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Abstract

Flax is an important economic and oil crop globally; rapid screening of different flax seed varieties
is essential for flax breeding and agricultural cultivation. There are many flax seed varieties on the
market; how to quickly, accurately, and efficiently identify the flax seed varieties to realize the supe-
riority of flax varieties and high-yield yield needs to be resolved. This paper proposes the K-Nearest
Neighbor (KNN) classification model based on the hyperspectral image technique to classify flax
seed varieties quickly. In this study, ten different varieties of flax seeds provided by the Gansu
Provincial Academy of Agricultural Sciences were used as the samples for this experiment, and
50 flax seeds of each variety were randomly selected. The spectral images of flax seeds in the
range of 870.07~1709.45 nm were collected by using a hyperspectral imaging system. After the
black-and-white correction of the acquired images, the 50 flax seeds were the region of interest,
and the average spectrum in the region was the original spectral data. Due to the significant noise
at both ends of the raw spectral data, the practical information will be interfered with by noise; in or-
der to enhance the signal-to-noise ratio, this study intercepted the spectral bands of linseed in the
range of 950~1680 nm as the influential bands for analysis. In order to avoid the data in the acquisi-
tion process by irrelevant information interference is more muscular, thus affecting the modeling
effect, the de-noised spectral band information is pre-processed by SG (Savitzky Golay) smoothing,
and based on SG smoothing, respectively, the Maximum Normalization (MN) and second-order deriva-
tion pre-processing (2ndDer). After data preprocessing, the feature wavelengths were extracted
by Competitive Adaptive Re-weighting Algorithm (CARS), Successive Projection Algorithm (SPA)
single extraction and CARS + SPA, CARS-SPA combined screening methods, respectively, and the
K-Nearest Neighbor algorithm was utilized to establish the identification models for the four flax
seed varieties, namely, CARS-KNN, SPA-KNN, CARS + SPA-KNN, and CARS-SPA-KNN. The experimental
results show that the classification accuracy of flax seed based on the four classification models
(SG-2rdDer)-CARS-KNN, (SG-2rdDer)-SPA-KNN, (SG-2mdDer)-CARS + SPA-KNN, and (SG-2"dDer)-CARS-
SPA-KNN) can reach up to 100%. Therefore, using near-infrared hyperspectral imaging technology
combined with the KNN algorithm for rapid and non-destructive identification of linseed varieties is
an excellent and reliable program.
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Figure 1. Flax seed varieties display (10 kinds in total)
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Figure 2. Hyperspectral image acquisition system

E 2. BAEEGRERS

2.2. REHZE

2.2.1. BXEEIRHRE

T AN EEAUR BT 30 min, PAORIFE & AR08 IEH 1247 . K MRJaRT F & &N 1.00 ms, YIFEN
700 mm, WOEBER 31, LM GG GRS Ty Ao Bk W B HER, HEHTEE A 0.04662
cm/s, [FHRIEEN 0.2 enys, SRS EDGIE BRI 9 640 x 600 x 512 (B3R < BBHL, RIAFEAR
KA S12 NEBCF RN 640 x 600 [ —4EEUR) . I L0 A e SGEFE ARt A Al A2 R REAS, BRIK

DOI: 10.12677/sea.2024.135071 688 B TR S N


https://doi.org/10.12677/sea.2024.135071

Fih, HRIE

HH#AR 1 ATERGRIEEEE, SIS, SREOLAA E B R BRI GIEE . ARt
T8, GRS N A SRR A6 e . TERCEE BT 10 AN SRR RRAT 1, EBOFFRI3S (5550 .
FLVOGH . LA I R AR N & SRR RE A . SREE U BRI G 1 R I, R UGERE — AN, M
A B AR PR H P RRAT, FEATLIZEEN 50 FiAE AN BE A8 L 19804 & A B AL, DA ORUESE LA T FEA IE
FJ7, KRR ST LA T R A B E S, REIHTORE EE R E . OB ERGRESER)E,
50 BIREARBIN A AES, WS O BIERE R A0S 30 70, fHFT— ROE I BRAF AR A 5 A P JFRFF 25
SIVRA S RO H A0 RRFF BE HLZE X 50 K0P R RFEAR AT W1 R AL, IRl —REAR SRR AR 5 skl
R
2.2.2. NRERIIE

T T BRAAR Sk A DRI HE A AR S YR 5 P AR AN [R) Y% B 20 A AN S8 T P AR (R e s 52, 7 BN 3RS
() i U AT B AR IE . $TJF SpectraVIEW st bRAERRA S 23R8 99% AR ifE (A (B IE MG T %
KA, WHREBLAAREEB W, REAGER, TSI E 35 5 S R E B AR brE B .
AN P S NS P
U, -B
“W-B
X, U, —EHIEREGERE, U—RIEEMEE.
2.3. ERIEE RS

2.3.1. ERIEHIEAIIRE

ffH ENVI 5.3 BT IEERm e EUE, w3 fR. N T HBREHRE =G 8T, M 50
WP FRAT HHBE AL I 5 RI/E 9 ROIL (L0 %), U 5t IX 80 ROI2 (¥ th), Wil 3(b)Fow, FHSCHF M &AL
o MR 32 S P9 SR X St PG AT A AR B, Wil 3(o)FR. (ER R {EEG 2 G REGR R
HFATHEREALBE, ] 3(d)Ffm. I8 IR AR T Rk A8 TGO FH B v i MR BT, A UG P I
JRFF TS S R IR, AR SO KLV BRFF R A (O R X 35, ] 3(e) BT . ABT A REARAE N BOGER [X
WO SRR EDEEE, SRR PRt 2k, Wk 3(OFTR. NTY REEESE, AR
SRR B TS BT i SR R O R, W R R E R 6 WK, FRRMOEIEE R 1 50 BT R
HUEHL 5 RAE A BRI, SR B OGE X IR T 60, 115 21 300 4GS HE 1F S 2odf
2.3.2. HIEREATLIE

TER G GRS R T, RN, EPIRESEF Z T a5 iRl iR %, FECREDIM &Ll
B R AFAEBENLE R AT A5 8, AT ASE R (1) A M B R v R AR . (R, 7E3E— B 0T
HiE G AT, HRERAAER AT, NI PE s i s i Emt . AR P RA T SG 3
WP, SG-2"Der Fl SG-MN =¥l HiAb H J5 i .

1) SG JEWFIFIE

Savitzky Golay JEJ -1 5% /2 B Savitzky Fl Golag $#HUKRH, # 2 A T HIE kMg, =T
B/ R SR B 22 WP SR . SG RIS AT LA A R B v i MR R A A IR, TR PRI s AT
B, AR SR . SG IR AN R R B30 & 1N 16 A 5 1T e ) 22
&, BREAESEEMERZL.

2) ZKrkF(2"Der)

FEE I — BRI B SR P T ORISR AR I, B DA A B A 2R R B A SR e, R

U

(M

DOI: 10.12677/sea.2024.135071 689 B TR R


https://doi.org/10.12677/sea.2024.135071

Fih, HRIE

PR G RBUL. Bl PR S, HREAY, SHCERBOCZLEEES, FEIRERLL.

(a) mitIEEE (b)i& X ROI (o) EE etk

(d) ER ()7 FH 4 i (D) Jif i

Figure 3. Spectral data extraction
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Figure 5. Original spectral curve of flax seed
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Figure 6. Process of extracting feature wavelengths using CARS algorithm
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Figure 7. Process of extracting feature wavelengths using SPA algorithm
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%2 1. SG-CARS-KNN (i &)

ko UL RN wms g [‘kéég% TRPEE O &ﬁﬁﬁ
1 53.84% 57.14% 21.97% 59.34% 52.74% 84.61% 52.74% 56.04%
3 42.85% 51.64% 28.57% 50.54% 41.75% 72.52% 41.75% 48.35%
5 43.95% 47.25% 27.47% 46.15% 48.35% 70.33% 48.35% 42.85%
7 45.05% 46.15% 28.57% 46.15% 47.25% 64.83% 47.25% 38.46%
9 41.75% 45.05% 29.67% 40.65% 45.05% 62.63% 45.05% 37.36%
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Table 2. SG-SPA-KNN (test set)
%2 2. SG-SPA-KNN (i &)

WX PSR e e JLER . bRt
e i £ - k=) E it .
K B . FHRPER  RZIES o HRPER  Hom R i L 7
1 81.31% 84.61% 98.90% 97.80% 82.41% 98.90% 82.41% 78.02%
3 72.52% 78.02% 98.90% 96.70% 69.23% 98.90% 69.23% 72.52%
5 70.33% 72.52% 98.90% 93.40% 67.03% 98.90% 67.03% 67.03%
7 61.53% 69.23% 80.22% 79.12% 56.04% 89.01% 56.04% 63.73%
9 58.24% 69.23% 67.03% 70.33% 60.44% 85.71% 60.44% 60.43%
Table 3. SG-CARS + SPA-KNN (test set)
52 3. SG-CARS + SPA-KNN (i &)
WX PSR o e BOJLER . bRt
K . o £ - I H 3t ,
B B FCEEES  RZIEE o HIREEEY BRI L L
1 72.52% 84.61% 98.90% 97.80% 82.41% 98.90% 82.41% 78.02%
3 72.52% 78.02% 98.90% 96.70% 69.23% 98.90% 69.23% 72.52%
5 70.33% 72.52% 98.90% 93.40% 67.03% 97.80% 67.03% 65.93%
7 62.63% 69.23% 80.22% 78.02% 56.04% 87.91% 56.04% 63.73%
9 58.24% 69.23% 67.03% 72.52% 60.44% 76.92% 60.44% 62.63%
Table 4. SG-CARS-SPA-KNN (test set)
%2 4. SG-CARS-SPA-KNN (it &)
WHHEX RS R N e BJLER . Frife
. . £ . I H 3t ,
K e e FREEES  RZIEE e HIREEEY BRI A B LB 7
1 70.33% 82.41% 98.90% 93.40% 71.42% 98.90% 71.42% 68.13%
3 54.94% 59.34% 97.80% 86.81% 56.04% 98.90% 56.04% 63.73%
5 50.54% 51.64% 89.01% 81.31% 50.54% 94.50% 50.54% 57.14%
7 48.35% 45.05% 75.82% 65.93% 47.25% 90.11% 47.25% 52.74%
9 48.35% 50.54% 54.94% 64.83% 45.05% 87.91% 45.05% 51.64%
Table 5. (SG-MN)-CARS-KNN (test set)
%2 5. (SG-MN)-CARS-KNN (it &)
WX PSR o e JLER . bRt
K . o S . I H ITE ,
B e FREERS  RZIEE B HIREERS BRI Ak L HL S
1 57.14% 64.83% 63.73% 73.62% 59.34% 98.90% 59.34% 58.24%
3 47.25% 48.35% 59.34% 64.83% 48.35% 89.01% 48.35% 52.74%
5 39.56% 49.45% 49.45% 58.24% 46.15% 87.91% 46.15% 49.45%
7 39.56% 48.35% 48.35% 51.64% 41.75% 85.71% 41.75% 48.35%
9 40.65% 49.45% 51.64% 54.94% 39.56% 84.61% 39.56% 41.75%
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Table 6. (SG-MN)-SPA-KNN (test set)
2 6. (SG-MN)-SPA-KNN (i &)

o U SR emm gmms TR nmmsm owpoons T
1 97.80% 98.90% 98.90% 98.90% 98.90% 98.90% 98.90% 86.81%
3 93.40% 98.90% 98.90% 96.70% 97.80% 98.90% 97.80% 78.02%
5 90.11% 93.40% 96.70% 93.40% 94.50% 97.80% 94.50% 69.23%
7 85.71% 73.62% 81.31% 81.31% 78.02% 91.20% 78.02% 63.73%
9 80.22% 64.83% 64.83% 68.13% 65.93% 85.71% 65.93% 62.63%
Table 7. (SG-MN)-CARS + SPA-KNN (test set)
%2 7. (SG-MN)-CARS + SPA-KNN (it &)
o MR SR s gmmr TR amms o wpoons 0
1 97.80% 98.90% 98.90% 98.90% 98.90% 98.90% 98.90% 81.31%

3 93.40% 98.90% 98.90% 96.70% 96.70% 98.90% 96.70% 73.62%
5 84.61% 93.40% 96.70% 92.30% 93.40% 95.60% 93.40% 62.63%
7 78.02% 73.62% 81.31% 81.31% 80.22% 94.50% 80.22% 64.83%

9 73.62% 64.83% 64.83% 73.62% 70.33% 89.01% 70.33% 64.83%

Table 8. (SG-MN)-CARS-SPA-KNN (test set)
%2 8. (SG-MN)-CARS-SPA-KNN (Ui &)

WX PIEER B LA i

s s gy roRE BN e

K HMREEE  RIZEEE

1 79.12% 92.30% 97.80% 80.22% 90.11% 98.90% 90.11% 72.52%
3 68.13% 96.70% 91.20% 72.52% 85.71% 98.90% 85.71% 61.53%
5 69.23% 91.20% 83.51% 61.53% 82.41% 94.50% 82.41% 58.24%
7 64.83% 72.52% 69.23% 54.94% 74.72% 89.01% 74.72% 56.04%
9 61.53% 63.73% 68.13% 59.34% 71.42% 87.91% 71.42% 52.74%

Table 9. (SG-2"Der)-CARS-KNN (test set)
%2 9. (SG-2"9Der)-CARS-KNN (Ui &)

WHHX  PlER N e BKJLEAR . Frifk
K Wi e MHREEE  RLEEE o LIRS Bog it L HL S

1 97.78% 83.33% 100.00% 100.00% 92.22% 94.44% 92.22% 100.00%

3 94.44% 75.56% 94.44% 94.44% 84.44%% 72.22% 84.44% 98.89%%
5 93.33% 65.56% 86.67% 85.56% 76.67% 74.44% 76.67% 95.56%
7 85.56% 60.00% 72.22% 74.44% 64.44% 71.11% 64.44% 93.33%
9 80.00% 56.67% 67.78% 67.78% 61.11% 68.89% 61.11% 91.11%
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Table 10. (SG-2"4Der)-SPA-KNN (test set)
%2 10. (SG-2"Der)-SPA-KNN (Ui )

WX PIEER N coese  BJLEA = i
BB -~ HRIEE  RZHEE BB LIRIE BRI LB

1 100.00% 96.67% 100.00% 100.00% 100.00% 100.00% 100.00% 100.00%

K

3 94.44% 87.78% 94.44% 94.44% 91.11% 93.33% 91.11% 94.44%
5 90.00% 83.33% 80.00% 81.11% 90.00% 82.22% 90.00% 88.89%
7 75.56% 72.22% 57.78% 57.78% 78.89% 75.56% 78.89% 80.00%

9 60.00% 61.11% 41.11% 43.33% 63.33% 54.44% 63.33% 70.00%

Table 11. (SG-2"Der)-CARS + SPA-KNN (test set)
52 11. (SG-2"Der)-CARS + SPA-KNN (i &)

WX PIEER N coese  BJLEA = i
BB -~ MR RZHEE BB LIRIE  BIRORTE I LB

1 100.00% 96.67% 100.00% 100.00% 100.00% 87.78% 100.00% 100.00%

K

3 94.44% 87.78% 94.44% 94.44% 91.11% 58.89% 91.11% 95.56%
5 90.00% 83.33% 80.00% 81.11% 90.00% 57.78% 90.00% 93.33%
7 75.56% 72.22% 57.78% 57.78% 78.89% 50.00% 78.89% 91.11%

9 60.00% 61.11% 42.22% 43.33% 63.33% 47.78% 63.33% 91.11%

Table 12. (SG-2"Der)-CARS-SPA-KNN (test set)
%2 12. (SG-2"Der)-CARS-SPA-KNN (lUix £)

WX PIEER N coese  BJLEA = i
BB -~ MR RZHEE BB LIRIE  BIRORTE B LB

1 96.67% 87.78% 94.44% 94.44% 90.00% 100.00% 90.00% 100.00%

K

3 87.78% 80.00% 88.89% 88.89% 81.11% 94.44% 81.11% 94.44%
5 82.22% 71.11% 80.00% 80.00% 73.33% 85.56% 73.33% 84.44%
7 77.78% 62.22% 75.56% 75.56% 70.00% 73.33% 70.00% 71.11%

9 64.44% 55.56% 53.33% 52.22% 58.89% 61.11% 58.89% 56.67%

BIEE 1~12 0 DEH, M KIER 1. 3. S B, WA EANEF IR ZE R T KL 7. 9 4R, X
ST K AEERGE KR, PERRAEZS (8] 8 55 1K R i X0 oK, Rl & R S PR, R K
B9 1. 3. 5B, BARLREAE ARG A2 A1 RE IR SRAFBLLF I 31T . /£ SG-CARS-KNN 732888 rpr, JLT
PR AR R B R, HEMFRIAH] 84.61%; £ SG-SPA-KNN 73Rk, KT A0S HE B A
TUANEE T 5 [REE B A U 4 R B U, HERF 2 B =i 1A B 98.9%; 7E SG-CARS + SPA-KNN 43 KA
BT AR OCEE B 8 SUANJE T B [REE B A U 2 SRR B, HERf 2 5 =y iA B 98.9%; 7E SG-CARS-SPA-KNN
YRBIR T OGEE B A AL T S IR PE A B e b, #Ef S i I8 F 98.9%; 1E
(SG-MN)-CARS-KNN 73 K8 e, 36T B QPR & (1 0 R R 4F, W R & iA %] 98.9%;: 1E
(SG-MN)-SPA-KNN 72Kt i, JETAHOCRE RS . ROZAHMIEE . BOLEMIER. SIREE. YIHEHERIE
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B BT R B 1) RO R, o S HE ZR A ik B 98.9%;  7E(SG-MN)-CARS + SPA-KNN 73 545
ek, JETMCHE. RIZMLUE. BOJLEAME. DRI, VIS RIEE. W 5n R s 5 255
Rl 0 RUERR I miE F) 98.9%; TE(SG-MN)-CARS-SPA-KNN 3B rpr, 361 [ 2 28 A 201 40
KRR IRUT, BmiEE] 98.9%; 7E(SG-2"Der)-CARS-KNN 73281 R, FFAHICHE . RIZHMLIE. Fr
HERGRAL BE B A N I R BT, HERR =i 3] 100%;  7E(SG-2"Der)-SPA-KNN 7p Sl v, JE
TR X EE RS . AHOCHE RS . ROZAHMUE . WOLEARE S, SRS, R E . A B 55
AR IR AT, W R miE S 100%; 1E(SG-2"Der)-CARS + SPA-KNN ) 88 1, FF 477
HIIXEE RS . MHOCHAES . RSLAMUE . BRLEMIEE. B R s, ArERGRULEE B A N 5 RO
U, HERRR ISR 100%; 7£(SG-2"Der)-CARS-SPA-KNN 7328 A, - T [ PH B9 R Ay v R AL R
BA R BRI, HERR RIS R 100%. A b JEaGH0E 28 [F) — R A 31 7 925 5 FAS [ 6 3SR AE
PR AR Bk AT 0 IS T DU B, BT SPA FRAFFEEU VA /r KRR ME M R | T2 T
CARS FFAESEHUT VR I o FAE B i R o Xof Ll Bt £ (R — R Tl AL 3 073 Ja FHAS [ (0 4 & R HE SR B 7242
BURFAEAS B AT 20 BI04 AT ORI, £ T CARS + SPA HRAEIREUTVERI /> KB dE i g T3 T
CARS-SPA FHEFE U 15 1 HER %

3.3. EWEGT AR

N BE— IR FR R AV USR5 MBLE S B S, ASTIKIR 2.3.1 1Pmid 77 2CR4E 10
AN AL FRAPRLFE A 200 DGR, 5 IR [R) Biehs TUAR B 7 20 Hadb AT A B 5 A 9 I IS 4L
&, BAESRAERITL A [ ) RACR I 13~24 s

Table 13. SG-CARS-KNN (validation set)
7 13. SG-CARS-KNN (LE£)

o RRERC R s pems LR omem w0
1 58.94% 53.64% 50.99% 50.99% 58.27% 81.45% 58.27% 66.88%
3 50.99% 46.35% 49.01% 48.34% 50.33% 78.14% 50.33% 54.30%
5 50.33% 42.38% 46.35% 44.37% 45.69% 74.17% 45.69% 52.31%
7 52.31% 48.34% 47.02% 45.03% 49.67% 69.54% 49.67% 48.34%
9 53.64% 43.70% 48.34% 45.03% 48.34% 68.87% 48.34% 48.34%

Table 14. SG-SPA-KNN (validation set)

%2 14. SG-SPA-KNN (I&1iF£)
ko R SR s gmmn CLEM nremm wseews T
1 88.74% 90.07% 99.34% 98.67% 90.07% 99.34% 90.07% 88.74%
3 80.13% 85.43% 99.34% 95.36% 83.44% 99.34% 83.44% 85.43%
5 75.49% 78.80% 99.34% 94.04% 75.50% 99.34% 75.50% 79.47%
7 70.86% 78.80% 99.34% 92.05% 74.17% 99.34% 74.17% 78.14%
9 72.18% 76.82% 99.34% 90.73% 70.86% 99.34% 70.86% 74.17%
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Table 15. SG-CARS + SPA-KNN (validation set)
52 15. SG-CARS + SPA-KNN (3&iF£)

WHHEX PSR o e BOJLEAR . Frife
X e PN = —3 i E: ﬁ 4
K . B MR RZERE i LIGEEES B sE Rk B LB 7
1 59.60% 69.54% 64.90% 52.98% 66.22% 98.01% 66.22% 52.98%
3 55.63% 64.24% 54.30% 50.33% 58.94% 97.35% 58.94% 54.97%
5 54.98% 59.60% 47.02% 47.68% 56.29% 96.02% 56.29% 54.30%
7 51.66% 58.94% 50.33% 45.70% 58.28% 93.38% 58.28% 47.68%
9 48.34% 58.94% 52.31% 46.35% 50.33% 94.04% 50.33% 44.37%
Table 16. SG-CARS-SPA-KNN (validation set)
%2 16. SG-CARS-SPA-KNN (U&1F£E)
WHHEX PSR o e BOJLEAR . Frife
X e PN = —3 i E: ﬁ 4
K e i MR RZER [fae LIGEEES B sE Rk B LB 7
1 96.02% 97.35% 99.34% 96.69% 96.69% 99.34% 96.69% 86.09%
3 92.05% 96.02% 98.01% 94.04% 96.02% 99.34% 96.02% 80.13%
5 92.71% 95.36% 98.01% 94.04% 94.04% 99.34% 94.04% 74.17%
7 88.07% 92.71% 94.04% 91.40% 92.05% 97.35% 92.05% 67.55%
9 89.40% 91.39% 93.38% 91.40% 91.40% 95.36% 91.39% 67.55%
Table 17. (SG-MN)-CARS-KNN (validation set)
% 17. (SG-MN)-CARS-KNN (3 IE£)
WX PIER o e BJLER . Frife
X X 2N X —3 i E: ﬁ 4
K B e FHRIEE RZIES i LIGEEES B sE Rk L 4
1 95.36% 98.67% 99.34% 98.01% 98.01% 99.34% 98.01% 86.09%
3 92.71% 97.35% 99.34% 96.02% 96.69% 99.34% 96.69% 78.80%
5 93.38% 96.69% 98.67% 95.36% 96.02% 99.34% 96.02% 71.52%
7 89.40% 94.70% 97.35% 94.70% 94.04% 98.01% 94.04% 67.55%
9 89.40% 90.06% 96.69% 92.71% 92.71% 98.01% 92.71% 65.56%
Table 18. (SG-MN)-SPA-KNN (validation set)
%= 18. (SG-MN)-SPA-KNN (35 1iF &)
WX PIER o e e BJLER . FrifE
o . 4 - o s hiire - ,
K B - KRR RZIEE i BRI TR L
1 88.74% 90.06% 99.34% 99.34% 89.40% 99.34% 89.40% 91.39%
3 83.44% 88.07% 99.34% 96.69% 84.10% 99.34% 84.10% 80.79%
5 76.15% 78.80% 99.34% 94.04% 76.82% 99.34% 76.82% 78.80%
7 73.51% 78.14% 99.34% 94.04% 75.50% 99.34% 75.50% 75.50%
9 72.85% 74.84% 99.34% 90.73% 72.85% 99.34% 72.85% 74.83%
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Table 19. (SG-MN)-CARS + SPA-KNN (validation set)
2 19. (SG-MN)-CARS + SPA-KNN (3&iF &)

WX PIER o e BJLER . bRt
X X 2N X —3 i E: ﬁ 4
K . . FHRIEE RZIES o LIRIAEY BRI L 4
1 82.78% 85.43% 98.67% 93.38% 83.44% 99.34% 83.44% 80.13%
3 72.84% 74.17% 98.67% 88.07% 72.18% 99.34% 72.18% 72.18%
5 62.91% 68.87% 98.01% 85.43% 60.26% 99.34% 60.26% 68.21%
7 56.95% 62.91% 98.01% 82.12% 58.94% 99.34% 58.94% 68.87%
9 57.97% 58.28% 94.04% 73.51% 58.94% 96.69% 58.94% 65.56%
Table 20. (SG-MN)-CARS-SPA-KN (validation set)
5% 20. (SG-MN)-CARS-SPA-KN (UE£E)
WX PIER o e BJLER = bt
X X 2N X —3 i E: ﬁ 4
K e e FHRIEE RZIES [fae EEVE NS e L 4
1 86.09% 98.01% 94.70% 78.14% 94.70% 99.34% 94.70% 78.14%
3 76.15% 95.36% 92.71% 79.47% 89.40% 99.34% 89.40% 68.87%
5 72.18% 95.36% 91.39% 70.86% 87.41% 99.34% 87.41% 65.56%
7 68.21% 97.35% 94.04% 68.21% 85.43% 99.34% 85.43% 59.60%
9 70.19% 95.36% 89.40% 66.22% 82.12% 99.34% 82.12% 59.60%
Table 21. (SG-2"Der)-CARS-KNN (validation set)
%2 21. (SG-2"Der)-CARS-KNN (3&1iF£E)
WX PIlER o e BJLER - Frife
X X 2N X —3 i E: ﬁ 4
K B e FHRIEE RZIES i EEVE NS e L 4
1 97.78% 83.33% 100.00% 100.00% 92.22% 94.44% 92.22% 100.00%
3 94.44% 75.56% 94.44% 94.44% 84.44% 72.22% 84.44% 98.89%
5 93.33% 65.56% 86.67% 85.56% 76.67% 74.44% 76.67% 95.56%
7 85.56% 60.00% 72.22% 74.44% 64.44% 71.11% 64.44% 93.33%
9 80.00% 56.67% 67.78% 67.78% 61.11% 68.89% 61.11% 91.11%
Table 22. (SG-2"Der)-SPA-KNN (validation set)
% 22. (SG-2"Der)-SPA-KNN ($1E£E)
WX PIER e w  BJLEA . Frife
e o 4 - o = hiire - ,
K B e FHOGHER  RIZIEES g DRSS TR L L
1 100.00% 96.67% 100.00% 100.00% 100.00% 100.00% 100.00% 100.00%
3 94.44% 87.78% 94.44% 94.44% 91.11% 93.33% 91.11% 94.44%
5 90.00% 83.33% 80.00% 81.11% 90.00% 82.22% 90.00% 88.89%
7 75.56% 72.22% 57.78% 57.78% 78.89% 75.56% 78.89% 80.00%
9 60.00% 61.11% 41.11% 43.33% 63.33% 54.44% 63.33% 70.00%
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Table 23. (SG-2"Der)-CARS + SPA-KNN (validation set)
%% 23. (SG-2"Der)-CARS + SPA-KNN (I&IEEE)

o RREC SR s gwees TR EN owmm meons O
1 96.67% 87.78% 94.44% 94.44% 90.00% 100.00% 90.00% 100.00%
3 87.78% 80.00% 88.89% 88.89% 81.11% 94.44% 81.11% 94.44%
5 82.22% 71.11% 80.00% 80.00% 73.33% 85.56% 73.33% 84.44%
7 77.78% 62.22% 75.56% 75.56% 70.00% 73.33% 70.00% 71.11%
9 64.44% 55.56% 53.33% 52.22% 58.89% 61.11% 58.89% 56.67%

Table 24. (SG-2"Der)-CARS-SPA-KNN (validation set)

5% 24. (SG-2"Der)-CARS-SPA-KNN (3E1E£)
o AR SR wes geeem TLEN owmm werws O
1 100.00% 96.67% 100.00% 100.00% 100.00% 87.78% 100.00% 100.00%
3 94.44% 87.78% 94.44% 94.44% 91.11% 58.89% 91.11% 95.56%
5 90.00% 83.33% 80.00% 81.11% 90.00% 57.78% 90.00% 93.33%
7 75.56% 72.22% 57.78% 57.78% 78.89% 50.00% 78.89% 91.11%
9 60.00% 61.11% 42.22% 43.33% 63.33% 47.78% 63.33% 91.11%

i ER AT IR RS R AR KINN 7 SRR o (K TH 8 IS B 1) 73 SR 45 R X Pl il 5 B0 e 5
FERER o B 2 RER 0T LA 21, B 0 SRAET 5 A W1 R A2k, R W2 T 3R BURR AL DL (K KINN T JFRAT
KLy RER BA RUFRZ AT, JF AR MBS .

4 R

ICN=A

A SRV T AT T e R R R ) KINN S JRRRF b s R (e AT i T R T
e G A B KNN BRI 55 0 73 B8, 0 dr 1 RMECREE . BdE P . RRAESE ORI K 3240
BRI AR AR 2 ARG T THRMEIRBUT RS, B RUR U T BAFRE SR B 125 5 i i 3L
SRERME G, &5, S0 HERIK SRR, FHREM S RERNER, FEHERMZ 505
PEBEAT TIRUE, SCH T AN]SR BRI PR . AERf . TSR 2 2R 2.

1) KA SG JEH-FIH. SG+MN. SG + 2"Der FALIE 77240 KA (1) Bl Ht 1E AT 1 0 B e A 38 3 73
AT BRI — AL RISk B SECL B, 72 951.04~1680.7 nm 76 [ P FIG B Uk B A5 5 A RO

2) K CARS 1 SPA Hi—¥F{EHEEUELL M. CRAS + SPA #1 CARS-SPA P Ff 4L & i 1k vE X6 73 1 40
SG JEHFIH . SG-MN. SG-2"Der — AN [A] 15 FAb #E 5 (£ 247 4

3) 3T ESCHTIR 4 FhARFAESE I 7 15 B L (0 O RRAT 2 A R R 4 1) 43 28R L, A1 (SG-2"Der)-
CARS-KNN. (SG-2"Der)-SPA-KNN. (SG-2"Der)-CARS + SPA-KNN. (SG-2"Der)-CARS-SPA-KNN iX 4 Ff
53 SRS ROFF 1) 40 FSHE B R e o] LB 21 100%6

ZERFW], BT EOEIE AR BRI KNN W FROFFRL S P S A AR 200 Fae i, e, &
P2 L A] DUR T 2140 i 6 i % B R AE 870~1709 nm I B TR 25 & KNN HL88 2 ) 7 i R it
DUMLAS ARG | B 50 S BRKF FRT kI 9 R SIS IRAS [s] ot P ST JRRKF () RO L A S5 BRI T 37 1)
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