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Fig. 1

(a

Fractional differential value of spectral reflectance
): 0~0.5; (b): 0.5~1;3 (¢): 1~1.5; (d): 1.5~2
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Table 1 CC absolute value of fraction greater than the maximum CC absolute value of 1 order (CC/CC increase percentage)

B % R VR 1/R IgR 1/1gR
1.3 0.648 3/9.15% 0.647 8/6.06% 0.637 4/5.55% 0.643 3/4.30% 0.647 5/10. 64 %
0.645 4/8.67% 0.646 7/5.88% 0.610 0/1.02% 0.639 8/3.74% 0.630 4/7.73%
1.4 0.662 3/11.51% 0.6614/8.29% 0.618 8/2.46% 0.6212/0.72% 0.660 0/12.78%
0.659 7/11.07% 0.656 7/7.52% I 0.6520/5.71% 0.651 5/11.32%
0.644 7/4.53%
1.5 0.6615/11.37% 0.656 7/7.53% bR 0. 640 2/3.80% 0.657 2/12.30%
0.656 7/10.57% 0.649 4/6.32% 0.6315/2.38% 0.651 1/11.26%
e *E%%%ﬂ%ﬁ%:%, AA FoR o B AH O R EARHE . BB 3R 5 509 A0 G R B R 48 %) {6 .
Note; correlation coefficient (CC) increase percentage %:%, AA is CC absolute value of fractional, and BB is maximum CC absolute

value of integer order.

M5 Fh AR 4 o3 BN OB 5 & 3R B A R EBOR T 2 By
FOR R B R A X fE . HAOG R T 2 EeBR 1Y [ 4
e 1.3, LL4A 1.5 B (32, H 1/RAHE 1.3 K
FKARBPETH A Iy edk. Ty 13.03%.,
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e B R DG 2R BRI A 2 T % HE X o e B (3R 3) . BB s
L Br7E 830 Al 845 nm. J& TILLLAME B 2 B 78 647 1 2252

nm, JE FLIERUE LM B . B . 0. 6~0. 9 B K
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SME s 11~ 1.7 B die RO O 28 B0 Iy 10 g B 32 A LA
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Table 2 CC absolute value of fraction greater than the maximum CC absolute value of 2 order (CC/CC increase percentage)

[hR48 R VR 1/R 1gR 1/1gR
1.3 0. 648 3/6.28% 0. 647 8/7.56% 0.637 4/13.03% 0.598 3/1.66% 0. 647 5/0.62%
0.645 4/5.81% 0.646 7/7.38% 0.610 0/8.18% 0.643 3/9.31% 0.630 4/3.37%
0.603 1/6.94% 0.639 8/8.73%
1.4 0.662 3/8.57% 0.608 9/1.11% 0.618 8/9.73% 0.621 2/5.56% 0.660 0/8.21%
0.659 7/8.15% 0.661 4/9.82% 0.591 5/4.90% 0.652 0/10.79% 0.651 5/6.81%
0. 656 7/9.04% 0.590 1/4.64% 0. 644 7/9.56%
1.5 0.661 5/8.44% 0. 656 7/9.05% 0.580 5/2.95% 0. 602 6/2. 40 0.657 2/7.76%
0.656 7/7.66% 0.649 4/7.82% 0.577 9/2.48% 0. 640 2/8.79% 0.651 1/6.75%
0.6315/7.31%
0.591 0/0.42%
#3 FRAEXZFBLIE RN E
Table 3 Max CC absolute value and its corresponding waveband
Order R JVR 1/R IgR 1/1gR
BRAME BB/ nm  BRAXE WB/om  RKRAXE BEE/nm BORAXE WB/om RARLXE BB /nm
0.6 0.539 1 1803 0.533 3 1803 0.501 2 1803 0.5250 1803 0.538 7 1803
0.7 0. 605 5 180 3 0.598 1 1 803 0.566 6 2 252 0.587 6 1803 0. 606 6 1803
0.8 0.598 2 1802 0.586 7 1802 0.594 8 2 252 0.590 8 2 252 0.612 3 1802
0.9 0.572 6 1802 0.558 7 1802 0.586 1 1690 0.557 8 1690 0.597 0 1802
1.0 0.593 9 880 0.610 7 880 0.603 9 880 0.616 8 880 0.585 2 845
1.1 0. 606 5 880 0. 609 2 880 0.591 7 880 0. 607 2 880 0.590 2 880
1.2 0.585 8 649 0. 606 0 649 0.593 2 618 0. 609 7 649 0.566 0 880
1.3 0.648 3 618 0.647 8 618 0.637 4 598 0.643 3 618 0.647 5 618
1.4 0.662 3 618 0.661 4 618 0.618 8 598 0.652 0 618 0.660 0 618
1.5 0.6615 618 0. 656 7 618 0.580 5 598 0. 640 2 618 0.657 2 618
1.6 0.649 2 618 0.638 2 618 0.595 1 2 027 0.615 2 618 0.647 2 618
1.7 0.6259 618 0. 609 4 618 0. 602 2 2 027 0.613 1 2027 0.628 5 618
1.8 0.594 4 618 0. 601 2 2027 0. 600 0 2 027 0. 606 9 2 027 0.601 8 618
1.9 0.586 8 648 0.583 2 2 027 0.587 2 2 027 0.589 8 2 027 0.583 3 648
2.0 0.610 0 647 0.602 2 647 0.563 9 2 252 0.588 5 647 0. 609 9 647
2.5 TEEHEMNEEEENERI x4 NAXBFE=RES5RE, SO, CrNEHEXREH
WRX EHEHR S FBEMHEEFH C, Mg, KT I Table 4 Eight ions contents and their single CC
Na™, 43 3 &5 BH B F SR 27.97%, 2.77%, 3.520 fl with total salt, SO}~ , CI~
[ 0 3 = N ~()2— ~O)— ~— 2—
i”' e I%'ﬁ%ﬁ%ﬁ Cor L HEO, L el RSOr - wo  BET BIET OAKET SRE S0t 5l
PG B T AR 0.04%, 2.09%, 21.01% F1 76.86%. = /% W/ % W% Rt ReHE MM
SOT Ml Na™, Pig BT di kg 72. 1740 Gk ), cat 2197 % 179 0.309° 0.653  0.136
Na' 5 83k 09 40 56 ¥ B 7 ik 0.738; HikiE SO Mg2*  2.77 i 117 —0.063  0.559* —0.041
0.527; Ca’" 5 M ELAH B PE& /N 0.309; FIHR S AEF 5 M K* 3.52 x 1.48 0.103  0.017 0.035
MR (R O, SOF 5 Ca®" Fl Mg*™ (M KRB 4. Na®  65.74 T 27.71 0.738* 0.059 0.025
R T E B 4 /l\é’f?:“ ”éﬂﬁfi: FHRER CO3 T 0. 04 0.02 0.158 —0.124 —0.241
LAGRARZR) . EWMARBAROMELR., TAAFE HCO; I 2.09 1.21 0.051 —0.164 —0.379*
B0 HE e B3 (LA — B (0 T T WG K U K 24 Co ORI 00 L0
S07 o 76. 86 44. 46 0.527* 1.000

LZE
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BEBS . LI G EE MR RS BRI, 1
GRS . AR RGBT A IS R TE SN X
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TIOE R . . BF 5T X ER B 4 0 0 e A £ B 2 R
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* FORTE 0.05 KT BB FEMK: + » FRTE 0. 01 K BB EMRK

4 Eh
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X AR F BT RE P B EEAZ B Na Jei iy m . 45719 &
TEE L2 589 nm. M ASFFE DXl W ) 8O0 5 R B B 598
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Table 5 Salt type of salinized soil

Cl™ /(28057) i e B BESEC BB %
<0. 20 i iR £k 23 76. 67
0.20~1.00 AL -B R ER 7 23. 33
1. 00~2. 00 TR ER-F Y 0 0
>2.00 Rl 0 0

(3) Hramfemy /R MR+ SR M E TR G ik,
BIGEL MBR R EL . WF5E X SO 5 B Eh Bk 6 M3k 0. 527,
WA 2 F 50 (X 6 W0t 9 6 AR M BR 32 B Na ™ SR 2 ma 4k, —
R FRZR SO JGiksgm., T4 HE k.,
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Mechanism Improvement for Pretreatment Accuracy of Field Spectra of
Saline Soil Using Fractional Differential Algorithm

TIAN An-hong' *, XIONG Hei-gang® ** , ZHAO Jun-san', FU Cheng-biao' *

1. Faculty of Land Resource Engineering, Kunming University of Science and Technology, Kunming 650093, China
2. College of Information Engineering, Qujing Normal University, Qujing 655011, China

3. College of Applied Arts and Science, Beijing Union University, Beijing 100083, China
4

. College of Resource and Environment Sciences, Xinjiang University, Urumqi 830046, China

Abstract Currently the application of fractional differential (FD) algorithm for field spectra and the optimal band mechanism of
spectra inversion salt in saline soil has not been seen. In view of the problem that traditional integer-order differential algorithm
causes fractional-order spectral information lose and model accuracy decrease the salinity and field spectra of saline soils in
Fukang City of Xinjiang, China, were taken as data sources and original spectrum and common four transforms were subjected to
a total of 21-order FDbetween 0~ 2 orders (interval is 0. 1), in order to explore the mechanism improvement of pretreatment
precision for saline soil spectra. Results showed that: (1) FD could accurately display the details of spectral transformation in
the derivation process due to continuous orders, and improve the resolution between peaks of the spectra. Italso gradually
changed peak shape and removed peaking operationdue to the increase of orders, which resulted in the gradual change of FD
curve of saline soil to the slope of the curve, namely, a detailed description of subtle differences from 0-order to slope and be-
tween slope and curvature. (2) Correlation coefficient (CC) between FD value and salt content of five spectral transforms was
tested by 0. 01 significance level, and max CC absolute larger than integer order (1-order, 2-order) was mainly concentrated at
1.3, 1.4, 1.5 orders. Among them, CC of 1. 4 order 1/1gR and 1. 3 order 1/R had the largest increase percentage, which were

12.78% and 13.03% , respectively. (3) Regardless of the spectral transformation, the corresponding bands for max CC between

salt content and all FD value appeared at 598 nm (1/R) and 618 nm (R, /R . 1/lgR and 1gR), and they were all in 1. 3 or 1. 4
order. (4) Na' accounted for 65.74% of total cations, and its correlation with total salt was 0. 738. The 589. 3 nm spectrum
was the main reason why the bands with the best correlation between various spectral transforms and soil salinity were located at
598 and 618 nm.

Keywords Fractional differential; Mechanism of precision improvement; Pretreatment
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