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Prediction of dissolved oxygen content in aquaculture water based
P-ISSA-GRU model
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Abstract: In order to solve the problem of low prediction accuracy of dissolved oxygen (DO) content in aquaculture
water, this study proposed a gated recurrent unit (GRU) prediction model based on an improved sparrow search algorithm
(ISSA). The correlation coefficients of various factors in water and dissolved oxygen content were determined by Pearson cor-
relation coefficient method, and the strong correlation factors were selected as the input features of the model. By introducing
Tent chaotic mapping to improve population initialization, adaptive dynamic weight factor @ to dynamically change the weight
coefficient, Gaussian perturbation (GP) to improve the optimal location updating, the ability of sparrow search algorithm
(SSA) to find global and local optimal solutions was enhanced, and its convergence speed was increased. A nonlinear dis-
solved oxygen content prediction model (P-ISSA-GRU) was constructed by optimizing the GRU network using ISSA for pa-
rameter search. The experimental results showed that the P-ISSA-GRU model exhibited superior prediction performance com-

pared to five other commonly used models. The mean square

7S H A . 2024-11-26 error (MSE)was 0.152 (mg/L)?, the mean absolute error
BESTIH. HE QKRR T H (61975070) ; (M 17 5 S 0F & (MAE) was 0.311 mg/L, the root mean square error
K35 H (KC21087) (RMSE) was 0.390 mg/L., and the coefficient of determi-
TEEBN 2R (1997-) , B TEIRERM A, B+ 0F 98 Az, FEAFSY nation (R*) was 0.984. Therefore, compared to traditional
ML B HEK e FE . (E-mail ) 2694760723 @ models, the P-ISSA-GRU model developed in this study
qq.com demonstrates improved predictive performance for dissolved

BINIEE FE 7, (E-mail) chensism@ 126.com oxygen content in aquaculture water.
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Fig.1 Structural diagram of online monitoring system
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Table 1 Types of data collected in this study

el 24 KA (min)
A i (mg/1) 30
Kl (C)
pH

FASR A (mg/L)

H1432% (mS/cm)

U (NTU)

KA (C) 10
KREMIE (%)

R (m/s)

KA HETT(kPa)

K FAFRST(W/m?)

G HE

F2 2023 &8 A 20 BREMIH RREE
Table 2 Partial raw data collected on August 20, 2023

SR AE LR AR K T A G B, B WA B )
92023 458 A 6 HZE 2023 4£ 9 f 8 A, /KT Bk
30 min R4 1 IR, AL EHE 5 10 min RAE 1K,
PRI A 3 R A B B RIS [R) 25 WIORE S5 5000 e 4k
30 min BEIME, B3 6035508, 2023 458 H
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1.2 HiEFAE
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W RAFERERZW 25 5 B X A B
P OL ., ASHIFGE A e e (B RN I (V- T18 52 i o
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X=X+ (0<i<)) (1)
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PR b R b+ BT 20800 510 g FoRat ),

ity TR oH K SRR SR WU R R RAUE M itlﬁﬁiézﬁﬁ
(mg/L) () (mg/L)  (mS/em)  (NTU) (%) (C) (kPa) (n/s) (W/m?)
00:10:08  8.02 7.02 19.20 0.5 347 21.8 72.4 35.60 100.35 1.3 46
00:40:08  8.47 7.05 18.93 0.5 347 21.6 72.8 35.80 100.24 1.3 18
01:10:08  7.35 7.08 18.74 0.6 347 213 72.2 35.60 100.26 L5 24
01:40.08  7.28 7.05 18.88 0.6 348 20.8 72.1 35.70 100.28 L5 36
17:00:12  6.72 7.17 21.42 0.5 343 19.7 89.5 28.40 99.70 0.8 9
17:30:12  7.33 7.17 21.92 0.5 343 19.4 88.0 28.30 99.75 0.6 16
18:00:12  7.52 7.22 22.04 0.5 343 20.2 87.6 28.50 99.77 0.6 25
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A ,pxyyi'%/j?gl% X F1'Y Z I8 Pearson #H5&
REcov(X,Y) TR X, Y WIth 2, o, Hlo, 575
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Table 3 Parameter selection using Pearson correlation coefficient method

S5 DO pH wr AN EC T AT AH ws AP SR
DO 1.00

pH 0.74 1.00

wT 0.85 -0.25 1.00

AN 0.69 -0.30 0.55 1.00

EC 0.42 0.31 -0.28 -0.10 1.00

T 0.77 -0.11 0.17 0.29 -0.08 1.00

AT 0.31 -0.22 0.42 0.51 -0.30 0.18 1.00

AH 0.36 -0.30 0.05 -0.04 -0.26 -0.16 -0.11 1.00

WS 0.13 -0.08 -0.06 -0.06 0.03 0.01 -0.04 -0.16 1.00

AP 0.26 0.25 -0.14 -0.15 0.40 0.01 -0.30 -0.30 0.03 1.00

SR 0.20 0.16 -0.44 -0.03 0.11 -0.02 -0.50 -0.22 0.11 -0.05 1.00
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Fig.2 Structure of the gated recurrent unit ( GRU)
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prediction model
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Fig.4 Change curves of the fitness function of the sparrow

search algorithm before and after improvement
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Table 4 Prediction performance of six models

R2EEA
B MSE MAE RMSE R
(mg/L)? (mg/L) (mg/L)
P-ELMAN 0.220 0.368 0.469 0.965
P-ELM 0.189 0.356 0.435 0.979
P-LSTM 0.249 0.401 0.499 0.984
P-GRU 0.239 0.393 0.489 0.984
SSA-GRU 0.234 0.393 0.484 0.984
PAISSA-GRU 0152 0.311 0.390 0.984
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