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Note: Dand @ are flow rate-lift curves; @ and @ are curves of pipeline
resistance.
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Fig.1 Characteristic curve of water supply system
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Note: L is live wire; N is neutral wire; QF1 and QF2 are air switches; KM1-KM4
are contactors; FR1-FR4 are thermal relays.
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Fig.2 Frequency conversion-power frequency conversion main
circuit diagram of multi-pump control
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Note: e is the error of P, and P ; e, is the error of Q,and Q ; P-PID and Q-PID
are PID controller used for regulating pressure and flow rate, respectively; v is
voltage analog required to control converter; i is current analog required to
control electric valve.
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Fig.3 PID control diagram of pressure-flow rate coupling
regulation
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Fig.4 Water supply system diagram
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Fig.5 Working flow chart of water supply system
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Note: y; and y; are predicted values of v and 7 by neural network, respectively.
B 6 AW M% PID 42 44EH
Fig.6 Neural network PID control block diagram
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Fig.7 Multi-pump parallel water supply experiment platform
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Table 1 Data of flow and pressure control test

e £ i KIEH 4l # Analog values
No T Mowe Neweo i i
Voltage/V  Currency/mA

1 0.04 25 1 5.63 8.07

2 0.04 3.0 1 6.32 8.34

3 0.04 35 1 6.58 8.46

4 0.04 4.0 2 7.36 8.83

5 0.04 4.5 2 7.57 9.05

6 0.04 5.0 2 8.14 9.42

7 0.04 5.5 2 8.56 10.73

8 0.04 6.0 2 8.94 11.26
148 0.60 6.0 2 9.36 12.21
149 0.60 6.5 2 9.42 11.36
150 0.60 7.0 2 9.41 10.53
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Fig.8 Relative errors of test data
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Table 2 Flow rate and pressure demands of different users

ElaE ke E77 Hiih=s

No. of user Pressure/MPa Flow rate /(m*-h™")
1 0.5 3.5
2 0.5 5.0
3 0.5 3.5
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WATEE 3, R RSERFFAAE, WMEREHN 3.5 mYh.
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Fig.9 Comparison of results by two adjustment methods
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Table 3 Adjustment time of two adjustment methods s

LEREDE= H %5 No. of user
Adjustment methods 1 2 3
PID 31.7 29.6 16.9
GRNN+PID 11.6 10.7 7.2
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PR IHE Y 8%, GRNN 454 PID T iR & N
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Table 4 Control accuracy of two adjustment methods

L REWI BN RS IRE B RSz R
Adjustment  Flow steady-state Pressure steady-state Max pressure
methods error/% error/% overshoot/%
PID 1 1 8
GRNN+PID 1 1 7.4
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Rapid-response PID control technology based on generalized regression

neural network for multi-user water distribution of irrigation system head
Zhang Qian, Wei Zhengying™, Zhang Yubin, Zhang Lei, Jia Weibing, Wei Haoran
(State Key Laboratory of Manufacturing System Engineering, Xi’an Jiaotong University, Xi’an 710049, China)

Abstract: Flow rate and pressure are two important control parameters of the irrigation system and they determine if the
irrigation process can meet the irrigation demand or not. In the same pipeline system, flow rate and pressure affect each other,
and it is difficult to control them separately. This study explored the relationship between flow rate and pressure and their
control parameters, established a control technology suitable for the head of water distribution of the multi-user irrigation
system. By analyzing the water supply characteristic curve of the pipeline water supply system, a flow pressure coupling
adjustment method was proposed. This method allowed system controller output voltage analog and current analog to control
the frequency of the inverter and the valve opening of the electric valve. At the same time, a proportion integration
differentiation (PID) controller was used to realize the coupling control of the flow rate and the pressure. In addition, a method
that use generalized regression neural network (GRNN) to accelerate the speed of PID (GRNN_PID) was proposed in order to
speed up the response of irrigation control system, improve the operating efficiency and ensure the safety of the system. The
flow, pressure and corresponding control quantities data were obtained through experiments, and the GRNN method was used
to fit the relationship between them. Afterwards, the control quantities required for the target flow and pressure were quickly
calculated by the fitting model and were used directly to control the corresponding actuator (pump and electric valve) so as to
fine-tune the flow and pressure through PID. The GRNN training results showed that the relative error of the analog quantity
used to control the frequency of the frequency converter was between 0.11% and 3.86%, and the relative error of the analog
quantity used to control the electric valve was between 0.09% and 5.74%, indicating that the GRNN model has a high fitting
accuracy. Three adjustment processes was used to simulate the water demand behavior of three users to verify the control
model, and the tests showed that the adjustment times of the three processes of the GRNN_PID model were 11.6, 10.7 and 7.2
s, respectively, and the adjustment times of the three processes of the PID model were 31.7, 29.6 and 16.9 s, respectively. The
GRNN_PID model greatly reduced the adjustment time of the system and improved the operating efficiency of the system. The
control accuracies of GRNN_PID and traditional PID adjustment method were compared, and the results showed that the
steady-state error of the GRNN_PID adjustment method and the traditional PID adjustment method were both within 1%, and
the maximum overshoot was below 8%, which means that the control accuracy is high but the difference is not very big. The
reason that leads to this result above is that GRNN accelerates the system regulation speed from the strategy, and it does not
change the parameters of PID, and thus it has little impact on the control accuracy of the system. This research can provide

tools for the rapid control of flow and pressure in irrigation system.
Keywords: flow rate; pressure; neural network; control; coupling; PID regulation
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