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Abstract: To explore the law of moisture change during the drying period of cigar tobacco leaves and realize fast and
accurate prediction of moisture content, digital images were taken at each drying stage of cigar tobacco leaves, and the
moisture contents of tobacco leaves was determined by method of curing and drying. The color and texture features in the im-
ages were extracted as the initial features, and the optimal features were determined by orthogonal partial least squares-dis-
criminant analysis ( OPLS-DA ). Models of back
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and optimal features as input and moisture content as output, respectively. The results showed that, with the drying time in-

creased, the moisture content of tobacco leaves gradually decreased, and the moisture contents between different stages

showed significant differences. Compared with other models, the overall prediction ability of moisture content in the whole

drying stage by GA-SVM established by optimized characteristics was the best, coefficient of determination (R*) and root
mean squared error (RMSE) were 0.969 3 and 0.044 7, respectively. The prediction accuracy of GA-SVM established by

the optimized features for each drying stage was high, and the prediction accuracy of moisture content in dry gluten stage

was the lowest, but was also higher than 87.0%. The results indicated that, GA-SVM constructed by the color and texture

features optimized by OPLS-DA can predict the moisture content of cigar tobacco leaves during drying stage accurately.
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Fig.1 Diagram of the image acquisition device
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Table 1 Characteristics of cigars in the drying period and number

of images collected
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Fig.2 Original image of tobacco leaf
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Fig.3 Image of tobacco leaf after segmented from the back-

ground
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Fig.4 Median filtered image of tobacco leaf
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Table 2 Calculation formulas of image feature indices

HFAIE HREAR
H— b 8% (r) R/(R+G+B)
H—fbgR e (o) G/(R+G+B)
H—fLiE e E(b) B/(R+G+B)
B8 E(ExR) 1dr—gl 1]
HEERIEEL(ExG) 2g-r—b114)
TSR (ExB) 1.4h—gl15]
IH—AbLI G2 (EFE R (NGRDI)  (g-r)/(g+r) ™)
ZRMERL(GLD) (2g-b=r)/ (2g+b+r) [1®)
BIE L SRR RS EL(MGRVI) 2~/ g? +r2117]
WEB O (DGCY) [ (H-60/60)+(1-5)+(1-V)]/3
LR-LL (AR B (GMR) g-r1®
HAOFEEL( YD) G+R[1)
WAL (CI) C+B[1]

R.G.B.HS.ViFARLA B, GEMEEE, EEEEE. 6
PR S B,
1.2.6  AEA TR A A AR 7 ik A5 A AL I
B RE AR TR RUCR 1 PE O 1h DR E REC(R?) A7
MR (RMSE) i i . %25 B Be i) B0 80CR DL HER
i (Accuracy ) i & | WEHf B A AT,

‘ Ty5:= Py

Accuracy=1-( Ti)

K, Ty MBI PR KR Py AR
TR B KR

2 HERE

2.1 BEHMBREMSKENELER

25 B ) A B R P g 5 AR g 5 R A 3 T
7, R 3 AT Bl BT AR B KRR T
B, S B SR B2 W HEN S
K, T 84. 6% , T EAR, -1 21. 4%,
2.2 MARHERIREER

1 454 RS 1) 060 8 I 0 S0 B AR A 42 B2
WA 4, M7 250 WSS Lm0, il (H) (G0 I8
EH(G) WECEEE(B) JKBHME(Y) H—fbLl E4s
B(r) H— ek @I58 (g) JH— 1Ll GAR B (b1) |
HELLAEEC(ExR) B EFE A (ExB) (B AR (YD) |
WEERAEEL(CL) 22 (Var) 52 (LY) fE TR
SR A R B S, AR E A
W A U ) 25 S 2R B B K P ar 25 R
(Cr) MBERIEEL(EXG) JH— b 5k 22 {635 50 ( NGR-
DI) . & M 48 %0 (GLI) | & IE A 21 % #4545 5
(MGRVI) XFILEE (Ct) (e (E) (Lh-2 2 HIE 5
(GMR) IR &% B {0 46 80 (DGCV) (B (V) Y 1{H
(Mean) BTHE (B (B (b ") 7E 5 A Bt il iy 19 1] 47 1
2 R —E (Hg) ZLER O EAH (a™ ) 7E A4 1
TR AR S R T i A ) 22 S A8 B 3 R 2 A
0 1) 2 5 0 3 5 ARRN B (S) (LD IEE (R) LK
025 5E (Ch) F3 700 728 48 3R T 7 i ) 9 22 101 R
T I R A AT AR At ) 2 S A i 2
HA 3 AET R 22 5 0 25 A G PR (CL) 7E 5 AR
WA 25

x3 HEHSKEMNELR

Table 3 Determination results of moisture content of tobacco leaves

Mt 488 H(%) KM (%) BME(%) ERRE
UGE:] 84.6a 89.2 70.6 0.081
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Table 4 Extraction results of 31 initial features of images

FHAIE UGE Gyl AL TR A
i (H) 0.255+0.015a 0.156+0.017b 0.089+0.008¢ 0.078+0.004d 0.079+0.004d
TFNRE(S) 0.507+0.041d 0.544+0.022¢ 0.632+0.021b 0.655+0.016a 0.631+0.085b
(V) 0.347+0.068b 0.549+0.074a 0.321+0.060¢ 0.273+0.026d 0.256+0.027e
1A MIAE(R) 67.700+16.000cd  135.900+19.500a 81.800+15.400b 69.600+6.700c¢ 65.400+6.800d
SHEEIEE(G) 88.400+17.200b 129.700+18.400a 58.700+13.300c 44.800+4.400d 43.500+4.300d
#EEIE(B) 42.700+5.700b 63.700+9.100a 30.700+6.700c 24.200+2.500d 24.500+2.500d
KEME(Y) 87.500+14.200b 130.300+16.000a 73.100+12.100¢ 61.500+4.400d 59.700+4.300d
a2 R{H(Cr) 110.900+5.000d 98.100+4.500e 112.300+3.300c 115.300+1.200b 116.400+1.300a
W2 RE(Ch) 122.200+1.600d 135.400+3.000¢ 140.100+1.700a 140.300+1.400a 138.900+1.400b
(L) 34.300+6.700b 52.700+7.100a 26.200+5.700¢ 20.700+2.200d 19.800+2.100d
GO (a”) -16.500+2.500b —10.100£2.100¢ -2.900+2.100a —-0.700+0.600a —0.400+0.100a
W AEME") 23.200+5.600b 35.700+4.400a 20.700+3.600c 17.500+1.500d 16.100£1.600e

H—fbLr G5 (r)
H—fb2 55 (2)
H—fLiE EE R (b1)

132.100+22.600b
132.400+22.500b

131.700+22.500b

194.500+27.200a
194.400+27.200a

193.900+27.200a

90.400+20.000¢
90.100+20.100¢

89.700+20.000¢

70.100+6.800d
69.700+6.800d
69.400+6.800d

68.900+6.700d
68.600+6.700d
68.300+£6.700d

FELLHEH (ExR) 52.500+9.100b 77.800+10.900a 36.400£7.900c 28.300£2.700d 27.900£2.600d
BGHE R (ExG) 0.989+0.115a 0.443£0.086b 0.051£0.064¢ -0.058+0.034¢ -0.044£0.031d
TR (ExB) 52.000+9.000b 77.100+10.900a 35.500+7.900¢ 27.400+2.700d 27.100+2.600d
-1 2 HIEEL(CMR) 20.600+4.000a -6.100+6.900b -23.100+3.400d -24.700+3.000e -21.900+3.000¢
HEAFEE(YT) 156.100£32.900b  265.700£37.200a  140.400£28.500c  114.400+10.900d 108.900+10.900d
SRR CD 131.100+22.600b  193.500+27.200a 89.300+20.000¢ 69.100+6.800d 67.900+6.700d
IH—fbLL 5 22 fH R 2L ( NGRDI) 0.013+0.004a -0.0010.001b -0.017+0.005¢ -0.026+0.003¢ -0.024+0.003d
G5B (GLI) 0.019+0.004a 0.058+0.0013b 0.012£0.001¢ -0.021£0.0013e -0.016+0.001d

& IE LT SR AE SR B (MGRVI)
REBESEE(DGCY)

0.025+0.003a

-0.035+0.072a

-0.002+0.005b
-0.238+0.004b

-0.034+0.007¢

-0.316+0.026d

—0.051+0.003e

—-0.334+0.022¢

-0.049+0.002d
-0.303+0.027¢

J7 2 (Var) 0.018+0.008b 0.044+0.013a 0.010+0.005¢ 0.005+0.001d 0.004+0.002d
X EE(Cr) 0.023+0.004e 0.026+0.005d 0.009+0.003¢ 0.006+0.001b 0.006+0.001a
FHFMECCD) 0.984+0.058a 0.991£0.058a 0.987+0.005a 0.981+0.003a 0.978+0.005a
fiett (E) 0.572+0.055e 0.601+0.058d 0.735+0.054¢ 0.768+0.042b 0.802+0.034a
[f—1% (Hg) 0.989+0.002b 0.984+0.036¢ 0.993+0.026a 0.996+0.001a 0.997+0.001a
Bt BE (Mean) 17.900+3.600b 25.900+5.300a 9.600+2.900c 6.600+1.300d 5.300£1.100e
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Fig.5 Variable importance of projection value of color and texture feature variables
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Table 5 Preferred features of R2X
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Fig.6 Parameter optimization process of genetic algorithm optimized back propagation neural network ( GA-BPNN) (a), genetic algo-

rithm optimized support vector machine ( GA-SVM) (b) and particle swarm optimized extreme learning machine (PSO-ELM) (c¢)

of initial characteristics
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Fig.7 Scatter plot of predicted and true values of genetic algorithm optimized back propagation neural network ( GA-BPNN) (a), back
propagation neural network ( BPNN) (b), genetic algorithm optimized support vector machine ( GA-SVM) (c¢), support vector
machine (SVM) (d), particle swarm optimized extreme learning machine (PSO-ELM) (d), extreme learning machine ( ELM)

(e) test sets for initial features
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Fig.8 Parameter optimization process of genetic algorithm optimized back propagation neural network ( GA-BPNN) (a), genetic algo-
rithm optimized support vector machine ( GA-SVM) (b) and particle swarm optimized extreme learning machine ( PSO-ELM) (c¢)

of preferred features
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Fig.9 Scatter plot of predicted and true values of genetic algorithm optimized back propagation neural network ( GA-BPNN) (a), back
propagation neural network (BPNN) (b), genetic algorithm optimized support vector machine ( GA-SVM) (c), support vector
machine (SVM) (d), particle swarm optimized extreme learning machine (PSO-ELM) (e), extreme learning machine ( ELM)

(f) test sets for preferred features
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Table 6 Prediction accuracy of each model for each drying stage
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