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[bookmark: _Toc90249575]Abstract
This report discusses the large world of control systems. It also attempts to answer the brief of suggesting suitable means of control and automating an ecosystem for an aquarium of an endangered species. The types of control systems, how they work and their applications in industry will be discussed, as well as some of the industry standards and general guidelines that must be adhered to in this particular field of engineering. The brief presents a number of challenges that require much thought into what control systems are and are not suitable and where and where not to cut costs, and finally where to and not to automate.


[bookmark: _Toc90249576]Introduction
There are a range of uses for control systems. Anywhere from autopilot in aeroplanes to an ancient Greek water level system. The following report examines which control systems are required and most suitable for a specific function. The function in question being a specifically designed control system for a specialised aquarium with the purpose of nurturing endangered species. There is an array of challenges associated with this task and will be discussed in the report. There is also a choice of control systems that may or may not be suitable for this task, or perhaps a combination of both and there will be some that could work in certain environments but not this one.
The aim of the task is to automate the aforementioned aquarium. This involves water level, cleanliness, toxicity, pressure, as well as other variables like oxygen levels, light, temperature and any other environmental factors that may be specific to the endangered species. For example, Winter Skate (Leocoraja ocellata) are an endangered benthic species mostly found in Atlantic Canadian waters, but also in the North Atlantic Ocean off the coasts of U.S.A. and Newfoundland [1]. These waters will have different properties like salt content, temperature etc to other oceans, seas, and channels around the world. Winter skate also usually live in depths less than 111m [2], so the water pressure would need to be monitored accordingly. These factors may also need to be considered for the Skates prey, which may also have to survive, albeit briefly, in the same conditions as the Skate is fed. Of course, this is just an example, however, all of the above criteria and more, will need to be considered and potentially adhered to in order to properly fulfil the brief.
[bookmark: _Toc90249577]What is a Control System?
Control systems are devices or processes that can regulate the behaviour of another device or system, so that said device or system will provide a desired activity or outcome [3]. Their use can limit the need for human control/regulation which can increase profit and move those skills to other areas, but also reduces the need for it in hazardous environments. The use of automation in general (which comes about through control systems) makes life easier and is more efficient and reliable than humans. 
[bookmark: _Toc90249578]Types of Control System 
There are two main types of control system and they are based on the feedback received: open and closed loop control systems. Simply put, closed loop controls usually provide automation to a system, while open loop control systems run based on their starting inputs and do not receive any feedback. There are also a sub-category of closed loop systems and these will be discussed in more detail in 3.1.
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Figure 1 - Simple diagram showing Open & Closed Loop Systems Source:https://th.bing.com/th/id/R.82fc523574b1d06cf8afb3d11f629cdd?rik=JWN3zqu5cmvtJA&riu=http%3a%2f%2f1.bp.blogspot.com%2f-NU186w60FYs%2fTwxYQqSTckI%2fAAAAAAAAAC4%2fcesUjc5V4ns%2fs1600%2fOpen%2bVS%2bClosed%2bFeedback%2bLoops.jpg&ehk=3Ig%2bgK6990I0cA96eTligFLngQ4u6WaCilFP%2bZ4RfRU%3d&risl=&pid=ImgRaw&r=0
Other, more specific control systems exist, such as adaptive control, as well as mechanisms within control systems that help observe and measure, such as sensors. These will be mentioned in more detail later in this paper too, and some will also feature in the proposed control system. 
[bookmark: _Toc90249579]Where can they be found?
Historically, one of the earliest known control systems was a liquid level control, or ‘water clock’, invented by Greek mathematician, physicist and inventor Ktesibios in 300BC. He is considered one of the first great figures in engineering [4]. The water level was used to tell the time, for that the water supply had to be constant and technology similar to toilet cisterns was used to do that. Nowadays, control systems are used for far more sophisticated tasks than simply telling the time. However, the basic principles of the ancient water clock are still seen to this day. 
[bookmark: _Toc90249580] Brief specific challenges
This brief presents many challenges to overcome. This means that particular controls will need to be implemented to ensure the goals are achieved. There are certain control systems that simply wouldn’t work in this environment, some that aren’t necessary and some that may even impede the desired outcome. 

[bookmark: _Toc90249581]Types of Control Systems found in Industry
You would struggle to come across any industry that doesn’t employ any kind of control system in its process, particularly in engineering. Many are required nowadays for safety and can make certain processes and activities much more efficient. 
[bookmark: _Toc90249582]Open Loop System
Open and closed loop systems are used in all types of industry. Everyday examples include washing machines, toasters and traffic lights. Advantages of open loop control systems are that they are easy to design, relatively low cost, easy to maintain and mostly stable depending on application. On the other hand, they have a lower bandwidth and as they don’t support automation, they cannot adapt to changing conditions. This would suggest that parts of the aquarium that involve monitoring and reacting to changes in, for example, water temperature would not be done using an open loop control system [5]. 
[bookmark: _Toc90249583]   Closed Loop Systems
Some common applications of closed loop control systems include air conditioners, automatic irons and water level systems. The obvious advantage is the automation that closed loop systems allow and they can correct errors of the feedback signal, they can also be very accurate [6]. 
[bookmark: _Toc90249584]How the control systems environment affects the requirements 
The overwhelming factor affecting the criteria of the control system is the presence of water. Many mechanisms seen in the world of control and automation, especially in the age of modern technology in engineering, features electrical components of some kind. Obviously, water and electrics do not mix, so safety mechanisms must be put in place and regular checks and maintenance performed on the more exposed components. Wherever possible though, the components will be kept dry, however there are numerous elements that require an area of the system to be partially or fully submerged. 

[bookmark: _Toc90249585]Proposed Control System
As stated previously, there are a number of elements that can and in some cases should be controlled. Different elements may require different types of control, and some may require extra features and components that others do not.
Here is a list of properties that would allow the ecosystem to benefit from them being controlled:
· Water temperature
· Water pressure
· Oxygen level
· Water level
· Water cleanliness
· Light 
The above variables would all benefit from being controlled, but each require different ways of being controlled. Following the above order, each element will be discussed and a suitable control system for it discussed, then a diagram will be attached at the end of this section to show how the final system for the whole aquarium will look.
[bookmark: _Toc90249586]Water Temperature
The sensor for this can simply be a thermometer, which can be partially or fully submerged in the water of the aquarium. The water temperature is especially important for tropical species, whose water temperature must remain between 18-29°C [7]. This could therefore use a closed loop control system, due to the fact that temperature can be a constantly changing variable and would need to be monitored. If an open loop system were to be used, any changes to the temperature of the water that occurred from outside factors could remain undetected, causing the water to be too hot or cold for the species to survive. Given the large temperature range given in the example, the need for full on adaptive control isn’t necessary, the need for more precise conditions will result in the use of adaptive control. The output device will then be a heater/cooler (depending on temperature range of species) to regulate the temperature.
[bookmark: _Toc90249587]Water Pressure
A fluid flow transducer should be most suitable to sense the water pressure. It is cheaper and has less to go wrong than any if the types of pressure transducers, with the orifice plate being the most suitable option for this reason. The orifice plate can also measure liquid pressure, which is clearly needed in this instance. A water pump would then be the output to the system, with drainage also being an option if the pressure is deemed to be too high.
[bookmark: _Toc90249588]Oxygen Level
Oxygen sensors can detect any drops in the oxygen level in the water of the aquarium and react accordingly. An oxygen pump can be used to pump extra oxygen into the water if needed. The implementation of underwater plants should provide sufficient oxygen, with the pump only to be used as a backup. The oxygen level of the water in the aquarium will vary depending on the number of animals in it and should be regulated accordingly.
[bookmark: _Toc90249589]Water Level
This may not be glaringly obvious at first, but keeping the water level within a suitable range is clearly very important for the safety of the animals, staff and visitors of the aquarium. Too low and the animals risk being out of the water, too high and the tank could overflow. There must be some leeway in the range, as the pressure of the water also needs to be regulated, which will involve increasing or decreasing the amount of water in the tank. The sensors used would detect water dropping or increasing below or above set values and a water pump would pump or drain water accordingly. It would be a good idea if this system was set up alongside the water pressure system, as the two’s output signals may affect one another and you do not want to be in a constant cycle of pumping and draining water in and out of the system, as this will use a lot of energy and will mean the conditions of the aquarium are never stable. 
[bookmark: _Toc90249590]Water Cleanliness
This can be an open loop system with a sensor in place to check for the presence of any harmful contaminants. The response to this should then be a human one, as opposed to an output by the system, as the contaminants involved could be a variety of things and would need dealing in ways which cannot be easily regulated. This can also be extended to pH level of the water, which may be especially important if a species survives in particularly acid or alkaline environments. 
[bookmark: _Toc90249591]Light 
The control system used for the light in the tank will depend on whether the tank is situated inside or outside. If outside, then an adaptive control system would be more suitable, as the weather will have a bearing on the amount of light reaching the water. However, if the tank is situated indoors, and given the nature of most aquariums, it probably is, then an open loop system will suffice. It may need to be programmed so that the artificial light accurately mimics the seasons in the wild, but there would be little need for any type of sensor, but just an output signal.
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Figure 2 - Diagram of Proposed Control System













[bookmark: _Toc90249593]Legal & Industry Standards
As with anything like an aquarium, there are many guidelines and criteria that must be adhered to in order to maintain standards, ensure safety and generally be fit for purpose. The health and safety criteria is in place for not only the animals care and safety, but also the staff and visitors that will be working/observing the tank from close distances, or in some cases diving in the tank itself,  as a duty of care is owed to both. The following information is taken from the British & Irish Association of Zoos & Aquariums (BIAZA) [7].
Enclosures must ensure that human error can be designed out as far as is reasonably practicable, clearly automating many elements of the aquarium helps to massively reduce the need for human interaction and thus human error, whether those be tedious tests or potentially dangerous roles, the automation that the control systems allow helps massively to improve safety.
The guidelines mention the key properties the materials of an enclosure must have to be safe, and this can also be seen to extend to the control systems talked about in this report. The guidelines specify that materials must withstand repeated attacks from animals, be durable in all weathers (in this case the conditions of possibly being submerged under water), allow for access to check for damage and perform maintenance and be as resistant to corrosion as possible.
These guidelines ensure that the safety of the animals, employees and visitors of the aquarium is ensured as much as reasonably practicable, with control systems and the automation of certain aspects only bettering the level of safety if applied correctly. One of the biggest risks for employees at an aquarium is getting into the tank. There are many risk assessment criteria and procedures that must be followed, from the design if the tank to carrying a dive out. By automating many elements of the aquarium, the need for divers can be limited and therefore be more safe for everyone.  

[bookmark: _Toc90249594]Hydraulic Power Supply Discussion
With regards to the brief, it doesn’t seem that there is any aspect of the aquarium that would benefit massively from having exclusively hydraulic components. However, hydraulic power does not require or rely on electricity, so it could be found that it is in fact beneficial for safety reasons. Although, it isn’t something that thick, heavy duty protection of electrical components couldn’t solve. So in answer to the question – yes, hydraulic power could be beneficial to the system in terms of safety, but any benefits of efficiency or overall accuracy and reliability would likely be nominal. 
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