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according to the computations, controls the number of motor revolutions
for a given opening rate. The TIA Portal environment used to control the
gate motion system. The program written in the TIA Portal environment
includes all the settings related to the flow discharge, gate opening,
sensitivity of the ultrasonic sensor, and gate-opening rate to provide the
flexibility of the gate in real conditions. In order to calibrate the
constructed sluice gate according to the obtained equation, several
experiments were used and finally, the coefficient of 0.625 was obtained
as a correction coefficient. The coefficient of determination and root mean
square error for the calibrated equation were calculated to be 0.97 and
0.66, respectively. These results showed the suitable performance of the
automatic gate based on a calibrated equation.

1.  Introduction
The growing need for food and resources has led countries in arid and semi-arid regions of the world to
improve the management of water and soil resources. Agriculture is the largest consumer of water,
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which has the highest water losses. Today, irrigation networks cover large areas of the world’s fields,
but the productivity of many of these networks is not at the desired level. For nearly 50 years, experts
and specialists of irrigation and drainage networks and managers of water resources management have
been thinking about using new technologies to increase efficiency, modify structures and reduce water
transfer and delivery losses, and seek greater safety and flexibility of the water conveyance systems
(Wahlin and Zimbelman, 2018). One of the basic problems of surface irrigation networks is the low
efficiency in the flow rate delivered to agricultural plots, which can be significantly increased by using
the modern mechanization techniques. One of the best places to start is the gates (Al Blair, 2010).
Masseroni et al. (2018) investigated the hydraulic and economic efficiency of the first automatic
irrigation and remote-control rice farm in Europe, located in Italy. The results of this research show that
the use of automatic gates and remote control in the used surface irrigation system can significantly
increase the efficiency of the system and significantly reduce the required labor force. In Iran, the
performance of many existing irrigation networks has been reduced due to both technical and
managerial problems (Zahiri and Jafari, 2019). Water level and flow control gates are the most
important parts of any irrigation network. Most of the gates located in the irrigation networks face
problems after the operation. While mechanizing gates for surface irrigation systems can greatly save
water consumption and increase water efficiency.

2. Materials and Methods

In this project, it was tried to design and construct a gate using modern technologies, which can be
intelligently operated and able to pass the desired discharge. In free flow, the profile is usually smooth,
while in submerged currents, the flow profile has high turbulence. In this research, with the assumption
of free flow, the equations governing the amount of flow through the gate were extracted (Swamee,
1992). Bubble rubber was used to seal the gate and minimizing water loss. In order to open and close
the gates, all the forces acting on the gate should be considered, which include the weight of the gate,
the buoyancy force related to the submerged part, the frictional forces in the hinges and the downward
(or lifting) forces (Paulo, 2014). Electromotor, encoder, ultrasonic sensor, inverter, and PLC were used
to mechanize the gate. An ultrasonic sensor was applied to read the water level. All the computations
of the gate-opening rate are performed by the PLC and then the instructions are transmitted to the
electromotor. The encoder is connected to the electromotor and, according to the computations, controls
the number of motor revolutions for a given opening rate. The TIA Portal environment used to control
the gate motion system. The program written in the TIA Portal environment includes all the settings
related to the flow discharge, gate opening, sensitivity of the ultrasonic sensor, and gate-opening rate to
provide the flexibility of the gate in real conditions.

3. Results

The gate must be evaluated in the laboratory for using it in practice. Therfore, the gate was calibrated
under different flow rates. Considering that the calculations of the gate opening rate are based on the
theoretical equation, the values obtained in the laboratory will be different from the values provided by
the theoretical equations. In this research, by performing several tests for various flow rates from the
gate and accurate measurement of the flow rate of the main channel and the secondary channel, the
theoretical relationship was calibrated for the gate opening. The results of the experiments show a
relatively high difference of about 1 to 3 I/s between measured and estimated flow rate. Therefore, it
was tried to calibrate the theoretical relationship based on the experiments. In order to calibrate the
constructed sluice gate according to the obtained equation, several experiments were used and finally,
the coefficient of 0.625 was obtained as a correction coefficient. The coefficient of determination and
root mean square error for the calibrated equation were calculated to be 0.97 and 0.66, respectively. A
comparison of the root mean square error in the two cases (with and without calibration coefficient)
showed that the use of the correction factor has improved the performance of the proposed equation for
estimating the flow rate under the gate.

4.  Discussion and Conclusion

In this study, an automatic gate was used to increase the accuracy of the flow rate passing under the
gate without requiring a human agent to control it. The relationships provided to determine the gate
opening based on the required flow rate are relatively complex and cannot be solved explicitly.
Therefore, the MATLAB environment was used to solve these equations analytically. Based on the
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design, various components were used in the gate, including a motor, gearbox, inverter, encoder, and
PLC. TIA Portal was used in this study for communication between PLC and other mechanical parts.
The programming environment is one of the most powerful automation programming languages. In
addition, for sensor sensitivity, some solutions were provided to increase gate performance under real
conditions. The results of the tests based on the modified equation show the proper performance of the
automatic gate.
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Design and Construction of Electronic Irrigation Canal Gate

Javad Zahiri**, Ahmad Jafari?

Abstract

Water level and flow control gates are the most important parts of any irrigation network. Most of the
gates located in the irrigation networks face problems after the operation. While mechanizing gates for
surface irrigation systems can greatly save water consumption and increase water efficiency. In this
project, it was tried to design and construct a gate using modern technologies, which can be intelligently
operated and able to pass the desired discharge. Bubble rubber was used to seal the gate and minimizing
water loss. Electromotor, encoder, ultrasonic sensor, inverter, and PLC were used to mechanize the gate.
An ultrasonic sensor was applied to read the water level. All the computations of the gate-opening rate
are performed by the PLC and then the instructions are transmitted to the electromotor. The encoder is
connected to the electromotor and, according to the computations, controls the number of motor
revolutions for a given opening rate. The TIA Portal environment used to control the gate motion system.
The program written in the TIA Portal environment includes all the settings related to the flow discharge,
gate opening, sensitivity of the ultrasonic sensor, and gate-opening rate to provide the flexibility of the
gate in real conditions. In order to calibrate the constructed sluice gate according to the obtained
equation, several experiments were used and finally, the coefficient of 0.625 was obtained as a correction
coefficient. The coefficient of determination and root mean square error for the calibrated equation were
calculated to be 0.97 and 0.66, respectively. These results showed the suitable performance of the
automatic gate based on a calibrated equation.

Keywords: Irrigation network, Water efficiency, PLC, TIA Portal environment
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