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Fig.1 Overview of study area of Togtoh County
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% 1.74  0.11 0.53 0.41 0.33 1.27 1.16 0.62

1.2.4 E3ERiENE

T T A I R S L 3, R
FI SVC HR - 1024 {45 OG54, St 3% v Bl 350 ~
2 500 nm,7E 350 ~1 000 nm B Z [B]GiE 47 3R <
3.5 nm,7E 1 000 ~1 850 nm KB Z [A]YGHEIT R <

eS|

D) ) + (=t - 1)

dxv

(—U)(—v+3l)(—v+2)f(x_3>

A T Gamma pREG v MUK m NG B FER
25 v FAETRIIEL, 25 v S/ NBORE R G - L By
B, 2 o B R W B A 3y, B — Bt
Sy B OY 2 o T 0 SRR
2.3 BEREERIE

K1 BP 2 f2% 55 SVM 57 S S I A
B ARBESE SVM B emd Z50h™ - s7 Oy SVM 2644,0

4 eee 4+

9.5 nm,7E 1 850 ~2 500 nm I B Z [A]GiE 4 PR <
6.5 nm, JEIER S R FDGHIL R 50 W pd R AT,
W IR AR 2 em, 58 10 em (YRR ESILA, H]
RO R T KBRS A 10 em, SGIEER
By AR 30 em, KIGUA Oy 30°, I 5 i FH 1 At
ThRE , B TR 5 0038 KV S 4F iz LAt
R ETE R .
4

&

oo

3 REEANETEE
Fig.3 Schematic diagram of spectrum indoor measurement
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Fig. 6 Spectrum comparison chart
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Tab.2 Sensitive band screening

Brge® A ]/ nm W B
0 815 ~819,830 ~ 835 11
1 828 ~ 829,534 ~ 535 548 ~ 554 11
| 535~539.541-542 817 ~818 834 ~835, .
839

|, 535-536,816 ~819,830 ~ 835,837,839 ~ s
840

|5 785.810,815 ~ 819,822 830 ~ 835,837, -
839 ~ 840

1.4 535~536,816 ~819,830 ~835 12

1.5 624,639,640,746 ~ 747,769,816 ~ 818 9

| 621,624 ~625,638 ~640,680,727,746 ~ -
747,816 ~818

|, 604,621,624 ~ 625,638 ~ 639,666,727, 0
816 ~817

1.8 604,621,624 ,638 ~639 5

1.9 6041411 ~1412,1 415

2 1404,1 407 ~ 1 408 3
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Tab.3 Descriptive statistics of modeling set and
prediction set of total nitrogen

el BRE/  F/ME/ Yias bRk R s
(g-kg™') (g-ke™") (g-kg™") (g-kg™") KA

e 174 0.12 0.52 0.29 90

I 144 0.11 0.52 0.36 30

175 R Bt T, SVML i A5 760 45 B 4 5% 4
B JE AR 6 ST AR R 43311k 0. 28 5 0.27,
RMSE 435110 0.22 5 0.28 ,RPD Jy 1. 18, i %[ 5
B2, TCA 1 e W AT AL AL I, 285 FOD 4k
HG R EN T —2 8T 6 1.8 2o, BT
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) 1.4 DL ERRERSE 11 BFn 1.2 By, @ iiae fnis
HWFEERY R* 43514 0. 55 F10.42,0. 54 F10.41 ,RMSE
43514 0.16 F10.22,0. 17 F10.23,RPD 43514 1. 50
51,43, 5 R il AR AR RP ) HIRTE T 0.27 A
0.26 ,RMSE %3 5138/ 70.06 #10.05, B iFE 4 R 43
FFETE T 0,15 F1 0. 14, AT Sz X 4 1 4 ARG
FEE,1.6 B 1.4 Frkh  SERIHEAS4E R® B K% 0.5
DU b HBIESE R 2, RPD th A 35 BB PR

*4 SVM FiERy
Tab.4 SVM prediction model

e R? ﬁ&%RMSE R? gﬁ\ﬁ%l{MSE RPD
0 0.28 0.22 0.27 0.28 1.18
1 0.44 0.19 0.33 0.26 1.27
1.1 0.55 0.16 0.42 0.22 1.50
1.2 0.54 0.17 0.41 0.23 1.43
1.3 0.45 0.19 0.35 0.26 1.27
1.4 0.52 0.17 0.38 0.24 1.38
1.5 0.43 0.19 0.38 0.25 1.32
1.6 0.50 0.17 0.34 0.26 1.27
1.7 0.47 0.18 0.32 0.26 1.27
1.8 0.39 0.28 0.23 0.28 1.18
1.9 0.28 0.22 0.13 0.31 1.06
2 0.28 0.21 0.15 0.30 1.10
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Tab.5 BP neural network prediction model

ji S IR

O RPD
b R? RMSE R? RMSE
0 0.58 0.25 0.58 0.31 1.06
1 0.66 0.23 0.64 0.22 1.50
1.1 0.75 0.16 0.71 0.16 2.06
1.2 0.74 0.19 0.65 0.23 1.43
1.3 0.73 0.19 0.56 0.21 1.57
1.4 0.75 0.45 0.51 0.31 1.06
1.5 0.69 0.22 0.58 0.3 1.10
1.6 0.75 0.20 0.53 0.31 1.06
1.7 0.69 0.47 0.63 0.28 1.18
1.8 0.60 0.25 0.63 0.29 1.14
1.9 0.54 0.26 0.37 0.33 1.00
2 0.53 0.26 0.46 0.32 1.03
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Hyperspectral inversion of total nitrogen content
in soils based on fractional order differential

CHEN Haoyu, XIANG Lei, GAO He, MU Jinyi, SUO Xiaojing, HUA Bowei
(Hohhot General Survey of Natural Resources Center, China Geological Survey, Hohhot 010010, China)

Abstract: This study aims to determine the total nitrogen content (TNC) in soils in Tuoketuo County quickly and
nondestructively, thus meeting the requirements of precision agriculture. With the soil TNC and hyperspectral data
of 120 sampling sites in the study area as the data source, this study processed the hyperspectral data using the 1 ~
2 orders fractional order differential (FOD) interval of 0. 1 to screen the sensitive wavebands. Then, this study
built 24 inversion models for soil TNC using the support vector machine (SVM) and the back propagation neural
network ( BPNN). The results are as follows; (1) After FOD processing, the information at the wave crests and
troughs of the spectra was amplified, and the reflectance of the remaining wavebands approached zero gradually with
an increase in the decomposition scale. (2) The Pearson correlation coefficient between original spectra and soil TNC
was r = 0.61. This correlation coefficient was up to a maximum of 0. 67 at 1.1 — order after FOD processing,
increasing by 0.06. (3) The BPNN prediction models outperformed the SVM prediction models. The optimal soil
TNC prediction model was the BPNN model built after 1. 1 — order differential processing. This model yielded an R’
of 0.75 and a root mean square error (RMSE) of 0. 16 for the modeling set and an R* of 0. 71 and an RMSE of
0. 16 for the verification set, with a relative percent deviation (RPD) of 2. 06. This model produced effective
inversion results of the soil TNC in the study area, with a much higher accuracy than the BPNN model built using
original spectra. Therefore, the BPNN model built using hyperspectral data through 1. 1 — order differential
processing allows for the inversion — based prediction of soil TNC in the study area, providing a theoretical reference
and technical support for local precision agriculture.

Keywords : fractional order differential; BPNN; SVM; precision agriculture
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