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Fig. 3 The filtered spectral curves of different potato cultivars



3234 i 2% 5 61 43 Hr

% 38 &

1007 (a)

————FWRT

X 801

?5 YS4

S 601

£ 2017-06-24
3 40 1

Q

~ 201

0 T T T T |
350 450 550 650 750 850

Wavelength/nm

1001
° ————FWRT (©
7 801 — vs4
§ 607 2017-07-24
= 407
&

201

0 T T T T )
350 450 550 650 750 850
Wavelength/nm

1001 (b)

© 80- ----FWRT
) ——YS4
2 607
£ = 2017-07-06
3 2N
~ 20
0 - . . : s
350 450 550 650 750 850
Wavelength/nm
197 ----FWRT @
% 801 —— vs4
£ 60
s 2017-08-16
8 40
i
~ 204
0 T T T . )
350 450 550 650 750 850

Wavelength/nm

B4 TESREMMESZTERLIEME

Fig. 4 Continuum removal of the spectral curve of different potato cultivars

2.2 ETEZHFERZNFESHIN
X258 2 BROGIE I 6 A RRAES B AT SR I, ARk
LFis . ATLAE e X F i RO BE AR 7] — S5 4% 2 bl Fh
AN TR I TE] A 45 B A 9 22 5 > A b 8 2 B DA B 1] £ 5
B JE s (R — I i) AN R R 2 ) 22 AN K X T TR
PR 2 T BRI A T AR s ] — % S iy o AS [ B ] i ) —
FSF [ A [5) o o (0 14 22 S R AR Ao A i Rl 3% 3% 30 Ay B 10 )
BRISEWURR, FE6 A 24 AAM T 24 A, SR 4 5 G

EHETHRDEE. 776 HMS8 A 16 H. %55 E &R
HETESE 45, JFAAEAME TR —2. ME6 H
24 A7 A6 H, ROWMELATMMAENS TEELS, 17 A
24 HAN8 A 16 M, fE% 4 SAMBER T2 S5 E; T
X R PR ) — T A o A [ I ] 0 ] — s ] AN ] 7 fEL
2 AL X T AR R KRR EE, BT
R S by RIS [0 ] 0 0[] — i 1) A [ ot o L 1) 22 S5 AR

x1 TEABREMMEEREREERHTESH

Table 1

Feature parameters of continuum removal of different potato cultivars

2017/06/24 2017/07/06 2017/07/24 2017/08/16

FRIES B - - " N

FWRT YS4 FWRT YS4 FWRT YS4 FWRT YS4
e R ST 0.914 2 0.917 6 0.930 3 0.939 7 0. 950 4 0.949 8 0.924 0 0.927 1
SRR A 68. 684 1 77.605 3 64.920 4 60. 055 8 61.131 8 65.592 2 75.728 3 75.380 9
e TR 23.171 9 22.358 8 22.443 4 19.379 1 21.184 4 25.390 0 25.7215 26.209 8
A5 R 45.512 2 55.246 5 42,477 0 40.676 7 35.410 3 40.202 2 50. 006 8 49.171 1
Ko FR 0.509 1 0.404 7 0.528 4 0.476 4 0.598 3 0.631 6 0.514 4 0.5330
T AR — b e R Wi 0.013 3 0.011 8 0.014 3 0.015 6 0.015 5 0.014 5 0.012 2 0.012 3

2.3 XELEFHIAAIRERMAEERMESN
2.3.1 kiR HFREFH 5
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Table 2 Difference index of reflectance of different potato cultivars

2017/06/24 2017/07/06 2017/07/24 2017/08/16

bR 544. 87 673.55 759.74  546.57 672.62 756.13  546.91 675.79  757.26  545.20 671.24 764.08
nm nm nm nm nm nm nm nm nm nm nm nm
TE OGS 0. 036 0. 029 0. 060 0. 186 0.225 0.103 0.203 0.003 0.008 0.026 0. 061 0.020
B G E GO 0.017 0.037 0. 005 0.093 0.136 0. 000 0.226 0.014 0. 000 0. 047 0. 041 0. 000
x3 TESRERW—MSBEREEL
Table 3 Difference index of first derivative spectra of different potato cultivars
2017/06/24 2017/07/06 2017/07/24 2017/08/16
b iR s 544. 87 673.55 759.74  546.57 672.62 756.13 546.91 675.79 757.26  545. 20 671.24 764.08
nm nm nm nm nm nm nm nm nm nm nm nm
B I OGS 0.126 0.977 0.971 0.115 0.076 0.172 0. 187 0. 560 0. 160 0.033 0.137 0.033
G RO 1711 9.449  47.870  2.679 2.571  0.012  18.223 19.254 1.000  0.426 0.444  1.000
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Table 4 Difference index of characteristic parameters

of different potato cultivars

e Tya— 201;2'06/ 2()1;207/ 2<>1;1’o7/ 201%08/
TR WO B 2 S5 5L 0. 004 0.010 0. 001 0.003
ST B2 S AR AR 0. 130 0.075 0.073 0.005
JeH 25 RS 8 0. 035 0.137 0.199 0.019
A RS S R 0.214 0.042 0.135 0.017
XT R BE 25 S P AR AL 0. 205 0.098 0. 056 0.036
Ik 2 5 45 B 0.113 0.091 0. 065 0. 008
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Analysis of Hyperspectral Variation of Different Potato Cultivars Based
on Continuum Removed Spectra
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Abstract Under the background of carrying out the “potato staple food” strategy in China, it is of great significance to do more
related researches of the potato crop. In this paper, the comparison and analyses of spectral differences of different potato culti-
vars in different periods were aimed to provide theoretical and technical support to the identification of potato varieties, the dis-
tinction of potatoes and other crops, the extraction of potato spatial distribution, the monitoring of potato pests and diseases, the
impacts of potato stresses as well as the various crop identification studies and provide a new idea for the crop hyperspectral cor-
relation research. What’s more, the canopy hyperspectral reflectance data of the early maturing potato cultivar (Favorite), the
middle-late maturing cultivar (Yanshu 4) at the tuber stage and expansion stage were obtained through field experiments in Jilin
area. Firstly, the noise was removed by the method of Savitzky-Golay filtering. Then the spectra of continuum removal were ob-
tained by the method of continuum removal and 6 parameters (the maximum absorption depth, total area, left area, right area,
symmetry and area normalized maximal absorption depth) were extracted. Meanwhile, the first-order derivatives were calculated
using the filtered spectral reflectance data and the spectral reflectance data of continuum removal. On the basis of the comparison
of the two spectral reflectance curves of different potato cultivars, 8 different indices of 3 groups (reflectance difference index,
first order derivative difference index, spectral parameters of continuum removal difference index) were constructed as evaluation
indices. The reflectance difference index and first order derivative difference index were calculated using the bands of green light
at 550 nm, red light at 670 nm and near-infrared light at 760 nm. Furthermore, we quantitatively analyzed the hyperspectral
differences of different potato cultivars using these difference indices. In this paper, the method of continuum removal was ap-
plied to the analyses of hyperspectral differences of different potato cultivars with different growth stages. The difference indices
in the article finally achieved good evaluation performence. The results showed that: (1) Compared with the reflectance differ-
ence index and maximum absorption depth difference index, the first order derivative difference index, total area difference in-
dex, left area difference index, right area difference index, symmetry difference index and normalized difference index could show
the hyperspectral difference of different potato cultivars well. The spectra of continuum removal partially magnified the hyper-
spectral differences of two different potato cultivars. (2) The wavelength position and growth period of the filtered spectra and
the spectra of continuum removal with the largest difference were the same located at the wavelength of 671. 24 nm on August
16. The value of maximum absorption depth difference index was only 0. 01. The value of first order derivative difference index
of the filtered spectra reached 0. 977 at the wavelength of 673. 55 nm on June 24. The value of the first order derivative difference
index of the continuum removed spectra reached 47. 87 at the wavelength of 759. 74 nm on June 24, which worked the best in
spectral difference analyses of different potato cultivars. Besides, the total area difference index, right area difference index,
symmetry difference index and normalized difference index all reached the maximum on June 24, with the values of 0. 13, 0. 214,
0. 205 and 0. 113, respectively. The left area difference index value reached the maximum of 0. 199 on July 24. (3) According to
the quantitative evaluation results of the difference indices, we could see that the period with the biggest hyperspectral difference
of the two different potato cultivars is in the medium-late stage of tuber stage of early-maturing variety and initial stage of tuber

stage of medium-late maturing variety.
Keywords Potato cultivar; Continuum removal; Key growth period; Hyperspectral; Difference index
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