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U(t)=20e+3.33] edt +U,, (3)
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IBHX
Hysteresis area 7

/7
W,\/

%7 Error/(mg-L™")

0.15] £0.29710.25

PIDZ%(: K:6; 7:0.01 min; 73S
PID parameters:K :6; 7:0.01 min; 73S

T KBS HG T Il T, N SOy I TR]: e vl
R ZE .

Note: K, is the proportional gain constant;7; is the integration time;7;is the
derivative time; e is the dissolved oxygen control error.
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Fig.5 Control schematic diagram of PI-PID
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Note: LEACH means low energy adaptive clustering hierarchy; LEACH-C
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LEACH-C means optimized low energy adaptive clustering hierarchy-centralized.
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Fig.6 Graphs of remaining active node and changes in the concentration of dissolved oxygen
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Table 1 Statistics of each breeding pond
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L
Fe i gy OUREE ), 2% e Fife
(i Fodder Power consumption Seedlin; Electrical Labor costs V. Total o t value Profit
FrRIHi W ump 2 Equipment enue, rent, utput valu
Pond Medicines, etc.
= = N N = N N
Tl e/ o i i i/ 7o Wriii/5e HrfE/ ot Wriii/5e ik rE/e rfEsoo
Quality/kg Value/ Power/ IT1E/J0 Value/ Value/Yuan Value/ Value/Yuan Quality/ Value/ Value/
Yuan (kW-h) Yuan Yuan kg Yuan Yuan
IQEE =
Automatic 1763 8 462 1203 662 13 000 25000 600 3750 3215 83 590 32116
aeration)
2 (A3hHA
Automatic 1735 8 328 1169 643 13 000 15 000 600 3750 3107 80 782 39461
aeration)
3 CA3hHA
Automatic 1696 8 141 1226 674 13 000 15 000 600 3750 3312 86 112 44 947
aeration)
ENQEE L
Automatic 1737 8338 1187 653 13 000 15 000 600 3750 3 406 88 556 47215
aeration)
5 (FahH%
Manually 1726 8 285 2507 1379 13 000 5000 2500 3935 2308 55392 21293
aeration)
6 (T4
Manually 1718 8 246 2615 1438 13 000 5000 2500 3925 2065 49 560 15451
aeration)
ST A 1 o He Sy N % SN
5 & #p WA E BT REEE . AEIRIE MK BT S B Sl
=A

ARG MR T BT WSN 7K TS5l & Al

R ERI I 0, X Zigbee J6 2k &3 A5 M 2k —+F
otk, SR LEACH Wl = MAeEL, &
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Energy-efficient automatic monitoring system of
aquaculture based on WSN

Jiang Jianming'?, Shi Guodong'?*, Li Zhengming®, Shi Bing'?, Huan Juan'
(1. Electronic and Information Engineering, Jiangsu University, Zhenjiang 212013, China,
2. School of Information Science and Engineering, Changzhou University, Changzhou 213064, China)

Abstract: Because of the expanding scale of aquaculture and rising labor costs, it is urgent to establish an
automatic monitoring and control system of water quality. The optimized protocol of centralized low-power
hierarchical clustering (LEACH-C) for a wireless sensor network communication and frequency control aeration
system based on a programmable logic controller (PLC) was adopted. In a LEACH-C communication protocol,
cluster heads were selected according to the residual energy of each node by the base station with fixed power
supply. The aim of balancing the residual energy of each node was reached. From the actual control accuracy of
the system, the changes in dissolved oxygen concentration was less than 0.02 mg/L than the value last time, and
the corresponding node sent no data to its cluster head for saving energy. The test proved that the lifetime of a
network adopted optimized LEACH-C protocol was 33.33% longer than that of a network adopted conventional
LEACH protocol. The concentration of dissolved oxygen in water which was suitable for the perch growth was no
less than 4.5 mg/L. As the concentration increased, the aeration efficiency will be gradually reduced. Therefore,
the range of emergency oxygen was set from 4.5 to 5.5 mg/L. Based on measured value of dissolved oxygen
content from the wireless sensor networks, a PI-PID algorithm was used in controlling the concentration of
dissolved oxygen in the water body. When the error was large, the use of a set of PI parameters could quickly
narrow the error; while error-hour, using a set of PID parameters could remain stable. In order to ensure the
smooth switching of the two sets of parameters, a hysteresis switching area was set. This would ensure the
timeliness and efficiency in oxygen supply when the dissolved oxygen concentration in water was less than
4.5 mg/L, or more than 5.5 mg/L. The dissolved oxygen in water was always suitable for the growth of fish. It is
verified by experiment that compared with the artificial rough control, labor costs were significantly reduced and
nearly half of the electricity was saved by this control method.

Key word: aquaculture, wireless sensor networks, frequency converters, energy saving, automatic control
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