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The principle of manufacturing automation started centuries before the commonly associated industrial revolution (Landes, 2003). The use of mechanisms that work together automatically to achieve an output reflected the available resources of the age. Initially, tools and mechanisms were used that work together to facilitate everyday tasks more constructively with less human input. As demand increased, the peak being the first industrial revolution, manufacturing automation began to require less human input with the goal of using technology to maximise production and decrease the need for manual labour. The development from the production of generic everyday processes to extensive technological CNC machining, capable of creating exceptional pieces from scratch is an example of the capabilities of manufacturing automation based on the advancing technologies of the industry. Automation is a staple in companies relying on production lines to achieve higher output, cost-saving efficiency, reducing overall waste compatibility and reducing any inefficiencies that human factors may contribute to (Altintas & Ber, 2001). 
The current use of robotic processes and cognitive automation is suggested to have its own costs and benefits, which stem from fixed, programmable and flexible automation (Fasth et al., 2010). Therefore, these processes will be described and evaluated in this paper with an acknowledgement of the historical development and achievement of the industry. The scope of manufacturing automation across industries, from everyday automated appliances to the very machines that build them on an industrial, commercial and personal level, demonstrates the magnitude of this process in today's society. The advancement in these fields has allowed modern-day industries to proceed and expand at unprecedented levels, improving quality, increasing output, decreasing downtime, and increasing profitability (Adam et al., 2018).    













[bookmark: _Toc164628582]The emergence and history of automation and control
The earliest signs of control and automation are documented centuries ago, believed to be for astrological timekeeping alongside the sun's positioning (Ardeshiricham, Hu & Kastner, 2017). The water-powered clocks from ancient civilisations, also known as the “clepsydra”, were the first mechanical automation around the 3rd century. The “clepsydra” allowed the flow of water, which was constricted, through a hole at the bottom of the pot. (Hwang, Yan & Lin, 2021). This led to the establishment of the Greek water mills, used around the 7th century, which were driven by animals or livestock to grind grain and reduce manual labour. Over time, the watermill turned into a windmill, with the power to harness wind energy and its reusability (Schaffarczyk, 2023; Angelakis, Krasilnikoff,  & Tzanakakis, 2022). 
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Image 1. Water-Mill (Angelakis, Krasilnikoff & Tzanakakis, 2022).
The transition from water and wind energy to steam power, in combination with the discovery of electricity and how to harness it, sparked the Industrial Revolution in the 1700s (Bowden, 2020). Among many leading engineers, James Watt, were able to make breakthroughs that would capitalise on streamlined processes (Stearns, 2020). These processes would usually require manual labour or skilled workers. Many of the early stages of steam power and electricity were used mostly due to agricultural expansion and an increase in demand for coal mining. Present day, three recognised types of manufacturing automation are used in the industry.
[bookmark: _Toc164628583]Fixed manufacturing automation
Of the three established types of manufacturing automation, fixed automation was the first to be fully integrated into industries. The conveyor belt was a new autonomous line that kept materials moving along fixed paths, making the manufacturing lines more effective as they were smoother and more efficient. This automated process also led to more control over machinery, which gained popularity around the 1880s. The accelerated popularity of using fixed automation was propelled when Henry Ford was able to build a car in less than 8 hours, in accordance with factory assembly lines thus the layout and foundation for fixed automation had been conceived and was already reaping rewards for new innovators and innovations (Allen, 2018; Kanger et al., 2022). 
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Image 2. Henry Ford's assembly line (Sorensen & Williamson, 2006).
 During World War II, between the years of nineteen-thirty-nine and nineteen-forty-five, many thought that due to the destruction and the loss of lives, manufacturing itself and, therefore, the use of automation would slow down. However, quite the opposite occurred (Crafts, 2019). The demand for goods manufactured materials and construction materials drove growth at an enormous rate. Due to this demand, researchers were also looking into technological advancements that could speed up certain processes where human labour was at its maximum output. An additional reason for this was that there were fewer people for manual labour due to the war, with women entering the factory industry as workers in replace of men who were called to service (Stearns, 2020). At the time, women were not able to meet the same labour demands as men and therefore, the pressure was on to establish ways to still meet or even exceed previous output (Wyatt III, 2008). 
In consideration of the purpose and demand for fixed automation at the time, its advantages far outweighed any disadvantages. It was progressive and innovative for its time, changing the way the industry operated (Crafts, 2019). Once installed, it performs operationally very well. The expenditure to start the high-volume production line was far outweighed by the output achieved. The constant output and flow of the production line meant that the labour costs were also minimal (Corrà et al., 2021; Fletcher et al., 2020). When applying fixed automation in current times, it is still widely used and relied upon across industries; food, steel, textiles, packaging, and pharmaceuticals. These are just a few of the industries that rely on this type of manufacturing automation. Where the product design remains consistent, fixed automation can be easily relied on to produce in mass volumes (Niku, 2020). 
In the current climate of advancing technology, fixed automation poses limitations. Its limited flexibility to adapt to new product designs or amendments is of the most importance. This can lead to costly changes having to be made to the equipment, along with upgrades required to keep up with the evolving industry. With the costly expenditure when purchasing fixed automation systems and the ongoing risk of further expenditure, it is often not feasible for smaller businesses to front the cost. In addition, a business when transitioning from manual labour to more automated process may need multiple systems in order to achieve a finalised product. This can either result in only part of the process becoming automated or a significant expense, including training staff on how to operate the systems (Adam et al., 2018).

[bookmark: _Toc164628584]Programmable automation
As technology and industries advanced, there was a demand for less manual input and continuous automation. In the 1960s, the PLC (programmable logic controller) was invented by Richard E Morely, better known as Dick Morely, who first implemented the PLC into a unit within the automotive industry (Kanger et al., 2022).  The PLC became the cutting-edge technology that every manufacturing company wanted. It had the capability to keep a production line fully automated if everything was running smoothly, but it also could shut it down due to monitoring software built within. Rather than manually switching gear and relay systems, the PLC was able to monitor the majority of the manufacturer's systems and conditions once programmed in. Although a very high cost to start with inputting such devices and software to all critical plants that needed to be maintained, the advantages once installed, greatly outweigh the initial start-up cost (Kanger et al., 2022).  
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Image 3. PLC Block Diagram, PLC Block Diagram (Tree, 2020).
Once the PLC had been established in the automotive industry, many innovators sought to capitalise on what else could be programmed into the manufacturing industry that could become automated rather than having human labour input, this would not only be more efficient but allow for a greater yield, cost efficiency and less wastage (Dey & Sen, 2020). PLC’s were further added to Computer numerical control (CNC) to allow for detection of faults, allowing machines to self-monitor. CNCs were actually developed before PLCs in the 1950s; however, they had to be inputted manually by engineers or highly skilled individuals, rendering the advantage of using this across industries less effective until the introduction of PLCs. The Introduction of PLCs combined with CNC, allowed for a new spark of automated and controlled manufacturing. It enabled skilled engineers to input coordinates, feedback sensors and measurements into a system that would then interact with the application (Badet, 2021). In the evolution of programmable automation, Computer-aided design (CAD) was later developed in the 1960s-1970s, allowing the CNC machine to receive instructions from another machine and produce work without the input of a worker controlling it (Dey & Sen, 2020). CAD was developed independently from CNC; however, they are often used in collaboration due to the above advantages. 
After implementing these automated programmes across the industrial community improved automation, PLCs became a base for controlling all systems that could contribute to efficiency within the production line. The invention and introduction of robotics came not so long after, a fixed automated programmable controller that could be used for high-performance and precision tasks (Kent, 1992). Initially, they were adopted for welding in the automotive industry (please see image 4), as the demand for automobiles rose.
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Image 4. Rolling Mill using hot rolling techniques: A Guide to Hot Rolling Mill Scheduling (2024).
In this present day, they are equipped with the latest laser and precision technology, sensors that can send back key information for measuring and adjustment, and tooling equipment that can sense when the tool itself is no longer fit for purpose. However these advantages post a high price for the companies implementing them (Geradin & Duysinx, 2018). The implementation of robotics, although at an extremely high cost and long start-up time due to the programming required to do the specific job it was created for, produces the highest specification finish at a much faster rate than any human could. Its efficiency allows it to work twenty-four hours a day with no stop needed, robotics have enough sensors and PLCs that they could also detect their own problem and would stop working and shut themselves down to avoid causing more damage, therefore less risk and a higher level of safety in the industry (Garcia et al., 2007). Health and safety being a staple of current workplace requirements, this process allows for companies to meet not just production output and specification but also the necessities to meet health and safety standards (Lutter & Morrall, 1994). 
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Image 5. Structure of a robotics system (Geradin & Duysinx, 2018).
Despite the clear advantages and changes to the industry, disadvantages prevailed through high initial set-up costs for parts and software if there was a change to that system. It would take a reasonable amount of time for engineers to re-programme the software and adjust accordingly (Wang et al., 2020). Therefore, there was a demand to find the next technology to mitigate the disadvantages of these systems.
[bookmark: _Toc164628585]Flexible automation
There was a widespread call for enhanced manufacturing systems that could be adapted to suit the control system. The need for flexible automation and computer control would allow advanced robotics to change their programme into another (Zhong et al., 2022). PLCs were able to take and record pressures and temperatures without encountering hot metals. The new flexible automation robots are able to lift, sample and roll the material with sensors accurately correcting the thickness to the correct dimension without any human manual labour (Ionescu et al., 2022).  However, engineers would still need to monitor for breakdowns. In Pharmaceuticals, the robot would be able to identify different tablets using its probes, sensors, feedback sensors and computer programs to make sure the tablets went into the correct packaging. In the shift from robotics designed to lift heavy goods and processes of material handling, smaller robots were designed to be used for lighter assembly tasks (Misiti, 2020). 
Robotics and flexible automation have paved the way for innovation by analysing and programming the use of advanced sensors and artificial intelligence (AI) (Bartneck et al., 2021). Robots can work in environments that humans cannot, they can withstand intense pressures and heat, and their manual handling is able to lift heavy objects. Now that advancements since the 1980s till the present day use motion control systems, laser sensors, incorporated machine learning and artificial intelligence, they are able to detect, adapt and move more effectively. However, the cost was severe, and no ordinary skilled worker could be able to program the robot using sophisticated software. Once appropriately coded, however, the robot could, therefore, learn from its own mistakes (Misiti, 2020).
Flexible automation came at the very end of the 20th century thanks to advancements in technology. The adaptiveness of AI allowed for a creation that would replicate human movement without fault and limiting human factors. Robotics could be programmed for a large variety and scale of applications. With the advancement in technology, the price followed suit. Increasing costs for precision materials and components spiralled. The labour costs rose due to the need for engineers who were competent enough to use this sophisticated software to adjust for the operation required (Soori, Arezoo & Dastres, 2023; Niku, 2020).  However, for companies that are able to outweigh the cost of the equipment with the benefits as can be seen in Image 6, production is highly streamlined.
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Image 6. Tesla’s modern robotic factory. (Improve efficiency with flexible automation, 2023).

[bookmark: _Toc164628586]Flexible automation and its application in the use of flat-packing material
Flat-packing furniture increases consumer flexibility, enabling them to build their own furniture at home. Thus, eradicating labour costs for building the furniture in-store. By designing furniture that was easy to assemble and disassemble with instructions, many more consumers could access new furniture. Many manufacturing companies sort after ways that would cut shipping costs and labour costs (Dahlborg & Johnsson, 2006).  Flexible automation allows robots to detect dimensions, width, length and weight, allowing them to automatically package the product using sustainable materials (Roy, 2022). Robotics technology is able to monitor and adapt as needed to the different furniture being shipped along its fixed assembly line. Machines can be programmed for each specific task with certain measurements, with advanced sensors and screening for codes able to identify what task was required for each stage (García-Arca,  Prado-Prado & Garrido, 2014). With the implementation of this technology, companies could save time, manual labour shipping costs, and waste costs and also be able to ship the product to the consumer quickly. Flexible automation now leads the industry for flat-packaging due to the nature of the enhanced efficiency and customisation options, allowing the specifications of any parts to be designed and manufactured in one assembly line. Automating the machinery by using sensory technology to identify different parts and equipment, allows it to be more streamlined in the process (García-Arca et al., 2020). 
When considering fixed and programmable automation for this industry it would be less effective due to the nature and change of each component. Fixed and programmable would be used if the component was being mass-produced, whereas flexible automation allows for a change in components for different sizes and dimensions. Due to the adaptability of flexible automation, it utilises different mechanisms, whereas fixed is normally used for one continuous process line, and PLCs are used to control the processes of that process line rather than changing components (García-Arca et al., 2020).
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It has since then seen great transformation and new machinery has been implemented to help establish the staggering consumer needs. From a single machine belt to a robotic model army, all for the purpose of efficiency and profitability. The need to relinquish human labour as its limited functionality can halt production. Automated control systems are the process that keeps giving. Without key and innovative systems, the economy certainly would not be as advanced as it is in the present day. The adaptation of limits so that if these limits were reached, a machine would switch itself off as a safety precaution enabling more factors that could be seen as new safety features and barriers to protect against any danger or more damage. Flexible and programmable automation improved nearly every aspect of manufacturing output, leading to improved time efficiency, reduced costs, material wastage and product quality and a much higher competitive market. Ultimately, all three manufacturing automation have their place in today's industry despite when they were developed.
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