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Introduction
Industry 4.0 technologies are shaping the way products and services are produced and delivered. Manufacturing sector is no exception and a prominent concept that emerges is the notion of smart factory and its importance for manufacturing. The concept of smart factory describes the utilisation of different technologies and their combinations for the purpose of development of flexible and adaptive manufacturing processes. By combining different technologies, smart factory enables innovative ways of improving process efficiency and allows for greater flexibly. This is possible by allowing information from processes to be connected in a streamlined way (Gartner Information Technology Glossary, 2022).
The most common way to conceptualise smart factory as a tangible asset, is by considering a fully digitized shop floor, where information is freely shared between connected devices and production systems and make up the overall process. This is where the biggest benefit of smart factory emerges: data collected during operation can be used across organisation, providing insight into production methods allowing for further improvement and flexible demand fulfilment (What Is A Smart Factory?, 2022). This creates opportunities for gains in all manufacturing types and has the potential to reshape low and high volume production enterprises (Smart manufacturing and the IoT are driving the Industry 4.0 revolution, 2022).

Smart Factory principal technologies
Implementation of smart factory means that the business model and production process are potential subject to change. Considering production process elevation to smart factory level, introduction of Internet of Things (IoT) devices into the manufacturing process is one of the most effective methods of smart factory implementation. This however should not be interpreted as a quick and easy way of achieving smart factory status: instead of simply installing production components enabled with IoT, the process itself must be evaluated continuously for potential improvements (What does a Smart Factory mean?, 2022). By considering process as a whole and identifying key areas requiring updates, the stream of data generated by integrated IoT devices has the potential to help improve the process further critically and continue developing automation within the process.
Industrial IoT is enabled by means of connected devices, processes and tools, which are linked using data sharing and communication systems. This allows for data to be shared between machines and people. Commonly, IoT device is equipped with sensors, that collect data during operation and store it in an accessible database solution fulfilment (What Is A Smart Factory?, 2022). By enabling this exchange and collection of industrial data, means for process efficiency and productivity improvement can be developed using control systems, machine learning, analytics and embedded systems (What is the Internet of Things (IoT)?, 2022). These processes heavily rely on collected data which allows to predict future faults and compile recommendations for production optimisation, thus an accessible database where information is stored in an organised way and ready for timely retrieval is crucial.
Due to inherent nonlinearities and complexities of manufacturing processes, sufficient accumulation of historical data is what enables smart system performance evaluation as well as metric selection for manufacturing process evaluations. Accumulated data, processed by an appropriate insight finding solution allows for process fault spotting and predictive quality assurance check scheduling (What Is A Smart Factory?, 2022). Allowing the right information to be processed at the right time makes it possible for production process to be improved optimally.

Smart Factory readiness levels
Since data is crucial for smart factory implementation, understanding what level of data collection and utilisation is currently done can help determine where along the process of becoming a smart factory the business is (What Is A Smart Factory?, 2022). The levels present a type of maturity model, which can help a business to reach a more mature level in technology utilisation and help identify the needed steps for further improvement (Mittal, Khan, Romero and Wuest, 2018).
There are four levels of data readiness that are identified by Tulip (What Is A Smart Factory?, 2022). Level one describes a state, where data is already available, however it may not be digitally accessible. Theis results in data processing to take considerable manual sorting and analysing This is highly inefficient and time-consuming way of extracting knowledge. Level two is where data is accessible and already structured in an understandable way. This reediness level would include the utilisation of dashboards to visualise the data and allowing analysis to be performed by members of the organisation. Level three describes the use of data where acquired insight is used to derive appropriate actions autonomously. Predictive technologies are employed, and process insights are generated without extensive human intervention. The system is capable of predicting potential failures and informing relevant staff preventing delays. Level four expands on capabilities achieved in level three and thus accomplishes a state, where data is used intelligently to determine appropriate solution without human expert input. Maintenance can then be performed by the devices on the shop floor with little human intervention.
Analysing the four readiness levels of data utilisation, signifies that for small to medium enterprises the challenge is to move from before level one onto level two data utilisation. On this stage, dashboards can help to provide actionable insights into process flow and operations. This can serve as a foundation upon which process optimisation can be carried out with less investment into sophisticated data processing software and hardware solutions. This also allows for further development and learning by using open source data processing tools.

Implementing Smart Factory in a SME
Smart factory implementation into a small or medium business is subject to several implications, however the most prominent one is cost. The principles that enable smart factory benefits are connectivity and seamless data transfer as well as sophisticated diagnostics (What is a Smart Factory? (A Complete Guide), 2022). These components enable to achieve operation with less shutdowns, optimised processes and facilities. These are the improvements that are extremely beneficial to SMEs, where incremental gains in production effectiveness can result in considerable increase in profit margins. Though the gains are advantageous, initial investment into smart factory technologies is substantial. The cost of equipment upgrades, digital security implementations and staff upskilling incurs considerable initial investment, thus the decision to upgrade to smart factory level must be taken considering all areas of the company, as well as justified taking into account facility and production specifics and business model adopted.
Having considered the initial investment, organisation starting at the lowest level of smart factory readiness stage, usually little to no digital data is accessible. Production and operation data is usually stored segregated form the overall production management and required manual analysis to extract useful insights. When production failures occur, data is gathered manually from the systems to assist in trouble shooting. This manual approach is extremely costly and inefficient compared to smart factory enabled production. It is therefore critical, that production businesses move as soon as feasible from level one to level two of smart factory readiness model, in order to minimise costs incurred due to material losses and downtime (Sundblad, 2019).
Appropriate Smart Factory
Jung et al. proposed an appropriate smart factory implementation, where specifically considerations regarding SME were examined. The proposed method proposes to adopt technologies that can be applied directly in business manufacturing process. The key considerations specify that technologies used for smart factory implementations should be composed of only necessary specifications, they should be affordable and cost effective given the financial landscape of the business, installation and maintenance should be easy and explainable, the components used within the smart factory as well as data gathered should have the capability to be deployed and analysed in multiple factory process areas (Jung et al., 2020).
Small and medium sized companies would struggle to achieve smart factory implantation and  improved competitiveness using the same strategies as large enterprises. Therefore, the desired process optimisation can be achieved by collaborating with local universities and research institutions as well as securing government innovation fundings which would allow for greater knowledge sharing and initial investment cost reduction. 
The method of implementing an appropriate smart factory considers the use of solutions that are most suitable in terms of technology complexity and cost. Essential functions of the smart factory are to be achieved at an optimal cost taking into account the scale of the company. High end industrial IoT technologies would be too expensive for SMEs to implement as well as the high number various functions within those solutions would impede integration and add unnecessary weight to the system. Inexpensive computing units such as Arduino and Raspberry Pi, employing wireless communication methods can be used as appropriate IoT processing units. Such solutions have the capacity to enable required level of data collection and transmission without adding substantially to overall equipment costs.
In order to extract useful insight from collected data, information visualisation, data processing and knowledge extraction must take place. Sophisticated machine learning and Big Data technologies are commonly used to process industrial data, however the cost of developing and deploying such solution can be difficult to manage for SMEs. Proposed appropriate smart manufacturing approach suggests to perform insight extraction and prediction generation using transposed data prior to applying to intelligent systems. It is suggested to perform statistical techniques to extract characteristic key values. Such approach allows to reduce costs of implementation and deployment of decision making tools as well as help reduce the complexity of the system design.
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