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Solution sheet 23
Automatic garden irrigation
The solution sheet shows an example of one possible solution for the task. The only specification is the wiring diagram. Therefore, many different solutions are possible. Ensure that the design still reflects the specifications of the wiring diagram. 

Theoretical background:
There are many solutions used for automatic irrigation of gardens, fields, and house plants. Most of these are based on computer controllers that specify certain times. Some devices offer measurement of the soil moisture. This method can be used to turn on the water when the soil truly is dry.
In this experiment, a circuit will be presented that switches a pump motor on when the level of moisture in the soil is too low, then switches it off again when the soil reaches the right moisture level. The circuit is a two-point controller. Two-point controllers are controllers that only recognise two switching states. 
A controller always attempts to adjust a physical variable so that it conforms to a specified target value. To do so, the physical parameter is measured and fed into the controller as an actual value. The controller influences the physical parameters until the target and actual values almost match.
The standard parameter in this experiment is the moisture level of the soil. It is measured as an actual value via the electrodes. If the level of moisture in the soil falls below a certain value, the controller switches on the pump and conveys water. If the level of moisture in the soil exceeds a certain value, the actual value has reached the target. The pump will switch off.
A hysteresis is required for a two-point controller to be able to function. This is based on the different levels of soil moisture at which the pump is switched on or off. The hysteresis is formed not by the circuit, but by the behaviour of the soil moisture level.


 Example solution for construction task
The construction task can be solved using the building instructions.

Suggested solution for topic task
Turn on the voltage supply. What do you observe?
If the correct soil is selected, the LED should be switched on and the motor should run. The soil is too dry.
If the LED does not go on and the motor remains stopped, the soil is too moist. Increase the distance between the electrodes until the LED goes on.
The distance between the electrodes can be used to set the desired moisture level.
Carefully pour small amounts of water on the soil between the electrodes. What do you observe?
The soil is moistened slowly. The soil will be moist enough from a certain point. The LED and motor will switch off. 
Turn off the supply voltage and allow the circuit to stand undisturbed for several days. If you believe the soil has dried out sufficiently, repeat tasks 1 to 3.
A cycle will result, between adding water and consumption/evaporation. When the voltage supply is switched on, a balance is reached. The soil is always sufficiently moist.

Suggested solution for experimental task
1. in the topic tasks, you observed that the activation and deactivation of the LED and motor are dependent on the moisture level of the soil. Try to express this correlation in a sentence.
The LED and motor are switched on when the soil moisture level is too low.
1. The garden irrigation circuit is a very simple circuit. Try to explain how the components function and how they work together.
Base current is fed into the transistor via the resistor formed by the moist soil. The transistor activates. A collector current flows through the transistor and the 47 kΩ resistor. There is a voltage drop on the resistor due to the collector current. At the same time, less and less voltage drops on the collector-emitter path of the transistor. The voltage on the collector lowers. If the voltage falls below 2 volts, the MOSFET is no longer activated. The motor will stop and the LED will go out.
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