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Research on soft measurement of effluent total nitrogen

based on GNFA-SVR
GUO Lijin, LI Bolun
(School of Control Science and Engineering , Tiangong University , Tianjin 300387 , China )

Abstract: The sewage treatment process has the characteristics of hysteresis, time-varying, strong coupling and
nonlinearity. It is a complex system with multi-dimension input and multi-dimension output. According to the real-time
influent quality, it is possible to judge whether some parameters of the future effluent quality exceed the standard , so as
to adjust the process parameters in advance, which is of great significance to the optimization of the sewage treatment
system. In order to solve the problem of long lag in the detection of total nitrogen( TN ) in wastewater, a soft sensor model,
based on Gaussian function nonlinear decreasing step firefly algorithm , was proposed to optimize support vector regression
parameters (GNFA-SVR). The improved firefly algorithm (FA) was used to optimize the penalty factor and kernel
parameters of SVR. The characteristic components of influent quality were taken as the input of the prediction model
to establish the GNFA-SVR total nitrogen of effluent prediction model. Simulation results showed that compared with
LFA (linear decreasing step firefly algorithm)-SVR and FA-SVR prediction model, the GNFA-SVR model had fast
convergence speed and high prediction accuracy, and the prediction error was within 0.5 mg/L, which could achieve
accurate prediction of total nitrogen of effluent.

Key words: firefly algorithm ; support vector regression ; parameter optimization ; total nitrogen of effluent; prediction

model ; Gaussian function
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Fig. 1  Support vector regression diagram
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Table 1 Test function characteristics
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Table 2 The optimization results of the test functions
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Fig. 3 Convergence curves of Sphere function(a)
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Fig. 4 Cumulative variance contribution rate
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Table 3  Part of collected data

4% #K COD/(mg L") #KTN/(mg-L™") #K NH,"-N/(mg-L™") #KSS/(mg-L™") #KME/C #KDO/(mg-L™") HKTN/(mg-L™")

1 49.9 51.5 23.1
2 43.3 429 19.5
3 59.4 48.9 17.7
4 61.2 58.0 19.8
5 47.8 57.7 22.2
6 63.1 47.1 20.4
7 82.5 49.0 22.1
8 72.7 39.1 17.2
9 51.5 46.3 19.7
10 49.1 37.9 14.7

165.4 25.3 0.81 10.6
153.4 28.4 0.64 9.2
185.4 26.2 0.73 10.9
148.3 32.5 0.98 12.0
163.3 24.1 1.22 11.3
169.3 22.3 1.41 12.1
173.2 25.0 1.02 13.2
205.5 30.2 0.79 11.1
164.2 31.3 0.95 12.3
197.3 30.8 1.31 9.6
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Fig. 5 Prediction results of total nitrogen in effluent
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Fig. 6 Comparison of predicted results of TN in effluent

A3 PR TR T X B T (s 6) T Y, 3 AR TR
TRIME 5 SEIE A2 {3 A —3, Hoh GNFA-SVR
TR T 5 S5 I A 4005 Ak SR e A, TN 05 2 e /N

Xof 3 AR A 1 1k B AT ELARTEAR SR HISF- 35 4 %8
22 (MAE) J5 KR 22 (Maxer) F134 7 R 1% 22 (RMSE )
X U 25 SR AT, R (15)~(17)

1 &
MAE=— > I(y,—v,)l 15
N;(% vi) (15)
Maxer=max|y,—fq (16)
RMSE= (17)

A, N REAS ARG 7 B 5y, S PR AE
3 T A L A PR R AR LR 4
R4 AERNEB TR IER

Table 4  Evaluation indicators of different prediction models

H 7K K 5 LAY MAE Maxer RMSE
FA-SVR 0.621 1 0.993 4 0.894 6

TN LFA-SVR 0.387 2 0.5325 0.468 1
GNFA-SVR 0.352 1 0.381 6 0.329 3
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