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Hyperspectral characteristics and remote sensing
inversion model of chlorophyll content of millet
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Abstract: This study used the comprehensive analysis of the hyperspectral data of the hyperspectral character-
istics of the chlorophyll content in the millet canopy under different fertilization conditions to examine the correlation
between the spectral characteristics and the chlorophyll. The remote sensing inversion model of chlorophyll content
was constructed based on the partial least squares method and artificial neural network. The results showed that.
through correlation analysis, NDVI, GNDVI, PSNDa, PSSRc, RENDVI, and Dy all had extremely significant cor-
relations with SPAD in different growth stages. The coefficient of determination R>of the best unary regression model
established based on the above spectral index as the independent variable was between 0.4 and 0.6, and the coeffi-
cient of determination R’of the regression model based on the partial least squares method was between 0.55 and

0.71. The cross-validated root mean square RMSECYV fell between 1.34 and 2.23, and the predictive ability of the

2

cum

principal component accumulation model Q7 was between 0.54 and 0.83.The explanatory ability of the independent
variable was between 63.1% and 95.8%, indicating that the above-mentioned spectral parameters explained the leaf

chlorophyll better. The BP neural network estimated the chlorophyll content to achieve the best accuracy, and the
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determination coefficient R* of the modeling set was above 0.70.The RMSE was between 1.18 and 2.48. In summa-

ry, the modeling effect using BP neural network was the best.

Keywords: millet; chlorophyll content; hyperspectral ; characteristic band ; inversion model
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Table 1  Vegetation indices and trilateral parameters
based on the spectra data
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Variable Calculation formula or definition
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Table 2 BP neural network algorithm parameters
24§ Parameter U Value

i A2 B 2 R XUIED) S AYpR%L
Input layer to output layer function ~ Hyperbolic tangent sigmoid function

Ber 22 h )2 R X4 S MR
Hidden layer to output layer function Logarithmic sigmoid function

BHIE T Wal e A R

27 >] FR%Y Learning function Gradient descent momentum

weight function

B T U 9
Hidden layer nodes
AU
2000
Number of iterations
TR RIGUAL 20
Maximum number of failures
> HFr Learning target 0.001
R Learning rate 0.01
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Table 3  Statistical analysis of chlorophyll content in millet leaves

— —— .
AEH HEAEL BUME el T T 22
Growth Number .. Standard
. Minimum  Max Average .
period of samples deviation
. ’Eﬁﬁliﬂ . 108 38.50 63.70 49.07 4.62
Jointing period
i
W“ﬁ’q _ 108 39.90 6640 5375 5.29
Heading period
S
{§7§g’q . 108 35.60 66.00 49.17 6.16
Grouting period
2
G 108 30.00 49.80 38.78 4.91

Maturation period
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Fig.1 Spectral reflectance of different SPAD millet leaves
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Table 4  Correlation coefficient between spectral characteristic

parameters and SPAD of millet leaves (n=108)

o WO RN WO
Variable J()mFlng Heading Gr()u.tlng Matur.atlon

period stage period period

NDVI 066" " 0.59" " 033"~ 076" "

GNDVI 073" 054" " 051"~ 0.78" "

RVI 0.60" * 050" * 0.15 077" "

CARI  -0.14 0.56" * 022" 0.76"

TCARI -0.58"* -0.01 0.07 071" "

PP yeapr 0277 049%0 018° 076"

qgéh{ﬁ/)éj? HNDVI  061"* -043"" -027"" -071*"

Characteristic . N
variables based Mmrcr 036" " 0.055 -0.09 -0.68"

on vegetation index PSNDa 063" " 057"" 036" " 076"

PSNDb 058" * -0.10 -0.17" -0.69" "

PSSRa 0.65" " -022 025" 0.74" "

PSSRb 059" * 056" -0.12 0.76" "

PSSRe 080" * 045" " 035"~ 0.76"

RENDVI 057" * 046"~ 035"~ 0.77" "

e A Dr -0.09 056**  034*" 077"

AR Dy 063" 064™" 044" 078"

Characteristic Db -0.31** -0.06 0.14 0.64™ "

variables based  Rg 049" * -0.02 0.01 057" "
on spectral position  p 0.11 0.21°* 029"* -020"

e o# o = 2 HIRIRTE P<0.05 Al P<0.01 /KB A B

Note: *, * * indicate significant differences comparing with seed-

ling stage at P<0.05 and P<0.01 level, respectively.
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Table 5 Prediction model of chlorophyll content of millet leaves based on spectral index

w3 SR T 70 AARLE Training set  HiF4E Validation set

Period Spectralindex Predictive model R? RMSE R? RMSE
NDVI y=3107.8x%-5092. 1x+2130 0.52 1.97 0.45 1.99

GNDVI y=74.172x"%1 0.47 2.40 0.41 2.90

1] PSNDa y =2408.1x?~3903.9x+1626.6 0.44 2.13 0.38 2.20
Jointing period PSSRe y=0.3289x%~4.8662x+61.463 0.37 2.30 0.35 1.85
RENDVI y=270.46x>-367.34x+169.86 0.50 2.02 0.42 2.55

Dy y=—348446x>-2347.5x+54.55 0.07 2.76 0.13 3.60

NDVI y=248.71x-161.09 0.60 2.28 0.45 2.72

GNDVI ¥=940.5242-1258.3x+472.53 0.41 2.49 0.34 2.68

T PSNDa y=2232.4x>-3613.2x+1500.8 0.49 2.32 0.43 2.83
Heading period PSSRe ¥=29.412In(x) -23.154 0.50 2.31 0.44 2.46
RENDVI y=52.765x¢"%! 0.00 3.07 0.01 3.24

Dy y=6577.6x+53.338 0.04 3.02 0.04 3.18

NDVI y=21.142x+36.362 0.31 3.37 0.35 0.11

GNDVI y=147. 142>~ 149.94x+86.345 0.35 2.13 0.31 0.27

WA PSNDa y=18.21In(x) +57.368 0.11 2.18 0.10 0.11
Grouting period PSSRe y=0.0685x%-1.0473x+56.293 0.29 2.09 0.19 0.19

RENDVI y=54.641e70077 0.51 2.21 0.44 0.91

Dy y=0.1144x-4.2485x+49.671 0.39 2.21 0.31 0.39

NDVI y=13.096x+32.608 0.46 2.53 0.39 3.54

GNDVI y=18.267x+31.067 0.47 2.50 0.36 3.44

A PSNDa y=-2.3627x>+16.237x+31.68 0.48 2.52 0.46 3.55
Maturation period PSSRe y=0.082x%-0.8342x+39.914 0.62 2.47 0.48 3.05
RENDVI y=10.751x2=2.1574x+37.933 0.45 2.59 0.43 3.49

Dy y=5E+07x*~33505x+43.197 0.30 2.87 0.26 4.03
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Table 6 PLSR model of SPAD value and sensitive spectral index of millet leaves
- 1 4 7 7

[?(jffd R 0 RMSECY Majoiﬁiﬁtuem erﬁf;::d}jb/ﬂ/inty Y (:urjl/ufffveﬁii;liiﬁizribilily Qeam
A T R PR : s o7 0%s
3 13.2 95.8 0.55

1 59.1 59.1 0.58

Heafiﬂl}ng j:inod 0.57 0-58 Lol 2 39.4 63.1 0.57

sl
Gomig ot 00 0 1m e s o5
P TS VAR : s 7o o8
3 10.7 84.7 0.83
24 B/BFMHAMEFESEN BP MENKSWTRE K, UEHIZN B ROBEIERE AT RE 1 Bk

EwRig

L8 HH THT 6 MBS
MIZEAR AL L)L 6 A28 ( NDVI .GNDVI . PSNDa .

B BP #h4s

MIE 3 W] LAE A TR GE i — ook i F

BP #1225 %6t 45 1 M | 8 SPAD B4 ) 5
BORE R 4 A 8 TI000RS B2 Y 7F 0.66 LU L,

A B
#r
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