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Prediction of tobacco leaf’s water contents during bulk
curing process based on image processing technique
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Abstract: [Objective] The study was conducted to perform a quantitative research on the change of ex-
ternal morphologic features of tobacco leaves during curing, then realize the nondestructive testing of to-
bacco leaf’s water contents. [Method]) In this experiment, tobacco leaves at different stages during bulk cu-
ring process and fresh leaves were used as experimental targets. Image processing technology was adopted
to extract color characteristics parameters R,G,B and veins characteristics parameters energy,entropy,mo-
ment, correlation, then the color characteristics and veins characteristics were taken as the input indexes
while BP neural networks, genetic algorithm and least squares support vector machines were used to pre-
dict the water contents during bulk curing process. [Result] The color characteristics parameters R, G,B
obviously increased in the period of yellowing, slowly increased and reached the maximum in the earlier

stage of fixing-color,and then decreased from later stage of fixing-color to the end of flue-curing. The ener-
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gy and correlation decreased in the earlier stage of yellowing,increased in the later stage of yellowing,and
then decreased from fixing-color stage to the end of flue-curing. The entropy and moment increased in the
earlier stage of yellowing,decreased in the later stage,and then increased from fixing-color stage to the end
of flue-curing. Then the color characteristics parameters and the veins characteristics parameters were used
as the input to the BP neural network, genetic algorithm and least squares support vector machines with the
output of water content. The mean absolute error and root mean square deviation between the measured da-
ta and predicted data from BP neural networks were 0. 037 4,0. 048 5 respectively,and 0. 017 0,0. 020 0
from LS-SVM. [Conclusion) The change of external morphologic features of tobacco leaves during curing
can be precisely quantitative based on image processing technique, both methods based on BP neural net-

work and genetic algorithm and least squares support vector machines can estimate the water content accu-

rately.

Key words: image processing technique; tobacco leaf bulk curing; water contents of tobacco leaf; BP

neural networks;least squares support vector machines(LLS-SVM)
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A. Wiener filter; B. Butterworth low-pass filter;

C. Median filter
1.4 JEAE R EFEE L BT
95 A 925 ask A v R i S R SRR AR B AR £k AT LA
IAZN R 3 25 B0 A8 Ak, i 3R DG U L A R A
7 T B A Ak o M8 T R R AE R AR AR B R b S
-t 4 2ok R e g Ry S O RRAIE 2 — e R T L

Ko b AR 0 T BRI . AT AT R I L 0 G
R R AE 52 BLKE - 4 24138 51 R 51 % a) gk
8496110 I R RG4S O 1 % A% Ak AT
DL 3t A0 - A A SO A R B e L A5 B 5T R I L R
I ] 45 11 50 BELRRAIE AT LA 38 715 A0 0 4 2045 4 R 48 6
il 5 408 4 55 7 1 B AR . i TR R R
HE I DR AR AIE A5 Ak A7 5l A7 25 40 T 5 2 0 A7
S DR 2 5 ) AR AR AT 5 3 R €5 2 BRI &
B2 H0AE A B WA - PR SN UL 25 07 T 22 57 0 R AF
1H.

RGB B (e A5 8 2 1 [ B 4 35 4% A1) o 7 FHASC AR
FEN AT RS AEE BRER . BT EEE
P AE B SR T 1 13 BIR , AR F 9% S B RGB A5 7Y
FEHE M B B0 AR A . RGB B0 R 58 % 3 it
B, (RCZLAR) (G D) B 6)) 1 6%, 1% B8 A [H]
Eb A9 AR 0 2% R B € 0 s B G AR — AR RS
B R.G.B ok F R . ARBFE S — U A OE
1 R.G B B 43 i 24948 R 7 A0 I 20166 55 AE 1Y)
ARA . A A SO AE A D vk AT K 3 A S B
I Gabor /N 4, ¢ B 36 A 40 W EL A 558 4 1) 58 591
I N B FT 5 BE A AT A 2 B 43 A 1 8 T HRRAE AR
VI A3 A R 6 i A A S R R R RS 4
5 AR 16 S0 SRR A O T A AR Ak BT R I R
FAME . PHIL AT 9% o S T K B A 4 0 AR
A A H B3R AR 3 R 1 3 08 o R B0 B R
fEn

N N
YOAER (E) :E= 2 2 (p,)". (1
N N
éi}ﬂ‘kﬁﬁ(H/):lezglpulog p[jg (2)
N N
&Iﬁ'rﬁﬁu’):I’:gl_gl(i—j)zp,jo (3)
N N '
Ezi].pij*/xl/lz

1

HXE(C) . C=—— . (4)
0102

XN NEGEIKEREH; p; HIEA— LA ERY
KEILAEREITR (. j=0,1, N—Llip o1 N
21 ORI R T7 2% 5 400 v00 h P2 () R BIE RN T
%
L5 HE\EBHZITHH

R HORE 6 Y, HLFRHBL 210 ANREAS OB 45 0 HURE
1 35 Fr 4 e BEAIL A0 28 AR SR U GRAE A H AR AR
S MAEAS , LA BN ZRAE A 168 A, Ml AR A 42
Ao AWEGE 530 R S 1) BP i 25 9] 2 T ) A 724
B T8 5k 19 LS-SVM 3 i 485 70 X6f 4 i 25 7K
AT R A TR bR 7 A a5 3 AL



% 5 )

B i A B T PR 5 Ak A L 0 e R R A I K A 77

FEOEAE A 4 A~ SRR AE i 8 48 Br % Rz 40 i 5 K
., BRSPS matlab 2008a,
1.5.1 BP#ZMAFRMAEReEs BP LK
25T AR LA B AR R M R I RE ) . X
BP 1 28 [0 2% 31 F 1 25 0 1 B 25 2719 s 80 H AT 2 AR 4
LR E . AR Kol-mogorov & B, 283 X
SN2 3 H s 52 e AR e & 2 7 5 80 135, BT LA
AT 5T BT ALY 28 b EE A R 7-13-1. MIZKBR
JEM 2 e R ECR S BYIE Y] R4 tansig, i
2R 2 M A% 3% bR B purelin, B 45 31 2k o8 2Ll
trainbr, X FE AT DL S8R 5 9 2% 19z AR 0. &%
i A A B Al 0 e A A B e R S o 4k 3
T 3% F2 20 52 ) 4R g 0 45 A0 S5 B AR AT 9T ik B
premnmx A 5 — b e B, B I 2R R 2 HAx ol
0. 01, Z& 1LY H0 R 5 000, Xof Bl 25 W 28 455 74 3 47
Wk, HE RRE/NTHEME. Mg, H
A2 AT AR A S0 R - K R > S0 S S I
14 FH O 22 000K 3] i K I (b B2 48 280 M 56 R
TR R A R R B R AR
1.5.2 R Fi#AH%e LS-SVM fnl B4 6 3 5
wAARLEA A L RS IR T B RE
SRAFL A . LS-SVM Flill AL B v iy y 1E 4k 2 E R
W R 5 M LS-SVM A58 RURS i 1 3 2 [ &Y
AT 5T N FE 3% A5 B H Bh i LS-SVM 458 1 o ()
B LS H0 LA ok 8 vy 455 78 %) G 82 R 9
A5k H RBF #% 280, 5 S5 matlab %
B2 GA 8% 5B KR W S 40, R 5 0 o A 2 2

38 Bk A A5 AT 75 2] e LS-SVM . fii
RS 5% 5 38 T B LS-SVM A 78 S 4k 4 asf 78 vp i1
SR K i AT AL, A AR I SR B K
WM ECHE 4> e 5 BP W 28 40 B AH ]

1.5.3 AR FMN  WEBCF LR 2E O AT
TR 25 28 NT{H L T 5 25 5 2 0T 45 2 b v 2 Dk
(I R D O iU B o W 7

2 RSN

2.1 METRERAENFRESERTH

PEICE 19 N [R) 925 B B A o B RLGLB 4y
HHMWME 1R, BE DAL BAORE M
o i AR 3 A B 3t 1 R /MK YR Ry 21> 2>
W Rk BB AT L X R R
AR ) AR R a0, BIR b, alignfa b Al
0 ) 0 €8, Sk 2 €, D AR 45 R 3 T A A5 R
I 1 2 A BT €2 R € L T LA DA LS B T 309 45 BR B I
LM LETIH 4T Gy B K Tl &, Bk
E R EAR L5y AR T 89. 35~159. 56, H#F
AR Y BRI Z LT R B 25 e A BT,
T s AR B o B s mE AR T
115. 78~141. 90, H 7 28 & [y B 1 € mi A B I 34
RIFAE 2 €67 19 3K 2 de KAH L 7 )5 0 2 s 45
WU /N s MR R R S B AR A T 38, 44 ~
58. 78, H.76 48 B By B €0 iy W 32 W 4 KL o s
HIme A v A B BRI ZL R B

®1 HETRPENGEFEENTL

Table 1 Changes of tobacco leaves color features during curing
Process of curing Green Blue
#£#E Fresh leaves 89.35+9. 54 119. 65+8. 48 38.44+5. 88
AR T Earlier stage of yellowing 122.81+8.06 133.6446.76 43.91£7.01
A9 J5 ] Later stage of yellowing 150. 1146. 09 140.98+3. 62 54,2446, 37
E AT Earlier stage of fixing-color 159.5649. 81 141.9046. 99 58.78+£7.52
E 5] Later stage of fixing-color 159.3448.52 130.4149.13 56.01£8. 21
T #i W Stem-drying stage 146.3246.53 115.78438. 30 43.16+4.54

2.2 MEEREANSEBENEL

MR o A R 4SSO IR S RO E K
2 IR o SUHRRE SR AT DU A i PR 04 K B o A7 3
) T L 0 30 AL 240 i AR 1 R I A B Be A
SE {0 HI YT I 2 TR X DG . e BN T E ) 3
2 1 377 J00 000 - A 2 REURE L i LA I 0 8 300 0 g
R SrE S T BRSO R I R
Je PR TR L BE B0 B2 Ak, A L 08 s 300 A0 i 2 AN
MU TR L RE O o i LA e B4R {0 10T S O T k4% i 40

o PGP B T PR 3R SOR W SR L AR RS E
Je AT A 2 A B B A0 s - A A R A oK
It LAIE 2 A4~ B B S BB P de R . A S5C BE R HHOR A
U R I AR B [ A T R A AT 58 7 1) b Y AR LR
BELNF 2 Al LAFE L AN [ M B Bt 5C % 22 5+
8o DR 4 A SO AR B DA ) 2 0 A oo
OB I AR B SRS R AT T A L BE B b S Bk
I B SCRRRAE



78 T AR MR R 22 4R CA R O

%40 B

R 2 MBI EDENGIEREENTY

Table 2 Changes of tobacco leaves texture features during curing

HEHE B Bt Process of curing LU P fE & Energy

ZUHEE Entropy 2 PP Moment FH & )JE Correlation

it #f Fresh leaves 0.27040. 094
2R HT ] Earlier stage of yellowing 0.22140.052
25 5] Later stage of yellowing 0.32040. 056
E M) Earlier stage of fixing-color 0.29540. 059
E )5 Later stage of fixing-color 0.18140.069
T Stem-drying stage 0.15040. 043

1.11540. 170 0.105+0.017 3.06640.708
1.93340. 252 0.153+0.025 0.82940. 339
1.51040. 197 0.12140.023 1.49140. 531
1.62040. 235 0.15340.027 1.45740. 505
2.17540. 393 0.2134+0.050 0.70340. 434
2.33240.232 0.25940.059 0.57640.183
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Fig. 2 Prediction of tobacco leaf’s water contents during bulk curing process based

on BP neural networks(A) and least square support vector machines(B)

a,b,c,d,e,f. Fresh tobacco leaves,earlier stage of yellowing,later stage of yellowing,

earlier stage of fixing-color,later stage of fixing-color,stem-drying stage,respectively
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Table 3 Evaluation of model predicting results
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Mean absolute ; Mean squared Mean square
Model . Mean relative error . L
difference prediction error deviation
22 [RR] 2% b TR
BP 412 6 4 B8 0.037 4 0.067 5 0.002 4 0.048 5
BP neural networks
TR LS-SVM f !
Least squares support 0.017 0 0.0337 0. 000 4 0.020 0
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