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A g — A~ B ) S BGARR AR 5 X TR 1% R U B AR O —
AR, BB RESC IR A 130 4>, B BR BOHE 0 RE A
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TR ZE 07 SO EAT R o o7 S OGS 1 3R RN PRE AR Sk 5O
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W, #fE T RAET G 1 =R A B A 6 R 00 58 B, DL
SRARI 120°, 150°F 180G B T By H 8 A A 3% B il . o
JIt SR FH 0 638 A Ry 55 B ASD 28 w] A 7= 19 FieldSpec 36 3 X
(FieldSpec® 4 Hi-Res, USA) . SLi% i 350~2 500 nm, R
FEMEFEH 1.4 nm(350~1 000 nm) Al 1. 1 nm(1 001~2 500
nm), WEHRHAT —A12 V. 20 W £47, RABARKRE
VR R L S T B ol R I 1 % WIOK G OB S o A I 1 T
P FE N SR R B 3 R 37 o 1 R Vg 4 A T (A

o 4 - -’
Incident light Incident light Incident light

B1 HESHELEXREFSE
1: 3k 2. BEWHPR: 3. WHET
4o FERBEEAM; 5. HEREA; 6. 64
7 G 8 KHEL; 9. TR
Fig. 1 Transmission spectrum acquisition platform
of sugarcanes
1: Probe; 2: Black sponge pad; 3: Halogen lamp;
4. Sample fixing cylinder; 5: Sugarcane sample;

6: Optical fiber; 7. Spectrometer; 8: Cable; 9. Laptop
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B AR 8 AR IO 2, 15 200 & 7 [ 5 A GG
J5 e 435002 120%, 150°H1 180° /Y37 S O i . BT 13 i 51Ot
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Fig. 2 The sugarcane samples before and after wax removal

and the sketch of transmittance measurement positions

1.4 HEEEIWNE

HREREA B HEME 73R I E AR GB/T 10499—2014 J7 i3
AT R FE Y IE B 5 AR IR, JF AR 8 33% {X (Thermo
Fisher UltiMate 3000, USA) #E47 H 7 Py HB M 2 & & 52 ,
MBRERFEA G . L3RG 123 DR T )5 800001 5 @2 .
VAR 2 1 43 AL IE £ (n=82) M T £ (n=41),
ZHEM BRSO RINEE 1 PR, URERWANESAY
IR A A — B AR TR A S ST

x1 HEEFEES ST

Table 1 Statistical characteristics of sucrose
content in sugarcane samples
e FEA fe/ME PN -2 {E .
Hdh 4 o /v /% /% s ifis 22
®IEfE 82 6.07 13. 71 10. 05 1.628 1
T 45 41 7.23 13.17 9.99 1.472 8

Note: % represents the unit of sucrose (the same below)

1.5 HiESH

1] MATLAB R2019a XJ & f¢ 2 W5 6if 5 1 H 7 256
T AT AL P DL R RRAE A 43 BT o % T R O % BEAT 140 3 T
¥ JE . B /) T Bk (partial least squares, PLS) [a] 9 ##
LI S5O L B B I i o 35 SR T R 0% 1] B O A />
3 (interval partial least squares, i-PLS) . 15t {&% 3 (genetic
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algorithm, GA). & 4t W ¥ % ¥ (ant colony optimization,
ACO) X HFAEB R BEAT T 930 I 48 th T4 F i B PLS g
5 [0] I 28 %% (variable regression coefficient, VRC) ¥ Bl i i
BESE (VRC-ACO) L A 16 280 3 o i i B0 2% Oy T T 6 1%
B A RRAE A S T RERE 43 9 PLS WO AR R Y S
BE T AR 8 PE B IE A R R (R) T AR SE REL(R,) . &
TEH4 5 AR R 22 (RMSEC) A0 ¥ 5 AR i3 22 (RMSEP) i% 4 A4~
FEARARATAN .

2 HERSHE

2.1 RiEFsbE

T T WA AL AN R A A AR R 5, FLA A R
H T BRIV IE SRR TR . T AR S T R AT BUL B A
SCRL 120G AR A R BT REOL I B S . R T 6
il 5 1 43 ) o S HEAT T WAL R, IR A PLS @RS AT A
F P TS RS . R INR 2 PR

F2 HESAN RCESXETLELER
Table 2 Spectral pretreatment results of sugarcane samples at

120°measurement angle

= e IE 4 T
ij”j hiit R R. RMSEC/%* R, RMSEP/%"
Jo Ak 0. 650 1.23 0.723 1.016
SG 0. 660 1.217 0.713 1.029
FD 0.768 1. 036 0. 704 1. 049
Vi MSC 0. 804 0. 963 0.779 0.943
FEA
SNV 0. 809 0. 952 0. 777 0. 949
SG+MSC 0. 804 0. 962 0.773 0. 955
SG+SNV 0. 808 0. 954 0. 775 0. 954
Johb 0. 634 1. 251 0. 749 0.967
SG 0. 703 1.151 0. 760 0. 950
S FD 0. 784 1. 005 0. 790 0. 899
ﬁ;‘g MSC 0. 811 0. 947 0.783 0.947
SNV 0. 821 0. 925 0.791 0.933
SG+MSC  0.811 0. 947 0. 780 0.957

SG+SNV  0.817 0.934 0. 787 0. 943
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Fig. 3 Spectral difference of sugarcane
before and after wax removal
CWR: Cane wax removed; OS: Original sample
(a): Transmission spectra at different sampling positions of a
sugarcane sample; (b). Correlation between transmittance spectra

and sucrose
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T R AR
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Fig. 4 Average spectral transmittance of samples
at different angles

(a): Original sample; (b): Cane wax removed

FARR T M5 AR A . 0 — 25 Tik WY e 5T 2 o 2 ARG 32 3 Y
W M [ B 260 A SR . A IB RIS S5, 1207 F p i
HORHE AL, REW S LM R, 20514 0. 776 8 A1 0. 790 6.,
RMSEP 43515 0. 948 6 F1 0. 933 4, F 8 7 6 5 %I 2% 19
e A R /Nt 22 B MR S L T AR AOR

£3 FARAMWEFXTH PLSEEER
Table 3 PLS modeling results obtained by different

spectral measurement methods

REA B IR T
25 biil:s R. RMSEC/%* R, RMSEP/% "

120°  0.809 0.952 0.777 0. 949
ﬂ?ﬁﬁ 150°  0.810 0. 949 0.752 1.010
FEA 3

180 0.792 0.989 0.765 0. 967
" 120°  0.821 0. 925 0.791 0.933
BN .
o 150 0. 818 0. 932 0.775 0.981
AR 3

180 0.816 0.935 0.772 0.971

2.3 HIEREKMFIE

TEHL 6 B 4R rp B AR B d Y 1207 4R I e T &
SNV Fiil b 5 4 H 8 25 085 37 5 615 Sy J5 82 40 17 1 A A 4
25 W RHIE A O 3% T TR BEAT R ST LG
2.3.1 i-PLS jf st HF 4k Kk

VF1) T i 5 /N 3 1k ) 2k A T BT 5 4 D B X 3t AT IXC i)
FEA 43, A58 ASJGREX (AL, T JE 4 44 DX E] PN 19 0 1% 4K
W HEAT PLS B3 HT . 2RFH -PLS R H 25 5 635 E4T 1 9%
KL, H4 671~950 nm 1958 [F R 43K 15 A KA, 78 B
747~765 nm [X [i] Iy RMSECV i fif . i-PLS #3613 K 41
Hangk 4 iR,

2.3.2 GA Jhit4Fieik k

AR ST B A ) B SR R Rk R T K Y O L
Ak, GAMRWSHREWNT . MR EAEE 200, 22X
AR 0.8, AR 0.3, AR50, FREFHMEN S,
B IS A W B O AT B A ik, b TR IR
A B AL X 25 R s e, SR BEAT T 10 RE IS H, Phik
WSS R KA A, GARER M EKAAIE 4
Fim
2.3.3 ACO ff sk 4F 42 9k Kk

WORF S T A AR ALY rh WO R TR B AT R AR AR
IR R W E B R E RSB SR B W R M B . ACO
MM S BT« B 45 05 0 8 200, [E R EH KL T
0.85, BEMERTF 0.1, BB 50 W, EREFBHER S,
SRR 2 YRR B E KA S, I BT
10 REREBH . ACO PRt i KA SN 4 iR,
2.3.4 VRC-ACO § ik 4% 42 5k %k

1% G5 19 WO B30 32 v A3 DB BE X B W) B 0 M5 B R & = AR
H 1. MG — MR IE 5 B R & v 589 BUR L WS i 219,
It B2 5 WA 5 i o 0 A . 1R I 4 o — o ol s i AR B
H AP Be PLS JRE Y b iy A8 4 0] )3 3R 50 1% 0 WORE B vk 45
G DI SEE ACO W siGs 218 S5 A8, VRC RBS 1L — & 12
BE AR A U B TE 4 I By PLS # rb i o5 i B LR
2 % 7 e 2% 2 A AR ) S MR R . VRC-ACO $k
e BB R 4 R .

R4 PRERER

Table 4 Results of selected wavelengths
i o
N =1 3 /J‘.E‘f 2. m
Wy ik ERES FHEH K /n
748, 749, 750, 751, 752, 753, 754, 755,
i-PLS 19 756, 757, 758, 759, 760, 761, 762, 763,
764, 765, 766
GA 16 677, 697, 737, 738, 741, 763, 775, 779,
780, 788, 790, 794, 833, 922, 941, 946
. 676, 703, 735, 747, 763, 768, 769, 771,
ACO 1o 778, 786, 798, 792, 819, 821, 822
-
VRC-ACO 10 737, 741, 760, 762, 763, 764, 765, 780,

930, 949

IWFE AL RKE, FPLS IR KB RZ,
EENT 194, GA FI ACO B i3 3k 5 B 7 AE I 1K 0 23 510K
16 A1 15 4~ 1 VRC-ACO $k ik 1 3% K ot & b, (A 10
AMREM A o MWRRAE B K Bk 1 B R B . VRC-ACO £
WA o RIS A L B ki 2 7. Rl VRC-ACO i3 47 8 7
B 5550 ACO 8 17 3 BE A HL 4R T+ T 38 10%, B 5
R BT 3 R D AR T D ) Bk B A R 1 e IR
W .

2.4 EESWMNER AR

B4 F 14 % R C Hy, On s 43 F 485 b &
e (—CH, ) I HE (— O Zfb 2= FE A, W 36 78 3T 20 4h
1% DX I A O A5 35 W UL E 762 nm BT, =A% A5 WA AE
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934 nm B 5 R L 1Y = A5 ML 980 nm BT DY FF A 7E
730 nm BT NER 4 BB BRRE LS SR AT LA . 5 O
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Fig. 5 Frequency of each wavelength selected
by VCR-ACO algorithm
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FIREE (R, =0. 790 6, 3X A&l 1% Jr i 1 A0 A5 B 2 4% 1
SR X R F AT I, AL D 2k B 7 B T AR R PR . 3
A% 3 Tl 3 7 9 T A Dk B 0 S AORS BB (R, > 0. 8O B I i T
SR BRI . NEIZS RO E . ORI VRC-ACO
Tk I T AR B W BB . AU 10 4, fH iy e
SR PLS BRI A RS BE dic i R, X3 T 0.861 6, 5 2 B
PLS Wil B RI4E F+ T 8. 98% ; RMSEP {X 4 0. 746 6, #5543
B PLS WA R T 20% . £ F VRC-ACO fifi i 15 2 (1)
FFAE P B T Y PLS AL, FOR IE 4R 5 T0000 4. 1 et [ dn [
6 T .

RS TRHEEHRERKHBEER
Table 5 Modeling results of selected wavelengths
by different algorithms

FER Rk L

mog  CHE RMSEC/%* R, RMSEP/%
None 280 0.821 0.935  0.791 0.933
iPLS 19 0.746 1082 0.762 1.167
GA 16 0.844 0.869  0.843  0.790
ACO 15 0.848 0.858  0.840  0.798
VRC-ACO 10 0.852 0.849  0.862  0.747
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Fig. 6 Scatter plot of the model established by the wavelength
selected by VRC-ACO algorithm

(a): Calibration set; (b): Prediction set
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BE T B VR S R 28 1) A R AR Ak 45 5 e AR . R ]
W77 T, 12079 M 2 5 5 1 6 335 S50 42 7 1 T ) A5
RURG B B i > PN AE AR S& R B0 0. 790 6, FUI I MR 1R 25 K
0.93,

(3) WE T -PLS, GA, ACO FIZA T fE % # & 31
VRC-ACO P Fif 25 AE 42 O 12 1) AR5 AE I8 & e A8 T 2 2 42
BB A R AE O I Ba 4 0 Ok 19, 16, 15 A 10, HE T VRC-
ACO B PR L /9 10 A FRAE i B gt 37 /Y PLS B8 FU FE b
O BIROR IR AR, T AR A OC R A 0.861 6, 4k Br PLS
P25 R EETE T 8. 98505 WM ¥y Jy AR IR 2 0. 746 6, Hh 4l
B PLS KRR T 20% s M AV AR RO/ T 96. 4%, ZBFT
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A Method for Detecting Sucrose in Living Sugarcane With Visible-NIR
Transmittance Spectroscopy
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Abstract Sucrose content is an important indicator to measure the quality of sugarcane. It is of great significance to study the
non-destructive detection method of sucrose content in living sugarcane based on the principle of spectroscopy. Sugarcane has a
cylindrical shape with a hard skin and waxy surface. Different spectra detection angles and surface conditions will affect the
modeling results to a certain extent. In addition, dimension reduction of characteristic wavelengths extraction is another factor
that affects the model’s accuracy. In this study, the effect of different spectral measurement styles on the accuracy of the sucrose
content prediction model was evaluated, an improved method for characteristic wavelengths extraction was proposed, and a
sucrose prediction model was eventually constructed. A spectra acquisition platform was designed to obtain the transmittance
spectra of sugarcane stalks. When acquiring the transmittance spectra, there were three different acquisition angles (120°, 150°
and 180°) between the incident light and the measurement probe and two surface conditions ( wax-not-removed and wax-
removed). Six data sets of 123 samples were obtained in total. Firstly, PLS modeling result was used to evaluate the effect of
different spectral pretreatment methods, including S-G smoothing, standard normal variation (SNV), multiplicative scatter
correction (MSC), first derivation (FD), etc. , and the result showed that SNV had the best comprehensive performance and
was selected for further study. Then the effect of different measurement styles on the modeling of sucrose content was evaluated.
The result found that: (1) regarding the effect of wax coverage, the spectral transmittance after wax-removed was high, the
spectral difference among different collection sites of a single sample was lower, and the correlation with sucrose was much
higher; (2) regarding the effect of the spectra acquisition angle, the transmittance decreased as the angle increased in a certain
range; (3) the best modeling result was obtained (R, =0.790 6, RMSEP=0.898 6) with the measurement style of wax-
removed and 120° measurement angle. Finally, the interval partial least squares method (i-PLS), genetic algorithm (GA), ant
colony algorithm (ACO) and an improved ant colony algorithm (VRC-ACO) based on full wavelengths PLS modeling variable
regression coefficient proposed in this study were used to extract the characteristic wavelengths. The result showed that the
number of characteristic wavelengths selected by the VRC-ACO algorithm, which had only ten wavelengths, was the least, yet
the prediction accuracy was the best (R, =0.861 6, 9.0% higher than the full-band model; RMSEP=0. 746 6, 20.0% lower
than the full-band model). This research provides theoretical support for the non-destructive detection of sugarcane and the

development of corresponding sensors.
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