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Dissolved Oxygen Control Method Based on Modeling Prediction and
Relation Rule Database
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Abstract; In aquaculture, dissolved oxygen is a key water quality factor to ensure the survival of
aquaculture organisms. In order to ensure that there is sufficient dissolved oxygen in the water body,
aquaculture plants generally adopt a regular oxygen production method. Although this ensures sufficient
dissolved oxygen, it causes a large energy consumption. In response to this problem, a dissolved oxygen
regulation method was proposed based on modeling prediction and relational rule database, which mainly
included three parts. Firstly, an adaptive enhanced particle swarm optimization-extreme learning machine
model ( AdaBoost — PSO — ELM ) was constructed to achieve accurate prediction of dissolved oxygen.
Then, the curved surface fitting method was used to quantify the relationship between the initial
concentration of dissolved oxygen, the aeration flow rate and the opening time of the aerator, and a
relation rule database was built to provide a basis for controlling the aerator. Finally, based on the
predicted value of dissolved oxygen and combined with current dissolved oxygen content, the computer
monitoring platform called the relation rule database to reasonably control the opening time of the aerator.
The dissolved oxygen prediction results showed that the MSE, MAE and RMSE of the AdaBoost —PSO —
ELM model reached 0. 005 5 mg’/L’, 0.053 1 mg/L and 0.074 5 mg/L, respectively. Compared with
particle swarm optimization extreme learning machine (PSO — ELM) , extreme learning machine ( ELM) ,
BP neural network ( BPNN) and wavelet neural network ( WNN ), the prediction performance of
AdaBoost — PSO — ELM was significantly improved. The results of aeration experiments showed that the
priori equation based on cubic polynomial can accurately quantify the nonlinear relationship between the
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initial concentration of dissolved oxygen, the aeration flow rate and the opening time of the aerator, and

the R® of fitting was above 0.99. At the same time, the rule database constructed based on the

quantitative results can reasonably control the opening time of the aerator, which was of great significance

for saving energy and promoting sustainable aquaculture, and it had great application prospects in the

future.

Key words: aquaculture; dissolved oxygen regulation; AdaBoost — PSO — ELM model; relation rule

database ; opening time of aerator
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Fig.2  Overall flow chart of proposed method
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Flow chart of forecast algorithm
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Fig.4 Network structure of extreme learning machine
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Fig.7 Dissolved oxygen prediction results of different models
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Fig.9 Fitting surface graphs of aeration capacity based on different polynomials
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Tab.3 Evaluation index of goodness of fit in various

situations
oy =
Jrig 371353 SSE/ RMSE/
Z A A R? R,
B/ (mg-L™?) (mg-L™") "
(mg-L°")
TWRZIF 0.009932 0.02078 0.9869 0.984 1
6.0 = £ 5 0.001382 0.008529 0.9982 0.997 3
WL 0.4175  0.09425 0.9727 0.9686
5 =W®£W 0.06183 0.03792 0.9961 0.9951

SCHEPE =R Z IO 1Y SRR ) HEATORS B B A, 45 2R
WE 9b . 9d firss ., Hodr, B 9b bR i Y Ak AR R R
7N, U iR E W) I BT VR 2R 2. 847 mg/ L, AE RS
TN 3,116 m*/h (RFSEAE IR, 37 7K 1 %5 1 4R
JT R B IR E] 6. 0 mg/ L i) 38 LT LIS 0. 1373 by,
L Od rhby t 1 A8 A s s, 1 I ik SR T) B JoT o Y
5. 412 mg/L, fEMES Vil 2. 931 m’/h 4224
FHTF  FRH K A 55 A% S BT i ik 2 3K 31 8. 6 mg/L I,
WAL ZEIF S 0.661 1 h, S5 F W], B &
VS i SE W) 0 o VAR B S AL DAY OC R 2
KA.

HR 4 =R 2 0 = Ak 45 2, b 8 1 WL )
P [ 42 1] 5 R U 22 o DA ik A 3k 380 7 0 0T o Ak
B (8.6 mg/L) Sy i, AR 45 30 37 55 5 £ 4l A0 55 4 4
5 H RS BRI A 4 EGLQS, QM, QB,
QL] , 4+ mft#01.0,2.0,3.0,4.0] m’/h; 4%t 48
BTk BRI 4y T A9 [ DS, DM, DB, DL, DX,
DY, DZ],4 548 2[0~1.5,1.5~3.0,3.0 ~4.5,

4.5~6.0,6.0~7.5,7.5~9.0, >9.0] mg/L;
ML TF S B ) o 8 A AEGL[TC, TS, T™,
TB, TL, TX, TY, TZ],4r %4t $[0,0.1,0.3,0.6,
1.0,1.5,2.0,2. 5 h, &% A SCIE A K FRFH R G2 1)
HAR IS B LRSI AT, ol LA 9 S 2515
B AL Y 22 50 0 3 28 % gk 4 R .

R4 WEYLITSEEEH K (1.4 m* KiE)
Tab.4 Control rules for working time of aerator
(1.4 m® water body)

L3 A R R TR

T DS DM DB DL DX DY DZ
QL TB TB TB ™ TS TC TC
QB TL TL TB TB ™ TC TC
QM TY X TL B B TS TC
QS TZ TY TX TL TB TS TC

2.3 ETHENEHNERRGZHNERIIAEER

e ARSI 2 1 7 it S 000 A6 2 R g A ) 49 4L
P 1) HL ) 2 55 AT S M A o ) A 8 S LA T
BRAG . LA F G MG 7 i A B0 L, 3l i ol
SE AL 2, B 1) 1 SR P ik 4 il i 4, S B
fifp 4L B BRI A

HRYE R 4 45 R T A, 5 A AL T B A )
WF, A0 DY™Al de ik 3 A AL LBV R (QM, QS)
RS IEIS  BORTE (QL, QB) BFAJIF S, & skt >
W P K i 7 A R o 2 P i AL T B IR AR
I, a0 DS™ WAL S PLUB R U (QL) Bg g L, =
PRAE TR A i 1 B R B BB R . R
LA R U fh 52 P, & 58 2R GE AL ol LA X4 i A S
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AT DAy i it 4 1 3 42 R 3 s 4 il 4 AR
2.4 it

BT AdaBoost (1% 58 50 £ 45 AU G 6% AR 4 P )
T 2 1A e 7 1 2 55 T 45 0 AX R, R 5 4t PSO S5k
BE ML 5 58 AR SO0 AK J5 9 ELM AR A 1) A [w] i i)
gE B Aok, 2P AdaBoost 5 UM &% “ 0 L7
A AL AT ELM (PSO — ELM Fl% 55 (1) b 22 X 2%
R, AN AN R R b A3 1 A e 4 100 TR B
(] B 0, 4 - 7 AR 1) Ak e

AR S Bk AT A TR R AU T B B AR T S 5
XT3 AR AL R 1S SRR ) #E AT T AR AR T 8 LT
Jeb I R] 5 95 fire S0 B v B L R B A0 A =2 ) Y IR &
PRR LB LPRFHAR, B H 2 T — R4
SR AL o A diy T S 58 % R BR A T 0 Y
SRR S /0N A S B0 25 18 AN N T /N B A T SR
B, J 3 AR RN 2O B 3R BE K i AT RS o

A% 255 11 4 e AR VR 2 0 TR I A 1R ORS B R L HL
AE 5 A 2o O A5 R) L, T AR SC A H ) 9 A S 45 T

T e SR e TN AR AL 5 Y 2R R U P
LR, AN Al G T T R (L 9 A SRR S Y [ A T
HLXF 22 G0 B R A8 50t 22 SR A g, A AR DR 8 19 i
o (HORAR SCAS I8 AR S0 0 = PR A 1 R S R 7
), i B A A S B BLY R S8, Je ) AR L AT 5
PR IREE T P B T, DA 36 T S8 1

3 Hig

(1) 38 2 >R 4 5 il 4 o & vk JE KR pH {0
ERRE 4 FhoK BT A AR B R A AR i I 2R
AdaBoost — PSO — ELM Tl £ #4  fe @ %t 1 h J5 ¥
fif S o AT HEM B, 5 PSO — ELM | ELM |
BPNN il WNN #5828 AH L, A SCHE A B RS A T g
() FUIOKS B, L F 4 48 A% MSE MAE il RMSE ¥ %
/N, 4 Bk 0.005 5 mg®/L* . 0.053 1 mg/L Fl
0.074 5 mg/L,

(2) TEAR BR /K 5 5 22 G0 15 480 101 52 56 v, 3 4L
T I o 1] 55 B A0 o L I A SR D A B vk R 2 TR Y
LR RII R, FET AR R = 2 04k
ST Ty R R R S RE S HEAT TSR AL, BB T =
A WA EAE T A O & I AR g A AL 45 6l
KFR IR, G B4R ) 3G LT IS i 1a) 5 5F 5 2
RARARIE
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