
Instrumentation and Control Solutions Contributing to 
Automation and Energy Savings

Printed on recycled paper

Whole Number 268,  ISSN  0429-8284

2020
Vol.66  No. 1

F
U

JI  E
L

E
C

T
R

IC
  R

E
V

IE
W

In
stru

m
en

tatio
n

 an
d

 C
o

n
tro

l S
o

lu
tio

n
s C

o
n

trib
u

tin
g

 to
 A

u
to

m
atio

n
 an

d
 E

n
erg

y S
avin

g
s

Vol.66  N
o.1  2020



Cover Photo:
(1) “MICREX-VieW XX (Double X)” monitoring and control 
system, (2) “SignAiEdge” on-site diagnostic system, (3) Clamp-
on ultrasonic flowmeter for steam, (4) “Micrex-SX Series” 
programmable controller

12020
Vol.66  No. Instrumentation and Control Solutions Contributing to 

Automation and Energy Savings

In the industrial fi eld, eff orts are being actively made to improve 
competitiveness through production reforms that include visualization 
of equipment operating conditions and prediction and analysis of equip-
ment failures, in addition to automation and labor saving to off set labor 
shortages. Measures are also being taken to promote energy savings 
with the goal of reducing environmental burdens.

Fuji Electric aims to contribute to automation and energy savings 
and expand its global business by utilizing its competitive components, 
such as measuring instruments and controllers required for instrumenta-
tion and control solutions, and systematization technologies that combine 
these components and the IoT technology.

In this special issue, we will introduce our latest components and 
technologies for instrumentation and control solutions, as well as their 
comprehensive solutions.
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Implementation of Society 5.0 Based 
on CPHSoS

Society 5.0 is “a human-centered society” that 
advocates balancing economic advancement with the 
resolution of social problems through sophisticated sys-
tems, namely Cyber-Physical Systems (CPS) that inte-
grate cyber space and physical space. It was proposed 
in the 5th Science and Technology Basic Plan and aims 
to create a new society following the previous hunting, 
agricultural, industrial and information societies.  The 
next plan will place emphasis on achieving the United 
Nations’ SDGs (sustainable development goals) in con-
junction with the implementation of Society 5.0.

Measurement technologies were initially used in 
agricultural society to perform astronomical observa-
tions and to calculate the length and mass of agri-
cultural area and yield.  On the other hand, control 
technologies are said to have begun with Maxwell’s 
stability analysis for hunting of governors that suc-
cessfully operated Watt’s steam engine during the first 
industrial revolution, even though it is also known that 
the Ancient Greek inventor Ctesibius used servo mech-
anisms consisting of floats and valves to secure a con-
stant flow of water for water clocks.  Fortunately, this 
system had almost no load variation and was charac-
terized by a large time constant, so there was no need 
for stability analysis.  This means that the history of 
measurement and control goes back to B.C.  Of course, 
precise control and system theories, together with mea-
surement technologies, have greatly advanced since the 
industrial revolution during the industrial and infor-
mation societies. This has resulted in the first to fourth 
industrial revolutions (steam engines, electricity, infor-
mation and CPS) and plays a key role in the Industrie 
4.0 advocated by the German government.  In this 
regard, IoT, big data and AI are being emphasized as 
the sciences and technologies that will drive Society 
5.0.  It is no exaggeration to say that measurement, 
control and system technologies are the backbone of 
CPS, and it is these technologies that will become more 
important than ever in combination with information 
technology.

It is at this point that we should turn our attention 
from technologies to people, since people will play the 

main role in Society 5.0.  Jeffrey Sachs in his book The 
End of Poverty said,

“The essence of the first Industrial Revolution was 
not the coal; it was how to use the coal.  Even more 
generally, it was about how to use a new form of 
energy.  The lessons of coal eventually became the 
basis for many other energy systems as well, from 
hydropower, oil and gas, and nuclear power to new 
forms of renewable energy such as wind and solar 
power converted to electricity.”

The economist’s keen eye for focusing on social systems 
is impressive.  The subject of the book is about combat-
ing extreme poverty in developing countries and help-
ing them get a foot on the first rung of the ladder of 
prosperity. In particular, the book played a guiding role 
in the Millennium Development Goals (MDGs) project 
to be achieved by 2015.  The criticisms and reflections 
on this project have led to the current SDGs, which 
are targeted to be achieved by 2030.  The SDGs con-
sists of 17 goals, 169 targets, and 232 indicators, and 
an evidence-based approach with a strong affinity with 
Society 5.0 is about to start.

The SDG goals are not independent, but are intri-
cately intertwined, and the challenges to be solved are 
complex.  Naturally, the solutions will become more 
complex, resulting in the cyber-physical & human sys-
tems of systems (CPHSoS)*1 mentioned in the title of 
this paper.  The original concept of CPS has extended 
to people, society and SoS.  Challenges will be solved 
on the basis of continually evolving and adapting SoS, 
having the capability to utilize independently operated 
and administered standalone systems (CPHS: Cyber-
Physical & Human Systems) that are widely distrib-
uted geographically and linked to each other to create 
emergent behavior.  It is at this point that a configura-
tion must be in place that includes a feedback loop on 
how people (i.e., the main beneficiaries of the services) 
act and how much satisfaction they are receiving, in 
combination with an SoS based framework for achiev-
ing individual CPHSs and creating a social consensus 
on how to connect with other CPHSs.

In order to compete with Industrie 4.0 and 

HONDA, Satoshi *

 *   Professor Emeritus, Keio University, Ph.D (Engineering), 
Senior Researcher,  System Design and Management 
Research Institute, Keio University

Preface

*1: CPHSoS: CPS is expanded to CPHS, which includes 
people and society, and then CPHSoS, on which these 
systems are interconnected.
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Architecture (IIRA).  It will be important for Japan to 
have this type of viewpoint while continuing to master 
the advanced technologies in which it excels. In this 
respect, we are very excited about the activities of mea-
surement, control and systems engineers.

Industrial Internet initiatives and implement Society 
5.0, which contains people and society, as CPHSoS, 
we will be necessary to develop solutions based on 
architecture that includes people and society in keep-
ing with Reference Architecture Model Industrie 
4.0 (RAMI 4.0) and Industrial Internet Reference 
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Current
Status and

Future 
Outlook

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-

TETSUTANI, Hiroshi *   SASAYA, Toshiyuki *   

Instrumentation and Control Solutions  
Contributing to Automation and Energy Savings:  
Current Status and Future Outlook

 *    Power Electronics Systems Industry Business Group, 
Fuji Electric Co., Ltd.

*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.



5Instrumentation and Control Solutions Contributing to Automation and Energy Savings:  Current Status and Future Outlook

is
su

e:
 In

st
ru

m
en

ta
tio

n 
an

d 
C

on
tro

l S
ol

ut
io

ns
 C

on
tri

bu
tin

g 
to

 A
ut

om
at

io
n 

an
d 

En
er

gy
 S

av
in

gs

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.

Recognition Diagnosis and 
analysis

Quick Start

Quick Start

Prediction Optimization

Energy
management

Operation 
optimization

Equipment 
managementIoT value

Cyberspace

Physical space

Internet / LAN Data collection Feedback

Edge controllers

Analytics and AI

Field devices

General-purpose 
equipment

Measurement 
and 

control devices
GW embedded 

devices

On-site

Cloud server

Human 
resource utilization Ecosystem*

Fuji Electric Partner 
companies

Sensors

*Ecosystem: A mechanism for companies to coexist with each other across industry boundaries and national borders

Fig.1  Fuji Electric’s IoT concept

(a) Flowmeters (b) Analyzers

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

Overall configuration of EGCS

Laser gas analyzer for exhaust gas cleaning systems

SOX scrubber

Emission 
gas 
monitor

Control 
panel
Control 
panel

Engine

Economizer

Wastewater 
treatment 
equipment

Wastewater 
treatment 
equipment
Water 
quality 
sensor

Water 
quality 
sensor

Tank
Heat

exchanger
Pump

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

Servo system

I/O
terminal Inverter

Expert/
Standard

SPH5000M Programming support tool

E-SX bus, EtherCAT* compatible device

Servo system InverterPOD

SX bus compatible device

Fig.4    Confi guration example of a SPH5000M based motion 
control system

Higher level system

Existing 
control station

Existing PLC

Existing monitoring and 
control system

Existing
remote
I/O IPU-I

Field equipment

Information LAN (Ethernet*1)

Control LAN
(FL-net*2 Ver. 3 compliant LAN)

OPC UA server

Remote connection station XRS-3000

Remote monitoring and operating terminal
(Remote desktop)

Engineering station　
XES-3000

Remote I/O IPU-II

Network adapter

Remote I/O E-SX I/O

Control station XCS-3000

Database station XDS-3000

Operator station XOS-3000

*1 Ethernet is a trademark or registered trademark of Fuji Xerox Co., Ltd.
*2 FL-net is a trademark or registered trademark of 
     Japan Electrical Manufacturers’ Association

Fig.5  “MICREX-VieW XX” monitoring and 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 

Joint thermal gas, 
power notification 

support system

Daily and 
monthly planning 

support system

Energy generation
and usage prediction

system

Optimization

Production and 
operation plan

Visualization 
results collection

Analysis 
system

Energy center
PDCA cycle

Power demand 
management support system

LDG, BFG, COG 
holder level 

prediction system

○Energy specific unit 
    management
○Statistical analysis
○Prediction analysis

Oxygen generating equipment 
optimal operation 

support system

CDQ power generation 
equipment optimal operation 

support system

Optimization 
operation simulation

Optimization technology [FeTOP]

Visualization 
plant monitoring

Maintenance and 
operation support system

Fig.6  Concept of steelworks energy center
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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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Fig.7  List of cement package functions

Fig.8    Japan’s largest garbage incineration facilities  
(Shin-Koto Incineration Plant)

(Presented by and in cooperation with the Clean Authority 
of TOKYO)
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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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1. Introduction

Policies to reduce greenhouse gases are underway 
in various countries around the world based on the 
Paris Agreement, an international framework to com-
bat climate change that came into effect in 2016.  In 
order to reduce greenhouse gases, it has become com-
mon practice to introduce renewable energies and save 
electricity through the visualization and reduction of 
electricity consumption.  Up until now, Fuji Electric 
has been developing energy-saving equipment that 
contributes to the reduction of greenhouse gases.  In 
recent years, we have been contributing to energy 
savings through energy management systems (EMS), 
which save energy by visualizing and optimizing en-
ergy usage.

On the other hand, the largest share of total en-
ergy consumption is actually occupied by heat, rather 
than electricity.  For example, heat usage accounts for 
approximately 56% of the total energy consumption of 
Japan’s industrial sector (see Fig. 1).  If the consump-

MIYAMOTO, Shiori *   KISHIRO, Masami *   SAKAUE, Satoru *   

World’s First Clamp-On Ultrasonic Flowmeter for 
Steam Enabling the Visualization of Steam Losses

In recent years, energy savings through electricity visualization has been progressing to help mitigate green-
house gases.  On the other hand, initiatives to achieve energy savings in using steam have been delayed due to 
the difficulty of visualizing steam loss.  To address the challenge, Fuji Electric has developed a clamp-on ultrasonic 
flowmeter for steam that enables visualization of steam loss without the need of pipe cutting.  Although clamp-on 
flowmeters have already been used to measure liquids, there have been difficulties developing products due to the 
extremely low ultrasonic transmission coefficient of steam from a pipe.  To overcome this challenge, we have used 
technologies for noise removal, lamb wave utilization, and signal processing to achieve the world’s first product ca-
pable of measuring low-pressure steam.

tion of this heat energy can be reduced, it could have a 
significant influence on reducing greenhouse gases.

Fuji Electric has provided equipment for saving 
heat energy such as heat pumps, which generate steam 
by reusing a factory’s hot waste water.  By utilizing 
these products, we aim to contribute to overall energy 
saving by offering the market with EMS that manage 
both electricity and heat.

2. Challenges surrounding Heat Energy Savings

In order to efficiently promote energy savings, it is 
effective to first perform measurement to “visualize” 
where and how much energy is being lost, and then 
take steps to “optimize.” Figure 2 shows an example of 
heat energy visualization.

In factories, the heat energy of steam is used for 
heating, sterilization and air conditioning.  The heat 
energy of steam is lost not only by discharging heat 
from the boiler exhaust gas, but also by radiating 
heat from steam pipes during transportation, leakage 
of steam due to problems with the steam piping and 
peripheral equipment, and discarding of drain fluids 
(steam condensed water).  When  these energy losses 
were visualized, an average of 44% of energy was re-
portedly lost (see Fig. 3), indicating that there was sig-
nificant room for improvement.  Examples of measures 
for mitigating these energy losses include improving 
combustion efficiency by controlling the number of 
boilers in operation, optimizing piping routes, repair-
ing leaks, and using heat pumps that create and reuse 
steam produced from the drains.

Fuji Electric conducted a visit survey on what kind 
of energy visualization initiatives are being performed 
at various company factories.  As a result, we found 
that many factories are taking initiatives to visual-
ize electricity because it tends to be easy.  As for heat, 

Electricity
18%

Heat
56%

Raw
materials
26%

Fig.1    Application details for total energy consumption in the 
industrial sector 

(1)



13World’s First Clamp-On Ultrasonic Flowmeter for Steam Enabling the Visualization of Steam Losses

is
su

e:
 In

st
ru

m
en

ta
tio

n 
an

d 
C

on
tro

l S
ol

ut
io

ns
 C

on
tri

bu
tin

g 
to

 A
ut

om
at

io
n 

an
d 

En
er

gy
 S

av
in

gs

however, visualization of steam was diffi cult to imple-
ment and lagging behind.

Steam fl owmeters, such as differential pressure or 
vortex types, cannot be installed without cutting pipes.  
This constraint has hindered factories that operate 24 
hours a day and on production lines that prohibit for-
eign objects to implement visualization of steam.

To solve this problem, Fuji Electric launched the 
world fi rst clamp-on ultrasonic fl owmeter for steam 
that is capable of measuring the fl ow rate of low pres-
sure steam [0.1 to 0.9 MPa (G)] externally on a pipe in 
factory production lines (see Fig. 4).

3. Product Features

The most distinctive feature of our newly devel-
oped steam fl owmeter is that it makes it possible to 
measure steam using ultrasonic waves by being in-
stalled on the outer surface of pipes (clamp-on type).  
Table 1 shows a comparison with other methods and 
Table 2 shows the specifi cations of the clamp-on ultra-
sonic fl owmeter for steam.  In addition, the advantages 
over other methods are as follows:

(a) No piping work required.  This means that it 
can be installed at any location, even when the 
equipment is in operation.

(b) There is no pressure loss due to in-tube struc-
tures, such as orifi ces and vortex generators, un-
like differential pressure and vortex fl owmeters, 

Steam
flowmeter

Pressure
relief
valve

Steam trapHeader

Boiler

Fluid flowmeter

Steam flowmeter

Visualization and analysis
Measurement data

Location where
steam is used
by sterilizers,

etc.

Boiler loss

Heat
dissipation loss

Drain loss

Steam
leakage Location where

steam is used
by sterilizers,

etc.

Fig.2  Example of heat energy visualization

Boiler loss
9%

Drain loss
10%

Heat dissipation 
loss 
Steam leakage
25%

Effective usage
56%

Fig.3  Effective utilization rate of steam

Current
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Contact
output
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bracket
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Integration
pulse

output

Current input
(temperature or

pressure)
4 to 20 mA DC
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temperature
sensor input

(option)

Power supply
100 to 240 V AC

Communication
RS-485
(option)

For density correcting input

Detector

Flow
transmitter

Preamplifier
Noise 
removal 
frame

Fig.4  Clamp-on ultrasonic fl owmeter for steam

Table 1    Comparison with other methods 
◎ :  Excellent, ○ :  Good, ×:  Not good

Method Ultrasonic
(clamp-on type) Vortex type Differential 

pressure type

Piping work ○Not required × Required × Required

Accuracy ○ ±3% of rate ◎ ±1% of rate ○ ±2% of rate

Pressure 
loss ○ No × Yes × Yes

Ability to 
measure 
rates from 
zero 

○ Possible × Not possible × Not possible
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preventing excessive energy loss.
(c) This ultrasonic flowmeter cannot be damaged by 

water hammer or overflow, eliminate the need 
for maintenance.

Furthermore, differential pressure and vortex flow-
meters cannot measure flow rates near zero due to 
their measurement principles.  On the other hand, our 
recently developed product, using ultrasonic waves, 
can measure flow rates ranging from zero and capable 
of detecting smallest amount of vapor leakage due to 
valve deterioration. 

4.  Measurement Principle

This ultrasonic flowmeter uses the transit time dif-
ference method.  The transit time difference method is 
based on the principle that ultrasonic pulses transit 
diagonally between the upstream and downstream sen-
sors bidirectionally, and the flow rate is measured by 
determining the time difference obtained by the flow of 
fluid (see Fig. 5).

Fluid flowmeters that use this principle are al-
ready being offered commercially.  The ultrasonic 
transmittance from a metal pipe to fluid is about 6.3%.  
The transmittance of low-pressure vapor of approxi-
mately 0.1 MPa (G) is 0.0026%, which is only 1/  (2.4 × 
103) of that of fluid (see Fig. 6).  Therefore, even if this 
principle is applied to the steam flowmeter, the ultra-
sonic transmittance from the pipe to the steam would 
be extremely small, making it difficult to commercial-
ize.

Fuji Electric has solved this problem by using 

noise removal technology, lamb wave utilization tech-
nology, and signal processing technology.

5.  Applied Technologies

5.1  Noise removal technology
In steam piping, the signal that goes around the 

metal interior of the pipe becomes a source of noise.  
This noise is difficult to remove by filtering, because 
the noise is louder than the signal transmitted from 
the metal to the steam and has the same frequency 
as the signal.  Therefore, a noise removal sheet may 
be wrapped around the outside of the pipe as shown 
in Fig. 7.  However, the pipe surfaces are curved and 
uneven, and this makes sheet adhesion difficult.  Adhe-
sion is easy for paint-type noise removers, but they are 
difficult to apply and remove.  Fuji Electric has devel-

Table 2    Specifications of the clamp-on ultrasonic flowmeter for 
steam

Item Specification

Flow rate range 0 to ±50 m/s

Accuracy

Straight pipe:  Upstream 20D*1 (1.0 m) or 
more

Downstream 10D (0.5 m) or more
Rate 10 m/s or less: ±0.3 m/s
Rate 10 to 30 m/s: ±3% of rate
Rate 30 to 50 m/s: ±5% of rate

Applied piping
Material:  Steel, stainless steel
Diameter:  50A*2

Thickness:  2.8 to 4.0 mm

Fluid tempera-
ture 120 °C to 180 °C

Fluid pressure 0.1 to 0.9 MPa (G)

Input signal 1 point:  4 to 20 mA DC; 1 point:  Resistance 
temperature detector (option)

Output signal 1 point:  4 to 20 mA DC; 2 points:  Contact

Communication 
function RS-485 (Modbus*3) (option)

Power supply 100 to 240 V AC, 50/60 Hz

Power consump-
tion 20 VA or less

*1:  D:  Piping inner diameter
*2:  Other diameters will be available one after another.
*3:    Modbus is a trademark or registered trademark of Schneider Auto-

mation, Inc.
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T 2
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τ : Propagation time other than fluid

2
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Fig.5  Measurement principle
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Fig.6  Difficulties in steam measurement
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5.3  Signal processing technology
When measuring steam, the received signal is 

smaller than that received when measuring fluid.  Fur-
thermore, it has been problematic that signal is at-
tenuated before being received by the flow transmitter.  
As a countermeasure, a noise filter and an ultra-low 
noise preamplifier for amplifying very small signals 
can be mounted near the detector.  This makes it pos-
sible to receive signals at a level that can be measured.

5.4  Example of measurement data
The above-mentioned noise removal technology, 

lamb wave utilization technology, and signal process-
ing technology make it possible to measure steam flow 
rates.  Figure 9 shows an example of a steam flow mea-
surement.  A differential pressure flowmeter and an ul-
trasonic flowmeter were installed side-by-side and the 
measured values were compared to confirm that the 
difference between them was less than ±3%.

6.  Application example

Currently, our clamp-on ultrasonic flowmeter for 
steam for 50A pipes is available.  In the future, we 
plan to develop products for 25A to 100A pipes and aim 
to apply them to factory-wide heat energy visualization 
systems like the one shown in Fig. 2.

We have already conducted field tests at food, 
chemical and semiconductor factories to demonstrate 
its practicality.  We will now introduce one particular 
example.

6.1  Determination of excess steam flow (application ex-
ample 1)
The measurement of steam flow rate using this 

product at factory A found that the steam was flowing 
at a faster rate than the designed value.  Fast steam 
flow rates can cause pipe thinning due to erosion and 
equipment failure due to water hammer.  This is dan-
gerous because it can potentially lead to a serious acci-
dent.  This also increases pressure loss, causing energy 
loss and making it difficult to obtain sufficient pressure 

oped a structure that evenly fastens the noise removal 
sheets with metal frames, making them easy to attach 
and remove.

5.2  Lamb wave utilization technology
In general, an ultrasonic flowmeter uses longi-

tudinal waves and transverse waves.  However, our 
newly developed product uses a new technology that 
utilizes lamb waves in order to provide sufficient re-
ception amplitude even for steam.  A lamb wave is a 
ultrasonic wave that transit far distances at low at-
tenuation rates by repeatedly and intricately reflecting 
along the plate surface (see Fig. 8).  Lamb waves can be 
generated when the sensor frequency and the angle of 
incidence are designed to specific values in accordance 
with the thickness of the plate.  We succeeded in im-
proving the reception strength by injecting lamb waves 
into fluid at a wide width.  Lamb waves are charac-
terized by their resistance to condensed droplets that  
often exist in steam pipes due to steam cooling.

Transmission sensor

Reception
sensor

Pipe cross section

Pipe

Noise

Signal

Transmission sensor

Reception
sensor

Pipe cross section

Pipe

Noise removal
sheet

Noise
Signal

−200 0 200 400 600 800 1,000 1,200
Time from transmission start (µs)

Signal

2.0
1.5
1.0
0.5

0
−0.5
−1.0
−1.5
−2.0

R
ec

ep
ti

on
 s

en
so

r
ou

tp
u

t 
(V

)

−200 0 200 400 600 800 1,000 1,200
Time from transmission start (µs)

2.0
1.5
1.0
0.5

0
−0.5
−1.0
−1.5
−2.0

R
ec

ep
ti

on
 s

en
so

r
ou

tp
u

t 
(V

)

(a) No noise removal sheet

(b) With noise removal sheet
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Fig.9  Example of 0.1 MPa (G) steam measurement
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ing in loss.  Deteriorated valves and steam traps are 
planned to repair to reduce the loss.

7. Postscript

In this paper, we introduced the world’s first 
clamp-on ultrasonic flowmeter for steam that enables 
visualization of steam loss.  In the future, we plan to 
develop products for measuring 25A to 100A pipes and 
apply them to heat energy management systems in or-
der to achieve wide-scale heat energy savings.

for steam-using equipment.  To deal with this problem, 
redesigning the pipes is planned at the factory to re-
duce the flow rate and achieve energy savings and bet-
ter safety.

6.2  Determination of steam inflow during equipment shut-
down (application example 2)
We constructed a system to remotely monitor in 

real time the amount of steam flowing into the steril-
ization equipment of factory B.  We conducted a field 
test on the equipment and found that steam was flow-
ing even when the equipment was shutdown, result-
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1.  Introduction

Air quality regulations are being strengthened 
internationally as an initiative to protect the environ-
ment.  In the maritime sector, emissions regulations 
for ships are implemented under the International 
Convention for the Prevention of Pollution from Ships 
(MARPOL Protocol).  Starting in January 2020, the 
regulation of sulfur content in fuel was made more 
stringent, changing the allowable weight concentra-
tion from 3.5% or less to 0.5% or less, as a regulation of 
diesel engine sulfur oxide (SOX) emissions (see Fig. 1).  
While this regulation is expected to improve air quality, 
it has also made it necessary to either use low-sulfur  
fuel oils or an exhaust gas cleaning system (EGCS) in 
order to comply with the regulation.  However, the use 
of low-sulfur fuel oils lead to higher operating costs.

The SOX regulations allow the installation of an 
exhaust gas cleaning system (EGCS) for removing SOX 

HIGASHI, Ryoichi *   TABARU, Masaya *   AKAO, Kozo *   

Laser Gas Analyzer for Exhaust Gas Cleaning 
Systems

In order to help meet the requirements of intensified marine vessel exhaust regulations, Fuji Electric has devel-
oped a laser gas analyzer for exhaust gas cleaning systems (EGCS) as an exhaust gas monitoring system indispens-
able to EGCS designed to comply with SOX regulations.  By using a laser method, it is less susceptible to interfer-
ence from undesired gases when performing measurement.  It is capable of correcting light-source fluctuations by 
itself inside the system and does not require frequent calibration using calibration gas, achieving easy and less fre-
quent maintenance.  In addition, using a compact optical system with optical-axis superposition and a built-in signal 
processing circuit has made it small and lightweight, facilitating the transport and installation of the entire detector 
component.  Furthermore, it has been certified by classification societies:  ClassNK and DNV GL.

through the injection of wash water into the exhaust 
gas, because this is a measure that has the same SOX 
reduction effect as the use of low-sulfur fuel oils.  By 
utilizing an EGCS, it is possible to continue using low-
cost high-sulfur fuel oils while simultaneously reducing 
environmental loads.  EGCS is expected to be effective 
in limiting increases in operating costs, even when tak-
ing into account the cost of installing the EGCS, because 
the price of low-sulfur fuel oils is going to rise due to 
changes in the supply and demand balance caused by 
the more stringent regulations.

Fuji Electric has developed and launched its scrub-
ber that uses seawater to clean SOX from exhaust gas 
in October 2018(1).  In addition, it also developed and 
launched its gas analyzer that continuously moni-
tors the gas concentrations of sulfur dioxide (SO2) and 
CO2 during scrubber operation in August 2019.  Fuji 
Electric is currently offering an EGCS that combines 
these products.

In this paper, we will introduce our laser gas ana-
lyzer for exhaust gas cleaning systems as an exhaust 
gas monitoring system.

2.  Exhaust Gas Cleaning System (EGCS)

Figure 2 shows the overall configuration of the 
EGCS.  The EGCS consists of a variety of measuring, 
control and driving equipment, including a SOX scrub-
ber, gas analyzer, and water quality meter to monitor 
the water quality of wash water.

The requirements for gas analyzers used in EGCS 
are described in the EGCS Guidelines(2) issued by the 
International Maritime Organization (IMO).  The SO2 
and CO2 contained in the exhaust gas treated by the 
SOX scrubber are measured and the gas concentration 
ratio (SO2/CO2 ratio), called exhaust gas cleaning per-
formance, must be less than the regulation value.  This 
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exhaust gas cleaning performance is based on the pro-
portional relationship between the sulfur concentra-
tion (mass concentration) in the fuel oil and the SO2/
CO2 ratio (volume concentration ratio) in the exhaust 
gas (see Fig. 3).  For example, the MARPOL Protocol 
regulates the sulfur concentration in fuels at 0.50%, 
and, thus, the regulation value of the SO2 (ppm)/CO2 

(%) ratio in the exhaust gas is 21.7.  Therefore, using a 
high-sulfur fuel oil will be allowable if its exhaust gas 
SO2 concentration becomes 108 ppm (rounded down to 
the nearest whole number) or less after cleaned with a 
scrubber when CO2 concentration being 5.00%.  How-
ever, the SO2/CO2 ratio of the exhaust gas treated by 
the SO2 scrubber always changes according to the en-
gine load and the cleaning performance of the scrub-

ber.  Therefore, the gas analyzer needs to be able to ac-
curately measure the exhaust gas flowing through the 
flue of the scrubber outlet in real time.

It is stipulated that if an abnormality occurs in the 
measurement with measuring instruments such as a 
gas analyzer installed in an EGCS, the EGCS must be 
stopped and the fuel must be switched to a compliant 
oil if normal operation cannot be restored within an 
hour(3).  Therefore, long-term stability of measurements 
is the most important requirement for EGCS.

Furthermore, from an operational standpoint, cus-
tomers have requested the following:

(a)  Capable of being installed in small spaces
(b)  Easy and infrequent maintenance

3.  Features of Laser Gas Analyzer

We have developed a laser gas analyzer for ex-
haust gas cleaning systems that meets the practical 
requirements described in Chapter 2.  Next, we will 
discuss the measurement principles of typical laser 
analyzers and introduce the features of our recently 
developed laser gas analyzer specialized for ship scrub-
bers.

3.1  Features of typical laser gas analyzers
(1)  Device configuration

As shown in Fig. 4, a typical laser gas analyzer(4) is 
composed of an transmitter unit, a receiver unit, and 
a data processing unit.  The transmitter unit uses a 
distributed feedback laser (DFB) device with a single 
oscillation wavelength and narrow wavelength spectral 
line width.  The photo acceptance units in the receiver 
unit are photodiodes or photoconductive devices that 
are sensitive to the wavelength of the light source.

The transmitter unit and receiver unit are pro-
tected from contamination, such as the dust and mist, 
in exhaust gas using the purge gas.  The data process-
ing unit calculates and outputs the gas concentration 
by determining the absorbance of the laser light.
(2)  Measurement principle

Various gas molecules, such as SO2 and CO2, have 

(b) Detection unit (c) Interface box

(a) Extraction unit

Overall configuration of EGCS

Laser gas analyzer for exhaust gas cleaning systems
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Fig.2  Overall configuration of EGCS
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unique absorption spectra due to the different atomic 
species and binding energies that make up the mol-
ecules.  The absorption spectrum of infrared light 
consists of a number of discrete absorption lines corre-
sponding to the transition between the vibrational and 
rotational levels of quantized molecules.  For the laser 
method, measurements are taken without interference 
from other gases by using the absorption line of the gas 
to be measured that does not overlap with the absorp-
tion line of the other gases (gases other than the gas to 
be measured) .

In Fig. 4, laser light emitted from the transmitter 
unit transmits through exhaust gas on the measure-
ment optical path and is detected by the receiver unit.  
The laser light is absorbed according to the concentra-
tion of the gas to be measured contained in the exhaust 
gas in the flue on the basis of the Lambert-Beer law be-
fore reaching the photo acceptance unit of the receiver 
unit.  The amount of light received is measured to de-
termine the concentration of the gas to be measured in 
the exhaust gas.  The Lambert-Beer law is expressed 
by Equation 1 as follows:

I (L) =  I 0exp (-knL)  ............................................ (1)
I (L):  Photodetecting intensity
 I0  :  Irradiation intensity
 k  :  Proportional coefficient
 n  :  Concentration of measured gas (density)
 L  :  Measured optical path length

The advantage of the laser method is that it is not 
only less susceptible to other gases, but it does not re-
quire frequent calibration using calibration gases be-
cause it is capable of compensating for fluctuations in 
the light source inside the device by itself.  The DFB 
lasers used for light sources not only have a single 
emission wavelength, but are also characterized by 
their ability to change wavelengths depending on the 
driving current and driving temperature.  With this 
characteristics, measurement is performed by alter-
nately switching the wave length at which the absorp-
tion intensity of the absorption spectrum of the target 
gas is maximum and minimum.  This enables stable 

gas absorption to be extracted even if the photodetect-
ing intensity fluctuates slightly due to contamination 
or optical axis deviation of the optical system.

Table 1 shows a comparison between the laser 
method and the conventionally used non-dispersive 
infrared (NDIR) method.  Since the laser method is 
not susceptible to interference from other gases or 
fluctuations in light source output and photodetecting 
amount, it makes it possible to perform highly accurate 
and stable measurements.

3.2  Features of the laser gas analyzer for exhaust clean-
ing systems
Figure 2 shows the system configuration of the la-

ser gas analyzer for exhaust cleaning systems.  It con-
sists of the following three units, as well as the wiring 
and piping that connects the units.

(a)  A extraction unit that sucks exhaust gas from 
the flue and removes dust and water vapor

(b)  A detection unit that uses a laser to measure the 
gas concentration of SO2 and CO2 in the gas to 
be measured flowing from the extraction unit

(c)  A interface box that supplies power to and com-
municates with the extraction unit and detec-
tion unit, while also communicating with exter-
nal interfaces

(1)  Measurement method
Before applying the product to ships, we compared 

and examined measurement methods, taking into ac-
count environmental factors such as temperature and 
vibration.  As a result of our study, we decided to adopt 
the sampling method.  Table 2 shows a comparison be-
tween the cross stack type and sampling type.  With 
the cross stack type, the exhaust gas can be measured 
on the spot as shown in Fig. 4, thus allowing for high-
speed responses (1 to 5 seconds)(4).  This feature is used 
not only for monitoring exhaust gases, but also in de-
toxification of exhaust gases and control of combustion 
gases.  On the other hand, it requires the adjustment 
of the optical axis during installation and has some 
practical shortcomings such as risk of optical axis de-
viation due to flue vibration or deformation, as well as 
detachment during calibration.  Therefore, the above 
mentioned shortcomings are overcome to be used for 
ships by using a detection unit in which the transmit-
ter unit and receiver unit are integrated through the 

Air
purge

Trans-
mitter
unit

Receiver
unit

Data
processing

unit

Air
purge

Flue

Measured
optical path

Laser light

Exhaust
gas flow

Fig.4  Example of configuration of typical laser gas analyzers

Table 1  Comparison of laser method and NDIR method

Measurement 
principle Laser method NDIR method

Wavelength 
range Specific absorption line

Multiple absorption 
lines (absorption 
band)

Other gas inter-
ference

Little impact caused 
by selection of absorp-
tion line

Impacted by mea-
surement compo-
nent

Impact of photo-
detecting power 
change

Little impact caused by 
correction processing
⇒    Long calibration 

interval

Big impact due to 
correction inability
⇒    Short calibration 

interval
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in a measurement range of 0 to 300 ppm.
(3)  Optical system for simultaneous detection of SO2 

and CO2 gases
In order to accurately measure the gas concentra-

tion ratio of SO2 and CO2, it is necessary to simultane-
ously analyze the SO2 and CO2 concentrations of a sin-
gle gas sample.  On the other hand, since the absorp-
tion wavelengths of each gas are different, a laser unit 
and photo acceptance unit are required for each gas.  
Therefore, the optical system for the detection unit in-
tegrates two sets of laser units and photo acceptance 
units, with their optical axes being overlaid (see Fig. 5).  
Moreover, the optical system that overlays the optical 
axes is designed to be compact, and also incorporates 
a signal processing circuit.  This results in a compact 
and lightweight design makes it easy to transport and 
install the entire detection unit.
(4).  Temperature control and dehumidification in the 

extraction unit to prevent SO2 gas loss
The EGCS Guidelines set forth provisions for pre-

venting dissolution loss of SO2 gas contained in the ex-
tracted exhaust gases(2).  Dissolution loss is a phenom-
enon that the concentration of SO2 contained in ex-
haust gas is shown to be smaller than the actual value 
because SO2 has been dissolved in the liquid form of 
water present in the pipe through which extracted ex-
haust gas passes.

The exhaust gas becomes wet because the SOX 
scrubber sprays water to clean it.  As a result, the col-
lected exhaust gas (sampled gas) is prone to condensa-
tion.  Condensation will cause dissolution loss, so that 
countermeasures must be taken.

Conventional gas analyzers have used a heated 
tube.  Using heated tube need a heater to heat the tube 
spanning from the extraction unit to the detection unit, 
as well as insulation materials for retaining the heat, 
which are disadvantage in that it requires a large in-
stallation space.  In marine vessels, it is difficult to 
dedicate a large amount of power for heating at high 
temperatures (approximately 180 °C) and to secure the 
space needed for heated tubes due to the limited and 
small space available in engine rooms.

Our product prevents condensation by maintain-
ing the extraction unit to be higher temperature than 
that of cleaned exhaust gas.  Furthermore, inside 
the extraction unit, the extracted gas is dried with a 
membrane air dryer to move the water vapor in the 
extracted gas to the dry air side.  These measures pre-
vent dissolution loss.  Since these countermeasures can 
be used to dry the gas in the extraction unit, the tube 
spanning to the detection unit no longer requires a 
heated tube.  This also allows for flexible piping design.

4.  EGCS Compliance Certification

In order to deploy a laser gas analyzer for exhaust 
gas cleaning systems to a ship, it is necessary to obtain 
the approval of the relevant flag state.  To facilitate 

gas flow cell as shown in Fig. 5.  Moreover, it protects 
the optical system by using a filter to remove the dust 
inside the sampling unit that obstructs the measure-
ment of the exhaust gas, further enhancing the stabil-
ity of the measurement.
(2)  New laser unit and photo acceptance unit for de-

tecting SO2 gas
High detection sensitivity is required to detect 

SO2 gas at the ppm level.  This product uses a new 
quantum cascade laser (QCL) that is capable of emit-
ting light in the wavelength band of 7 μm, which is 
characterized as having the highest absorption inten-
sity of SO2 gas.  This QCL is designed, manufactured 
and evaluated to emit light at stable wavelengths and 
output even in high-temperature environments such 
as in an engine room.  It does not require replacement 
for approximately 10 years.  Furthermore, the product 
makes use of environmentally friendly high-sensitivity 
photovoltaic elements for the 7 μm wavelength band 
photo acceptance unit.

These elements enable measurement of SO2 gas 
with a full-scale measurement accuracy of ±1% or less 

Table 2  Comparison of cross stack type t and sampling type

Measurement 
method Cross stack type Sampling type

Optical axis 
adjustment

Adjustment required at 
installation

Adjustment only re-
quired at shipping due 
to integration with gas 
distribution cell

Vibration 
and shock 
resistant

Flue vibration could 
cause optical axis de-
viation.

Wall-mounted detec-
tion unit reduces opti-
cal axis deviation.

Optical  
system  
protection

Protection with air 
purging

Pre-treatment of ex-
haust gas is required 
because air purging 
cannot be used.

On-site  
calibration

Transmitter and re-
ceiver units need to be 
removed.

No unit needs to be 
removed because the 
gas flow cell serves as 
calibration cell.

Detection unit

Measurement
gas outlet

Measurement
gas inlet

Light-
transmitting 
window

Gas flow 
cell

Light-
transmitting 
window

DFB laser

QCL

Transmitter unit

Photodiode

Photovoltaic
element

Receiver unit

Fig.5  Optical system of detection unit
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5.  Postscript

In this paper, we introduced our laser gas analyzer 
for exhaust gas cleaning systems.  The product uses 
a laser to achieve long-term stability.  Moreover, the 
product’s unique design for marine applications has 
enabled it to be compact, lightweight and easy to main-
tain.  We believe that the use of this analyzer will facil-
itate EGCS automation and further stabilize operation.
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unique temperature test, vibration test and electro-
magnetic compatibility (EMC) test required of equip-
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requirements specified in the EGCS Guidelines, our 
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1.  Introduction

Motion controllers provide motion control of in-
dustrial machinery and equipment, including indus-
trial robots.  Industrial machinery and equipment are 
required to control complex and high-precision op-
erations and machining, while reducing process time.  
Motion controllers need to be able to perform synchro-
nous control on more control axes and at faster control 
cycles(1).

To meet these needs, Fuji Electric has developed 
the “SPH5000M” as a new CPU module for “MICREX-
SX Series” integrated controllers.  In this paper, we 
will introduce this controller.

2.  Features of the “SPH5000M”

When the SPH5000M is used as a motion control-
ler, the motion control program can run three times 
faster than the conventional model “SPH3000MM.”

Figure 1 shows a confi guration example of the 
SPH5000M motion control system.

Figure 2 shows an example of high-speed control 
linkage using the new processor bus of the SPH5000M. 
Table 1 describes the main features of the SPH5000M, 
and Fig. 3 shows the external appearance.  Figure 4 
shows a comparison of application execution perfor-
mance between the conventional model “SPH3000” and 
the SPH3000MM.

SHIMOKAWA, Takayuki *   MIYASHITA, Hiroshi *   KUBOSUMI, Hajime *   

“MICREX-SX SPH5000M” Motion Controller

Motion controllers are required to have capability to perform synchronous control with more control axes and 
shorter cycle.  To meet these requirements, Fuji Electric has developed the “SPH5000M” as a CPU module of our 
“MICREX-SX Series.” Its multi-core microcomputer improves application execution performance threefold that of con-
ventional models.  The application program execution cycle has also been sped up by distributing sequence control 
and motion control to multiple CPUs and executing them synchronously in parallel.  As a result, this controller en-
ables machinery to have higher functionality and speed even when the same system confi guration is used as previ-
ous systems.

*EtherCAT is a trademark or registered trademark of Beckhoff 
  Automation GmbH.

Servo system

I/O 
terminal Inverter

Expert/
Standard

SPH5000M Programming support tool

E-SX bus, EtherCAT* compatible device

Servo system InverterPOD

SX bus compatible device

Fig.1   Confi guration example of an SPH5000M based motion 
control system

Base board equipped with new processor bus 
(25 times faster than the conventional bus)

Sequence
program

Multi-axis high speed
synchronous positioning program

AI algorithm operation 
processing

○High-speed data 
linkage between 
CPU modules

○Integrates three 
CPU modules via 
new processor bus

Fig.2  High-speed control linkage using the new processor bus
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3.  Technologies that Support Faster Speeds

3.1  Technology for parallel and synchronous execution of 
programs
The SPH5000M uses a multi-core operation execu-

tion engine architecture (see Fig. 5).
This architecture enables two operation execution 

engines to run in parallel on the multi-core microcom-
puter and provides a high-speed large-capacity cache 
memory that can be shared between the cores for the 
application program data and various user data, while 
also enabling memory to be shared via the high-speed 
internal bus.  Each of the two operation execution 
engines has a shared data memory area that can be 
shared and used with a dedicated data memory area.  
Depending on the amount of data, these memory areas 
can be increased or decreased within the total capacity 
of the data memory and shared data memory.  In addi-
tion, the application program memory has a suffi cient 
memory size totaling 512 Ksteps, while the amount 
of memory allocated to the two operation execution 
engines can be increased or decreased within a range 
up to 512 Ksteps in order to support various applica-
tion programs.  Furthermore, the data memory and 
application program memory are allocated to a cache 

Table 1  Main features of the “SPH5000M”

Item Feature

Application 
execution 
performance

Three times faster than the conventional 
model SPH3000MM through use of multi-
core microcomputer

Large memory 
capacity

Program memory : 512 Ksteps
Data memory : 5,120 Kwords

Data backup Battery-less data backup system
battery maintenance-free

Information 
network

Gigabit Ethernet*1 based high-speed com-
munication

Motion bus Compatible with Fuji Electric’s E-SX bus and 
EtherCAT*2

C language ap-
plication execu-
tion function

Enables parallel execution of PLC applica-
tion programs and C language application 
programs
[Application example of C language function]
◦ User-specifi c instructions implemented in 

the C language are read from the PLC ap-
plication program and executed.
◦ Executes information processing software 

ran on a PC by embedding it into the PLC.
◦ Since it does not have a function for read-

ing the C language application programs, 
it can prevent unauthorized copying of the 
application programs.

Data transmis-
sion between 
multiple CPUs

New processor bus achieves 25 times faster 
transmission speed than previous product.
High-speed control is possible via parallel 
execution of three SPH5000Ms.

Output syn-
chronization 
between I/O 
stations

Capable of output synchronization between 
I/O stations via E-SX bus and synchroniza-
tion between E-SX bus systems

*1  Ethernet is a trademark or registered trademark of Fuji Xerox Co., 
Ltd.

*2  EtherCAT is a trademark or registered trademark of Beckhoff Auto-
mation GmbH.

Front Back

Large-capacity storage
○SDHC card:
　32 GB available

High-speed loader 
communication port
○USB2.0,
　High-speed,
　480 Mbps

New processor 
bus (EP bus)

Processor bus 
SX bus
○Completely 

compatible 
with previous 
products

High-efficiency 
heat-dissipating 
structure

Gigabit Ethernet*1

○1000BASE-T port

High-speed I/O network
○E-SX bus
○EtherCAT*2

*1 Ethernet is a trademark or registered trademark of Fuji Xerox Co., Ltd.
*2 EtherCAT is a trademark or registered trademark of Beckhoff Automation 
     GmbH.

Fig.3  External appearance of “SPH5000M”

(a) Basic instruction execution time

9 ns

0.9 ns 10 times

SPH3000
SPH3000MM

SPH5000M

SPH5000M

SPH5000M

(b) Sequence control sample application execution time

33 ms

7.5 ms 4.4 times

SPH3000
SPH3000MM

(c) 4-axis synchronous control motion demo application 
execution time

1.5 ms

0.5 ms 3 times

SPH3000
SPH3000MM

Fig.4  Comparison of application execution performance

Core 1

High-speed
large-capacity
shared cache

memory

High-speed
internal bus

Core 0

Multi-core
microcomputer

Block diagram of
multi-core 

microcomputer

Data memory

Shared data memory

Shared program memory

Operation
engine 1

User
application

User
application

Data memory

E-SX bus
SX bus

Operation
engine 0

Multi-core operation 
execution engine

Fig.5  Multi-core operation execution engine architecture
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memory operating at 1 GHz, and the application pro-
gram can be executed at a maximum speed of 0.9 ns 
per instruction.

In previous models, application programs that 
could not be allocated to the cache memory were prone 
to longer execution times.  Our recently developed 
product has a large enough cache memory to ensure 
that the system does not adversely impact application 
execution performance due to the size of the applica-
tion program.

It is possible to select whether to synchronize the 
control cycle of the operation execution engine to the 
SX bus or the E-SX bus, so that it is easy to replace 
the “SPH2000” and SPH3000, which synchronized to 
the SX bus, and SPH3000MM, which synchronized 
to the E-SX bus, in existing control systems with the 
SPH5000M.  Moreover, data exchange between the 
operation execution engines maintains synchroniza-
tion via the internal bus, allowing the two engines to 
exchange data easily, something that had previously 
been generally cumbersome.  This makes it unneces-
sary for users to be aware of the synchronization of 
the processing when creating a distributed applica-
tion.  Moreover, sequence control can be executed in 
one operation execution engine, while motion control 
is executed in parallel in the other operation execution 
engine, making it easy to reduce processing time.  In 
addition, the precision of the control cycle is ±1 μs or 
less (when the E-SX bus is specifi ed), allowing control 
to be performed without fl uctuations.

3.2  Multi-CPU synchronous execution technology
The SPH5000M can be installed on the new base 

board and confi gured with up to three multi-CPUs, 
their control cycles synchronized.  The E-SX bus con-
trol unit of each SPH5000M in multi-CPU confi gura-
tion corrects its time by synchronizing it to the syn-
chronization clock incorporated in the new base board 
(see Fig. 6).  The execution cycle of the operation en-
gine and E-SX bus in the CPU modules are synchro-

nized with a precision of ±1 μs or less, while the op-
eration execution engines and E-SX buses are synchro-
nized across the SPH5000Ms at an precision of ±3 μs 
or less.  As a result, even if 96 I/O devices (32 per unit) 
are connected to each E-SX bus of the SPH5000M, the 
output of different systems can be synchronized at an 
precision of ±3 μs or less.

By distributing sequence control and motion con-
trol to multiple CPUs and executing them in parallel, 
the application program can execute these processes 
at high speed.  For example, when the control cycle is 
set to a minimum of 0.25 ms, it is possible to achieve 
multi-axis motion control for up to 12 axes (using three 
SPH5000M units on four axes per bus).  Figure 7 shows 
an example of distributed processing using multiple 
CPUs.

Furthermore, by setting a portion of the three CPU 
modules to a cycle that is an integral multiple of the 
shortest cycle, it becomes possible to simultaneously 
execute on a single system the motion control applica-

Servo

Synchronization 
accuracy: ±1 µs

Synchronization 
accuracy: ±3 µs

New processor bus
New base boardSynchronous clock

E-SX bus

E-SX bus
control

unit

Micro-
computer

Time
correction

Servo

Servo

SPH5000M: CPU1

Servo

E-SX bus

E-SX bus
control

unit

Micro-
computer

Time
correction

Servo

Servo

SPH5000M: CPU0

Servo

E-SX bus

E-SX bus
control

unit

Micro-
computer

Time
correction

Servo

Servo

SPH5000M: CPU2

Fig.6  Time synchronization between multiple CPUs

SPH5000M: 
CPU0

Core 0 Sequence control
application

Sys-
tem

Core 1 Sequence control
application

Sys-
tem

Sequence control
application

Tact cycle:
Minimum 0.25 ms

Tact cycle:
Minimum 0.25 ms

Sys-
tem

Sequence control
application

Sys-
tem

SPH5000M: 
CPU1

Core 0 Sequence control
application

Sys-
tem

Core 1 Motion control
application

Sys-
tem

Sequence control
application

Sys-
tem

Motion control
application

Sys-
tem

SPH5000M: 
CPU2

Core 0 Sequence control
application

Sys-
tem

Core 1 Motion control
application

Sys-
tem

Sequence control
application

Sys-
tem

Motion control
application

Sys-
tem

Fig.7  Example of distributed processing using multiple CPUs
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the previous SPH3000MM, using the heat-dissipating 
structure has reduced the module volume by 15% and 
occupied slot size has been reduced from two slots to 
one, while achieving a maximum operating ambient 
temperature of 55 °C with the same natural air-cooling 
method as the previous model.

Conventional static random access memories 
(SRAMs) for backing up data, such as setting values, 
require a battery to retain data while the power is 
off.  The battery had a five-year lifespan, and regular 
maintenance was required.  In contrast to this, the 
SPH5000M uses non-volatile memory, which elimi-
nates the need for a battery for data backup.  This also 
eliminates the need to replace the battery, thereby im-
proving maintainability.  Moreover, when the power is 
turned on, the data stored in the non-volatile memory 
is copied to the high-speed dynamic random access 
memory (DRAM) to speed up program execution.  An 
electric double layer capacitor is used to copy DRAM 
data to non-volatile memory while the power is off.

The new processor bus has a transmission speed 
of 5 Gbits/s.  When a high-frequency electrical signal 
is transmitted through the wiring pattern of a printed 
circuit board (PCB), reflection or resonance may oc-
cur at impedance discontinuity points, causing the 
signal to be attenuated.  This makes it impossible to 
properly transmit the signal and creates susceptibil-
ity to external noise.  In order to achieve impedance 
matching for transmitting signals in the new proces-
sor bus of the base board, the length of wiring patterns 
for differential pairs of signals are equalized, and the 
clearance of signal patterns is secured to suppress 
crosstalk interference, in addition to the connector of 
the modules is changed from a PCB insertion type to a 
surface mounted type to secure the wiring area of the 
inner layer pattern.  In addition, we created a compos-
ite transmission line analysis model for the patterns 
of multiple PCBs, instead of a single PCB, connected 
via connectors with three SPH5000Ms mounted on 
the base board.  We used the model to verify the sig-
nal quality of the high-speed signals to design optimal 
wiring pattern of the PCBs, thereby enabling them to 
achieve 5 Gbit/s communications (see Fig. 10).

tion program that executes in the shortest cycle and 
the machine control application program that handles 
the large-capacity I/O data executed in a cycle that is 
an integral multiple of the shortest cycle.

By using the new processor bus incorporated in 
the new base board, which performs 25 times better 
at transmitting data than the previous bus, large-
capacity and high-speed data transfer between CPU 
modules is now possible, enabling users to create ap-
plications without being aware of process synchroniza-
tion.  Figure 8 shows the data access structure between 
multiple CPUs using the new processor bus.

In this manner, application systems can be con-
structed flexibly by utilizing distributed processing 
functions in multi-core and multi-CPU modules accord-
ing to control needs.

3.3  Hardware technology
To achieve parallel execution of programs, the 

SPH5000M is equipped with a multi-core microcom-
puter, and the speed of its shared memory has been 
increased from 130 MHz to 1,600 MHz.  The increased 
heat caused by these enhancements and the miniatur-
ization achieved through tight integration of mounted 
components required the adoption of a housing struc-
ture that exposes the surface of the cooling fins to the 
outside air (see Fig. 9).

Even though it generates 6% more heat than 

Core 1Core 0

Multi-core
microcomputer

Station 0

Station 1

Station 2

EP bus memory

SPH5000M: CPU2

Core 1Core 0

Multi-core
microcomputer

Station 0

Station 1

Station 2

EP bus memory

SPH5000M: CPU1

Core 1Core 0

Multi-core
microcomputer

Station 0

Station 1

Station 2

EP bus memoryEP bus memory space

SPH5000M: CPU0Multi-core operation execution engine

Operation
engine 1

Operation
engine 0

Station 0

Station 1

Station 2

User
application

User
application

Fig.8  Data access between multiple CPUs using new processor bus

Housing (back case)

Printed circuit board

Housing
(Front case)

FG
bracket Cooling fin

(a) Disassembled state (b) After assembly

Fig.9  “SPH5000M” CPU module structure
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the base board.  This structure improves noise resis-
tance so that these components will not be broken by 
external noise, ensuring high reliability (see Fig. 11).

4.  Application example

As an application example of the SPH5000M, we 
will now describe its use in a printing system.

A printing system uses multiple sensors and actua-
tors to perform sequence control and motion control.  
In particular, high-speed, high-precision motion con-
trol is required to improve productivity and quality.

In conventional printing systems using the 
SPH3000MM, one of its two CPUs is assigned to se-
quence control, and the other is motion control.  The 
SPH5000M has a system confi guration that utilizes 
a multi-core operation execution engine to meet the 
requirements of more advanced sequence control func-
tions and high-speed, high-precision motion control.  
Figure 12 shows an application example of using the 
SPH5000M in a printing system.

One of the operation execution engines performs 
sequence control and the other performs motion con-
trol, enabling it to inherit the same integrated se-
quence control and motion control as previous prod-
ucts.  It also satisfi es the requirements of advanced 
sequence control and high-speed, high-precision motion 
control.  As a result, the product achieves high func-
tionality and high-speed operation while maintaining 
the same system confi guration as previous products.

5.  Postscript

In this paper, we introduced our “MICREX-SX 
SPH5000M” motion controller.

Applying the SPH5000M to motion control can en-

The PCB of the SPH5000M includes a number of 
high-speed components (microcomputer, memory, com-
munication LSI, etc.) that are susceptible to external 
noise.  A structure is adopted in which the metal fi t-
tings attached to the cooling fi ns of the SPH5000M 
make electrical contact with the frame ground (FG) of 

CPU-to-CPU
high-speed

communications SPH5000M

New base board

Fig.10  “SPH5000M” CPU-to-CPU high-speed communication 

E-SX bus

SX bus

Ethernet*

Inverter Servo system

Servo 5
Print-
ing 3

Servo 6
Print-
ing 4

Servo 4
Print-
ing 2

Servo 3
Print-
ing 1

Servo 2
Paper
feedServo 1

Paper
feedInverter

unwinding
Inverter
winding

Servo 7
Paper

ejection

Servo 8
Processing 1

Servo 9
Processing 2

Inverter

*Ethernet is a trademark or registered trademark of Fuji Xerox Co., Ltd.

Fig.12  Application example of printing system

Cooling finBase board
Frame ground

FG
bracket

Fig.11  Securing noise resistance performance
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In the future, we plan to continue to expand appli-
cations of controllers to solve challenges at shop floors.

References
(1) Fukushima, K., Shimokawa, T. “MICREX-SX Series” 

Motion Controller “SPH3000D”. FUJI ELECTRIC  
REVIEW. 2016, vol.62, no.4, p.280-282.

hance the performance of sequence control and multi-
axis high-speed synchronous control, contributing to 
high productivity and high speed, high precision of 
equipment and machinery.  Furthermore, it can be 
used for predictive diagnosis of failure for factory auto-
mation systems by incorporating an C language appli-
cation program for AI algorithms.
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1.  Introduction

Since its release in 2014, Fuji Electric’s “MICREX-
VieW XX (Double X)(1)-(3)” monitoring and control sys-
tem has been used in a variety of industrial sectors to 
improve productivity and contribute to safe and stable 
operations at user facilities.  Industries, such as manu-
facturing, are experiencing a decrease in its workforce 
due to the declining birthrate and aging population 
and outflow of human resources from dirty, dangerous 
and demanding jobs.  As competition between compa-
nies intensifies, robotization, automation and labor-
saving measures are being taken to improve productiv-
ity.

Against this backdrop, monitoring and control 
systems are required to have functions for which un-
skilled operators can operate the systems even when 
abnormality occurs.  It is therefore important for them 
to deliver simple monitoring operations, easy mainte-
nance involved in equipment and part replacement, 
and robustness to improve reliability.

2.  Challenges Facing Monitoring and Control 
Systems

Figure 1 shows a configuration example of a sys-
tem utilizing the MICREX-VieW XX.  The “XOS-3000” 
operator station and the “XDS-3000” database station 
or, in some cases, the “XAL-3000” all-in-one station 
are used to monitor and operate an industrial plant, 
and the “XCS-3000” control station, remote I/Os and 
field devices are used to collect data for operation and 
control the plant.  We will now describe the challenges 
faced by monitoring and control systems and the solu-

SASANO, Kisaburo *   FUJISAWA, Akihiro *   NAGATSUKA, Kazuhito *   

“MICREX-VieW XX (Double X)” Monitoring and Control 
System with Improved Maintainability and Reliability

Monitoring and control systems are required to simplify monitoring operations, facilitate maintenance for replac-
ing equipment and components, and improve reliability through system robustness so that even unskilled operators 
can operate a plant stably and safely.  To meet these requirements, Fuji Electric has equipped the “MICREX-VieW 
XX (Double X)” monitoring and control system with additional functions:  a hardware error detection (preventive main-
tenance) that notifies operators of periodical replacement, plant playback by collecting and recording plant data, and 
E-SX bus looping that allows continuous operation without duplex system switching even if a failure occurs in the 
transmission lines.

tions to those challenges.

2.1  Enhancement of plant operation functions
The XOS-3000, XDS-3000, and XAL-3000, used 

for monitoring operations, are equipped with either a 
hard disk drive (HDD) or solid state drive (SSD), which 
have a limited life span, to store plant operations data.  
If these storage devices fail, the equipment may stop 
working.

Therefore, a failure detection function is required 
to clarify and provide guidance on countermeasures to 
be taken in case of hardware failures, while grasping 
the timing of replacement of limited-life products in 
advance.

Furthermore, in the event that a problem occurs 
at a plant, it may be difficult to investigate the cause 
of the problem when the circumstances surrounding it 
cannot be properly ascertained.

Therefore, a playback function for plant operation, 
such as a drive recorder, is required.

2.2  Supporting safe and secure plant operations
The MICREX-VieW XX has a fail-soft operation 

function that can operate the system even when it is 
partially shutdown due to a faulty I/O module or other 
failure.  In addition, the MICREX-VieW XX has the 
ability to increase reliability with a duplex system, in-
cluding controllers, I /O networks, and I/O modules.

However, network cables have a high failure rate, 
and when they fail, the system will switchover from 
the active system to a standby system.  At such a time, 
it is necessary to stop the alarm and check the details 
of the failure.  Moreover, when an I/O device fails, live-
line work must be performed without stopping the sys-
tem, thus requiring a function that increases ease of 
maintenance.
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3.  “MICREX-VieW XX” Enhanced Functionality

In this section, we will describe solutions to the 
aforementioned challenges.

3.1  Hardware failure detection (preventive maintenance) 
function
Storage devices such as the HDDs and SSDs built 

into the XOS-3000, XDS-3000, and XAL-3000 have 
regular replacement cycles (e.g., 3 to 5 years) based on 
operating time.  Therefore, as shown in Fig. 2, the sys-
tem comes with a function that notifi es the operator by 
means of an alarm when it is time for periodic replace-
ment.

The XOS-3000 and XDS-3000 consist of an in-
dustrial-use PC that utilizes a Windows*1 operating 

system and dedicated software.  When using recom-
mended PCs, the XOS-3000 and XDS-3000 can detect 
failures in storage devices, such as HDDs and SSDs, 
and various pieces of hardware (power supply, fans, 
etc.) through a remote access server (RAS) tool sup-
plied by the vendor.

When storage devices, such as HDDs and SSDs, 
support self-monitoring, analysis and reporting tech-
nology (S.M.A.R.T.), PCs other than recommended PCs 
can also acquire various types of operating information 
from these devices, including error rate and operating 
time.

The hardware detection function checks informa-
tion acquired from the RAS tool and S.M.A.R.T.  When 
the error rate or uptime value has exceeded preset 
thresholds, it displays a message on the screen of the 
XOS-3000 to alert operators and add the record to the 
database in the XDS-3000 as a message history.  The 
following anomalies can be detected when using a rec-
ommended PC.

™  Temperature anomalies
™  Cooling fan status
™  Power supply status (depending on the model)
™  Disk status
PCs other than recommended PCs can obtain de-

tailed information using S.M.A.R.T., but supported 
items will differ depending on the manufacturer of the 
HDD or SDD storage device.  Typical items are as fol-
lows:

™  Power-on hours (Power-on time of the hard disk 
from the factory)

™  Device power cycle count

Host system

Existing control station

Existing PLC

Existing monitoring and 
control system

Existing remote 
I/O IPU-I

Field equipment

Information LAN (Ethernet*1)

Control LAN
(FL-net*2 Ver.3-compliant LAN)

OPC UA server

Remote connection station XRS-3000

Remote monitoring and operating 
terminal (Remote desktop)

Engineering station
XES-3000

Remote I/O IPU-II

Network adapter

Remote I/O E-SX I/O

Control station XCS-3000

Database station XDS-3000

Operator station XOS-3000

*1 Ethernet is a trademark or registered trademark of Fuji Xerox 
Co., Ltd.

*2 FL-net is a trademark or registered trademark of Japan Electrical 
Manufacturers’ Association.

Fig.1  “MICREX-VieW XX” system confi guration example

*1:   Windows is a trademark or registered trademark of 
Microsoft Corporation.

Hardware failure detection function

Windows* OS

Vendor
RAS tool

HDD/SSD

S.M.A.R.T.

*Windows is a trademark or registered trademark of Microsoft 
Corporation.

Fig.2  Hardware failure detection function
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™  Read error retry rate /  Write error rate
™  Raw read error rate
™  G-sense error rate

3.2 Plant playback function
The MICREX-VieW XX collects plant data (TAG 

data) from the measuring equipment connected to the 
XCS-3000 using broadcast communications, displays 
the data on plant panels and loop panels (instrument 
diagrams), and records the historical trends as time 
series data.

We are developing a new function (recorder) to col-
lect and record TAG data, as well as a function (player) 
to playback display the past.

As shown in the system configuration in Fig. 3, the 
plant playback records data produced on the control 
LAN into the plant recorder server built into the cur-
rent system, and then displays historical data on the 
plant panel of the XOS-3000 via the information LAN.

The recorder automatically records all TAG data 
at high cycles, except for some low-cycle parameter 
data.  In particular, it eliminates the need to register 
TAGs for data recording, making it unnecessary to se-
lect data due to limitations in the number of recording 
points.

The player allows data recorded on the plant panel 
to be played back at the same refresh rate as current 
data without any delays.  Since the transmission of 
playback data is performed via information LAN, it 
does not affect the transmission load of the control 
LAN.  The plant recorder server is also equipped with 
an operator station function so that it can be used to 
playback past plant data.  In addition to normal play-
back, it features variable speed playback and reverse 
playback.

Plants that deploy the MICREX-VieW XX will be 
able to easily investigate the causes of failures and 
anomalies that occur during operations using the play-
back feature made possible by the recorder and player.  
In addition, by using data acquired from skilled per-
sonnel who produced high quality products for operator 
training, it is expected that plants will always be able 

to produce high quality products.
In the future, this function is expected to be used 

as data infrastructure for using optimization and vi-
sualization technology, anomaly prediction technol-
ogy, plant’s big data based technology such as lifecycle 
management, and automatic plant operations using AI.

3.3  E-SX bus looping
The E-SX bus makes up the backbone I/O network 

for Fuji Electric’s control systems.  It uses 100 Mbits/s 
Ethernet*2 (100BASE-TX) on the physical layer.  Up 
until now, in order to secure continuous operation in 
the event of failure of equipment connected to the E-SX 
bus, the bus has been designed to perform fail-soft op-
eration or duplex connection.

In fail-soft operation, stations are connected in a 
daisy chain configuration*3.  The dedicated LSI detects 
failure within two cycles and recovers it with loopback 
operation.  When a line fault occurs, the loop system 
can start fail-soft operation that maintains communi-
cations from the master station to the failed station by 
looping back transmission signals at the faulty point.  
It can also identify and display the faulty point.

In contrast to single connection systems, even in 
the event of a disconnection, a duplex system in which 
the E-SX bus and XCS-3000s are configured with du-
plex continuously operate by switching over the failed 
system including the controllers to another one.  How-
ever, a statistical survey of actual failures in customer 
systems to date shows that more than 40% of the fail-
ures are due to physical changes in the conditions of 
network lines, such as transient noise, contact failures, 
disconnections and connector detachment.  When a 
switchover occurs due to this type of failure, the plant 
manager needs to perform complicated procedures that 
include confirming that there is no problem with plant 
control in different systems following the switchover, 
checking the state of recovery after the points of failure 
are restored, and preparing materials that document 
the failure and actions taken.

In order to simplify these procedures, we developed 
the new E-SX bus that adopts a loop topology.  Figure 
4 shows the E-SX bus loop connection configuration.  
The MICREX-VieW XX system can continuously oper-
ate without switching over the duplex system in the 
event that a single transmission line fails.  Moreover, 
even during maintenance, such as replacing faulty 
cables, the system can continue to operate safely with-
out experiencing fail-soft operations, including station 
disconnection, and achieves both maintainability and 
availability .

3.4  High-reliability I /O functions
Fuji Electric’s former remote I/O “IPU-II” en-

Information LAN

Collection 
performance:
150,000 
points/second

Engineering 
tool

Control LAN

Operator
station

Database
station

Playback display
(Player)

Controller Controller

…

…

Plant data recorder server
(Recorder)

Plant status
database

Past status (screen)

Fig.3  Overview of playback function

*2:   Ethernet is a registered trademark of Fuji Xerox Co., Ltd.

*3:   Daisy chain configuration:  A device connection method 
for linking them in a row
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of the duplex pair of racks, the engineering tool auto-
matically specifi es the other I/O confi guration of the 
pair, checks identity, and transfers parameters.  This 
enables maintenance personnel to verify that pairs of 
duplex I/O modules are the same type, have the same 
settings, and are installed in the same location in the 
respective racks.  This increases the safety of system 
operation and simplifi es maintenance.

4.  Postscript

In this paper, we introduced our “MICREX-VieW 
XX (Double X)” monitoring and control system with 
improved maintainability and reliability.  Its features 
will contribute to automation and labor savings in the 
industrial sector.

In the future, we plan to continue expanding the 
functionality of monitoring and control systems in 
order to solve problems associated with the safe and 
stable operation of customer facilities.

References
(1) Nishiwaki, T. et al. Small- and Medium-Scale Monitor-

ing and Control System to Realize Inherence and Evo-
lution of Customer Assets, “MICREX-VieW XX”. FUJI 
ELECTRIC REVIEW. 2014, vol.60, no.1, p.33-37.

(2) Sato, Y. et al. Latest Operaiton and Engineering Func-
tions of Small- and Medium-Scale Monitoring and Con-
trol System, “MICREX-VieW XX”. FUJI ELECTRIC 
REVIEW. 2014, vol.60, no.1, p.38-42.

(3) Nagatsuka, K. et al. Evolving of Monitoring and Con-
trol System “MICREX-VieW XX (Double X)”. FUJI 
ELECTRIC REVIEW. 2016, vol.62, no.3, p.186-192.

abled the duplex of both I/O networks and I/O mod-
ules.  However, the duplex pairs of modules had to 
be mounted adjacent to each other on the same rack.  
Therefore, in the event of an I/O module failure, main-
tenance workers need to perform live-line maintenance 
to remove the connector and external terminal block 
interface and pull out the module from the rack to re-
place it while taking care not to interfere with the I/O 
wiring of the healthy adjacent modules.  However, due 
to the recent lack of experience and training of operat-
ing personnel, it has been necessary to devise simpler, 
safer and more secure maintenance work that can 
eliminate complicated replacement work that requires 
familiarity with fi eld equipment.  The MICREX-VieW 
XX supports “rack-based I/O module duplex” as shown 
in Figure 5.  This method of duplex allows a pair of 
I /O modules to be duplex regardless of whether they 
are mounted in the same or different racks.  By using 
this method, the operators can restore the system by 
turning off the power of the rack where the failed I/O 
module is mounted, replacing the module under safe 
conditions, and then turning on the power again.  Even 
if the power supply on a rack fails, the system can con-
tinue to operate without problems as long as the other 
rack in the duplex pair is in good working condition.  
This improves availability in the event of a failure.  
The method also supports duplex systems where I/O 
modules are mounted adjacent to each other.  This en-
ables users to choose either the conventional method 
in which Fuji Electric’s I /O modules are mounted adja-
cent to each other or rack-based I/O module duplex to 
achieve easier maintenance.

We have also developed an automatic confi gura-
tion for duplex I/O, with which users simply defi ne 
confi guration and set parameters for the I/Os of one 
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occur-
rence

Disconnection, 
fail-soft operation

Loop backFailure 
occur-
rence

Connection continues 
with no disconnection
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1.  Introduction

There is currently an increasing need for more 
careful operation of plant automation systems in order 
to respond to the growing social demand for energy 
savings and greenhouse gas reduction, as well as the 
various needs for high-mix, low-volume production.  
In this paper, we will describe edge controller based 
model predictive control (MPC) as a form of process 
control that contributes to fine-grained operation.

2.      Challenges in Batch Processing and Fuji 
Electric’s Initiatives

Process plant operations include batch and con-
tinuous processes.  It is said that most of the plants 
today adopt the batch processing because of its flexibil-
ity for high-mix, low-volume production.  Batch control 
is used to operate plants in line with a certain setting 
value (SV) profile or at constant values for counteract-
ing disturbances.

In particular, historically representative batch 
data that achieves a desired quality is referred to as 
the “golden batch,” and this profile is used for the SV.  
On the other hand, when operating conditions differ 
depending on the batches, lot quality becomes unsta-
ble.  Detecting differences and suppressing variations 
in quality between batches are required.

Fuji Electric has developed anomaly detection 
technology called multivariate statistical process con-
trol (MSPC), which is based on batch-to-batch profile 
differences(1).

In terms of control, classical proportional-integral-
differential (PID) control and model predictive control 
(MPC) have been used for the operation of batch plants 

TANGE, Yoshio *   KIRYU, Satoshi *   MATSUI, Tetsuro *   

Model Predictive Control Implemented in an Edge 
Controller

In order to meet the demands of energy savings and high-mix, low-volume production, plant automation is re-
quired to achieve much thorough operation at lower costs.  Fuji Electric has developed edge-controller-based model 
predictive control (MPC) that can be implemented in our “MICREX-SX” PLC although MPC had conventionally been 
performed on a high-performance computer.  By performing offline MPC model identification and optimum gain vi-
sualization using operating data, it can perform stable online control.  Furthermore, the flexibility and reliability of the 
PLC makes it easy to use MPC on the shop floor.

up until now.  However, these control methods have 
faced the following challenges:

(a)  PID control parameters are difficult to adjust, 
and it is necessary to take measures to change 
the gain at the beginning and latter of the pro-
file (gain scheduling).

(b)  MPC requires high performance computing due 
to the complexity of the calculations for optimi-
zation.

The implementation of MPC, which facilitates 
high-performance control for batch processes, on an 
edge controller, which can be easily installed in the 
field, will help customers solve these issues.  To 
achieve this, we have developed a new edge-controller-
based MPC capable of being mounted to Fuji Electric’s 
“MICREX-SX(2)” programmable logic controller (PLC) 
and “MICREX-VieW XX (Double X)(3)” distributed con-
trol system (DCS).  This development allows users to 
introduce MPC inexpensively in the field without the 
need for high-performance dedicated computers or 
complex network arrangements.

3.  Edge-controller-based MPC Configuration 
Technology

Our recently developed edge-controller-based MPC 
consists of an offline support system and online control 
system (see Fig. 1).  By performing model identifica-
tion (i.e., creating a process model for prediction) and 
optimum gain design in the offline support system in 
advance, the computation amount in the online con-
trol system can be greatly reduced.  This allows edge 
controllers, such as PLCs, to execute fast control algo-
rithms using the optimum gain and model identified by 
the offline support system.



33Model Predictive Control Implemented in an Edge Controller

is
su

e:
 In

st
ru

m
en

ta
tio

n 
an

d 
C

on
tro

l S
ol

ut
io

ns
 C

on
tri

bu
tin

g 
to

 A
ut

om
at

io
n 

an
d 

En
er

gy
 S

av
in

gs

3.1  Offl ine support technology
MPC execution needs process models for predic-

tion.  To create process models, step response and 
other testing are conventionally needed that infl uence 
operations.  Recently, we have developed a technol-
ogy capable of performing model identifi cation based 
on present operating data, thereby eliminating the 
need for step response testing (see Fig. 2).  Users can 
perform model identifi cation using the process vari-
able (PV), manipulative variable (MV) and disturbance 
variable (DV) obtained from historical batch data.

As an example, in the case of temperature control, 
the PV corresponds to the temperature; the MV, the 

travel of a fl ow control valve for heat medium; and the 
DV, the external temperature.

In conventional MPC, predictions are made for 
each control cycle over a time period ranging from the 
present to a predetermined time in the future.  The 
MV is optimally calculated so that the PV results in 
an appropriate trajectory.  The movement of the future 
period for each cycle resembles the horizon, and it is 
called a predictive horizon (corresponding to the length 
for calculating the future) or a receding horizon.  Opti-
mization calculations have been performed with matrix 
operations such as quadratic programming, which is a 
typical mathematical programming method.  In order 
to port MPC, used for such complex calculation, on an 
edge controller, we were faced with the following chal-
lenges:

(a)  Inability to perform complex calculations due 
to limitations in CPU performance and memory 
capacity.

(b)  Having constant calculation time to complete 
calculation in each calculation cycle.

To overcome these challenges, the edge-controller-
based MPC utilizes an offl ine method for calculating 
the optimum gain in advance.

When calculating the optimum gain, the process 
model and control specifi cations are specifi ed, and for-
mula manipulation techniques are used to visualize 
the optimum gain, that is, the region of the manipula-
tive change value that satisfi es the control specifi ca-
tions (see Fig. 3).  The control specifi cations provide the 
conditions for how the deviation from the SV converges 
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Fig.1  Edge-controller-based MPC confi guration technology
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during predictive horizon, as well as the upper and 
lower limit constraints on the manipulative change 
value.  Furthermore, it makes it possible to design a 
gain that flexibly responds to model changes by prepar-
ing multiple process model candidates and by visualiz-
ing and overlaying the optimum gain for those models.

3.2  Online control technology
The online control system performs feedback con-

trol using the process model in conjunction with the 
optimum gain, which is designed in advance with the 
offline support system.  As shown in Fig. 4, it predicts 
the change in the PV from the present to a predeter-
mined time in the future and calculates the corrected 
deviation, which is the future deviation between the  
predicted PV and the future SV.  The calculation of the 
corrected deviation uses the MV that is observed up to 
the present time t and the DV that can be measured.  
The upper and lower limits of the change value of the 
MV in one control cycle and the upper and lower lim-
its of the MV can be independently set.  By doing this, 
it becomes possible to suppress sudden changes in the 
MV and limit the range of operation.

The functions of the online control system are 
implemented as a function block (FB) that complies 
with the IEC 61131-3 standard.  IEC 61131-3 was es-
tablished by IEC SC65B/WG7/TF3 in 1993, and was 
standardized in Japan as JIS B 3503 in 1997.  The 
advantages of complying with this standard are as fol-
lows:

(a) Streamlines development because it simplifies 
the linkage with existing control program as-
sets.

(b)  Allows for product development using commonly 
available PLC and I/O module hardware and 
PLC development software.

(c)  Expected to support continuous compatibility 
since it complies with standards.

The implemented FB can be easily combined with 
existing IEC 611131-3 standard-compliant control pro-

grams, including various communication programs and 
control logic.  As shown in Fig. 5, it is also possible to 
adopt a program configuration in which PID-FB is re-
placed with MPC-FB for the operation processing unit 
while using existing I/O communication processing as 
is.

4.  Control Features

4.1  System configuration flexibility
The edge-controller-based MPC can be mounted 

on the “MICREX-SX SPH3000” and the “XCS-3000 in 
the MICREX-VieW XX system.” it can be implemented 
on these PLCs and DCSs of an existing control system 
and, in addition, those of an existing control system, 
housed on an extra controlboard adjacent to the sys-
tem, to link up with the system, as shown in Fig. 6.

It can also transfer data (communication) to inter-
connect with existing systems, including other vender’s 
systems, whose program modification is difficult.

4.2  Improved control performance
As shown in Fig. 4, in edge-controller-based MPC, 

the future response is predicted based on the model, 
and the MV is calculated to converge the deviation 
from the SV.  Control based on future response has the 
following advantages:

(a)  Takes account of effects that are not immedi-
ately apparent, such as those in processes with 
long time constants.
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Fig.4  Prediction based correction
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then apply it in processes with a control period of a few 
hundred milliseconds to a few minutes above that time 
(see Fig. 8).

Figure 9 shows a configuration example for a chemi-
cal reactor.  The reaction temperature of chemical reac-
tors must be precisely controlled.  Therefore, in the case 
of batch processing, the impact of disturbances caused 
by the heat of the reaction must be suppressed.  Time 
constants can range from minutes to hours, thereby 
making MPC predictions useful.  Edge-controller- 
based MPC can predict the future up to 300 minutes in 
advance.  When control is executed at a control cycle of 
one minute and predictive horizon is set at 300 steps, 
it can continue predicting the future up to 300 minutes 
in advance, while executing with an operation time of 
700 ms.

4.3  Stability and maintainability
Edge-controller-based MPC can maintain a con-

stant control cycle because computation time is always 
stable since there is no need to solve optimization prob-
lems on the controller.  This is important when work-
ing in combination with processes that require immedi-
ate response, such as I/O processing, logic processing, 
and operator operation processing, as shown in Fig. 5.

To ensure stable and continuous plant operations 
for 10 or 20 years, Fuji Electric has been providing 

(b)  Can deal with processes with dead time delay 
(the time from changing MV until the PV starts 
to change), for which PID control is unsuitable.

(c)  Can reduce sudden changes in the MV without 
being overly influenced by the most recent fluc-
tuations.

Furthermore, edge-controller-based MPC has the 
following advantages over conventional MPC based on 
optimization calculation:

(a)  Responds with no time lag.
(b)  Perform computation with a constant time due 

to no repetitive calculation for optimization.
(c)  Supports the prediction of discrete MV, enabling 

ON/OFF control, such as for a valve being fully 
closed or fully open.

Figure 7 shows the calculation time for the edge-
controller-based MPC.  For example, if the calculation 
is to be completed within 100 ms, the predictive hori-
zon can support up to 100 steps (one step is equivalent 
to the length of the control cycle), and if the calculation 
is to be completed within 700 ms, the predictive hori-
zon can support up to 300 steps.

Therefore, in a practical scenario, it is possible to 
obtain the calculation time of the edge-controller-based 
MPC for the predictive horizon steps using Fig. 7 and 
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for the purpose of comparing it to edge-controller- 
based MPC.

Figure 12 shows the disturbance responses of the 
controllers when in both cases.  The MPC achieves bet-
ter disturbance suppression performance than the PID, 
both for the design based on the correct model shown 
in Fig. 12(a) and for the design based on the errone-
ous model shown in Fig. 12(b).  In other words, edge-
controller-based MPC achieves sufficient disturbance 
suppression performance even in a model with a cer-
tain degree of error.

6.  Postscript

In this paper, we introduced model predictive con-
trol implemented in an edge controller.  It is expected 
to provide a significant improvement in performance 
using its predictive control, compared to Fuji Electric’s 
standardized PID control using the Betrags method.  It 
is able to achieve stable and advanced online control 
by performing offline MPC model identification and 
optimum gain visualization using operating data in 
advance.

The model can be used in the field by installing 
PLCs and DCSs into controlboards, requiring very lit-
tle equipment modification.

The need for stabilized and sophisticated plant op-
erations using IoT technology is expected to increase 
in the future.  Fuji Electric is committed to developing 

highly durable modules for PLCs and DCSs designed 
to operate 24 hours a day.  In addition, a more reliable 
system can be built by using functions such as duplex.  
Additionally, it is important to maintain controllers 
appropriately.

MPC-FB is compliant with the IEC 61131-3 stan-
dard, which has a long track record as an international 
standard, and it can also support software asset migra-
tion when upgrading existing PLCs.

5.  Performance Considerations in Hypothetical 
Cases

In this section, we will present cases in which a 
process model is identified from data and applied to 
control an edge-controller-based MPC in accordance 
with a constant SV.  The objective is to maintain the 
PV at a constant SV with respect to the DV by means 
of a feedback loop as shown in Fig. 10.

In MPC, the pre-identified process model is not 
always correct.  Therefore, we evaluated SV follow-up 
performance assuming the following two cases:

(a)  Designed based on the correct model
(b)  Designed based on a model having a deviation 

from the correct model (erroneous model).
Figure 11 shows the difference between the step re-

sponses of the correct model and erroneous model.
PID control for which parameters are adjusted based 

on the Betrags method (adjustment based on the model 
matching of the loop transfer function) was designed 
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(2) Ishii, Y. Integrated Controller Realizing Machine Con-
trol and Advanced Motion Control, “MICREX-SX Se-
ries”. FUJI ELECTRIC REVIEW. 2014, vol.60, no.1, 
p.43-48.

(3) Nagatsuka, K. et al. Evolving of Monitoring and Con-
trol System “MICREX-VieW XX (Double X)”. FUJI 
ELECTRIC REVIEW. 2016, vol.62, no.3, p.186-192.

products that achieve advanced control in its control-
ler products so that they can be applied to fields that 
require high-precision control, such as chemical pro-
cesses and pharmaceutical manufacturing.
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1.  Introduction

The number of skilled operators capable of sup-
porting stable and safe plant operations has been de-
creasing, and the knowledge required to perform non-
routine and emergency operations has not been suffi-
ciently handed down to younger workers.  In addition, 
it is difficult to fully integrate operational procedures 
into manuals, and building automated software and 
models is not practical in terms of manpower and cost.  
On the one hand, the monitoring and control systems 
of plant facilities store a large amount of various types 
of data such as past operation data (operation data ob-
tained from sensors, etc.), as well as event and alarm 
logs on operator operations and control actions.

In order to overcome these challenges, Fuji Electric 
has developed a plant operation support system(1) that 
detects signs of abnormality at an early stage and pro-
vides guidance on how to avoid the abnormality by an-
alyzing large amounts of data (big data) accumulated 
in monitoring and control systems.

2.  Overall Configuration of the Plant Operation 
Support System

2.1  Requirements for plant operation support systems
In order to ensure the quality of the products be-

ing manufactured in plants, it is common to set upper 
and lower limit values for process variables that affect 
quality and determine whether or not there are any 
abnormalities.  However, due to the correlation among 
multiple process variables, it is difficult to make ap-
propriate decisions by monitoring individual variables 

NARUMI, Katsunori *   SUZUKI, Satoshi⁑   TATEYAMA, Junya *   

Plant Operation Support System That Detects 
Abnormality Signs and Provides Guidance on Avoidance

Plant operations require technologies capable of performing appropriate operations in various situations.  Plant 
equipment stores large amounts of various types of data, such as operation data.  Fuji Electric has developed a plant 
operation support system that can perform appropriate operations through the analysis of large amounts of data.  The 
system uses multivariate analysis with multiple prediction models to perform simultaneous prediction and aggregates 
predicted values to improve prediction accuracy.  This allows for early detection of abnormality signs with high ac-
curacy.  When detecting an abnormality sign, it will search the database for avoidance procedures to inform users of 
them.

alone.  There are also normal operating conditions that 
ensure quality even when the process variables vary 
greatly.  Thus, it is difficult to make an appropriate 
decision based on setting of the upper and lower limits 
alone.  As a result, there is a need for technology that 
is capable of performing diagnosis, while taking into 
account the correlation between multiple variables.

Assistance from operators is required during non-
routine operations, such as plant start-up and shut-
down, and at times of abnormality.  However, the 
response time has become longer due to inexperi-
ence dealing with plant abnormalities and the lack of 
skilled operators.  Although operations are basically 
carried out according to manuals, differences in op-
erators’ experiences will cause differences in operating 
procedures when operating manually.  Therefore, there 
is a need for technology that allows for optimal opera-
tion in various situations.

As a countermeasure, it is helpful to analyze the 
plant’s measurement trend data, alarm data, operation 
log data and manual operation log data in order to sup-
port the plant’s operations.

2.2  Plant log data and operation data
Plant data collected and stored consists of log data 

and operation data.
Log data include logs of alarms raised by the moni-

toring and control system, logs of control system opera-
tion, and logs of operator operations.

In addition to the sensor data (flow rate, pressure, 
temperature, water level, etc.) measured by the moni-
toring and control system, operation data include the 
setting values of the control system and the command 
values and responses (opening and current values) of 
actuators, such as those for valves.
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2.3  Operation support with data analysis
Figure 1 shows a schematic diagram of the plant 

operation support system.  The plant operation support 
system utilizes accumulated log data and operation 
data to support plant operations.

First, a model is built from the data to simulate 
the behavior of the plant in some manner.  Modeling 
methods include pattern classification in the case of log 
data and multivariate analysis in the case of operation 

data.  These built models with the most recent data en-
tered or compared with are used to estimate or predict 
operational states of the plant, supporting the opera-
tions.

2.4  Overall system configuration
Figure 2 shows the overall configuration of the 

plant operation support system.  The system works in 
conjunction with the monitoring and control system 
to predict signs of abnormalities based on plant data 
and to notify users with guidance on how to potentially 
avoid the abnormalities.

3.  Abnormality Sign Detection

3.1  Necessity of abnormality sign detection
In plant abnormality monitoring, it is common for 

an alarm to be issued when a continuous variables 
(monitored variable) exceed set control limits (upper 
and lower control thresholds).  In contrast to this, ab-
normality sign prediction, which predicts the future 
values of monitored variables and detects signs of 
abnormalities when the predicted values exceed the 
control limits, is more effective because the operator 
can perform an avoidance operation before a plant ab-
normality occurs in order to avoid the abnormality in 
advance.

Next, we will provide an overview of abnormality 
sign prediction based on the prediction of monitored 
variables and describe a method for setting control lim-
its on prediction values in order to secure a prediction 
accuracy that meets the user’s specifications.

3.2  Prediction based alarm forecasting
A predictor refers to a model that predicts the 

future value of a continuous variable from historical 
information obtained up to the present.  There are gen-
erally two types of predictors:  those based on physi-
cal models and those based on statistical models.  The 
plant operation support system is compatible with both 
physical and statistical models through the following 
online and offline framework.

Modeling and prediction/analysis using log data

Association and 
model switching

Past log data
(Alarm, operation, action logs, etc.) Classification results

Pattern
analysis

(Modeling)

A, T1, ...
P, T1, ...
A, T2, ...
……

Abnormal 1: A1-P1-A2-A3
Abnormal 2: P2-A4-A5
……

Correlation-based modeling and abnormal sign detection

Present log data
(Stream)

Pattern
analysis

(Sign prediction)

Multivariate
analysis

(Sign prediction)

Case search (similarity analysis)

Abnormality detection

Identifying the normal range

A, T1, ...
P, T1, ...
A, T2, ...

A1-P1-A2

Abnormality sign prediction

Abnormality sign prediction

TimePresent Indicator 1In
di

ca
to

r 
2

Present operation data

Multivariate
analysis

(Modeling)

Time Indicator 1In
di

ca
to

r 
2

Past operation data
(PV, SV, MV, etc.)

Modeling

Modeling

Fig.1  Plant operation support system via data analysis

Various plants

Monitoring and control system

Operator station
Database

Process data

[Operation support PC]
○Abnormality sign 
　prediction system
○Avoidance guidance 
　presentation system

Fig.2  Overall configuration of the plant operation support system
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Figure 3 shows the procedure for predicting signs of 
abnormality using a predictor.  When a process predic-
tion value exceeds the control threshold, it is treated as 
an “abnormal sign.” The plant operation support sys-
tem predicts process measurement values for the near 
future and notifies the user that an “abnormality sign 
has been detected” when the prediction values are ex-
pected to be above or below the control upper or lower 
thresholds respectively (see Fig. 4).

A predictor is built offline that predicts the values 
of monitored variables at an elapsed time of T, using 
statistical models that use past measurement data and 
physical models that represent physical phenomena 
as equations (see Fig. 5).  This predictor is then used 
online to predict the future values of the monitored 
variables at a elapsed time of T for each time period 
(every one minute cycle).  If the prediction values thus 
obtained deviate from the control threshold for predic-
tion values, abnormality sign detection is triggered 
(see Fig. 6).

3.3  Abnormality sign prediction accuracy evaluation and 
control limit setting
The abnormality determination results at each 

time period (every one minute cycle) based on abnor-
mality sign prediction at the control limits as described 
in Section 3.2 are classified into one of the categories 
shown in Table 1, according to the presence or absence 
of deviations from the control limits of the monitored 
variable prediction values and the presence or absence 
of corresponding deviations from the actual values.  
When there is no deviation, it is considered normal, 
and when there is a deviation, it is considered abnor-
mal.

Executed at each sampling cycle

Pre-
dictor

A offline B online

○Past measurement data
○Plant physical informationTime T

Prediction 
control 
limit

Yes

No

Prediction alarm issuance

Predictor

At next 
sampling 
cycle

Creation 
process

Predictor
Predicts the values of 
monitored variables 
defined as alarming 
targets at an elapsed 
time of T

Does the predicted value 
exceed the predicted 
control limit?

Fig.3    Framework of abnormality sign prediction using predic-
tors

Control threshold value

Past
values

Predicted
value

Present time

P
ro
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ss

 m
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su
re

m
en

t 
va
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e

Predicted to exceed control 
threshold value
→ Abnormality sign detection

Fig.4    Conceptual diagram of abnormality sign prediction using 
predictors

Process measurement value

Past data

Varia-
ble (3)

Prediction model
learning function

Prediction
model

Varia-
ble (2)

Variable (1)

Fig.5  Predictor learning

Present time

Related variable (1)

Related variable (3)
Present time

Present time

Related variable (2)

Monitored
variable

Predicted value

Prediction model

Fig.6  Predictor based prediction

Table 1  Existence of abnormality sign prediction deviation

Item
Result

Normal Abnormal

Prediction
Abnormal (c) False detection (d) Correct predic-

tion

Normal (a) Correct predic-
tion (b) Detection miss
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ment variables using partial least squares(2) (PLS) 
based on the operation data.  Output variables of PLS 
are defined by aggregating input variables into inter-
mediate variables called latent variables, even when 
there is correlation among input variables.  Therefore, 
even when there is multicollinearity*1, an appropriate 
model can be obtained.

In addition, even if PLS has many input variables, 
it is not necessary to narrow down the input variables 
using pre-analysis as is done in multiple regression 
analysis models.  This allows a model to be easily cre-
ated using all the variables as is.  This can greatly 
reduce the amount of work involved in creating the 
model.  Therefore, PLS is very useful, especially when 
targeting processes with many input variables and 
multicollinearity.

The estimated value of the variable to be moni-
tored by the PLS model is obtained by Equation (4).

y Q W P= ( )T W xT−1  ........................................... (4)

 ŷ  :    Estimated value of the variable to be 
monitored (scalar)

 x  :  Input variable vector to the model
 W  :  Weighting matrix
 W T  :  Transposed matrix of the matrix W
 P, Q :    Coefficient matrix for input variables and 

estimated values

Note that the usual PLS model estimates the pres-
ent value of the output variables relative to the present 
values of the input variables.  In contrast to this, the 
present model, used as a predictor, is used to estimates 
the future value of the output variables relative to the 
present values of the input variables.  Furthermore, it 
is also be helpful to consider the influence of past val-
ues as well as the present value when estimating the 
future value.  Therefore, in the plant operation support 

(a) and (d) are correct predictions.  (b) is a detec-
tion miss and (c) is a false detection.

In general, the accuracy of predicting abnormality 
signs is evaluated using the following two indicators, 
Equation (1) and Equation (2).  The two indicators 
are characterized as having a trade-off relationship.  
Therefore, making one smaller makes the other larger.  
For example, by optimizing to facilitate safety-related 
decisions, detection misses can be eliminated but false 
detection will increase.

Detection miss rate  = (b) /  [(b) + (d)] ............. (1)
False detection rate  = (c) /  [(c) + (d)] ............. (2)
Correct prediction rate = (d) /  [(b) + (d)] ............. (3)

The actual and predicted values are positively cor-
related, as shown in Fig. 7.  Therefore, the control lim-
its for actual values (actual value control limits) will 
correspond to the vertical line in this figure and the 
control limits for predicted values (predicted value con-
trol limits) will correspond to the horizontal line in this 
figure.

Next, when the control limit for predicted values is 
changed, the values of (a) to (d) will change.  This will 
result in the false detection rate and detection miss 
rate also changing.  Therefore, if there are actual past 
monitored variable values and their corresponding pre-
dicted values, the control limits for predicted values 
will be changed, allowing the user to determine, in con-
junction with these values, the appropriate control lim-
its for predicted values by displaying the values of (a) 
to (d), the detection miss rate and the false detection 
rate on a scatter diagram as shown in Fig. 7.

3.4  Predictor configuration
In this section, we will describe how to configure 

the predictor.  The plant operation support system 
uses a machine learning-based prediction model for the 
predictor (see Table 2).
(1)  Partial least squares (PLS)

We modeled the relationships between the vari-
ables to be monitored in a plant and other measure-

Actual 
abnormality

Predicted
abnormality (d)

(b)

(c)

(a)

Actual value

P
re

di
ct

ed
 v

al
u

e

Control limit 
for measurement 
value

Control limit for 
predicted 
value

Fig.7    Evaluation by scatter diagram of actual values and pre-
dicted values (schematic diagram)

Table 2  Prediction model methods

Method Characteristics

PLS
(Partial least 
squares)

Suitable for targets where there is a 
correlation between the monitored vari-
ables and the variables associated with 
the monitored variables.
◦  Differential predication is used when 

monitored variables have a bias.
◦  Dynamization is used when there is a 

correlation between monitored vari-
able and the historical values of the 
associated variables.

LW-PLS
(Locally-weighted 
partial least squares)

It is capable of handling nonlinear ele-
ments and characteristic variations.

ARMA
(Autoregressive mov-
ing average)

Suitable for capturing trends in 
changes in the monitored variable.

*1:   Multicollinearity refers to a phenomenon in which gen-
eral multiple regression analysis cannot create a proper 
model when there is a strong correlation between the in-
put variables.



42 FUJI ELECTRIC REVIEW vol.66 no.1 2020

in plant age and other factors.  In addition, when there 
are characteristic variations in the plant, it becomes 
difficult to support it with just one prediction model.

To solve this problem, the plant operation support 
system is equipped with a mechanism for improving 
prediction accuracy by utilizing multiple prediction 
models to make simultaneous predictions and inte-
grate their predicted values.  This mechanism is called 
an ensemble.  An ensemble obtains the final predicted 
value by finding the weighted average of the predicted 
values of multiple prediction models.  The weights are 
automatically adjusted according to the prediction er-
ror performance of each prediction model, ensuring 
that the prediction model with the highest prediction 
accuracy is given priority (see Fig. 9).

The plant operation support system also has a 
mechanism to automatically generate PLS models at 
regular intervals and add them to the ensemble.  By 
doing this, the models can be reconstructed according 
to plant aging to maintain accuracy.

3.6  Evaluation experiment results
We created a predictor (PLS model) using plant 

data that was used for learning over a certain period 
of time.  The accuracy of abnormal sign detection was 
evaluated based on the set control limits using a period 
that differed from the training period as the evaluation 
period.

As a result, the correct prediction rate [Equation 
(3)] was 83% and the detection miss rate [Equation (1)] 
was 17%.

4.  Avoidance Guidance System

4.1  Operation support using the avoidance guidance sys-
tem
In many plant operation sites, when an abnormal-

ity is detected, the operators use their experience to 
avoid the abnormality.  However, increased plant re-

system, a model is built to perform estimation from 
the past values of the input variables and the present 
value of the output variable.  Furthermore, the input 
variables in the PLS model are multiplexed to model 
the relationship between the past values of the input 
variables (5 minutes ago, 10 minutes ago, 15 minutes 
ago, etc.) and the present value of the output variable 
(see Fig. 8).
(2)  Locally-weighted partial least squares (LW-PLS)

Locally-weighted partial least squares (LW-PLS), 
a nonlinear PLS, does not build a predictive model 
in advance, but instead follows the variation in plant 
characteristics and can iteratively reconstruct the pre-
diction model from historical data that is similar to the 
present value.
(3)  Autoregressive moving average (ARMA)

The autoregressive moving average (ARMA) ob-
tains predicted values from multiple past predicted 
values.  This makes it suitable for capturing the trends 
of change in predicted values.

3.5  Ensemble function
The continued use of a single prediction model will 

reduce the accuracy of the predictions due to changes 
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Fig.8  Prediction model using multiplexing and historical values
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To help alleviate this problem, the plant operation 
support system has a function that automatically dis-
plays procedures for avoiding the abnormality (avoid-
ance guidance).

4.2  Functional configuration of the avoidance guidance 
system
The plant operation support system is composed 

of offline (engineering) and online (operation support) 
functions (see Fig. 10).
(1)  Offline (engineering) function

The offline function is an engineering function.  It 
extracts operation data closely related to the occur-
rence of the relevant abnormality from past operation 
data and stores the avoidance guidance as an entry in 
a database.

Figure 11 shows the schematic flow of the offline 
function.

(a)  Extract data at the time of the abnormality from 
past operation data.

(b)  Retrieve the operation log and extract the his-
tory on the operations taken to avoid and re-
cover from the abnormality.

(c)  Provide guidance to the user and after confir-
mation, register the relevant operation log as 
avoidance guidance information.

Figure 12 shows an illustration of the screen pre-
sented to the user of the offline function.
(2)  Online (operation support) function

The online function is an operation support func-
tion.  It monitors signs of abnormality during plant 
operations, and when detecting an abnormality sign, 
it searches for the relevant avoidance guidance in the 
avoidance guidance database, and then notifies the 
user with the guidance.  Figure 13 shows the schematic 
flow of the online function.

(a)  Detect abnormality occurrence.

liability and automation have reduced the number of 
opportunities for operators to experience abnormali-
ties.  Moreover, there has also been an outflow of expe-
rienced workers.

Operation
data

Offline
function

Monitoring and
control system

Avoidance
guidance
definition
database

Avoidance
guidance
definition
database

Online
function

Avoidance guidance
confirmation screen

Fig.10  Functional configuration of avoidance guidance system
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Fig.11  Offline function flow
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operation logs appeared with higher frequency than 
they do during normal operation.  Using this trend, 
we developed a technique to calculate the degree of as-
sociation between the relevant abnormality and each 
operation log, and then filtered the operation logs by 
the degree of association to extract candidates for the 
avoidance guidance, as shown in Fig. 15.

5.  Postscript

In this paper, we introduced our plant operation 
support system for detecting abnormality signs and 
providing avoidance guidance.

We believe that the system can help unskilled op-
erators perform operations stably and safely and re-
duce the workload of operators by detecting abnormali-
ties in advance and providing guidance on how to avoid 
them.

In order to respond to the increasing need for oper-
ation support to achieve safe and efficient operation of 

(b)  Search the avoidance guidance definition data-
base and present the defined avoidance guid-
ance.

Figure 14 shows an illustration of the screen pre-
sented to the user of the online function.

4.3  Technique for improving engineering accuracy
This section describes the issues that arose in 

achieving the avoidance guidance candidate extraction 
function [see Fig. 11(1)], as well as the countermea-
sures we took.
(1) Issues

In general, a large variety of logs are generated si-
multaneously in plant monitoring and control systems.  
It was necessary to be able to extract only the opera-
tions related to the relevant abnormality when ana-
lyzing the past operation data in the offline function 
(engineering).
(2) Countermeasures

At the time of abnormality, we noticed that certain 
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data acquisition

Prediction
data acquisition
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detection

Avoidance
guidance

search

Avoidance
guidance

confirmation
and execution

[System]
Acquires the present value of the 
monitored tag from the plant control 
system.

[System]
Acquires the predicted value of the 
monitored tag from the abnormality sign 
detection system.
[System]
Determines whether or not the present 
value or predicted value of the monitored 
tag has exceeded the threshold value of the 
abnormality occurrence.

[System]
Retrieves and outputs avoidance guidance 
for tags for which there was an abnormality.

[User]
Confirms and executes the presented 
avoidance guidance.

Fig.13  Online function flow
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Fig.14  Online function illustration
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Fig.15  Technique for improving engineering accuracy
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p.21-26.
(2) V. Venkatasubramanian. et al. “A review of process 

fault detection and diagnosis Part I: Quantitative 
model-based methods, Part II: Qualitative modelsand 
search strategies, Part III: Process history based-
methods”. Computers and Chemical Engineering, 2003, 
vol. 27, p. 293-346.

plant facilities in recent years, we plan to continue to 
contribute to the improvement of safety and efficiency 
of plant facilities by connecting the plant operation 
support system to monitoring and control systems.
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1.  Introduction

As the Internet of Things (IoT) and AI increasingly 
advance, factory production control systems are mov-
ing to incorporate these cutting-edge technologies into 
supply chain management (SCM) and manufactur-
ing execution systems (MES) to quickly and optimally 
meet the diverse needs of customers.  It is necessary 
to produce high value-added and high-quality products 
with quick delivery, high efficiency, low costs, energy 
savings and resource savings.  The application soft-
ware (control software) that controls these production 
sites has become more sophisticated and its engineer-
ing work has become more complex.

On the other hand, in Japan, in terms of planning, 
designing, manufacturing and testing these systems, 
many of the experienced high-level engineers who were 
involved in the construction of new plants during the 
high-growth period have reached their retirement age, 
and those who were hired to replace them are still in-
experienced.  Outside of Japan, turnover is high and 
the majority of engineers are young and inexperienced.  
Therefore, modern engineering support tools need to 
be designed in such a way that enables inexperienced 
engineers to easily design advanced and high-quality 
control software, while achieving high efficiency and 
meeting short delivery times.

In this paper, we describe the concept, features 
and functions of our HEART (high efficient advanced 
engineering tool) as an engineering support tool that 
has attracted the attention of end users and engineer-
ing companies as an engineering environment that 
satisfies these requirements.  In particular, we will 

KITAMURA, Sumio *   KATO, Kuniaki⁑   YOSHINO, Minoru *   

“HEART” Engineering Support Tool for Shortening Design Periods 
and Improving the Quality of Monitoring and Control Systems

In recent years, many high-level experienced engineers in Japan have reached their retirement age, while those 
overseas have often succumbed to high turnover rates.  As a result, it has been necessary to recruit inexperienced 
engineers and simplify engineering.  “HEART” is an engineering support tool that automatically creates control soft-
ware using control function specifications.  It streamlines each phase of engineering to significantly reduce lead time 
and improve quality.  Furthermore, it provides various symbols necessary for documentation and can help create 
easy-to-understand specifications using familiar general-purpose OA software.

introduce an example of how HEART is being used at 
Megmilk Snow Brand Co., Ltd.

2.  Concept

HEART is an engineering support tool that evolves 
to meet the requirements of customers.  The product 
concept is as follows:

(a)  To make engineering easier
(b)  To achieve high efficiency in engineering
(c)  To facilitate the development of high-quality 

software

3.  Features

HEART provides engineers with an easy engineer-
ing and maintenance environment via the following 
features:

 *   Power Electronics Systems Energy Business Group, Fuji 
Electric Co., Ltd.

⁑	Megmilk Snow Brand Co.,Ltd.
Fig.1    Example of specification description via customer ex-

pression
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(1)  Engineering based on customer expressions (speci-
fi cation expressions)

HEART can perform engineering using content de-
scribed in control function specifi cations, such as those 
related to instrumentation fl ow and operation fl ow, 
rather than the ladder diagrams and function block 
diagrams used in conventional controller program 
loaders or the proprietary expression formats and defi -
nition objects of manufacturers.  This allows the con-
trol software to be expressed in an easy-to-understand 
manner and makes it easy to use even for engineers 
unfamiliar with program loaders (see Fig. 1).
(2) Automatic creation of control software from con-

trol function specifi cations (automatic design)
HEART can automatically convert control function 

specifi cations created in Excel*1 and Visio*2 into con-
trol software, thus reducing the conventional six-phase 
engineering process to three phases (see Fig. 2).  This 
reduces overall engineering lead times and enables 
high-effi ciency, high-quality engineering.
(3)      Engineering with general-purpose software (OA 

software)
HEART can perform engineering using Microsoft’s 

Excel and Visio, which are general-purpose integrated 
offi ce automation software applications.  In addition to 
the editing functions of HEART, the excellent editing 
functions of Excel and Visio can also be used, making 
engineering more effi cient than it was with proprietary 
and dedicated engineering support tools.  Moreover, 
the use of familiar general-purpose software reduces 

the workload on engineers at the time of deployment.  
Furthermore, HEART comes with various symbols nec-
essary for writing control function specifi cations and 
provides an easy engineering environment that sup-
ports simple operations such as drag and drop.
(4)   Engineering not dependent on the target control-

ler
HEART supports a wide range of controllers from 

old and new programmable logic controllers (PLCs) to 
distributed control system (DCS) controllers.  As a re-
sult, it can automatically convert a single control func-
tion specifi cations into those for various controllers.  
This is very useful during migration when replacing 
existing equipment (see Fig. 3).

*1:   Excel is a trademark or registered trademark of Microsoft 
Corporation

*2:   Visio is a trademark or registered trademark of Microsoft 
Corporation
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Fig.3  Engineering not dependent on the target controller



48 FUJI ELECTRIC REVIEW vol.66 no.1 2020

(5)      High-quality control software (control function 
specifications = control software)

Control function specifications can be automati-
cally converted into control software, allowing engi-
neers to prevent the risk of human errors that has con-
ventionally existed when manually developing control 
software from the control function specifications.  This 
also eliminates the risk of only modifying the control 
software and forgetting to modify the control function 
specifications during testing, and the control function 
specifications and the control software can be main-
tained in the same state (see Fig. 2).
(6)  Design and testing support functions

Using Excel tables, these functions facilitate engi-
neers’ demanding work to create such control processes 
as a sequence halt at the time of an troublesome error, 
forced termination, jump to a specified step, and out-
put status settings at the time of an error (all outputs 
OFF, all outputs ON, no processing, individual output 
statuses specified).

Each station has a centralized list of signal labels 
and comments.  Various signals can be dragged and 
dropped from the list into the control function specifi-
cations in Excel or Visio at the time of the design.  This 
way of working is easier and more efficient than man-
ual inputting, and it also prevent errors in entering 
different labels and comments for locations of use, even 
when they have the same signal.

When there are dozens or hundreds of control func-
tion specifications, it takes a tremendous amount of 
time and effort to manually define the destinations and 
sources of each signal.  However, HEART can automat-
ically create reference relationships between signals on 
the control function specifications in the same manner 
as the features used in control software.  When printed 
on paper, this relationships can be confirmed through 
the descriptions of destination and source pages of 
each signal and its position on the page.  In addition, it 
automatically switches PC screens displaying relevant 
locations on pages that use the same signal, allowing 
engineers to quickly investigate troubles encountered 
during design, testing or after delivery.
(7)  Online monitor and monitoring of equipment oper-

ating conditions
The online monitor features that the execution 

state of the control software running on the controller 
can be monitored through numerical values and color 
change displayed on the control function specifications.  
Engineers conventionally perform debugging by moni-
toring control software through a support tool dedi-
cated to the relevant controller while comparing it with 
the control function specifications.  However, there is 
now no need to compare them and they can be checked 
immediately since the control function specifications 
themselves are monitored.

Moreover, if any trouble occurs during operation, 
the relevant HEART sheet can be called up on the 
operator station and monitored to easily identify the 

problem area.
(8)  Adoption of the international standard (IEC) open 

languages
Control software automatically converted by the 

HEART system uses the language in conformity with 
the international standard (IEC 61131-3), thereby en-
suring openness.

4.  Functions

4.1  Existing functions
HEART comes with three tools that can be used ac-

cording to the user’s need: “HEART-BELIEVE,” which 
runs on Visio, and “HEART-ESPER” and “HEART- 
SELECT,” which run on Excel.

Each tool runs on general-purpose OA software, 
and since the files they create are in Excel and Visio 
file formats, they can include balloon comments, im-
ages such as photos and illustrations, and graphs de-
pending on how the control function specifications need 
to be supplemented.  This makes it possible to create 
easy-to-understand control function specifications.
(1)  Instrumentation loop

HEART-BELIEVE can be used to engineer instru-
mentation loops such as those for PID controllers, indi-
cation alarms and integrating meters (see Fig. 4).
(2) Interlock block diagram (IBD)

HEART-BELIEVE can be used to engineer IBDs 
(see Fig. 5).
(3) Sequential function chart (SFC)

HEART-ESPER can be used to create the flow of 
SFC steps, step-by-step outputs, and the transition 
condition logic required to advance through the steps.

HEART-ESPER alone can create SFC sequences.  
When used in conjunction with HEART-SELECT, it 
can define the flow of steps using SFC and, addition-
ally, the output at each step using a timing chart de-
scribed below (see Fig. 6).
(4)  Timing chart

HEART-SELECT can be used to easily specify the 
timing chart, output per step, and interlock condition 
settings for each output, as well as to specify pause for 

Fig.4  Example of instrumentation loop creation
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the purposes.

5.  Application Example

5.1  Use of HEART at Megmilk Snow Brand’s manufactur-
ing site
Operation flow specification expressions have been 

adopted for Megmilk Snow Brand, which we will intro-
duce in this section.  The HEART Series has been used 
since 2003, and its functions have been continuously 
enhanced in line with the instrumentation and control 
specifications of Megmilk Snow Brand.  As part of the 
construction of a new butter building at the Isobunnai 
Plant of Megmilk Snow Brand, we adopted the new 
operation-plan flow specifications in order to further 
enhance functionality.  We will now introduce it as an 
application example.

5.2  Control flow of operating procedure
(1)  Outline of plant and equipment

The Isobunnai Plant of Megmilk Snow Brand 
started operations in 1960 and is the main plant for 
the production of butter and fresh cream.  In view of 
the significant operational constraints on the facilities 
due to the aging, expansion and renovation of the ex-
isting manufacturing building, the company is moving 
forward with a plan to maintain and strengthen its 
production functions into the future by renewing all 
of its facilities, reducing the number of workers on the 
new manufacturing line and increasing production ef-
ficiency through automation of facilities.
(2)  System configuration

The “MICREX-VieW XX (Double X)” is used as 
DCS and the system configuration is as follows:

(a)  “XDS-3000” database station 2 units
(b)  “XOS-3000” operator station 4 units
(c)  Tablet terminal 4 units
(d)  “XCS-3000” main control controller 3 units
(e)  “Micrex-Jupiter” I/O processing PLC 14 units
(f)  “XES-3000” engineering station 2 units

(3)  Aim of deployment
Due to changes in the social context, such as a 

shrinking workforce and the promotion of work style 

a sequence, forced termination and jumping to a speci-
fied step using a table (see Fig. 7).  The interlock table 
can also be used to easily set the state of each output 
when it is paused or terminated, such as whether all 
of them should be OFF, whether all of them should be 
ON, whether all of them should be kept in their pres-
ent state or whether they should be specified for each 
output.

4.2  New functions
In response to the increasing demand from custom-

ers and engineers in various fields for control function 
specification expressions in the control flow of plant 
operating procedures, we have recently developed 
operating-procedure flow specification expressions for 
HEART-BELIEVE (see Fig. 8).  In addition to conven-
tional specification expressions, this will help perform 
engineering with the expression that is more suited to 

Fig.6  Example of SFC creation

Fig.7  Example of timing chart creation

Fig.8  Example of operating-procedure flow creationFig.5  Example of IBD creation
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its operating procedure.  In addition, because the con-
trol software is automatically created from the control 
function specifications, the tool helps to shorten deliv-
ery times, while improving debugging efficiency and 
reducing human errors.  Moreover, since the control 
software can be easily created using conventionally fa-
miliar expressions, it enables information to be shared 
smoothly within the company and can be used to train 
engineers.
(5)  Outlook

The new functionality has been used to enhance 
operating procedure expressions and control software 
creation, and this has significantly improved engineer-
ing efficiency.  Further advancements can be expected 
in the future, such as features that improve visibility 
and operability, as well as functions that are effective 
in overall structural design.  In addition, we believe 
that the engineering departments of both companies 
will be able to sustainably grow as Fuji Electric ac-
quires more control expertise unique to dairy manufac-
turers.

6.  Postscript

In this paper, we introduced HEART, our engineer-
ing support tool for shortening design periods and im-
proving the quality of monitoring and control systems.  
In the future, we will continue to respond quickly to 
the demands of the times and the needs of users, while 
constantly enhancing our engineering support tools so 
that they can enable even inexperienced engineers to 
easily design advanced, high-quality control software 
with high efficiency and short delivery times in order 
to provide optimal value.

reforms, resources dedicated to instrumentation and 
control engineering need to achieve better efficiency.  
In addition, even if it were possible to secure the nec-
essary personnel, it would still be difficult to pass on 
skills due to the younger age of plant employees and 
the increasing percentage of non-permanent employ-
ees.  In order to respond to these changes in the labor 
environment, Megmilk Snow Brand organaized the 
structure where its staff engineered the manufacturing 
process control that require manufacturing expertise, 
causing core technologie to be reflected to engineering 
and inherited.  At the same time, Fuji Electric engi-
neered process control (cleaning, etc.), which are com-
mon to all of Megmilk Snow Brand’s plants.  This is 
because it is necessary to take into account horizontal 
deployment and achieve high efficiency.  Two compa-
nies are working together to create control function 
specifications, test them and perform commissioning, 
either of them can thus perform maintenance work 
and modification after the new line comes online.  As 
a result, the user, Megmilk Snow Brand, can select 
whether each work should be done by itself, delegated 
to Fuji Electric, or share with two companies, depend-
ing on the circumstances.
(4)  Advantages of using this tool (comparison and ad-

vantages over conventional tools)
Megmilk Snow Brand uses flow expressions to 

operate control function specifications for process con-
trol.  In the past, control function specifications were 
created and then manually converted to ladder cir-
cuits using dedicated controller support tools.  This 
resulted in longer engineering times, reduced software 
quality due to conversion errors and complicated bug 
resolution during debugging.  By using this tool, the 
company has achieved flow expression equivalent to 
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1.  Introduction

Fuji Electric has supplied numerous cement plant 
monitoring and control systems to customers all 
around the world.  In order to provide highly reliable 
and reasonably priced systems for new plants in Japan 
and abroad, we recently integrated the functionality 
of previously supplied systems into a control function 
package.  This paper provides an overview of this ce-
ment plant monitoring and control package and de-
scribes solutions to customer challenges.

2.  Cement Plant Monitoring and Control Package

2.1  Development philosophy
Figure 1 shows the configuration of monitoring and 

control equipment, measuring equipment, sensors, mo-
tors and other equipment used in cement plants.  In 
general, a cement plant monitoring and control system 
is delivered to a customer after first confirming the 
specifications in detail with the customer on a project-
by-project basis, and then completing a detailed design 
and performing control software production and test-
ing.  Due to these procedures, the lead time from order 
to delivery has tended to be long.  In addition, design-
ers and testers have been required to have a thorough 
knowledge of the plant, something that has been a 
high hurdle for inexperienced engineers.

Therefore, we have developed a cement plant moni-
toring and control package that combines our products 
for cement plants into an optimized one-stop solution 
for customers.  These products include control equip-
ment, measuring equipment and driving units such as 
substation facilities and motors.

Umemoto, Kazuo *   

Cement Plant Monitoring and Control Package for 
Stabilizing Operations

Fuji Electric has been providing customers around the world with a number of cement plant monitoring and con-
trol systems.  In order to provide these systems at a reasonable price, we have developed a cement plant monitoring 
and control package by consolidating features from existing systems that we have delivered to customers.  Deploy-
ment of this package enables us to provide optimized one-stop solutions suitable for each customer through combi-
nation of equipment, including substation equipment, drive equipment, control systems and measuring instruments.  
This allows customers to rapidly build monitoring and control systems that achieve optimal, reliable and stable opera-
tions, providing them with value.

The package has the following features:
(a)  Comes as an all-in-one package consisting of 

hardware and software
(b)  Standardizes the functions required for cement 

plant monitoring and control operations
(c)  Simplifies customization
(d)  Consolidates Fuji Electric’s experience and ex-

pertise
In addition, the package enables the user to 

quickly set up a monitoring and control system that is 
best suited to the needs of each user and provides reli-
able and stable operations.

2.2  Overview
Conventionally, monitoring and control systems 

in cement plants have been different for each facil-
ity.  There are also numerous items in the plants that 
must be monitored and controlled.  This cement plant 
monitoring and control package allows the customer 
to select the necessary monitoring and control items 
for each facility from function blocks and templates 
prepared in advance, and then combine them to imple-
ment engineering processes.  In this way, even engi-
neers with little actual experience can easily build a 
system.  In addition to engineering monitoring and 
control items, plant panel specifications and hardware 
specifications can also be selected from the templates.

While there are actually a number of things that 
are common among customers, the details of monitor-
ing and control needs will often vary among them.  In 
order to take into account these differences, we devel-
oped the package while keeping the following points in 
mind:

(a)  To minimize impact on systems caused by the 
differences of specific users and machinery and 
equipment

(b)  To enable both software and hardware to com-
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bine standard features in order to create optimal 
systems

(c)  To enable the inexperienced engineers of part-
ners in Japan and abroad to perform plant engi-
neering

Figure 2 shows a conceptual diagram of the cement 
plant monitoring and control package.  The cement 
plant monitoring and control package comsists of a 
software monitoring and control package and hard-

ware monitoring and control package.  By selecting 
and combining necessary functions from them, it is 
possible to build a system that suits the actual facili-
ties.  The following sections describe the general func-
tions of each package.

2.3  Software monitoring and control package
The software monitoring and control package 

mainly offers the following three features:
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Fig.1  Confi guration diagram of cement plant monitoring and control system
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Fig.2  Conceptual diagram of cement plant monitoring and control package
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(1)  Function blocks
Function blocks are the underlying control compo-

nent of the package.  Basic functions required in a ce-
ment plant, such as group starting and stopping of fa-
cilities and operation and display of reversible motors, 
are provided as function blocks.  Engineers can select 
and combine these function blocks in the final develop-
ment of control software.  In addition, analog control 
functions such as PID control, ratio control and pulse 
integration are also provided as standard.
(2)  Software templates

Software templates have been prepared in ad-
vance to enable the aforementioned function blocks to 
be combined to provide the necessary control for the 
cement plant.  The package has all the software tem-
plates needed in a cement plant to support various I/O 
interfaces, interlocks and operation modes.

The software template instruction manual lists 
all the templates as shown in Table 1.  In addition, as 
shown in the example of instrumentation loop control 
and sequence control in Fig. 3, the individual control 
contents include I/O variables and control logic dia-
grams.  Each software template also includes the cor-

responding plant flow sheet, allowing engineers to 
imagine the plant as they perform engineering work.
(3)  Graphics components

A human machine interface (HMI) can be used to 
operate and monitor the status of various equipment 
when operating the cement plant.  Monitoring panels 
that are easy for operators to monitor and operate pro-
vide stress-free operation, leading to stable operations.

Table 1  Template list

System Control item Control details Control item Control details

Raw material 
processes

Process  
control

◦  Raw material blending control
◦Control of cutting amount
◦Control of each raw material ratio
◦  Raw material mill inlet and outlet differ-

ential pressure control
◦  Raw material mill outlet temperature 

control
◦  Raw material mill separator rotation 

speed control
◦  Raw material mill BE power (current) 

control
◦  Raw material mill vibration monitoring
◦  Raw material mill motor power monitor-

ing

Process  
control

◦  Raw material mill HAG outlet gas tem-
perature control
◦  Raw material mill inlet GCT inlet tem-

perature control
◦  Raw material mill inlet GCT inlet pres-

sure control
◦  Raw material silo level monitoring
◦  Raw material mill fan and damper con-

trol

Sequence 
control

◦  Raw material mill feed
◦  Raw material mill
◦  Raw material mill discharge
◦  Raw material mill GCT

Finishing 
processes

Process  
control

◦  Clinker and gypsum flow rate control
◦Control of cutting amount
◦Control of each ratio
◦  Finish mill acoustic control
◦  Finish mill BE power control
◦  Finish mill returned powder flow moni-

toring
◦  Finish mill separator rotation speed 

control

Process  
control

◦  Finish mill outlet cement temperature 
control
◦  Finish mill fan and damper control
◦  Cement silo level monitoring

Sequence 
control

◦  Cement mill feeding
◦  Cement mill main drive
◦  Cement mill discharge

Burning  
processes

Process  
control

◦  Suspension preheater (SP) temperature 
monitoring
◦Various part gas temperature monitoring
◦Various part raw material temperature 

monitoring
◦  Pressure monitoring for each SP part
◦  Kiln temperature monitoring
◦  Kiln gas analysis (O2, CO)
◦  Raw material input control
◦  Kiln rotation speed control
◦  Kiln motor power monitoring
◦  Kiln shell temperature monitoring
◦  Kiln firing temperature monitoring
◦  Cooler spout temperature monitoring
◦  Kiln hood draft control
◦  Tertiary air flow rate control
◦  Cooler two-chamber pressure control
◦  Cooling air flow control for each cooler 

chamber

Process  
control

◦  Preheater outlet gas analysis (O2, CO)
◦  Preheater induction draft fan (IDF) 

damper control
◦  Preheater IDF rotation speed control
◦  Clinker silo level monitoring
◦  Preheater fan and damper control
◦  Cooler fan and damper control
◦  Fan and damper control for each cooler 

chamber

Sequence 
control

◦  Kiln feed
◦  Kiln IDF
◦  Kiln main drive
◦  Kiln firing
◦  EP dust transport
◦  AQC cooler fan
◦  AQC cooler grate
◦  Clinker transport

Reversible motor control

Raw material supply control template

Damper control

Electromagnetic valve control

Group sequence utility

(a) Sequence control (b) Instrumentation loop control

Fig.3   Example of instrumentation loop control and sequence 
control
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age comes with all the standard diagrams required to 
design a control panel, such as the panel outline di-
mension diagram, panel internal layout diagram, ter-
minal table and sequence diagram.

3.  Postscript

This paper described our cement plant monitoring 
and control package that helps plants achieve stable 
operations.  This package is being deployed at our  
Japanese and overseas partner companies and aims 
to facilitate delivery of highly reliable control systems 
and electrical products to our customers.  We believe 
that the package will be a source of value for our cus-
tomers.  Fuji Electric is committed to expanding the 
capabilities of the package in order to help customers 
overcome their challenges.

Conventionally, designing panels that are easy to 
monitor and operate has required engineers to have 
extensive knowledge of the facilities and operations, as 
well as expertise in the design of panel symbols.  How-
ever, the software monitoring and control package pro-
vides equipment symbols, such as silos and belt con-
veyors, as well as faceplates for indicating the status of 
equipment and faceplates for operating the equipment.  
Therefore, engineers can easily design a panel like the 
one shown in Fig. 4 by selecting and combining the re-
quired symbols and faceplates.  Moreover, engineering 
can be done in short periods of time by arranging the 
standard plant panels that are available.

2.4  Hardware monitoring and control package
A monitoring and control system requires not only 

software but also hardware such as controllers and I/O 
equipped control panels.  As shown in Fig. 5, this pack-

Fig.4  Example of plant panels

Schematic diagram

Terminal table

Panel internal layout diagram

Panel outline dimension diagram

Fig.5  Example of hardware standard drawing
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1.  Introduction

Increasing numbers of municipalities has used pri-
vate finance initiative (PFI) for the garbage incinera-
tion sector since around 2000.  Private finance initia-
tive (PFI) is a method to utilize private sector funds, 
management skills, and technical capabilities for pub-
lic facilities in construction, maintenance, and opera-
tion, based on a law enacted in July 1997.

There are several business models that can be ad-
opted for PFI projects.  In the garbage incineration sec-
tor, the design-build-operate (DBO) model is almost al-
ways used.  Under this model, a municipality starts by 
planning the construction of garbage incineration fa-
cilities.  The next step is for the municipality or wide-
area union to raise funds and select an heavy machin-
ery manufacturer through bidding who will perform 
the DBO work of the project.  The period of operation is 
usually 15 to 20 years.

One of the aims of the DBO model is to reduce the 
life cycle costs incurred during the project period.

Fuji Electric offers an extensive line-up of products 
for garbage incineration facilities, including extra-
high voltage substation facilities, high-voltage switch-
boards, uninterruptible power systems, distributed 
control systems (DCSs), programmable controllers, 
electric motors, general-purpose inverters, analyzers 
and measuring instruments.  Using these products 
and the package described in Chapter 2 and efficiently 
maintaining and managing plants can help reduce life 
cycle costs.

At the same time, there is a demand for products 
that make use of AI technology and Internet of Things 
(IoT) technology.

FURUKAWA, Koji *   

Garbage Incineration Facility Package for Efficient 
Maintenance

There are several business models of private finance initiative (PFI) projects, but the garbage incineration sector 
almost always uses the design, build and operate (DBO) model.  One of the aims of the DBO model is to reduce the 
life cycle costs incurred during the project period.  Fuji Electric is contributing to efficient plant maintenance by provid-
ing various kinds of systems for plant operation:  operation support systems that allows inheritance of our cultivated 
technical expertise; early-stage abnormality sign detection package that detects abnormalities and inform operators 
of optimal inspection and maintenance schedules; and equipment maintenance management systems that optimally 
and reliably support regular tasks, such as equipment management, and irregular tasks, such as providing guidance 
on sudden failures.

In this paper, we will introduce Fuji Electric’s gar-
bage incineration facility package, which applies these 
technologies to achieve efficient maintenance and man-
agement.

2.  Overview of the Garbage Incineration Facility 
Package

There are four main functions required of garbage 
incineration facilities.  Among these functions, the use 
of waste heat has been becoming increasingly popular 
recently.

(a)  To incinerate the planned volume of waste while 
keeping the unburned material in the combus-
tion residue below a certain limit

(b)  To stabilize combustion without exceeding pollu-
tion limits

(c)  To use waste heat and steam for waste heat 
utilization equipment for inside and outside the 
site

(d)  To use electricity generated in facilities for in-
side and outside the site

In order to stabilize the operation of the facilities, 
it is essential that the treatment, pollution control and 
power generation equipment continue to operate stably 
and normally.  It is important to operate the incinera-
tor in accordance with annual plans and to inspect it 
during a shutdown.

Some of the problems that have conventionally 
arisen in the utilization of the DBO model in terms of 
efficient operation and maintenance can be solved by 
using our maintenance and management package.

2.1  Operation support system
In garbage incineration facilities, various pieces of 

equipment are interrelated.  In order to maintain safe 
and secure operations, complex controls must be imple-
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mented.  Furthermore, there are other challenges, in-
cluding how to respond to lower birthrates, the aging 
of operators and the employment of overseas personnel 
associated with globalization.  In addition to the short-
age of operators due to the declining birth rate, there 
are also concerns about the impact on operational qual-
ity due to the increased workload of operators as a re-
sult of trying to reduce costs in an attempt to decrease 
capital investment budgets.

Moreover, skilled operators who are familiar with 
the equipment and facilities have been reaching their 
retirement age.  As a result, fi eld capabilities are de-
clining and there are increased risks of forgetting work 
procedures or making mistakes, which could affect the 
safety and security of stable operations.

On the other hand, operators tend to have their 
own way of working and this can result in differences 
in the order and timing of operations.  When the tech-
nical know-how of individuals who are skilled in the 
fi eld is not shared and passed down to others, this 
could become a factor that hinders the stable opera-
tion of equipment, since there is over reliance on those 
skilled workers.

Fuji Electric has developed an operation support 
system that can facilitate the handing down of tech-
nical know-how in conjunction with the PDCA cycle 
shown in Fig. 1.  The system mainly consists of an op-
eration support PC and operation support tablets, (see.  
Fig. 2).
(1) Plan

The manager organizes response procedures as 
countermeasures against failures previously reported 
by operators through interviewing.  The manager then 
chooses the best procedure from among them.
(2) Do

The manager enters and fi nalizes the work fl ow 
into the operation support PC based on the chosen re-
sponse procedure.
(3) Check

In the event of an actual failure, the operator fol-
lows the work fl ow displayed on an operation support 
tablet.

The completed work results can be checked after-
wards and can be used to improve the work fl ow.
(4) Action

Based on the results of the work conducted in (3), 
problems and improvements in the work fl ow are dis-
cussed again with operators, and the manager optimiz-
es the work fl ow created in (2).

In addition, the system can be linked to other 
manufacturers’ DCS through OPC (OLE for Process 
Control) communications, so that once established, 
work expertise can be transferred to other plants and 
facilities.

The introduction of this operation support system 
makes it possible to provide high-level personalized ex-
pertise to operators with different levels of experience.  
This will enable the plant to generate profi ts through 
optimal operation while maintaining safe and secure 
operations.  Furthermore, as shown in Fig. 3, the sys-
tem can readjust operation plans based on the plant’s 

Plan (standardization)

CCAA

PP DD

Embody work 
expertise of 
skilled 
operators at 
time of on-site 
problems

Do (operation definition)

Systematize work flows

Action (work flow optimization) Check (actual work)

Online monitoring and 
quick response with 
work flows

Discuss trouble and 
production change 
operations, reviews 
and improvements

Fig.1  PDCA cycle for passing down on-site technologies

OPC server

PLC Various company DCSs

Operation support PC

○Use as a operation checklist
○Confirmation of actual values 

after process migration
○Effective use of plant performance

Operation support tablet

○On-site process confirma-
tion and migration

○Elimination of handwriting
○Sharing of site status using 

photos

Linkage with other systems

○Linkage between 
systems with OPC

○Automatic process 
migration with linkage

*Can be used standalone without 
  linking to other systems

Fig.2  Operation support system confi guration
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Fig.3  Integration and utilization of plant performance data
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actual data, allowing for reform to achieve data-driven 
plants.

2.2  Early-stage abnormal sign detection package
The DCSs used at garbage incineration facilities 

are refined so that they can achieve optimal control of 
various control targets.  At the same time, it is impor-
tant to detect abnormal signs in the plant (facilities) 
while responding to changes in the control range due 
to the aging of equipment.

The early-stage abnormal sign detection package is 
a system that detects abnormal signs based on changes 
in the control range and notifies the optimal time for 
inspection and maintenance.

In the past, prediction of failures in the operation 
of plant equipment was inflexible and limited.  As a 
result, most failures occurred unexpectedly without 
warning, thereby showing that plant equipment reli-
ability were not sufficient.  Furthermore, identifying 
the causes of failures and determining how to deal 
with infrequent abnormalities tended to be quite time 
consuming.  These problems are partly due to the lack 
of expertise of the operators dealing with abnormali-
ties, since the required skills are not being sufficiently 
passed on by the declining number of experienced 
workers.

Therefore, the early-stage abnormal sign detection 
package makes use of the following functions to create 
a system that uses big data to detect abnormal signs 
with high reliability (see Fig. 4).
(1)  Plant data collection

Collects trends, alarm history and operation his-
tory and enters it into a result database.
(2)  Automatic model creation

Automatically create models to predict monitoring 

object behavior from past plant data.
(3)  Automatic pattern extraction

Automatically extracts the frequent log patterns 
that appear in the process of abnormalities in a moni-
tored object from past plant data.
(4)  Automatic model updating

Model creation and pattern extraction are auto-
matically updated as needed to improve the accuracy 
of the prediction model.

In this manner, when the present data is entered 
into the above mentioned prediction model and the 
prediction is made, the abnormal signs are detected 
through successive comparison with the abnormality 
patterns.  As shown in Fig. 5, the margin of time be-

Recent to present plant data and log data

Past plant data
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sign detection
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Abnormality pattern (1):
　Log 1, Log 4, HCI concentration alarm
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　abnormal patterns

Automatic generation of models to predict 
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Automatic extraction of frequent log patterns that 
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Fig.4  Abnormal sign detection system using big data
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The input items of maintenance operations (peri-
odic inspections, preventive operations, etc.) for facili-
ties are registered and managed.

Facility operation plans and work performance can 
be managed, and remote operations, such as online en-
try, can be done on site using a tablet terminal.

As an option, it also has a location management 
function that allows the progress of maintenance work 
to be graphically displayed on the building and process 
drawings for each location.
(3)  Fault management

When a fault occurs, the facility manager will issue 
work instructions on how to deal with the fault.  The 
operators identify the work instructions, handle the 
fault, and then enters the operation results.

This information is registered in the database as 
fault handling records and is used when referring to 
past fault history as knowledge and technical know-
how.

Fault handling records are organized based on 
phenomenon, number of factors, true cause of the fail-
ure, and countermeasures in order to support the in-
vestigation of past incidents.
(4)  Cost management

The costs (time and value) are aggregated for 
maintenance operations for each piece of equipment.
(5)  Replacement parts and inventory management

This function registers and edits replacement parts 
(replacement cycle, last date for confirming delivery, 
etc.) are edited and registered for each piece of equip-
ment.  Parts are managed on a shelf-by-shelf basis in 
the warehouse, and stock information is also managed 
on replacement parts.

The number of replacement parts in stock and the 
number in safety stock are managed to reflect the re-
sults on the actual number of parts replaced into the 

tween the pre-alarm and the main alarm is lengthen. 
When the abnormal sign appears at Time A (present 
time), the package can predict when the main alarm 
occurs and warn.  This gives the operator even more 
leeway to perform corrective action, thus minimizing 
the plant’s abnormalities.

Furthermore, the package compares the most re-
cent operation data with the alarm pattern at the time 
of the abnormality created based on the historical data 
of the alarm, detecting abnormal signs based on the 
similarity to the pattern leading to the abnormality.

This improves the accuracy of the abnormal sign 
detection by supplementing the abnormal sign pattern 
when unexpected behavior that cannot be predicted by 
the model occurs.

2.3      Equipment maintenance management system (mainte-
nance station)
The maintenance station is a system that supports 

optimal maintenance work with no omissions, while 
monitoring the status of facilities and equipment with 
the following functions:

(a)  Equipment information control
(b)  Parts information and warehouse access control
(c)  Inspection work planning and recording
(d)  Failure information preparation and recording
(e)  Output of costs related to equipment mainte-

nance
(f)  Data output to user-specific forms

The station systematizes routine operations nec-
essary for plant management and provides support so 
that operators can concentrate on handling unexpected 
failures.

Routine operations are performed in accordance 
with procedures written in manuals, including infor-
mation collection, preparation of routine forms, stan-
dard recovery of failures, and registration of inspection 
results.  Although these routine operations are often 
simple in nature, they tend to be physically demand-
ing, repetitive and time-consuming.

On the other hand, non-routine operations re-
quires in-depth experience, such as when responding 
to sudden failures.  They also often require situational 
decisions and ad hoc approaches to be made based on 
knowledge (tacit knowledge) that is difficult to incorpo-
rate into a manual.  In particular, they include analy-
sis of failure factors, energy and environmental evalu-
ations, safety and reliability assessments, inspection 
result evaluations, and maintenance planning and cost 
reviews.

Figure 6 shows the simplest functional configura-
tion required to manage maintenance operations.

The functions are as follows:
(1)  Facility management

The hierarchical structure of facilities (location, 
process, etc.) and attribute data are managed to con-
trol parts information based on the facilities.
(2)  Inspection management

[Routine
forms]

(6) Aggregation and analysis

(1) Equipment management
Facility and equipment hierarchy and attributes

(2) Inspection management 
(routine operation)

Work
schedule
Work
schedule

[Analysis
form]

Maintenance history
(Data sheet for
analysis)

Maintenance history
(Data sheet for
analysis)

Daily 
inspection

Periodic 
maintenance

Preventive 
maintenance

Improvement 
maintenance

…

Plan and
results

Things and
people

(3) Fault 
(non-routine operation)

Unexpected
failure

(Repair response)

Project and
results

(Knowledge
know-how)

Project and
results

(Knowledge
know-how)

(4) Cost management

Type and
stock

(5) Replacement parts 
and inventory management

Fig.6    Function configuration required for maintenance work 
management
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can contribute to reducing the workload of operators in 
the future.

For example, if the plant operation support system 
and early-stage abnormal sign detection package can 
be linked to reduce the number of manual interven-
tions by the operator, it is expected that it will be pos-
sible to work towards achieving fully automated and 
optimized operation that can become the source of fur-
ther profits.

At the same time, we believe that strengthening 
the connection between things and people using IoT 
will enable even safer and more secure equipment op-
eration.
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stock count during routine inspections.
(6)  Aggregation and analysis management

The details of maintenance work, such as inspec-
tions and failure responses can be output as a history 
data sheet to reuse, with pivots and macros incorpo-
rated into data sheets.

These functions make it possible to manage and 
utilize maintenance information in accordance with 
maintenance management operation scenarios, making 
it easy to streamline operations, and centrally manage 
and disseminate knowledge and technical know-how.

To build the maintenance station systems, we ini-
tially create work flows with users as shown in Fig. 
7.  After this, we analyze the present situation while 
sharing the ideal work flow that is to be realized.  Re-
flecting the details of the reconstructed work flow into 
the database makes the maintenance station further 
helpful.

3.  Postscript

In this paper, we introduced our garbage incin-
eration facility package for achieving efficient mainte-
nance and management.

We believe that further advances in AI technology 
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1.  Introduction

In steelworks, the amount of energy required for 
production is not constant and varies greatly depend-
ing on production conditions.  In addition to purchased 
energy such as heavy oil, liquefi ed natural gas (LNG), 
liquefi ed petroleum gas (LPG) and electricity, steel-
works consume a wide variety of energies, including 
by-product energy (by-product gas, steam, electricity, 
etc.) generated in production facilities.

NARUMI, Katsunori *   TANGE, Yoshio⁑   SHIMASAKI, Yuichi⁑   

“EMS-Package,” Energy Control Package with 
AI-Based Highly Accurate Prediction

Many steelworks outside Japan cannot reliably measure the energy of individual pieces of equipment.  As a re-
sult, it has not been possible to visualize the energy of the entire steelworks.  This has hindered accuracy in demand 
prediction and has caused their optimal operation plans for energy savings to be less effective.  To improve this situa-
tion, Fuji Electric has developed a new AI-based forecast method that steelworks can apply even if they cannot mea-
sure the energy of individual pieces of equipment.  The package mainly consists of functions for modeling, visualiza-
tion, optimal operation and demand forecast.  It uses an optimization calculation engine to create optimal operation 
plans for operators to save energy.

A steelworks’ energy management department 
plays a key role not only in balancing the supply and 
demand for purchased energy and by-product energy, 
which mutually affect each other, but also in reduc-
ing energy consumption and greenhouse gas emissions 
through optimal control.

Fuji Electric released an energy management sys-
tem (EMS) solution(1) for the steel industry in 2011.  
This solution uses a forecasting model and plant model 
to predict the demand of multiple kinds of energy for 
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Fig.1  “EMS-Package” overall processing fl ow
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energy management departments in order to enable it 
to create an optimal operation plan and execute auto-
matic control based on the plan.

Furthermore, we have developed “EMS-Package(2)” 
especially designed for steelworks outside Japan that 
predicts energy demand based on a minimum amount 
of past plant operation data and information input on 
plant equipment information and characteristics so 
that it can automatically output an optimal operation 
plan periodically (every 30 minutes) based on the re-
sults.  Using the optimal operational plan allows steel 
works to reduce the cost of purchased energy.

However, in many overseas steelworks, the energy 
consumption of individual pieces of equipment has not 
been measured yet, and this has hindered the visu-
alization of the energy of the entire steelworks.  As a 
result, the accuracy of demand forecasting has not im-
proved, and the effect of the optimal operation plan on 
energy savings is low.

Therefore, we have developed an AI-based fore-
casting method and added its functionality to our 
EMS-Package so that it can be applied to overseas 
steelworks where the energy consumption of individual 
pieces of equipment is not being measured.  Figure 1 
shows the overall processing flow of this package.

2.  Main Features of “EMS-Package”

The package is characterized by the following four 
features:
(1)  Modeling (information sheets, automatic model 

generation)
(2)  Visualization (offline and online)
(3)  Optimal operation (boiler fuel distribution)
(4)  Demand forecasting

2.1  Modeling
The package allows users to easily build their own 

models.  First, the user enter the information on power 
generation equipment, such as boilers, turbines into a 
specific format in the “information sheets” of the stan-
dardized OA tool Excel*1.  The information includes the 
number of units, equipment characteristics, equipment 
interconnection information (energy sources and supply 
destinations), and purchased energy cost.  With past 
operations performance data input, models are then au-
tomatically generated.  The following six optimal mod-
els can be generated for each energy saving task:
(1)  Purchased power cost
(2)  Power reception cost
(3)  By-product gas emissions amount
(4)  Boiler combustion distribution
(5)  Turbine steam distribution
(6)  Turbine extracted steam distribution

2.2  Visualization
The offline visualization feature uses the six op-

timal models to convert past performance data into 
respective energy costs.  By plotting the results on a 
graph, users can visualize potential improvement in 
energy savings during operation.

The online visualization feature can communicate 
with existing plant equipment using the open platform 
communications (OPC) interface.  The present sta-
tus of the plant collected in real time and the energy- 
saving status after optimized operation can be dis-
played simultaneously, making it possible to visualize 
the effects of energy-saving operations.

2.3  Optimal operation and online visualization
To achieve optimal operation, the package collects 

plant’s actual data (performance data) online and cre-
ate an optimal operation plan (energy distribution) for 
the power plant every 30 minutes for up to 24 hours 
in advance using the package’s optimal calculation 
engine.  Operation according to this optimal operation 
plan will help achieve energy savings.

2.4 Demand forecasting
Many overseas steelworks measure only the total 

amount of by-product gas produced, not the amount on 
a per converter basis.

In addition, many steelworks use mixed gas (MIX 
gas), which is a mixture of various by-product gases 
such as blast furnace gas, converter gas and coke gas, 
in power generation facilities and coke plants, and 
then store the remaining MIX gas in MIX gas holders.

Operating steelworks according to the optimal op-
eration plan that precisely predicts the storage volume 
(level) of the MIX gas holder will make it possible to 
reduce the amount of surplus by-product gas released 
into the atmosphere and the use of purchased energy, 
such as heavy oil, LNG, LPG and electricity, thereby 
reducing operating costs.

In order to improve the accuracy of predicting the 
level of MIX gas holders, we developed a forecasting 
method using linear regression in FY 2018 (prediction 
error rate of 7% to 8%).  In addition, in FY 2019, we 
also added an AI-based forecasting method that uses 
nonlinear regression to our line-up in order to reduce 
the prediction error rate.

3.  Comparison of Regression-Based Forecasting

This section provides the prediction accuracy for 
the forecasting method using linear regression and the 
forecasting method using AI-based nonlinear regres-
sion.  Figure 2 is a schematic diagram of an overseas 
steelworks plant where the accuracy of prediction was 
verified for the linear regression forecasting method.

3.1  Linear regression forecasting method
In order to accurately forecast the level of the MIX 

*1:   Excel is a trademark or registered trademark of Microsoft 
Corporation
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gas holder [see Fig. 2(5)], it is necessary to improve 
the accuracy of predicting the amount delivered from 
the converter gas (gas supply from the converter gas 
holder to the boiler) [see Fig. 2(2)].  Since the converter 
utilizes a batch processing, it is desirable to predict the 
amount of generated converter gas [see Fig. 2(1)] us-
ing the operation plan of the converter.  However, due 
to circumstances surrounding the equipment, we were 
unable to obtain an operation plan.  Therefore, we used 
the linear regression method to predict the delivery 
amount of the converter gas [see Fig. 2(1)] based on 
the five pieces of information:  the delivery amount of 
converter gas at the present time [see Fig. 2(2)] and the 
usage amount of oxygen gas [see Fig. 2(3)] and convert-

er gas holder level [see Fig. 2(4)] at the present time 
and five minutes beforehand. 

Figure 3 shows the prediction error rate of the MIX 
gas holder level calculated from the actual results and 
the predicted results from the delivery amount of con-
verter gas.  This resulted in an error of 7.76%.

3.2  Nonlinear regression forecasting method (AI-based 
prediction)
When the holder capacity is small, the operator 

must constantly adjust the gas delivery amount to 
keep the holder level in the acceptable range, as shown 
in Fig. 4.  If the error in the predicted values of the 
MIX gas holder level is large, there will be wasteful en-
ergy consumption as follows:

(a)  If the upper level limit is exceeded, the MIX gas 
holder will emit the gas into the atmosphere.

(b)  If the lower level limit is exceeded, the MIX 
gas holder cannot supply the gas to the boiler, 
resulting in reduced power generation.  There-
fore, it would be necessary to use heavy oil to 
generate electricity or to increase the amount of 
electricity purchased and received.

In order to reduce the above-mentioned wasteful 
energy consumption, a level of accuracy higher than 
that of current linear regression forecasting is needed.  
Therefore, we deliberated a new forecasting method 
that makes use of AI (nonlinear regression method).  
As a result, we reduced the prediction error rate from 
7.76% or less using linear regression to 6% or less us-
ing nonlinear regression.  This enabled us to prelimi-
narily calculate a yearly cost savings of 31 million yen.

We performed correlation analysis using the MIX 
gas holder level at an elapsed time of 15 minutes as 
the objective variable and the actual present values of 
each piece of equipment as input variables, including 
total converter gas delivery amount, total blast furnace 
gas delivery amount, total boiler load, total hot blast 
stove load, and total coke plant load.

In general, the closer the correlation coefficient is 
to ±1, the stronger the correlation and the higher the 
prediction accuracy.  However, input variables that 
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Fig.2    Schematic diagram of demonstration plant using a linear 
regression prediction method
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Fig.4  Necessity of improving prediction accuracy
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that the predicted values with the linear regression 
model were in close agreement with the actual values.

4.  Considerations regarding Applicable 
Forecasting Methods

In order to achieve high accuracy in the prediction 
for the data of each individual piece of equipment 15 
minutes in advance, we considered the three different 
forecasting models shown in Table 1:  linear regression 
based partial least squares (PLS), AI-based nonlinear 
regression just-in-time (JIT), and deep learning (DL).
(1)  Prediction for each piece of equipment 15 minutes 

in advance
Table 2 shows the 15-minute-in-advance predicted 

results (prediction error rate) for each piece of equip-
ment shown in Fig. 8 for the (a) total converter gas de-
livery amount, (b) total blast furnace gas generation, 
(c) total blast furnace gas load and (d) total coke plant 
load.  We confirmed that the prediction accuracy of JIT 
and DL, which are nonlinear regression, were higher 
than that of PLS, linear regression.
(2)  Prediction for the MIX gas holder level 15 minutes 

correlation with the MIX gas holder level at an elapsed 
time of 15 minutes, which is the objective variable, was 
only the MIX gas holder level at each point in time.  
The correlation coefficient of this case was 0.72, result-
ing in large variation as shown in Fig. 5.

Therefore, in order to increase prediction accuracy, 
we performed a correlation analysis by also using the 
actual values of each piece of equipment at each point 
in time as well as the actual values of each piece of 
equipment at an elapsed time of 15 minutes as the in-
put variables.  The correlation coefficient became 0.96, 
as shown in Fig. 6.

We found that if the data for each piece of equip-
ment could be accurately predicted 15 minutes in ad-
vance, then the MIX gas holder level could also be ac-
curately predicted 15 minutes in advance.

Figure 7 shows the trends of the predicted and ac-
tual values obtained by entering the actual data for 
each piece of equipment at an elapsed time of 15 min-
utes into the linear regression model.  We confirmed 
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Fig.6    Scatter diagram of correlation analysis using 15-minutes-
in-advance predicted values for each piece of equipment
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Fig.7    Trends of actual values and 15-minute-in-advance pre-
dicted values with linear regression model 
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Table 1  Applied forecasting model

Forecasting model Explanation Nonlinear

PLS
(  Partial Least 
Squares)

Partial least squares method Linear

JIT
(Just-In-Time)

This is a method for creating a 
local model based on the intra-
neighborhood data extracted 
exclusively from a database of 
past similar cases that are in the 
neighborhood of the target pre-
diction condition (request point 
data).

Nonlinear

DL
 (Deep Learning)

This is a method for representing 
the relationship between a pre-
diction target and input factors 
by means of a neuro model con-
sisting of units composed of an 
input layer, intermediate layer 
(hidden layer) and output layer.

Nonlinear
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5.  Postscript

In this paper, we described our “EMS-Package” as 
an energy control package that uses AI to improve pre-
diction accuracy.

Fuji Electric provides customers with the most 
advanced control technology and software technology 
(optimization technologies) based on its many years 
of experience in energy management at steelworks to 
achieve energy-saving operations with optimizing en-
ergy using.

We plan to continue contributing to energy savings 
and reduction of greenhouse gas emissions by introduc-
ing and popularizing our products at steelworks not 
only in Japan, but also abroad especially in India and 
China.

References
(1) Narumi, K. et al. “Steel EMS Package” Optimizing 

Energy Management at Steelworks. FUJI ELECTRIC 
REVIEW. 2013, vol.59, no.3, p.165-169.

(2) Narumi, K. et al. “EMS-Package LITE” Energy Optimi-
zation Package for Power Generation Facilities. FUJI 
ELECTRIC REVIEW. 2018, vol.64, no.3, p.114-117.

in advance
When examining the forecasting methods for each 

piece of equipment and the MIX gas holder level, 
15-minutes-in-advance forecasts at each point in time 
were compared under the six conditions shown in Table 
3 using two days’ worth of data for each minute.  We 
used PLS and DL to predict the MIX gas holder level 
because DL impose less load on the server than JIT.

Table 3 shows the validation results that the 
method of using DL to predict each piece of equipment 
15 minutes in advance and then using the results to 
predict the MIX gas holder level 15 minutes in advance 
using PLS had the lowest prediction error rate of less 
than 6%.  We thus reduced the prediction error rate, 
in turn, helping steelworks to reduce the cost of pur-
chased energy.

Hot blast stove

Converter
gas holder

MIX gas
holder

(2)

(3)

(1) (4)

Blast furnace

Converter

Boiler

Coke
factory

Oxygen

Fig.8    Schematic diagram of verification plant using nonlinear 
regression forecasting method

Table 2    Error rate of 15-minute-in-advance predicted values 
for each piece of equipment(%)

Energy of each piece of 
equipment

Prediction error rate (%)

PLS JIT DL

(a)   Converter gas delivery 
amount 7.71 7.34 6.73

(b)   Blast furnace gas  
generation 0.84 0.54 0.65

(c) Blast furnace gas load 5.67 4.02 3.83

(d) Coke gas load 1.41 1.33 1.17

Table 3    Verification results of the prediction error rate (%) of 
the MIX gas holder 

Case

Algorithm
Prediction error 

rate (%)Each piece of 
equipment

MIX gas holder
level

1 PLS PLS 8.10

2 JIT PLS 7.46

3 DL PLS 5.82

4 PLS DL 7.95

5 JIT DL 7.55

6 DL DL 6.89



is
su

e:
 In

st
ru

m
en

ta
tio

n 
an

d 
C

on
tro

l S
ol

ut
io

ns
 C

on
tri

bu
tin

g 
to

 A
ut

om
at

io
n 

an
d 

En
er

gy
 S

av
in

gs

A B S T R A C T

 *   Power Electronics Systems Industry Business Group, Fuji 
Electric Co., Ltd.

65

1.  Introduction

Fuji Electric’s radiation measurement technology 
has been used to support recovery and reconstruc-
tion after the Great East Japan Earthquake.  Fuji  
Electric also provides radiation management services 
that contribute to the safety and security of facilities 
that handle radioactive materials, such as nuclear 
power plants, nuclear fuel cycle plants and advanced 
medical institutions that use radiopharmaceuticals, as 
well as their neighboring municipalities.  In this paper, 
it will be described a new type of environmental radia-
tion monitoring service that integrates the latest Inter-
net of Things (IoT) technologies.

It will also be described the following: multiplexing 
transmission technology for environmental radiation 
monitoring systems for large-scale natural disasters, a 
highly maintainable radiation management system for 
medical applications, a new IoT-enabled dose manage-
ment system using new wireless electronic dosimeters, 
and exposure management systems, such as whole 
body counters, designed to reduce the burden of test 
subjects and supervisors.

2.  New Environmental Radiation Monitoring 
Service

2.1  Overview
The environmental radiation monitoring system 

consists of radiation monitoring units installed at mea-
surement locations and a server system to manage the 
data.  Introducing the system requires not only the 
production of infrastructure such as power supplies 
and communication lines, but also a lot of time and 

MAEKAWA, Osamu *   KATO, Tsutomu *   ABE, Shigeru *   

Radiation Management Service Solutions 
Contributing to Safety and Security

Fuji Electric provides radiation management services contributing to the safety and security for facilities that 
handle radioactive materials and for their neighboring municipalities.  Fuji Electric has developed an environmental  
radiation monitoring service and radiation management systems by combining the latest IoT technology with our 
radiation measurement technology, which have been used for recovery and reconstruction work in the Great East 
Japan Earthquake area.  These solutions can be introduced inexpensively and quickly by utilizing cellular phone com-
munication networks including cloud servers and mobile virtual network operator (MVNO).  Further, in our radiation 
exposure management system, a dedicated dosimeter with a built-in communication function can be connected to the 
system via Wi-Fi or cellular networks to remotely notify the manager of worker radiation dose in real time.

money to secure the installation sites and perform the 
installation work.

The new IoT-enabled environmental radiation 
monitoring system has a smaller radiation measure-
ment unit compared with the ones on the previous sys-
tems.  Further, since it uses a cloud server, the users 
do not need to set up a server, which makes it inexpen-
sive and quick to implement(1).

As shown in Fig. 1, the service that uses this sys-
tem collects and stores environmental radiation doses 
(gamma-ray) measured by the radiation measurement 
units into a cloud server via a low-cost cellular phone 
communication network managed by a mobile virtual 
network operator (MVNO).  After processing the data, 

Convenience
stores Utility poles

Personnel
residences

Radiation
measurement unit

Radiation
measurement unit

Government offices
and police stations

Operation
monitoring services

Government
representatives

Disaster prevention
personnel and general users

Banks
Hospitals and
laboratories

Cloud server

Radiation
measurement unit

Radiation
measurement unit

Radiation
measurement unit

Radiation
measurement unit   

Fig.1  System conceptual diagram
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the data is disclosed to the interested parties, as well 
as widely to the public,  via the Internet.

2.2  Features
(1)  Radiation measurement unit

The radiation measurement unit consists of a mea-
surement device, data processing unit, communication 
unit, power supply control unit, and waterproof hous-
ing.  Figures 2 and 3 show the appearances of the radi-
ation measurement unit and the measurement device, 
respectively.  Tables 1 and 2 show the key performance 
of the radiation measurement unit and measurement 
device, respectively.  The measurement device is a 
compact and highly functional integrated dosimeter, 
“DOSE e,” that has been adopted by municipalities.  
This enables the service to achieve compactness, high 
performance and reliability.  The data processing unit 
is an IoT/M2M controller, “FiTSAΣ ,” manufactured 
by Fuji IT Co., Ltd.  It is responsible for processing 
the measurement data performs data processing and 
comes with a function for transmitting data between 
the radiation measurement unit and the cloud server.  
The communication unit is a mobile router that is com-
pliant with Japanese and international communication 
standards and is able to use subscriber identity module 
(SIM) cards, therefore the installation either in Japan 

or overseas can be flexibly dealt with.  The power sup-
ply control unit supports input from both external AC 
power sources and batteries.  During battery opera-
tion, power is intermittently supplied according to its 
internal timer to save power and achieve long operat-
ing hours.
(2)  Cloud server

The data measured by radiation measurement 
units are collected and managed in a cloud server via 
a cellular phone network such as an MVNO.  Users 
can monitor the measurement data at any time by 
accessing a dedicated website via their smartphones 
or other devices.  The website has a simple structure 
for general users that displays data either in map or 
graph forms.  The region of the map displayed on the 
map display screen shown in Fig. 4 and the duration 
(intervals of one day, one month, or one year) of the 
trends displayed on the graph display screen can be 
set as default by each logged-in user.  The system can 
also display trends according to the user’s application.  
In addition, there is a function that, for system ad-
ministrators, increase in measured values and system 

Table 1  Key performance of the radiation measurement unit

Item Details

Communication 
function Mobile phone network

Power supply
100 to 240 V AC, 50/60 Hz

Battery operation (separate from the 
main unit)

Operating tempera-
ture range -10 °C to +40 °C

Operating humidity 
range

90% or less (relative humidity)
(No condensation allowed)

Dimensions W270 × H185 × D88 (mm)
(Excluding protruding parts)

Mass Approx. 3 kg

Fig.2  Radiation measurement unit

Fig.3  Measurement device, “DOSE e”

Table 2  Key performance of the measurement device

Item Details

Detector Silicon semiconductor detector

Radiation  
detected gamma (X)-ray:  60 keV to 1.5 MeV

Measurement 
range

Accumulated dose:  1 nSv to 99.99 mSv

Dose rate: 0.01 to 999.9 μSv/h

Accuracy

Accumulated dose: ±10%
(1 μSv to 99.99 mSv, 137Cs as reference)

Dose rate: ±15%
(1 to 999.9 μSv/h, 137Cs as reference)

Energy response ±30% (60 keV to 1.5 MeV, 137Cs as reference)

Angular response ±25% (137Cs, 0° as reference)
(Horizontal ±180°, Vertical -60° to +240°)

Data recording 
function

Max No. of records:  9,000

Recording intervals:  
1 minute, 2 minutes, 3 minutes, 4 
minutes, 5 minutes, 10 minutes, 30 
minutes, 1 hour

Recorded items:  
Time, accumulated dose, maximum 
dose rate within the recording interval
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abnormalities detected by the cloud server are sent by 
email to pre-registered user administrators and main-
tenance personnel.

3.  Environmental Radiation Monitoring System 
for Overseas Markets

3.1  Overview
There is also increasing demand to monitor en-

vironmental radiation levels in countries outside of 
Japan that possess nuclear power plants and in their 
neighboring countries.  By utilizing the technology of 
Fuji Electric’s environmental radiation monitoring 
systems for Japan, Fuji Electric can provide equiva-
lent services overseas.  In order to do this, Fuji Electric 
modifies the system’s power supplies and communica-
tion lines to comply with the infrastructure of each 
country, and provide on-premises*1 servers and multi-
language support for web screens, according to the 
regional situation.  The environmental radiation moni-
toring system has already been deployed in several 
countries in conjunction with country-specific radiation 
measurement units and localized websites.

3.2  Radiation measurement unit
The radiation measurement unit of the system can 

be selected from various types that meet the needs 
and applications of users in different countries.  The 
real-time dosimeter uses solar batteries that do not 
require an external power supply, allowing it to be in-
stalled in areas with inadequate infrastructure.  The 
portable monitoring post uses a NaI (Tl) scintillation 
detector for the measurement device, and comes with 
functions to perform high-precision measurement and 
pulse height analysis in low-dose rate areas so that a 
user request to detect minute fluctuations in measured 
values can be met.  Figures 5 and 6 show the external 

appearances of the real-time dosimeter and portable 
monitoring post, and Tables 3 and 4 show the basic 
specifications thereof, respectively.

Fig.4  Web screen image

Fig.5  Real-time dosimeter

*1:   On-premises refers to the environment where the infor-
mation system including servers and software, in a facil-
ity administered is possessed, operated and maintained 
by the user (usually a company).

Table 3  Basic specifications of real-time dosimeter

Item Details

Installation method Outdoor fixed installation type

Detector Silicon semiconductor detector

Measurement range Background to 99.9 μSv/h

Power supply 100 to 200 V AC and solar panels

Fig.6  Portable monitoring post

Table 4  Basic specifications of portable monitoring post

Item Details

Installation method Outdoor fixed setting, portable dual-
purpose type

Detector Silicon semiconductor detector and  
NaI (Tl) scintillation detector

Measurement range Background to 100 mGy/h

Power supply 100 to 200 V AC and solar panels
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disaster prevention radio devices.  Figure 7 shows the 
transmission conceptual diagram.

4.  Radiation Management System for Medical 
Applications

4.1  New IoT-enabled radiation management system
(1)  Background

Fuji Electric has manufactured and supplied radia-
tion management systems to facilities where nuclear 
medicine, such as those that use heavy particle beam 
therapy systems and positron emission tomography 
(PET) scans, is practiced. The nuclear medicine is in-
creasingly introduced into medical facilities.

As an example, in diagnosis that uses a scintilla-
tion camera (single photon emission CT device), pa-
tients are administered a radiopharmaceutical and 
subsequently examined.  A radiation management 
system for medical applications is used to monitor the 
radiation cased by the exhaust gas, wastewater and 
caused by radioactive substances generated by the 
medical examination or treatment.  It also transmits 
data to the operation console for centralized monitor-
ing and manages the data in compliance with the Med-
ical Care Act and the Act on Prevention of Radiation 
Hazards due to Radioisotopes.

Conventional these systems are mainly stand-
alone systems in which all processes are completed 
at the hospital.  If a failure occurs, maintenance staff 
goes to the site to investigate and identify the cause 
of the failure, and then replace or repair failed compo-
nents.  However, once the system goes down, it affects 
treatment and examination.  Improving reliability is 
one of the biggest challenges in hospital operations.  
Fuji Electric has therefore developed a new IoT- 
enabled radiation management system that remotely 
monitors the monitoring status to accelerate initial re-
sponse in the event of a failure.
(2)  Features

The operation console, the core component of the 
system, has been completely redesigned and equipped 
with a function to send various system information to 
the system monitoring cloud server.  When the system 
monitoring cloud server discovers a failure, it imme-
diately and automatically sends out an email to pre- 
registered email addresses of administrators at cus-
tomer facilities and maintenance personnel at Fuji 
Electric.  The maintenance personnel who received 
the email first analyze the various system information 
stored on the cloud server, and then prepare the parts 
required to be for the failure in advance to shorten the 
recovery time.  In periodic inspections, they can also 
analyze relevant information in advance and perform 
predictive diagnosis of failures to prevent system stop-
pages.

Customers can use an inexpensive network for re-
mote monitoring operated by Fuji IT Co., Ltd.  as an 
MVNO (FiT Mobile) to reduce the economic burden.

3.3  Multiplexing transmission in the environmental radia-
tion monitoring system

(1)  Overview
Environmental radiation monitoring systems are 

required to be installed in and around nuclear power 
plants and related facilities in accordance with the 
laws, regulations and agreements.  The systems mea-
sure and monitor environmental radiation levels con-
tinuously 24 hours a day.  The data measured at the 
measurement station is transmitted to the central con-
trol room in the nuclear facilities and constantly moni-
tored.  The data is also transmitted to the system man-
aged by the government, and relevant information is 
widely disclosed via websites.  The monitoring systems 
are thus closely associated with the integrity of nuclear 
facilities, and achieve high reliability to protect the 
safety and security of local residents.  However, large-
scale natural disasters have been occurring frequently 
in recent years, and it may make an impact on the op-
eration of the systems.  Therefore, various measures 
have been planned and implemented.  In particular, 
multiplexing transmission has been one of the most 
important initiatives.
(2)  Specifications

This system generally uses a cellular phone net-
work to transmit various data.  In the event of a large-
scale disaster, the intensive use of cellular phones 
tends to happen, causing line congestion that may dis-
rupt data transmission.  In preparation for these types 
of situations, Fuji Electric has introduced satellite cel-
lular phones as a backup line that can reduce the risk 
of congestion and, when the cellular phone network 
is out of service, the satellite cellular phone network 
takes the part instead to continue transmission.  Fuji 
Electric has also developed and deployed a land-based 
wireless communication device dedicated to the envi-
ronmental radiation monitoring system that the device 
uses the radio wave band allocated to the system.  The 
land-based wireless communication device has been for 
the environmental radiation monitoring system by in-
ternal components and software conventionally used in 

Land-based 
wireless commu-
nication device

Central monitoring
panel

Satellite
cellular phone

Central monitoring
panel

Measurement
station

Land-based wireless
communication device

Measurement
station

Satellite
cellular phone

Fig.7  Transmission conceptual diagram
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and Bluetooth*3, enabling it to perform real-time moni-
toring of exposure dose.  Moreover, it comes with a 
number of other features that were not available in 
previous dosimeters, such as a call button that enables 
workers to immediately report emergencies, and a 
large-sized dot color display that notifi es workers of ra-
diation dose and alarm conditions in an intuitive man-
ner.  Table 5 shows an overview of its key performance 
and features.
(3)  Cloud dose management system

The NRF50 offers a choice of wireless communica-

Figure 8 shows an overview of the new IoT-enabled 
radiation management system, and Fig. 9 shows an ex-
ample of the console screen.

5.  Exposure Management System

5.1  New IoT-enabled dose management system
(1)  Overview

According to laws and regulations, workers in ra-
diation controlled areas are required to manage their 
exposure dose.  To do this, they wear dosimeters while 
working.  The new IoT-enabled dose management sys-
tem describing here consists of the new electronic do-
simeter “NRF” featuring a robust structure designed 
for use in nuclear facilities and equipped with the 
latest IoT technology to support the needs of users in 
Japan and abroad, as well as a cloud monitoring server 
for remote monitoring.
(2)  Features of the “NRF50” dosimeter

The “NRF50” conforms to IEC 61526, the inter-
national standard for dosimeters, the Japanese stan-
dard JIS Z 4312, and American standard ANSI 
N42.20.  In addition, it is characterized by EMC perfor-
mance that meets MIL-STD461F, and IP65/67 protec-
tion.  Unlike conventional models, it comes with built-
in communication functions compatible with Wi-Fi*2 

Wastewater
control
panelMeasure-

ment

Control

Wastewater treatment facilities

Radiation measurement devices

Fuji Electric

Cloud server
Remote monitoring and

operation functions

LAN

Remote control

Dedicated line
(Two-way)

(FOMA* line and wired line)

LAN
Radiation monitoring equipment

Operation console

Continuous water 
level gauge

Submersible
pump

Electric valve
Level gauge

Built-in
programmable

controller

○Immediate reporting of failure 
detection by email

　(Send to owner, and sales and 
technical personnel)

○Preliminary diagnosis before 
inspection via status signals

○Remotely performs the diagnosis 
and basic inspection to shorten 
on-site work hours

*FOMA is a trademark or registered trademark of NTT DOCOMO, Inc.

Fig.8  Overview of the new IoT-enabled radiation management system

Monitor
management
screen

Wastewater
management

screen

Fig.9  Example of console screen

*2:   Wi-Fi is a trademark or registered trademark of Wi-Fi 
Alliance

*3:   Bluetooth is a trademark or registered trademark of 
Bluetooth SIG, Inc.

Table 5  Key performance and features of the “NRF50”

Item Details

Detector Silicon semiconductor detector

Radiation 
detected gamma-ray and X-ray

Measure-
ment range

1 μSv to 10 Sv (dose)
0.1 μSv/h to 10 Sv/h (dose rate)

Energy re-
sponse ±20% or less (50 keV to 6 MeV)

Accuracy ±10% or less (137Cs)

Standards
Comply with JIS Z 4312 (2013), conform to IEC 

61526 (2010), ANSI N42.20 (2003), 
MIL-STD-461F, and IP65/67

Communica-
tion method

USB, Bluetooth, IR, Wi-Fi 
or 900-MHz band communications

Display Large-sized monochrome dot LCD
Color backlight (white, red, yellow)

Dimensions W60 ×  H105 ×  D29/18 (mm)

Mass Approx. 150 g (including clip and battery)

Features

Built-in wireless functions such as Wi-Fi and 
900-MHz band communications

(a wireless module was installed separately in 
past years)

Emergency call button installed on the side

Text displayable on the large-sized monochrome 
dot LCD
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the measurement.  Fuji Electric’s chair type shown 
in Fig. 10 is accessible from both the left and right 
sides of the shielded compartment, allowing it to 
flexibly meet the layout restrictions of installation 
sites.  Further it equipped with a shadow shield that 
suppresses the incidence of natural radiation, mak-
ing it possible to minimize the effects of background 
radiation.  A low ceiling type is also available for in-
vehicle use.
(b)  Considerations for examinees

Since the examinee enters the main compart-
ment of the WBC and is surrounded by a shield, 
measurement guidance is provided by voice and 
screen display to help to eliminate any confusion 
during the measurement.  In addition, video images 
are provided during the measurement to reduce the 
burden on the examinee and improve comfort.
(c)  Facilitation of the administrative tasks of man-

agers
When the measurement finishes, the measure-

ment data is simultaneously transmitted to the 
server.  This data is used to check whether or not a 
person has received a WBC examination at enter-
ing a controlled area.  The measurement results are 
stored centrally on the server, and the supervisor 
can check the various information on the screen of 
the management PC.  Further, an exam schedule 
management function and automation of the process 
from sending guidance emails to examinees to actu-
ally performing the measurements greatly contrib-
ute to reduction in the workload required for sched-
ule management and measurement guidance.

6.  Postscript

In this paper, it is described the radiation manage-
ment service solutions that contribute to safety and se-
curity.  In order to further improve the reliability and 
convenience of the systems, Fuji Electric will continue 
to adopt the latest technologies such as IoT, which is 
advancing day by day, and contribute to the reduction 

tion methods, including 900-MHz band communica-
tions (for the United States) and Wi-Fi.  By connecting 
to the cloud dose management system via Wi-Fi router 
or smartphones (Bluetooth, tethering function), the su-
pervisor can remotely monitor workers’ exposure dose 
in real time.

In addition to reducing effect of the exposure of 
workers who work at nuclear facilities or perform de-
contamination work, the system is also expected to be 
used in exposure management of first responders, for 
example, in the event that radioactive materials are 
suspected to have been used in a terrorist attack.

5.2  Whole body counter
Whole body counters (WBC) consist of WBC for 

screening measurements and WBC for precision mea-
surements.  Table 6 and Table 7 show the main speci-
fications.

Screening measurement WBCs are used to deter-
mine the presence or absence of radioactive contami-
nation in the body.  If the body is determined to be 
contaminated, the mass of radioactive substances in 
the body is ascertained by measuring the gamma-rays 
emitted from radioactive substances in the body from 
outside the body using a precision measurement WBC.  
The mass can be used for qualitative and quantitative 
analysis of nuclides, and calculation of the committed 
effective dose (internal exposure dose equivalent). 

(a)  Shape
WBCs are categorized into chair, bed, and 

standing types depending on the posture of the ex-
aminee at the time of measurement.  For example, 
when utilizing the chair type, the examinee sits on a 
chair inside a shielded compartment, and undergoes 

Table 6  Basic specifications (for screening measurement)

Item Details

Detector Plastic scintillation detector or  
NaI (Tl) scintillation detector

Shielding method Shadow shielding method

Measurement time 30 seconds to 2 minutes

Background value
Approx. 2,500 to 4,000 min-1 

(100 keV to 2.0 MeV:  30-minute mea-
surements)

Detection sensitivity
Approx. 150 to 250 Bq (137Cs)

Approx. 50 to 100 Bq (60Co)

Table 7  Basic specifications (for precision measurement)

Item Details

Detector High-purity germanium detector or  
NaI (Tl) scintillation detector

Shielding method Shadow shielding method

Measurement time Approx. 10 minutes

Background value
Approx. 2,500 to 4,000 min-1 

(100 keV to 2.0 MeV:  30-minute mea-
surements)

Detection sensitivity
Approx. 120 to 150 Bq (137Cs)

Approx. 60 to 90 Bq (60Co)

Fig.10  Chair type WBC
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of worker radiation exposure and strengthen environ-
mental radiation management by actively participat-
ing in the post-earthquake reconstruction efforts and 
introducing the system to the medical field and over-
seas nuclear facilities.
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1.  Introduction

Data centers make use of redundancy for all equip-
ment in order to ensure stable operation of systems.

Among these systems, uninterruptible power sys-
tems (UPS) play an important role in achieving 
reliability, energy savings, and economic efficiency.  
 In order to facilitate energy savings, we have utilized 
three levels(1) for the inverter output voltage, employed 
SiC(2) for the main circuit elements, developed a three-
phase four-wire system(3) capable of supplying power 
directly to server loads, and equipped the three-phase 
four-wire system with quantity control and standby 
power supply functions(4).  This has enabled us to pro-
vide highly efficient systems.

When designing UPSs, it is important to determine 
unit capacity in consideration of load capacities and re-
dundant systems.  Conventionally, redundant systems 
have mainly made use of standby redundant, parallel 
redundant, and 2N *1 systems.  Among these, the reli-
ability of 2N, which constitutes a system composed of 
two UPSs, is much higher than other systems.  How-
ever, the redundancy rate*2 of 1.  In common backup 
systems characterized by a similar degree of reliability, 
the redundancy rate can be reduced to 1/N because the 
group*3 capacity is made redundant.  Therefore, the 
more capacity the single UPSs that make up the group 
increase, the more number the units can be reduced, 
causing the system to be more economical.

Up until now, system reliability calculations have 
been introduced in relation to UPS standby redun-
dancy and parallel redundancy.  However, there have 
been no examples of calculations available for common 
backup systems.  In addition, the main circuitry and 

YASUMOTO, Koji *   HAMADA, Ippei *   NEMOTO, Kenji *   

Common Backup Systems for Data Centers with 
Large-Capacity UPS

Uninterruptible power systems (UPS) used in data centers require reliability, energy savings and economic ef-
ficiency.  In standby redundant and parallel redundant systems, redundant capacity will equal the capacity of a single 
UPS.  As a result, smaller capacity units provide more economic efficiency.  In recent years, there has been growing 
demand to deploy common backup systems with enhanced reliability, whose economic efficiency increases as the 
single UPS capacity becomes higher.  It is against this background that Fuji Electric has developed highly reliable 
and economical common backup systems whose redundant capacity does not depend on single UPS capacity and 
load capacity.

control methods of UPSs vary among manufacturers.  
It is against this background that we performed the 
calculations in consideration of Fuji Electric’s UPS 
circuit configuration and control method in order to 
confirm the degree of reliability of common backup sys-
tems.

We think that the use of highly reliable common 
backup systems are expected to increase as we are  
offering a series of large single capacity UPSs.

2.  Single UPS Capacity Selection Method

As shown in Table 1, Fuji Electric has developed 
single UPS capacities of 500 kVA and 1,000 kVA and is 
currently working on a series of large-capacity UPSs.  
Up to eight units can be connected in parallel for each 
of the capacities.  In addition, a single UPS capacity of 
1,200 kVA is under development for three-phase four-
wire systems.

A single UPS with bypass serves as the base sys-
tem.  This system can be combined in various configu-
rations to achieve a redundant system characterized 

*1:   UPS system configurations generally use the term N.  N 
refers to the number of UPSs equal to the load capacity.

*2:   The redundancy rate is defined as (the number of spare 
UPSs) /  (the number of UPSs required for power supply) 
in order to indicate how much extra capacity is available 
in relation to the load capacity.  In parallel redundancy 
N+1, a total of N+1 UPSs are installed, consisting of N 
units required for power supply and one unit for backup.  
If one unit fails, the rest of the UPSs can continue to 
supply power.  In such a case, the redundancy rate be-
comes 1/N.

*3:   A group is defined as a collection of single UPSs that 
form a power supply for each load in the common backup 
system.
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by standby redundancy, parallel redundancy, common 
backup, 2N, and 2(N+1), as shown in Figure 1.  Figure 
1 shows UPSs and load connections for these systems.  
Each system has a single UPS capacity of 500 kVA and 
a load capacity of 1,000 kVA.

Table 2 shows the redundant capacity with respect 
to the single UPS capacity for each redundant system.  
We compared standby redundant, parallel redundant 
and common backup systems using a load capacity 
of 3,000 kVA ×  4 and a UPS single UPS capacity of 
500 kVA and 1,000 kVA.  Since standby redundancy 
and parallel redundancy require one backup unit per 
group, the overall redundant capacity increases in 
proportion to the single UPS capacity.  In contrast, in 
common backup systems, the capacity of a single group 
becomes redundant regardless of single UPS capac-
ity.  Therefore, the larger the single UPS capacity, the 
fewer circuits are required.  This is advantageous in 
terms of cost.  Furthermore, as more groups of UPSs 
are added, the redundant capacity remains constant.  
This means that the more groups you have, the more 
economically advantageously it is.

3.  Reliability of Redundant Systems

We calculated the failure rates for the systems 
shown in Fig. 1 and compare the differences in reliabil-
ity in Section 3.1.  The unit for failure rate is the num-
ber of failures per hour (1/h).

3.1  Approach to failure rates in bypass transfer
If a malfunction occurs during inverter feeding, the 

system will transfer to bypass to continue supplying 
power.

Table 3 shows the handling of the failure rate for 
each device in a redundant system.  The bypass circuit 
and the bypass transfer circuit are devices that operate 
after UPS failure and are not related to the failure rate 
λ UPS during inverter feeding. 

In the case of a single UPS with bypass, failure to 
transfer from inverter feed to bypass will cause a sys-
tem down.

In the case of a parallel redundant system, power 
can still be supplied if only one unit fails to transfer.  

Fig.1    Relationship between UPS and load for each redundant system (e.g., 500-kVA single UPS, 1000-kVA load)

Standby redundancy Parallel redundancy

Load
500 kVA

Load
1,000 kVA

2N

Load
1,000 kVA

2(N+1)

Load
1,000 kVA

Load
500 kVA

Standby UPS

Common backup

Complete common backup

Load
500 kVA

Load
500 kVA

Spare UPS
No distinction between primary 

and backup

Load
333 kVA

Load
333 kVA

Load
333 kVA

Table 2    Redundant capacity with respect to the single UPS 
capacity for each redundant system  
(Load capacity of 3,000 kVA × 4)

Redundant 
system

Single UPS 
capacity

(kVA)
UPS configuration

Redundant 
capacity

(kVA)

Standby  
redundancy

500 Single unit (6 +1) × 4 
configs. 2,000

1,000 Single unit (3 +1) × 4 
configs. 4,000

Parallel  
redundancy

500 Parallel interface (6 +1) 
× 4 configs. 2,000

1,000 Parallel interface (3 +1) 
× 4 configs. 4,000

Common 
backup

500 Parallel interface 6 units 
× (4 +1) groups 3,000

1,000 Parallel interface 3 units 
× (4 +1) groups 3,000

Table 1  Fuji Electric’s large-capacity UPS Series

UPS type 7000HX-
T3(1)

7000HX-
T4(3) 

7000HX-
T4E(3),(4) 7400 WX(5)

Feeding 
system

Normal
mode

Normal
mode

Bypass
mode

Bypass
mode

Wire 
connec-
tion

3-phase 
3-wire

3-phase 
4-wire

3-phase 
4-wire

3-phase 
3-wire

Voltage  
(V) 420 400 400 480

Single 
UPS 
capacity 
(kVA)

500 500 500 1,000

Width 
(mm) 1,500 1,600 1,600 3,000
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Therefore, we have excluded λ C in Table 3 from con-
sideration.  Instead, we have taken into consideration 
the failure rate of the switching function of the paral-
lel interface units.  When a failure occurs in the par-
allel interface units, switching commands are sent to 
all units.  Therefore, if this switching function fails, 
the power supply will shut down without performing 
transfer.

Since common backup does not provide redun-
dancy for each group, all devices in Table 3 are taken 
into account.

3.2  Failure rate of a single UPS with bypass
Figure 2 shows a single UPS with bypass.  The by-

pass circuit has a thyristor switch and magnetic con-
tactor (MC) connected in parallel.  If a UPS fails, the 

thyristor switch will instantly turn on, causing the sys-
tem to transfer from inverter feeding to bypass feeding.  
After this, the MC is turned on in parallel, and the thy-
ristor switch is extinguished.

(a)  If UPS fails, it will transfer to bypass without 
interruption.

λ UPS .................................................................... (1)

(b)  During UPS recoveries, if the utility power fails 
or the bypass circuit fails, the power supply will 
be shut down.

λ UPS (λ S +  λ SB) γ UPS .......................................... (2)

(c) In addition, failure in the bypass transfer circuit 
will cause a system down.
Therefore, the failure rate λ SM for a single-unit 

system is as in Equation (3).

λ SM =  λ UPS (λ S +  λ SB) γ UPS +  λ C ....................... (3)

3.3  Failure rate of standby redundant system
Figure 3 shows a standby redundant system.  A 

spare UPS output circuit is connected to the bypass 
input circuit of the primary UPS.  Power is supplied to 
the load from the primary UPS.  If the primary UPS 
fails, UPS will transfer to the bypass circuit, then the 
system will feed inverter mode from the backup UPS.

(a)  If there are N primary UPSs, the UPS failure 
rate will be N times higher.

N λ UPS ................................................................ (4)

(b)  During failure recovery of a primary UPS, if the 
primary UPS bypass circuit or spare UPS fails, 
the power supply will be shut down.

N λ UPS (λ SM +  λ SB) γ UPS .................................. (5)

Table 3    Failure rate for each device in a redundant system

Failure rate Device

Single 
UPS 
with 

bypass

Standby 
redun-
dancy

Parallel 
redun-
dancy

Com-
mon 

backup

Bypass 
circuit  
λ SB

MC4 for  
bypass side ○ ○ ○ ○

Bypass 
transfer 
circuit  
λ C

MC4  
interface 

unit
○ ○ Excluded ○

Thyristor  
switch ○ ○ Excluded ○

Thyristor  
drive unit ○ ○ Excluded ○

Transfer 
control unit  
λ CT

CT for  
parallel UPS — — ○ ○

Parallel 
interface 
unit  
λ PIU

Parallel 
interface 
unit (load 
sharing)

— — ○ ○

Transfer 
control unit  
λ CH

Parallel in-
terface unit 

(transfer 
function)

— — ○ ○

Parallel  
interface 
unit trans-
fer function  
λ DIU

Transffering 
control unit — — ○ ○

Fig.2  Single UPS with bypass

  S ,    S

  UPS ,    UPS

C

SB

λ

λ

λ

λ

γ

γ

Spare UPS

Primary UPS

  S ,    Sλ

SBλ

SBλ

Cλ

Cλ

γ

  S ,    Sλ γ

  UPS ,    UPSλ γ

  UPS ,    UPSλ γ

Fig.3  Standby redundant system
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power supply will be shut down.

N (N -1) λ SB
2γ S +  λ S ....................................... (12)

(g)  During UPS recoveries, if the utility power fails 
or the bypass circuit fails, a system will shut 
down.

λ PINV [ N (N -1) λ SB
2γ S + λ S ] γ UPS................. (13)

(h)  Furthermore, if the parallel interface unit 
switching function and transffering control unit 
fail, the power supply will be shut down.
The failure rate λ PR of a parallel redundant sys-

tem is as in Equation (14).

λ PR = λ PINV [ N (N -1) λ SB
2γ S + λ S ]γ UPS

    + N (λ CH + λ DIU) .......................................... (14)

3.5  Reliability of common backup systems
Figure 5 shows a common backup system.  As 

shown in Fig. 1, there are two types of common backup 
systems:  a system characterized by complete com-
mon backup and a system that does not distinguish 
between primary and backup units.  For both systems, 
the failure rate corresponds to when two groups of 
UPSs are down and power cannot be supplied to the 
load.  Some devices switch between two power supplies 
on the load side.  However, the failure rate of these 
types of devices will not be considered.

(a)  If a UPS fails, it will switch to bypass.  The par-
allel interface system also includes a current-
measuring CT and parallel interface units in or-
der to implement load sharing control.  If these 
devices fail, load sharing will also fail, causing 
an overcurrent that triggers UPS transfers to 
the bypass.  If there are N units connected in 
parallel in a single UPS system, the failure rate 

(c)  If the primary UPS fails to switch to bypass, the 
power supply will be shut down.
Therefore, the failure rate λ SR for a standby re-

dundant system is as in Equation (6).

λ SR =  Nλ UPS (λ SM +  λ SB) γ UPS +  λ C ............... (6)

3.4  Failure rate of parallel redundant system
Figure 4 shows a parallel redundant system.  If a 

UPS fails, it will switch to the bypass circuit.  During 
bypass feeding, if the power fails or the bypass circuit 
and parallel interface units’ transfer circuits fail, the 
power supply will be shut down.

(a)  If there are N parallel interface systems, the 
UPS failure rate will be N times higher.

N (λ UPS +  λ NB) .................................................. (7)

(b)  During UPS recoveries, if another UPS fails, 
UPS will transfer to the bypass.

N (N -1)(λ UPS +  λ NB)2γ UPS ............................... (8)

(c)  The parallel interface system also includes a 
current-measuring CT and parallel interface 
units in order to implement load sharing con-
trol.  If these devices fail, load sharing will also 
fail, causing an overcurrent that triggers.
Therefore, the failure rate λ PINV for initiating 

bypass switchover is as in Equation (9).

λ PINV =  N (N -1)(λ UPS +  λ NB)2 γ UPS

    +  N (λ CT +  λ PIU) .......................................... (9)

(d)  After UPS transfers to the bypass, the bypass 
circuit of one of the N units could fail.

N λ SB ................................................................ (10)

(e)  During bypass circuit failure recovery, if the by-
pass circuit of one of the remaining (N -1) units 
fails, overload will occur, and this will cause the 
power supply to be shut down.

N (N -1) λ SB
2γ S ................................................ (11)

(f)  In the event of further power failures, the utility 

PIU

CH

DIU

Parallel 
board

NBλ

SBλ

Cλ

λ
λ
λ

Cλ

  UPS ,    UPSλ γ

  S ,    Sλ γ

Fig.4  Parallel redundant system

Parallel 
board

SBλ

NBλ

Cλ

Cλ

PIU

CH

DIU

λ
λ
λ  UPS ,    UPSλ γ

  S ,    Sλ γ

Fig.5  Common backup system (e.g. of 4 groups)
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systems, the failure rate of the bypass switching circuit 
is dominant.  Parallel redundancy decreases as the 
number of units increases.

Likewise, Table 5 shows the availability of paral-
lel redundant and common backup, 2N, and 2(N +1) 
systems when using the 7000HX-T4.  The load ca-
pacity is 2,000 kVA.  Availability increases in the or-
der of parallel redundant, common backup, parallel- 
interface 2N, parallel redundant 2(N +1).  Further-
more, compared to parallel redundancy, the annual 
downtime of the common backup was reduced from 
173 s to 0.03 s, dramatically increasing availability.

Availability refers to the ability of the system to 
run continuously.  It is the probability that a recover-
able system, equipment, or components remains func-
tional at a particular moment in time (instantaneous 
availability), or the probability that it remains func-
tional for a specified time (average availability).  The 
relationship between the availability A, mean time 
between failures (MTBF) and mean time to repair 
(MTTR) is shown in the following equation (21).

A  =
         MTBF        

    MTBF + MTTR 
 ........................................... (21)

Based on the calculation MTBF =  operating time / 
failure count, the larger the MTBF value, the longer 
the failure interval and higher the reliability.  MTBF 
is the reciprocal of the failure rate λ .

4.  Common Backup System Design Using Large-
Capacity UPSs

If no distinction is made between primary and 
backup units, it is necessary to ensure that if a UPS 
group consisting of one or more UPSs goes down, the 
other healthy UPS groups share the load equally and 
do not become overloaded.

When the capacity and the number Ns of each UPS 
group are determined according to the load capacity, 
the minimum number of circuits in the output branch 
becomes Ns(Ns-1).  This also enables the capacities 
of the branches to be determined at the same time.  

will be N times higher.

N (λ UPS +  λ NB +  λ CT +  λ PIU) ........................... (15)

(b)  During UPS recoveries, if the power fails or the 
bypass circuit fails, the utility power supply will 
be shut down.

N (λ UPS + λ NB + λ CT + λ PIU)(Nλ SB + λ S) γ UPS ....(16)

(c)  Furthermore, if the parallel interface unit 
switching function, transffering control unit, 
and bypass switching circuit fail, the power 
supply will be shut down.  The failure rate λ p of 
a parallel redundant system is as in Equation 
(17).

λ P =  [ N (λ UPS + λ NB + λ CT + λ PIU)] (Nλ SB + λ S)
  γ UPS + N (λ CH + λ DIU + λ C) ............................ (17)

(d)  If two UPS systems fail, the power supply will 
be shut down.  The failure rate λ CS2 of a com-
mon backup system is as in Equation (18).

λ CS2 =  NS (NS -1)(λ P)2γ UPS ............................. (18)

A 2(N +1) system consists of two sets of parallel re-
dundant systems and has a failure rate as follows:

λ 2 (N +1) =  2λ PR
2γ UPS ..................................... (19)

3.6  Redundant system availability
If the frequency of utility power outages is as-

sumed to be four times a year, then the failure rate λ S 
for utility power is given by the following equation:

λ S =  4/(365 × 24) =  1/(2.19 × 103) (1/h) ......... (20)

The cooling fans of the rectifiers and inverters 
were excluded from the λ UPS failure rate because they 
were assumed to be redundant and replaced periodi-
cally.

Table 4 shows the availability of single-unit, 
standby and parallel redundant systems for a 7000HX-
T4 with a failure recovery time of 8 hours.  Standby 
redundancy is constant regardless of the number of 
primary machines.  This is because, as with single-unit 

Table 4    Availability of single-unit, standby unit, and parallel 
redundant system  
(Single UPS capacity of 500 kVA)

Redundant system Load capacity  
(kVA)

Operating 
rate  
(%)

Annual 
downtime  

(s)

Single-unit 500 × 1 99.9995 158

(1+1) standby 
redundancy 500 × 1 99.9995 158

(7+1) standby 
redundancy 500 × 7 99.9995 158

(1+1) parallel 
redundancy 500 × 1 99.99991 28

(7+1) parallel 
redundancy 3,500 × 1 99.9996 126

Table 5    Availability of parallel redundant, common backup, 2N, 
2(N+1) systems 
(500 kVA single UPS, 2,000 kVA load)

Redun-
dant  

system
UPS count Load capacity Operating rate 

(%)

Annual 
down-
time
(s)

Parallel 
redun-
dancy

(4 +1) 2,000 kVA × 1 99.9995 173

Common 
backup

2 parallel 
interface 
units × 3 
groups

1,000 kVA × 2 99.99999992 0.03

2N 2 × 4 2,000 kVA × 1 99.99999997 0.009

2(N +1) 2(4 +1) 2,000 kVA × 1 99.9999999989 0.0003 
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5.  Postscript

In this paper, we described a common backup sys-
tem for data centers that use large-capacity UPSs.  In 
particular, a common backup system that is highly 
reliable and economical can be constructed by using a 
series of large-capacity UPSs.  Furthermore, we also 
discussed some considerations for selecting the single 
UPS capacity needed for designing UPS systems, as 
well as the reliability of each type of redundant sys-
tem.

In the future, it is expected that UPS system ca-
pacity will increase with the increase in load capacity.  
We plan to focus on system design and product devel-
opment that can support large-capacity systems.

[Symbols in this paper]
λ S  : Utility power supply failure rate (1/h)
γ UPS  : UPS failure recovery time (h)
γ S  :   Utility and bypass circuit failure recovery 

time (h)
λ UPS  : UPS (inverter feed) failure rate (1/h)
λ SB  : Bypass circuit failure rate (1/h)
λ C  : Bypass transfer circuit failure rate (1/h)
λ NB  : Output breaker failure rate (1/h)
λ CT  : CT for parallel UPS failure rate (1/h)
λ PIU  : Parallel interface unit failure rate (1/h)
λ CH  : Transffering control unit failure rate (1/h)
λ DIU  :   Parallel interface unit switching function 

failure rate (1/h)
λ SM  :   Single-unit system failure rate (1/h)
λ SR  :   Standby redundant system failure rate 

(1/h)
λ PINV :   Failure rate for transfer to bypass (1/h)
λ P  :   Parallel interface system failure rate (1/h)
λ CS2

 :   Common backup system failure rate (1/h)

Figure 6 shows an example when the load capacity is 
2,000 kVA and the single UPS capacity is 1,000 kVA.  
Note that the capacity PL per circuit can be calculated 
using the equation (22), where P is the UPS single 
UPS capacity.

PL =  P (Ns-1) Ns .................................................... (22)

In addition, since the combination of two input 
power supplies to each load is NSC2, as the number 
of UPS groups increases, the combinations increases 
and circuit complexity increases, as shown in Table 6.  
Therefore, it is necessary to make a decision while con-
sidering the overall economic efficiency and reliability 
of the system.

In order to utilize a system that does not distin-
guish between primary and backup units, it is neces-
sary to determine the number of UPS output circuits, 
capacity per circuit and power supply system of the 
load.  However, doing so will restrict the types of de-
signs that can be used for the power supply on the load 
side.  In contrast, complete common backup makes 
power supply design easy with no restrictions.

Table 6    Example of common backup system output branch 
design (e.g. of UPS group capacity of 1,000 kVA)

Load ca-
pacity
(kVA)

Num-
ber of 
groups

Ns

Minimum 
number 

of output 
branches

Capacity of 
single output 
branch circuit 

(kVA)

Number of 
load input 

power supply 
combinations

NS
C2

2,000 3 6 666.6 3

3,000 4 12 500.0 6

4,000 5 20 400.0 10

5,000 6 30 333.3 15

Load

No.1 UPS

1,000 kVA

2,000/3 =
666.6 kVA

2,000/6 =
333.3 kVA

1 2

2,000/6 =
333.3 kVA

2,000/3 =
666.6 kVA

Load

No.2 UPS

1,000 kVA

2,000/3 =
666.6 kVA

2,000/6 =
333.3 kVA

1 3

2,000/6 =
333.3 kVA

2,000/3 =
666.6 kVA

Load

No.3 UPS

1,000 kVA

2,000/3 =
666.6 kVA

2,000/6 =
333.3 kVA

2 3

2,000/6 =
333.3 kVA

2,000/3 =
666.6 kVA

(a) At normal operation

Load

No.1 UPS

1,000 kVA

2,000/2 =
1,000 kVA

2,000/6 =
333.3 kVA

1 2

2,000/3 =
666.6 kVA

2,000/3 =
666.6 kVA

Load

No.2 UPS

1,000 kVA

2,000/2 = 
1,000 kVA

2,000/6 =
333.3 kVA

1 3

2,000/3 =
666.6 kVA

2,000/3 =
666.6 kVA

Load

No.3 UPS
Failure 
stoppage

1,000 kVA

0 kVA

0 kVA

2 3

0 kVA

2,000/3 =
666.6 kVA

(b) At single-unit failure

Minimum number of 
output branches
= N s (N s −1) = 6

Maximum capacity 
of single output branch circuit
= P(N s −1)/N s
= 1,000 × 2/3
= 666.6 kVA

Load input power supply 
combinations

3C2 =  = 32 × 1
3 × 2

Fig.6    Common backup system that does not distinguish between primary and backup units (e.g. of 3 groups, UPS group capacity of 
1,000 kVA and load capacity of 2,000 kVA)
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(2) Sato, A. et al. “UPS7300 WX-T3U,” Large-Capacity 
UPS Using SiC Hybrid Modules for North America. 
FUJI ELECTRIC REVIEW. 2017, vol.63, no.1, p.63-65.

(3) Yasumoto, K. et al. High-Efficient Power Supply Sys-
tems Utilizing 3-Phase 4-Wire Uninterruptible Power 
Systems. FUJI ELECTRIC REVIEW. 2019, vol.65, 
no.1, p.58-63.

(4) Yasumoto, K. et al. “UPS7000HX-T4” High-Efficiency 
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(5) Sato, A. et al. UPSs for Hyper Scale Data Centers. 
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150.

N :    Number of parallel redundant UPSs, number 
of standby redundant primary UPSs

Ns :    Number of UPS groups in the common backup 
system

L :  Capacity per circuit (VA)
P :  UPS group capacity (VA)
A :  Availability
MTBF:  Mean time between failure
MTTR:  Mean time to repair
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Power conditioning systems (PCSs) used in pho-
tovoltaic power generation can be broadly divided 
into two types depending on the generation capacity.  
For large-scale power generation of megawatts (MW) 
or higher, a centralized type is used in which large-
capacity PCSs are utilized to collectively perform 
power conversion.  For small-scale power generation, 
a string*1 type is used in which small-capacity PCSs 
are distributed in a decentralized manner to take 
advantage of their ease of installation and manage-
ment.  However, in recent years, the number of large-
scale power generation systems has been on the rise 
that use multiple string-type PCSs connected to each 
other.  The reason for this is that, compared with the 
centralized type, string-type PCSs can reduce the risk 

KIUCHI, Tadaaki *   TSUJIMURA, Norikazu *   MORISHIMA, Yosuke *   

“PIS-50/500” (1,100 V DC/50 kVA) Power Conditioning System 
for Photovoltaic Power Generation (for the Japanese Market)

of power reduction in the event of failure through their 
decentralized distribution of small-capacity PCSs.  
Furthermore, there are other advantages, such as the 
ability to generate more power through each boost 
circuit performing maximum power point tracking 
(MPPT) control.  In addition to their easy installation 
work that eliminates the need for foundation construc-
tion, delivery roads and heavy machinery, the increase 
in the capacity of the small-capacity PCSs has resulted 
in a decrease in the unit cost per watt (watt).  This has 
helped to suppress the introduction cost of the entire 
system.

In response to these market changes, Fuji Electric 
has added the “PIS-50/500” (1,100 V DC/50 kVA) 
string-type PCS to its PCS line-up composed of 
centralized-type PCS Series (see Fig. 1).

1.  Overview of the “PIS-50/500”

1.1  Features
Figure 2 shows the system confi guration of the 

PIS-50/500.  The power converter mainly consists of a 
booster circuit [Fig. 2-(1)], which boosts the voltage ob-
tained from a photovoltaic (PV) cell, and a DC/AC con-
version circuit [Fig. 2-(2)], which converts DC into AC 
to regenerate power to the power grid.

Using boost circuits, each connected to two strings 

Fig.1  “PIS-50/500”

DC
 link

(1) Boost circuit (MPPT control)

EMC
 filter

PV

(3) Open-
      close switch

(2) DC/AC 
      conversion circuit

Control circuit Monitoring 
device

RS-485

Android* 
device

USB

*Android is a trademark or 
  registered trademark of 
  Google LLC.

Fig.2  String-type PCS system confi guration

*1:   A string type connects multiple PV panels in series to 
achieve a specifi ed voltage and current.  This series-
connected group is called a “string.”
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as standard, the PVs highly efficiently convert power 
even if the amount of energy is small due to unfavor-
able environmental conditions, such as morning, eve-
ning, and cloudy sky.  Furthermore, MPPT control is 
designed to maximize the amount of power generated 
per string.

The PCS comes standard with a wiring connector 
and open-close switch [Fig. 2-(3)] that can be directly 
connected to the PV.  This eliminates the need for a 
connection box that consolidates PV wiring and opens 
and closes the wiring connection.

1.2  Specifications
Table 1 shows the main specifications of the prod-

uct.
It is most important for PCSs to reduce power loss 

during power conversion, that is, high conversion ef-
ficiency.  By coming standard with a boost circuit and 
featuring optimal PV control and a special selection of 
power semiconductors, the PCS has achieved an effi-
ciency of 99% (maximum) and 98.5% (Euro standard).  
Figure 3 shows the conversion efficiency characteristics.

String-type PCSs are usually installed on the roof-
tops of factories and buildings or in mountainous ar-
eas or on lakes.  Therefore, they need to be able to be 
transported and installed without heavy machinery.  
In this regard, this PCS has a reduced mass and elimi-
nates the need for a completely waterproof housing 
(IP65) and cooling fan to dissipate the heat generated 
by power semiconductors during power conversion.  
This enables it to be installed outdoors and achieve a 
10-year maintenance-free service life.  In addition, the 
system can operate at ambient temperatures of up to 
60 °C without stoppages, even when installed on roof-

tops in midsummer (see Figs. 4 and 5).
It comes with a function for communicating with 

remote monitoring devices via RS-485 communica-
tion.  Moreover, it comes with a function that enables 
an Android*2 terminal to be directly connected to the 

Table 1  “PIS-50/500” specifications

Item Specification

Overview
Rated output 50 kVA

Insulation system Transformerless system

Electric 
specifica-

tions
(DC input)

Maximum DC input 
voltage 1,100 V DC

DC input voltage
(MPPT range) 200 to 1,000 V DC

Number of DC  
input branches 8

Electric 
specifica-

tions
(AC output)

Output voltage 
range 500 V AC -10 to +10%

Frequency range 50/60 Hz ±6%

Number of output 
phases

3-phase 3-wire, ungrounded 
system

Equipment  
efficiency

99% (Maximum)

98.5% (EURO efficiency)

Structure

Compatible IP IP65

Cooling system Natural cooling

Dimensions W930 × D260 × H540 (mm)

Mass 58 kg

Operation  
temperature -25 °C to +60 °C
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Fig.3  Conversion efficiency characteristics
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Fig.4  Operating ambient temperature characteristics

Location: Wuxi Fuji Electric FA Co., Ltd. (China)
Estimated power: 920,000 kWh / year (PIS-50/500 24 units)

Fig.5  Application example

*2:   Android is a trademark or registered trademark of 
Google LLC.



81“PIS-50/500” (1,100 V DC/50 kVA) Power Conditioning System for Photovoltaic Power Generation (for the Japanese Market)

N
ew

 P
ro

du
ct

s

PCS in order to facilitate easy outdoor monitoring of 
operations and perform status checks during installa-
tion trial runs and maintenance.

2.  Supporting Technologies

2.1  Enhanced efficiency
In order to reduce the loss generated by the power 

semiconductors during power conversion, SiC-SBDs 
(Schottky barrier diodes) are used in the boost circuit 
of the power converter and three-level conversion cir-
cuits are used in the DC/AC conversion circuit.  The 
three-level conversion circuit also suppresses the noise 
generated by the semiconductors during switching and 
reduces the waveform distortion of the output current.  
In addition, switching noise has been suppressed by 
using built-in electromagnetic compatibility (EMC) fil-
ters that meet IEC and national EMC standards.  

2.2  Reduced weight
Typical outdoor panels consist of an inexpensive 

steel housing with an anti-corrosive or reinforced coat-
ing.  In contrast to this, in order to reduce the weight 
of the PCS, aluminum was used extensively for the 
housing and structure to achieve a weight of 58 kg, 

eliminating the need to use heavy machinery during 
installation.

2.3  Long-term maintenance-free life
A forced air cooling system with a fan is usually 

used to dissipate the heat of power semiconductors.  
However, this type of configuration requires periodic 
maintenance, even though it uses mechanical devices 
such as mesh filters to prevent it from being affected 
by wind, rain and dust.  As mentioned above, we have 
reduced the power loss of the power semiconductors 
and decentrally and optimally arranged them on the 
fins to achieve the PCS with a natural air-cooling with-
out the use of a fan.

Launch date
November 2019

Product Inquiries
Department V, Business Development Division, 
Power Generation Business Group, Fuji Electric Co., 
Ltd. 
Tel: +81-3-5435-7048
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Under the Paris Agreement (COP21), an interna-
tional framework on global warming and other climate 
change issues adopted in 2015, Japan has set a goal of 
reducing its greenhouse gas emissions by 26% by 2030, 
compared with 2013 levels.

In addition, the 2018 amendment to the “Act on 
the Rational Use of Energy” (Energy Saving Act) estab-
lished a new system to provide a special depreciation 
of 30% or a tax credit of 7% of the acquisition price of 
newly purchased energy-saving equipment through the 
“Tax System for Promoting Investments that Advance 
Energy Savings and Renewable Energy” in order to 
thoroughly promote energy savings in society.

Encouraged by these agreements and amended 
laws, households and businesses have been widely 
implementing energy savings of electricity through the 
purchase of eco-friendly products and the use of renew-
able energy sources such as solar power.

Electricity can be easily measured, and various 
energy-saving measures have been already performed 
by visualizing.  Therefore there will not be much room 
for savings.  On the other hand, steam is diffi cult to 
measure and visualize and this makes it hard to see 
the effect on energy savings.  Even when energy-saving 
measures are implemented, it is thus often diffi cult to 
sustain them.  However, in order to achieve further en-
ergy savings, it is inevitable that steam usage will also 
need to be optimized.

1.  Ultrasonic Flowmeters for Steam

In order to achieve steam visualization, Fuji 
Electric has developed and commercialized a clamp-on 
ultrasonic fl owmeter for steam that can be mounted to 
piping externally (see Fig. 1).

This is the world’s fi rst clamp-on ultrasonic fl ow-
meter for steam that can measure pressures as low as 
0.1 MPa (G), and can even measure the terminal fl ow 
rate of boiler equipment.

Conventional differential pressure fl owmeters are 
susceptible to large orifi ce-induced pressure losses and 
require maintenance if they become clogged.  Energy 
loss due to pressure loss is not desirable when measur-
ing fl ow rate for the purpose of achieving energy sav-
ings.

Furthermore, insert-type fl owmeters, including 

HIRAYAMA, Noritomo *   KANAI, Hideo *   KISHIRO, Masami *   

Ultrasonic Flowmeters for Steam (Clamp-On)

vortex fl owmeters, carry the risk of equipment failure 
due to water hammer or excessive steam fl ow.

In contrast to this, clamp-on fl owmeters suffer no 
pressure loss and are not affected by changes in the 
condition of the measurement fl uid.  Therefore, there is 
no energy loss and the risk of equipment failure is low.

Furthermore, there is no need to cut pipes to in-
stall the sensor, which eliminates concerns about 
steam leaks.  Moreover, the entire sensor can be cov-
ered with insulation, making it ideal as an energy-
saving device with little energy loss due to the low heat 
dissipation.

2.  Features

This product, which measures the saturated steam 
of boiler equipment, has the following features:
(1)  Installable without piping work even while the 

equipment is in operation
The fl owmeter can be externally mounted on a 

pipe, so that it can be installed fl exibly even while the 
equipment is in operation.  Furthermore, the sensor is 
mounted on a rail, enabling its mounting position to be 
adjusted easily and quickly.
(2)  Capable of measuring both low-pressure and high-

temperature steam
This fl owmeter can measure low-pressure steam, 

which was diffi cult for conventional ultrasonic fl owme-

(a) Flow transmitter

(b) Detector

Fig.1    Ultrasonic fl owmeter for steam (clamp-on type)
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ters.  It can also measure steam up to 180 °C, which is 
lower than the Curie point, enabling the ultrasonic os-
cillator to maintain its magnetism.
(3)  Capable of mass flow conversion

The flowmeter can output mass flow rate by cal-
culating the density from the steam temperature ac-
quired from an external input signal (analog input) or 
measured by an optional platinum resistance tempera-
ture detector.
(4)  High accuracy and fast response

The flowmeter achieves a response time of 0.2 
seconds with the high-speed field-programmable gate 
array (FPGA) .  It can measure fast flow rates is fast, 
despite a clamp-on type, ensuring a measurement ac-
curacy of 3.0% at10 to 30 m/s.

Table 1 provides the main specifications of the 
product.

3.  Measurement Principle

Similar to ultrasonic flowmeters for fluids, the 
flow rate is measured using the transit-time difference 
method.  In the transit-time difference method, ultra-
sonic pulses are sent back and forth between a pair of 
sensors so as to obliquely cross the measurement fluid.  
The transit time will differ depending on the flow rate 
of the measurement fluid.  Differences in the transit 
time are used to measure the flow rate of the steam 
(see Fig. 2).

Steam and gas are difficult to measure with con-
ventional techniques because their ultrasonic trans-
mittance is only about 1/2,400 compared with that of 
fluids.  However, we modified the sensor structure so 
that it could improve the efficiency of ultrasonic wave 
propagation.  In addition, as shown in Fig. 3, we in-
creased the S/N ratio by wrapping noise absorbing 
material around the pipe surface in order to greatly 
reduce the noise coming from around the pipe surface.

The product uses lamb waves for measuring, in-
stead of longitudinal waves commonly used for liquid.  

The sound rays in the fluid propagated from the lamb 
waves are widely distributed, which is a beneficial na-
ture for high sensitivity and resistance to splashes.

The lamb waves are excited when the phase speed, 
wedge sound speed and incident angle satisfy Equation 
(1).

=
Ci

Cp θ isin
 ........................................................... (1)

 Cp :  Lamb wave phase speed
 Ci  :  Wedge sound speed
 θ i  :  Wedge incident angle

The sensor configuration is determined by obtain-
ing the phase speed of the lamb waves from the wedge 
sound speed and incident angle, selecting the mode to 
be measured from the dispersion curve, and obtaining 
the frequency of the oscillator from the pipe thickness 

Table 1  Specifications

Item Specification

Applicable fluid Saturated steam

Minimum pressure 0.1 MPa (G)

Maximum fluid 
temperature 180 °C

Accuracy ±3.0% of rate (10 to 30 m/s)

Diameter 50 A (SGP*1 pipe, SUS*2pipe)

Pipe thickness 2.8 to 3.9 mm

Straight pipe 
length Upstream 20D*3, downstream 10D or more

Output
4 to 20 mA DC × 1
Contact output × 1

Integrated pulse output × 1

Power supply 100 to 240 V AC, 50/60 Hz

*1:  Carbon steel piping pipes
*2:  Stainless steel pipes
*3:  Pipe inner diameter

Sensor 1

Flow

Sensor 2

Transmission Reception

Sensor 1 ⇒ 2

Sensor 2 ⇒ 1

Time difference

Fig.2  Transit-time difference method
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Fig.3  S/N countermeasure
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and the transverse sound speed of the piping (see Fig. 
4).

4.  Application Examples

4.1  Application example 1 (sterilization facilities)
We conducted a field test at a certain plant to diag-

nose energy savings by analyzing the heat balance of 
steam used in the plant’s sterilization facilities utiliz-
ing a steam ultrasonic flowmeter.

In the facilities of this example, steam was used 
as the heat input for heating the hot water of a heat 
exchanger.  A steam flowmeter was installed at the 
steam inlet (see Fig. 5).  In addition, a temperature 
sensor and ultrasonic flowmeter for liquids were also 
installed to create a system that could connect to the 
in-house evaluation server in order to remotely moni-
tor the collected data in real time.

The steam’s heating quantity was discharged with 
the factory products and consumed by the cooling wa-
ter and the heat loss due to drainage and hot waste 
water.

The results of the field test revealed the following:
(a)  The products’ outlet temperature was at least 

5°C above its design value.
(b)  Approximately 30 kW of flash steam was gener-

ated from the hot waste water.
(c)  Heat input from steam existed even when the 

facilities were stopped.
Therefore, we analyzed the causes of these phe-

nomena.  The reason why the product outlet tempera-
ture was higher than the design value was because 
the amount of heat recovered was lower than the de-
sign value due to aging of the heat exchanger.  The 
flash steam was generated because 0.3-MPa (G) high- 
pressure water flows into a 0.0-MPa (G) pipe.  As a re-
sult, we found that the flash steam could be separated 
and recovered in the flash tank and that the hot waste 
water could be recovered and used as waste heat by 
utilizing a heat pump.

4.2  Application example 2 (Boiler equipment)
We learned that the steam flow rate had never 

been measured for the boiler equipment at a certain 
plant.  Therefore, the purpose of the field test was 
to install a steam flowmeter to investigate whether 
wasteful consumption was occurring and to propose 
energy-saving measures.

Although the installation space and surrounding 
area was insufficient, we were able to mount a sensor 
to the vertical pipe located immediately behind the 
header as shown in Fig. 6.

After taking measurements for about two weeks, 
we found that 4 m3/h of steam was always flowing even 
at night and on holidays when there were no personnel 
at the plant and that there was wasteful consumption, 
such as a large amount of steam suddenly flowing at a 
certain time during holidays.  As a result, we investi-
gated the operating conditions of the boiler.

As can be seen from these examples, this product is 
effective as an energy-saving device for steam.

iθ

Fig.4  Lamb wave excitation conditions
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Fig.5  Sterilization facility heat exchanger diagram
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Launch date
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Industry Business Group, Fuji Electric Co., Ltd.
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In recent years, the scale of industrial plants with 
motor applications has been expanding, and thus 
plant operational effi ciency has been required  much 
more than ever before. Furthermore, traceability is of 
growing important in production site.  Therefore, the 
amount of data handled by this type of plant system is 
increasing.

In steel plants, such as those with surface treat-
ment lines and rolling mills, electrical equipment is 
driven by inverter control.  The controller used in such 
a plant is required to use a high-speed, large-capacity 
memory and high-reliability network to enable it to 
support system advancements.

The “MICREX-VieW XX (Double-X) XCS-3000 
Type E” controller has been developed in order to meet 
these requirements to be achieved. This controller is 
a core component of high-speed electric controller sys-
tems capable of monitoring and controlling the opera-
tional status of production facilities and quickly updat-
ing large amounts of monitoring and control data while 
maintaining high reliability (see Fig. 1).

1.  Features

There are two types of “MICREX-VieW XX” con-
trollers depending on the required applications involv-
ing instrumentation control and plant control. For 
instrumentation control system applications, the “XCS-

KURIHARA, Tsukasa *   NAGATSUKA, Kazuhito⁑   OTSUBO, Kosuke⁑   

“MICREX-VieW XX (Double X) XCS-3000 Type E” 
High-Speed Controllers for Electrical Machinery Control

3000 Type I” is available to achieve high reliability by 
employing system redundancy.  For industrial plants 
with motor applications, the “XCS-3000 Type E” is 
available  to achieve high-speed and reliability.

Figure 2 shows an example of using the XCS-3000 
Type E in a system confi guration for an industrial 
plant with motor applications, and Table 1 shows the 
specifi cations of the XCS-3000 Type E.

1.1  “SX-Net” high-speed, high-capacity control network
“SX-Net” is Fuji Electric’s proprietary control net-

work that is capable of updating common memory*1 at 
a maximum speed of 8 Kwords/ms with a maximum 

Fig.1  “XCS-3000 Type E”

Other equipment connection

Data acquisition system
f(s)NISDAS7

FL-net*

PE link
Network
adapter

SX-Net 
line redundancy

E-SX line 
redundancy

I/O output 
synchronization

XCS-3000
Type E

Monitoring and control data
High-speed collection

I/O devices

Other company 
equipment

Other company 
equipment

Existing 
Fuji Electric 
equipment

Existing 
Fuji Electric 
equipmentPE link

Existing 
Fuji Electric 
equipment

Existing 
Fuji Electric 
equipment

* FL-net is a trademark or registered trademark of The Japan Electrical 
   Manufacturers’ Association

Fig.2    System confi guration example for industrial plants with 
motor applications

*1:   Common memory is a memory block commonly recog-
nized by all controllers connected to SX-Net.  It can be 
regarded as the “global shared memory space for the 
controllers in the SX-Net system.”

*2:   Ethernet is a trademark or registered trademark of Fuji 
Xerox Co., Ltd.
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capacity of 1,128 Kwords by using Gigabit Ethernet*2 
and performing high-precision time synchronization 
and time-division transmission rights control for con-
nected stations.  SX-Net makes it possible to collect de-
tailed data at high speeds, even in large-scale systems.  
The data can then be used for real-time visualization 
of production process information, predictive diagnosis 
using large amounts of stored information and energy 
optimization.

The system also comes with a system synchroniza-
tion function that can synchronize all data exchange 
and control application execution cycles of SX-Net and 
the I/O network (the E-SX bus).  This feature improves 
data transfer throughput all the way from I/O devices, 
such as E-SX bus driving units, to the “f(s)NISDAS7” 
data acquisition system on the control network (max.  
speed of 1.0 ms).

1.2  “E-SX Bus” high-speed, high-precision synchronous 
bus
“E-SX Bus” is Fuji Electric’s proprietary high-

speed, high-precision synchronous bus that is capable 
of updating 16-axis driving units within 0.5 ms, with 
an output timing error of ±1 μs between driving units.  
Furthermore, the system synchronization function us-
ing the SX-Net protocol described above allows mul-

tiple XCS-3000 Type E controllers to operate in a syn-
chronized control cycle, while additionally enabling the 
E-SX bus of each XCS-3000 Type E controller to also 
operate in a synchronized manner (±80 μs).

This synchronizing feature by using  SX-net and 
E-SX bus can synchronously control a huge scale sys-
tem such as connecting a large number of driving 
units.

1.3  Enhanced network reliability
In a typical control system, all the devices con-

nected to the controller are bus-connected to the same 
network.  Therefore, if a network failure occurs, such 
as a wire breaking, all devices are disconnected at 
once.  In contrast to this, our system has increased 
reliability by utilizing circuit redundancy using loop 
connections in the control network and I/O network to 
reduce the risk of an unpredictable shutdown.

1.4      Mixed system in combination with instrumentation 
and electrical machinery control systems
For the control network, in addition to Fuji 

Electric’s proprietary SX-Net, it is possible to switch to 
the internationally standardized FL-net protocol*3, an 
industrial open network developed in Japan.  This en-
ables users to construct a mixed system that combines 
a instrumentation and control system and electrical 
machinery control system (see Fig. 3).

1.5  Function for connecting with existing Fuji Electric 
equipment and the equipment of other companies
Plant systems require the ability to connect with 

existing Fuji Electric equipment as well as with the 

Table 1  “XCS-3000 Type E” specifi cations

Item Specifi cation

Control 
network

Supported protocols

Select either 
SX-Net or 

FL-net from the 
settings

SX-Net

Speed performance (1) 
(Physical layer trans-
mission speed)

1,000 Mbits/s

Speed performance (2) 
(Common memory 
transmission speed)

Max. speed 
8 Kwords/ms

Large capacity (1) 
(Common memory size)

Max. size 
1,128 Kwords

Large capacity (2) 
(Number of connections) Max. 126 units

Reliability features 
(Line redundancy avail-
ability)

Yes

I/O 
network

E-SX 
bus

Speed performance (1) 
(Physical layer trans-
mission speed)

100 Mbits/s

Speed performance (2) 
(I/O speed)

Max. speed 
512 words/ms

Large capacity 
(I/O capacity)

Max. size 
4,096 words

Reliability features 
(Line redundancy avail-
ability)

Yes

Syncing features 
(Output station syncing) Yes

Application

Memory read/write 
speed 1 to 70 ns

Engineering tool
VieW/C (Expert)

Common with Fuji 
Electric PLCs

HMI*1 device

FL-net*2

XCS-3000
Type E

E-SX E-SX

XCS-3000
Type I

Instrumentation and 
control system

Electrical machinery 
control system

*1  HMI : Human Machine Interface
*2  FL-net is a trademark or registered trademark of the Japan Electrical 
      Manufacturers’ Association

Fig.3    Mixed system in combination with instrumentation and 
electrical machinery control systems

*3:  FL-net is a trademark or registered trademark of The 
Japan Electrical Manufacturers’ Association
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equipment of other companies.  To meet the such cus-
tomer request flexibly, the network expansion adapter 
as option equipment is applicable to the XCS-3000 
type E,  allowing to connect Fuji own network such as 
PE-LINK and DPCS-F, and FL-net standard network. 
Furthermore, connecting through the network adapter 
via Gigabit Ethernet to the XCS300 Type E even under 
configuration of multiple large-capacity network ex-
changes the all control network data within 50 ms.

1.6  Improved application speed and capacity
The “XCS-3000” comes with a mechanism that al-

lows applications to be executed using only high-speed 
memory, thereby improving application processing 
speed.  In addition, by increasing the program capacity  
(512 Ksteps), the conventional control system is al-
lowed to execute the process by a single controller that 
has been executed by multiple controllers before.

1.7  Integrated engineering environment
In plant systems, programmable logic controllers 

(PLCs) for small-scale control are typically configured 
under a controller such as the XCS-3000 Type E, which 
is able to control a large-scale system.  Fuji Electric’s 
controllers contribute to the efficiency of engineering 
because the same engineering tools can be used to de-
velop applications for both large and small scale appli-

cations.

2.  Application Example

As an application example of the XCS-3000 Type 
E, we will describe a plant drive control system for a 
steel process line, as shown in Fig. 4.

Hundreds of motors, inverters, valves and sen-
sors operate on the process line for heating, pickling, 
plating and coating steel materials.  The number of 
I /O points for this control system is more than tens of 
thousands.

The SX-Net loop (control scan cycle:  10 ms) is used 
for the line control PLC control network, and the E-SX 
bus loop (control tact cycle:  5 ms) for the inverter I /O 
network.  Applying loop connections in the control net-
work and I/O network ensures that neither the control 
PLCs or inverters will be disconnected in the event of a 
network failure at a single location.  This has enabled 
the system to reduce the risk of declining productivity 
due to the unpredicted shutdown caused by network 
failures.

As mentioned above, customer facilities can utilize 
the XCS-3000 Type E to support drive control plant 
systems that use high-speed, large-capacity and high-
reliability networks in order to improve productivity 
and operations.

Pulse generator
Weld point detector

Tension meter

DMC

Instrumentation Utility Delivery Center Entry

PDCS*1Computer

*1　PDCS : Process data collection system
*2　HMI : Human machine interface
*3　DMC : Drive master controller
*4　Ethernet is a trademark or registered 
        trademark of Fuji Xerox Co., Ltd.

E-SX loop

Inverter panels

E-SX loop

Inverter panels

E-SX loop

Inverter panels
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Fig.4  System configuration example for steel process line



89“MICREX-VieW XX (Double X) XCS-3000 Type E” High-Speed Controllers for Electrical Machinery Control

N
ew

 P
ro

du
ct

s

Launch date
October 2019

Product Inquiries
Plant Sales Engineering Department, Automation 
Systems Division, Power Electronics Systems  
Industry Business Group, Fuji Electric Co., Ltd.
Tel: +81-42-585-6125



Through our pursuit of innovation in electric and 
thermal energy technology, 

we develop products that maximize energy efficiency and 
lead to a responsible and sustainable society.



Cover Photo:
(1) “MICREX-VieW XX (Double X)” monitoring and control 
system, (2) “SignAiEdge” on-site diagnostic system, (3) Clamp-
on ultrasonic flowmeter for steam, (4) “Micrex-SX Series” 
programmable controller

12020
Vol.66  No. Instrumentation and Control Solutions Contributing to 

Automation and Energy Savings

In the industrial fi eld, eff orts are being actively made to improve 
competitiveness through production reforms that include visualization 
of equipment operating conditions and prediction and analysis of equip-
ment failures, in addition to automation and labor saving to off set labor 
shortages. Measures are also being taken to promote energy savings 
with the goal of reducing environmental burdens.

Fuji Electric aims to contribute to automation and energy savings 
and expand its global business by utilizing its competitive components, 
such as measuring instruments and controllers required for instrumenta-
tion and control solutions, and systematization technologies that combine 
these components and the IoT technology.

In this special issue, we will introduce our latest components and 
technologies for instrumentation and control solutions, as well as their 
comprehensive solutions.

FUJI ELECTRIC REVIEW vol.66 no.1 2020
date of issue: March 30, 2020

editor-in-chief and publisher KONDO Shiro
Corporate R & D Headquarters
Fuji Electric Co., Ltd.
Gate City Ohsaki, East Tower,  
11-2, Osaki 1-chome, Shinagawa-ku,
Tokyo 141-0032, Japan
https://www.fujielectric.co.jp

editorial offi ce Fuji Electric Journal Editorial Offi ce
c/o Fuji Offi ce & Life Service Co., Ltd.
1, Fujimachi, Hino-shi, Tokyo 191-8502, 
Japan

Fuji Electric Co., Ltd. reserves all rights concerning the republication and publication after translation 
into other languages of articles appearing herein.
All brand names and product names in this journal might be trademarks or registered trademarks of 
their respective companies.
The original Japanese version of this journal is “FUJI ELECTRIC JOURNAL” vol.93 no.1.

(1)

(3)

(2)

America
Fuji Electric Corp. of America

Sales of electrical machinery and equipment, semiconductor devices, drive 
control equipment, and devices 

Tel +1-732-560-9410
URL https://americas.fujielectric.com/

Reliable Turbine Services LLC
Repair and maintenance of steam turbines, generators, and peripheral 
equipment

Tel +1-573-468-4045 
Fuji SEMEC Inc.

Manufacture and sales of door opening and closing systems
Tel +1-450-641-4811

Asia
Fuji Electric Asia Pacifi c Pte. Ltd.

Sales of electrical distribution and control equipment, drive control equip-
ment, and semiconductor devices 

Tel +65-6533-0014
URL http://www.sg.fujielectric.com/

Fuji SMBE Pte. Ltd.
Manufacture, sales, and services relating to low-voltage power distribution 
board(switchgear, control equipment)

Tel +65-6756-0988 
URL http://smbe.fujielectric.com/ 

Fuji Electric (Thailand) Co., Ltd.
Sales and engineering of electric substation equipment, control panels, 
and other electric equipment 

Tel +66-2-210-0615 
URL http://www.th.fujielectric.com/en/

Fuji Electric Manufacturing (Thailand) Co., Ltd.
Manufacture and sales of inverters (LV/MV), power systems (UPS, PCS, 
switching power supply systems), electric substation equipment (GIS) and 
vending machines

Tel +66-2-5292178 
Fuji Tusco Co., Ltd.

Manufacture and sales of Power Transformers, Distribution Transformers and 
Cast Resin Transformers

Tel +66-2324-0100 
URL http://www.ftu.fujielectric.com/ 

Fuji Electric Vietnam Co.,Ltd. *
Sales of electrical distribution and control equipment and drive control 
equipment 

Tel +84-24-3935-1593 
URL http://www.vn.fujielectric.com/en/ 

Fuji Furukawa E&C (Vietnam) Co., Ltd. *
Engineering and construction of mechanics and electrical works 

Tel +84-4-3755-5067 
Fuji CAC Joint Stock Company

Provide the Solution for Electrical and Process Control System
Tel +84-28-3742-0959 
URL www.fujicac.com 

PT. Fuji Electric Indonesia
Sales of inverters, servos, UPS, tools, and other component products 

Tel +62 21 574-4571 
URL http://www.id.fujielectric.com/

P.T. Fuji Metec Semarang
Manufacture and sales of vending machines and their parts 

Tel +62-24-3520435 
URL http://www.fms.fujielectric.com/ 

Fuji Electric India Pvt. Ltd.
Sales of drive control equipment and semiconductor devices 

Tel +91-22-4010 4870 
URL http://www.fujielectric.co.in 

Fuji Gemco Private Limited
Design, manufacture, sales, and engineering for drive control systems 

Tel +91-129-2274831 
Fuji Electric Philippines, Inc.

Manufacture of semiconductor devices 
Tel +63-2-844-6183 

Fuji Electric (Malaysia) Sdn. Bhd.
Manufacture of magnetic disk and aluminum substrate for magnetic disk 

Tel +60-4-403-1111 
URL http://www.fujielectric.com.my/ 

Fuji Electric Sales Malaysia Sdn. Bhd.
Sales of energy management systems, process automation systems, 
factory automation systems, power supply and facility systems, and 
vending machines

Tel +60 (0) 3 2780 9980 
URL https://www.my.fujielectric.com/ 

Fuji Furukawa E&C (Malaysia) Sdn. Bhd. *
Engineering and construction of mechanics and electrical works 

Tel +60-3-4297-5322 
Fuji Electric Taiwan Co., Ltd.

Sales of semiconductor devices, electrical distribution and control equip-
ment, and drive control equipment 

Tel +886-2-2511-1820 

Fuji Electric Korea Co., Ltd.
Sales of power distribution and control equipment, drive control equipment, 
rotators, high-voltage inverters, electronic control panels, medium- and 
large-sized UPS, and measurement equipment 

Tel +82-2-780-5011 
URL http://www.fujielectric.co.kr/ 

Fuji Electric Co.,Ltd. (Middle East Branch Offi ce)
Promotion of electrical products for the electrical utilities and the industrial 
plants 

Tel +973-17 564 569
Fuji Electric Co., Ltd. (Myanmar Branch Offi ce)

Providing research, feasibility studies, Liaison services 
Tel +95-1-382714 

Representative offi ce of Fujielectric Co., Ltd. (Cambodia)
Providing research, feasibility studies, Liaison services 

Tel +855-(0)23-964-070 

Europe
Fuji Electric Europe GmbH

Sales of electrical/electronic machinery and components 
Tel +49-69-6690290 
URL https://www.fujielectric-europe.com/ 

Fuji Electric France S.A.S
Manufacture and sales of measurement and control devices 

Tel +33-4-73-98-26-98 
URL https://www.fujielectric.fr/en

Fuji N2telligence GmbH *
Sales and engineering of fuel cells and peripheral equipment

Tel +49 (0) 3841 758 4500

China
Fuji Electric (China) Co., Ltd.

Sales of locally manufactured or imported products in China, and export of 
locally manufactured products 

Tel +86-21-5496-1177 
URL http://www.fujielectric.com.cn/ 

Shanghai Electric Fuji Electric Power Technology 
(Wuxi) Co., Ltd.

Research and development for, design and manufacture of , and provision 
of consulting and services for electric drive products, equipment for 
industrial automation control systems, control facilities for wind power 
generation and photovoltaic power generation, uninterruptible power 
systems, and power electronics products

Tel +86-510-8815-9229
Wuxi Fuji Electric FA Co., Ltd.

Manufacture and sales of low/high-voltage inverters, temperature control-
lers, gas analyzers, and UPS 

Tel +86-510-8815-2088 
Fuji Electric (Changshu) Co., Ltd.

Manufacture and sales of electromagnetic contactors and thermal relays 
Tel +86-512-5284-5642 
URL http://www.csfe.com.cn/ 

Fuji Electric (Zhuhai) Co., Ltd.
Manufacture and sales of industrial electric heating devices 

Tel +86-756-7267-861 
URL http://www.fujielectric.com.cn/fez/

Fuji Electric (Shenzhen) Co., Ltd.
Manufacture and sales of photoconductors, semiconductor devices and 
currency handling equipment 

Tel +86-755-2734-2910 
URL http://www.szfujielectric.com.cn/

Fuji Electric Dalian Co., Ltd.
Manufacture of low-voltage circuit breakers 

Tel +86-411-8762-2000 
Fuji Electric Motor (Dalian) Co., Ltd.

Manufacture of industrial motors 
Tel +86-411-8763-6555 

Dailan Fuji Bingshan Vending Machine Co.,Ltd. 
Development, manufacture, sales, servicing, overhauling, and installation 
of vending machines, and related consulting 

Tel +86-411-8754-5798 
Dalian Fuji Bingshan Smart Control Systems Co., Ltd.

Energy management systems, distribution systems, and related system 
engineering

Tel +86-411-8796-8340 
Fuji Electric (Hangzhou) Software Co., Ltd.

Development of vending machine-related control software and develop-
ment of management software 

Tel +86-571-8821-1661 
URL http://www.fujielectric.com.cn/fhs/

Fuji Electric FA (Asia) Co., Ltd.
Sales of electrical distribution and control equipment 

Tel +852-2311-8282 
Fuji Electric Hong Kong Co., Ltd.

Sales of semiconductor devices and photoconductors 
Tel +852-2664-8699 
URL http://www.hk.fujielectric.com/en/

Hoei Hong Kong Co., Ltd.
Sales of electrical/electronic components 

Tel +852-2369-8186 
URL http://www.hoei.com.hk/

Overseas Subsidiaries
* Non-consolidated subsidiaries

(4)

最終校正



Instrumentation and Control Solutions Contributing to 
Automation and Energy Savings

Printed on recycled paper

Whole Number 268,  ISSN  0429-8284

2020
Vol.66  No. 1

F
U

JI  E
L

E
C

T
R

IC
  R

E
V

IE
W

In
stru

m
en

tatio
n

 an
d

 C
o

n
tro

l S
o

lu
tio

n
s C

o
n

trib
u

tin
g

 to
 A

u
to

m
atio

n
 an

d
 E

n
erg

y S
avin

g
s

Vol.66  N
o.1  2020

最終校正


