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Abstract: In order to realize the rapid and accurate detection of chlorophyll content in plants an
inversion method based on MMD migration was proposed. Taking Epipremnum aureum leaves as the
research object the motion trajectory of photons was simulated with the Monte Carlo method based single—
layer flat plate model totally 12 000 simulated luminance distribution maps were obtained. The
convolutional neural network was used to train the simulated spectral data to obtain the pre-iraining
model. Then based on the pre-training model the model was fine-tuning on the measured spectral data of
a small amount of Epipremnum aureum leaves to realize the inversion of the optical parameters. The
inversion results were as follows: absorption coefficient u, was 84. 83% and scattering coefficient u, was
83.33% . On this basis the maximum mean difference method was added to improve the migration
effect. The results showed that the MMD migration method had a better inversion effect with absorption
coefficient u, was 87. 55% and scattering coefficient u, was 86. 67% compared with the common model
migration method. The chlorophyll regression model was established by using the full connection layer
characteristics obtained from MMD migration and the determination coefficient R of this method was

0.046 8 and 0. 062 0 higher than that of the model established directly using optical parameters and
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spectral images respectively. The experimental results showed that the inversion method based on optical

characteristic parameters can provide important reference for the research of chlorophyll nondestructive

detection.

Key words: Epipremnum aureum; chlorophyll content; hyperspectral image; optical characteristic
parameters; Monte Carlo method; transfer learning

20

21

2-3
4 o
1
5 1.1
. 1.1.1
20
3
. . 10 200 o
1.1.2
6 HSI - VNIR - 0001
. 1
CCD N N N
7-10 375.54 ~1 033. 87 nm.,
11-12 400 ~900 nm

468 o
13 % “

o woom P A

15 BP 5
1.84% \TZ::::' |
1. 73% = ‘ _
o 1
Fig.1 Schematic of hyperspectral imaging system
. B 1.CCD 2. 3. 4. 5.
16 17 18 6.
1.1.3

. 19 VGG - 16



204 2021
IAD
M d
(0.01 ~6 mm™") 1, (0.9 ~150 mm™") . 25 JT A
1.1.4 7 8 1 x10°
SPAD - 502
. 3 . 3

2 SPAD -502
Fig.2 Portable chlorophyll meter measuring diagram
( SPAD -502)

1.2

20

22

BB

10 20 30 40 50 60 70 80 90 100

1GRE
(a) FHOGIR
TERE

100

90 900

80 800

70 | {700

60 600

ﬁ 500
@\ 50

40 400

30 300

20 200

10 100

0

10 20 30 40 50 60 70 80 90 100
B
(b) ELIF

3
Fig.3 Simulated photon distribution map



3 205
4 o 3 N
N 30 x 30
o 1
2.1 2 x2 10 1 2
N N 2 x2 1 3
z 3x3 20
1 4 2x2
N N N o 20 1 FC1 4
1 x50 Softmax
R
FHERT ] KSR
£
i e
3=
)=
=
S
i‘g)%ﬁﬁéfﬁ%#@ B2 mRzE  BHE BHE —
4
Fig.4 Convolutional neural network model structure
2.2 X xi—
2%
o LC
L =ML +),L, (2)
" exp(w'x, +b,)
Li== Y lg— T2 (=1 )
! z exp( ijxi +b))
o o1
( Maximum mean discrepancy (3)
21
MMD) Li\L, Moo~
( RKHS) A A, oA,
MMD m
n
1 ‘ 12 NE
Lo P F) = |13 6(x) 13 o) X —
' 1 j=1 wj\b] j
(1)
Lya
" w b — v,
FoF— i Y
M N——
b MMD
Ltotal = I}tn}/}l‘c + IF{H’E})\med( Fs FL) (4)



206

2021

Lo
XY, —
2.3
( Partial least squares

regression PLSR)

R
( Root mean square error RMSE)
o 1
; RMSE o
3
3.1

Python 3. 7. 4. Tensorflow — GPU 1. 13. 1

. CPU AMD Ryzen 5 1600 Six—
core Processor 3.2 GHz; GPU NVIDIA
GeForce RTX 2080 Ti o
3.2

12 000
10000 . 2000 o
100
0.000 1 2 000 o

3 000 4:1
3.3
3.3.1
100 x 100 (50
50 )

(21:80 21:80) .(21:

50 51:80) .(21:50 21:50) .(51:80 51:80) .(51:
80 21:50)
1 .

1 (21:80 21:80) (51:80

51:80)

1
Tab.1 Inversion results comparison of different

selected ranges

/%

M 87.25
(21:80 21:80)
M 92. 15
Ma 86. 35
(21:50 51:80)
, 84. 45
Ma 80. 15
(21:50 21:50)
M 81.95
La 87.55
(51:80 51:80)
M 91.25
M 81.00
(51:80 21:50)
M 82. 85
(51:80 51:80) o
(51:80 51:80)
10,100+
1 00010 000
2 10 000
2
Tab.2 Effect of normalization method on classification
results of pre-training network
/%
M 55.25
10
M 49.20
M 62.95
100
M 65. 35
M 75. 10
1 000
m 80. 15
M 87.55
10 000
M 91.25
10 000
5
1 100 °
87 % o
3.3.2



3 207
4.0r °
3.3.3
25 S-G
400 ~900 nm
S-G
s A o 6a 400 ~900 nm
200 400 600 800 1000 1200 1400 1600 1800 2000
AR ,; 6b
5
Fig.5 Loss gragh of pre-training model
3 o o ( SPA)
3
59\77 \97\128\167 \305 \348 \420 nmo
Tab.3 Optical parameter classification accuracy of 3500
different training methods % 30000
Ma M 2500
78.33 75.17 20000
84.83 83.33 =
{1500
74.17 72.17
1000
3 500+
400 0 660 7(I)O S(I)O 9(I)O
WK /nm
(a) FUAbIEHT
35001
. 30001
. 2500+
MMD ﬁ 2000¢
MMD ; w 15007
87.55% i, 10007
86. 67% o o
0 — A
o 400 500 600 700 800 900
WK /mm
(b) FiALHH
6 S-G
R Fig.6 Comparison of chart before and after S - G
smoothing pretreatment
\SPA
MMD 7
60r s5p st .
R?=0.8842 R2=0.8690 R*=0.9310
55F RMSE}y1.7686 .2 5ol RMSEy1.1549 5oL RMSE40.8374
50
E § 45F o 45
= = 40} = a0t
40+
a5k 35+ 35t
30 55 30 35 40 45 50 55 30 35 40 45 50 55
SLIHE SEME SEIHE
(a) SR (b) FGi (c) WEERHIE

Fig.7 Results of chlorophyll content prediction

model with different features



208

2021

R* 0.884 2

1.768 6; o

R* 0.8690 MMD

1.154 9, o

0.

10

11

13

9310 0.837 4.,

. J. 2016 31(1):1-6.
LU Min JING Rongrong ZHAO Jie et al. Analysis of indoor plant chlorophyll content in benzene pollution stress J . Journal
of Shandong Jianzhu University 2016 31(1):1 -6. ( in Chinese)
GHASEMI M ARZANI K YADOLLAHI A et al. Estimate of leaf chlorophyll and nitrogen content in Asian Pear ( Pyrus
serotina Rehd.) by CCM —200 J . Notulae Scientia Biologicae 2011 3(1):91 —94.
. J. 2014 30( 13) : 169 - 175.
Z0U Xiaobo ZHANG Xiaolei SHI Jiyong et al. Detection of chlorophyll content distribution in cucumber leaves based on
hyperspectral imaging J . Transactions of the CSAE 2014 30( 13) : 169 —175. ( in Chinese)
WELLBURN A R. The spectral determination of chlorophyll a and chlorophyll b as well as total carotenoids using various
solvents with spectrophotometers of different resolution J . Journal of Plant Physiology 1994 144( 3) :307 -313.
. SPAD J. 2012 28(3): 121 -126.
LI Pengcheng DONG Helin LIU Aizhong et al. A study on dynamic change of chlorophyll SPAD values of upper leaves in
main stem of cotton J . Chinese Agricultural Science Bulletin 2012 28(3): 121 —126. ( in Chinese)
. J. 2013 34(10): 4 -8.
XU Shuang HE Jianguo MA Yu et al. Research progress of hyperspectral imaging technology for nondestructive detection of
fruit quality J . Food Research and Development 2013 34(10): 4 —8. (in Chinese)
. J. 2015 31(1): 294 -302.
YUE Xuejun QUAN Dongping HONG Tiansheng et al. Non-destructive hyperspectral measurement model of chlorophyll
content for citrus leaves J . Transactions of the CSAE 2015 31(1): 294 -302. ( in Chinese)
J/OL . 2018 49(8):
25 -32.
YUE Xuejun LING Kangjie HONG Tiansheng et al. Distribution model of chlorophyll content for Longan leaves based on
hyperspectral imaging technology J/OL . Transactions of the Chinese Society for Agricultural Machinery 2018 49( 8) :25 —
32. http: // www. jcsam. org/jcsam/ch/reader/view _abstract. aspx? flag = 1&file_no = 20180802&journal _id = jesam. DOI:
10.6041/j. issn. 1000-4298.2018.08.002. ( in Chinese)
. SPAD J. 2019 190(3) : 126 - 131.
DONG Zhe YANG Wude ZHANG Meijun et al. Estimation models of maize leaf SPAD value based on hyperspectral remote
sensing J . Crops 2019 190(3) :126 - 131. ( in Chinese)
. J. 2010 26( 10) : 106 —108.
ZHU Junwei ZHANG Yane WANG Xiaomin et al. Analysis and research of chlorophyll content in maize leaf based on image
texture J . Microcomputer Information 2010 26( 10) : 106 — 108. ( in Chinese)
. D . : 2015.
FANG Zhenhuan. Development and application of a single integrating sphere system for detecting optical properties of fruit
tissue D . Hangzhou: Zhejiang University 2015. (in Chinese)
HUANG M LU R. Apple mealiness detection using hyperspectral scattering technique J . Postharvest Biology and
Technology 2010 58(3): 168 —175.
. / D . : 2017.
WANG Aichen. Measuring the optical properties of one/two-ayer tissue of agro-products using hyperspectral imaging-based



209

14

15

17

18

19

20

21

22

23

24

25

spatially-resolved technique D . Hangzhou: Zhejiang University 2017. ( in Chinese)
. J. ( ) 2006 28(1): 45-47.
CHEN Rong CHEN Shaohua LIU Jianghai. Reconstructing optical properties parameter of highly scattering biological tissue
J . Journal of Hubei University ( Natural Science Edition) 2006 28(1): 45 —47. (in Chinese)
. D . : 2013.
LIU Qi. Research on biological tissue optical model by Monte Carlo simulation D . Wuhan: Wuhan University of Technology
2013. (in Chinese)
Mask R - CNN J/OL . 2019 50
(7) 1201 -207.
LIN Xiangze ZHU Saihua ZHANG Junyuan et al. Rice planthopper image classification method based on transfer learning
and Mask R = CNN J/OL . Transactions of the Chinese Society for Agricultural Machinery 2019 50(7) :201 —207. htip:
// www. j-esam. org/jcsam/ch/reader/view_abstract. aspx? flag = 1&file_no = 20190721 &journal_id = jesam. DOL 10. 6041/
j.issn. 10004298.2019.07.021. ( in Chinese)
J/OL . 2018 49( ) 1354 -359.
ZHENG Yili ZHANG Lu. Plant leaf image recognition method based on transfer learning with convolutional neural networks
J/OL . Transactions of the Chinese Society for Agricultural Machinery 2018 49( Supp. ) : 354 —359. http: // www. j-csam.
org/jcsam/ch/reader/view_abstract. aspx? flag = 1&file_no = 20185047 &journal _id = jesam. DOI: 10. 6041/j. issn. 1000—
1298.2018.S0.047. ( in Chinese)
J. 2018 34(18):
194 -201.
LONG Mansheng OUYANG Chunjuan LIU Huan et al. Image recognition of camellia oleifera diseases based on
convolutional neural network & transfer learning J . Transactions of the CSAE 2018 34( 18): 194 -201. ( in Chinese)
J/OL . 2020 51(2):
230 -236 253.
XU Jinghui SHAO Mingye WANG Yichen et al. Recognition of corn leaf spot and rust based on transfer learning with
convolutional neural network J/OL . Transactions of the Chinese Society for Agricultural Machinery 2020 51(2):230 -
236 253. http: // www. j-csam. org/jcsam/ch/reader/view _abstract. aspx? flag = 1&file_no = 2002025 &journal _id = jcsam.
DOI: 10.6041/j. issn. 10004298.2020. 02. 025. ( in Chinese)
. J/OL . 2020 51(11):264 -271.
XU Huanliang ZHOU Bingqing WANG Haoyun et al. Inversion of apple optical feature parameters based on model
migration J/OL . Transactions of the Chinese Society for Agricultural Machinery 2020 51( 11):264 —271. http: // www. j—
csam. org/jesam/ch/reader/view_abstract. aspx? flag = 1&file_no = 20201129&journal _id = jesam. DOI: 10. 6041/j. issn.
1000-4298.2020. 11.029. ( in Chinese)
. J. 2020 40( 11) : 3107 -3112.
ZHENG Zongsheng HU Chenyu JIANG Xiaoyi. Deep transfer adaptive network based on improved maximum mean
discrepancy algorithm J . Journal of Computer Applications 2020 40( 11) :3107 —=3112. ( in Chinese)
J. 2019 35
(4):281 -289.
WANG Haoyun LI Yibai ZHANG Yuzhuo et al. Research on hyperspectral light and probe source location on apple for
quality detection based on photon transmission simulation J . Transactions of the CSAE 2019 35(4):281 -289. (in
Chinese)
. J/OL . 2019 50( 11) : 161 —168.
WANG Chuanjian ZHAO Qingzhan MA Yongjian et al. Crop identification of drone remote sensing based on convolutional
neural network J/OL . Transactions of the Chinese Society for Agricultural Machinery 2019 50( 11) : 161 - 168. http: //
www. jesam. org/jcsam/ch/reader/view_abstract. aspx? flag = 1&file_no =20191118&journal _id = jesam. DOI: 10. 6041/].
issn. 10004298.2019. 11.018. ( in Chinese)
. J. 2020 33(1):1-10.
LI Ping NI Zhiwei ZHU Xuhui et al. Transfer learning with joint inter—class and inter-domain distributional adaptation J .
Pattern Recognition and Artificial Intelligence 2020 33(1):1 -10. (in Chinese)
J. 2020 24( 11):
1-14.
YAN Mingzhuang  WANG Haoyun WU Yuanyuan et al. Detection of chlorophyll content of Epipremnum aureum based on
fusion of spectrum and texture features J . Journal of Nanjing Agricultural University 2020 24( 11) : 1 - 14. ( in Chinese)



