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quality parameters
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Fig.1 Wireless remote monitoring system of aquaculture water
quality
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Fig.2 Flowchart of prediction algorithm
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Table 1 Correlation coefficients between environment factors and dissolved oxygen

HH5% %L Correlation coefficients

##5 Indicator I e UK A W TR PR PH [
Temperature Tllumination Pressure  Ammonia nitrogen Humidity Nitrite Wind speed pH value
NS =
i 0.3423 0.2937 0.2702 -0.028 -02386 -0.03 0.2621 0.2815

Dissolved oxygen
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WK CER S ) T
Euclidean distance AR BB £ IR FH
Euclidean distance from

Y dis(4,B) Y  point 4 to point B
5 dis(4,B)
- FfRGL B ‘

Cosine angle distance

4 Euclidean distance from
point 4 to point C
y 4 dis(4,C)
&
X
a. & X b. Xl

a. Definition b. Difference
d: Bad, Xo Y. ZARASYEFR R X B, Y BAD Z 5h: O Ak bR
Jisis Ay BRI R P AL B b, XL Y 59 R AR R
X, Y, O RBIFE R Av By CHRAMRRP =M. B y 4 0lA
M5 04 55 0B ZMMFSM. i 04 5108 0C Z M.
Note: In Figure a, X, Y, Z are the X axis, Y axis and Z axis respectively of the
three-dimensional coordinates. O is origin of coordinate. 4 and B are the two

points in the coordinate system. In Figure b, X, Y are the X axis and Y axis of the
two-dimensional coordinate system. O is origin of coordinate.4, B and C are the

three points in the coordinate syste.f is the angle between the vector 04 and
the vector OB . yis the angle between the vector OA and the vector OC .

B4 BRAIEHAKARZRETETH
Fig.4 Schematic diagram on theory of Euclidean distance and
cosine angle distance
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Fig.5 Topological structure of ELM neural network
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AT BN ERE, BATESE— AT R/ SD
ke WHRERWE 2 Pios.

#2 TRESHETH SD E
Table 2 Clusters with different SD values

SD )

3L MAPE P26 1 73R 7% RMSE AT RRZE,
Y, A0 £ 53 BN ECS LM E AN TSI s T 5l 18] s i 4
R4 NEIFUNEEAMEREXTEL

Table 4 Performance of different forecasting methods

TR R BEER  CPHENESRE BTRIRE
Prediction model ~ Running time/s MAPE/% RMSE/%
HHZE M 45 BP 2.05 1.47 13.93
KREAIEAL SVM 475 7.41 27.83
FRBR 2= > HL ELM 0.02 1.5 14.58

HEH
K=2 K=3 K=4 K=5 K=6
Number of clusters(K)
a4 SD 0.87 0.52 0.41 0.38 0.40

MF 2 AHEFH, it 2 2 6, P41 SD A A
Yo EBCN 5 B, SD{E&/NA 038, [Rlitk, AT LA E,
5 R ROE MRS .
3.2 ELM #EMEHIMERE

B 3.1 /NI R, ¥ 244 REFFARERHEE 5 A
RE, SREHHAE ELM MM N . A5 4%
SERIINR 3 B, IR ZR AR S 5 i B 2 s
BARG, W& B A, M 18 277, 5
HRARZE BB K

R3S ANETHEREEH

Table 3 Neural network structure with five clusters

Lo =) s = 31| 42 = >
B RS WA e msmsn R
Serial Number  Number of o o
. Number of  Structure of TR7E
number of  of day training .
testing records neural network RMSE/%
clusters  sample records
1 38 2592 1056 9-33-1 11.15
2 57 3840 1632 9-438-1 14.58
3 81 5472 2304 9-77-1 15.02
4 47 3168 1344 9-51-1 14.77
5 21 1440 576 9-18-1 9.86

RE— PR IEIN ELM #P22 W25 M RE, Tl 4 5L i
WL AR T AR (MAPE) AIH T2
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DI 3 R 2 M, 14 ELM AN 5 {650 BP
Co . SFF RN (SVMD HET ok, TS S 022 4,
AT LAE H, BP #1226 mT DL I 8% SR B iR LW ih
SHGRE TR, (RN . S B LR L
FE K. B BP P M4 HA /N iR 2z, HHHE
1T ELM 4 F TS0 11 A4 BB A T S
AR, SRt BP 0 % 2 G 6]
2.05sx5 = 10.25s, 1ff ELM #1 M 48 {72 0.02sx5=0.1s.
AT, ELM R AR L T 30 0 B EA S 1 T
R R RE O FE, P39I
Y-/,
T

t

T
RMSE = /%Z(Y,—f,)2 . 20)
=1

1 T
MAPE =—3"

t=1

o a9y

3.3 ET A-means BZEFN ELM FHLZ L& A& BY BY FT0MHS B

FEIX—19, N T U B AR S tH A AR L H 7 8
Hl K-means 5255 ELM 456 X & 70 BE FVE L, 4%
K-means 28F1 ELM HA MM (FRIFRBAL 1) | 4%
it ELM #H& I AR (RIFRIEEY 2, AficAffel H
3 5 ESMENE PAXT EE .

B 1 AR B e RIS, FIA K-means
RN T e 5 AR L HREA, DL ELM U4
R, Z RS RS) TN, MR 2 EERE T H
AT 28 RIGEIEMEN ELM &M IN, AT 5y
SV SLIN

N T BRI TR AR B AE A [R] R AR B TR,
S AEEL 2015 4F 6 H 13 HAI 2015 4F 9 A 21 HARKIE
H. 20154 6 H 13 HEEMRA, WK, &e.
SEIREE SR 30, 21 A 27 °C, VH— KSR G R R
790.85. HRAY 1. BEAY 2 [ AR AR TIUINAE S SO B X
tbantE 6a Fras, BART S, B8 1 M2 R0 S,
AR T8 2, ULBHRIVE AR 2 BIRA . T Jelis%k
PREEZ R R, HATHLE R R R B A,
BRECRZFAEA, A BT 7 A TS B
MR 2 BER EERE M ANETE, TR 2R
AAFEHWNRMEAR, X5 H ISR, A5l
SRR 2 (TR L B S B, AR 5, AN 1 RS 2
SR R ZE (MAPE) 23508 1.4%F0 3.1%, )75
L2 (RMSE) 439104 10.8%F1 24.9%. A W, HAKEER
ZH GG TR, 1L ELM #4248 43 37 i il A A A 5%
REIIRR, TSR,

2015 4F 9 H 21 HIX KZRFRR A, BIA R,
2, Ems sARFCEFERE SN 264 17, 19°C, A
— AL JE I IEERE R 0.55, HAETHF 12 Si—4 SR,
SRIGTG . B 6b b, AR 1 ] LRI A R A ALLRE A
£, BN TN H R R RS, TR LN B0 %=
TR, e Bof 46 Jo S i W B B, i KA 25 B 37 S ) 4
PR, POEB B BCH N GAEA, M PR A% 5 I %)
T E =2, HEE R RS, mEA 2 ARz
BOK, AFTEABRTEBOR SN, HAME LB seE R, Jo
HEETH, XERAER 2 RRERMNRL RS, BN
FEARGA . NE 5, B | R 2 SPa5 40 % 1 /010 25
(MAPE) 735N 2.6%A1 6.8%, ¥J7Hi%% (RMSE) 4
BN 11.6%F 55.1%. FISAET S, K-means A
ELM Z2H & TS B 1 0l RO A1 T B 4l 1) ELM 5%
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g ¢ P33
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EH T 3 3 5 BT o o3
T @ 0¥ 6 e NS RN ORI
I} %) Time I} % Time
a. 201546 H13H b. 201549 H21H

a. June 13,2015

e Y 1 4 K-means 22385 ELM 45 G TGRS, BR 2 k48 ELM TR
TR,

Note: Mode 1 is K-means clustering and ELM prediction model, while Model 2
is traditional ELM prediction model.

B 6 2 AR AL FNMELE A 5 LR H
Fig.6 Comparison between observed and predicted DO of two
prediction model

b. September 21, 2015

SRIM, MR S 1) 2 FB R TN 45 AR 22 i
PR 1 FIRREARL 2 7F 2015 4F 9 H 21 HA TS Z EE 2015
6 H 13 HEFT MR, 1X&H T RAEAD T ERKAH
ABEAN ST, SEm R @ ARALH 750, AT 52 TR0 kS B,
AR — Ak

x5 2 MRBEFUNGERIRES

Table 5 Error analysis for two prediction models

SER LN SR BIJiRiR %
BEy MAPE/% RMSE/%
Dua BB L BNEE2  BOURE | B 2
Prediction Prediction Prediction Prediction
model 1 model 2 model 1 model 2
2015-06-13 14 3.1 10.8 24.9
2015-09-21 2.6 6.8 11.6 55.1

e TRINAEAY 1 2 K-means 3255 ELM £5 & TMEAY . TRINAEERY 2 k4t
ELM FRINEERL .

Note: Prediction mode 1 is K-means clustering and ELM prediction model,while
Prediction mode 2 isTraditional ELM prediction model.

4 % i

AL N BAT B AR AL AR AT 117 7 B S A S T K
A&, FIF K-means F25. ELM #1485 X 25 X 45 fift 44
TNEEAT 7T, 3L 4 e

1) HERf A RS IO Tk = A e R A R
Mo ARSCK J7 IR FRA G R E0E N H B e BRI R 5
fRERIA R R, FREAMLLE Mg E-A A T
HE, e T BRECEE B A A AR L SRR R PR A

2) KH K-means FEN I AR R AR 31T 025,
WHEEREAER, IR T ARERAFEARBIF T, %2
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Dissolved oxygen prediction in water based on K-means clustering and
ELM neural network for aquaculture

Huan Juan™?, Liu Xinggiao™™
(1. School of Electrical and Information Engineering, Jiangsu University, Zhenjiang 212013, China;
2. School of Information Science and Engineering, Changzhou University, Changzhou 213164, China)

Abstract: Dissolved oxygen plays a vital role in water management as it is an important factor that determines the growth
status of the fish. Either inadequate or excessive level of dissolved oxygen will be harmful to the survivability of the fish in
their respective habitats. The accurate analysis of the data collected from the aquaculture ponds and the prediction for the
anticipated level of dissolved oxygen are helpful for both water quality management and aquaculture production. Current
studies reveal and understand the complex features of the water quality process mainly from the perspective of mathematical
statistics. However, they cannot analyze the effects of changes in the environment on water quality, and cannot do well in
dissolved oxygen prediction under the changing environment either. This paper proposed a new strategy to predict dissolved
oxygen based on K-means clustering and ELM (extreme learning machine) neural networks. As the curves of similar days
showed high correlation of dissolved oxygen, the history samples were divided into several classes to optimize sample space
and improve prediction accuracy. After data normalization, the weights of the environmental factors on the dissolved oxygen
were determined by Pearson correlation coefficient. The similarity statistics of similar days were improved and defined, which
overcame the limitation of Euclidean distance and cosine calculation method. According to the similarity statistics, K-means
clustering method was employed to divide the historical samples into several clusters with different daily samples. When the
most similar cluster to the forecasting day was identified, the way could reduce the interference between samples and mine the
inherent law of the dissolved oxygen data. Then, the ELM neural network of the identified cluster was constructed with the
training samples and test data set, and the future amount of dissolved oxygen was predicted with the similar sample set and the
real-time environmental factors of the forecasting day as the input data. A total of 23 424 data records of the aquaculture ponds
in Wujin, Changzhou, China, were collected and used in the experiments. Taking 5 clusters as the example, ELM neural
network was compared with other traditional BP (back propagation) neural networks and SVM (support vector machine). Its
prediction accuracy was acceptable, and the running time was only 0.1 s, while that of BP neural network was 10.25 s and that
of SVM was slower. It is visible ELM prediction network has a great advantage. Additionally, the caculation speed and
prediction efficiency of the model are better than others in terms of the root mean square error and the mean absolute
percentage error. Experiment results showed that MAPE and RMSE of our prediction method reached 1.4% and 10.8%
respectively under normal climate condition. In case of a sudden change of weather, the MAPE and RMSE were 2.6% and
11.6%, respectively. It has higher forecasting accuracy and faster computation speed, which is beneficial to water quality
control in aquaculture.

Keywords. neural networks; models; aquaculture; dissolved oxygen prediction; similar day; K-means clustering; ELM neural
network
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