wavelength points and 148 hemicellulose characteristic
wavelength points were gotten after the further optimization by GSA. In BiPLS-GSA, the cellulose and hemicellulose wavelength
points of spectral region optimized by BiPLS were 358 and 180, respectively, and 130 cellulose characteristic wavelength points
and 153 hemicellulose characteristic wavelength points were selected after the further optimization by GSA. It was shown that
not only the number of wavelengths was significantly decreased after the optimization, but also the performance of regressive
model was obviously better than that of the whole wavelengths. The best performance of regressive model for cellulose character-
istic wavelengths was obtained by Full-GSA, and the best performance for hemicellulose characteristic wavelengths was obtained
by SiPLS-GSA. The mean relative error (MRE) values of validation set for cellulose and hemicellulose in the best model were
1.752 4% and 2. 020 8%, which were decreased by 13. 636 6% and 25. 368 4% compared with the whole wavelengths, respec-
tively. The GSA combining with temperature parameters to design the fitness function is suitable for the NIRS characteristic
wavelength selection of the cellulose and hemicellulose contents in corn stover, and has a good global search capability. The en-
coding scheme of GSA using each wavelength point in whole wavelengths as chromosome gene is suitable for the characteristic
wavelength selection of NIRS whole spectrum. GSA is also suitable for the characteristic wavelength selection of the spectral re-
gion optimized by SiPLS and BiPLS, and the selection of wavelength points in the optimized spectral region can also be achieved

effectively.

Keywords Corn stover; Near infrared spectroscopy (NIRS); Genetic simulated annealing algorithm (GSA); Synergy interval

partial least squares (SiPLS); Backward interval partial least squares (BiPLS); Characteristic wavelength
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