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1.0 Introduction.

The utilization of control systems within an ever-evolving facility allows for environmental control to be assured. Whilst considering the importance of environmental characteristics within an aquarium environment, it is pivotal to ensure the business utilizes a system capable of identifying system dynamics to ensure all wildlife within the facility live within optimal conditions. 

The below technical report will consider the feasibility of implementing/installing a control system which will allow for environmental and safety critical factors to be monitored automatically, thus improving the safety and quality for all species kept within the enclosure. The report will also consider the feasibility of implementing a adequate reporting server to analyze environmental performance throughout the day.


































2.0 Control Methods.

Adaptive control methods are used extensively across engineering facilities due to their flexibility. Adaptive control systems “automatically compensates for variations in system dynamics by adjusting the controller characteristics, so that the overall system performance remains the same, or rather maintained at optimum level” (Direct, 2003). Whilst considering the significance of environmental factors for fish to live within, such as water volume, Water PH level and water temperature, the business may be able to utilize displacement transducers, fluid flow transducers and temperature sensors in a two loop adaptive control system to maintain previously specified parameters, to ensure optimal living conditions for all fish as “adaptive control is a method in which the response of a controller changes automatically based on changes in conditions within the process… adaptive control is typically used in situations where process gain is not linear, such as pH level control” (Rao, 2022).  An adaptive control method generally utilized a PID controller to control all potential variables, where a pre-set tolerance can be implemented by the controller and is monitored via the feedback loop (parameter adjustment loop) which provides a slower response to that of the normal feedback loop its working parallel with. Due to the criticality of the environmental conditions the endangered species lives within, it may be beneficial for the user to also implement a PLC style control method to work in tandem with that of the PID controller. As the PID, due to too its consistent control of both the integral, derivative and proportional  error signals produced by the process, the implementation of a PLC will allow for alarms/lights to be activated in the event of process tolerances being neglected, highlighting a high level OK/NOK status for the user, providing us with “supervisory control capability” (Chaudhari, 2021). This would be possible, during the design of the system, to allow for multiple PID controllers through analog communication (when considering water pH level, temperature and Oxygen level within the water) to communicate directly to the PLC to provide the manual controller with a clear visualization as to when pre-set parameters have been breached.



















3.0 Data Collection Methods.

When considering the process of improving process capability the utilization of a efficient data storage procedure will allow for further optimization to be made. To collect data, a SQL database would be an efficient choice of system database due to its ease of use and cost of implementation. A SQL database will report all modifications made through the PID controller, storing all data on a common reporting server which the user will have full accessibility too, this process will act as an automated reporting server for the user to analyze. When considering the reliability of a SQL database, both the international organization for standardization (ISO) and the international electrotechnical commission (IEC) accept SQL database storage as industry acceptable standards for data storage, “Both ANSI and the ISO/IEC have accepted SQL as the standard language for relational databases (SQL, 2022). A SQL server would be a beneficial data storage application for the business to utilize due to its low-cost installations and ease of use, “For data retrieval, large number of lines of code is not required. All basic keywords such as SELECT, INSERT INTO, UPDATE, etc are used and also the syntactical rules are not complex in SQL, which makes it a user-friendly language” (GeeksforGeeks, 2021).

Due to SQL being accessible to the user, it may be possible to conduct and write queries on the performance of individual sensors/valves within the system, to allow for deeper analysis to be conducted to determine the point within the process defects are occurring.
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(Figure 1 – Live SPC diagrams as per PID Controller Data Output
Reference – Microsoft Power Bi, 2022).
Post successful implementation of the SQL query, for data visibility of the user it may be beneficial to support this data collection with a clear visualization of process performance. Utilizing a data visualization package such as Microsoft power bi, as seen in figure 1, demonstrates to the user at the press of a button where process modifications have been made, “Power BI is a collection of software services, apps, and connectors that work together to turn your unrelated sources of data into coherent, visually immersive, and interactive insights” (BI, 2022). Due to its free cost to implement, ease of use and connectivity to multiple data sources (including SQL), it would be a valid consideration by the business to implement this reporting software to the environmental control process by implementing a digital SPC for factors such as Water pH level and water temperature. As seen in figure 1, the power Bi report demonstrates a clear SPC process capability diagram for all tests conducted. Therefore, this interface provides the user with a clear visualization of process variability throughout the working day.


































4.0 The use of Hydraulic / Pneumatic Pumps.

Whilst considering the utilization of a hydraulic pump/valve within the aquarium design, it became apparent there was clear risks to the environment that in the event of a failed system, which may cause potentially life-threatening harm to fish within the enclosure. A hydraulic pump allows for electrical energy to subsequently increase the pressure within the fish tank, allowing an interior motor to drive the pump “A hydraulic pump performs two functions when it operates. Firstly, its mechanical action creates a vacuum at the pump inlet, subsequently allowing atmospheric pressure to force liquid from the reservoir and then pumping it through to the inlet line of the pump. Secondly, its mechanical action delivers this liquid to the pump outlet and forces it into the hydraulic system.” (Online, 2022). Whilst considering the motor within a hydraulic pump, the device requires lubrication (primarily from an oil-based substance) to prevent the motor within failing due to excessive friction. In the event of a potentially defective pump/leak of lubricant into the tank, due to oil being less dense than the surrounding water, the oil would form a thick layer at the top of the tank. Subsequently to this, this would prevent oxygen from entering the tank, resulting in the fish within dying. However, it may be possible to utilize hydraulic power systems indirectly to the process through the use of an automated feeding system, which allows for the correct quantity of fish food to be dispensed on behalf of the tank owner.
To combat this, it would be a worthwhile consideration for the business to utilize pneumatic/electrical pumps to prevent potential oil spillages within the enclosure. 

























5.0 System Design.

As previously discussed during this technical report, to ensure process automation is possible the business is to utilize a conventional PID controller to control parameters through the utilization of sensors and actuators. Due to its proportional, integral and derivative control strategy, the PID provides confirmation of present, past and future potential tolerance misalignments can be taught over time and rectified.

The proportional element of a PID controller allows for present tolerances to be amended to their optimal position but does not neglect potential overshoot/oscillations whilst amending. It is important to note, the proportional response to a tolerance variable is directly aligned to the extremity of the process output, thus meaning the output response from the PID will vary based on the output recorded from sensors/connectors within the feedback loop, “the variable response is linearly proportional to the differential between a process variable and the desired optimum set point. This means that the response of the controller and the mechanism for affecting the variable make a greater response for a greater differential and a smaller change for a smaller differential.” (TechTarget, 2022). Due to the flexibility within the response from the controller, it is possible to maintain tighter control tolerances, which will be essential for the business when considering the criticality of environmental factors when housing an endangered species.

The integral component allows the controller to revise previous errors and communicates parameter off sets to the controller to ensure tolerance oscillations are minimal, this calculation will be continual as per process continues (Summing the error over time, multioperation of this value against the system gain, which is subsequently added to the current controller output), allowing the system to consistently detect trends.

Derivative control provides the controller with an estimate to future steady state error. This also allows prevention of parameters being breached due to the anticipation of error over a specified time period. Whilst considering that derivative control does not provide the same criticality as that of a proportional/integral response, it would be beneficial for the business to implement this control method to further reduce oscillations, allowing for a faster integral period, “The derivative control mode gives a controller additional control action when the error changes consistently. It also makes the loop more stable (up to a point_ which allows using a higher controller gain and faster integral (shorter integral time or higher integral gain)” (Explained, 2022).
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(Figure 2 – Design of a PID Closed Loop response system for Tank temperature.
Reference – Microsoft Word, 2022).

As seen in figure 2, the business will have the capability to automate the process of managing tank temperature through the utilization of a stainless-steel submersible temperature sensor. Upon research, it became apparent there are multiple stainless-steel probes available for the business to utilize at a cost of around £10, all of which have a temperature sensor tolerance of 0.1C. Due to the system design, it would be appropriate to install a device into the system which has the capability of outputting analogue signals to the PID controller, to allow for comparison of the internal tank water temperature to its desired standard.  Due to the species within the tank being endangered, assuming these are tropical fish – it became apparent upon research the business would need to maintain a optimal water temperature of 25C to ensure the environment is optimal for re-production and life expectancy, “Tropical fish are those that require heated water, generally in the range of 75-80°F (24-27°C).” (Sharpe, 2021). Upon the water tank temperature misaligning to the pre-set tolerances programmed to the PID controller, it is possible for the PID controller to communicate a digital output to a submersible water heater, which will result in the heater turning on (to increase heat) or switching off (to reduce temperature). It is also important to note due to the SQL SPC dashboard the owner will have access too, it will be possible to consistently monitor temperature parameters to ensure all areas within the tank are consistently within specification. Another external contributing factor to the heat of a fish tank is its exposure to light, as extensive exposure to sunlight can cause environmental issues to the conditions of the water, “Aquariums should never be placed where they receive direct sunlight for any portion of the day or near doors or windows that can expose the tank to drafts.”  (Sharpe, 2021). To prevent this, it may be possible to incorporate a LED light to the system, and analyse the data displayed from the system to ensure the lighting installed is not a contributing factor to tolerances being neglected. It is important to note, the design of the system is orientated around the implementation of pneumatic solenoid controlled pneumatic valve. These valves have been introduced as a actuator to allow fluid flow around the system. In the feedback loop, the PID has the ability to communicate to both the water heater and solenoid valve in parallel, opening the valve allowing for heated water to be pumped into the tank (whilst closing Valve 1), “Solenoid valves consist of a coil, plunger and sleeve assembly. In normally closed valves, a plunger return spring holds the plunger against the orifice and prevents flow. Once the solenoid coil is energised, the resultant magnetic field raises the plunger, enabling flow. When the solenoid coil is energised in a normally open valve, the plunger seals off the orifice, which in turn prevents flow.” (Burkert, 2022). In the result of the water environment re-aligning to a condition within the specified parameters, it is possible for the PID controller to communicate a digital communication to both valve 2 and the water heater, whilst energising valve 1, to allow for the flow of water to be reviewed as per original process.
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(Figure 3 – Design of a PID Closed Loop response system for Tank Water pH level.
Reference – Microsoft Word, 2022).

Similar to that of the water temperature system, it is also possible to automate the process of identifying where the water pH levels are out of specification as seen in figure 3. Upon research, it became apparent that the optimal pH water level is 7 when catering for tropical fish, with this in consideration it would be possible to align the PID controller to these specified parameters, “Most freshwater aquarium tropical fish do best at a pH of 6.8 to 7.8” (Aqueon, 2022). Contrary to the system controlling temperature, the water pH level system does not action a counter measure to tolerances being neglected, but through utilization of digital I/O communication between the PID and attached PLC, it is possible to display a light when parameters are neglected.  It is also important to note, the business will have clear visibility of parameter control through utilization of the SPC Microsoft power Bi Dashboard. 


















PID Controller of Water Oxygen Level.
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(Figure 4 – Design of a PID Closed Loop response system for Water Oxygen Level.
Reference – Microsoft Word, 2022).

As seen in figure 4, it is possible to automate the process of controlling water oxygen levels within the aquarium through the use of submissible dissolved oxygen meter, “a dissolved oxygen meter precisely measures your aquarium in just a few seconds. Stick the probe in your aquarium and the amount of oxygen in your aquarium will be displayed on the LCD screen.” (FishLab, 2021). Due to the structure of the system, it is possible to export the analogue results collected from the dissolved oxygen reader and export this to the PID controller. Upon research, it became apparent that a “concentration of 5mg/l of dissolved oxygen is optimum for fish health” (UniversityOfFlorida, 2022). In the event of these parameters being broken, feedback loop 2 allows for a digital “On” signal to be sent to the aquariums water pump, thus activating the solenoid-controlled spring pneumatic valve as previously seen in the temperature control system. Whilst considering the preventative countermeasure, a water pump allows for the circulation of carbon dioxide inhaled from the fish to replace new oxygen for the fish to utilize, “Moving water at the top of the aquarium is important because it prevents oily biofilm from developing on the surface and encourages good gas exchange, where carbon dioxide (exhaled by your fish) is released into the air and new oxygen (for the fish to breathe) enters the tank.” (AqariumCoOP, 2021). In the event of the water oxygen level neutralizing, the PID controller will close Valve 2 and re-open valve 1, to allow for the flow of water to continue.








6.0 Conclusion.

To conclude this technical report, the implementation of a automated control system for both a personal or industrial sized aquarium is a feasible investment due to the criticality of environmental factors to allow for endangered fish to survive.

A consideration which must be made when applying the systems discussed during this report is the quantity of sensors required. If the business was to utilize a large tank and/or multiple tanks, there would be a significant additional cost to consider. 
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