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[bookmark: _Toc164510146]Introduction 
Fixed, programmable and flexible automation offer a wide range of specific solutions during a variety of production and manufacturing scenarios. Understanding well-established principles, faults, and systems is key throughout the research. Automation has been utilised throughout the production history captivating and solving many fundamental problems. It has allowed for a huge increase in productivity, efficiency while being cost efficient. The need for minimum human interaction has cut down on labour costs while the accuracy of machining and assembly has increased the efficiency. Each type of automation will offer its own specific benefits and challenges but also create solutions for each specific need. Automation has been a huge asset to the manufacturing industry and will continue to develop during industry 4.0 (G. Perrouin et al., 2008).  
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Fixed Automation is used Widley throughout manufacturing or industrial automation systems where the assembly or processing operations are fixed. This type of automation does not change over time and the equipment is designed to perform specific tasks, often in sequence with minimum flexibility. Industries such as automotive, electronics, beverage, and pharmaceutical benefit hugely from fixed automation during the manufacturing stage. Many fixed automation processes provide a significant benefit to assembly and manufacturing system as a whole and they almost always increase production, decreases downtime, and improves the quality of parts (Steadham, 2009). The initial cost of a fixed automation system can be high, but to counter this the production cost drops drastically, suggesting that the optimal environment would be a high production volume and a high-speed manufacturing scenario (Groover, 2008). 
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During the early stages of the industrial revolution around the late 18th to early 19th Century the first forms of automation surfaced. Steam engines and water wheels were just some of the types of machinery used to power fixed automation systems. Industries such as mills used these systems to perform repetitive consistent tasks. Fixed Automation then began to adapt to assembly lines during the early 20th century. Henry Ford’s revolutionary concept of automobile production introduced the assembly line, heavily influencing automation as a whole. Assembly lines would consist of task dedicated stations specific to one task, fixed automation was key to this type of mass production model. From 1940’s to 1960’s electrical controls advanced and began to be implemented into fixed automation through a larger variety of industries. The advancements enabled better efficiency and precision, strengthening the argument of use throughout all industries. The integration of robotics began during the 1980 to early 2000’s, and this further improved the productivity and efficiency of fixed automation. Tasks such as welding, painting & assembly were repeatedly being completed by these robots, fundamentally changing the face of fixed automation. Advancements in technology have fuelled the evolution of fixed automation, introducing features like robotics, sensors, and artificial intelligence (Indah, 2023). Currently industry 4.0 leads the way in initiating AI into the fixed automation, enabling better connectivity and data analytics. The premise of the history of fixed automation is that it has been fundamental to the mass production repetitive high-volume manufacturing era, while offering greater efficiency and lower costs (MacDuffie, and Pil, F.K, 1997, pp.238–254).
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Fixed automation significantly increases productivity throughout many mass production manufacturing industries (A K Gupta, Westcott and Arora, 2017). This stems from the high efficiency due to the fact these systems are designed for repetitive and constant operation. Previously automated tasks would have been completed by operators, the implementation of fixed automation has led to a decrease in labour costs.  Due to the minimal operator intervention not only does it minimise labour cost, but it also increases efficiency and productivity as these systems have no need for breaks or holidays. Although this is great from a production perspective the outweighing benefits of automation to human operators have led to scarcity in job security (Coupé, 2019). Furthermore, there is a high initial investment needed to implement the specialized machinery fixed automation requires. This is also reinstated by the fact fixed automation machinery is evolving with the market demand and systems often become obsolete as the industry adapts to the evolving technology. The history of fixed automation has shown this time after time with the example of programmable logic controllers revolutionising the industry. 
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Programable logic controllers (PLC’s) are essentially industrial computers that have been adapted for the manufacturing process and are widely used throughout fixed automation. The capability PLC’s have to program sequences to control relevant factors such as inputs and outputs, monitor sensors, and actuators makes them extremely useful. Although PLC’s revolutionised the fixed automation industry they do suffer from limited scalability and interconnectivity (Krüger et al., 2017). Systems such as Human-machine interface (HMI) allows operators to work in collaboration with fixed automation machinery, the ability to monitor and control the machinery is a huge benefit for the operators. Sensors play a major role in monitoring systems variables such as temperature, pressure, flow rate, position, and velocity. These factors can be crucial in identifying productivity and overall machine capability. 
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Programmable automation is used widely throughout the manufacturing process computer-controlled systems, such as PLC’s allowing for the automation of a variety of processes and tasks. This allows for great flexibility once a system has been programmed it can then be manipulated, reconfigured, or reprogrammed if there is a need during the production process. This flexibility is a huge asset when new products, customization or production methods are needed, programmable automation is adaptable especially when manufacturing a variety of products in a range of sizes at mass-production costs (Nitzan and Rosen, 1976). Programable automation is great for efficient production of batches of different products as it allows product and volume flexibility (Levary, 1994). 
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During the mid-20th century electromechanical relay systems were developed paving the way for switches, and other electrical components. This led to more sophisticated systems where programmable automation could be utilised. These systems emerged during the 20th century industrial revolution as the efficiency and productivity of the manufacturing process began to enhance. The automated tasks developed into semi-automated processes that progressed into fully automated systems (Review of Industrial Revolutions in Manufacturing Industries, 2017). During the 1950’s lathes and milling machines were beginning to be automated by numerical control systems, these NC systems provided better control, repeatability, and accuracy. This history of programable automation evolved over years (Chinnasamy et al., 2018) and the introduction of computers in the 1960’s introduced computer numeral control (CNC). The NC systems were replaced by more advanced, complex, and flexible CNC systems revolutionising manufacturing systems. Parallel to this in the 1960’s a new era of manufacturing began with the advent of programable logic controllers that allowed precise control through industrial settings (Rahama and Dr. Mahmoud, 2016). As technology prevailed through the 1980’s the advancement in technology enabled robotics to be present during the manufacturing process furthering the need for programmable automation to control and connect assembly manufacturing systems. This led to the concept of flexible manufacturing systems (FMS) emerging, utilizing programmable automation to interconnect various systems such as CNC machine tools to achieve manufacturing goals (Arellano et al., 2021). As for all types of automation in the 21st century, Industry 4.0 will bring more advancements enabling greater connectivity and efficiency. 
[bookmark: _Toc164510153]Assets and issues for Programable Automation
There are many benefits to programmable automation and these systems can be easily reconfigured, allowing manufacturing requirements to be maintained. The overall productivity can be significantly increased with reduced equipment and cycle times (Abraham, 1977). As is true of many automation systems, programmable automation requires a significant initial investment, this is due to the need of specialized machinery and software. One asset however is the ability for product variety. This makes programmable automation well-suited for numerous industries that produce a range of components. There is no need for expensive re-tooling or setup changes when the system can be reprogramed to the exact needs of the customer. This positive outlook is true when it comes to maintenance as well, with in-built diagnostic and monitoring capabilities operators can quickly respond to maintenance issues. However, programmable automation is hard to design and therefore requires skilled engineers. Due to the complexity of the program, there is a risk of bugs and errors, if bugs were to occur the reliance on the software could potentially cause manufacturing to halt, having major implications on production.  
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A major part of programmable automation is the control algorithms. These consist of mathematical algorithms implemented to achieve performance objectives. Examples such as PID (proportional-integral-derivative), fuzzy logic controllers and model predictive control are used to adjust control systems. A huge part of the hardware in automation has now become robotics, and their capabilities during production is well established. Over the history there has been a considerable amount of improvement when it comes to robots being able to interact with the surrounding environment (Rosen and D. Nilzan, 1977). Sensors have been implemented to allow interaction and monitor process variables to provide input signals into the control systems, enhancing real-time feedback.   
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Flexible Automation consists of systems or processes that react and adapt to automated feedback based on specific needs during operations (Calhoun, 2021). These reactions are completed with minimum manual intervention. To allow this control systems, machines and equipment are made versatile and scalable. Flexible automation relies on its key features, modularity, programmability, and adaptivity enhancing the flexibility and reducing production costs compared to traditional methods (Comand et al., 2019). Modularity being a key feature is crucial as it allows for easy customization and expansion. The needs of production and manufacturing are in constant unpredictable states changing drastically, this is where the ease of customization and expansion comes into play. Industries such as automotive manufacturing, electronics assembly, pharmaceuticals and consumer goods rely on flexible automation. The evolution of automation moved towards flexibility as the demand for increased production, high-quality manufacturing, and efficient task execution has become crucial (Å. Fasth et al., 2011).
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The root of flexible automation truly begins as it did for many types of automation in the late 19th early 20th century with manufactures such as henry ford enhancing the industry. The developments allowed for standardization and interchangeability pathing the way for flexible automation.  The flexible automation technologies began to become widespread after the introduction of numerically controlled machine tools in the mid-1970’s (Taymaz, 1991). Numerically controlled systems are machine tools that utilized punch cards or tapes to enable greater precision in the manufacturing process. By the 1970’s and 1980’s flexible manufacturing systems surfaced, these systems involved machines, robots and computer control systems and interconnected them by a central computer. The interconnected automation system’s efficiency and adaptability is key to the importance of an ideal system (Henry and Albert, 1986). The late 20th century brought great advancements in the use of robotics in automation this further developed flexible automation. The implementation of robotics with advanced control systems and adaptive ranges allowed diverse tasks, further enabling flexible automation systems to distribute and control the manufacturing process. The concept of flexibility in automation has been crucial for adapting to changing demands and enhancing operational efficiency in various industries (Nenad Milijić, Dejan Bogdanović and Ivica Nikolić, 2019). As for many types of automation the current 21st century brings on new development changes and advancements with industry 4.0 creating more diverse challenges. Flexible automation will begin to expand with artificial intelligence creating greater connectivity. 
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Flexible automation offers several advantages for many Industries. The ability to achieve full automation, which enhances production efficiency and allows for tasks to be completed with minimal human intervention (Faccio et al., 2023) outweighs many different types of automation where there is not as much independence. Also, the versatility of flexible automation systems allows design to be implemented that can adapt to a huge range of production requirements. Many types of automation can be complex however, fixed automation comes with great complexity. This can have a huge impact on maintenance creating challenging fix’s greater risks and possibility of longer downtimes. With the addition of a high initial setup cost of the flexible automation system there are many factors to consider when implementing into production and manufacturing scenarios. Flexible automation can be customized and configured to specific needs; this is a huge benefit in unique production processes. 
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Plc’s (programmable logic controllers) are mainly used to operate machinery equipment and flexible automation systems. They work in collaboration with sensors to monitor performance and parameters, helping in responding to production and manufacturing problems. SCDA (Supervisory Control and Data Acquisition Systems) are also used throughout flexible automation, they can integrate with PLC’s and many other forms of control devices to collect real-time data and initiate a response fundamentally engaging the flexible automation process. There are many challenges faced throughout the flexible automation process as human intervention in automated systems can hinder the performance and efficiency throughout the process (Endsley and Kiris, Esin O, 1995).
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A Key point to consider about the production of flat-packed furniture, is there will be a variety of products with a fluctuating demand. The variety of products such as chairs, tables and drawers will be many different sizes, manufactured with specific individual designs and specifications. Taking this into consideration flexible automation would be a great choice for production of the flat-packed furniture components. The benefit of flexible automation is versatility, each system such as modular production lines, robotic assemblies and CNC machines can be configured to produce a range of components with very little setup changes and human interaction. With flat-packed furniture’s need for specific colours materials, features and measurements, flexible automation is key as it offers customization. CNC’s flexible automation setup with interchanging designs is key to producing a range of components that are constantly changing without losing time during the manufacturing phase, loss of time here can cause catastrophic knock-on effects (Koc et al., 2017). Scalability and quality control are both key features flexible automation can account for, the ability for increasing workstations to handle increase of production capacity is a huge asset for scalability. Advanced sensors and vision systems can be implemented to automate any quality control issues, this is crucial to the flat-packed furniture production process. In summary flexible automation can assist in many solutions to the problems faced throughout the process and is a suitable choice for flat-packed furniture production. 
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Automation has advanced the manufacturing and production industry, creating the ability for efficient and accurate mass, and batched produced processes. Between fixed, programable, and flexible automation many solutions have been found in streamlining the efficiency of specific specifications and needs. Automation equipment working in collaboration such as sensors gathering the information to monitor the system and PLC’s connecting and controlling systems emphasises how efficient automation is becoming. Eliminating and limiting the human interaction has streamlined processes and assembly lines into robotic processes. This is hugely advantageous from a manufacturing perspective as it increases productivity and decreases labour costs however it raises the question if it is ethically right, as arguments for job scarcity are compelling. As the future of industry 4.0 excels automation will only increase and advance in parallel.      
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