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Estimation of Chlorophyll Content of Tomato Leaf Using Spectrum
Red Edge Position Extraction Algorithm
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Abstract; The red edge parameters of plants spectrum were used to estimate foliar chlorophyll for nitrogen
content and leaf area. Among these parameters, the red edge position ( REP) is the best one for
diagnosing the growth state of tomato according to statistical analysis. The REP was defined by the
wavelength of the maximum first derivative of the reflectance spectrum in the region (660 nm to 780 nm)
of the red edge. The six algorithms could be used to extract the REP, including four-point interpolation,
maximum first derivative, inverted Gaussian fitting, Lagrangian, linear extrapolation, and polynomial
fitting. In order to achieve a rapid and accurate application for predicting the chlorophyll content of
tomato with REP, this study systematically analyzed the quantitative relationships and statistical
characters between REP on various algorithms and leaf chlorophyll status, and then the linear regression,
logarithmic regression, power regression, exponential regression and quadratic polynomial regression were
used to develop the prediction models of the chlorophyll content for each REP extraction algorithm. The
result showed that the logarithmic model of the linear extrapolation had the best accuracy and reliability.
The calibration R? was 0.618 6, the validation R} was 0.771 1 and the root mean squared error of

validation set ( RMSE_ ) was 8.359 6. The exponential model of the four-point interpolation could be
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obtained easily according to reflectance at 670 nm, 700 nm, 740 nm and 780 nm , the calibration R’ was

0.621 7, validation R? was 0. 766 6 and RMSE, was 8. 568 2. The predictive ability was good enough to

develop a monitoring instrument of tomato chlorophyll content.

Key words: tomato leaf; chlorophyll content; spectral analysis; red edge position
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Fig.1 Red edge spectrum of tomato leaves
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Tab.1 Statistic of tomato red edge parameters
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Fig.2 Histograms of REP extracted by various algorithms
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Tab.3 Development and evaluation of chlorophyll content model of tomato leaf
ik LT T IE B TR E R AL P IEAR RE R B B TR AR 1 07 AR R 2%
y=1.9711x-1373.6 0.4937 0.676 9 9.858 5
y=1394.5Inx -9 129. 6 0.4917 0.674 0 9.9306
RPN EiRFS y =0. 088 6x% - 123. 66x +43 162 0.5589 0.768 2 10.2415
y =3 x10 7173580962 0.620 1 0.766 5 9.379 1
y =6 x10 72000861 0.6217 0.766 6 8.568 2
y =1.440 6x - 983.33 0.609 7 0.704 6 9.526 6
y =1020Inx - 6 656. 7 0.6118 0.707 1 9.476 0
R — W 250k y= —0.070 25> +100. 66x — 36 044 0.6817 0.8080 11.2419
y=3x10 "y¥30 0.5880 0.5920 11.4390
y =3 x10 7100099 0.5853 0.5889 11.658 3
y=-2.720 1x +1955. 1 0.5372 0.6150 14. 683 2
y= -1919.2Inx + 12 624 0.537 4 0.614 1 10. 878 7
B Ak y=0.020 1x> —31. 146x + 11 981 0.5383 0.604 5 11.0187
y=1x10"%y 67637 0.4257 0.5106 17.199 1
y =8 x10%0 ¢ 0099 0.4262 0.5127 12.179 1
y =1.453 4x -990. 93 0.614 1 0.708 8 9.460 0
y=1027. 5lnx — 6 704.9 0.6162 0.714 4 9.4283
EOR LN RS y= —0.074x" +105. 87x — 37 835 0.6887 0.8192 18.441 8
y =4 x 10 71123606 0.592 1 0.594 6 12.299 3
y =2 x10 71005 0.5895 0.5915 11.5426
y=1.6419x-1125.3 0.6175 0.770 5 8.3529
y=1158. 8lnx =7 567.6 0.618 6 0.7711 8.359 6
2Rk A y= —0.025 6x> +37. 704x — 13 840 0. 6300 0.769 0 10. 980 6
y =4 x 10 713140267 0.6507 0. 6670 10.591 9
y=2x10 "0 0.648 4 0.663 4 11.901 8
y=1.5436x-1055.6 0.6155 0.7670 8.4728
y=1084. 1lnx -7 077. 2 0.6149 0.766 5 8.6151
ZHA MG & y=0.009 5% —11.81x +3 636. | 0.6179 0.768 8 8.469 1
y =5 x10 7126447 0. 669 9 0.7136 9.5627
y=1x107"8e00633 0. 669 4 0.7103 11.059 7
3 zp (3) Ze Vb s N I SR IO 20 i o S b T

(1) 73 M T AN RS R KF T B 0 7 e i o
NSRBI, T L DY AT NI R — B
BOk B Ak ROk T H B RSN A 2
WAL TR T 104 DREAR R LA IF
R EIEFESL TS A AR

(2) Bl # 2 28 35 40 A 48 0, 20340 1) 2151 5 1)
D A B S0k, O SR Bl 2 AR, Z0 30 B S Ry
A E R HGL S 0. 871 8, LI IRME A LA B,
FAAHIAE 0. 015 B3, H 45 2 3% & A OC R AR
i, A0 0. 184 7, Tiij H A 25 Rl AZ 53t 28 %073 A vl
CUH MR AN R LLRAE VR Py 4 5K 20 A
L0 07 B S R I A R A G R B, 0
40509 8.,0. 627 0, 0] LAy 11 4y i 2 36 3% 12 Wy
225 R AL S B, 0 000 R Y 1) 57 ik A3 15 0 — 20 4y
o

695 ~702 nm, {7 TEA A BL G, 415 Ky 713.842 6, H.
AR K, 2 4 R & i I, RIS U . B
R—Bir T Ek Pk B H % v A A 2 1 X 4
BIL PRI L1 A0 B oy A B 5] AR IR 4K, AT LAAE R
MER R IZW A R RRIE S 8 LA R SR O
LI EFRUE ALK 5. 130 8, H 5 -4 % & & (1 4
KRB N -0.555 9, Rk I FAEY M4 R & & 12

(4) LA EBIZE M RY R, _RMSE, 3 41545,
BAR TR Z AR R e g R BB R (B O iR 22
P R o %k R M DU PN A 1 R R A ARl e Y Al
LU0 o7 B AL R BT B R T, 2Rk Ah Ik B AR
Dt i 2 0 oty 1% 0L (i) AT, A TR B ey, A IE
EPE RB R N 0.618 6, W iF 4 ki R B R 3L
0.771 1,RMSE_}y 8.359 6, 0] L\ A %12 Wi & i it 4%
R SR Y AN N A VA AT LR B8 670,700,740



%3 1 TORZE A% HT ORI A 7 B B O B b A AL 297

780 nm 4 UK I RS R @ WAL A 3148 0.766 6 ,RMSE, 8. 568 2, 1] LA Sk FF & T i v 4k
faj B, B TRUORS B B, RDOM0.621 7, R OGR F| AR MIALE A

11

12

13

15

& % x Wt

BLACKBURN G A, FERWERDA J G. Retrieval of chlorophyll concentration from leaf reflectance spectra using wavelet analysis
[J]. Remote Sensing of Environment, 2008, 112(4) . 1614 - 1632.
KOCHUBEY S M, KAZANTSEV T A. Changes in the first derivatives of leaf reflectance spectra of various plants induced by
variations of chlorophyll content[ J]. Journal of Plant Physiology, 2007, 164(12) . 1648 - 1655.
BLORAE FRTHAE KRN A TR S G IR AR R SR R TR [T ). Al MUK 3, 2014 ,45(8) 2269 - 275.
JI Ronghua, ZHENG Lihua, DENG Xiaolei, et al. Forecasting chlorophyll content and moisture of apple leaves in different tree
growth reriod based on spectral reflectance [ J]. Transactions of the Chinese Society for Agricultural Machinery, 2014,45(8) .
269 —275. (in Chinese)
IGNAT T, SCHMILOVITCH Z, FEFsLDI J, et al. Nonlinear methods for estimation of maturity stage, total chlorophyll, and
carotenoid content in intact bell peppers[ J]. Biosystems Engineering, 2013, 114(4) : 414 - 425.
LI F, MIAO Y, FENG G, et al. Improving estimation of summer maize nitrogen status with red edge-based spectral vegetation
indices[ J]. Field Crops Research, 2014, 157, 111 - 123.
PRAI, SRR, P AL, 4. FERh AR KR M S R & 2R RO E AT [T ], Bl o274k , 2014 ,44(1) 1170 - 175.
CHEN Shulin, BI Yinli, QI Lishuai, et al. Hyperspectral characteristics difference and estimation for chlorophyll content of
soybean inoculated with mycorrhiza [ J]. Journal of China University of Mining & Technology, 2014,44 (1) . 170 - 175. (in
Chinese)
MAIN R, CHO M A, MATHIEU R, et al. An investigation into robust spectral indices for leaf chlorophyll estimation[ J]. ISPRS
Journal of Photogrammetry and Remote Sensing, 2011, 66(6) . 751 —761.
YU K, LENZ-WIEDEMANN V, CHEN X, et al. Estimating leaf chlorophyll of barley at different growth stages using spectral indices
to reduce soil background and canopy structure effects| J]. ISPRS Journal of Photogrammetry and Remote Sensing, 2014, 97. 58 -
77.
AN IV T 2O R M AR R A BN AR R T [T]. i 5O Hr ,2011,31(3) (758 - 761.
JIANG Weijie, SUN Ming. Research on predicting modeling for chlorophyll contents of greenhouse tomato leaves based on multi-
spectral imaging [ J]. Spectroscopy and Spectral Analysis, 2011, 31(3);: 758 —=761. (in Chinese)
B, EA JETOURE AT AR = B R R T]. A HLLRTST,2008 (11) 33 - 36.
ZHAO Guofu, WANG Jianxing. Forecasting greenhouse tomato leaves chlorophyll contents based on spectral analysis [ J]. Journal
of Agricultural Mechanization Research, 2008(11) : 33 —36. (in Chinese)
TR AR 2084 5. SETOLIE R ES BIIR E R/ A F SR S m [ T]. ARl T2 ,2011,27(5) 244 - 247.
DING Yongjun, LI Minzan, AN Dengkui, et al. Prediction of chlorophyll content using spectral response characteristics of
greenhouse tomato[ J]. Transactions of the CSAE, 2011, 27(5) ; 244 -247. (in Chinese)
TOKE AR LA A BT LA G /N AR iR E AR S R [T]. 6k 2 50k 4 A, 2011,
31(11):2936 —2939.
DING Yongjun, LI Minzan, ZHENG Lihua, et al. Prediction of chlorophyll content of greenhouse tomato using wavelet transform
combining with NIR spectra [ J]. Spectroscopy and Spectral Analysis, 2011, 31(11): 2936 —2939. (in Chinese)
FENG W, GUO B B, ZHANG H Y, et al. Remote estimation of above ground nitrogen uptake during vegetative growth in winter
wheat using hyperspectral red-edge ratio data [ J]. Field Crops Research, 2015, 180(15) . 197 —206.
PN ARV BT, 4. &/ N A RIDEIE AR (AR AE S S R & RO E [ T]. il 506i% 204 ,2010,30(1) 192 - 196.
SUN Hong, LI Minzan, ZHAO Yong, et al. The spectral characteristics and chlorophyll content at winter wheat growth stages
[J]. Spectroscopy and Spectral Analysis, 2010, 30(1): 192 -196. (in Chinese)
AR BRI, KDY . BTSRRI S B HE /N E 5 R F W R R AR LT [T ] P EASS
gl 2Ek, 2014, 22(1) ; 87 —92.
JIN Yanhua, XIONG Heigang, ZHANG Fang, et al. Comparison of red-edge parameters for spring wheat chlorophyll content at
different growth stages in irrigated and dry-land regions [ J]. Chinese Journal of Eco-Agriculture, 2014, 22(1) . 87 —=92. (in
Chinese)
SROKAT, R, B, 4. AR AOGIG LI S HON BB SR AR AE AT [T ). R AR 2011 ,42(11) 174 - 177.
ZHU Yongli, LI Pingping, MAO Hanping, et al. Response features of red edge parameters for lettuce leaf spectra under different
nitrogen levels [ J]. Transactions of the Chinese Society for Agricultural Machinery, 2011,42(11) . 174 —=177. (in Chinese)
MUTANGA O, SKIDMORE A K. Red edge shift and biochemical content in grass canopies[ J]. ISPRS Journal of Photogrammetry
and Remote Sensing, 2007, 62(1): 34 -42.
WL, THL B E . BMERA S EERMAELT]. 2505 2K P H,2012,31(6) :536 - 543.
YANG Xiguang, YU Ying, HUANG Haijun, et al. Estimation of forest canopy nitrogen content based on remote sensing [ J].
Journal of Infrared and Millimeter Waves, 2012,31(6) : 536 —543. (in Chinese)
(T#% 318 IT)



318

& BLOW o R 2016 4F

20

21

22

23

24

GUO Hao, WANG Peng, MA Qin, et al. Acquisition of appraisal traits for dairy cow based on depth image[ J]. Transactions of
the Chinese Society for Agricultural Machinery, 2013, 44 (Supp.1): 273 =276. (in Chinese)

XV, RAB D A S5 5 T 0L UGN AR 8 B iy 20 BT B9 2R 8 A0 AR R SR IR (T ] ARk AR %4, 2014, 30(10) .
131 - 137.

LIU Bo, ZHU Weixing, YANG Jianjun, et al. Extracting of pig gait frequency feature based on depth image and pig skeleton
endpoints analysis[ J]. Transactions of the CSAE, 2014, 30(10) : 131 = 137. (in Chinese)

i B X R, S5 T HLES L0809 5% U SR A A R e B S A0 [T ] AR AR “E 4R, 2015, 21(2) : 155 - 161.
LI Zhuo, MAO Taotao, LIU Tonghai, et al. Comparison and optimization of pig mass estimation models based on machine vision
[J]. Transactions of the CSAE, 2015, 21(2) : 155 —161. (in Chinese)

BRADSKI G, KAEHLER A. Learning OpenCV: computer vision with the OpenCV library[ M]. Sebastopol, CA: O’Reilly Media
Inc, 2008 : 442.

XU A B8, R, 5. PRI R LR 2 ALY R & GPU JHTAN I 5[ 1]. MZFk4:, 2014, 39(11) : 99 - 103.

LIU Zhaohua, YANG Yuxia, MA Daxi, et al. Study on semi-global matching algorithm extended for multi baseline matching and
parallel processing method based on GPU[J]. Science of Surveying and Mapping, 2014, 39(11) : 99 - 103. (in Chinese)
HIRSCHMULLER Heiko. Stereo processing by semiglobal matching and mutual information[ J]. IEEE Transactions on Pattern
Analysis and Machine Intelligence, 2008, 30(2) ; 328 - 341.

XUV UM A AR 48 JE T LA LS n s A RO s SR R SR T . Al TR 2#4z, 2013, 29(2) : 161 - 168.

LIU Tonghai, TENG Guanghui, FU Weisen, et al. Extraction algorithms and applications of pig body size measurement points
based on computer vision[ J]. Transactions of the CASE, 2013, 29(2): 161 — 168. (iin Chinese)

LI Zhuo, LUO Cheng, TENG Guanghui, et al. Estimation of pig weight by machine vision: a review [ C] // Computer and
Computing Technologies in Agriculture, 2013,2 .42 —49.

(#5297 ;M)

19

20

21

22

23

24

26

LI F, MIAO Y, FENG G, et al. Improving estimation of summer maize nitrogen status with red edge-based spectral vegetation
indices[ J]. Field Crops Research, 2014, 157(2) . 111 - 123.

WRis sl 53, £ 05Kk, 5. FIRDEIE L SHUE I M Emmm g R AR T &[], /EY25H,2013,39(2) :319 -329.
CHEN Bing, HAN Huanyong, WANG Fangyong, et al. Monitoring chlorophyll and nitrogen contents in cotton leaf infected by
verticillium wilt with spectra red edge parameters [ J]. Actc Agronomica Sinica, 2013, 39(2): 319 -=329. (in Chinese)
BB, Br il s R R OGIE L0 5 s 0 B R p RN S [T ] 6% 5 06i% 43 7 ,2010,30(6) : 1614 -
1618.

JIANG Jinbao, CHEN Yunhao, HUANG Wenjiang. Using the distance between hyperspectral red edge position and yellow edge
position to identify wheat yellow rust disease [ J]. Spectroscopy and Spectral Analysis, 2010, 30 (6): 1614 - 1618. (in
Chinese)

A R, k. AR ES B DN M R R R BRG], ol L4 ,2009,25(11) :194 - 201.

FENG Wei, ZHU Yan, YAO Xia, et al. Monitoring nitrogen accumulation in wheat leaf with red edge characteristics parameters
[J]. Transactions of the CSAE, 2009,25(11): 194 —201. (in Chinese)

ZHANG Jinheng, WANG Ke. New vegetation index for estimating nitrogen concentration using fresh leaf spectral reflectance [ J].
Transactions of the CSAE, 2008, 24(3) . 158 - 161.

JU Changhua, TIAN Yongchao, YAO Xia, et al. Estimating leaf chlorophyll content using red edge parameters[ J]. Pedosphere,
2010, 20(5) : 633 - 644.

TR B, SR 4 a0, A BT AL AL R I SRR A A IR R RS [T]. Z0Ah 5 Ot AR L2013, 42(3)
798 - 804.

ZHANG Yonghe, GUO Xiaochuan, CHU Wudao, et al. Estimation model of schima superba leaf chlorophyll content based on red
edge position [ J]. Infrared and Laser Engineering, 2013, 42(3) . 798 —804. (in Chinese)

CHO M A, SKIDMORE A K. A new technique for extracting the red edge position from hyperspectral data: the linear
extrapolation method [ J]. Remote Sensing of Environment, 2006, 101(2) . 181 —193.

BEFILL, A AREE. SRIAS IR] 2130 oL 75 AR BB A A P 3 i 4 28 8 1k 9 FU AR [T ] ARk AR 241, 2008, 24(9) - 165 - 169.
XUE Lihong, YANG Linzhang. Comparative study on estimation of chlorophyll content in spinach leaves using various red edge
position extraction techniques [ J]. Transactions of the CSAE, 2008,24(9) : 165 - 169. (in Chinese)



