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Definitions
Definition of automation:
As stated by the ‘auto’ portion of the name, automation features automatic control of a system or individual process. An automated system does not require human control or direction on a case to case basis.
The term automation is mainly attributed to D.S Harder, a Ford Motor Company engineering manager in 1946 (Groover, 2024) 
What separates robots from machines is autonomy. Machines will need a human operator for use whereas once programmed a robot will repeat its action until “told” otherwise. This means that robots normally have sensors where machines would not as the operator would act as a ‘sensor’ by looking, hearing and analysing a robot would use specific sensors tuned to its purpose.
Key components of an automated system:
-Sensors 
Because automated systems are meant to work without human input without an array of sensors a automated system is effectively blind, unable to observe itself for issues and errors and unable to ensure quality control of any manufactured component.
-A control system
A control system is required to collect data from the sensors, transform that data into commands for the actuators of the system in order to meet the required actions. For example a pressure sensor could detect a weight from a component which sends a signal in the form of a  current which is amplified and converted into information data which the control system then reads and actives actuators its programmed to activate when it receives such signal, these actuators could turn on a conveyor belt which moves the component on. 
-A human machine interface
Although we think of automated systems as without human input there is a level of human interaction required at the start of the process as well as in the case of programmable and flexible automation, human input can be required in order to adjust the systems. 








Types of automation
Flexible automation
Flexible automation is very similar to programmable automation however in programmable automation the system needs human intervention in order to change/adjust the system in order to be able to facilitate a different task, whereas in systems featuring flexible automation the system does not need any human input in order to change the process. This means that the machine is able to produce less components then a programmable machine however it can produce many more different types of component in the same frame of time. A way to think about this is to consider if 3 types of component need to be batch made in a small quantity. In a programmable system a human is needed to adjust the machines in order for them to be capable of a different task whereas in the flexible system a human simply programmes a computing system with the required end result and the machine/system will take care of adjusting itself (such as changing bits for cutting or changing its holding solution in order to hold a different shaped component). This massively reduced the downtime of the system, removes a large amount of possible human error such as using an incorrect component on the machine or incorrectly setting it up.
Flexible automation systems will cost significantly more than a similar programmable solution as it needs sensors and a computer controller as well as the same components as a programmable solution in order to adjust ‘itself’ and make sure its working properly as due to less human contact the system will need to monitor itself and its work with sensors in order to detect any issues that would otherwise be spotted by an operator.
Programmable automation
Programmable automation is similar to fixed automation in that it is often used to fabricate large batches however this type of automation would be used on smaller scale batches and instead be more flexible and easier to adjust the process in order to fulfil different use cases and have the same equipment be effective at multiple different automated tasks.
Because this method of automation is expected to be changed/adjusted on a semi regular basis, when designing such systems this is taking into consideration and thus the machines are less robust and efficient as fixed automation but can achieve more overall.
An example of a component that would be manufactured using programmable automation would be a part that is expected to be phased out in a few years time due to advancements, such as computer chips. Whilst a company will need to fabricate a large batch of these chips, they know that in a year or twos time that a better chip will have been designed and it will be more economical to switch to manufacturing that chip instead. Thus having  a system which can be capable of large batch production whilst also being adaptable and adjusted is important. (Fogg, 2020)
Fixed automation
Fixed automation, also known as hard automation, is a type of industrial automation which focusses on more large volume, rarely changed processes. This is often implemented on more single case machines, which are built for a single purpose such as fabricating a specific proprietary part or complicated component. These machines are not often adjusted or have their process adjusted. If a task requires frequent adjustment then programmable automation is  a superior option in the vast majority of applicable cases.
An example of a component that would be manufactured using fixed automation would be a bolt which follows standards which wont ever change and the product is sold in massive quantities of all the same exact specifications. Thus there is no need to design an easily changing element into the process, instead the designers will focus on longevity and quality. (Fogg, 2020)


























History of automation 
In non industrial sectors automation has been around for thousands of years. For example, water wheels operating the flow of water to farm fields as seen in Europe and Asia. 

Automation first started as  an evolution of another world changing concept, mechanization (the concept of replacing human work with that of machines). This concept is has been around human history for pretty much all of it in various ways. For example, you could say basic tools as first used by  homo sapiens were mechanization of the human limb. The first windmills were over 3500 years old . (http://www.historyofwindmills.com/, n.d.) This is a clear advancement from grinding flour with rocks and hands to using wind and machines for automatic grinding action. In an industrial sense automation was a logical continuation to production lines, which were in of themselves a massive leap in the manufacturing industry. The first wide spread automation was the replacing of humans with basic machines on productions lines.
The first robotic arm was attached to a production line in 1961 by the American automotive manufacturer General Motors. (upcommons.upc.edu, n.d.). Although very basic it was a proof of concept for further development and the first 6 axis robotic arm wasn’t far behind being developed and a first unit being manufactured only 5 years later in 1969. (Corday, 2014).
As we head closer to the modern day, the skill ceiling and complexity of automation and robotics used not only in industry but also general use has increased a thousand times over. When in the past robots and machines were replacing humans to do the same work the human was doing, in the 70s onwards robots started to be able to do things not possible for humans such as work in inhospitable conditions such as high pressure or high temperature. 
In the modern day there are limitless progressions of robots from being cost effective and basic to extremely specialized for millions of different use cases. Robots allow companies to manufacture cheaply. China is a manufacturing power house, not only because of its advanced technologies but also because of its extremely cheap work force, however businesses in the west are able to compete with China’s low cost labour with automation and robots, with a basic industry robot costing $3 an hour (Corday, 2014) and even cheaper options being available depending on the job.
Automation and robotics are essential to the world in the modern day for infinite reasons, and they are only getting better and more sophisticated. A lot of people believe that the next step of progression for automation is in A.I (artificial intelligence). This is developing in a few different form such as rewards base machine learning and large language models (LLMs). Machine learning has been around for almost 2 decades now and is only somewhat considered AI. 
Machine learning is when you have a program recording results of lots of different inputs in a system and then it will try to replicate the positive results and stay away from the negative results. This input can be random and take an extremely long time or require immense computing power, or can be guided and have a human input into the system a ‘direction’ to take and help distinguish between positive and negative inputs. Machine learning controls a lot of basic processes but can be good for identifying pictures for photo recognition or things such as finding bots on the internet as it can learn to recognise non-human movement as it can be very efficient. LLMs are a much more recent development in the last few years and fit the mould much more closely to what an average person would think of A.I when relating to Sci-Fi fiction. They are already assisting lots of jobs in various industries such as programming, translation and art. Considering the already high effectiveness of LLMs and their relative infancy its easy to imagine that as they develop In the next couple of decades these processes will take of the work of humans in various sectors, previously untouched by automated machines.




























How would a flat-pack furniture manufacturer make use of flexible automation?
Lets think about the needs of a company which produces flat-pack furniture. It needs lots of individual and unique components for each whole furniture set. It sells a large amount of these furniture sets meaning a large amount of unique components are required. Most of these components are fabricated out of the same materials. Composite wood, thermoformed plastic and cheap metal fixtures. Often companies in this market will purchase their metal fixtures if possible as it means they can have high quality and quantity parts without having to invest In the required fabrication systems. This leaves the company with the need to fabricate batches of unique parts for each set out of wood and plastic. This company will also have an R&D department (research and development) directed to design new furniture sets and improve previous sets. Thus the manufacturer knows that they will at some point, within half a decade at most, need to be able to manufacture parts different from their current lot and thus fixed automation would be less useful. 
That leaves us to compare programmable and flexible automation systems to fulfil the required specification. Whilst large batches will be required for the number of sets the company plans to sell most flat-pack furniture companies in the modern day like to focus more on quantity of option over quality of option (flat-pack furniture is often referred as cheap and cheerful as you can purchased a large number of different sets for different needs but a buyer understands that the furniture set has a shorter expected life span for alternative furniture options due to the joining methods and cheap materials). Due to the large range offered by these companies the batches of the components of the sets will be smaller and more varied. This is how we can decided that flexible automation is probably a superior choice for a automation system as a single system could fabricate all of the wood components for a set, or a line of sets for efficiency sake, instead of having to invest in either lots more machines capable of fabricating these unique to set components or spend a lot of human hours replacing and adjusting the machines which means more downtime in terms of manufacturing and thus worse profit margins. 
After analysing the requirements for a flat-pack furniture company we can deduce that flexible automation would be the superior option for automation system as it would mean less manufacturing downtime, more option for customers and more room to develop sets in the future.
Going into the details of how flexible automation would be implemented in these manufacturing systems we can start by looking at the components for a set of flat-pack furniture.
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(images taken from https://www.ikea.com/gb/en/p/micke-desk-white-80213074/)
As we can see from the above desk supplied by flat-pack furniture giant IKEA, they make use of basic fixtures which are used by many companies and are bought in large batches for other manufacturers. Then we can see the panels of the desk are created from acrylic coated particle board. All of these particle boards parts could be manufactured by the same flexible system. This system could work as follows: A set of particle board is bought and brought to the fabrication facility, each section is observed and attached to a serial which will allow the system to direct the board to the required machine which is prepared to process it into the planned part. 
Once the board is on a conveyor it could enter a CNC mill which electronically reads its serial and adjusts itself in order to attach the correct cutting bit as well as holding solution. It then receives the part, cuts it to shape and sends it on. This CNC mill can then be ready for the next bit of unworked board and adjust itself again accordingly to process that part.
The system is capable of doing this due to its array of sensors and computing control element which actuates the system in the required way. If a different solution was required a lot of human involvement would be required, which as mentioned before would cause massive amounts of downtime and for the same profit level to be reached the price of the furniture sets would go up which would be negatively received by the customer. This is why its financially and economically beneficial for these companies to make use of flexible automation solutions.


















References
Corday, R. (2014, Apr 24). robohub.org/the-evolution-of-assembly-lines-a-brief-history. Retrieved from robohub.org: https://robohub.org/the-evolution-of-assembly-lines-a-brief-history/
Fogg, E. (2020, Nov 25). https://www.machinemetrics.com/blog/industrial-automation. Retrieved from Machinemetrics.com: https://www.machinemetrics.com/blog/industrial-automation
Groover, M. P. (2024, Feb 27). Britannica.com/technology. Retrieved from Britannica.com: https://www.britannica.com/technology/automation
http://www.historyofwindmills.com/. (n.d.). Retrieved from http://www.historyofwindmills.com/: http://www.historyofwindmills.com/
upcommons.upc.edu. (n.d.). Retrieved from upcommons.upc.edu: upcommons.upc.edu


image1.png




image2.png
3x





image3.png
Material

Table top/ Side panel/ Bottom panel:
Particleboard, Particle- and fibreboard with honeycomb
paper flling (100% recycled papen), Fibreboard, Acrylic
paint,Plastic edging, Plastic edging

Supporting leg:
Particle- and fibreboard with honeycomb paper filing
(100% recycled papen), Fibreboard, Acryic paint, Plastic
edging, Plastic edging

‘Cable management/ Back raill Shelt/ Front:
Particleboard, Paper foi, Plastic edging, Plastic edging

Drawer side/ Drawer back:
Paper foil

Drawer bottom:
Fibreboard, Acrylic paint

Leg:
Steel, Epoxy/polyester powder coating




