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Abstract: [Objective] Water pollution monitoring is a prerequisite for water pollution prevention and control
in watersheds. In order to achieve high accuracy of surface water quality monitoring and water body rating
judgement, we designed a water quality monitoring and rating system based on IGWOPSO-SVM (Improved
grey wolf optimizer particle swarm optimization-support vector machine) model. [Method] We selected

sensor group, STM32F103 microcontroller, ESP8266WIFI wireless communication module to build a water
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quality monitoring system data processing module. The WIFI wireless communication transmitted the water
quality data collected by data processing module to the server. We designed water quality monitoring system
server interactive end, while developing water quality monitoring applet for real-time monitoring of water
quality grade. Based on the improved particle swarm optimization (IPSO) and grey wolf optimizer (GWO), the
IGWOPSO algorithm was proposed to optimize SVM algorithm, according to which the IGWOPSO-SVM water
quality rating algorithm was proposed. The water quality rating effect of this system was verified by experiment
based on 135 groups water quality data of Nanjing Xuanwu Lake, Jinchuan River and Jiangpu water source.

[Result] Compared with SVM, the total sample classification accuracy of IGWOPSO-SVM water quality
rating algorithm increased from 86.67% to 100.00%, with an increase of 13.33 percent. Compared with particle
swarm optimization (PSO), the best adaptation degree of IGWOPSO algorithm increased from 86.80 to 99.20,
with an increase of 14.29%. [ Conclusion] This study solves the problems of low efficiency and low accuracy
of traditional water body rating methods, and provides a method reference for accurate monitoring of surface

water quality.

Key words: Water quality monitoring system; Support vector machine; Particle swarm optimization; Grey wolf

optimizer; Improved particle swarm optimization; IGWOPSO-SVM
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Fig. 1 General structure of water quality monitoring system

1.2 KERREERRIGIT

1.2.1  RAAEEHRT  RGUE 2 A% BRE R KR
BAEHEATRAE, AU4E BTP1900 SUi% 2% BNH1700
MRS BNH1600 2 & 1% #4% BCOD1200 14
ST A AR RS PH-3020 FRERE AL 542 . DO-6020

VSR AL IR AR LA G-046-S Tl 25 R Ik . 7E 3R
I 7K S A T R 246 S B0 T X O ) A% SRR T A
R R LS 5 A fm &= b JeAb LSS, BT CPU 5,
Kol R A7 2N ALHLI A7 25 K BRSO A AR B
(R4 BT R AN 2 Frow

T A% RS

Temperature sensor

pH 14 %2

STM32F103

pH sensor

Dissolved oxygen sensor module

[ERERl FaEReR
TR A | Signal conditioning >

A/D 4

A/D conversion CPU

kg

Sensor group

Y
A it 25

Data storage device

A
Monitoring water area

AR (5V)

External power supply

2 BHMERAR

Fig.2 Hardware arrangement scheme

1.2.2 BBt RGUEUE KA s A
oyt Keils A4S, 24 NAUERE, 201y
SBEAT RGN, 24 2 0m 15 RS D WI a4k i, 18 2K
PREMRE T, JFHEAL R RENHEIL A2
STM32F103 H. 5 L. NS ftdm 1 ms b

REMLEIEAE, A RS0k H ESP8266WIFI #itk, @it
TCP/IP Vpill 5 b A7 AL S Fs e 1) B it i e i3k 47
{5 B2 H, STM32F103 # 5 HLiE L % B AT 54
X} ESP8266WIFI AT #HC I B, 9 AT 84K
K G, B2 B AR EE B, MR AR IR [B4E B ]



B 4 ] %

2, %5 JT IGWOPSO-SVM HLi% 1) 7K 5t Wa il K2 25 03 5 B 4t 641

CAFF AN AT 1522 B AT, IIT4REE K% AT
F4, R BTSSR, i A,

Ha KA RS A SO AR W ] 3 s

BEHOUR RS K

- Fetch water quality

TFiR
Start

HIERL

Initialization

Fetch acquisition program

RN H BRI 2
Target program ?

collection data

B E
Fetch completed?

Kt He A7

Data encapsulation storage

B3 HERETRRHRITRRIZE

Fig. 3 Flow chart of software design in data acquisition node

A4 WIFI Jo 88 (5 3 A8 STA 8 it 47
TR, BT AT, B WIFI G4 8 F B HuE N
o 7 FR X 2%, 38 3 TCP/IP Pip 130 43 IR 45 2%, SZIR
B AL 4 . £E WIFI G40l A5 AR 7 it H, |

AR
Start

Rt

System supplies power

WIFI B a6 1k

WIFI module initialization

] ESP8266 F2/F, 1
STA £ f5 2%,
Call ESP 8266 program to set
STA network mode

Y
VB R

Connect local area network

IR
Connection success?

¥ 0o Jb PR 2% AT AT #8582 %F ESP8266WIFI
MR FEAT A O B, 58 TC B 5 A7 HL 1@
5, WIFI JC 2638 13 B 50 0F 10 % 1 h i 2 o 1) 4
Fiso

U BRI AT $54

#| Receive AT command from

! .

upper computer

WE BN
Set transparent mode

HERR S

Connect to the server

R T2
Connection success?

ST TCP/IP 3
Establish TCP/IP connection

(TN
End

4 WIFI TR ERRE AR HRIZE

Fig. 4 Flow chart of software design in WIFI wireless communication module
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2.0~3.0 30~40 1.50~2.00  0.30~0.40 1.5~2.0  0.50~1.00 50 5 A
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SR D BTN, VLI A UR Hb R K 5 9 1T 28K,
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Fig. 9 Classification results of different algorithms
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Table 3 Classification accuracy and performance of different algorithms

FEAHETZ/%

Sample accuracy

€ Performance

ik

Algorithm Wy Y3 1R 72 KriR % gt iﬂli%iﬁl
S; S, S; Mean Abosolute Root mean Nash-Sutcliffe
error square error efficiency

SVM 100.00 75.56 84.44 86.67 23 0.49 0.63
PSO-SVM 100.00 86.67 86.67 91.11 15 0.39 0.77
GWO-SVM 100.00 88.89 88.89 92.59 10 0.27 0.89
IPSO-SVM 91.11 100.00 95.56 95.56 6 0.21 0.93
GWOPSO-SVM 100.00 100.00 93.33 97.78 3 0.15 0.97
IGWOPSO-SVM 100.00 100.00 100.00 100.00 0 0 1.00

PUREAS B8 0 5 SR H 2 TB) R 4 R 22 3805
FRIRZ . 9208 250 (Nash-Sutcliffe efficiency) 1
RNFRPR AN SR MR, 450 (6K 3) RIAARL
B BE 8 TRV A K 5

N E IGWOPSO 1L 4k 5 3 78 4L 4k
SVM J5 TH BRI AT, e SVM YIRS A8 X EGHIE
HERf R A NIE N JE, PSO. GWO. IPSO. GWOPSO.
IGWOPSO iX 5 Fi At Ak 5035 1 1 B B2 it 26 an 1] 10
Fiim, 5 MR EE AR o g IR 4 Fios.

R4 K 10a AT %0, 7EF LG R, T
HoAth 4 FhB:, IGWOPSO Ak 5535 3 44 S 1 3 v
B . MECT PSO 5k, IGWOPSO Ak 5L U8
AR IR 90 P& AR 20, TNBE 77.78%, [HIET

B AT NS 86.80 B FHEE 99.20, $27E T 14.29%:;
Wi B T 18 2 W SO B I 2 W SURE B, IGWOPSO R
VLR T B B . T GWOPSO fltfk
H%, IGWOPSO AL H k5] N T 1PSO b & ik
A BB 72 R T BRI SR A, B 53R
BRIt IGWOPSO Ak 5592% 1 e AR 38 I JF
Z =T GWOPSO b5k, ik 4 7% IGWOPSO
AL F IR v g 705N 97.234 2 Al
0.010 0, 45& K 9 /K70 2545 R, IGWOPSO 14k
HETFARM o g R I B AL . PSO TRALE VL
FH R v g 730N 9.783 4 F15.023 7, 5
IGWOPSO b Bk A B K Z 5, [FEH & 10b
ATEN, PSO AR f A 18 B BE I (K T IGWOPSO
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Fig. 10 Fitness curve of different optimized algorithms
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