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1.  Introduction

Currently, the industrial sector is facing two 
major environmental changes.

The first is the worsening of human resource 
shortages, which are causing many companies to 
face challenges in securing employees and is affect-
ing their businesses.  At the same time, there is 
the progress of the “4th industrial revolution” as a 
transformation that has accompanied the develop-
ment of digital technology through the use of ad-
vanced technologies such as robots, the Internet of 
Things (IoT) and AI.  This transformation has also 
caused the nature of the manufacturing industry to 
change significantly in order to increase efficiency.

The second is abnormal weather events, the oc-
currence of which recently causes enormous disas-
ters caused by abnormal weather events.  It is said 
that these abnormal weather events are caused by 
global warming.  The operating rules for the Paris 
Agreement were decided at the 24th Conference 
of the Parties (COP24) to the United Nations 
Framework Convention on Climate Change in 2018.  
Japan has pledged to reduce greenhouse gas emis-
sions such as CO2 by 26% by 2030, when compared 
to 2013 levels.  As a result, energy saving initiatives 
have become a major issue for companies.

Fuji Electric aims to contribute to automa-
tion energy savings through the use of competitive 
components, such as measuring equipment and 
controllers, and optimization technology that com-
bines these components with IoT technology to offer 
instrumentation and control solutions and globally 
expand our businesses.

In this special issue, we will describe the latest 
components and technologies that support instru-

mentation and control solutions and introduce some 
examples of solutions that make use of them.

2.  Technical Trends in the Field of 
Instrumentation and Control

We have immproved instrumentation and con-
trol systems in reliability, scalability, engineer-
ing and maintainability, focusing on monitoring 
and control functions to meet various user needs 
since the advent of the systems 40 years ago.  
Furthermore, with the development of IT, the over-
all system has been enhanced by linking it with 
external functions such as those of manufacturing 
execution systems (MESs) and product data man-
agement (PDM).

The process of development has been greatly 
facilitated by the development of the technologies of 
control, network and reliable data security, as well 
as improvements in the performance of the devices 
that make up each system.

The sustainable development goals (SDGs) 
were adopted at the United Nations Summit in 
September 2015 in order to achieve a sustainable, 
diverse and inclusive society where “leave no one 
behind.”  The SDGs set out 17 goals to be solved 
on a worldwide scale by 2030.  Japan is aiming to 
achieve Society 5.0*1 in order to solve these social 
problems and achieve economic development at 
the same time.  As the underlying technologies to 
achieve this, IoT, big data analytics and AI are be-
ing emphasized.

IoT connects everything to the Internet and 
creates new value from the collected data.  This 
technology has led to widespread initiatives to com-
prehensively optimize management issues such as 
those related to quality improvement, production 
efficiency and work style reform.  Instrumentation 
and control systems, exactly having the same pur-
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*1:  Society 5.0
Society 5.0 refers to a society that 

aims to achieve total quantitative and 
qualitative optimization through the use 

of AI and other technologies, while si-
multaneously utilizing IoT to link cyber-
space (virtual space) and physical space 
(real life space) in order to connect all 

things, information and people as one. 
 It was first proposed in the 5th Basic Plan 
for Science and Technology as a vision of the 
future society that Japan should aim for.
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pose as this initiatives, are important elements to 
create IoT applications.

At the same time, the physical space where 
IoT is confi gured is based on sensing technology.  
Therefore, “measurement,” which is one of the core 
technologies of instrumentation and control sys-
tems, is an important element in IoT.

3.  Fuji Electric’s IoT Initiatives(1)

Fuji Electric positions power semiconductors 
and sensors as key devices in power electronics 
technology and provides high-performance, highly 
functional components that utilize these devices.  
With these components in combination with engi-
neering technologies, services, advanced optimal 
control technologies and various solution technolo-
gies across the industrial sector, we contribute to 
the creation of a responsible and sustainable society.

Fuji Electric has provided the fi elds of manufac-
turing, distribution and social infrastructure with 
monitoring and control systems to save energy and 
improve productivity and quality improvement.  The 
underlying technology of these systems consists of 
sensing and control.  Based on our delivery experi-
ences, we provide IoT solutions that integrate our 
long-standing fi eld-side engineering technologies, 
analytics and AI, and network technologies.

Fuji Electric has positioned its IoT systems, 
which digitize all kinds of information in customer 
fi elds and create new customer value in cyber-
space, at the core of its system solutions (see Fig. 1). 

“Small, Quick Start & Spiral-up” is a concept that 
enables users to get started quickly and achieve 
steady results.  It is based on the continuous expan-
sion of features and performance.

4.  Technical Foundation

4.1  Sensor technology
Fuji Electric’s sensor technology has evolved 

in the measurement of physical quantities such as 
pressure, fl ow rate and temperature, as well as in 
the analysis of gas and water, as shown in Fig. 2.

In the past, measurements were expensive and 
infrequent.  This was because concentration, mois-
ture content and quality were measured with expen-
sive analyzers and through manual measurement.  
Present soft sensor*2 technology, which uses sta-
tistical and machine learning methods to estimate 
these types of measurement targets based on sensor 
data that can be measured frequently, in real time 

*2:  Soft sensor
A device that directly measures tem-

perature, humidity and pressure is called 
a soft sensor.  Parameters such as density 

and degree of polymerization cannot be 
measured directly, but a soft sensor can be 
used to estimate these values in real time 
by obtaining data through repeated experi-

ments and calculating the correlation with 
hard sensors.
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Fig.1  Fuji Electric’s IoT concept
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Fig.2  Fuji Electric’s fl owmeters and analyzers
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and at low cost (such as data on temperature), has 
made it possible to realize many sensing applica-
tions.

It takes many years to establish new sensing 
technologies.  However, Fuji Electric has quickly de-
veloped new sensors that facilitate visualization by 
applying the sensor technology it had accumulated 
over many years.
(1) Visualization of steam

Fuji Electric has created energy-saving equip-
ment that contributes to the reduction of green-
house gases.  In recent years, we have provided 
energy management systems (EMS), allowing users 
to save energy by “visualizing” and “optimizing” en-
ergy usage.

On the other hand, a large share of total en-
ergy consumption is actually occupied by heat, and 
not just by electricity.  For example, heat usage ac-
counts for approximately 56% of the total energy 
consumption of Japan’s industrial sector.  Reducing 
the consumption of this heat energy can lead to a 
significant influence on reducing greenhouse gases.

Fuji Electric is the first company in the world to 
develop a clamp-on ultrasonic flowmeter for steam 
that is capable of easily measuring low pressure 
steam [0.1 to 0.9 MPa (G)] externally on the pipes 
used in factory production lines (Refer to “World’s 
First Clamp-On Ultrasonic Flowmeter for Steam 
Enabling the Visualization of Steam Losses” on 
page 12).
(2) Expansion of industrial sensor application fields

The International Convention for the 
Prevention of Pollution from Ships (MARPOL proto-
col) regulates the sulfuric acid concentration of fuel 
oil used in ships.  In January 2020, the regulation 
of sulfur oxide emissions from diesel engines (SOX 
regulation) was enforced, and this has resulted in 
the regulation value of sulfur content in fuel oil be-
ing tightened from 3.5% or less to 0.5% or less per 
mass concentration.  Fuji Electric has developed a  
scrubber*3 that uses seawater to clean SOX from 
exhaust gas.  This product was launched in FY 
2018.  Furthermore, we have also developed a la-
ser gas analyzer for exhaust gas cleaning systems 
and launched it in August 2019.  The analyzer is 
compact, lightweight and easy to maintain and 
can be used to continuously monitor sulfur dioxide 
(SO2) and CO2 gas concentrations, both of which 
are mandated by the regulation.  We have obtained 
marine-vessel standard certifications for our indus-
trial components, and offer a combination of these 
components in our exhaust gas cleaning systems 
(EGCS) (see Fig. 3) (Refer to “Laser Gas Analyzer 

for Exhaust Gas Cleaning Systems” on page 17).

4.2      “MICREX-SX SPH5000M” motion controller
Industrial machines and devices are required to 

support complex operations and machining, while 
reducing process times and increasing precision.  
Therefore, motion controllers used in them need to 
perform synchronous control on more control axes 
and at faster control cycles.

To meet these needs, Fuji Electric has devel-
oped the “SPH5000M” as a new CPU module for the 
“MICREX-SX Series” integrated controllers (see Fig. 

*3:  Scrubber
A scrubber is a device used to remove 

various contaminants and dust particles 
from air, flue gases or other gases.

(b) Detection unit (c) Interface box

(a) Extraction unit
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Fig.3  EGCS for marine vessels
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4).  This module is capable of executing motion con-
trol programs three times faster than the previous 
SPH3000MM by utilizing dual-core microcomputer 
parallel execution technology for application pro-
grams and shared memory acceleration technology.

One of the operation execution engines performs 
sequence control and the other performs motion con-
trol, enabling the controller to inherit the same inte-
grated sequence control and motion control as pre-
vious products, while meeting the enhanced needs 
of customers (Refer to “‘MICREX-SX SPH5000M’ 
Motion Controller” on page 22).

4.3  Monitoring and control systems(2)

Fuji Electric offers the “MICREX-VieW XX 
(Double X)” as a core monitoring and control system 

(see Fig. 5).  This system is a highly reliable and 
maintainable monitoring and control system that 
enables continuous operation of equipment that can-
not afford to be stopped.

The IoT layer includes a physical space layer 
and a cyberspace layer.  In the physical space of IoT, 
monitoring and control systems act as I /O devices, 
and in cyberspace, they act as control devices [con-
troller and human machine interface (HMI)].  On 
the other hand, the entire monitoring and control 
system can be viewed as a physical space.  At the 
IoT layer, monitoring and control systems need to 
be able to connect organically with many devices 
and equipment to handle large amounts of data.  In 
this respect, they have been dealing with increased 
scale, long-term data recording and storage, and se-
curity assurance.
(1) “MICREX-VieW XX” monitoring and control 

system
As the scale of operations grows, customers are 

demanding greater operational effi ciency and labor 
savings.  In response to this, we have developed new 
functionality for the monitoring and control system.  
In particular, the ability to reproduce past plant op-
erations on the monitoring and control system has 
enabled faster analysis of abnormalities and more 
effi cient plant operations.

In addition, the newly developed duplex I/O 
ensures continuity during system replacement and 
improves maintainability (Refer to “‘MICREX-VieW 
XX (Double X)’ Monitoring and Control System with 
Improved Maintainability and Reliability” on page 
28).
(2) Engineering tools

Both customers and users, who are experiencing 
a shortage of human resources, are strongly requir-
ing that modern engineering tools be designed in 

*EtherCAT is a trademark or registered trademark of Beckhoff 
  Automation GmbH
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Fig.4    Confi guration example of a SPH5000M based motion 
control system
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such a way that enables even inexperienced engi-
neers to easily design advanced and high-quality 
control software, while achieving high efficiency 
and meeting short delivery times.  The HEART 
engineering support tool automatically generates 
control software from specifications created with 
general-purpose OA software.  This helps to shorten 
construction periods and improve the quality of 
monitoring and control systems.  Moreover, it also 
provides an environment that simplifies engineer-
ing and maintenance without being dependent on 
the type of product to be controlled.  In addition, 
it comes with a new function that allows the soft-
ware to automatically generate flow expressions as 
a conventional method of describing general opera-
tion plans (see “‘HEART’ Engineering Support Tool 
for Shortening Design Periods and Improving the 
Quality of Monitoring and Control Systems” on page 
46).

5.  Instrumentation and Control Solutions

5.1  Optimization using an edge controller*4

Conventionally, in order to improve the opera-
tion of production facilities, it has been necessary 
to introduce high-performance ICT equipment and 
build a dedicated system for analysis and optimiza-
tion.  Fuji Electric’s IoT solutions are based on the 
concept of “Small, Quick Start & Spiral-up,” which 
enables users to get started quickly and achieve 
steady results.  It is based on the continuous expan-
sion of features and performance.
(1)   “SignAiEdge,” a field-based diagnostic device

We are offering SignAiEdge as an edge control-
ler equipped with a built-in display that is inexpen-
sive, easy to install and easy to diagnose in the field.  
It has functions for analyzing and optimizing field 
information.  The controller supports both batch and 
lot production.  It supports users to introduce and 
operate the system by themselves, thereby enabling 
quick deployment on site.
(2) “MICREX-SX” based model predictive control

Model predictive control is an excellent control 
method that can predict future behavior using plant 
models to achieve high-precision control.  To use 
model predictive control on low-cost edge devices, 
we have sped up the process by applying formula 
manipulation techniques.  This enables execution on 
the “MICREX-SX” general-purpose programmable 
logic controller (PLC).  Compared to conventional 
proportional-integral-differential (PID) control, it 
is expected to improve control performance, reduce 
batch time and stabilize quality.  Furthermore, it 

can be installed in existing monitoring and con-
trol systems or other company PLCs (Refer to 
“Model Predictive Control Implemented in an Edge 
Controller” on page 32).

5.2  Adaption of IoT for plant operations
Japan’s manufacturing industry has achieved 

excellence in manufacturing by increasing pro-
duction efficiency through the superior operating 
techniques of its operators.  However, the aging of 
skilled operators has caused a shortage of human 
resources, and this has impacted stable and safe op-
erations.

Furthermore, equipment needs to be frequently 
enhanced and modified to meet diversifying con-
sumer needs for high-mix, low-volume production.  
As a result, there is increasing demand for control 
systems to be able to be modified quickly by a small 
number of people.

The decrease in the number of experienced op-
erators means that current operators lack experi-
ence in responding to abnormalities, which can lead 
to serious accidents and equipment stoppages.  As a 
result, we are providing a solution to overcome this 
challenge using analytics and AI based on our ex-
tensive experience from our plentiful delivery re-
cords.

In addition, we are providing a packaged system 
that supports users to introduce IoT systems when 
enhancing or modifying equipment, even when 
there is a lack of experienced engineers.
(1)      Plant operation support system for detecting 

abnormal signs and providing avoidance guid-
ance

Monitoring and control systems operate produc-
tion facilities by collecting and analyzing data from 
sensors and devices in a factory via the network.  It 
is common to set upper and lower limit values for 
process variables that affect quality to determine 
whether or not there are any equipment abnormali-
ties.  However, due to the correlation among multi-
ple process values, it is difficult to make appropriate 
decisions by monitoring individual variables alone.  
There are many cases where decisions depend on 
the expertise of skilled operators.

In response to this problem, we are providing a 
function that analyzes large amounts of measure-
ment logs (trends, alarms and operation history) 
collected from the plant and use analytics and AI to 
create models for predicting and providing guidance 
on abnormal signs.

This will enable unskilled operators to operate 
equipment stably and safely, while also reducing 

*4: Edge controller
An edge controller is a device used in 

IoT systems, such as those for industrial 

processes and other industrial fields.  It 
collects data from various field devices in-
stalled in the field.
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their workload (Refer to “Plant Operation Support 
System that Detects Abnormality Sign and Provides 
Guidance on Avoidance” on page 38).
(2)  Energy control with AI-based highly accurate 

prediction
Japan’s steelworks are outperforming the rest 

of the world in terms of energy efficiency.  This is 
largely due to differences in waste heat recovery 
rates and utilization of by-product gases generated 
in the process of producing iron.  Furthermore, en-
ergy centers play a major role in achieving optimal 
utilization of by-product gas.  As shown in Fig. 6, 
energy centers provides functions for stable energy 
supply, energy savings, and streamlining and labor 
savings, as well as serve as environmental manage-
ment and disaster prevention center, while imple-
menting PDCA sycle focusing on the visualization of 
energy.

Energy centers have been deployed in almost 
100% of Japan’s steelworks.  In other countries, 
there is no concept of an energy center as there is in 
Japan and individual pieces of equipment are sepa-
rately optimized.  As a result, significant improve-
ments in energy efficiency have not been achieved.

Fuji Electric has recently developed an energy 
control system for overseas steelworks that uses AI 
to improve prediction accuracy in order to facilitate 
energy optimization at steelworks.

The system uses AI to calculate optimal opera-
tion models with high prediction accuracy based on 
a minimum amount of plant equipment information, 
production plans and historical data on plant opera-
tions.  By doing this, it contributes to energy savings 
and reduces the workload of operators (Refer to 
“‘EMS-Package,’ Energy Control Package with AI-
Based Highly Accurate Prediction” on page 60).
(3)  Cement plants that achieve stable operations

Demand for cement in Japan is on the decline as 
reconstruction demand in relation to the Great East 
Japan Earthquake has slowed down.  In Southeast 

Asia, demand for cement is growing as social infra-
structure is expanding, causing.  As a result, the 
construction of cement plants is flourishing.

Fuji Electric has developed a cement plant mon-
itoring and control package to improved engineering 
efficiency.  The package automatically generates a 
template for control logic corresponding to screen 
pictures by selecting necessary equipment catego-
ries from a menu, as shown in Fig. 7.  The technol-
ogy used in this package is based on our experience 
with many cement plant monitoring and control sys-
tems delivered in Japan and abroad.  Moreover, we 
have achieved stable quality by integrating IoT into 
the package.

We plan to expand the application of this pack-
age so that it can be used by overseas engineering 
companies (Refer to “Cement Plant Monitoring and 
Control Package for Stabilizing Operations” on page 
51).
(4)  Garbage incineration facilities

Fuji Electric has supplied many monitoring and 
control systems to garbage incineration facilities in 
Japan.  Figure 8 shows one particular example.

Although the service life of garbage incineration 
facilities has tended to be extended recently, equip-
ment usually follows a scrap-and-build (S&B) model 
with a 30-year life cycle.  However, monitoring and 
control systems, which usually have a service life of 
10 to 15 years, will be replaced during the interim of 
the garbage incineration facility S&B schedule.

In the interim replacement, the monitoring and 
control system is simply replaced, and its whole 
system change and start up can be conducted in a 
short period of time, due to the automatic software 
conversion.  However, when in S&B, venders have 
to compete for the new plant.  Recently, orders from 
municipalities at S&B have often taken the form 
of the design-build-operate (DBO) model, in which 
the municipality procures funds and outsources the 
design, building and operation of the facility to the 
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private sector.  In order to accommodate this model, 
it has been necessary to create a new scheme of re-
sponse.

Garbage incineration facilities consist of various 
equipment, such as a substation facility, incinerator 
and power generator, for all of which Fuji Electric 
has a wide range of products.  In this respect, we 
are working to receive orders for building compre-
hensive factory equipment using the developed 
monitoring and control system package (Refer to 
“Garbage Incineration Facility Package for Efficient 

Maintenance” on page 55).

5.3      Radiation management service solution that con-
tributes to safety and security
Radiation management systems measure radia-

tion levels in the environment of a nuclear facility, 
its associated facilities and its surrounding area.  In 
the past, they were relatively large-scale systems, 
and their high installation costs and operational 
burden were high hurddles for the deployment.

Fuji Electric has developed a new radiation 
measurement device that utilizes IoT technology.  
High reliability is ensured because radiation is de-
tected using semiconductor detectors, which have 
a track-record of being used to support the recon-
struction of Fukushima Prefecture.  In addition, the 
device utilizes a mobile phone network and cloud 
server, allowing users to significantly reduce instal-
lation costs and space requirements.

We have also added the service to our product 
line-up that provides measurement data to neigh-
boring residents to increase informative transpar-
ency.

Furthermore, we have developed a new sys-
tem that utilizes a remote monitoring function 
via the Internet in order to overcome the big 
challenge of achieving stable system operation 
(Refer to “Radiation Management Service Solutions 
Contributing to Safety and Security” on page 65).
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6.  Postscript

We have taken up some particular examples of 
Fuji Electric’s instrumentation and control solutions 
and described the current status and future outlook.

Fuji Electric contributes to the creation of a sus-
tainable, diverse and inclusive society that focuses 
on energy and the environment as part of its initia-
tives to achieve SDGs.
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