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[bookmark: _Toc34080415]Summary
In this report will be analysed the industry 4.0 technology of autonomous robots, which is transforming the supply chain and manufacturing industry. 
This report will consider the challenges, costs and economic benefits of introducing this growing technology, and will discuss how applicable this technology is to the automotive industry and specifically to Marelli, a supplier of engine cooling products to various OEMs including Jaguar Land Rover, Audi and Nissan.
[bookmark: _GoBack]It will also focus on some of the key aspects that must be taken into account when considering the introduction of autonomous robots.

[bookmark: _Toc33886324][bookmark: _Toc34080416]Introduction
There are several technologies applied to the recent industry 4.0 concept, some of which are additive manufacturing, autonomous robots, artificial intelligence, Internet of things, cyber security and big data. Autonomous robots, which will be the subject of discussion in this report, are industrial robots that can be programmed to perform tasks with little or no human intervention or interaction. These robots are changing the manufacturing industry as they can cooperate with humans as well as collaborate with other robots during manufacturing in order to perform complex tasks with higher efficiency (Benotsmane, et al., 2019).
They are becoming more sophisticated as they require less supervision. This has been one of the factors of the strong growth of autonomous robots in recent years, especially in the sectors of supply chain operations where low value and dangerous tasks are carried out. They are also widely used in the manufacturing industry in final assembly operations and warehousing.
[bookmark: _Toc33886325]

[bookmark: _Toc34080417]Autonomous robots
There are different types of autonomous robots such as programmable, adaptive and intelligent robots.
Programmable robot have an actuator facility on each joint and as their name suggests, they can be reprogrammed for specific applications (elprocus, n.d.). This type of autonomous robots is widely used in the manufacturing industry due to its ability to be programmed to carry out repetitive task with high accuracy and therefore replace humans in many operations.
[image: industrial automotive robots]
[bookmark: _Toc34080408]Figure 5.1 - Programmable robot (Wang, n.d.)
Adaptive robots are more sophisticated than programmable robots as they can be adapted independently to various ranges in the process as they are equipped with sensors and control systems.
[image: Adaptive robots]
[bookmark: _Toc34080409]Figure 5.2  Adaptive robot
Intelligent robots are the newest technology of robots. They are equipped with sensors and microprocessors, which allow storage and processing of data. They are highly efficient due to their ability to analyse situations and perform different tasks (elprocus, n.d.).
Today intelligent robots are used for tutoring purposes, for companionship by providing emotional support to young, elderly and disabled, and for customer engagement such as for providing potential customers with information about products, services and prices.
[image: https://www.roboticstomorrow.com/images/upload/images/Innfos.png]
[bookmark: _Toc34080410]Figure 5.3 - Intelligent robot


[bookmark: _Toc34080418]Benefits
Along with the minimal supervision required they offer several other benefits, such as:
· Improved speed
· Improved accuracy of routine operations and therefore reduced error rate
· Improved efficiency by working alongside humans
· Improved safety by reducing risk of employee injury due to lower exposure to dangerous tasks  (Realyvásquez-Vargas, et al., 2019)
· Reduced direct and indirect operating costs for companies
· Potential of increasing revenue by improving the performance of assembly operations
[bookmark: _Toc33886327][bookmark: _Toc34080419]Costs
Autonomous robots can require large financial commitments by industries in order to be implemented in production process. An example of the drawbacks caused by the large upfront investment required is that of Marelli, where the implementation of a new production line was seen as the ideal opportunity to both innovate and reduce cycle times. This would have been achieved by implementing several autonomous robots, each one costing between £100,000 and £150,000, to speed up the manufacture of sub-components, carry out pick and place operations of products from one process to the next and the assembly of various components in order to obtain the final product. However, due to the substantial financial investment required in order to implement the robots the organisation opted for a more conservative approach, which meant reducing the up-front investment but accepting a higher cycle time and higher ongoing cost for the manufacture of the products by using more humans. Although this was positive news for employees as it safeguards their jobs it is not such a good news for the organisation as whole in the long term.
[image: Robotic Spot Welder]
[bookmark: _Toc34080411]Figure 5.4 - Yaskawa Industrial robot (Yaskawa America Inc., 2020)
A different type of autonomous robots, autonomous guided vehicles (AGVs), have replaced forklift drivers in Marelli. Due to the lower cost of these robots, and therefore faster payback time, they have fully replaced forklift drivers designated with the transport of packages of finished goods from the assembly line to the despatch area.
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[bookmark: _Toc34080412]Figure 5.5 - Automated guided vehicles (Lydon, 2018)
[bookmark: _Toc33886326][bookmark: _Toc34080420][bookmark: _Toc33886328]Challenges
Autonomous robots pose challenges from an ethical point of view due to the fear that they will replace human jobs and therefore create unemployment. However, this challenge can also be seen as an opportunity to allow people to shift to more strategic jobs that are less dangerous and offer higher value (Myers, 2019).
Another challenge is that of defining liability for faults or incidents involving autonomous robots as humans may not be liable.
As in other emerging technologies battery life is a concern for autonomous robots. Further technological advancements are required in order to achieve sustainable power generation, energy storage and power harvesting that will make the robots more power efficient.
Adaptability of autonomous robots is also a key aspect that requires further development. Although there are robotic systems that can learn complex tasks on their own there are currently no systems that can do this across different tasks and domains.
The key challenge in this technology is faced by researchers and designers of autonomous robots as they must be able to design and implement robots that can safely interact and cooperate with humans to carry out the assigned tasks (Hentout, et al., 2019). This requires advance in sensors, vision technology and computing power.
[bookmark: _Toc34080421]Introduction plan
First of all, when considering the introduction of robots in a manufacturing process, it must be taken into account whether the solution is cohesive with other systems. Line balancing must confirm the necessity of robotics and prevent unnecessary capital expenses that do not provide the expected benefit.
The introduction of autonomous robots is highly dependent on the type of process and the throughput required. In processes where high throughput is required in order to meet high customer demand, autonomous robots are the ideal solution as they allow achieving faster cycle times while also keeping manufacturing costs low.
The introduction of autonomous robots requires expertise and advanced skills, which means that they cannot be implemented by non-professionals. As well as high upfront investment, the introduction of these robots, requires additional resources for training engineers and technicians. Due to the output increase obtained by the implementation of autonomous robots, lost production time due to breakdowns can be very costly to the business. For this reason adequate training of personnel, from a maintenance and operational point of view, is key in order to quickly resolve breakdowns. 
When adopting autonomous robots, especially in the manufacturing industry, it is important to identify the responsibility for the successful implementation of the system. Since robots are not always integrated into equipment, machine suppliers may not be responsible. This means that companies may have to be hired separately for the implementation and commissioning of these systems, which requires additional time and cost.
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[bookmark: _Toc34080422]Conclusions and Recommendations
It is imperative for companies in the supply chain and manufacturing sector to consider the implementation of autonomous robots as they are providing benefits such as increased productivity, increased efficiency, increased speed, increased accuracy of routine tasks, decrease of costs, reduction of errors, improved safety and lower risk of injury, all of which cannot be achieved just with humans.
Autonomous robots might not yet be suitable for certain organisation due to the human interaction and reasoning skills required in some tasks, however companies must also monitor the technological advancements of collaborative robots, which based on latest progress will soon be capable of learning multiple tasks and have the ability to assist humans.
Although the reduction in occupational risk can be seen as a driver for the implementation of autonomous robots the upfront cost is representing a barrier for a large number of organisations. However, the long term cost benefits such as improved safety and reduction of musculoskeletal disorders must not be overlooked.
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