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T RRAE A5 1 07 B B 7 & VR T R A bR PLSR AL, R,
MR, {H =% 0. 986 F1 0. 969, LR AT 4 ailk @i, 4
B RESI RN CARS Bk A W RS N AL O e E &
0 G RS A e, T PLS R HE N T D E E AT
B, AR RS D 24 A0 10 A4S, HE X 4 BT iR 22 RPD
S35k 3. 11 R 2,32, FEWI AR AT SEER R . H A R AE B
KRBT IR IT . £ M 7S R KT R S m%E )y
T T X A 7 A A B A F 9 AT R

7% 303 3 T 6 AR R SR K S AE 45 TS IR v A O
MRS R WA ER GG A AUR H SR, R 9
Tl 750 Ak B9y 3 B 3 R A I A O A A S o O AL B
J7 R RV AE A PR3 Oy %, R4S S PLS BERLHEIT AN W) @A 7
P21 A ) ST R A B B (S 22 A R RN B A R0 HE T
PER R IR, O B FERS A L DG B P A Rk S A B R
AR AR .

ISRy

I F MK AW S AR TAR B HGRE N ik1T,
BEIRX K AR BRIl 60, SRA AR IS, F 2019 4 6 A 19
HAE R THORAE A, AR 1ORLF 7, 4850 20 &, FT A
AR AT — BB, IR 10 BRKR BB B A
i B TG U R AR SE B REAR
1.1 HERESLE

F 201947 A 27 HA 8 H 4 H(4HILA D1 #1 D2 FR)
HEAT 2 RO R &, 2 WOR B R B P2 AH 6] SR AT I [H) 4
9:00—14:00, Yk AF KA NG B, JLoRHE 50 A REIhRgnt i

MRS . R S E L EOL G E R RO A RUR ST 4 FhAL
. 6% K 12 [E Analytical Spectral Devices 43 #t Y6 1% X
a7 HH2 Hy 6 1% 400 2 . ) & 38 fl 325~1 075 nm,
FAEEFG 1. 4 nm, 43HER 3 nm@700 nm, £ K HRH 10 %&
i EAE . R & =R M B A SPAD-502 Wil &, At
ARE 3 ZHHE . A SPAD-502 3405 4 R & & % UIAH ¢,
PR S o LA AR R e R S L O A R A A AL
EROTR M 3E E 7 L6400 BOSE A AL 2 . 8 5 3R H 3
AR . LA b 4 FBCHE Y O B0 AR S 40 A BT B .
JHE 48 Ab B 5 9 M1 B 4 A ViewSpec Pro, SPSS 24.0,
Matlab R2015b #l Origin 19. 0,
1.2 R AEMITE

JAE A B T Rk TR

L. =P,/P,xX100%

K Lo AOGREFI 3 P, HEOLG H R P, G H AR
LR

2 #RSTHE

2.1 EFFAAFABEAEINSLILEESN

K 5 BB — AL 07 1 43 5 25 MSC, SNV, SG, FD
1 SD J 4 A J7 ik 4y B 8 MSC-SG-FD., MSC-SG-SD.
SNV-SG-FD, SNV-SG-SD 3t 9 F J5 vk XF Ji 45 S 115 i 47 b 2
S I BE VR 40 NREARVE MR IESE, Ha 10 MREARER
o A g 7. 4k B PLS BT, BT (9 AN 48 b g 8 TF 4 R0 il
MEMKERBK R AR, , Hd, RAW i 20 B /R JFU0R O6 3%
R Hofb AL B 7 vk W X BB L5 RN E L. W LR X T

xRl SREBLBHFEREER
Table 1 Optimization results from hyperspectral pre-processing methods
AN 4 H i ik 38 7 2 R. R, X 5 ER ] i b 35 12 R. R,
RAW 0. 842 0. 828 RAW 0. 862 0. 825
MSC 0. 869 0. 846 MSC 0. 887 0. 850
SNV 0. 867 0. 839 SNV 0. 891 0. 854
SG 0. 855 0. 838 SG 0. 894 0. 821
b1 FD 0. 858 0. 824 b1 FD 0. 885 0. 856
SD 0. 859 0. 818 SD 0. 862 0. 827
MSC-SG-FD 0.909 0.882 MSC-SG-FD 0. 900 0.878
MSC-SG-SD 0.893 0. 833 MSC-SG-SD 0. 891 0. 887
SNV-SG-FD 0. 896 0. 870 SNV-SG-FD 0.913 0. 894
SNV-SG-SD 0. 903 0. 838 SNV-SG-SD 0. 907 0. 862
2 R JGREA R

RAW 0. 875 0. 730 RAW 0. 869 0. 838
MSC 0. 903 0. 876 MSC 0. 881 0. 856
SNV 0. 907 0. 867 SNV 0. 882 0. 857
SG 0. 887 0. 869 SG 0. 889 0. 787
D2 FD 0. 883 0. 814 D2 FD 0. 886 0. 833
SD 0. 873 0. 788 SD 0. 870 0.823
MSC-SG-FD 0.909 0. 880 MSC-SG-FD 0.896 0.808
MSC-SG-SD 0. 899 0. 873 MSC-SG-SD 0. 900 0. 865
SNV-SG-FD 0. 909 0. 816 SNV-SG-FD 0.902 0. 869
SNV-SG-SD 0. 897 0. 869 SNV-SG-SD 0. 900 0. 866
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F] —Fp A A5 S, DL D2 g7 1 S5 AR 784 e P 701 Ak 2 vk
MR . MSC-SG-FD i 4b ¥ J 4 7. 1 W 4 35 7 0 450 B0 A% 1F 42
AT 4R AH OC R B0 . DL T @ AL R AT R, 43 51
0. 909 1 0. 882, D2 Jif @A (%) R. 1 R, 4% 3K 0.909 A
0. 880, SNV-SG-FD T &b 3 J5 # 37 (1) > i FI| I 0 450 20 A2 1F 46
AT A AH G R =, D1 BT @R R R R, 43 51K
0.913 1 0. 894, D2 ff @ ML /) R. Al R, 43 5k 0. 902 Fl
0. 869, it MSC-SG-FD #F Jy g 37 M4 R 2 1 Sz i 45 24 Joir 11
Bak P75 SNV-SG-FD {F Jy g 57 6 F F 4 5 38 45 7
FA WAL 7 .
2.2 WBERKMEEFEDN

ARPFF R MG REACH 512 MK A, LIk RR L,
ERBENITURMILL M A &, T 0 AT 2 AR IO A
G fE B . % MSC-SG-FD il SNV-SG-FD i 4b H J5 f4
DG AT R AR IR B 25 LA 43 0] N K 3R B DG R
PN PLS S ALY,
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BLRIERT H M Ay PLSHA, 22 RiT5E. ki
PLS B 58 SUB UE 3 J5 AR i 22 (RMSECV) d5 /N 1 7 4 )
W KA R K . BT CARS ¥ 1 2245 B R A B 25 5%
PR BT A ] 2 BN [ (58 g 1, BT AR SOl iR e
AN I 1R SR RE R BT 20 30l 34 A7 12 5 DA o RO X 48 00 1 I8 4 A2
i, B ARER AR R 50 IR I SR AR . WAl 1
() 7R » RAEUEBD I T 48 B0 I8 bR L Cexponentially
decreasing function, EDF) B/E T . CARS 2: 4% 85 1 9 < 48 &
B AR 21 SR UBOZE T N R B A A R A
PEB WS . B & 1 () ] WL, RMSECV {2 A [F] 72 FE 1y
Bdl, o« 7R B/ RMSECV A 7 % R 19 3R FE 8, B
MTF 6 B YR FE VOB B Hd B P IR T 5 R EAEME R
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@
28001
58
S £ 600
£ = 400
2 8,200
]
s 0 ™ ™ ™ ™ T T ™ T T o
s 0 5 10 15 20 25 30 35 40 45 50
Number of sampling runs
2.09
&
2157 w
w
= 1.0
o~
0.5
0 5| 10 15 20 25 30 35 40 45 50
Number of sampling runs
= 1004
=3
§ ; 50
285 0
205 504
8 % 50 :
2 -100
& 0 3 10 15 20 25 30 35 40 45 50
Number of sampling runs
(b) Chlorophyll content(D2)
. 8007
o
o @ 600
5 B 4001
o -
£ g 2007
25 0 ; ; ; : - ; . . : ]
§ 0 5 10 15 20 25 30 35 40 45 50
]

Number of sampling runs

0.014 ;

é 0.012
z 0.01 1
2 0.008 4

0.006
0

5 10 15 20 25 30 35 40 45 50
Number of sampling runs

Regression
coefficients path

o

(=) n

e
wn

15 20 25 30 35 40 45 50
Number of sampling runs

(d) Light energy utilization(D2)

o
v
o

CARS & 0 1% 45 AE il 1<

(a): HEEHEEDD; (b HEESFED2); (o) JEREAMMARDD; (D ILEEF AR D)

Fig. 1

Characteristic wavelengths selected by CARS algorithm

(a): Chlorophyll content (D1); (b): Chlorophyll content(D2) ;

(c): Light energy utilization (D1); (d):

Light energy utilization(D2)
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OGS R AT Y S S A Tk i B A WA 1(a), H
L) F () AT A1, 55 25 Y (DD 4 18 W (D2) R #E: i
RMSECV fif5e/y s X R e R B 4 8 4 i M AR i
G390 R 41 AR 96 A, BIBR B AS R Ry 471 A F 416 A,
I B 72 ik o A B A 8. 01 % A 18. 75 %, i 18] 1 (o) HI (d) Af
I, 8 24 (DD RIS 27 R (D2) R AL, RMSECV (& £ /N,
X R B B D TR 5 e R e AR AR e B4 B Ry 46 SR 32
Ay BRI AE BB B 466 A FT 480 A, I kAR & 5 4 I
BtiG 8. 98% 11 6. 25%
2.2.2 SPA % f 440k Kk
BT SPA WRHEAT R T A FAE B R THASE TR 0 R AE U K R
W RANIE 2, SPA BE7EIS Fd o id o 43 B 58 ) 4 K
1.1% Final number of selected variables: 30 (RMSE = 0.109 66)
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AU, RS B B . RMSE {532 8/, “ 007 %75 e/
RMSE {8+ %7 ) B Ay s 0 4R AE i 46 78 5, A&l 2 Cad (D)
F7R s % SPA LG 43 iR EE 20 A~ (D1 F 23 A4~ (D2) - 4E
P T H L SR e 1 R S R e ST, SR 1 A
oA 492 AR 489 A, T 6 AR o5 Ak BEAY 3. 91 % Al
4.49% . A 2o A Fr R . 4305 % 27 4~ (DD Fl 37
A (D2) R Ak i 1 T 18 57 3w O 1 R W06 e A 6 S B 1
SR Y 78 B B0 5l 485 AN 475 A, BT AR (G 4 I B
5.27% 1 7.23%,

1.8 Final number of selected variables: 30 (RMSE=0.338 91)
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(a): HEEHFEDD; (b HEEESTED2); (o

s ERERIH (DD 5 (D HBEEFI 2 (D2)

Fig. 2 Characteristic wavelengths selected by SPA algorithm
(a): Chlorophyll content (D1); (b): Chlorophyll content(D2) ;
(c): Light energy utilization (D1); (d): Light energy utilization(D2)

2.2.3 CC 3 4 1ok Kk

BT CC k34T R AR HME B S A Y 1) AR A1 I 4 3R X
AN 1A 3. CC kil o HO s h B — K T obigE S
Mg 3R & i ADGRE A T 28 1 A0 OC AR B B AY 4 X (8,
7B T BB T b I A A D R AR B G, 5 A i 1 5 X R Y AR 56 R AL

A A AR 56 R BRI AT R AE B R T 0k . el B 3 Ca) T () T
I, R b 5 k4 3 S R AE 0,05 1 35 MR KPR A G 1Y
BIE SR B0 —0. 254(DDH —0.236(D2) . L LLF KDk
KA 0 YRR R o T H 10 A D A R A3 R 221
AT A SRR AS B 291 ASFNALS A BT AR
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THON 10 WAL 7 A O AR R SOBUR oh SPA T
O 75 i FE 75 25 947390 (DDA 92. 775 (D2) .
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Fig. 3 Characteristic wavelengths selected by CC algorithm
(a): Chlorophyll content (D1); (b): Chlorophyll content(D2) ;

(c¢): Light energy utilization (D1);

(d:

Light energy utilization(D2)

R2 AXELEERRRERBER

Table 2 Soybean physiological information inversion model results

@B E A ;ﬁ% P. R R, % AW @Ok éﬁ% P. R R,

PLS 512 10 0.909 0. 882 PLS 512 10 0.913 0. 894

CC-PLS 221 9 0.911 0. 906 CC-PLS 234 9 0.919 0.902

CARS-PLS 41 9 0.927 0. 892 CARS-PLS 46 9 0.921 0.909

SPA-PLS 20 7 0. 944 0.911 SPA-PLS 27 7 0.929 0.912

W G SR %

PLS 512 10 0.909 0. 880 PLS 512 10 0.902 0. 869

CC-PLS 97 9 0.902 0. 898 CC-PLS 224 9 0. 907 0. 885

CARS-PLS 96 9 0.914 0. 899 CARS-PLS 32 9 0.912 0. 898

SPA-PLS 23 7 0.941 0.903 SPA-PLS 37 7 0.925 0.907
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0.907, B T 10 i) 7 4>, A HL SPA-PLS fi7
F AN B P fE 3 PLS, CARS-PLS fil CC-PLS BT ¥4
B . R UE T SPA BL RS . ST HE A BR T A AL
P FRAR P A AE RS R T ok . B T RURHAE
R B AAR AR R B K BB LR . SPA B0 K E
A BEAE B SO R B T R LR BE . R S R T A BRAE
ST Y 5 LI B 2k 75 15 SPA .

3 45 ik

VIR G AL W i A5 xt &, 78 2 4~ A #1 (D1 #l
D2)#EAT T REM A ek, R & &, ot & s B/
B A RUE S BRI R, SRS RS [R Y B — AL BT L 4
B2 A WAL B 7 3k R 3 FiRRAIE I K AR a5 O 8 B T 0 4 I B
SRR AT AL B, X 0 35 P e 0 AL BT 9% N AR AR U
A et FEAT 2 A N R AR FAE B (M3 & = RDGRE A T
B R A L, 45 B EH] . (1FE MSC, SNV, SG, FD, SD,
MSC-SG-FD, MSC-SG-SD, SNV-SG-FD Fl SNV-SG-SD 9 i
S BB TS PLS S AL B 7 ih ., MSC-SG-FD 4l & h K
TSR B B R Y A e A AL B U5 . SNV-SG-FD 41
B oA K G RE R 25 S TR R ) B e AL By s (2)3 R R
fEPE KA I 1 CARS, SPA I CC i& ¥4 & /b T gt i A
R Horp SPA AR A RUE BBUR D, N 512 AR
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Study on Extracting Characteristic Wavelength of Soybean Physiological
Information Based on Hyperspectral Technique

LIU Shuang, YU Hai-ye, PIAO Zhao-jia, CHEN Mei-chen, YU Tong, KONG Li-juan, ZHANG Lei, DANG Jing-min,
SUI Yuan-yuan”
School of Biological and Agricultural Engineering. Jilin University, Changchun 130022, China

Abstract The accurate acquisition and prediction of physiological information can provide a basis for the fine management of
planting. The traditional soybean physiological information inversion methods have low detection efficiency, cumbersome
operation process and mostly damage detection. To this end, this paper uses hyperspectral technology to establish a rapid non-
destructive inversion method for soybean physiological information. The leaves of soybean flowering and pod-forming period
were taken as research objects, and the hyperspectral, chlorophyll content, net photosynthetic rate and photosynthetically active
radiation data were obtained on 2 dates (D1 and D2). First, multiple scatter correction (MSC), standard normal variable trans-
formation (SNV), first derivative (FD), second derivative (SD), Savitzky-Golay smoothing (SG), MSC-SG-FD, MSC-SG-SD,
SNV-SG-FD and SNV-SG-SD methods are used to preprocess the original spectral data, then establish a full-band model by par-
tial least squares (PLS), compare and analyze. and select the optimal preprocessing method. The feature wavelengths are fil-
tered and extracted by competitive adaptive reweighted sampling (CARS), successive projections algorithm (SPA) and correla-
tion coefficient (CC), respectively. Finally, the preferred preprocessing method and the characteristic wavelength variable are
modeled and compared by PLS. The correlation coefficients Rc and Rp of the correction set and the prediction set are used as
model evaluation indexes, and the inversion model with the highest correlation with soybean physiological information is finally
selected. The results showed that the R, and R, of the full-band PLS model with chlorophyll content established by MSC-SG-FD
pretreatment were the highest, 0. 909 and 0. 882 (D1), 0. 909 and 0. 880 (D2), respectively. the R, and R, of the full-band PLS
model with light energy utilization established by SNV-SG-FD pretreatment are the highest, 0. 913 and 0. 894, 0. 902 and 0. 869,
respectively, which shows the highest model performance characteristics compared with the original and other pre-processed
models. Further comparing the modeling of the three characteristic wavelength extraction methods, it is found that the variables
selected by the SPA algorithm can compress the modeling variables of the chlorophyll content inversion model from 512 to 20
(D1) and 23 (D2), and the variable compression rate is as high as 96. 09% and 95.51%. At the same time, the modeling varia-
bles of the light energy utilization inversion model can be compressed to 27 and 37, and the variable compression rate is as high
as 94.73% and 92.77%. Finally, the optimal modeling method for inversion of chlorophyll content is MSC-SG-FD-SPA-PLS
with R, values of 0. 944 (D1) and 0. 941 (D2), R, values of 0. 911 and 0. 903, and the optimal modeling method for inversion of
light energy utilization is MSC-SG-FD-SPA-PLS with R, values of 0. 929 (D1) and 0. 925 (D2), R, values of 0. 912 and 0. 907

The model has high precision and can provide technical support for large-area detection of physiological information.
Keywords Hyperspectral; Soybean; Physiological information; Characteristic wavelength; Inversion model
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