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Abstract
The purpose of this report is to investigate, how the use of computer integrated engineering systems and robotics in manufacturing environments, has developed over recent years. This report will look at different applications of robotics and computer integrated engineering systems and will determine how this has impacted the development of the industry both positively and negatively, with regards to production, cost and safety.  
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Introduction

It is predicted that societies, industries and whole economies will be dramatically influenced by the use and development of cyber technologies, such as robotics and artificial intelligence in the near future, in what is being described as the fourth industrial revolution. (TaewooNam, 2019)
With constant competition for market and technological advances being made, it is becoming more and more common for the advancement of manufacturing technologies to be the top priority for countries for the growth of their economies (YubaoChen, 2017). A new age of manufacturing is emerging, which is being aimed for through integrated manufacturing and intelligent manufacturing (YubaoChen, 2017). Higher efficiency is constantly being strived for by businesses and this trend is showing the progress of an industrial revolution (YubaoChen, 2017).
With the industrial and manufacturing sector constantly developing, regarding the various applications of robotics and the use of computer integrated manufacturing, there are constantly new uses for these systems. This report will briefly look at a number of these applications and the effects which they have had on the industry. Specific areas which I will be focusing on include the development and use of robots in AM (additive manufacturing), the safety and ergonomics of collaborative robots and how computer integrated systems such as virtual reality and augmented reality are impacting the design and implementation of new engineering systems. I will also be looking at some of the negative points relating to this rapid development and will investigate what work is being carried out to try and account for these issues and to resolve them. 
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Due to recent developments in the advancement of robotics in industry, robotics and computer integrated manufacturing can be used in many ways. This incorporates a wide a range of different manufacturing environments, due to their ability to perform a wide range of complex tasks and complete very intricate movements (Prahar M. Bhatt 1, 2019). 
One industry in which robotics are allowing rapid growth is within additive manufacturing. Additive manufacturing, previously referred to as rapid prototyping due to its original use, as a system for producing small models to investigate design ideas, is a relatively new process of manufacturing, in which materials are compiled in layers, in order to produce complete objects (Pinar Urhal, 2019). The process of AM uses a robot to produce any almost any single object, using data from a 3D CAD model (Pinar Urhal, 2019). The model or part will be produced through the buildup of layers in a single step, which takes away many of the time-consuming production steps, which in turn has a knock-on impact on production costs and lead times (Pinar Urhal, 2019). This makes AM a perfect solution for producing a complex, one off products which would normally need excessive tooling and time to produce (Pinar Urhal, 2019).
In recent years, a growing issue within the manufacturing industry has been the occupational risks, such as manual handling, posture or repetitive strain injuries (Márquez-LobatodJesraelCruz-Garcíaa, 2019). This concern has led to the introduction of collaborative robots, which have been developed as a solution to eliminate the risk associated with carrying out tasks within the workplace (Márquez-LobatodJesraelCruz-Garcíaa, 2019). The need for these robots to work alongside humans and be able to work with them in a more dynamic way has led to the development of more agile machinery (Casper Schou, 2018). Where as in the past a robot was often a large part of a production line which would be fenced off for safety purposes, collaborative robots are made to work with humans to carry out the tasks which have previously posed a risk to a worker or put them in a hazardous situation (Casper Schou, 2018). Despite the developments in collaborative robotics, the problem remains that a large percentage of humans often feel unsafe when working alongside robots (Sangseok You a, 2018). Although there is a lot of research into the safety of robots, focusing on malfunctions of the machines, there is very little literature available regarding humans perceived safety levels (Sangseok You a, 2018). This perceived safety is what will determine whether a person is happy to work alongside a robot, regardless of the technical safety level of the machine (Sangseok You a, 2018). 
Since humans and robots are now having to work within such proximity, the risk is increased (FedericoVicentinib, 2019). The way in which humans act, and the uncertainty regarding their behavior, such as making errors or trying to cut a corner, makes it very difficult for a designer to predict all possible hazards which a robot will encounter, especially in early design stages (FedericoVicentinib, 2019). This means that the safety analysis required for this collaborative work would need to be very thorough and include extensive testing to try and account for all these possibilities (FedericoVicentinib, 2019). 





To further combat the issues relating to occupational risk, within the industrial sector, computer integrated systems such as virtual reality are more recently being used to investigate how different ergonomic factors of a designed environment will impact workers (Gadaleta, 2019). The virtual reality system allows the worker to be immersed in the scene, where they can experience the environment prior to any manufacture and virtually carry out specific tasks (Gadaleta, 2019). This then allows designers to make necessary alterations, depending on how to visual scene works ergonomically, rather than producing a physical system and then having to make alterations to this, hence saving time and cost (Gadaleta, 2019). Similarly to virtual reality being used in manufacturing, another system used is augmented reality. Augmented reality integrates the real world around us with digital data (bJanKietzmannc, 2018). This allows users to combine digital content with the actual world, the two realities are combined to give one ‘augmented reality’ (bJanKietzmannc, 2018). This used in the design process of a system allows the designer to not just see the design but to also investigate how it works within the current environment and make amendments base on this, again saving the cost and time of having to go to through the manufacturing stages, to then have to make alterations at that stage. A newer and less talked about form of virtual reality is mixed reality, although not as commonly used it is arguably the most advanced and interesting form of virtual reality (bJanKietzmannc, 2018). Mixed reality allows for the physical world to be combined with computer generated constructs as in augmented reality, but in mixed reality enables us to experience new scenarios that don’t even yet exist (bJanKietzmannc, 2018). Although not being used as often, this development allows for designers to see what is possible and how far we can go with design. 
[bookmark: _Toc24552387]The rise of robotics and automation is expected to lead to the replacement of humans in jobs which are using a lot of repeated processes and don’t require the use of creative thinking, such as in a lot of manufacturing processes (TaewooNam, 2019). Some even predict that the use of automation could lead to the elimination of up to half of the U.S labor force and will force the emergence of new, creative occupations and industries (TaewooNam, 2019). Possible unemployment is already being looked at by governments and policy makers, who are looking at options to stop the complete replacement of a human workforce. (TaewooNam, 2019) Two possible solutions which have been proposed include introducing robot taxes or negative income taxes. (TaewooNam, 2019)









Results and discussion

The results which I have found from carrying out this research are that the developments being made are generally very positive. There are many sources available giving a wide range of information regarding the impact that robotics and computer integrated systems are having on the manufacturing world. The literature generally gives a lot of very positive information about robotics and shows the large strides which are being made in terms of development of new systems and their capabilities, giving a clear insight into how they will be able to impact industries in order to improve efficiency, production levels and safety of systems. 
There were though also several counter arguments which I found, which highlight that there is also a number of issues which exist in this sector, such as safety and the possibility of job loss. These issues though are not enough to outweigh the positives of the development and a lot of work is being done in order to try and eradicate these problems as much as possible. 



















[bookmark: _Toc24552388]Conclusion

The results found from the research which I have carried out indicate that in recent years there has been a lot of development made in terms of robotics and computer integrated manufacture. This development has been mainly very positive and is helping to make the industrial environment a more efficient place, an example of this as stated is production using additive manufacture to produce many different products, specifically in the production of one-off products. 
Strides have also been taken in the design of more agile robots which are used for collaboration with humans in the workplace. The ability of these robots to carry out the tasks which had previously posed risks to workers has allowed for a much safer working environment. The only downside of these collaborative robots is that there is still a stigma attached to robotics which means that workers will often not feel safe working alongside them. This will not be so much of an issue in the future though, as we will become more accepting of robots working closely with humans, so the fear of them will be reduced. Although there are some safety issues in terms of how these artificial intelligence systems work with human behaviour, this is something which is developing through more in-depth safety assessments. 
The use of virtual reality and augmented reality is developing rapidly and the use of this in the design of new manufacturing systems is something which will continue to grow. Due to its ability to cost effectively identify any issues with the design of a system, such as safety or ergonomic concerns which a worker may have, it is a good tool to use as it gives designers the convenience of sorting these issues within the design stage rather than when something is already installed, which is a lot more costly and time consuming. 
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