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Executive Summary  
 

This report analyses the feasibility of a self-regulated control system for an Aquarium. The 

research undertaken found that there are many variables one must consider before undertaking 

such a design of an automatic control system for this type of environment.  

It is stated that not only does one have to consider water variables such as temperature and 

oxygen levels, but also for a self-sustaining system one may have to consider lighting and 

automatic feeding systems.  

The report delves into the different subsystems and equipment one may require for any 

automation machine whilst then tailoring the required equipment needed for an automated 

aquarium whilst also making many considerations around machine directives and aquarium 

regulations. 

The proposed design implemented basic automation methods found in many industries, 

utilising common automation techniques, equipment, and communication protocols. The 

design ensured that a programmable logic controller was utilised to be the central point of the 

system, intertwining each input and output through many communication protocols.  

The design implemented the Industrial Internet of Things which allowed the system to be 

connected to the outside world, thus, process alarms and monitoring systems were fully visible 

and thus, the possibility of a smarter system could be achieved.  

The proposed design made many considerations around its control, power, and communication 

methods, but safety and regulation conformity will always be at the highest priority within any 

automation system. Therefore, no automation system can be fully automated without human 

interaction, only made smarter with less interaction and automated process improvements.  

Therefore, a design of a specialist automatic control system for an aquarium is possible, if one 

utilises this proposed design whilst altering the equipment specifications based on the 

requirement for specific wildlife needs.  

 

 

 



Joshua Craig Thorngate  BEng (Hons) Mechanical Engineering 2008670 

2 

 

Table of Contents 

1.0. Introduction ................................................................................................................... 7 

1.1. Problem Statement ...................................................................................................... 7 

2.0. Considerations and Regulations .................................................................................. 8 

2.1. Aquarium Regulations................................................................................................. 8 

2.2. Health and Safety Regulations .................................................................................... 8 

2.3. Aquarium Variable Considerations ............................................................................. 9 

3.0. Automation Essentials ................................................................................................ 11 

3.1. Equipment and Instrumentation ................................................................................ 11 

3.1.1. Controllers.......................................................................................................... 13 

3.1.2. Sensors and Transducers .................................................................................... 14 

3.1.3. Signal Conditioners ............................................................................................ 16 

3.1.4. Actuators and Control Valves ............................................................................ 18 

3.1.5. Power Supply ..................................................................................................... 21 

3.1.6. Network.............................................................................................................. 22 

4.0. Control Method Design .............................................................................................. 23 

4.1. Control System Design.............................................................................................. 23 

4.1.1. Temperature Control .......................................................................................... 25 

4.1.2. Oxygen Level Control........................................................................................ 27 

4.1.3. pH Level Control ............................................................................................... 29 

4.1.4. Lighting Control................................................................................................. 31 

4.1.5. Tank Cleanliness Control ................................................................................... 33 

4.1.6. Water Level Control .......................................................................................... 35 

4.1.7. Feeding Control System ..................................................................................... 36 

4.2. Control System Integration and Redundancy............................................................ 38 

5.0. Review and Further Considerations ......................................................................... 39 

6.0. Conclusion ................................................................................................................... 41 



Joshua Craig Thorngate  BEng (Hons) Mechanical Engineering 2008670 

3 

 

References ............................................................................................................................... 42 

Figure References................................................................................................................... 45 

Table References .................................................................................................................... 48 

Appendix One ......................................................................................................................... 49 

Appendix Two ........................................................................................................................ 50 

Appendix Three ...................................................................................................................... 51 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Joshua Craig Thorngate  BEng (Hons) Mechanical Engineering 2008670 

4 

 

Table of Figures 

Figure 1 Shows Elements of an Automated System (Groover, 2008, p.88). ........................... 11 

Figure 2 Shows a Closed Loop Clothes Drying Control System (Closed-loop Systems, 2014)

.................................................................................................................................................. 12 

Figure 3 Shows the Five Levels of an Automation Structure (Groover, 2008, p.101) ............ 12 

Figure 4 Shows a PID Controller (RS Components, 2022) ..................................................... 13 

Figure 5 Shows a PLC System (What is the definition of "PLC”?, 2022) .............................. 14 

Figure 6 Shows an IP Rating Guide (Bohn, 2013) .................................................................. 16 

Figure 7 Shows Analog-to-Digital Conversion Steps (Groover, 2018, p.144) ........................ 16 

Figure 8 Shows a Wheatstone Bridge Circuit (Teja, 2021) ..................................................... 17 

Figure 9 Shows a Load Cell Amplifier (Target 260S, 2022) ................................................... 17 

Figure 10 Shows a Typical PLC Control System (PLC Analog Inputs and Signals, 2022) .... 18 

Figure 11 Shows a Pneumatic Piston (O’Keefe, 2018) ........................................................... 19 

Figure 12 Shows a Solenoid Control Valve (What is a Directional Control Valve?, 2021) ... 19 

Figure 13 Shows Basic Hydraulic Control (Basic Hydraulic Theory, 2022) .......................... 20 

Figure 14 Shows the Airflow through a Control Valve (What is a Directional Control Valve?, 

2021) ........................................................................................................................................ 20 

Figure 15 Shows a Pneumatic Power System (Configuring a Typical Pneumatic System, 2022)

.................................................................................................................................................. 21 

Figure 16 Shows a Hydraulic Power System (Duran-Lamanilao, 2021) ................................. 22 

Figure 17 Shows the Entire Control System in Block Diagram Form .................................... 24 

Figure 18 Shows a Pneumatic System (Compressed Air System Components And Network For 

Using Air Tools, 2022) ............................................................................................................ 24 

file:///E:/BEng%20-%20Mechanical%20Engineering/Level%205%20Modules/Level%205%20-%20Control%20&%20Automation/Automation/Assignment/Joshua%20Thorngate%20ACMA%205001.docx%23_Toc99833192


Joshua Craig Thorngate  BEng (Hons) Mechanical Engineering 2008670 

5 

 

Figure 19 Shows a Temperature Control System .................................................................... 25 

Figure 20 Shows an Oxygen Control System .......................................................................... 27 

Figure 21 Shows a Ph Control System .................................................................................... 29 

Figure 22 Shows Lighting Control .......................................................................................... 31 

Figure 23 Shows a Water Change Control System .................................................................. 33 

Figure 24 Shows a Mechanical Water Overflow System (Farnsworth, 2022) ........................ 35 

Figure 25 Shows an Automated Feeding System .................................................................... 36 

Figure 26 Shows Environmental Data Loggers and Transmitters (PyroScience meters, 2022)

.................................................................................................................................................. 38 

Figure 27 Shows an Aquarium Water Alteration Process (Zadvinskii, 2022) ........................ 40 

 

 

 

 

 

 

 

 

 

 

 

 

file:///E:/BEng%20-%20Mechanical%20Engineering/Level%205%20Modules/Level%205%20-%20Control%20&%20Automation/Automation/Assignment/Joshua%20Thorngate%20ACMA%205001.docx%23_Toc99833195
file:///E:/BEng%20-%20Mechanical%20Engineering/Level%205%20Modules/Level%205%20-%20Control%20&%20Automation/Automation/Assignment/Joshua%20Thorngate%20ACMA%205001.docx%23_Toc99833196
file:///E:/BEng%20-%20Mechanical%20Engineering/Level%205%20Modules/Level%205%20-%20Control%20&%20Automation/Automation/Assignment/Joshua%20Thorngate%20ACMA%205001.docx%23_Toc99833197
file:///E:/BEng%20-%20Mechanical%20Engineering/Level%205%20Modules/Level%205%20-%20Control%20&%20Automation/Automation/Assignment/Joshua%20Thorngate%20ACMA%205001.docx%23_Toc99833198
file:///E:/BEng%20-%20Mechanical%20Engineering/Level%205%20Modules/Level%205%20-%20Control%20&%20Automation/Automation/Assignment/Joshua%20Thorngate%20ACMA%205001.docx%23_Toc99833200


Joshua Craig Thorngate  BEng (Hons) Mechanical Engineering 2008670 

6 

 

List of Tables 

Table 1 Shows Aquarium Welfare Regulations......................................................................... 8 

Table 2 Shows Physical Variable Categories (Groover, 2008, p.132) .................................... 15 

Table 3 Shows Common Measuring Devices within Automation (Groover, 2008, p.134) ..... 15 

Table 4 Shows a Note to Meet a General-Purpose Design Specification ................................ 23 

Table 5 Shows the Temperature Control Method .................................................................... 26 

Table 6 Shows the Oxygen Control Method............................................................................ 28 

Table 7 Shows the Ph Control Method .................................................................................... 30 

Table 8 Shows the Lighting Control Method .......................................................................... 32 

Table 9 Shows the Water Cleaning Method ............................................................................ 34 

Table 10 Shows the Feeding System Control Method............................................................. 37 

Table 11 Shows the Advantages and Disadvantages of Hydraulic and Pneumatic Systems 

(Duran-Lamanilao, 2021) ........................................................................................................ 40 

 

 

 

 

 

 

 

 



Joshua Craig Thorngate  BEng (Hons) Mechanical Engineering 2008670 

7 

 

1.0. Introduction  

This report will determine the feasibility of a self-regulating control system that nurtures 

endangered aquatic life by utilising control technology to propose an automation system 

design.  

1.1. Problem Statement  

A specialist self-regulating aquarium must be designed to nurture endangered aquatic life. One 

would need to consider the manipulated and controlled variables. Furthermore, one must 

consider any process alarms and monitoring systems for process improvement.  

For the feasibility, one will consider freshwater aquatic life, however, the design must be 

general-purpose and therefore no equipment-specific operational ranges will be specified, only 

those that meet general requirements, preventing limitations of the study.  
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2.0. Considerations and Regulations  

One must consider the variables around a self-regulating aquatic environment, whilst 

conforming to Automation Machine Directives, Health and Safety, Environmental and Aquatic 

Welfare Regulations.  

2.1. Aquarium Regulations  

The Federation of British Aquatic Societies (2008, pp. 2-9) states that keeping aquatic life 

requires conformity to regulations under the Animal Welfare Act 2006. Table 1 shows a 

summary of the key factors that must be considered for the automation system.  

Table 1 Shows Aquarium Welfare Regulations 

 

2.2. Health and Safety Regulations  

Machine Directives such as “Machinery Directive 2006/42/EC” must be conformed to for the 

manufacture and distribution of systems to industry. Even automated machinery requires some 

human interaction; thus, one can utilise “Provision and Use of Work Equipment Regulations 

1998 (PUWER)” for conformity. CE marking can be utilised for equipment conformity for this 

project, although according to the UK Government website, the UK will utilise UKCA marking 

in the coming years (Using the UKCA marking, 2021).  

Supply of Machinery (Safety) Regulations 2008 must be followed for machine design and 

manufacture. Following EN/ISO 13849-1 and EN/IEC 62061 can allow conformity at the 

design, build and implementation stage (Collins, 2019). 



Joshua Craig Thorngate  BEng (Hons) Mechanical Engineering 2008670 

9 

 

2.3. Aquarium Variable Considerations 

For a self-regulating system, one must be aware of the environmental variables that need to be 

manipulated and controlled, whilst conforming to cleanliness, environmental, and health and 

safety standards.  

Meeting environmental and safeguarding of aquatic life regulations, one must ensure 

automated tank cleaning and fish feeding is achieved to prevent negative effects on the lifespan 

and behaviour of aquatic life. Water changes must be done at a low rate to prevent high 

fluctuations in environmental changes causing aquatic stress (Balasubramani, Aakash, Akshay 

and Bennet,2020, pp.524-526).  

Artificial light interferes with the physiological functions, behaviour, and development of 

aquatic life; thus, time dependant lighting control must be achieved (Brüning, 2016). 

Chiu (2010, pp.1458-1460) states temperature control is very important, especially for aquatic 

reproduction which would be essential for endangered species. 

High temperatures also reduce oxygen levels, which are important for aquatic life survival. 

Freshwater fish require more parts per million compared to other types like marine wildlife, 

therefore, this must be considered (Aquarium Oxygen: The Essential Ingredient to a Healthy 

Aquarium, 2021).   

Potential hydrogen (pH) levels also require control for the survival of aquatic life, thus, must 

be considered (Chiu,2010, p.1461).  

Therefore, for freshwater fish the variables to consider are:  

• Lighting  

• pH Levels  

• Water Flow Rate  

• Water Levels 

• Water Oxygen Levels 

• Water Temperature  

Hardyanto, Ciptadi and Asmara (2019, pp. 48-51) expand on these variables stating process 

improvement can be achieved through the Internet of Things (IoT). The Industrial Internet of 

Things (IIoT) focuses on interconnecting machines, big data, and machine learning, increasing 
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reliability and efficiency. It utilises Programmable Logic Controllers (PLCs), Human Machine 

Interfaces (HMIs) and Distributed Control Systems (DCSs). It essentially combines systems 

that collect and control data for process improvement which collectively can be known as 

Industry 4.0. (Banafa, 2015).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Joshua Craig Thorngate  BEng (Hons) Mechanical Engineering 2008670 

11 

 

3.0. Automation Essentials 

This section will describe the general equipment requirements needed for an automation design 

of the proposed variables.  

3.1. Equipment and Instrumentation 

Automation processes utilise technologies to produce outcomes with minimal human 

interaction, increasing efficiency, speed, redundancy, and reliability, reducing mundane or 

dangerous tasks from human intervention (Groover, 2008, p.85).  

Figure 1 shows typical components of an automated system. A program of instructions is 

required such as ladder logic programming, allowing the control system to execute the 

instructions, such as an instruction to increase the temperature when it is too low (Groover, 

2008, pp.90-93). 

 

Figure 1 Shows Elements of an Automated System (Groover, 2008, p.88). 

In a control system, input parameters (Manipulated Variables) represent the desired output, 

with an actuator or correction element providing the change onto the process for the desired 

variable. An open-loop system does not have feedback, whereas a closed-loop has feedback to 

the input providing accurate adjustments for the output. Figure 2 shows a typical closed-loop 

process controlling the dryness of clothes.  
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Figure 2 Shows a Closed Loop Clothes Drying Control System (Closed-loop Systems, 2014) 

An automated aquarium would require a controller with a Central Processing Unit (CPU) to 

execute a set of instructions with actuators and correction elements to provide the change in 

the process, whilst sensors provide manipulated and controlled variable comparison feedback 

(Tilley, 2017). 

Data analysis would increase efficiency, thus, network systems connected to a higher 

processing unit such as IIoT systems would be required. A hierarchy of this type of system is 

shown in Figure 3 (Groover, 2008, pp.100-102). 

 

Figure 3 Shows the Five Levels of an Automation Structure (Groover, 2008, p.101) 
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3.1.1. Controllers 

The aquarium will require a controller comparing the parameters from the sensors to the 

manipulated input, thus, executing the instructions, and controlling the actuators or correction 

elements.  

Continuous controllers have uninterrupted input and outputs with control actions reducing 

system error. Discrete controllers utilise event or time-based logical order operational 

sequences (Groover, 2008, pp.108-113). 

Proportional Integral Differential (PID) controllers are very accurate and stable continuous 

controllers utilising control loop feedback. A typical digital temperature PID controller is 

shown in Figure 4 (Wang, 2020).  

 

Figure 4 Shows a PID Controller (RS Components, 2022)  

A PLC is a discrete controller. These are small industrial computers with modular components, 

consisting of a power supply, processor, inputs, and outputs. They obtain external inputs 

performing ladder logic sequences, programmed in the processor and thus, alternate the outputs 

on or off. A simple block diagram can be seen in Figure 5.  

They can control entire integrated systems due to the many input and output modules with the 

processor containing the program of instructions. They can connect to the network through 

various communication protocols, which can link back to IIoT.  

PLCs can have digital (Discrete) or analogue (Continuous) inputs and outputs whereby the 

inputs read variables like voltage from temperature sensors. Some variables, however, require 
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signal conditioners before the PLC such as a Wheatstone Bridge converting strain into a linear 

voltage for the PLC to read (Gonzalez, 2015).  

 

Figure 5 Shows a PLC System (What is the definition of "PLC”?, 2022) 

3.1.2. Sensors and Transducers 

Sensors would be required for the inputs of the automation machine, which measure 

surrounding environmental variables and gives a reading in the same signal format. A 

transducer will be referred to as a sensor in this report for simplicity, however, they measure a 

physical input and convert it into an electrical output. Examples of physical variables can be 

seen in Table 2, with Table 3 showing various measurement devices (Groover, 2008, pp.131-

134). 

The correct sensor must be chosen for its’ application such as temperature whereby 

Thermocouples, Thermistors or Resistance Temperature Detectors (RTD) can be used 

(Gums,2018).  

Sensors must also work within operational ranges of the aquarium requirements and meet CE 

marking standards. For example, one could not use a temperature sensor with a maximum 10°C 

range when the water must be 15°C, although these ranges will be dependent on the specific 

wildlife species. All sensors must also be waterproof to prevent failure which can be achieved 
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through knowing their Ingress Protection (IP) ratings shown in Figure 6 (Balasubramani, 

Aakash, Akshay and Bennet,2020, p.525).  

Table 2 Shows Physical Variable Categories (Groover, 2008, p.132) 

 

Table 3 Shows Common Measuring Devices within Automation (Groover, 2008, p.134) 
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Figure 6 Shows an IP Rating Guide (Bohn, 2013) 

3.1.3. Signal Conditioners  

Environmental sensors produce an analogue signal, thus, must be converted into digital values 

for the processor which can be done in various ways, with a simple process is shown in Figure 

7 (Groover, 2008, p.144). 

 

Figure 7 Shows Analog-to-Digital Conversion Steps (Groover, 2018, p.144) 
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Various devices can condition signals for the use of control. For example, a Wheatstone Bridge 

shown in Figure 8, measures small changes in electrical resistance for physical quantities like 

temperature, pressure, and strain (Teja, 2021). 

Some devices not only amplify and convert physical quantities into electrical, but they can 

further condition them into the correct communication protocols like Ethernet IP. For example, 

Figure 9 shows a Load Cell Amplifier that converts mechanical strain into force or a mass value 

for a processor to obtain through Ethernet IP.  

 

Figure 8 Shows a Wheatstone Bridge Circuit (Teja, 2021) 

 

Figure 9 Shows a Load Cell Amplifier (Target 260S, 2022) 
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Professionals were emailed for research purposes as shown in Appendix One. It was found that 

PLCs can have analogue input cards which convert sensor outputs directly for the PLC to 

recognise as Figure 10 shows.  

 

Figure 10 Shows a Typical PLC Control System (PLC Analog Inputs and Signals, 2022) 

3.1.4. Actuators and Control Valves 

Actuators/Correction Elements receive controller signals, making process changes. If fluid 

systems are used, control valves are utilised to direct and regulate fluid within the system.  

Pneumatics utilise compressed air, whereby the control valve has a mechanical input or an 

electrical input from a controller to direct the airflow to one side of a piston thus moving it and 

therefore, airflow is then vented to the atmosphere as shown in Figures 11 and 12.  

Hydraulics can transmit higher forces as they utilise incompressible fluid in a closed system. 

They utilise similar control valves to direct the fluid, but the fluid is directed back to a reservoir 

as Figure 13 shows.  

Control valves come in many configurations such as spring return or double-acting. Double-

acting for example can direct fluid to alternate sides to move the piston or both sides to lock 

the piston. Spring return for another example can only direct air to one side but returns to the 

origin when the signal is removed as shown in Figure 14 (Woodford, 2021).  
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Figure 11 Shows a Pneumatic Piston (O’Keefe, 2018) 

 

Figure 12 Shows a Solenoid Control Valve (What is a Directional Control Valve?, 2021) 
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Figure 13 Shows Basic Hydraulic Control (Basic Hydraulic Theory, 2022) 

 

Figure 14 Shows the Airflow through a Control Valve (What is a Directional Control Valve?, 2021) 
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3.1.5. Power Supply  

For Machine Directive conformity, the system will require 230VAC for larger external devices 

but for automation, a 230VAC to 24VDC switch should be used, as PLCs and instruments are 

capable of running with only 5VDC input.  

For pneumatic power, compressors can be utilised, however, one must ensure measures are 

made to prevent water ingress into the system, such as non-return valves and filters. One must 

also ensure regulators are in place to conform to safety regulations as Figure 15 shows. 

Hydraulics may be utilised and can be in the configuration shown in Figure 16 (Sabhadiya, 

2022).  

 

Figure 15 Shows a Pneumatic Power System (Configuring a Typical Pneumatic System, 2022) 
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Figure 16 Shows a Hydraulic Power System (Duran-Lamanilao, 2021) 

3.1.6. Network  

One must ensure the system is connected to a network and that compatibility is achieved, such 

as device communication protocols are compatible with switches and able to communicate with 

servers and other IIoT devices, through communication protocols like Ethernet IP. This would 

allow for, monitoring, process improvements and redundancy control (Immerman, 2017).  
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4.0. Control Method Design  

This section of the report will outline the proposed automation system design, showing the 

hierarchical structure design, then breaking down each subsystem design, explaining how each 

subsystem works, thus, enabling one to explain how it all intertwines into a fully working 

control system. Table 4 states an important design note.  

Table 4 Shows a Note to Meet a General-Purpose Design Specification 

 

4.1. Control System Design  

The control system design will utilise a hierarchical block structure shown in Figure 17. A 

typical system can be seen in Appendix Two. The system will have a 230VAC to 24VDC 

power switch supply for the HMI and PLC, which has a 5VDC common. A pneumatic power 

system will be utilised shown in Figure 18 with a 230VAC power supply.  

Each subsystem for the entire system will be described individually with its’ own diagram. It 

can be noted that the block diagrams are for illustrative purposes and the actual system may be 

assembled differently. For example, some inputs and outputs are shown connected to the PLC 

on the same line, however, this would not be the case in real system assembly.  

It can be further noted that the PLC can be programmed offline utilising a universal serial bus 

connection from a PC, thus, desired variable values would be programmed at this stage. 

Therefore, post variable value change will be described in each subsystem explanation.   
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Figure 18 Shows a Pneumatic System (Compressed Air System Components And Network For Using Air Tools, 2022) 

Figure 17 Shows the Entire Control System in Block Diagram Form  
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4.1.1. Temperature Control  

Figure 19 shows the subsystem design for temperature control with Table 5 explaining the 

operation.  

 

Figure 19 Shows a Temperature Control System 
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Table 5 Shows the Temperature Control Method 
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4.1.2. Oxygen Level Control 

Figure 20 shows the control of oxygen subsystem design with Table 6 explaining the operation.  

 

 

 

 

 

 

 

 

 

Figure 20 Shows an Oxygen Control System 
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Table 6 Shows the Oxygen Control Method 
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4.1.3. pH Level Control 

pH levels can have serious negative effects on aquatic life if not monitored and controlled. 

Figure 21 shows the pH control subsystem design with Table 7 explaining the operation. 

 

 

 

 

 

 

 

 

 

Figure 21 Shows a pH Control System 



Joshua Craig Thorngate  BEng (Hons) Mechanical Engineering 2008670 

30 

 

Table 7 Shows the pH Control Method 
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4.1.4. Lighting Control  

The lighting control subsystem design can be seen in Figure 22 with an operational explanation 

in Table 8. 

 

 

 

 

 

 

 

 

Figure 22 Shows Lighting Control  
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Table 8 Shows the Lighting Control Method 
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4.1.5. Tank Cleanliness Control  

To ensure tank cleanliness, thus, complying with regulations, a water change system has been 

designed as shown in Figure 23 with Table 9 explaining its’ operation.  

 

 

 

 

 

 

 

 

 

Figure 23 Shows a Water Change Control System 
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Table 9 Shows the Water Cleaning Method 
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4.1.6. Water Level Control 

Water levels are achieved from the water changing process, however, for built-in redundancy, 

this mechanical mechanism shown in Figure 24 provides automatic overflow in case of sensor 

failure.  

 

Figure 24 Shows a Mechanical Water Overflow System (Farnsworth, 2022) 
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4.1.7. Feeding Control System  

Figure 25 shows the feeding control system design with Table 10 explaining the operation. 

Appendix Three shows and explains the feeding mechanism design.  

 

 

 

 

 

 

 

 

Figure 25 Shows an Automated Feeding System 
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Table 10 Shows the Feeding System Control Method 
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4.2. Control System Integration and Redundancy 

Utilising a PLC allows for each subsystem to operate individually as well as collectively. 

Therefore, if one variable changes, one response would occur, but if multiple variables change, 

then multiple responses occur.  

This ensures self-regulation and reliability, thus, if the temperature changes also effecting 

oxygen levels, not only does a temperature response occur but also an oxygen response.  

Therefore, with the integration of all subsystems into one system, self-regulation can be 

achieved. Furthermore, this integration allows for multiple monitoring through the PLC and to 

IIoT systems, connected through Ethernet IP, Switches and Edge Gates.  

Redundancy is built into the design as this monitoring allows the system to not only be 

controlled through a HMI but also through IIoT systems which can be monitored anywhere. 

The system will produce smart monitoring when errors occur or processes such as low food 

levels occur, which can automatically order new food stock.  

As shown in Figure 26, Data Loggers and Transmitters can be utilised which bypass the PLC 

and directly connect to the Edge Gateway to provide instant data which allows for redundancy 

if the system sensors were to fail as well as provide accurate environmental sensor comparisons 

for process improvements.  

 

Figure 26 Shows Environmental Data Loggers and Transmitters (PyroScience meters, 2022) 
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5.0. Review and Further Considerations  

The system design will be utilised for generic freshwater aquarium automation; thus, 

equipment ranges will be determined by wildlife species.  

Meeting Machine Directives meant low force pneumatic systems, low voltages and advanced 

monitoring was utilised to reduce health and safety risks. Table 11 was utilised to compare 

pneumatics and hydraulics, with pneumatic being the safer more diverse environmental option. 

Although check valves, filters, dryers and seals need to be utilised within any submerged 

system to prevent water into the pneumatics.  

IIoT systems improve integration and processes, whilst monitoring energy outputs, thus, 

reducing carbon footprints. Process improvement through process alarms and error logging 

occurs with further redundancy due to data loggers and transmitters.  

Dummy tanks shown in Figure 27 can be utilised for environmental change before the main 

aquarium, allowing for maintenance and reduced sudden aquarium changes which may stress 

or harm the wildlife. 

Closed-Loop subsystems integrated through a PLC and other communication protocols allow 

for a smart, redundant hierarchical control system that conforms to regulations and meets the 

system specification whilst allowing for future improvements through IIoT systems. 

No system can be fully automated, due to machine maintenance and replenishment. However, 

further automation can be achieved indirectly with hydraulic systems such as lifting aquarium 

lids, doors and equipment through automated actuators due to the high force capabilities. To 

meet regulations, proximity sensors, interlocks and emergency stops should be implemented in 

case of an emergency during human interaction. Hydraulic fluid can be toxic, thus, water is 

recommended for the medium to prevent harm to wildlife or persons during a leak.  



Joshua Craig Thorngate  BEng (Hons) Mechanical Engineering 2008670 

40 

 

Table 11 Shows the Advantages and Disadvantages of Hydraulic and Pneumatic Systems (Duran-Lamanilao, 2021) 

 

 

Figure 27 Shows an Aquarium Water Alteration Process (Zadvinskii, 2022) 
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6.0. Conclusion  

Control technology is advancing with repetitive or dangerous tasks being automated, whilst 

industry 4.0., particularly IIoT, is allowing for process improvements.  

Automation has its benefits but can be complicated and regulations must be adhered to, thus, 

feasibility is required.  

This system requires consideration of many variables to be self-regulating, from water 

temperature to oxygen levels. The proposal suggested modern environmental sensors and 

correction elements intertwined with a PLC, providing a self-regulating environment for 

aquatic life. Combined with advanced monitoring through IIoT systems, the design would lead 

to a smart system that would require little human interaction whilst conforming to regulations.  

Further system redundancy within the design proposal reduces machine failure risk, thus, must 

be considered during system implementation. Furthermore, safe methods, utilising small force 

and voltage devices were suggested, conforming to environmental and health and safety 

regulations.  

Therefore, although some human interaction will always be required, an automated control 

system for an aquarium is feasible if one utilises the proposed design, whilst altering specific 

equipment for the specification ranges required for particular wildlife needs.  
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Appendix Three  

 

 

The figure above shows a concept for the feeding system. It must be noted that this would not 

be the entire design and more mechanical and electrical components would be required, 

however, the design represents the concept.  

As one can see, the fish food mechanism has a rotary actuator and a linear actuator. Food would 

come fully loaded into a funnel and the food would utilise gravity to drop onto the food 

collection plate. The load cell would utilise strain converted into a voltage and sent through the 

Wheatstone Bridge Amplifier through Ethernet IP to the PLC to detect how much weight was 

on the collection plate, thus, sending the data through to the IIoT systems to automatically order 

more food supply when required.  

During set times programmed into the PLC from the HMI or IIoT system, the PLC will send 

an output signal to send out the linear actuator pushing the food into a pocket on the rotary food 

dispenser disc. Once the reed switch for the linear actuator was turned on from full extension, 

the rotary actuator turns 180 degrees, dispensing the set amount of food into the aquarium. The 

activated actuators can be seen in the figure below.  
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