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Fig.1 Schematic diagram of image acquisition device installation
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Fig.2 Structure Diagram of image acquisition device
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(a) Original image of tobacco leaves
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(d) Median filtered image of tobacco leaves
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Fig.3 Preprocessed image of tobacco leaf
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Fig.4 Cluster analysis of color feature values
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Fig.5 Cluster analysis of texture feature values
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Tab.1 The Pearson Correlation of Tobacco Leaf Image Feature Value and Temperature Stage

R AE S PR RFE IR EMA S SUHRFIEZR FI SUHRRFAE IR EME O R L
Color feature category Color feature Pirsson correlation ~ Texture feature category  Texture feature  Pirsson correlation
G/(R+G+B) -0.715%* 6 EE 46 -0.739%
a*/b* 0.859%* W 0.484**
G-R -0.820%* e 0.440%*
1 a* 0.757#* 1 -3 -0.570%*
2G-R-B -0.534%* B FET35 0.669%*
b* -0.372%* IRIEF35) -0.827%*
R/G 0.903%* (EES 0.679%*
R -0.681%* e 2 541 -0.859%*
5 2 G -0.842%*
B -0.053*
I -0.857**
TE: PRORTE 0.01 KF CRUID MR
Note: ** means extremely significant correlation at the 0.01 level (bilateral).
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algorithm
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F£2 GA-SVM 4R
Tab.2 GA-SVM classification results
”'JPZ%” N Szl B A S 2 > Sl = U 5 N S| H | U 5
AT R PURZ L GEISHIAER 2 A BIETR  RISHH T
e ; Model parameters Discrimination Accuracy of Test set
Classification Feature " — - £ traini lidati discriminati
model quantity WEERFT  ER%sgy  accuracy of training cross-validation set iscrimination
C gamma set /% discrimination /% accuracy /%
GA-SVM 19 53.51 89.60 99.75 96.63 98.50
GA-SVM 10 91.06 99.54 99.38 96.13 97.57
GA-SVM 4 89.77 99.97 95.57 91.58 93.27

Ee (D FHAEEE A, 19 AFRBAEITIEERAE: 10 9 5HUER BAT RV REAILEXE R T 0.7 §9 10 NMEMRRHIE; 4 ALERESHrAAT R

PTG RE B 4 BUEASURRFAE . (2) TP R 2 =7 AE ML 43R0 IE A B R 8 2 B/ T A SRR B4 100%

NA .

Note: (1)Regarding the number of features, 19 represents the number of all extracted image features; 10 represent the number of image features with the

absolute value of correlation coefficient with the curing stage greater than 0.7; 4 are 4 represent the number of colors selected after cluster analysis and

correlation analysis texture features. (2) Accuracy of subset discrimination = the number of samples correctly identified by the subset machine/the total

number of samples in the subset*100% .The same below.

—_
=]
1

Curing stage

BLRE I BL
[ S % =) BN B RN
T

1 L !

— PR B

o TR B

101

151 201 251

501

301 351 401 451

Ff it % & Number of samples

7 GA-SVM it &£y SE B 4y AN T E
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Tab.3 Classification results of PSO-BP model

Iy RAETY FHIEHL B J2 1T R W ZRAE A ) R 2 A IR FI R A DB HER 2 Test
Classification Feature Hidden layer node Discrimination accuracy Accuracy of cross-validation set discrimination
model quantity number of training set /% set discrimination /% accuracy /%
PSO-BP 19 35 96.38 97.19 95.14
PSO-BP 10 40 97.57 95.63 95.70
PSO-BP 4 50 91.14 87.54 89.35
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W ZREE B H IV 2N 92.76%, A8 S IE B8 f 1 1) v
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Tab.4 ELM model classification results

N T 3 . — R RIRTEREON e . . AR A ) ) v Tl 2R
SARET BN RERGTRE  NGSUIMRE  oURiEpms 0 URTIRGR
Classification Feature =~ Number of hidden Discrimination accuracy —Accuracy of cross-validation set discrimination
model quantity neurons of training set/% discrimination/% o
accuracy /%
ELM 19 200 94.26 92.56 94.21
ELM 10 220 92.76 91.06 91.96
ELM 4 220 85.40 82.53 85.05
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Fig.11 Actual classification and prediction map of ELM test set
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Tab.5 Recognition results of the three models at curing stage

HBBE BE HHEMIEL curing stage Wit
Discrimin  misrecognition
ant model rata 1 2 3 4 5 6 7 8 9 10 total
GA-SVM n/N 0/18 1/30 0/56 0/34 3/19 4/50 9/37  11/210  4/25 4/56 36/535
P/% 0 3.33 0 0 15.79 8.00 24.32 5.24 16.00 7.14 6.73
PSO.BP n/N 2/18 2/30 1/56 0/34 3/19 4/50 13/37  12/210  13/25 7/56 57/535
P/% 11.11 6.67 1.79 0 15.79 8.00 35.14 5.71 52.00 12.5 10.65
ELM n/N 1/18 1/30 1/56 2/34 6/19 11/50  23/37  8/210  13/25  14/56 80/535
P/% 5.56 333 1.79 5.88 31.58  22.00 62.16 3.81 52.00  25.00 14.95
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Note: (1) n: the number of samples with identification errors in the corresponding stage (pieces); N: the total number of samples at the corresponding
stage (pieces); P: the misrecognition rate. (2) Misrecognition rate = number of samples with stage recognition errors/total number of samples in the

corresponding stage*100%.
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Fig.12 Comparison of the misrecognition rata of each model in the test set during the curing stage
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Selection of optimum discriminant model in tobacco curing stage based on image processing

LI Zengsheng"?, MENG Lingfeng', WANG Songfeng'’, GAO Jun’, XU Xiaohong*, ZHU Xianzhou’, YANG Chao*,
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Abstract: [Background] The automatic discrimination in the tobacco curing stage is an important link for the establishment of an
intelligent tobacco leaf curing system. This study aims to realize the accurate identification and control in the curing stage and improve the
accuracy of tobacco curing. [Methods] In this study,11 color features and 8 texture features of the complete tobacco leaf images during the
curing process were extracted, then variable cluster analysis of the color features and texture features was carried out, and finally the
extracted color feature values and texture features were divided into two categories with a distance of 10. Correlation analysis was
performed to filter out one feature the strongest correlation with the curing stage from each categorize of feature to form a feature subset
(R/G, I*, gray average and inertia), which was used as model input. Then support vector machine based on genetic algorithm (GA-SVM),
the particle swarm algorithm back propagation (PSO-BP) neural network and the extreme learning machine (ELM) were used for
classification and recognition in the tobacco curing stage. [Results] By using the selected four image features as model inputs, the test set
discrimination accuracy rates of the established GA-SVM model, the PSO-BP neural network model and the ELM modelwere 93.27%,
89.35%, and 85.05%, respectively. [Conclusion] The SVM model based on the genetic algorithm in the curing stage has the best
recognition, followed by the BP neural network model based on the particle swarm algorithm, and the ELM model ranking last.

Keywords: flue-cured tobacco; curing stage; image processing; feature model; smart curing
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