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Obtaining Information of Cotton Population Chlorophyll by Using Machine
Vision Technology

WANG Fang-Yong', LI Shao-Kun'?, WANG Ke-Ru'?, BAI Jun-Hua', CHEN Bing', LIU Guo-Qing', and TAN
Hai-Zhen'
(! Key Laboratory of Oasis Ecology Agriculture of Xinjiang Construction Crops, Shihezi 832003, Xinjiang;  Institute of Crop Sciences, Chinese Academy of

Agriculture Sciences, Beijing 100081; > Institute of Agriculture Sustainable Development of Shandong, Jinan 250100, Shandong, China)

Abstract: Machine vision have been successful applied to monitor crop morphological and physiological status, such as leaf area
index, nitrogen content, chlorophyll content and so on. The trials was conducted from 2004 to 2006 at the experiment station of
Shehezi University located in Shihezi, Xingjiang Province to monitor cotton canopy chlorophyll information under field conditions
by processing cotton population digital image, which is one measurement method with advantages of convenient, real time, quick
and nondestructive. In order to obtain uniform cotton canopy digital images, the assistant device was used. In the field, the cotton
canopy images were taken by a digital photo camera (OLYMPUS) at the squaring stage, early flowering stage, full flowering stage,
peak boll stage and opening boll stage, respectively. The color characteristics of cotton population images were extracted with the
image processing software developed by our lab. The correlation between color parameters of cotton canopy digital image and
chlorophyll content of cotton functional leaf was analyzed. The results showed that the correlation of the color characteristics such as
G—R, (G—R)/(G+R), r/g, g/r, and g —r in the RGB color system, and Hue in the HIS color system with chlorophyll content of
functional leaf was significant at P<0.01. There also was a significant correlation between the population greenness index (PGI) and
color parameter. The chlorophyll predicted models were established. The tested results about the regression models suggested that G
—R was the best parameter to monitor cotton population chlorophyll information. The relative error of chlorophyll content and PGI
estimations was about 6.96% and 11.60%, and RMSE was 0.1138 and 0.1643. The chlorophyll content predicted model was y=—
1.3008+0.2125(G—R)—0.0038(G—R)?* (R’=0.8669"") , and PGI predict model was y=—0.9726+0.1227(G—R)—0.0016(G—R)’
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Fig. 1 The sketch map of assistant device for cotton population image collection
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Table 1 Correlation analysis of color characteristic and chlorophyll content and chlorophyll density of cotton functional leaf

G B | H r G g—r rlg glr
CHL.C  0.5026" 02453 03837 0.3184" —0.4663"  0.4420” 0.7526™ —0.7712"  0.7593"
CHLD  0.2474 —0.0191 0.1182 0.1253 —0.2252 0.3891° 0.5350" —0.5343"  0.53017
2g—r—b G—B G—R R/(G+B) G/(R+B) (G—R)/(G+R)  (G—B)/(R—G) 2G—R—B
CHL.C  0.4420™ 0.3500" 0.8214™ —0.4707" 0.4479" 0.7659™ 0.4877" 0.52917
CHLD 0.3891" 0.2843 0.5583" —0.2282 0.3946" 0.5325" 0.2410° 0.3953"

TR SNSRI HP<<0.05 FIP<<0.01. “and *: Significance at 0.05 and 0.01 probability levels, respectively.
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Fig. 2 Regression analysis between color parameter and chlorophyll content of cotton functional leaf
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Table 2 The regression equations and determination coefficients between the color characteristic and population greenness index

[A])= 75 7% Regression equation R? =177 72 Regression equation R?
PGl =—0.8166+0.0111G 0.2473" PGI =0.3963+0.0109(G —B) 0.2011"
PGl =—14.7040+0.3296H —0.0017H’ 0.3457" PGI =—0.6350 —1.7210(G —B)/(R —G) —0.4297((G —B)/(R —G))* 0.4233"
PGI =—0.3782+0.00971 0.1094" PGI =0.7907 —0.0109(2G —R —B)+1.6956x1074(2G —R —B)* 0.4094"
PGl =—145.1449+886.8608r —1344.7543r" 0.2539™ PGl =—85.9035+141.8129g/r —57.6984(g/r)* 0.7200"
PGl =—61.8123+155.8205r/g —96.2845(r/g)> 0.7143" PGI = —0.9726+0.1227(G —R) —0.0016(G —R)* 0.7547"
PGl =—0.2923+0.8308g/b 0.1125" PGl =—1.6861+74.7271 (§ —t) —478.3891(g —)> 0.6919™
PGI = —63.9355+263.8952R/(G+B) —267.8032[R/(G+B)]*  0.2612" PGI = 1.0060 —7.7998(2g — —b)+39.0756(2g —r —b)? 0.3494™
PGl = 16.4756 —54.9744G/(R+B)+47.6544 [G/(R+B)] ? 0.3510™ PGl = —2.0331+62.7685(G —R)/(G+R) —301.7387[(G —R)/((G+R)]* 0.7169™

TR WEEMESN I HP<<0.05 FIP<<0.01. ~and *: significance at 0.05 and 0.01 probability levels, respectively.
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Table 3 The test of regression models for cotton functional leaf chlorophyll content and population greenness index

[EVEE 5 2 B YusE FAL
Regression model RE(%) RMSE R?

CHL.C = —77.0780+128.5420g/r —52.4437(g/r)? 9.84 0.1666 0.7104"™
CHL.C =—1.3008+0.2125(G-R) —0.0038(G —R)* 6.96 0.1138 0.8669"
CHL.C = —0.8726+66.6804(g —r) —435.9082(g —)* 10.12 0.1699 0.7142"
CHL.C=—1.2054+56.4489(G —R)/(G+R) —275.7448[(G —R)/(G+R)* 9.86 0.1670 0.7105"
PGl =—85.9035+141.8129g/r —57.6984(g/r)* 14.66 0.1614 0.7592"
PGl =—0.9726+0.1227(G —R) —0.0016(G —R)* 11.60 0.1643 0.7487"
PGI =—1.6861+74.7271(g —r) —478.3891(g —r)* 15.93 0.1685 0.7325"
PGl =—2.0331+62.7685(G —R)/(G+R) —301.7387[(G —R)/(G+R)]* 1491 0.1643 0.7496"

ok

. BEPENP<0.01. ™ Significance at 0.01 probability levels.
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