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Tobacco seed vigor classification based on hyperspectral
imaging and ensemble models

PAN Wei', DENG Shuwen’, YANG Xiaodong', QIAO Yu', MEI Yuan', ZHANG Limeng', GUAN Yajing’

(1. Research Center, Yuxi Zhongyan Tobacco Seed Co., Ltd., Yuxi 653100, Yunnan, China; 2. Advanced Seed Institute,
College of Agriculture and Biotechnology, Zhejiang University, Hangzhou 310058, Zhejiang, China)

Abstract: [Objective] To develop a rapid, non-destructive vigor classification method for micro-sized tobacco
seeds based on hyperspectral imaging and an ensemble model. [Method] Seeds of 3 cultivars (‘MS-Yunyan
87’ ‘Honghua Dajinyuan’  Yunyan 99°) were subjected to multiple controlled-deterioration gradients, and
population-level hyperspectral data were acquired across treatments. A seed vigor index (SVI) was constructed
by weighting germination potential, primary root length, and seedling height, and a threshold was applied to
assign high/low vigor labels. All spectra were denoised with Savitzky-Golay (SG) smoothing; discriminative
wavelengths were selected via uninformative variable elimination (UVE); and a CNN-LightGBM classifier was
trained on the compact features. External validation was performed using an independent cultivar ‘MS121°.

[Result] SVI decreased markedly with longer deterioration; seeds treated for 48, 72, and 96 h were almost
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entirely classified as low vigor, indicating that the predefined threshold provided a clear decision boundary.
Among feature-model combinations, UVE-derived compact features coupled with CNN-LightGBM performed
best, achieving 88.90% test accuracy, 97.40% recall, and an F1-score of 91.40%. On external validation with
‘MS121°, overall accuracy reached 85.58%, demonstrating robust cross-batch and cross-cultivar generalization.
[Conclusion] Integrating SG preprocessing and UVE-based wavelength selection with a CNN-LightGBM
classifier enables efficient, accurate, and non-destructive vigor classification for micro-sized tobacco seeds. The
pipeline shows promising transferability to other small-seeded crops and offers a new avenue for quality
monitoring in such crops. [Ch, 6 fig. 2 tab. 25 ref.]

Key words: tobacco seeds; hyperspectral imaging; CNN-LightGBM; seed vigor; non-destructive testing; seed

vigor index

{H 5L Nicotiana tabacum J2: " [EI 2255 K (A B =\l S AN, 5y o 6 14 R 5 2 IR A = R
FEAR R EA BB = hED . Hoh, B s R B AR RN TR R A SR bR, R BMEMIAERK K
H.OERAER . SR, EGRRNTIE IR O ik S B T AR AR TR L 2,3,5- G0k = IR L Y Uk
(TTC) Yett , FL Mg MM BT vk o X Se R I 5 2k 5 B R AP 1, [MIRHGMIE FE s 4% . FERTHE
F1, EXELLH IR m R, Te . AU R R TR . BB EREARD B A T RS
TR SEEA I A, PR BEIR D A0 R, i) P X R R A T e R AN, AR i
HESTAS RV, SEEUGFRFIG 7 A0 o 3T 1R G R AR TR 0 5ORS 1 R0 R 2L R
HI B IF 5 #4005 . AMBROSE %51 ] 400~2 500 nm i B (1) 151 Y6 i AR 4 A % 500 s #kh B s B oA Ah A
2 Fhid 1KoK Zea mays P-4k, BT EE ST (4 D 5 /IS 3 0 1) o B B TR o B R 0 42 1 25 1) 38 4 S v
ik 97.6% F1 95.6%. SKIEIEAED LLEURI/INGZ Triticum aestivum Fh—F R WF5E 01 52, R @61 LR R G 3k
HURE S G0 B, R 2 Fh U By 5 #5715 5 Bk /N2 Bl T 16 1 1) PLS-DA #EAY , HR A IE
A T TN 4 A A S 53] TE 0 2803 100 86.7% il 85.1% ., A7 25 5510 LIS [R) 1% 7 8 Bk /N 2 o 7 Ry F 5 %
%, i EGIEAUFRAF L 400~1 050 nm 1Y EOGIE A, T CARS Bk BURFAE I BE A S 1 S 45 1)
PL(SVM). K I4B (KNN), — 4k 25 R 2% (1DCNN) Fl i R4 38 7 3 S 3 FR A 22 W 4% (ECA-CNN) 3t
4 i/ NFERIFTE TR R, R R UER Ry 86.67%, HEWAF R 92.31%, A% 80%.

EOEIE R ARAEKAE Oryza sativa, FK . /N EEFBIFFIE SR B T 25 R, (RERXT/
LR TR INRL R IR . B AR S i R, HOP Y TR EE R 0.080~0.092 g, B T
HARZ 315~630 um, J& T AN GUNRF T B @GRS 2 N KRR M PR, LA R
BORTRP T RS A0S, BE BB R T EARBUE BRAGME B . AR R A IS R A S KT

I, B LU F R A0 4, AR R R R OB AR, il 50 1k 215 AR
T B BEANRI B, (s B4R M 557 (uninformative variables elimination algorithm, UVE). a4+
H 185 W B NN GE 7 (competitive adaptive reweighted sampling algorithm, CARS) FIZEZE 52 B 1 (successive
projections algorithm, SPA), ik 5/ INRIFR 1% 01 % UIAE G BRI AR 5, F TG AL 2 2 > 43 A |
R 24 2] BRI R 22 M 2% (convolutional neural network, CNN) DA M FEF CNN-LightGBM (CNN-light
gradient boosting machine) £ Ji{ % £& 14 X8 S A -5 17K 0 A AR AR, ST LI B A~ Ay 431 A B R )
RIS 1SR HERR S5 o RN RO AR T M B BRI DU () B AR I, R Al A
IR AR i ) PRSP AN SR A T R

1 MBS &

11 #HF&H&E
L1 A4 BRI A EBR T E N AR 3 FR s S A AT ( MS =4l 877 “MS-Yunyan
87" . ‘4IiE K40’ ‘Hongda Jinyuan” . ‘=M099°  ‘Yunyan 99’ ), FEMIRIIGUEFRTT, 0T 4H
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FIG o SRAE AR bl FH A8 4 il B USRS IE #5444 Spectra VIEW,,
122 AREEFRE RASFNS L AR BRI E 1S NEFERE, BANER S0 KT, 7F
30 cmx40 cmx4 cm B 7 TE BERE & RCE B & 2EAR, EM, R ZFIRIEBE SN (25+1) C, DL 12 h BHE
12 h BEEABE L ZE 14 d, BRI R T & ZE3EE, BARKE =2 mm MR PR & 2F . 26 6 REE
P14 ZE 44 (germination potential, Gp), 14 d Gii1 A& %% (germination rate, Gg)o
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Hrb, N RRZFH 6 RINIER ZZFIRTEL, Ny KRR 14 RIS IEE KRR T8, N oA #EF 1
S
123 7% A 354 (seed vigor index, Igy) 3t H  FERZFH 14 K, WEENEZ WK (primary
root length, Lpg) AIH 5 (seedling height, Hq). =% ZHU S5V A5, REEER Igy A4S TR AL 1 %
WA AE , AT R T BTS2 T BRE Sk . DL Gp. Lpp M Hg $8AR M AN, 55 14 K
REFF=92% (GB/T 21138—2019) N =i S B EE AR HE, FIHFEHLARAK (random forest, RF) 53k XT1E 7]
AT S, AR ALY 2R R R E BB 8. SRR E N E B — e, RN
LT Igy R HRAGE, RS Gp. Lpg X Hg BGE, FARME AT Ly.
Isv = WepGp + WprLLpr + Wsw Hs -
Horbre Igy NG TG Wap Wore Wew 7334 Gy Lpg X Hg FIALHE
124 RERFER OGEIUS R E A OGEER M S A NGRS, BaSHEILEAS S T
D EAG BRI R T, 8 ROI T 2R 4 Fh F1 35 50Ok A 8 %8R X 38 (ROD™, 4R 5 i i
ENVIS5.1 (ITT Visual Information Solutions, 2&[) 25t ROT H1 4213 iz 5 3%
G MG 1y b SR R IE 2R 1 e G R B R FEL I ) B TS o R BRSO 99.99% AR I
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PR 2, X R A G B 43 ) 3617 2 o0 A A% IE. (multiplicative scatter correction, MSC). FrifE 1FE 2%
AF $ (standard normal variate, SNV)., — i 5 %k (first derivative, FD) DA} % FLF- 15 (Savitzky-Golay,
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ROR AR AL BRI VED o TUREE T KE R LS8 w, IF 20 m Z A gt . TR
PR, R M AT ) I A o A o, DR I R AL S B AR S E AT R AR U B % . SR R SR R Ak
(successive projections algorithm, SPA). {557 (genetic algorithm, GA). Jofi B AR THFE (uniformative
variable elimination, UVE) 45 s A T4 AE A% & i e,
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SRR SR ARAE 1 SRR Z UL, (AR ZE RS S AR T A R0, TEREAS AR 32 BR sl 85 A
I EOLT oy R ARG, ZARE 28— H 4.

R, AHESE TR EEAY CNN-LightGBM £ U AL B 45 A CNN A AR IE S DL o0t & i Bl i 4 7
TREERHIES 2], dE— 2 PR 61 I B 1) 1 25 [ RRAE DG IR, A7 R0 4R BB v S22 Ok 1) B 23
fIE; FEJG LI CNN R IR BERRIE M Hi A, 1833 LightGBM J3 228 KRR AE R4 T 5 802 >0 5 Uk ) )
PR FE ARG T R 24 X R IE 2235 BE 11 A1 LightGBM 1Y 84 > RE 1, A RARTE T IREEFh 715 S k60
155 B MERRPE AR E P, MRS 05 ) Jea A St 1 S R Y i

BEAh, BT R RS 18 2R 38 UBGIE (GridSearchCV) 73k, X Gt S Bt T R R 51k,
MR BURAR S8 & SRR iz A i 01 S A%
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PEAAEAIVERE , T T WERR (accuracy, A), BIIESATINAREARSCS DA 1 .
_ Tp+ TN
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Her, 7o WEAMEREAS Ty WEPIVEREARSEG Fe MIBRPAVEREASL; Py IR BAIPEREA L,

QIRVEHEIE o TRVE R AT DL B 7R 43 IR AN [R5 2 ] B iR 43 286 Ol . B VR a ARG, T
PAiE— 2T AR RS 6 % (precision, P). A3 (recall, R) Fl F1 7340 (F)) S58hr, XEEFEhRRELE A
S SR 1 B

KGN AR F1 % R 2B JERS TN IR REA SRR R iE 2810 Lol
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A 1] Ay £ (1) 2 SE PR TR BUREAS TR, A TE A S50 o TE 2 Y b
T 100%;
Tp+ FN
Fy KGR RAA IR0 A, TG H 38 R,
PXR
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B A AL B RRAE I B R LA AR R 7 MATLAB R2023a (MathWorks, 35[E). Python3.12
AT,
1.2.8 BRI ZMIGE  HURE S CMS1217 R AR 2 AR Ab B, X B AR AT SVIAEE 43
B, I RO AR B R TR A SO BRI

2 #HREitk

2.1 FTAEIFEETTFEFHRNE

HIE 1 AT DL 3 ANl B 0 B - & 2R 4R K 25 2R A I 45 A8 B TR B4 T ol R, (LT B 3l % 5 T
KA N 225, BIRME, REM MS =M 87 Fh T & 2F#ik 93.33%, %4 48 h 45 7F
G, REHBPGE TR, 7208 LZ2ERFER 0, KIERMN 43.20%; ‘A KETT WK SN
91.07%, 5 ‘MS =Ml 87" TWEXER., HAE48h LA )5, KAFHRWMB T, 72 h iR ZEHER 0,
RUARRERINE 56.13%; =M 99" TERIMSIE] (36 h) B8 IR +F RUF A ZFHY, 72 h & ZFHATA



543 B4 2 )

AT BT RIS S G AL A RT3 2 JERE I

287
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Table 1
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Germination performance of tobacco seeds under different deterioration times
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Figure | Feature importance of GP, PRL and SH (A), and grouped scatter plot of SVI across different treatment times (B)
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Figure 2 Spectral curves after different preprocessing methods
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Figure 3 Outlier detection using Mahalanobis distance
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Figure 4 Mean spectrum after of tobacco seeds with different vigor
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Figure 5 Feature-wavelength selection results using SPA, UVE, and CARS
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Table 2 Model performance after feature selection

MIIEER S MR SE
[ERUETTUN FEEHY A
KR/ % BEZE/% FIo8 #EWE% KEHEe BRER% FIOE  EHR%
LightGBM 15 100.00 100.00 100.00 100.00 76.70 89.20 82.50 77.80
RF 15 100.00 100.00 100.00 100.00 88.64 88.64 88.64 84.13
SPA
CNN 15 76.30 76.84 76.55 78.57 76.61 74.18 75.00 77.78
CNN-LightGBM 15 97.60 98.80 98.20 97.60 80.50 89.20 84.60 81.00
LightGBM 66 83.40 94.00 88.40 83.70 76.10 92.10 83.30 77.80
RF 66 93.49 95.18 94.33 92.46 81.40 89.74 85.37 80.95
UVE
CNN 66 78.52 78.36 78.44 80.56 78.53 78.11 78.29 79.37
CNN-LightGBM 66 95.70 94.00 94.80 93.20 86.00 97.40 91.40 88.90
LightGBM 28 75.70 97.60 85.30 77.70 66.10 97.40 78.70 68.30
CARS 28 92.68 92.68 92.68 90.48 85.37 85.37 85.37 80.95
CNN 28 75.12 74.03 74.44 76.16 77.78 75.55 75.55 75.55
CNN-LightGBM 28 87.30 82.50 84.80 80.50 73.50 94.70 82.80 76.20
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= Figure 6 Confusion matrix of the SG-UVE-CNN-LightGBM model for
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