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Table 1 Statistics of total nitrogen content in soil (g « kg™')
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Table 2 The number of wavelet coefficients under different mother wavelets and decomposition levels

EES L, L L L, Ls Ls L; Ls Lo Lo Lu Liz Lis
bior6. 8 1034 525 271 144 80 18 32 24 20 18 17 17 17
Db10 1035 527 273 146 82 50 34 26 22 20 19 19 19
Rbio6. 8 1034 525 271 144 80 48 32 24 20 18 17 17 17
Syms8 1033 524 269 142 78 16 30 22 18 16 15 15 15
Coif5 1040 534 281 155 92 60 14 36 32 30 29 29 29
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Fig. 3 Correlations between reconstructed signals and FD spectra
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Table 3 Regression analysis of soil total nitrogen with low fre-

quency coefficient at different decomposition levels

o SVM KNN
7 RY  RMSEy RPDy RY RMSEy RPDy
AC, 0.92 0. 08 3.03 0.93 0.07 4.18
AC, 0.93 0.07 3.28 0. 94 0. 06 4.63
AC, 0. 95 0. 06 3.74 0. 94 0. 06 4. 08
AC, 0.95 0. 05 3.76 0. 96 0. 06 4.09
ACs 0. 96 0. 05 3.78 0.97 0. 05 4. 30
ACs 0. 96 0. 06 2.97 0. 95 0. 06 3.98
AC; 0. 94 0.09 2.21 0. 90 0.09 2.38
ACs 0.83 0.15 1.95 0. 74 0.17 2.06
AC 0. 82 0.16 1.85 0.70 0.18 1.68
ACy 0. 80 0.17 1.70 0. 64 0. 20 1.58
ACy 0. 66 0.19 1. 62 0.62 0.21 1.54
1.8
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Table 4 Comparison of soil total nitrogen models

with different wave bands

A jegi Kk

B b

WE Rt RMSE RPD Rt RMSE RPD

- MM 100 0.84  0.10 2,30 0.90 0.08  2.36
SWB 2051 0.83  0.10 217 0.86 0.10  2.24

KN AP 100 0.91 0.08  3.30 0.94 0.07  3.72
LW B 2051 0.86  0.09 261 0.89 0.08  2.95

2.4 FEBEERLE

AN B 5 A TG — R BT AR L I S 5
S B R 43 B Sk A 05 B L R
5 o A B MR A AR R £ L AR B R G
JR T I —Fh 3k . KR R R B AR £
LA AT 25 15 08 TS P . T 55 P
PR . (5 LR L AR SO P O/ AL 9 ek
WL I 1 BRI IR L. 3 W A R4
HF AT, 35 TR 4 A B R R SVM LT o, 0T P i
T BEBLREG AT A W B R . T
HE- A 25 A B 1 4528 1 T E L AR 56 4570 280 1 4 ik B
UK FE SRS 6.7 %A 11, 6% . 4 A [ A By 2 A9 KNN
B b, B R AT . O LR B A e A BT O R
B R > A B R B . TR R B
SRR 0 T RS F HL R 5 B B 0 4 3 B TR0 JE 9 75
3. 2V6R1 9. 0% . BT BUN B 0T A AR TG e R A
BEROBUREE . TR 4 T G B IR R T 4 414 2 i X
B S0 T 45 T AR O R M L K 5 LA 2 1 B
ETE SrTD

LA 2 53 o 05 SRR 1 R o+ {ELR 7) J  7 H
SRR IR 2 BIBEK . X 28240 F B 254K 1 07 85 %
0 4 R A TR T 22 2 D 3 A P B o
HOH 0. 65 4k REE 4 A AR B T B RS S 7E A BF 5T
o FE /N R TR0 A0 A1 28 P S i A 09080 4
T4 B A ORI B A S AR R ORI . FL B 6 K
I8 51 7 4 1 0 MRS HE S0 5 ) L. K 4030 3
Al M e 1 e 4 RO S S MR 0 T A AR Ve L AR AR
FRHREFE . ARBIFEA7E A B 2 o MR AC R BN, B g
Fos P O 2 58— B 75 S 58 2 K R
W FEL RO R REAR . B — 2 B HE A 1 T S

3 45

VAT 3 28 1 WA 00 4 16 R e 00 A7 b 3 IR AR Dt 3 A0 —



3228 itk 5 k4 A W43 B

W BOL G A IR E L FUH B UM R — B S ROLIEE BT IR L R R RS A K I Em
/NP VR s BREBURFE SR IF S5 G M ILm K e R R R Bl b, 240 T 42 U B DU Ol Be A O i
PR A R R RW] HONE T AMEABERL . WSS R AT R T RO R R PR L S
PRFRIRUIR O 18 5 i 0 B AR B8 00 2 o) 2 8 i S b B T WL R ERAG T LA S RS

T ROETE R A AT R, AT sym8 B /NI — By T 24

References

[1] ZHANG Juan-juan, XI Lei, YANG Xiang-yang, et al(3K 4848, i 7%, %M. 4. Transactions of the Chinese Society of Agricultural
Engineering (Rl TR 244 » 2020, 36(17) . 135.

[2] Peng Y, Zhao L., Hu Y, et al. ISPRS International Journal of Geo-Information, 2019, 8(10);: 437.

[ 3] Guo L, Zhao C, Zhang H, et al. Geoderma, 2017, 285 280.

[ 4] Rinnan A, Van Den Berg F, Engelsen S B. TrAC-Trends in Analytical Chemistry, 2009, 28(10): 1201.

[ 5] Cheng H, Shen R, Chen Y, et al. Geoderma, 2019, 336 59.

[ 6] SUN Xiao-xiang, ZHAO Xiao-min, XIE Wen(fh/NFE, /M. #§f ). Jiangsu Agricultural Sciences(VLZ KM BF2%) . 2018, 46(15) ;
287.

[ 7] REN Hong-yan. SHI Xue-zheng, ZHUANG Da-fang. et al({EZLH1, 24 1F . JE K. ). Remote Sensing Technology and Application
GEBH AN, 2012, 27(3): 372.

[ 8] HU Gui-gui, YANG Fen-li, YANG Lian-an, et al (# 5t 5t, #8401, BB %, ). Arid Land Geography (-] 2 [X # #), 2021, 44
(4): 1114.

[9] Hong Y, Chen Y, YuL, et al. Remote Sensing, 2018, 10(3): 479.

[10] Nijat Kasim, Rukeya Sawut, SHI Qing-dong, et al(JEMI4E « FHA, @iyl « 5, WK%, 2. Transactions of the Chinese Socie-
ty for Agricultural Machinery CfL ALK 2#4k) » 2018, 49(11): 155.

[11] CHEN Hong-yan, ZHAO Geng-xing, LI Xi-can, et al(BRZLHi, WA, Z=F 0. %5). Chinese Journal of Applied Ecology ()i I 4: 25 2
&), 2011, 22(11); 2935.

[12] WANG Yan-cang, YANG Xiu-feng, ZHAO Qi-chao, et al(EZEf, #7515, BEM . %). Spectroscopy and Spectral Analysis(Gt 24 5
Jei% ) . 2019, 39(9) . 2855.

[13] GUO Yun-kai, XIE Xiao-feng, XIE Qiong. et al(55 = JF. W Bgi&, #f B, ). Engineering of Surveying and Mapping (1|22 T.7%) .
2021, 30(3): 66.

[14] Lin L, Wang Y, Teng J, et al. Sensors, 2015, 15(8): 17990.

[15] LiF, Mistele B, Hu Y C, et al. Agricultural and Forest Meteorology, 2013, 180 44.

[16] Blackburn G A, Ferwerda ] G. Remote Sensing of Environment, 2008, 112(4); 1614.

[17] Vapnik V N. The Nature of Statistical Learning Theory, Springer, New York, 1995.

[18] Ali I, Greifeneder F, Stamenkovic J, et al. Remote Sensing, 2015, 7(12); 16398.

[19] Cover T, Hart P. IEEE Transactions on Information Theory, 1967, 13(1); 21.

[20] LiF, Wang L, Liu J, et al. Remote Sensing, 2019, 11(11); 1331.

[21] XIAO Yan, XIN Hong-bo, WANG Bin, et al(}§ #i, ¥itidk, T s, 4. Remote Sensing for Natural Resources([E + % JF 1% B
2021, 33(2): 33.

[22] Ge Y, Thomasson J A. Transactions of the ASABE, 2006, 49(4); 1193.

[23] Viscarra Rossel R A, Lark R M. European Journal of Soil Science, 2009, 60(3); 453.

[24] XuY, Wang X, Bai J, et al. Ecological Indicators, 2020, 111 106002.



%10 TRAR AR A5 T B O/ DAY R A R G R A R IS S 3229

Hyperspectral Feature Extraction and Estimation of Soil Total Nitrogen
Based on Discrete Wavelet Transform
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Abstract  Soil total nitrogen is an important nutrient index. Hyperspectral technology is used to study and build a hyperspectral
estimation model of total nitrogen content in Shajiang black soil, which provides a reference for crop fertilization and the
development of precision agriculture. This paper attempts to study the feasibility of discrete wavelets to estimate soil total
nitrogen content. Taking different wheat nitrogen fertilizer treatments in Shangshui County, Henan Province, as the
experimental area, 100 samples of Shajiang black soil with a depth of 0~20 ¢m were collected. After the soil samples were air-
dried in the dark and processed by grinding and screening., the spectra were collected in the darkroom of the laboratory. The total
samples (100 sand ginger black soil) were divided into 75 modeling sets and 25 validation sets. The original spectrum was
transformed by the first derivative, and the first derivative spectrum was analyzed by correlation analysis and discrete wavelet
transform respectively. At the same time, the hyperspectral estimation model of soil total nitrogen content was constructed by
combining the support vector machine and the k-nearest neighbor algorithm. The correlation between the single band of the
original spectrum and the first derivative spectrum and soil total nitrogen were systematically analyzed. The results showed that
after the first derivative transformation, the spectrum had a better correlation with soil total nitrogen, and the correlation
coefficient reached 0. 84 at 1 373 nm. The discrete wavelet algorithm selects the best mother wavelet and decomposition level of
the first derivative spectrum. The results show that the wavelet coefficients decomposed by the Sym8 function can better
reconstruct the spectral information of soil total nitrogen. Further, based on the low-frequency coefficients of decomposition
layer 1.,—1L,, , the support vector regression and k-nearest neighbor regression estimation models of soil total nitrogen content
were established respectively, and all the estimation models were compared. The model constructed by combining the low-
frequency coefficients of decomposition layer L; with k-nearest neighbor is the best. The determination coefficient of modeling is

0. 90, the root mean square deviation is 0.09 g » kg ', and the relative analysis error is 3. 78. The validation determination

', and the relative analysis deviation is 4. 30. At the same

coefficient is 0. 97, the root mean square deviation is 0. 05 g « kg™
time, compared with the model constructed with the full band and the sensitive band selected after correlation analysis as input,
the accuracy of the K-neighbor model is improved by 3.2% and 9% . and the accuracy of the support vector machine model is
improved by 6.7% and 11.6%. The results show that the first derivative transform and discrete wavelet technology can
effectively suppress the impact of noise, improve the estimation accuracy of soil total nitrogen content, reduce the dimension of
spectral data, simplify the complexity of the model, and provide a reference for the accurate estimation of the total nitrogen

content of Shajiang black soil.
Keywords Shajiang black soil; Total nitrogen; Hyperspectral; Discrete wavelet; K-neighbor
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