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Nitrate nitrogen concentration detection method based on principal
component analysis and BP neural network
CHEN Peng', YAN Xianze’, HAN Yangyang’, WU Chenyang®, ZAN Hao’

(1. College of Computer Science and Technology, Zhejiang University of Technology, Hangzhou 310023, China;
2. College of Information Engineering, Zhejiang University of Technology, Hangzhou 310023, China)

Abstract: Aiming at the problem of inaccurate detection of the nitrate nitrogen solution concentration with
interfering substances in ultraviolet spectrophotometry (UV method), a nitrate nitrogen concentration detection
method based on principal component analysis (PCA) and BP neural network was proposed. First, the
absorbance of the nitrate nitrogen reagent at 196 nm~631 nm was measured by the material composition
detection system of the micro-spectrometer, which was divided into test set and training set. Then, the PCA
was used to calculate the training set to obtain the principal components. Finally, a three-layer artificial neural
network was built based on the BP algorithm. The obtained principal components were divided by 8 and input
into the network for training. During the training, the leaving-one method was adopted for cross-validation.
This model was used to calculate the training set and test set, the mean relative error between the obtained
results and the true concentration is 2.411 5% and 1.553% respectively. The experimental results show that the
method can better detect the concentration of the nitrate nitrogen reagent with interfering substances.
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Fig. 1 Flow chart of detection method
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Fig.2 Micro-spectrometer measurement system

Al R £ 2050 (A L L2 B 1 000 mg/L A HE Al iR
R, A OB (Fe*', 1000 mg/L), Mk FOR
PR JF AT 7S U T B DU %, 1 000 NTU), #2 B8 % 1 fifR
e & 68 3k sl



- 764 - B Ot EROECE R
®1 HREERSER
Table 1 Sample configuration scheme mg-L™
A QK HFe” HRF
Gy THARER A
1 2 3 4 5 6 7 8 1 2 3 4 5 6 7 8 9
1 2 0.5 1 15 2 25 3 4 5 25 5 715 100 15 20 30 40 50
2 5 0.5 1 15 2 25 3 4 5 25 5 715 100 15 20 30 40 50
3 10 0.5 1 5 2 25 3 4 5 25 5 15 100 15 20 30 40 50
4 20 0.5 1 15 2 25 3 4 5 25 5 15 100 15 20 30 40 50

12 T AR ISy 6 pear) (I3 A A R £ S0 HE
R 2 mg/L, A (WA N 3 mg/L, LT[R |
S(1,7_F)\ Sca, 1_Fe3+)» Sca, 2.F)»~ S(s, 2_Fe3+) » S, 6_F)~
S(4, 5 Fese) M Sa, 4wy HY I 8 L AL Al A Dy I 2 BF
A G AE ), A1 60 13 A di VR M YN ZRAE A (I
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I BB R B(n), SR )5 44 28 KA LG (I,
T HOGIE RS F(n), $36 LARAE Y 75 2000 R i
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’ —4: THPRERAS mg/L+(GF2.5 mg/L
1.0+ RELE 10 mg/L+HH 15 mg/L
=08l RELZ10 mg/L+l F£30 mg/L
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Fig. 3 Absorbance curve of nitrate nitrogen
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Table 2 PCA intermediate calculation results

A 1 2 3 4 5 6 7 8 9
FHIER 0.0618 0.103 1 0.0770 0.246 7 0.1928 02239 0.160 4 0.049 8 0.053 2
HIaEY,; 0.3156 0.356 2 0.406 5 0.390 3 04049 04438 0.4897 0.5515 0.5909
By 22C), 0.009 2 0.0112 0.0127 0.0124 0.0127 0.014 1 0.016 1 0.018 1 0.0199
FHIE(HE 27837 02577 0.0899 0.006 5 00011 6284 6e-04 1.2275¢-04 4.7763¢—05 2.042 4e—05

FHEREU,;  -0.0371 —-0.0064  —0.0628 0.042 1 0.009 6 00027  —0.0427  —0.0445 0.072 2
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— NN GREA N 2P ME R 13 85 b € B Ir
ZEHESE 175 j P 0 R FRIEE E, R o2 T
B O YEEH s R0 B Uy o5 — 175 j ST R,
JFRRYETE

FRAEA 3 (6) P15 H i 32 4y T ik 3 A A
TUERFENZE 3 i .

HY % 3 AT, 76 i BCHE 58 — A 4R L, BD
B — > A I UMK A G L STk R
FY 89.253%, i 9 A~ 3 W43 1 R AR 5T Bk % 2 Fl
d7 217 99.989 9%, R T TR AL 4 A 32 43
R Y S OO, $ IR 1~ 9 FR I P 328 BBUBR B RS 45 1y
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Table 3 Distribution of principal component contribution

H1 e 4 al g, B AYAA 8 A 35 A o3 i T 1
AEAR A, TN AELAY P 202 22y 1.553%, (A M52 46 fie

rate LHPE 8D FEMIE MM A [
S T TR % BT/ % T T PR i ATE 0~ 1 YN I R,
1 89.253 89.253 B A7) IR Lo BR LA 8, F 4 AN 5 FiR .
2 7.608 96.861 % S RN GFEAR 2 PCA J5 %N 8 4k, Xf
3 2.784 99.645 RL AR 2 LA 40 o JEE W BE X5
4 0.238 99.883 A S FER I TR I B8 — 5 SR, EE
5 0.050 95 99.934 YRREACTPIE 5O A REA I T2 0, AR 1 ASRE
6 0.029 837 99.963 8 A TR, X — P IR S B R FEA A B Y 1
! 0013 621 999774 — WS IR BE R 0k, 75 3 56 T RMSE e S 6.
) RR T PIm2 NFE] 4 %, AR A 5 U i o o
9 0.003 751 4 99.989 9 4 B e 2 Fo 25 KN 100,
F4 BRELEBMATUNXENTIRE
Table 4 Mean error of test set under different inputs of model
RO A FE S A 1 2 3 5 6 7 8 9
IR Y 89.723 9.055 4,056 4.054 4.097 2.674 1.553 1.652
=5 MEMEHEA
Table S Neural network input
5 lERei FR4%5/mg- L
FEAL 1.5455¢-03 —3.7724e-04 —2.6764e—03 —1.4805¢-02 3.5219¢-02  —0.150 6 3.001 1e—02 —0.4506  0.1879
FEA2 25822¢-03 -1.0264e-03  1.3755¢-03 —8.7033¢-03 —2.5238¢-02 —9.6146e-02 —6.8007e—02 —0.5280  0.4363
FEA3 0.5283¢-03 22484603 —1.0332e-02 —1.1449e-02 —3.4468e—02 —1.0056e—02  —0.1464 —0.5783  0.6242
FEAR4 1.1242¢-03 -1.038 6e-04  4.109 1e—03 —1.1603¢—02  2.101 0e—02 0.1332 -0.1515  —0.6719 08121

BN TSI ZE A A (13) FiR .
;’E y= 40[(XW(”+b"‘)W(27+b‘z‘](W‘3>)T+b(3) (13)
z
. S WO S AR LA B
R 2 ™ BRI 2 A 2 0 FE R B L A B 4y
050 T00 150 200 250 300 330 400 450 500 MZRHIATR 5 1B 5 2 B 9 G
Care X R A A GRS (1 32 1853 B DA 8) 5 yi’é/T
Bl 4 RMSE Y8tk T 1R 6 &0 OV B2, ¥ 0 Z 8N 3k 6 i o
Fig. 4 RMSE convergence curve
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Table 6 Model partial parameters
i35S 1 2 3 5 6 7 8
BAEWY 7.992 0263 7.980 647 67038531  8.0449953  —7.3896508 8452992  7.845027 6.6335173
BUEW,® 33363659 0233432 01911003 -24696913  —2.9780893  —2251955 —127954 —3.2850060
KUEW®  —05381273  -1.048994  0.1917819 -1.0113833  -1.5250261  —1.060538 —2.09907 —0.967 715
i Eb" 28098574  —3.030030 -3.057474 20748937  —0.707 169 1 0.082838 —2.46716 —3.537 668
&b 29521461  —0.106216 —0.903022 —1.1824334  —2.0857468  —1.792576 092711 —2.404 344
TR &b 0.801382 4 \ \ \ \ \ \
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Table 7 Prediction results of test set nitrate nitrogen concentration

S kA Sterar)  Sw1H  Sairsn  Se2rp  SGoars)  SG6F  Sw4sF3)  S@4p
NO3-N#kf&/mg-L™ 2 2 5 5 10 10 20 20

PCR T{E/mg- L 2.130 1.834 5.101 4.992 10.467 10.231 19.429 20.366

PLS TotH{E/mg- L™ 1.972 2.047 5.110 5.033 10.197 10.671 19.611 20.000

LSSVM FM L /mg- L 2.090 2.657 5.053 4.928 10.706 13.290 19.843 19.674

PCA-BP P L /mg- L 1.972 1.995 5.011 5.072 10.462 10.172 19.875 20.429

J T HUE PCA-BP #1289 45 B Ik, 51 A
BIART R 2200 2 7 M — 250 #r, 2 R an sk 8
7R

2536 8 43T, ] PCA-BP #2844 4 57
1) F 2 3 090 o b i A7, AH 4 PCR., PLS Al
LSSVM ~F- ¥ A X% 22 73 51/ T 56.64%., 27.94%
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ARSI M R i 4 o
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e
% Sk o0ee@agescsoen ) ©
= 0 Sgeecliogececton | Y
0 10 20 30 40 50 60

RS

UREAS BT A T9000 R0 600K 52 ] REAR e, T 74 2
AR 2EAR /I, PR M 5 25 A5 R 0o I 2k A AR AR
(IR 2215 00 o B T A I 2R R A 3 3 i A )N
U B R+ A BObR E BB R THR A SR K 5
JoR

®8 TEEEFENELERMLL
Table 8 Comparison of measurement results with different

modelling methods

Bk PCR PLS LSSVM PCA-BPHIZ M2
FAARRTIR2E/% 3581 2154 10278 1.553
o PRI 4339%

Dol o mE 40600900,
2 0 _ Ij}ﬁfliﬁ:{: 2 mg/L o®
w15k — 2')§I]/Jj{ﬁ: 5 mg/L
el — 39PR{H: 10 mg/L
@ 10| — 4%PR{E: 20 mg/L £05000°5805050 3
£E
& o
*EE S5t S0ele—ag oesegn 2 )
0 et . . )
0 10 20 30 40 50 60
FEAREL
_ 2 FHRE: 4.302%
Dol o HIMGE 4
& 200 1SZBRAE: 2 mg/L o e gataseom
15| — 2Z50RMH: 5 mg/L
=2 — 39PRfE: 10 mg/L
w10k — 45BRIA: 20 M@/ jo0000,099%04 3
}g 5F Coo2cRe00080080 )
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REASL
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Fig. 5 Comparison of training sample results
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