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RZERMSEYFIME, XTEL 3 AL B A s AR RS BE AR MR . 45 SRR . AR T HHEE MG BRI 1D-CNN A5
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R*Z¥5129 0,907, 0.931, 0.922, 0.964, Tiii PLS B R* 7331 0.856. 0.863. 0.861. 0.880, BP MIZRIZKHITIN) R /350 0.874 .
0.907. 0.901., 0.911. 1D-CNN HFRILE LA EAR A2 ARG EER T RIS 00 T PLS Al BP M2 MZEARL, XHGEEdR 1T
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VHEERRMG R, BRubbi i ils, RS B EREEWE D RIRREAEIA B — & RS .
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hESZES . S153; S123 NHEFRERD: A

Near-infrared Spectral Prediction Model of Soil Total Nitrogen Based on 1D-CNN
QIN Wenhu, DONG Kaiyue, DENG Zhichao
(School of Instrument Science and Engineering, Southeast University, Nanjing 210096, China)

Abstract: A total of 410 soil samples were collected in Wuxi, Jiangsu, China, and total nitrogen contents and soil sample spectra
were analyzed indoors. The spectral data underwent preprocessing, including mean centering, standard normal variate
transformation, and trend correction. Regression prediction models for soil total nitrogen content were established using partial
least squares (PLS), back propagation (BP) neural networks, and one-dimensional convolutional neural networks (1D-CNN).
Each model underwent ten-fold cross-validation using datasets preprocessed with various methods, and the average values of the
coefficient of determination (R?) and root mean square error (RMSE) were recorded to compare the impact of these three
preprocessing methods on model accuracy. The results demonstrated the reliability of the 1D-CNN model constructed based on
soil near-infrared spectral data. The R? values for the 1D-CNN model trained with raw data and data preprocessed with mean
centering, standard normal variate transformation, and trend correction were 0.907, 0.931, 0.922, and 0.964, respectively. In
comparison, the R? values for the PLS model were 0.856, 0.863, 0.861, and 0.880, while the BP neural network model’s R* values
were 0.874, 0.907, 0.901, and 0.911. The 1D-CNN model consistently outperformed the PLS and BP neural network models on
both raw and preprocessed spectral data. Preprocessing the spectral data effectively enhanced the 1D-CNN model’s performance,
with trend correction demonstrating the most substantial improvement. Hence, 1D-CNN is adept at extracting spectral features
and establishing a robust mapping relationship with nitrogen content, effectively preventing overfitting. Even with unprocessed
spectral data, it still achieves a commendable level of accuracy.

Key words: Near infrared spectroscopy; Total nitrogen content; Spectral pre-processing; 1D-CNN
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Table 1 Statistical parameters of soil total nitrogen

FRAES5L ZHUE
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/ME (g/kg) 0.870
RME (g/ke) 258
M (g/kg) 1.67
W2 (g/ke) 0.331
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Table 2 1D-CNN network hyperparameters

R824 )2 350 AN W81, &1 S a4 T PR
R - 1 ReLu
B2 8 16 ReLu
LRZE 4 32 ReLu
LRZE 1 64 ReLu
JE 2 - - -
EeUR Y - 100 ReLu
EEZE - 1 Linear

1.5 HEREEIESH

AR FTREHLEL 90% A GG EHRAE Il 2k 4E
Flax 10% HOCTEEARAE A . b TIPS PLS.
BP Hfi 45 Al 1D-CNN R ER 1, 7RI 28l
SR AT T 38 URAIE . FEsX A A, YIZRBE
BERADLAN I 10 13 o AEABEALE ST AE Y 9 1y 85d
b, SRR L R R R R 2 &
ZAZ R, HAE— AR AR FHERAIESE . i Y

http://soils.issas.ac.cn



1350 +

e %55 %

ZBU(RY) . 7 R 25 (RMSE) A% 155 59 5 vl o 1
RMSE F Tt WL 5 S 22 ] ) O 22 , 7R A
ke, BB/ N RO R ; R T
fh TR A LS AT A R, B 1, 3iH
BRI LS EAT AR A . RP>0.90 R IR AA
FEAO 75 O T BE 7 5 0.82<R?<0.90 2% AR BRI Fi) g
F1—F850.65<R*<0.82 FHARIRY L BB IS 1T (L KL IS
it R*<0.65 W5 AR R AS g 2 0000

i()’i _f’i )2

RP=1-E— (1

> (3 -7)

RMSE = | Z(y,»—j/,-)z )

1
Ae 5 BNy IE ;  y AP {E
2 FERE5GH

# 3 M\ R*Fil RMSE B ik 1 7 A [R) Hikk
By R AR PO A A 1 e B, #e v R A RMSE
RS BAITEYN A FARCH 38 URiE R 25 2R . 3R 3
BAET LA 1, ARFRMER 1D-CNN BERE G
BE A2 WAL H A BE LR BUE R PEREXIIE T PLS
FI BP #h& A58, FEBR IR %S I, 1D-CNN A

T
S| =] "

=

) R*{H 0.907, BT PLS 5 BP 128 W 5 4570
() R*{H(0.856 F1 0.874); ifii 1D-CNN #If%) RMSE
B4 0.117, /INF PLSR Fll BP #14 MZ&HR1{Y 0.148
F10.135, TKPLT 1D-CNN BEARUZE AR 34T 4
5 Az AL g

FET 3 PhIRAL B TR R R R A AT B R
KGR . X T 1D-CNN AAY il i b 3t A i AP
fek T T, H I TR A 27 vA Y PLS
1 BP # 2 WMZSAAI R BUE ML T . ok, gaddy
EH O PRIEIE AR | R I AL B (4 5
FEER) PLS BRI R {E 44 0.863 . 0.861 ., 0.880,
RMSE {H BB FEAL, UiRA SR mak 4y PLS
KT BAIPEREIRTE. TIXET BP MG MR, £
TR A TAL B A5 2 R* #BAE 0.900 ZE47, il
Y AL FRLXT BP 48 0 26 A5 A0 1 B A9 12 T
PLS #i%,

P 3 J2 IR PG AR A At A AR HE Y 3 A
TN 25 AN [R) A 3y A5 3] ) LS5 T Y
XTHERCRIE . HE 3 iTRAE H, 1D-CNN BRI F 4
B R S RIBE R, AT 1 1 R,
AN, MXEF PLS Fl BP MIZERIZE4541, 1D-CNN
BRI BRAE A b A0S AR /NS (E3E T%),
RS RBREA R TR EGE .

* 3 AEHFELEAXNTHRESE

Table 3 Model parameters under different processing methods

Fi R s EE ¥E Pl R IE 2578 e HEHBEIE
RMSE R? RMSE RMSE R’ RMSE R’
PLS 0.148 0.856 0.144 0.130 0.861 0.113 0.880
BP 0.135 0.874 0.119 0.907 0.126 0.901 0.117 0.911
1D-CNN 0.117 0.907 0.0891 0.0910 0.922 0.0785 0.964
3 Wi AWFFEIHFIEER 1D-CNN AR I 1 kg — s Xof g

N T iR 1D-CNN BRI R PRI aR aE /7, Al
DAIRRYE RMSE 8045 50 % + 39 4 0 5+ 19000 ) 4
Xt A o 7 4 S R T) 8 T B Ry i A 17 O
T, 5 PLS #AIAH, 1D-CNN RS2 I A A X RS
FEERE VO N 25.4% ~42.2%; 5 BP B2 L8
FIH, 1D-CNN B 52 B A A RS 2 22 v Y LA
14.5% ~ 39.2%. Al WL, AWFFEHIER) 1D-CNN FER
W25 ZEF A0 L T PLS F1 BP #4545 A A5 B 4 (08
#, Ng ZEU2 e g Y 1D-CNN A% % KSSL 13845
P V2 T i) e B B T AHAS T PLS BRI S T
41.8%, SAHIGY Ir @R G A S A5 R —3

FRITR B 2 > 0512 , JC A AL PN AT B AE T b 1 3)
PR TR LML, LUAG S 5 i BT A 1z 4k
PERENS ., FEf A A Zead AL B A A Y SRR
CIERAE BT L 152 AY 1D-CNN BB E R4 0.917,
I TENEFWEIGE S, WfE%h PLS #iR
I BP M2 M 45 B8 R H K8t 0.900, LAk, widE
N 24 OISR A & T BARfE 2, B &
AR TUAAT BN TR | 2 AR (1 T 45 SR 1 1ol
T, FAACAREIRY ) oA o 308 o X T B 4 T Ak
B, AT BRI A e 7S AT 9T PR AR AR A RN 2
TS, AT i T A5 5 1 40 B3 N4 = A 780 174 o 1
PEo TEABITE T, Gt BE O RS A2

http://soils.issas.ac.cn



5 6 1Y RS FET 1D-CNN Y 34 F T L1 AN 61 T 55 5 1351

PLS BPH#HZ: W4 1D-CNN
0.30 030 He P 0.30
025} 025} 025}
[ ] L] °
(]
020t o 020} o 020} .
h o= e = ] =
g Z 015 . Z 015} o5, 2 015} %
= * 4 = o 90°® fe=) o0
# 010t A 0.10} . 0.10}
0.05} R=0.844 0.05} R*=0.862 0.05} R=0.917
RMSEOlﬂ RMSEO]M) RM&EO]W
0.00 0.00 0.00
0.00 005 010 015 020 025 0.30 0.00 005 010 015 020 025 0.30 0.00 oos 010 015 020 025 0.30
YA HYAH FAH
0.30 0.30 0.30
025} ¢ 025} % 025} A
@ 020+ o 020+ e 0201 4
g S g g g
T2 o015 = 0151 . = 0151
. = o i° = ° f=
i 0.10} 0.10} 0.10
0.05} R=0.866 0.05 - R=0.881 0.05F R*=0.951
RMSE=0.145 RMSE=0.132 RMSE=0.085
0.0 0.0 0.0
ooo 005 010 015 020 025 0.30 000 005 010 015 020 025 0.30 ooo 005 010 015 020 025 0.30
FLYH FLYH HYAE
0.30 0.30 0.30
b 025+ . 025} . 0.25F 8
1 020} a8 0.20f o/ e 0.20f °
EZ . z . o
?:‘§§05 :0 5—3’015 . . 5015 ..,
A o.10f ° 0.10f oo° 0.10f
e
0.05F R*=0.886 0.05F R>=0.907 0.05} R=0.932
RMSE=0.134 RMSE=0.117 RMSE=0.100
0.00 \ . , , . 0.00 . . . X . 0.00 . . , . .
0.00 0.05 0.10 0.15 020 0.25 0.30 0.00 0.05 0.10 0.15 020 025 030 0.00 0.05 0.10 0.15 020 025 0.30
BYE B HHE
0.30 0.30 0.30
025} A 025} . 025}
[ ]
, ° L ] .. L] .
i 0.20F 020} 0.20F o
o . = W5 = .
1‘&505 A 5015 ... ‘5015 .
ik 0.10 0.10} . 0.10F
0.051 R*=0.895 0.05¢ R*=0.905 0.051 R=0.965
RMSE=0.124 RMSE=0.118 RMSE=0.072
0.00 . , , ) ; 0.00 . , , k ; 0.00 , . , ; )
0.00 0.05 0.10 0.15 020 0.25 0.30 0.00 0.05 0.10 0.15 020 025 030 0.00 0.05 0.10 0.15 020 0.25 030
BLH BH ELH

B3 FREHKELEARTHREETHRE

Fig. 3 Model regression effects under different processing methods
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