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Abstract
Research on building smart factories in food manufacturing

industry

The concept of Industry 4.0 has been advocated, and the development of ad-
vanced IT technology has evolved significantly. Among them, the giant IT -related
company (GAFA) continues to develop in the consumer market.

On the other hand, in the manufacturing industry, attention has been paid to the
construction of smart factories that embody the concept of Industry 4.0, and much
research has been conducted. However, most of them are related to IT technology
such as components for contributing to smart factories, communication technology,
Al utilization, robotics technology, etc., and there are few concrete examples of smart
factory construction. In order to build a smart factory and utilize it, it is very im-
portant to integrate IT technology, which is a tool, with the OT (Operation Technol-
ogy) for operating an actual factory.

In this study, we focused on the Japanese food industry, and first investigated
and analyzed the current state of the Japanese food industry from the perspective of
the supply chain. The contents include food date management and delivery rules for
food loss reduction measures, supply chain efficiency, and traceability for ensuring
food safety.

Next, in order to build and operate a smart factory, it is indispensable that the
SCM system is built and operated efficiently. In particular, we conducted case anal-
ysis on demand analysis and production planning, which are closely related to smart
factories, and created the algorithm. After that, we analyzed the grand design and
effects of smart factory construction, taking the construction of a new factory and
distribution center of a major dairy company as an example.

There are two models proposed in this study: the optimal equipment placement
problem in food factories and the horizontal hierarchical system model in factory
systems for smart factories. The optimal equipment placement problem is a case
study of the equipment placement problem in a processed cheese factory. In this case
study, we created a model and solution for the problem of optimizing the equipment
capacity and the number of installed units between two consecutive processes, and
optimizing the number of operating units for each period according to demand. The
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feature of this model is that the line operation cost is not only the equipment average
investment cost and the operation cost, but also the loss cost caused by the equipment
capacity difference between the two processes which we call the synchronization cost,
and the cost caused by the equipment capacity difference with respect to the demand
fluctuation which we call the flexible cost. As a result, it was possible invest for proper
equipment which can minimize operating cost throughout the product lifecycle and
can minimize operating costs after investment.

Next, a horizontal-hierarchical system model is proposed which is the system
configuration and operation model of the entire factory. This system model is not a
vertical system model that is conventionally divided for each product and manufac-
turing area, but a system model that divides each manufacturing process into five
horizontal directions and standardizes the functions of each horizontal-hierarchy.
This model standardizes system connectivity and improves scalability. In addition,
each system function can be modularized, facilitating horizontal deployment.

Therefore, standardization of OT becomes easy, and new factory construction
and expansion can be carried out efficiently. Therefore, it is a system model that
greatly contributes to horizontal and vertical integration, which is the concept of In-
dustry 4.0. In this research, we propose the system configuration and functions of
each horizontal layer, and evaluate the model as an operation function and a visuali-
zation function, accumulation and utilization of know-how, traceability assurance,
robot management function, I'T and OT fusion function.

The classification by the hierarchy of cyber and physical system was carried out.
Then, we numerically verified the effectiveness of the proposed system model. As a
evaluation, we compared the man-hours and costs for introducing and updating the
system at a yogurt and dessert manufacturing factories in a Japanese company, with
the reduction of 30 to 50% cost reduction applying the proposed system design meth-
ods.
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