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Abstract ; Taking the Qihe County in Shandong Province of East China as the study area, soil sam-
ples were collected from the field, and based on the hyperspectral reflectance measurement of the
soil samples and the transformation with the first deviation, the spectra were denoised and com-
pressed by discrete wavelet transform (DWT) , the variables for the soil alkali hydrolysable nitrogen
quantitative estimation models were selected by genetic algorithms ( GA) , and the estimation mod-
els for the soil alkali hydrolysable nitrogen content were built by using partial least squares ( PLS)
regression. The discrete wavelet transform and genetic algorithm in combining with partial least
squares ( DWT-GA-PLS) could not only compress the spectrum variables and reduce the model var-
iables, but also improve the quantitative estimation accuracy of soil alkali hydrolysable nitrogen con-
tent. Based on the 1-2 levels low frequency coefficients of discrete wavelet transform, and under
the condition of large scale decrement of spectrum variables, the calibration models could achieve
the higher or the same prediction accuracy as the soil full spectra. The model based on the second

level low frequency coefficients had the highest precision, with the model predicting R* being 0. 85,
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the RMSE being 8. 11 mg + kg™, and RPD being 2. 53, indicating the effectiveness of DWT-GA-
PLS method in estimating soil alkali hydrolysable nitrogen content.

Key words: alkali hydrolysable nitrogen; hyper spectra; discrete wavelet transform; genetic algo-

rithm.
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Table 1 Low frequency wavelet coefficients and the corre-
lation between its restructuring spectrum and original spec-
trum

I IEEL UNIES ¢ ¢E iR HHRFRE
Decomposing Wavelet coefficient Compression Correlation
level number rate (% ) coefficient (R)
0 2051 100 1.00

1 1028 50.1 1.00

2 516 25.2 0.96

3 260 12.7 0.93

4 132 6.4 0.80

5 68 3.3 0.56
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Table 3 Wavelet coefficients and selected variables based
on GA

B ZNATA W E/NE RO IR R mER MERR KW CAME  BRdUNEAK
Decompo- KH 1] B gE| HE T
N sing Wavelet Interval ~ Selected variable Percentage of
®2 REXMIH level coefficient number based  selected variable to
Table 2 Analysis on region size number on GA wavelet coefficient
X i TARRERE B2 KRS 0 201 ! 7 72
Region size (nm)  Average SD Max SD Region number 1 1028 4 111 10.8
3 1.65x107° 8.77x107* 684 2 516 3 43 8.3
7 1.98x107¢ 9.86x107* 293 3 260 ) 25 9.6
15 5.49%x107° 1.53x107 137
4 132 1 37 28.0
31 1.05x107* 1.80x10? 66
71 1.75x10™* 1.32x10°° 29 5 68 ! 2 32.4
0.0020 4% Original spectrum 0.003 — #51)2 The first level
0.0015 [ 4 —— &SR Selected variables () 00 f — #EPEER Selected variables
i .
0.0010 A J L\
; 0.001 [y,
0.0005 (o, = -
0 N\ ||I\‘\--.-__. o Mll Ry 0 R IFM o | L"'“ .‘é\'\,ﬂ
| 1 |
-0.0005 | \J \ \J VY —0.001 - y 1 Vo
-0.0010 | |I '.“
-0.0015 | \ —0.002
-0.0020 " v ’ * . y —-0.003 . . . * . .
400 700 1000 1300 1600 1900 2200 1 151 301 451 601 751 901
¥ ¥ Wave length (nm) JINE R $L Wavelet coefficient
0.004 —— 582J2 The second level 0.006 1y —— 453)2 The third level
E 0.003 .ﬂ'l —— PSR Selected variables 0.004 1 p —— PR Selected variables
g 0002, / A
2 LYY 0002 A\
& 0001 —. R — R N
a 0 R p i e Y M .lr‘\‘ 0 R et Y :'"’ — | Ty N _
kS \} T ) I o y \J van
#-0.001 k || | —0.002 | ! t “ i
*‘j -0.002 | “) ||
& oo -0.004 | J
0004 . . Qe
1 51 101 151 201 251 301 351 401 451 501 1 21 41 61 81 101 121 141 161 181 201 221 241
7N ZRE Wavelet coefficient 7N ZRE Wavelet coefficient
0.008 —— £84)2 The fourth level 0.010 — 4512 The fifth level
0.006 | & —— EFPAF R Selected variables ~ 0.008 - | A —— AR R Selected variables
A 0.006 F | /1
0004 (1 /| 0004 | |l /A
0.002 Y \ 0002 T r
0 Y N AN P P Scpu=== S LSNP e W
“‘, ‘f | ) ‘/\ \ 1 \
-0.002 | ! \ . —gggi J |
— L | -0. -
0.004 | -0.006 | ‘|
-0.006 | -0.008 |
—0.008 . . . . . . . . . L L L - —0.010 L L L L L L L L L L L L L
1 11 21 31 41 51 61 71 81 91 101 111 121 131 4 6 11 16 21 26 31 36 41 46 51 56 61 66

IINBE 2% Wavelet coefficient

B1 4.1 ~5 B/DNEERR R GA ffiknyas &

Fig.1 Original spectrum, wavelet coefficients of levels 1-5 and selected variables based on GA.
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Table 4 Estimation models of soil alkali hydrolysable nitrogen content based on discrete wavelet transform and partial least
squares

VS EY FERI4E Calibration set A Validation set F AR SRR
Wavelet R? RMSE R? RMSE RPD Component Variable
coefficient (mg - kg™) (mg - kg™) number number
ca0 0.71 11.88 0.78 10.63 2.09 3 2051
cal 0.70 11.97 0.78 10.59 2.10 3 1028
ca2 0.67 12.26 0.77 10. 64 2.05 3 516
ca3 0.37 12.60 0.61 11.76 1.38 2 260
cad 0.35 12.39 0.59 11.80 1.26 2 132
cad 0.30 11.98 0.49 12.10 1.04 2 68

®5 ETHBUNMNETHRESEEEENRER/N T (DWT-GA-PLS) i T B R & b MEE

Table 5 Estimation models of soil alkali hydrolysable nitrogen content based on discrete wavelet transform in combination

with genetic algorithm and partial least squares

UNE Y AL Calibration set THM4E Validation set AR AR R
Wavelet R? RMSE R? RMSE RPD Component Variable
coefficient (mg - kg™") (mg - kg™") number number
cal 0.82 9.97 0.85 8.68 2.48 6 147
cal 0.80 10.49 0.82 9.58 2.31 5 111
ca2 0.71 11.80 0.85 8.11 2.53 7 43
ca3 0.66 12.34 0.69 11.48 1.76 6 25
cad 0.54 12.99 0.64 11.66 1.63 4 37
ca5 0.36 12.53 0.50 12.02 1.42 3 22
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Table 6 Model results and comparison of three methods

Ik HAREE Calibration set ISUE4E Validation set 5 K

Method R RMSE R? RMSE RPD Variable
(mg - kg’l ) (mg - kg™") number

AT Correlation analysis 0.39 21.03 0.35 22.05 0.73 4

Z iz A mlH Stepwise multiple linear regression 0.78 13.27 0.72 14.27 1.38 8

DWT-GA-PLS 0.71 11.80 0.85 8.11 2.53 43

R*40.71, 748 RMSE & 11. 80 mg - kg™, #iil R
155 0. 85, il RMSE 4 8. 11 mg - kg™ ( NEEA
R AT R 7.4% ), W RPD 2y 2. 53, AT 4%
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