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Abstract: The integer-order differential (first-order or second-order) preprocessing method is often used in traditional electrical

conductivity inversion models, but it ignores the hyperspectral reflectance information at the fractional-order differential. In this
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paper, a hyperspectral method based on fractional differential to estimate the electrical conductivity of saline soil was proposed. The
salinized soil in Changji, Xinjiang was used as the research subject. The surface soil samples of 0—20 cm were collected in May 2017,
the field hyperspectral of the saline soil was measured by a FieldSpec®3 Hi-Res spectrometer, and physical and chemical parameters
of soil electrical conductivity were tested in the laboratory. Next, the Griinwald-Letnikov fractional derivative calculation between
0.0-order and 2.0-order was programmed in MATLAB 2019a software (order interval is 0.1). Then, the variation law of the
correlation coefficient curves between soil hyperspectral and electrical conductivity under 21 kinds of differentials was analyzed.
When the maximum correlation coefficient of each fractional derivative was greater than 0.5, the corresponding wavelength was
selected as the sensitive wavelength. Finally, the stepwise multiple linear regression model was used to predict the electrical
conductivity. The results showed that the fractional derivative preprocessing method could display the variation details of the
correlation coefficient curve under different fractional orders, and more peaks and troughs appeared in the whole band. The eight
sensitive wavelengths of electrical conductivity were 400 nm, 418 nm, 567 nm, 1 667 nm, 2 132 nm, 2 193 nm, 2 257 nm, and 2 258
nm. The best model for estimating electrical conductivity was located at the 0.5"-order. The relative percent difference (RPD) value
of the verification set was 1.99, the determination coefficient (R%) was 0.81, and the root mean square error (RMSE) was 1.08. This
model had the ability to estimate the electrical conductivity because the RPD value was greater than 1.8. This study explored the
difference in electrical conductivity estimates under different fractional derivatives and provided a new method for electrical

conductivity estimation, which could be of considerable value for research into improvement of saline soils in the arid regions of

Xinjiang.
Keywords: Saline soil; Electrical conductivity; Griinwald-Letnikov fractional derivative; Sensitive wavelength; Field hyper-
spectral
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Table 1  Statistical characteristics of soil electrical conductivity of the sample sets
S 1 ¢ Number of Min. value Max. value Mean Standard deviation = Variable coefficient
amples se samples (mS-cm™) (mS-cm™) (mS-cm™) (mS-cm™) (%)
All samples 30 0.50 10.700 4.463 2.559 57.338
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Samples of validation set 12 1.70 10.700 4.667 2.435 52.175
2.2 . 21
Matlab 2019a Griinwald- 21 ,
Letnikov R 0.01 ( 2 0 -0.7
0.1, 0o 2.0 0.01 R 0.8

http://www.ecoagri.ac.cn



4 603
o OS5 Py 05 po Pyy 82 ---------------------------- Poo
Q:?; 831 — 0B Fractional 0 order gg — 438U9r0.1 1 Fractional 0.1 order 0.3 | — 730217 Fractional 0.2 order
= g -
s 02 02 0.2
22 ol 0.1 0.1
Lz 0 0 0
=2 -01 -0.1 -0.1
=L 02 -0.2 -0.2
g -0.3 -03 -03
© :82 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~ Py :8‘51 ———————————————————————— Poon :gg ”””””””””””””””””” Poo
- 05¢ _____ - Py 0.5¢ oo Py o 83 ”””” T oo Pog
g 8‘3‘ — 43%U%r0.3 Fractional 0.3 order 04+ _ Z%B40.4K) Fractional 0.4 order 0al — S KU%r0.58 Fractional 0.5 order
B ) .
= 0.2 0.2
T 01 0.1
e o0 0
HKE 01
=5
[}
=)
<
O

LEPSES 4

Correlation coefficient

Correlation coefficient

A REL
Correlation coefficient

LN

Correlation coefficient

Correlation coefficient

— 43 %80971.51 Fractional 1.5 order

0.01

0.8

¥ Wavelength (nm)

0.01

— Z3%U9r1 Ay Fractional 1.4 order

P()()l

i Wavelength (nm

2 TEESAESBRSEE OM-2.0 MZEHEXRY

Fig. 2 Correlation coefficients between soil hyperspectral and electrical conductivity from 0 order to 2.0 order

<|Pg.01

<|Py.01| shows extremely significant correlation.

http://www.ecoagri.ac.cn



604

( ) 2020 28

2.0 0.01 ,
0.8 1 09 6 1.0 35 1.1 47
1.2 51 1.3 47 1.4 40 1.5
37 1.6 32 1.7 28 1.8 28 1.9
29 2.0 31 1.1 1.2 1.3
1.4 .5 0.01
1.0 2.0
2 , 0
1.0 ,
s 400~700 nm 1 000~1 400 nm
, 0.01
1.1
2.0 ,
, , 0.01
2.3
¢ 3)
1.5 0.64,
567 nm 1.0 2.0
1.1 1.3 1.4 1.5 1.6
1.7
0.5 0.8 , =
0.5 3 0.8
-2.0 05 , 08
0.9 1.0 1.1 1.2 1.3 1.4 1.5
1.6 1.7 1.8 1.9 2.0

2193 nm 2132 nm 400 nm
418 nm 1667nm 1667nm 1667 nm 567 nm 567 nm
1667nm 1667 nm 2258 nm 2257 nm S
8 400 nm 418 nm 567 nm
1667nm 2132nm 2193nm 2257nm 2258 nm
2.4

18
12 (

2)

1.8 1,
RPD 1.99,R> 0.81, RMSE

—— I KA R B Maximum correlation coefficient
—— I Wavelength

0.65 12400
%' 0.60 1+ 12200
2 12000
£ 055¢ =
2 {1800 £
S ol g
e g U 11600 €,
Ep 045; 11400 3
jég 040l 11200 2
E 11000 %
E 035} =
Z 1800
= 030] {600
0.25

— 400
0 02 04 06 08 1.0 12 14 16 1.8 20
% Order

3 FAESEMMSHENENTIESHIEFESE
RABEXREMIKK
Fig. 3 Maximum correlation coefficients between soil hyper-
spectral and electrical conductivity and wavelengths corre-
sponding to different fractional differential orders

RMSE

1.8

2.0

B

0.69

>

2.06,

>

, RPD

677.5R2132—674.2R2193+1 379R2257—947.6R225g

RPD
1.1

RPD

y=0.788 26x+0.658 88, R*

e 5 4E

3

http://www.ecoagri.ac.cn

1.2

1.4~1.8
1.3

1.4,
1.5

1.4

0.81

[5]

1.0
1.0

5

[26]

>

1.5

(1.0

2.0

1.0

>

Y=4.4+274.4R405—1 893R4151712.6Rs67—1 196.5R 667+

(6)
5
2.0
1
20 )



605

F2 S AHRIKACH MR LIRS IR AR S BN 5 MR B B 5 2R TN AR B A0 T 4

Table 2 Soil electrical conductivity prediction models and prediction accuracies of the soil hyperspectral corresponding to the eight

sensitive wavelengths at different fractional differential orders

Calibration Validation
Order Regression model set set
R* RMSE R’ RMSE RPD
0 Y=12.6+1 298.3R400—1 382.8R4131244.6R567—320.3R16677250.9R2132—-128.9R2193+75.9R 758 0.59 225 027 355 1.07
0.1 Y=13.84915R400—1 345.4R4151365.1Rs567—691R 6671675R2130—149.9R2193+17.2R2557—110.9R 1255 0.65 2.18 029 391 1.13
0.2 Y=14.14610.4R400—1 259R4151548.2Rs567—1 239.9R 667+1 113.2R2132-208.3R2193+1.4R2257—147.8R258 0.71 2.02 031 4.01 1.15
0.3 Y=10.2+441.2R400—1 315R4131663.2Rs567—1 464.3R 667+1 125.8R2132-367.3R2195+472.9R2257-396.6R 1255 0.71 199 045 277 129
0.4 Y=6.3+347.7TR400—1 448.1R415+t708.2R567—1 378.3R1667t918.3R213-537R2193+ 993.4R2257-800.9R 5558 0.70 2.03 0.61 1.71 1.35
0.5 Y=5.3-20.6R400—15 763R4131+12 194.1Rs567+30 150.2R 66712 181.1R213:t979R2193—-333.5R2257-272R2253 092 1.05 049 186 1.39
0.6 Y=4+213.5R400—2 434.8R415+593.5R567-877.3R1667+389.1R2130—-772R2193+1 625.6R2257—1 133.9R)53 0.69 2.08 0.77 134 1.22
0.7 Y=4.4+161.5R400—3 474.7R415+190.1R567+214.4R 667+482.3R2132-784.5R2193+1 675R2557—1 272.4R )58 0.68 2.09 0.84 1.23 1.27
0.8  Y=5.2+104.7R400—5 205R415—444.6R567+3 652.2R667t844.7R213,—-555.2R2193+1 395.2R557—1 348.1R25 0.71 2.01 0.78 1.50 0.98
0.9  Y=5.3+45.3R400—6 731.3R413-312.7R567+9 880.3R 6671 477.9R2130—12.4R2195+847.7R2257—1 315.6R1253 0.77 1.79 0.70 1.63 1.03
1.0 Y=5+1396.6R400—16 527.4R413+1 467Rs567+19 953R 66712 167.3R2132+1 075.9R5193+286.4R5057—1 425.5Rss  0.88  1.27 0.17 2.58 0.98
1.1 Y=3.8-3.6R400—7 335.3R4138+3 375.6R567+20 255.9R 66712 172.4R513,+843.2R2193121.4R2257-963.6R258 0.88 1.26 0.65 1.68 1.41
1.2 Y=3.3-11.7R400—8 254.8R415+5 383Rs567123 314.2R 166712 193.1R213:+898.4R5193—177R2257-748.2 Ryass 091 1.10 0.59 1.69 1.48
1.3 Y=2.8-20.4R400—10 339.6R413+7 137.5Rs567+25 870.9R 166712 133.9R2132+859.3R2193—-280.5R2257-556.6R258 093 099 0.57 1.68 1.49
1.4 Y=2.1-25.3R400—13 225.4R413+9 108.4Rs567+28 157.9R 66712 112.5R213,+884.8R2193-324.9R2257-398.6R258 093 098 0.55 1.71 147
1.5 Y=4.4+274.4R400—1 893R415t712.6Rs567—1 196.5R6671677.5R213—674.2R2193+1 379R2257-947.6R2)58 0.69 2.06 0.81 1.08 1.99
1.6 Y=0.5-8.8R400—17 793R415+16 131.7Rs67+t31 800.2R 66712 319.6R2130+1 095.2R5193—-327R2257—179.5R 258 095 1.17 049 195 1.39
1.7 Y=0.004+4.6R400—20 746.5R415+18 457.6Rs671t33 334.4R 66712 581.3R2132+1 304.8R5193-364.9R257—109.6R2ss  0.87 134 043 2.19 1.31
1.8 Y=-0.7420.2R400—24 526.6R413+18 405.9Rs67+34 954.1R 66713 004R2132+1 615.2R5193—444.6R2257-43.7R22s8 0.83 1.52 037 249 1.24
1.9 Y=-1.5+37.3R400—28 236.7R413+16 724.2R567+36 TT71R1667+3 497R2132+1 932.5R2193—491.9R2557—17.4R 2555 0.79 1.72 033 281 1.20
2.0 Y=5.3-6 516.4R400124 756.4R415+22 634.9Rs567—29 356.7TR 16671 859.7R2130-729.3R2193-3 933.7R2257-893.7R»s5 0.59 2.38 0.01 3.45 0.80
R s R is hyperspectral reflectance, subscript data is the wavelength.
R=0.807 64 R=0.171 54 R=0.001 93
~ 10} 151281 2 1 line a.s 0 b.” c.
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Fig. 4 Scatter plots of measured and predicted soil electrical conductivities corresponding to different fractional differential orders
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