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F E A T U R E D  A R T I C L E S Solutions for Resilient Management in Industry

1. Introduction

1. 1
Conditions in Manufacturing Industry and 
Implications for Flexible Production

Th e pace of change in society over recent years has been 

remarkable, with the manufacturing industry experiencing 

unprecedented levels of uncertainty and instability. Along 

with restrictions on corporate activity due to COVID-19, 

supply shortages for semiconductors and other inputs driven 

by rising global demand, shorter product lifecycles, and 

growing diversity in customer preferences, companies are 

also being called upon to fulfi l their social responsibilities 

by supplying products that take account of the environ-

ment. On top of this, manufacturers, especially those in the 

automotive industry, require variable-mix, variable-volume 

production capabilities in order to supply a diverse range 

of products in the quantities required(1), (2). Th is has led to 

heightened interest in fl exible production practices that 

can adapt to demand fl uctuations and operational changes.

Th is article focuses in particular on the issues associated 

with achieving fl exible production, covering the operational 

and production management system challenges of produc-

tion scheduling, also giving an overview and describing 

the future plans for a digital scheduling solution that is 

currently being developed to address these issues. In devel-

oping this solution, Hitachi is drawing on knowledge of 

information and operational technology (IT and OT)(3) that 

it has built up over many years of working in manufacturing.
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Today’s business environment is characterized by increasing uncertainty, including 
worldwide parts shortages, growing diversity in customer preferences, and public 
demands for products to take account of the environment. Confronted with this, man-
ufacturers, especially those in the automotive industry, have an increasing need for 
flexible production practices that allow them to adapt to fluctuating demand and opera-
tional changes. When scheduling flexible production, operational considerations call for 
the ability to cope with the complexity of production scheduling while also being able 
to respond quickly when needed. Similarly, the challenge for production management 
systems is to be able to start on a small scale and then to scale up with flexibility as 
the production line is expanded. In response, Hitachi is developing a simulation-based 
optimization engine for the scheduling of flexible production and a scheduling solution 
that will be made available as a microservice. This article presents an overview of the 
solution and the plans for the future.

Simulation-based Production Scheduling 
Solution for Flexible Production
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1. 2
Overview of Flexible Production

Th is section gives a general introduction to fl exible produc-

tion, an approach to manufacturing that enables variable-

mix, variable-volume production. Production lines achieve 

high levels of effi  ciency using conveyers and other equip-

ment dedicated to the production of a limited range of 

products. Cell production, in contrast, allows for the manu-

facture of a wide range of products by versatile workers. Th e 

aim of fl exible production is to combine both of these attri-

butes at the same time. In fl exible production, automated 

guided vehicles (AGVs) and materials handling systems are 

used in place of conveyors and productivity is enhanced by 

automation. By using general-purpose equipment in place 

of special-purpose equipment or skilled workers, it also 

enables high-mix production at a level close to what would 

be achieved by those skilled workers (see Figure 1). Th is 

provides the fl exibility for variable-mix, variable volume 

production in accordance with production schedules that 

change on a daily basis.

1. 3
Diff iculties of Transitioning to Flexible Production

Th is section describes the operational and production man-

agement system challenges of production scheduling when 

making the transition to fl exible production. Because fl ex-

ible production is all about variable-mix, variable volume 

production, production volumes and product mix vary on 

a daily basis in response to fl uctuating demand. Moreover, 

as the installation of general-purpose equipment increases 

the number of diff erent products that can be manufac-

tured using the same equipment or line, it provides a higher 

degree of production freedom. However, it also adds to 

production scheduling constraints, with a need to consider 

production conditions that are specifi c to each product, 

such as cycle time, required resources, and whether setup 

changes are needed. Th e downside of this is greater plan-

ning complexity, a consequence of the huge number of pos-

sible combinations of which products to produce, on which 

equipment, and in which order. Even experienced technical 

staff  fi nd it diffi  cult to devise production schedules under 

such circumstances. Furthermore, this calls for the fl ex-

ibility to revise production schedules in response to sudden 

changes in supply and demand conditions or, in the event 

of downtime due to equipment faults or other problems, to 

generate new schedules that can recover without interrupt-

ing production. How to ensure that scheduling can respond 

quickly in such circumstances is a key issue.

Meanwhile, companies interested in fl exible production 

span the full range from end-product manufacturers to 

parts suppliers. Depending on the size of their business 

and the conditions under which they operate, some of these 

will likely pursue fl exible production lines on a large scale 

while others will make a gradual transition in which existing 

and fl exible production lines coexist. In either case, there 

is a growing need to ensure that the existing production 

management system maintains its usability for plant-based 

users. To address this, what is needed is to develop a sys-

tem specifi cally for use with optimization engines that can 

obtain solutions satisfying the various production schedul-

ing constraints needed for fl exible production to work, and 

to make these easy to integrate with existing systems so as 

to reduce the time and cost of implementation and allow 

the transition to start on a small scale. Also desirable is fl ex-

ible scalability so that the required functions and resources 
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Figure 1 — Features of Flexible 
Production
Flexible production enables variable-mix, 
variable-volume production, with the flex-
ibility to adapt to production schedules that 
change on a daily basis. This is done by com-
bining the attributes of low-mix, high-volume 
production lines, and cell production for 
high-mix, low-volume production.
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can be made available when needed, and in the quantities 

required, based on how fast production is ramped up.

2. Flexible Production 
Scheduling Solution

Two critical issues when making the transition to fl exible 

production are: (1) the ability to cope with the complexity 

of production scheduling while also being able to respond 

quickly when needed, and (2) the ability for the system to 

start on a small scale and then scale up as needed. Th e fl ex-

ible production scheduling solution was devised to address 

these two challenges (see Figure 2).

To address the fi rst issue, the solution features the use of 

simulation to assess how well the production line will func-

tion and a simulation-based optimization engine that can 

generate production schedules quickly, utilizing Hitachi OT 

know-how to improve productivity. Similarly, the second 

issue of scalability is addressed by making the solution avail-

able as a microservice that provides a standalone production 

scheduling function that can interoperate with the produc-

tion management systems used in diff erent industries. Th ese 

features can smooth the transition to fl exible production by 

adding a production scheduling function suitable for this 

purpose as an upgrade to the existing production manage-

ment system with which the customer is already familiar. 

Th e following sections describe these features in more detail.

2. 1
Simulation-based Optimization Engine

Existing production scheduling systems intended for fl ex-

ible production combine the use of meta-heuristics for 

scheduling with detailed prediction of complex goods 

movements(4), (5). Th e problem with this approach, unfortu-

nately, is the long computation times it requires, such that 

workable schedules are not available in time.

In contrast, the simulation-based optimization engine 

shortens the computation time by augmenting the con-

ventional search algorithm with scheduling logic based on 

the characteristics of the line concerned. Figure 3 shows a 

block diagram of the optimization engine. Th e engine is 

made up of a library of scheduling logic for diff erent line 

characteristics and a scheduling function that utilizes this 

logic. In the example of a fl ow-shop line that manufac-

tures a number of diff erent products, because each of these 

products needs to be worked on for a diff erent length of 

time, the schedule needs to distribute this workload in 

a way that also meets the delivery schedule. In this case, 

an initial solution is generated in which products enter 

the line in delivery date order and the work is spread 

between each of the line workstations. A solution search 

is then performed on the basis of the tradeoff s between 

these two objectives. For a job-shop line, in contrast, the 

requirement is to spread the equipment workload while 

reducing the quantity of work in progress. In this case, the 

initial solution is generated by assigning equipment based 

on the amount of work required for each product. Th e 

order in which each one is worked on is determined so as 

to minimize the amount of work in progress left waiting 

between process steps. A solution search is then performed 

based on the tradeoff s. By selecting the appropriate logic 

for the type of line being scheduled, an optimal schedule 

can be produced quickly.
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Figure 2 — Overview of Flexible Production Scheduling Solution
The flexible production scheduling solution can integrate with production management systems for diff erent industries to generate production schedules 
quickly. This provides a way for customers to adopt flexible production practices for scheduling while continuing to use the functions of their existing 
production management system.

OT: operational technology
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2. 2
Delivery as Microservice

Making the transition to fl exible production requires changes 

to the existing production management system, including 

the addition of a production scheduling function suitable for 

fl exible production lines(6). Th e conventional way of doing this 

would have been to upgrade the system to use third-party 

scheduler software running on the on-premises hardware. 

Unfortunately, because of the expense and the long time it 

takes to implement the upgrade, it is diffi  cult to adopt fl ex-

ible production on a small scale initially. Th e lack of fl exible 

scalability also poses a problem because the system needs to 

be progressively updated as the scale of production ramps up.
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Figure 3 — Block Diagram of Simulation-based Optimization Engine
The simulation-based optimization engine is made up of a library of scheduling logic for diff erent line characteristics and a scheduling function that 
utilizes this logic. The complexity and responsiveness requirements associated with flexible production are dealt with by selecting logic appropriate to 
the line being scheduled.
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Figure 4 — Block Diagram of Flexible Production Scheduling Solution
The flexible production scheduling solution uses a container implementation for the simulation-based optimization engine to obtain the required com-
putational resources as needed for scheduling production based on the instructions from the customer.

API: application programming interface
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In response, Hitachi developed the fl exible production 

scheduling solution as a microservice. Th is confi guration 

provides the ability to start small and then scale up. Th e 

simulation-based optimization engine has a container 

implementation that runs in the cloud and interfaces with 

the existing production management system by means of an 

application programming interface (API). Figure 4 shows 

a block diagram. Along with the computing environment 

for the container implementation of the simulation-based 

optimization engine, a web API is also included for man-

aging the microservice. Th is web API is used to obtain the 

product master records and order information needed for 

scheduling and returns a result in the form of a production 

schedule. Th is enables customers to perform fl exible pro-

duction scheduling without having to make major changes 

to the systems with which they are already familiar. Th e 

microservice confi guration also allows for the container 

environment to be set up with suffi  cient computational 

resources based on the scheduling instructions from the 

production manager at the site. Th is means that computa-

tional capacity can be scaled in step with upgrades to the 

fl exible production line.

3. Conclusions

Th is article has presented an overview of a fl exible produc-

tion scheduling solution, describing what Hitachi has been 

doing to enable better and more sophisticated scheduling 

practices that are in step with the trend in manufacturing 

toward fl exible production.

As it works toward the full-scale commercial deployment 

of the solution, Hitachi intends to continue assessing the 

benefi ts of the solution and value that it is currently under-

taking through collaborative creation with customers. Th ese 

plans include testing how well the solution interoperates 

with existing production management systems. Th is is being 

done to verify ways in which the many companies that are 

interested in fl exible production can adopt the solution 

without having to make major changes to their existing 

production management systems.

Hitachi also intends to utilize digital solutions to facili-

tate greater sophistication and automation of production 

management tasks. Th ese future plans involve utilizing 

the production schedule data obtained by the deployment 

of this solution together with production line data to go 

beyond production scheduling to investigating and trialing 

ways of improving the quality of the product master data 

that is critical to scheduling and facilitating its effi  cient 

maintenance.
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