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Control systems are used for numerous different purposes all over the world, engineers worldwide have created control systems small enough to fit inside a mobile phone and some could be bigger than a house. The world as its known could be a very different place without control systems.
This report has been written to give the optimum requirements to operate a partially autonomous control system for an aquarium. The report will give a brief history of control systems, there will also be a diagram showing how a control system works. This report will look at the different types of control systems such as temperature control, salinity control and more. These control systems would allow the aquarium to care for a variety of fish species and will also be able to give a display or read out showing the statistics for the aquarium and allow for adjustments or improvements through a comparison process over a designated period of time. Then a there will be a discussion over why these things are important and what sort of alterations could be made. There will also be a conclusion followed by a reference section.
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A control system is essentially a set of devices used to regulate other devices to achieve a desired response. This is something that engineers have been doing for a lot longer than may be thought. For instance, one of the earliest known forms of a control system is a water clock. This is a system for measuring time that has been around for thousands of years, the earliest form with evidence is around the sixteenth century BC where an inscription of a water clock is on the tomb listing Amenemhet, who was an official in the Egyptian court, as the inventor (Cotterell, Dickson and Kamminga, 1986). This was what is known as an open loop control system, this means that there is no feedback to change to the conditions of the system there is only the initial conditions and the outcome. Water flowed from a container at a constant rate into another container and by looking at the marks on the inside of the first container it could be determined how much time had elapsed. Essentially this is a feedforward system as there is no feedback from the output to determine any changes to the input (Golnaraghi and Kuo, 1991).
The first closed loop control system on record appears to be an improvement on the water clock, approximately twelve hundred years later by a Greek inventor and physicist Ctesibius of Alexandria. This water clock worked on three different levels, water would start in the reservoir up the top and then pour into a container this container would then pour out into a container with measuring marks and a float to determine the amount of time passed. To ensure the first container wouldn’t over fill and to ensure it stayed constant a float was added that would stop the reservoir from filling it over a certain level with a plug, then unplug again once the water level lowers (Ctesibius Of Alexandria | Greek physicist and inventor, 2021).
Control system technology has evolved an incredible amount since then however the basic principles are the same as they were all those years ago. A basic explanation of the difference between a closed loop and an open loop control system is the closed loop control system can correct itself and an open loop control system cannot. Which is why closed loop control systems are often referred to as feedback control systems and open control systems are referred to as non-feedback control systems. As an example, if a heater is turned on in a room, the room reaches a certain temperature but the heater stays on so a window would have to be opened or the heater turned off to stop heating the room as the heat is on constant this is an example of an open system. If there was a thermometer used to determine the heat then the heater could be turned on or off to maintain the correct temperature, the thermometer is essentially feedback allowing adjustments to be made to the heater, this is an example of a closed loop system (Bolton, 1993). 
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As a system just to control the primary system of the aquarium this would be the way it would work:

  INPUT

Initial conditions (Temperature, Salinity, Mineral content etc)


OUTPUT
Display and save information on a computer sound alarm to alert of incorrect variables, and adjustments are underway or have been corrected.
PROCESS
After predetermined length of time shut off valve/ correction device
Correct the error (actuator opens a valve to mix in  warmer water, mineral mix etc)
NO
YES
Do the Variable measurements match what they should be?
Sensor for measuring different variables (temperature, mineral content etc)

The way the system could deliver food could work in a similar way assuming consistent feeding times with a set amount of time between each feed. A basic diagram of which is seen below:
INPUT


Reset timer for feeding
Dispense into aquarium
NO
YES
Is this the correct pre-determined measurement for the food?
Food dispensed into container for weighing or other form of measuring correct quantity of food
Timer alerts the system that it is time to dispense food
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The design of a control system is determined by what that system needs to accomplish. In this instance the system has numerous variables that when combined, achieve the goal of maintaining the water in a marine based aquarium. One of the most important steps in setting up an aquarium is research, find out what the correct mineral content, PH level and temperature is. There is also a concern for cleanliness within the aquarium itself therefore a cleaning regimen within the control system itself would need to be included with the design to ensure that the aquarium stays as clean as possible to maintain the health of all the living things within the aquarium (Dakin, 2003). 
Ensure that the temperature is correct for the fish and other creatures within the habitat in the aquarium. A temperature too low could result in the fish’s metabolism slowing down resulting in the fish being a lot slower moving and generally seeming very tired. On the other hand, if the water is too warm it could cause the fishes metabolism to speed up thus resulting in possibly hyperactive fish darting around the aquarium. Therefore, more research would be needed to ensure that the correct temperature can be maintained using a temperature controller involving a separate vessel to ensure the correct temperature prior to adding it to the aquarium (Anderson, 2001). Within the second vessel there should be a thermostat set to a certain predetermined temperature suitable for the life in the aquarium then,  a pneumatic system for opening and closing inlet valves would be activated. The best valves to use in this situation would be butterfly valves (www.stoneleigh-eng.com, 2021). The reason for this is because butterfly valves are ideal for automated operation allowing for the valve to be completely off or on and anywhere in between. The advantage of working with this type of valve with a pneumatic actuator is that there is low operating torque therefore a lower air pressure would be required to operate this valve. (Goodson, 2021)
To prevent an excess of water within the aquarium a floating sensor maybe the most appropriate, something similar to ball cock in a toilet cistern but working in reverse. Where as a cistern stops water once it reaches a certain height this one could allow water to flow out of an outlet once it reaches a certain height then plugging the outlet once the level has lowered. This can be achieved with a pneumatic actuator also, with an alternating valve allowing air through one way to turn the outlet to the open position (Figure 1). Once the Water level drops this causes the ball cock to lower and the air to flow in the opposite direction to rotate the outlet valve to the off position (Figure 2).
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Figure 1 Showing airflow to open a valve
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Figure 2Showing airflow to close a valve
To make the control system as autonomous as possible there will need to be an autonomous feeding system which would involve some sort of measuring device to ensure the correct amount of food is delivered to the aquarium. There are many ways this could be accomplished from weighing food as mentioned in the diagram above or perhaps an actuator could push a predetermined amount of food to an opening to drop into the aquarium (Md. Nasir Uddin, 2021). What may be a more efficient form of delivery though, is something similar to an Archimedes screw or a screw pump (Pallardy 2021). This would be transporting fish food instead of water, through a horizontal tube from a container that houses the fish food. Conducting the feeding in this manner could allow a much more precise control over the amount that is dispensed into the aquarium (Fernandez, Cleary and McBride, 2011).
There are many more things that would be required for the aquarium to operate at an optimum level to allow for healthy fauna. This may include an ozone generator to help reduce pathogens and other harmful things that my cause issues. Another unit that can control the amount of ozone in the aquarium would help prevent any issues that may arise (Bortman, 2003).
Choosing the correct size of aquarium is an important step before choosing what control units to use. This would directly impact what control devices would be required because of the quantity of water within the system as a whole. This matters because whatever is included in the system would need to be distributed throughout the aquarium as a whole in the form of parts per million. This would also be considered after the size of fish is determined because if the fish is too small or two big then there could be greater issues that would again affect the control units that can be used for the system.
Filtration is an important process in any aquarium and would be needed to ensure that there is a clean environment for the health of the fish within the system.
There is also a requirement for an appropriate lighting fixture for the fish, this would ensure that they can maintain their day and night rhythm. This can be automated with a light being activated based off a timer determining when the light is turned on and off (A suitable environment for fish - RSPCA, 2021). 
A hydraulic pump system for moving the water through the system may be the best approach for the aquarium. Hydraulic pump systems have a lot of power and are very accurate with the amount of water that they can move from one location to the other therefore would be adjustable depending on the size of the aquarium. The efficiency is fairly good on hydraulics pumps too which could always be considered to be a good point, and the maintenance could be considered to be fairly easy too. However, there are disadvantages is to hydraulic power, due to the fact that they work through using a liquid to create pressure and liquids exert pressure in all directions simultaneously there could be a real concern about leaks. If the hydraulic system is underwater this could lead to real issues when it comes time to repair the system. This doesn’t just apply to the filtration and water circulation however, the hydraulic system could be used to activate the other valves throughout the aquarium as the power transmitted through the hydraulics could be enough to manoeuvre some of, even the toughest of valves (Advantages & Disadvantages of Hydraulic Systems, 2021)
Materials are an important consideration when it comes to the construction of anything that may be spending most, if not all, of its service life underwater. This is no less important in an aquarium; in fact this may be more important. If a material is reactive to the water in the aquarium it may release toxins that could endanger the wildlife living in the aquarium, or the reaction to the water may cause a reaction that could threaten the structural integrity of the aquarium. The material may buckle under the pressure of the water placed upon it. These are just some of the factors that could be considered before deciding on a material for the construction of the underwater components. Thee are numerous materials available even some composites however which one to use would be dependent on the purpose and the size of the aquarium to decide which would be the most appropriate (Materials and materials of pump body (volute) commonly used in water pump, 2021).
It could be possible to build them all into one unit and have the whole process automated through a larger control system with the individual control systems being controlled from this central point. This would also help to display all the different components on the same screen as thee would be one main control system enacting its control over the others.
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Conclusion
In conclusion this report shows there are many considerations to be made to produce a control system that provides automated care for an aquarium. Each part of the control system seems to be as important as the last and each would need their own set up with their own redundancies to avoid any disastrous outcomes. 
The flow chart diagrams within this report gives an example of how these processes can be automated and gives what could be considered the optimum way for them to work.
This technical report demonstrates the importance of the choice of materials in the construction of different components within the control system especially if it is going to be spending anytime underwater.
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