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The 2024 Nobel Prize in Physics was awarded to Professor Geoffrey Hinton of the
University of Toronto, and to Professor John Hopfield of Princeton University, for their
contributions to the development of artificial intelligence. Physics is traditionally the
study of the “principle of matter,” so many were surprised that the Nobel Prize was
awarded for work associated with Al, which deals more with the “principle of
phenomena.” Al is a rapidly developing technology with a significant impact on
society, and the Nobel Committee demonstrated foresight in recognizing this trend. It
was truly a historic achievement. Today, we possess two types of intelligence: natural
intelligence based on the human brain, and artificial intelligence. In this article, |
would like to explore the history of both forms of intelligence, compare them, and
reflect on how Al is influencing our society and civilization.
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Figure 1 Neural circuit models, mathematical models of neurons (single-layer
perceptron), and multilayer perceptions.
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The digitization of laboratories in materials and life science research is rapidly developing. The emergence of automatic
and autonomous experiment systems utilizing machine learning and robot technology is expected to improve research
efficiency and lead to new discoveries. In particular, the strengths of Japan’s scientific instrument companies and robotics
industry can be leveraged to contribute to the world. It is important for researchers and companies to cooperate and
promote digitization with a common vision, which will enable the creation of new research styles and new materials.

Furthermore, data sharing, promotion of standardization, and human resource development are future issues.
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Figure 3 A synthesis system (sputter deposition system) and various measurement and analysis devices [X-ray
diffraction (XRD), Raman spectroscopy, UV-visible spectroscopy, scanning electron microscope, energy
dispersive X-ray spectroscopy] are connected. The shape of the sample holder and the communication
protocol when each module is connected are available on the Internet.
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Figure 4 Layered structure of the system. It is a collection of microservices. Below the
orchestration software is the physical layer.
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Figure 5 Building a research infrastructure that the world can rely on
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Figure 6 Bird’s-eye views open up new directions and reveal new areas to explore.
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DX (Digital Transformation) DRI, 2004FICAT 1 —F DI AT KZEDT
w7« ZMVE =7 DEEBRPTIERBITOESE Y, A4DEFEHS5WIETL
DRWARBICELE BB ZEIETEE L AEBMEPRTEN EELNTWVWS, tHOFT
FEHONhTVIDXDERIIEHH 20, REC BTV RNFEMEFEE L TERT
5ZET, EVRAETRESR 7O LI #IRANICEE L, EHED{EREEM
‘L, F-hMERELEEE*EFERTEIEEE A5, HORIBAIE, A4 - EHEIFRIT
EFAVWTDXERICAAIRET -2 e£AHET T TEL, I0TRAIE Vo LT
57T EFERL, B4ADXV Y1 —YalEEAaHELTHEY, AETIRZ
OBEZ RSB,

The origin of “Digital Transformation (DX)” is said that Professor Erik Stolterman of
Umea University in Sweden defined the concept as “The digital transformation can
be understood as the changes that the digital technology causes or influences in all
aspects of human life” in 2004. Although the definition of Digital Transformation
commonly used is not fully consistent, it can be said that the improvement of
operational efficiency and productivity, creating new value, and so on are realized
by fundamentally transforming business models and business processes with
utilizing digital technology as a tool. HORIBA provides not only generating essential
data for Digital Transformation, but also creating various solutions for customer’s
Digital Transformation utilizing digital technologies such as loT and Al. This article
describes overview of these solutions.
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Figure 1 HORIBA’s “‘HONMAMON”* solutions
https://static.horiba.com/fileadmin/Horiba/Company/Investor_Relations/IR_Library/HORIBA _
Report/20250514_HR_jp.pdf
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Figure 2 Light-Duty Chassis Testing
https://www.horiba.com/jpn/automotive/applications/emissions-performance-and-
durability/exhaust-emissions/light-duty-chassis-testing/
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Figure 3 Total Automation of Elemental Analyzers for Carbon and Sulfur
https://www.horiba.com/jpn/technology/automation/
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Figure 4 Total picture of [HORIBA MEDISIDE LINKAGE] system
https://edit.prd.horiba.biz/jpn/medical/news/news-press-release/
detail/news/8/2023/horiba-mediside-linkage-next/
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Figure 5 Remote support [AOP Connects |
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Figure 6 R&D strategy in Mid-Long Term Management Plan [MLMAP2028 |
https://www.horiba.com/jpn/company/investor-relations/mid-long-term-management-plan/
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Current Status and Future Prospects of Analytical Instrument Automation:
Toward the Realization of Plug & Play

SRS NUDOBENMEEED B (21, B4 DM BEAOEEME/ T T
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. Dr-0ICEFHREBOREOLBREIEETHY, 72 FEREHTH

AR ® SR & T AR A & ¢ B BN BB, JAIMA (AAS ST
ISHIKUMA Toru ) HHET 3 HMEDLADS OPC UADIBN &, RIRICDW RN B,

To promote laboratory automation, it is desirable not only to automate individual
analyzers but also to respond flexibly to daily changing tasks such as
pretreatment and test conditions, and to transfer samples and data between
instruments without manual operation. This paper introduces LADS OPC UA, a
standard promoted by JAIMA (Japan Analytical Instrument Manufacturers
Association), and describes its current status.
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The Interaction between ‘Artificial Intelligence” and
“the Safety and Security of Cyber Physical Systems”
AUET B2 7= IlHB TR T A N—1) X EREXEDEIR

Al is already being used in vehicle infotainment systems such as car navigation.
Recently, one of the most frequently encountered uses of Al in vehicles is in
driver support (ADAS) and automated driving systems (ADS). This article

Paul WOODERSON

explores the use of different forms of artificial intelligence (Al) in cyber-physical
systems, in particular automotive systems, the potential safety and security risks
posed by Al and how these risks are being addressed through emerging regula-

Dr. David WARD

tions, standards and technical solutions. We examine the functional safety impli-
cations of Al-based systems and how this is being addressed by the newly

NAKANISHI Hideki

published ISO/PAS 8800. We also provide an overview of typical cybersecurity
g

threat scenarios and attack methods that affect Al-based systems and how those
can be mitigated. Finally, we review some of the opportunities that Al can offer
for improving functional safety and cybersecurity.
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Introduction and Background

Artificial intelligence (Al) is emerging as a key new tech-
nology in modern engineering, with applications in many
industry sectors, including in cyber-physical systems such
as vehicles.

The benefits of Al come from the unique way it operates.
For example, instead of using fixed algorithms based on
physics or classical statistics, machine learning uses vast
sets of training data to teach an algorithm to identify pat-
terns or specific objects. Once trained, machine learning
algorithms can spot these patterns with greater speed and
accuracy compared to traditional techniques, whether the
task is interpreting human speech for voice control

30 | Recclout No.60 August 2025

applications or predicting the path of an oncoming vehicle.
Compared to traditional software decision-making, Al
can accomplish tasks that would otherwise be impractica-
ble with the time or computing power available.

Along with the significant opportunities presented by Al,
there are a number of risks, including risks to safety and
risks of intentional attacks. The complexity of Al-based
systems means that there are many different variables to
consider, increasing the potential for failures or
vulnerabilities.
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Uses of artificial intelligence in vehicles

Applications for Al systems in vehicles range from the
use of machine learning for object detection in automated
driving systems through to battery life predictions in
electric vehicles. Even infotainment systems are starting
to adopt generative Al technology.

One of the most frequently encountered uses of Al in vehi-
cles is in driver support (ADAS) and automated driving
systems (ADS). Al is seen as attractive since it enables
mimicking of human behaviour and human decision
making rather than following a rigid set of rules as would
be found in a system based on algorithmic decision making.
Al is therefore frequently used to interpret sensor data and
make decisions based on the perceived traffic environment.

However there are many potential uses of Al beyond
ADAS and ADS. One particular example is in battery
management systems, where Al can be used to help
implement more accurate predictions of battery life both
in terms of improving the energy efficiency of individual
journeys, but also managing the through-life efficiency
and longevity of the energy storage system.

Safety and security risks for Al-based
systems

Safety risks
The historical position on the use of Al-based systems in
safety contexts has been “to not do”. This is due to the
non-deterministic behaviour of such systems and the
closed box nature of their implementation.

By “non-deterministic” we mean that the output is not
fully predictable based on a given set of input conditions;

_ Poisoning /

Training
Data

Inference

Input * &

vy

? Exh&t'o&

Machine Learning

Evasion

Source: https:/github.com/Trusted-Al/adversarial-robustness-toolbox

Manipulate or backdoor the training data to
influence the response of the model

Manipulate the environment (e.g. traffic signs) to

Extract information about the model or its

parameters (model stealing, cloning)

Model \ Inference of training data
Extract information about the training data, enabling

identification or characterisation of members

the same set of input data might give different results on
different occasions. For example as a result of updated
learning data the system might behave differently on a
subsequent occasion.

By “closed box” we mean that the implementation of Al
based systems (particularly around learned behaviour) is
not amenable to detailed analysis. In traditional functional
safety methods a software-based system would be
designed at successive levels until so-called “software
units” are identified which can be subject to standalone
and detailed analysis and testing. Examples of this in tra-
ditional systems would be a function (or small number of
functions) in a language such as “C” that contains a rela-
tively small number of lines of source code.

From a safety perspective the ultimate goal is to demon-
strate “assurance” in a system — that it operates correctly
in its given operational context and does not present an
unreasonable level of risk to people exposed to its behav-
iour. Traditional methods need adapting for the complexi-
ties and uncertainties associated with Al-based systems
so that their benefits can be delivered while managing the
additional risks associated with them.

Security risks

Al, and in particular machine learning, introduces a
number of security-related risks, with various attack meth-
ods threatening different parts of the machine learning
implementation. Different types of Al threat and examples
of attacks that can realise those threats are shown in Figure 1,
which extends the classes of threat defined by the Linux®"
Foundation “Adversarial Robustness Toolbox” project!™.

Due to the learning aspect of Machine Learning systems,
attackers could manipulate the behaviour of the system by

Training data poisoning

r INTEGRITY

Adversarial examples

mislead the model
Model extraction

CONFIDENTIALITY
PRIVACY

Figure 1 Classes of threat based on the Linux®" Foundation “Adversarial Robustness Toolbox”.

*1 Registered trademark or trademark of Linus Torvalds in Japan and other countries.
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Parking area

Normal road

(a) Benign

Figure 2 Example of backdoor poisoning attacks (Source: )

targeting the training data without needing access to the
algorithm itself. These systems are only as reliable as the
training data used for the learning process, so removing
data or inserting false information into the training data
(known as data poisoning) could have a significant impact
on the correct behaviour of the algorithm. Research
experiments have demonstrated that so-called backdoor
poisoning methods could use specific patterns or inputs to
bypass normal detection methods® . Recent research has
demonstrated the practicality of such attacks in the physi-
cal world, specifically targeting lane detection systems™,
as illustrated in Figure 2. Experiments have shown these
attacks to be effective and robust against various defence
solutions, posing significant risks to the security and
safety of vehicles and passengers.

With varying degrees driver assistance now seen on many
new vehicles, attackers no longer need direct access to a
vehicle to influence its operation. Various methods of
‘spoofing’ to intentionally mislead the vehicle’s sensors
have been demonstrated by researchers, including the
class of attacks known as adversarial examples: an exam-
ple being small stickers placed on road signs by an
attacker (as shown in the image below from research by

Table 1 Automotive applicability of machine learning attacks.
Application area Al-based function

Advanced driver assistance systems
(ADAS)

Traffic sign recognition

Figure 3 Example of adversarial examples attack (Source: )

Eykolt et al) which change the way the sign is inter-
preted by image recognition systems but would be ignored
by the human eye(Figure 3).

The value attached to novel and proprietary Al algorithms
could make them a particularly lucrative target for intel-
lectual property theft. If a third party can access the Al
system — either through a vehicle or by other means, such
as an IT system — then they could potentially extract
details of the model or its parameters® and use the infor-
mation to either clone or manipulate the behaviour of the
target system.

Possible attack

Adversarial examples

Automated driving systems

Object detection and classification

Adversarial examples, Training data
poisoning

EV battery management

Predicting battery health and
parameters over lifetime

Training data poisoning, Model
extraction

Smart cockpit / user experience

voice assistant

Generative Al infotainment functions,

Personal information inference
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The applicability of some of these types of attack on auto-
motive Machine Learning systems is summarized in
Table 1.

A major challenge is that securing any system is an
uneven contest between attackers and defenders. Vehicle
manufacturers have a finite amount of time and resources
available to identify, analyze and resolve security issues
before a new vehicle is signed off for production. In con-
trast, attackers have unbounded opportunity to attack the
vehicle throughout its operational lifetime, and they only
need to be successful once to cause major damage. It
should also be noted that Al techniques may also be har-
nessed by attackers to increase their advantage and adapt
to evolving cybersecurity controls.

Emerging regulations and standards

General Al regulations and standards
General-purpose Al regulatory frameworks are now
emerging, such as the EU Al Act and the US National
Artificial Intelligence Initiative Act. For specific industry
verticals, such as automotive, it is possible that future
requirements for approval of Al-based systems in vehicles
may be added to existing automotive-specific type
approval processes. Alternatively, it may be left to the
industry to follow the general-purpose frameworks.

In addition, a major standardization activity is underway
in ISO/IEC to develop a range of Al-related international
standards. This activity is mainly under the ISO/IEC/JITC
1/SC 42 sub-committee, although other ISO/IEC commit-
tees and the European standards bodies CEN/CENELEC
are also developing Al standards. These standards cover a
wide range of aspects related to Al, from defining gover-
nance frameworks, to specific aspects such as ethical con-
siderations. Two examples of these general Al standards
that are also important for the safety and security of Al
are:

* ISO/IEC 42001 AT Management Systems — establishes
a framework for managing the lifecycle of Al systems,
ensuring their ethical, reliable, and secure deployment
across industries, including automotive. This standard
emphasizes governance and leadership commitment,
robust risk management, compliance with legal and
ethical standards, and stringent data management
practices. It outlines best practices for the design,
development, deployment, and continuous improve-
ment of Al systems, promoting transparency, account-
ability, and stakeholder engagement.

* ISO/IEC 22989 Al concepts and terminology — pro-
vides definitions of key concepts and terminology

related to artificial intelligence. This standard aims to
establish a common language for discussing Al across
various domains and industries, promoting clarity and
consistency in communication. By establishing a clear
and consistent vocabulary, ISO/IEC 22989 facilitates
better communication, a shared understanding of Al
technologies, models, and processes, and collabora-
tion among automotive manufacturers, technology
developers, regulators, and other stakeholders.

Al security regulations and standards

Standards specifically regarding the interaction between
Al and cybersecurity are currently under development,
including a CEN/CENELEC standard on “Cybersecurity
specifications of Al systems” and ISO/IEC 27090
“Cybersecurity — Artificial Intelligence — Guidance for
addressing security threats to artificial intelligence sys-
tems”, which is being developed by ISO/IEC/JTC 1/SC
27. At the current time, these standards are in the early
stages of development.

Regarding vehicle specific Al security regulation, with
the introduction of UN Regulation 155, cybersecurity is
already part of the Vehicle Type Approval process in mar-
kets such as the EU, Japan and South Korea. There are
currently discussions in the UNECE WP.29, which devel-
ops vehicle type approval regulations, about possible
future regulation of Al-based systems in vehicles,
although at the current time the content and timing of any
future regulation is unclear.

Al safety standards
As noted previously, the view on use of Al in safety-
related systems is moving from “do not” to “how can
we?” There is extensive work taking place to develop a
framework of standards for AI. As well as the more gen-
eral framework described above, the following should be
noted with particular reference for safety:

+ISO/IEC TR 5469" — this was an initial document
prepared in the context of the generic functional
safety standard IEC 61508 to provide preliminary
information on some of the methods and processes
available to incorporate Al elements in safety-related
systems,

« ISO/PAS 8800 — this builds on ISO/IEC TR 5469
and specifically addresses the use of Al elements
within automotive systems. It has a particular focus
on the risk associated with undesired safety-related
behaviour at a vehicle level due to output insufficien-
cies, systematic errors and random hardware errors of
Al elements. This document also assumes application
in the context of ISO 26262" — it supplements it rather
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than replaces it. Therefore a safety-related system
should be developed according to ISO 26262. The
functional safety design would create an architecture
for the system and allocate safety requirements to its
elements — if those elements are implemented using
Al then ISO/PAS 8800 would then be applied. There
are many important aspects of ISO/PAS 8800 but a
significant one is the use of AI properties to help
define an assurance claim that use of an Al element
achieves absence of unreasonable risk.

* ISO/IEC TS 22440 — currently under preparation, this
will build on ISO/IEC TR 5469 and incorporate con-
cepts from ISO/PAS 8800 as industries move towards
a “state of the art” on how to use Al within safety-
related systems.

Opportunities for Al to improve safety and
security

Al provides opportunities to address the asymmetry
between attackers and defenders. Technologies such as
machine learning are well-suited to identifying anoma-
lous behaviour that may be the first warning signs that a
system has been tampered with. The ability to efficiently
process huge datasets also makes machine learning a
powerful tool for monitoring the diverse and unstructured
corpus of published information about new threats,
attacks and vulnerabilities. For example, techniques like
natural language processing can be used to extract intelli-
gence from unstructured, text-based information, filter
out irrelevant content and highlight the potential threats.
This provides cybersecurity analysts and engineers with
actionable information to support decision making during
engineering, vulnerability management and incident
response activities.

Conclusion and outlook

In this article we have introduced different applications of
Al in automotive cyber-physical systems, including driver
assistance systems, automated driving and electric vehicle
battery management. We explored the safety risks due to
the “non-deterministic” and “closed box” nature of
Al-based systems and the need for traditional methods of
providing assurance to be adapted to address these addi-
tional risks. We have similarly outlined security risks of
Al-based systems, including poisoning attacks, adversar-
ial examples and model extraction. Finally, we have intro-
duced some key regulations and standards applicable to
Al-based cyber-physical systems, including those cover-
ing Al in general, as well as standards specifically
addressing the safety and security of Al
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Whatever shape future regulations may take, Al will have
a major role to play in the automotive industry and in
other industry sectors developing and deploying cyber-
physical systems. Organisations and individuals will need
to be mindful of the potential risks introduced by
Al-based systems, and the new methods required to pro-
vide assurance that the risks are appropriately managed.
However, with sufficient assurance, Al can open up a
whole range of exciting new possibilities to enhance the
capabilities of future cyber-physical systems.

HORIBA MIRA is at the forefront of the development of
methods safety and security assurance, including initia-
tives to extend these methods to Al-based systems as
described in this article. This expertise helps us provide
consulting, test and assurance solutions to automotive and
other customers, as well as helping to assure future
HORIBA products incorporating Al-based systems.

* Editorial note: This content is based on HORIBA’s
investigation at the year of issue unless otherwise stated.
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The Evolving STARS Ecosystem:

from Automotive Development to Material, Bio and Healthcare
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STARS Automation is a software platform developed to automate testing in auto-
motive development. It has evolved and improved continuously through ongoing
enhancements. In recent years, new platforms have been added to the STARS

James FOWLER

ecosystem. STARS Enterprise provides laboratory-level data management and
process automation capabilities beyond the automotive field, while STARS
Process functions as a flexible sensor management layer. This article will discuss
the history of STARS Automation and the consider the outlook for the STARS
ecosystem to underpin business growth across HORIBA.

KOYAMA Satoshi
AL BB
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Introduction

In the 1960s, HORIBA’s automotive division developed
the first MEXA, establishing itself as a global brand in
automotive exhaust gas analyzers. By integrating analyz-
ers with peripheral devices such as sample handling sys-
tems, HORIBA provided comprehensive exhaust gas
measurement systems to meet diverse customer needs.

In the 1980s, to address increasingly complex testing
requirements, HORIBA introduced “Test Automation” -
an integrated system using computer technology to con-
trol automotive test equipment, including analyzers -
pioneering digital test automation long before the term
Laboratory Digital Transformation (Lab DX) emerged.

HORIBA launched the current test automation platform,
STARS, in 2005, which has been continuously enhanced
with new features and global support.

This paper outlines the evolution and future development
of the STARS platform, including its extended ecosystem
- STARS Enterprise and STARS Process - and discusses
its application beyond the automotive field as part of
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efforts toward realizing Lab DX.

Overview and background

Automobile development has become increasingly com-
plex due to stricter emission regulations, fuel economy
standards, and efforts toward carbon neutrality, including
the push for electrification.

To meet these demands, modern vehicles integrate more
control devices and sensors, increasing the complexity of
control system optimization. As a result, automated test-
ing via test automation systems is now essential to main-
tain or reduce development time. In fact, automation of
every aspect of test operations has become the norm.

The STARS ecosystem currently comprises 3 platforms
that combine to provide vertical automation solutions
ranging from individual sensor management, through test
stand automation, up to test enterprise management
(Figure 1):
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STARS for Lab Management and Process
MES

Data Management

PAT
Orchestration

Sensors
Instruments

-

STARS for Propulsion Test Stands

Data Management
Process Automation
Workflow Scheduling
Asset Management

Test Stand Automation
Devices
Instruments

Actuators

Figure 1 The STARS Platform stack.

STARS Process, the newest member of the STARS
family, provides control and data acquisition at the instru-
ment/sensor level.

STARS Automation, the original STARS platform, pro-
vides real-time control, automation and data acquisition
for test stands. Developed to meet the diverse and
demanding requirements of test automation in automotive
development worldwide, STARS Automation offers a
compelling combination of ease of use and functionality,
with a comprehensive application engineering toolset. It
is scalable from single test stands to large test labs.

STARS Enterprise provides centralized data manage-
ment and process automation at the test field level, as well
as instrument and process line orchestration. STARS
Enterprise provides a framework for managing test
requests, test scheduling, device management and central-
ized data handling, accommodating standard and custom-
ized workflows. STARS Enterprise solutions significantly
enhance development efficiency.

In 2024, HORIBA launched its current mid-to-long-term
plan, MLMAP2028, and reorganized its structure from

five segments into three business field groups to
strengthen cross-segment collaboration. One of the three
central pillars of the plan is the shift from product-based
offerings to integrated solutions. By leveraging system
integration and solution expertise developed in the auto-
motive domain, HORIBA aims to expand these capabili-
ties across all business fields to drive sustainable growth.

The STARS ecosystem is a key enabler for this expansion,
with many of the solution patterns developed in the
automative domain proving to be equally relevant to non-
automotive fields. Practical implementations include Lab
DX in scientific laboratories, QC systems for the biophar-
maceutical industry, and autonomous experimentation
systems. Deployment across diverse sectors is actively
underway (Figure 2).

HORIBA'’s history in automotive test
automation

In 1964, HORIBA launched the “MEXA-1,” a three-com-
ponent exhaust gas analyzer that became a globally rec-
ognized brand. In 1972, the company introduced the
“CVS-31,” a constant volume sampling system employing

Expand product portfolio by combining business model
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Figure 2 Shift from product-base to system and solution provider.
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critical flow venturi (CFV) technology. By combining this
system with gas analyzers, HORIBA enabled the mea-
surement of exhaust gas flow rates, thereby meeting the
requirements of the new exhaust emission regulations that
came into effect in 1973.

In the late 1970s, HORIBA entered the field of exhaust
gas test automation through the acquisition of the chassis
automation business from InterTestAutomation.

With the rise of personal computing, HORIBA developed
the “HERT-100" in 1985, a test automation system for
engine development. This was followed by the “HERT-200"
for chassis dynamometer testing of complete vehicles.
These systems marked one of the origins of HORIBA’s
Lab DX approach, integrating analyzers, sampling sys-
tems, and dynamometers into comprehensive solutions.

By moving beyond standalone products and offering inte-
grated systems - including hardware and software -
HORIBA has addressed diverse customer needs. The system-
based approach remains a core strength of its automotive
business.

In 2001, HORIBA joined SRH Systems Ltd., a joint ven-
ture between Schenk AG and Ricardo PLC, marking the
transition from regional to global test automation platform
development. This collaboration led to the 2004 release of
STARS Engine, the first product based on the STARS
Automation platform for engine testing, and from that
point STARS Automation has played a central role in
HORIBA’s integrated solutions. In 2005, HORIBA
acquired the test systems business from Schenck AG,
making SRH a subsidiary of HORIBA.

Designed for broad applicability, STARS Automation was
soon extended to cater for vehicle, component, and brake

centralized data management and process management

STIXRS

Enterprise

system testing. HORIBA expanded the product lineup
with specialized applications such as STARS HDEET for
heavy-duty engine emissions, STARS Calibrate for ECU
calibration, and STARS VETS for vehicle emissions
testing.

To enhance efficiency in multi-test stand environments,
HORIBA introduced the STARS Cluster Server, enabling
centralized configuration and test result management.
Evolving customer needs and software technologies led to
the development of STARS Enterprise, a cloud-native
platform that supports comprehensive data management
and process automation across the test field, serving both
engineering and operations teams (Figure 3).

Architecture and technology of the STARS
platforms

Test automation systems are characterized by their
requirement to perform highly deterministic real-time
control and data acquisition tasks. Besides this, they must
provide the operator with powerful and intuitive tools to
create test routines, observe the execution of tests and
work with the test results afterwards. To address the real-
time requirement, STARS Automation incorporates a
multitasking hard real-time test execution environment,
with test execution step and data acquisition rates of up to
5 kHz. Determinism and low latency are achieved
through a real-time Windows""' extender subsystem (RTX),
which effectively hives off some of the computer’s
resources to support a real-time kernel and scheduler
which are isolated from the indeterministic environment
of the Windows""' operating system.

The operator’s workstation environment, which does run
in Windows"™", provides an intuitive, graphically oriented
user experience for the configuration of all the artefacts

real-time control, automation and data acquisition for
test rigs and test stands
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Figure 3 STARS Platform for automotive industry.
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that combine to create a test application. Tabbed, launch-
able work areas and multi-display support provide a pro-
ductive multitasking workspace in which applications can
be configured and results analyzed while simultaneously
monitoring test execution. The real-time and workstation
elements are deployed side by side on a high-performance
Windows™" PC, providing a convenient single-box package.

STARS Automation provides some tools and interfaces
targeting more advanced application developers, lever-
aged both by HORIBA solutions teams and customer
application engineers. For example, the integrated VSTA
(Visual Studio Tools for Applications) environment
includes a lightweight version of the Microsoft” Visual
Studio™"' IDE, which can be used to implement new auto-
mation features and apps using C# or VB.NET. The inte-
grated driver development kit (DDK) provides a no-code
environment for the creation of ASCII protocol device
drivers.

The STARS Enterprise platform was created to enhance
the operational efficiency, integrity and cost effectiveness
of testing organizations. Serving a distributed community
of engineering users and test operations staff, critical fea-
tures include data management integrity, exceptional
scalability, ease of deployment and maintenance, and
software update with zero downtime. To achieve these
objectives, STARS Enterprise employs a cloud-native
microservice architecture, with each microservice playing
a well-defined, focused role. They are implemented with
minimum dependency on other microservices and are
designed to be stateless, i.e. to hold no memory within
themselves of previous invocations or requests. When
deployed in a Kubernetes orchestration environment this
stateless quality allows duplicates of any microservice to
be started or stopped according to the demands on the
deployment, without interruption to service; so-called
horizontal scaling.

Underpinning the STARS Enterprise platform is a NoSQL
MongoDB database, capable of accommodating both
structured and unstructured data. The diversity of needs
that STARS enterprise aims to address, along with the
constantly evolving structure of the data involved,
requires the schema-less concepts of a NoSQL database,
which follows a less normalized data model, for this plat-
form. Changes or extensions to the data model can be
accommodated at application level, avoiding the need for
expensive and time-consuming database remodeling.
Structured data, with well-known, consistent relationships
between entities and fields, are also accommodated by
NoSQL databases, although a less normalized database

*{ Registered trademark of Microsoft Corporation in the United States
and other countries.

design is required compared to that typically employed in
an SQL database.

Security by design ensures that STARS Enterprise has
strong cybersecurity credentials. Tenancy support imple-
mented in the data service controls who has access to
what data, and a granular role-based user management
system gives fine control over the functionality assigned
to different users.

A STARS Enterprise solution starts out by creating a data
model tailored to the needs of the customer. The solution
is then created by combining standard platform compo-
nents with customer specific web apps, mobile apps and
services. A typical requirement for a STARS Enterprise
solution is that it integrates into the customer’s existing
STARS
Enterprise was designed with this role in mind. The flexi-
ble data model and event driven notification support in the
platform are key features in this respect.

ecosystem of data and business systems.

Data security is enforced through a secure data client
design pattern, in which any application (data client) to be
connected to STARS Enterprise must first be registered
with the relevant STARS Enterprise deployment by an
administrator. Through this registration the data client
will be granted a secure access token encapsulating its
identity and access rights.

Valuable synergies are realized by coupling a STARS
Enterprise (SE) deployment to a cluster of STARS
Automation (SA) workstations. In this scenario the datas-
ets of the two platforms are transparently synchronized,
with designated data resources being automatically
uploaded from SA to SE and/or downloaded from SE to
SA upon change. For example, in a mechatronic testing
laboratory, the end-to-end workflow, starting with an
engineering request, through test creation and transmis-
sion to the test stand, to results upload and automated
analysis, can be fully automated, leading to significant
increases in the efficiency of test operations (Figure 4).

Recent years have brought an increasing demand for
STARS Enterprise solutions to be provided as a HORIBA
operated cloud service, rather than as software to be pro-
cured and deployed on premises by the customer. The
service model allows customers to focus on their core
business with confidence that, through HORIBA’s STARS
Enterprise platform knowledge and cloud operations
expertise, system availability is assured and their data is
secure.

STARS Process is the most recent addition to the STARS
ecosystem, positioned closest to devices in the STARS

Readout No.60 August 2025
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Figure 4 VETS Test Request Solution.

platform stack. Conceived for instrument control and
sensor management, and developed in C++/Qt, STARS
Process is a lightweight, efficient framework in which to
implement smart sensor interface modules and instrument
controllers. It is generally deployed on low power con-
sumption hardware targets such as an embedded PC or
System-on-a-Chip (SoC).

The architecture of STARS Process features a modular,
message-based paradigm, with the platform’s middleware
supporting Publication/Subscription or Request/Reply
communication patterns. Web and QML based user inter-
faces are supported for local display/control panels, and
standard communications modules accommodate popular
communication protocols and connect STARS Process
based devices to the STARS Automation and STARS
Enterprise platforms.

STARS across all HORIBA business fields

While the roots of the more mature STARS platforms lay
in the mobility business field, the opportunity to deploy
STARS solutions in other business fields in which
HORIBA operates is clear. STARS Enterprise in particu-
lar, being a robust, secure and performant cloud-based
platform upon which to implement modular solutions,
offers huge potential in this respect.

In the Life Sciences field, although having established a
world class reputation for its analytical instruments,
HORIBA has not yet moved up the software stack to offer
solutions for instrument management and coordination.
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This situation is changing, as the potential of the STARS
Enterprise platform is embraced. In pharmaceutical man-
ufacturing, customers are showing strong interest in
device orchestration and Process Analytical Technology
(PAT) solutions from HORIBA, taking confidence from
HORIBA's stellar reputation for measurement in general,
and for automation and system integration in the mobility
sector. ‘Device’ in this context refers to smart sensors,
instruments, sample conditioning subsystems, material
transport subsystems and the like.

It has been observed that, given its highly deterministic
real-time control capabilities, the STARS Automation
platform would appear to be an obvious contender for
process device orchestration. In fact, the real-time perfor-
mance requirements in this application area are relatively
relaxed and the features of STARS Enterprise - high
availability, zero downtime upgrades, boundless scalabil-
ity, ease of integration with other data systems and cloud
readiness - make this HORIBA’s preferred platform for
orchestration.

Although the specifics are different, there is a marked
similarity between the orchestration features required for
pharma process orchestration and, say, materials R&D
applications. It is anticipated that the orchestration core
that HORIBA is developing for STARS Enterprise will
have broad potential across HORIBA’s business fields.
Indeed, a solution for managing an industrial coating for-
mulation facility is a good fit to the orchestration capabili-
ties of STARS Enterprise (Figure 5).
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Figure 5 Process orchestration for industrial coating formulation.

In the medical field, STARS Enterprise is being used as
the platform to support our next generation biology lab
data management solution. The high integrity data man-
agement provided by STARS Enterprise, along with its
flexible microservice architecture, have facilitated this
development. The direction of travel of DX solutions is
inexorably towards the cloud and the selection of STARS
Enterprise as the underlying platform ensures that the
transition from on-premises to cloud-hosted will be a
smooth one for this system when the time comes.

Data systems, the purpose of which is to ingress data of
different types, act upon those data in an intelligent way
to provide business value, and produce actionable outputs,
is another area of strong interest and potential for STARS
Enterprise based solutions. With the capacity to ingress
and store hundreds of thousands of data points per
second, and to push these data through analytical pipe-
lines that support advanced machine learning and Al
implementations, STARS Enterprise is a good fit here. For
example, for the water management industry HORIBA is
developing data solutions addressing measurement, data
persistence, visualization, and analytics, and offering
these end-to-end implementations on a HORIBA hosted
solution-as-a-service basis.

Conclusion

The STARS Automation platform, originally conceived
and architected more than 2 decades ago through the
combined experience of HORIBA, Schenck and Ricardo,
has underpinned a consistent growth in the scale and
breadth of automation systems in HORIBA. More

recently, with the addition of STARS Enterprise and
STARS Process, STARS has evolved into a comprehen-
sive ecosystem, a stack of platforms spanning the applica-
tion space from sensor management, through test rig
automation to enterprise process automation and data
management. Forged in the mobility business field, where
system integration is a core strength for HORIBA, the
STARS platforms have come of age and are now being
leveraged across HORIBA’s business fields to power auto-
mation and data management at all levels.

* Editorial note: This content is based on HORIBA’s
investigation at the year of issue unless otherwise stated.
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Powertrain Digital Twinning for Real-World Emissions Compliance
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A digital twin is a digital representation of a planned or real physical system,
product, or process that functions as its practically identical digital counterpart
for tasks such as testing, integration, monitoring, and maintenance. Creating
digital twins allows the ‘digital system’ or ‘digital product’ to be tested faster-than-
real-time improving the overall efficiency and reducing programme’s timescales.
The HORIBA Intelligent Lab virtual engineering toolset has been used produce
Empirical Digital Twins (EDT) of several contemporary Internal Combustion
Engine (ICE) propulsion systems. Digital twinning in its current format can
supplement real-world testing methods for the development, calibration,
optimisation, and certification of powertrains and vehicles. Given the move to
ever more stringent pollutant criteria over wider test conditions, which is expected
to put additional strain on Original Equipment Manufacturers (OEMs), the
HORIBA EDT approach is expected to increase efficiency and reduce time when
taking a vehicle or powertrain to market.

F—7—

Digital Twin, Dynamic DoE, DoE, Empirical modelling,
Data driven model
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Getting sufficient EU7 coverage will be a
Challenge to do physically. Simulation is vital.
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number of test permutations can increase.

Assumption:

Traffic density (3) < Driving style (3) <
Battery SOC (3) < Environmental
conditions (4) equates to 108

permutations
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Physically test
‘worst case’

Predict via
simulation

Physically test
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Predict via
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Predict via
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¥

|

Figure 1 An example for the need for combined physical testing and simulation
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‘ 1. Experiment design ‘

| 3. Model creation >| 4. Model validation >

2. Training data
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Figure 2 Stages of the HORIBA EDT approach (1) ; experiment design, generation of training data, modelling, and model validation.

5. Virtual or real scenarios > ‘

6. Predict responses >

‘ 7. ‘Hotspot' recalibration

Aftribute Y

Attribute X

ot Sy M)

Figure 3 Stages of the EDT approach (2) ; establishing real or virtual scenarios to couple with empirical models, prediction of responses,

and ‘hotspot’ determination.
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Figure 5 Vehicle and corresponding diesel engine tested at an OEM in the UK.

Readout No.60 August 2025

45



eature Article
FEHE G L

Real Driving EmissionBkH A X B FI%F IS (C B (F 7=Empirical Digital TwinDi8%E & &R

INGOEBRICIVIUGEN ML -0 7T =5 %2 d &
12, HEOMEREB X O A ISR 9 2 @ 7 kR
%T)I/%H% L 7z (Figure 2-3) .

EDTEE—E T IVIERK, #&EE, FAl

SEOETY 72, BRAEEFEO—D2THL )AL
YhF=a2—=F V4 v b7 —2%(Recurrent Neural
Network, RNN) "z E4#71 (Long Short-Term
meWJBTMﬂm%m%ﬁ&ﬁAt 70 —F %A
LCTwh,

RNN%#R LB L, EEORR R 7 — )V TELT 58
WY AT DIRIBTRE R ML TWb720THh b,
— T, WY ZRNNIZEWY =7 Y AF— % 29 B
12, REMKAEBROREASNEETH b, ARCH K ORED
ELRTWVE W) BENS 2, 2k LTLSTMIE,
FIRLEOMERE) 250 b L, AEHERAE & 12 Wil
EHETAHI LTINS ORELZRITHENT 5,

LSTMIZ, ®VIREE L 85D 7 — M (AT 77— b,
b BHZ- M) EREL, BEAOEERE ERICHRT L
&fﬁf‘o, @%E@)\ﬁtéﬁﬁ&{a\b»@fi@w&mﬁ%@ﬂﬁéo
ZHCEY, BEDOY =7 Y ANTRBOMEDSFHHILL %
wi% f%) HEEZBEOEREFAET 52 LD REL

% b %ﬁéhtﬁi H 5 H Lo SNz 7
SN EIZRY, YV OHIBE SN DR E o T b,

EFIVOFEFIE, Bl S oW B UE sz ML —
=TT IDPHONL, 2OT—FI2IE, ETIVDA
NEHE, FRERSE 25 MNEROWANEENTED,
FR5 7= & LC7 v T) Ancifis g, bL—

RNNO b L —=» Zi3EtEAmE , R 225 25
WNRH 5D, FREEOE NN L= 77— ERT
77 4 v 7 A7+ v (General-Purpose computing on
Graphics Processing Units, GPGPU) Oy HIZ X 0, KiiE
IR O MR SFEIHL SN T B, Bl 21, 9057 &
R ) A L, 10Hz THEBOZEIAD AT SN 6
O, FMLEIIBATET L, ETIVD ML —= ¥ FHEH
LEGREICHIZ 5N,

Mz T, $XTOERETIVIZ, FHlEEE EMEL LR
5 tf&&#Tbné@gmezalﬂmmAmmn
=ty N TR E N2 TV O L H % Figure 6127R

LTBY, 22T O00MRes L OHEH 7 28112
BT, MEMKEE FHEREOERPEEWNIZRENT

Wi,

HEMR O Efn > 1) + 2 REZER FICHHAT 2720102
RAEEmR Y I 21 —3 Y7 sy 27 THAHIPG
CarMaker % i L 72, ¥ 72809 cmR L - —H
THIZEDE, R FT A /3—=21PG CarMakerV\]“C’] o
7T K ENTZHEBORBERDEY 1 2 V& ETT 5 L)
5E L 720

ZOWRIEY F ) A ORE BRI, BERE LY 12520
WCEEIZY 32— a v EFEFTEDLEIZH D, 21U
0, 1BOHEMIZ L THEERORDET A b &5 TH
B CHEMT LI EDPMEEE b, 2) Lz Il —
vaywibiméhtﬁﬁitiﬂ7—bb4y®?—

—#1E, WIS TAEDTET NV Efia S, HEORER
%ﬂlm ZHIE L 2255, MEREB L OSBRI O K T
WASTHfE L 72 5 IPG CarMaker# i L TR HEZ >
F U F OFEHHIZOWTIX, Figure 71261273, 2N b D

YU, BE)Y 4 Y RUBRATIAT Yy 790D 5 IRABEERIZ & 1), Jdlifin A & A )V, ZSHEEE, Vv — ML
NBBTY— 7 v AHUHEE NG, Vo 2ERA, Ty VY, KT = MLA Y, BB VITHET
15
10.3%
g 10 [T
s 5] |13%|__ [ 19%] o [19%]  [-5.2%) L _-23%/ W 52%| [238%]
(0] i ] - ] R
° |05%| |09%\ Ioa%\ ; . [-0.1%]  [-24%] M
8§ 1 | T . . -
[&] ;
iy B Ll L
n 2 2] 3] [0 a EHE S ol [¢] [@ z
> -10 o R BT ] S o e (ST b = S Q{2 Z|Z | 2 =
g =V UE 2] 13 I3 I5] 1] &) (g |3 gl 18 g g
e ] = 73] (=] o o o) s = =3 = = = s
L e o o | e o ] e e o B - = o = B =1 B - e = 8 I |
§ : E 5 |5 = I =Y I Ll I ] I e T Tl F
25

Figure 6 Measured vs. predicted deltas for performance and emissions attributes for a PHEV SUV tested on a powertrain dynamometer.
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Figure 8 Predicted tailpipe NOx emissions for the PHEV SUV at sea-level and 1,800m.
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HORIBA has been developing various solutions to improve the efficiency of
automotive testing, including the test automation system “STARS” and the
automatic driving system “ADS EVO.” However, when visual information, such as
instrument panel (IP), needs to be incorporated into driving tests, a human driver
had to directly observe the display. To address this, we developed a “Machine
Vision System for Vehicle Testing” that converts IP information into numerical
values using image analysis technology, which interacts with STARS and ADS
EVO. In this report, we describe the design concept and structure of this system, its
user interface with flexible configuration options, and the fast response numerical
OCR model. We also present case studies of its application in test automation.
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KRBT A~YY ¥V 3y A5 A1%, ADS EVO &
T HAIATLOHEFLELTHH) ZLEZHELTBY, &
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Figure 1 Diagram integrating ADS EVO and machine vision system.
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Figure 2 Machine vision system diagram.
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Software launch

Camera adjust

Setting file configuration

Measurement

Figure 3 Operational procedure of the
machine vision system.
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Figure 4 Ul display of the setting file configuration.
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Figure 5 Process flow of model training and validation.
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MR ELERET L LT, - FOHBICAEDET
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Figure 612, il L7287 =5 OBl2RT 2D EH %
BG120 M % FH\ W 72328 L 1T B % % v 72 BEE st
Bl L CHB 2 M) K L7258, S B 1294.4%
THolzo TOMGFETIX, Figure 6IIRT L9 2¥iFzo—
BRI TOEHS GOEGEERNGE L TWDE I LR
THLEND), REFNVOBEOZ Y MEOMEFIL, F5E
& EREL72EMCEML, ZORHE L322 Tk 5,

B, BHEOCRETIVOMIEHE IOV THERD,
Table 112, RKEFCHWLZETVE WL EDOFHA
DLBRREE &R, 92B%121%, 13th Gen Intel®Core™*?
i7-1365U 1.80 GHz 32GB RAMZ L 7zF v S b v 7
PC%& 7z, IMTOFUE L SHTOBMEZ KR & L7z & E Dfi
ALY WUBEER B A FHI L 7oA R, AU 1330 u sHR B &
T3 <, MER O HEE DEEII5 us s, BIEOHEK
PR 125 2 2 B/ E W LSRR T E 72, MLk
L0, AP MR Z 72 GETY Y AT Aeko L

*1 The Linux FoundationMZ$3r51E % /- |4 FHHE

*2 Intel CorporationME$FIE % /- I FH1E

Table 1 Processing speed performance of the
digit-specific OCR model.
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Figure 6 Training and validation data set example.
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Zh, FRAEUY G A BGRET S
Figure 712 FHiiE EOBAMN 2/ RT, 2> I —FTAS
L7234 % Fm¢ A A V8 2 B L, v~ ¥
JarvyATATEHMAEBI R, 2 bE—FDOIESE
EHEE L T2 BEHE A LTI, B, o A — ) e
T (Malfunction Indication Lamp, PLUFMIL) # ER L,
EHAEHHOT VT ALGFENENY =2 VA — 578
Wk, BUEOCR, Ny — v~ v F v 7 &BEH L7z HEDOIR
AL, ERSFRFEEL A A - RSB TED SNLA
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Figure 7 Performance test equipment diagram.
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Figure 8 Displayed value vs. recognized value of (a) vehicle speed in time-series comparison and

(b) correlation plot.
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Figure 9 Displayed value vs. recognized value of (a) odo-meter in time-series comparison and

(b) correlation plot.
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Table 2 Fail case example in value recognition.
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o ORI % 7R o MILOELT (FEAILY H0), it rifT
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TOIEAE & FHAMEIZSE L, EREICERATS 2 A TE
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DX, o300 AHE OFHHKICBITA~Y Y v E
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Figure 10 Displayed value vs. recognized value of (a) MIL in 1% cycle, (b) 2™ cycle and (c) 3“ cycle
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Figure 11 Displayed value vs. recognized value of
(c) MIL in an enlarged time window

(a) vehicle speed, (b) odo-meter and
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97.7%, /8% — < v F ¥ 7 TI399.1% & 7% > 720 BlHOCR
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WO MRIETIETHFOATHY, A Doy
() % EDOFLFEFAIY W RITIEE ATV 2\, FEAIL
DXRIZINS DFREFDFRREN TV LA, SRR
BT T ETHERTOADOREM DT HEFTE L TH
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WY DAY FERTH DL EDRENT, TS D
FERMKL-MEENOERPLELRGEE, v Y
VAV ATFLADINDY AT ATERT S EBMEL
TWwh,

Table 3 Evaluation results of the font recognition test from various vehicle instrument panels.

Di_splayed Displayed  Measured Result Di.splayed Displayed  Measured Result
image value value image value value

2838 28384 28384 OK 164 164 164 OK
35.3 353 oK 65 65 65 oK
26250 26250 oK 15:48) 15:48 1548 oK
289 289 oK [ 8] 8 8 oK
76 76 OK 14497 14497 OK
23 23 OK 467.1 467.1 4671 OK
9:32 932 oK 76 76 oK
23816 23816 oK 16:07 1607 oK
678 678 oK [16.0] 16.0 160 oK
16:14 16:14 1614 oK o45348 049348 49348 oK
[ 24.7] 24.7 247 oK 26 1 267.2 2672 oK
| 21458 21458 21458 0K 68545 68545 oK
[ 19 19 19 0K [710] 710 710 oK
400 400 400 OK 373.7 3737 OK
14.0| 14.0 140 0K 7:59 759 0K
040599 40599 OK 19.0 190 OK
[16: 10 16:10 1610 oK 37708 37708 37708 0K
[ 16} 16 16 oK 16:30 1630 oK
9348 9348 9348 oK | 24 24 24 oK
432 432 432 oK 129,71 29.7 297 oK
62 6.2 62 oK 34 34 oK
25 25 25 OK 27708 27708 OK
.99 99 99 OK [ 11:43] 11:43 1143 OK
37754 37754 oK 1170 170 170 oK
53365 53365 53365 OK | 23 23 23 OK
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Figure 12 Operational method of GSI shift in
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Figure 13 Meter display of (a) current gear and (b) gear number recommendation.
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Figure 15 Meter display of ACC status, set speed and set distance.
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Figure 17 (a) Vehicle speed and (b) inter-vehicle distance at different
set distances.
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Table 4 Classification of pre-test and post-test procedures for automated driving tests.

Main category Subcategory Time
Pre-test procedure ADS EVO installation 8 min
Camera installation 5 min
Test run for software configuration 5 min
Software configuration 5 min
Vehicle characteristic learning 25 min
Post-test procedure Disassemble / Removal of test equipment 15 min
Total time of pre-test and _ 63 min

Post-test procedure
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Introduction of Automated Experimental Equipment for Exploration of Production Process
Optimization in Fuel Cells
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Fuel cells are an important technology for the realization of a carbon-neutral
society, and not only the research and development of their performance, but also
the production process to ensure a stable supply to society is an extremely
important technology. However, the parameters involved in the production process
are enormous and social implementation requires a great deal of time. In order to
contribute to the production process, Horiba has developed an automated
experimental device that simulates the fuel cell production process. This apparatus
was designed and fabricated with a focus on the fuel cell coating and drying
processes, and is capable of fabricating fuel cell samples and performing basic
evaluations. Here we introduce the overall concept and functions of the apparatus.
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Figure 2 Automatic testing equipment.
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Figure 3 Top view of the equipment and overview of data transfer

TBY, ¥ TR T OLH w15/ HFEH L 245 i {4
THREB LD 2L THI2RNORBEP R E 2D, 2
T TOREN S, ADTHIAT ) MERIFI0RMTH 572
&, NIR 2 HBEE10fE OKPIZ # ) L TV 5,

FEImy NCEZWRER TS ICOWTHEZ A A=
X% Figure 312K ¥ fRRT—4 % b L2 ¥ 7V oHE
ATV, Bl 7 E e A TRMET 5 & b L ISROEAE
TUY ADEGRPE, COTOL ALY RT, F/-F
DEAITHFORFENEUE L 72" b7 VT AL T
PEL TV Do RICKEL= Y MIOWTHAEIT) -

Yo TIVERIVE B L UHRE

I TNV ORERERPREB L OGN OLEEEE 512§ 5
2O, HHOS Y VRN kit Lz, REETE S
= MEEZS0umTH Y, SEOFHlTHW 728G —
FUAD Y — M HEHC Y BV EETHIVIRTET S 2 &
HHEETH %o HMIFOBIEICTT Z 5N D X ) IZA—78—
IVVZTN TSI AF vy O—FTH HPPSEIE (R
V7 2= by 774 R)EMEHIEEL TWb, 72
BN REORy VT 2% A, H2=y M
OBEHRLA b v 71 —=~OBEZ HIFIZTo T, b
OREEIZ LY, EBROAELREE THRA SN AHRoRFH D%
e L, /N LR AR O UM 2 B2 T
Wb,

127 OEBEERTMZ, DOMA LEHEICEATTRRE T 5
728, FHifrFge A FC-CubicoiE# )L LR U1 cm®E »
) BN A X TEAEAT) o F 73BT & B SM
FRET L, HETREFEHRPOMEEAFTE 5,

64 | Recclout No.60 August 2025

TV =R TEEICE A a—- MR ERAL
720 T OBIESAFIE50 © m~200 u mOFEFCEREIIRED
TE 5. MBMICHEAETLZA) Y A DA 7L v
I MBI LT, RO A ¥ 7 BT B Y — MIEA
T5ZLT, 10y bEBLTCREREIT) ZLPTHETD
% (Figure 4)

BEERIE

AT TREOSE S, SRR OB & ik ORI £
BIGIRMEIZ & » TEHRIN L, BEHEIZOWTIE, &
HEHEOWETIRAED IRIE & | §71RE 2 ODRYIREE D HIE
RS A2 ENTE L 2 TIVORE & I
KOBMFEHCTBY & S HEEL 1 mTOFHUAT fE
Td b, WETIRIEDPEIZIZDWTIE, 2 v b ¥ A Dkt
R E A ROE L, BATENE L R S5 2 & CHRATE
DRIEZFHIT 5 2 EDTEETH 5o

87
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Figure 5 Drying unit
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PM2.5E B0 thdEEPX-375%Z AL\ /-
AKSFURIBEDXDEEMF

Using PM2.5 Automatic Component Analyzer PX-375 Practical Examples of Air Quality DX

ARREDERIIREREPEERSHLOE D S5 #MFEHICTHAT
BV, EICBRBIEYCA YV D OERDRDLE 5720, METIERFRY
BPM)®ZZICETNIELBICLIIBEZEADBALIEE>TW
3, RO FRMEDOKR S RITFEIE, ARFILEPEMMEEZZEL
Y72 A LEICEBEFH > 7o ZhIZH L, [PX-375] £ [Eco-WEB]
EERALUEEZR2) L IFEET—2EEFEERET 5, PX-37513 %1
FIRMEFDEETHR % FEEE CEFATERGETH V), Eco-WEBIE T —
AO)TIVEA LY - B EERT 5, ChICK W RR» DRI L
IRIBEEGDPIEEE &), TEMBXEEEICS T REAGFERICER
THZEPHFIND,

A

YAMAGUCHI Kazuki

Monitoring of the atmospheric environment has been conducted continuously
from the viewpoints of environmental preservation and health hazard prevention,
mainly focusing on monitoring nitrogen oxides and ozone, but recently there has
been growing interest in the health effects of particulate matter (PM) and heavy
metals contained therein. Conventional methods for analyzing particulate matter
components require sample pretreatment and expertise, and have real-time
performance issues. We propose a monitoring method that utilizes the PX-375
and Eco-WEB: the PX-375 enables continuous measurement of elements
contained in particulate matter in a short time, while Eco-WEB realizes real-time
data collection and analysis. The Eco-WEB enables quick and efficient
environmental monitoring and is expected to contribute to the reduction of
environmental burdens in industrial areas and manufacturing industries.

SRR AL & v o 722500 TAECULE L, 2 IS IR
AR E Btk S R LT T v Utk
DEFNCEER DAY, U TV E A LT — & IR AT
DEEEE VD EDS D S, 70, BONTT— 1Z 24K

EU®HIC

RABHO B & AFIIL, BHERE DS X ORISR L0
WA SHEOCEETH ), IHET IR FTOIT

&7 TOEZEMEIHAEL S L VAT TB Y, TRz
BT REIE G B OBPEH A Husi R o fe b R 5 0 B b
252 BB s TB Y, IR DR 2 B LA
HIOMEEN BT TH 5o KABRBKOERUNAINA K 2 —
ANLTH T T ETRATORTFIRYE (Particulate
Matter, PM) =47 1 )V & LIZERICL, ICPMS/AES(ICP-
MS (Inductively Coupled Plasma Mass Spectrometry):

WE LR FRWEORETH Y, 1HO & ORI
LENLLODZHGTHZ LT L Vo

IS DOFRE R RIS B 729012, [PM2.5H B AT 2 &
PX-375]Z BN (LR, PX-375) & KABUEEAM S 2 7 A[Eco-
WEBJ(LLF, Eco-WEB) #iEH L7 KRABEE=%1) v 7
DFLEERE L2 AT, =5 DU TIVE A LU

ka7 T A< &5, ICP-AES(Inductively Coupled & HENVRAT &l U C, M ORI RN A BB AR 2 23T
Plasma Atomic Emission Spectroscopy): ka7 5 X LHL5DTHD,

<IN R T ERITROMME L &2 llE L
Tb\% o

L2 L, ZOJETIE24RF IR L 724 > 7O & By <o

PX-375\3, B &R HTED & TCIRIREEE TR & PR L 723
EBETHY, RahokiHIKWEZ 7 — 7 LIZHi%L, kT
PKWETPOEREE L OHEILR %, 3075 [ FR Tl
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PM2.5 B EIE 2 i EBPX-375% AUV = ARIREDX D EEA

ETH I ENUHEETDH 5 (Figure 1)o IS X Y RTIRY
BICEINLITCHELZTARLILIZE) E) Va2
Pethsh72d 0 Th 2 Hx fifH, a3 2 2 & A5
e & 7% % (Figure 2) o

— 7 CPX-375(3 T IS D IeHE & H B A |2 el 72
TRECTH b 720, HABM KRG T— I BERENDL, TH
T PRGNS 2 IR & 570 2 L, Ml 2 5 A
W& 72 20 Z 2 THHTIHPX-3750 7 — ¥ 2 HA I
- WS 252 A7 A[Eco-WEBJ# B3 L7z, Eco-WEB
B ORI & Bkt 5 2 E SRR G A » kT —
7 ERREET LA ETRET— ¥ OIER DT — ¥ Ot %=
KA B720DY A5 LT 5 (Figure 3)6

COYATLNZEY, PERREEZZ 572 TIVY A Do T —
FUVEE L RN STIRE L 72 0, RN 22 KA AT g &
7207’:0

HORBA

‘ L A2 AN
TEREEDTED EREE S ITE

Figure 1 Continuous Particulate Monitor with X-ray Fluorescence PX-375.
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Figure 2 Measurement Procedure Image of ICP-MS and PX-375.
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Figure 3 Main Screen of the Air Quality Monitoring System ‘Eco-WEB’.

PX-375(C & 2 K FIRME D B BV 51

KRB I REABEMEOTTHHICEETH Y, 20
AR I B IR OB E RS A = X 2 ORI RS
5728, KEBE KON EIRU R TH Do KO
TARE A F N L ICTEORNTIZIEHERICP-MSRICP-
AES% & OFEEEE 2 ICPH TS v S T & 7225, mil
BRI 2 B L, B & T A b2 5 7ol 72
LY FIIRICIEIART X TH D,

—75, PX-37513 EXM T L (XRF) 2 RA L CTH D,
WEZ: L CAHBIES TR TH 5, fFHEE “C1571:§?(A1
Si, S, K, Ca, Ti, V, Cr, Mn, Fe, Ni, Cu, Zn, As, Pb)
WRIG L, RIEIC X DR ITEEEEMT LI L TES
(Figure 4) .

XREFIZICPIEEICHNEE X4 5 78, 3k = BT
TEXBFMEDH Y, R L FAEO R CIo Rk
£ OB E DS HE T dH % o PX-3751F OFFEME & 58
JE 2 S BREEE ORSBERIC D EA SN, 2017647 LUk,
SE4H T TARE R & L 215 R oMl E S Th it T w»
Bo AT XY, PERTIIWEEZS - 72 HIRe ] T D22 B
RFEA IR OIEIRATHE & 72 o 72,

RHEM4ZETIE, PX-375FEICHA TS0 SE TR B
BAMYWEOBMABMTEAINTEY, JHBEHCREN
BERGAO FBE, B o —B L L CEH S Tw b,

[Ru|Rh|Pd|Ag|Cd] In |
H [ Tal W Re[Os| Ir | Pt [AulHg] T Pb] Bi | Pol At Ji)

lanthanoid
actinoid

I Detectable Elements

Rf Db Sg Bh Hs Mt Ds Rg Cn Nh FI

[Ge Pr [Na Pm] Sm| Eu Ga | o1 Dy [ Hol Er [ m [ Yo | Lu|
7]

B Np Pu Am Cm Bk Cf Es Fm Md No Lr

Mc Lv Ts Og

* () —Standard parameters, calibrated by standard calibration materials at factory.
* To measure element concentration, analyzer needs to be calibrated by standard calibration materials.
* Please contact separately about elements, marked as non-detectable.

Figure 4 Detectable elements of PX-375
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PM2.5 B EIE 2 i EBPX-375% AUV = ARIREDX D EEA

PX-375% K U'Eco-WEBDE A E4i

PX-375\Z K& O T-IRWE % 455 [ ¢l e il 58 3 % %
BTHY, EcoWEBIZZDT—4% %) 7T A L TR -
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PEL IR O FF o R M 2 HE R 24T S &S WREE %2 1,
THOBEEAMRICKE < HikT 5 (Figure 5).
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Figure 5 ‘Eco-WEB’ Air Quality Monitoring System Configuration.
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Figure 7 CBPF-Based Distribution of PM Concentration by Wind Direction and Speed.
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Beyond Monitoring: HORIBASs Digital Approach to

Water Quality and Environmental Solutions
KIBSERIBARRICE 72, HORIBADKESHBIHT & T — 491 T2 X2 MALADXY Y2 —Ta>

As today’s water industry faces challenges such as aging infrastructure and envi-
Steve WH ELAN ronmental pollution, water quality monitoring is becoming more and more essen-
tial to address these issues. To reduce downtime and enable quick decision-
making, real-time water monitoring is crucial. Advances in sensor technologies
Dr_ Luke BATES and cloud-based systems have made it possible to continuously collect and
remotely monitor data, facilitating rapid decision-making and optimizing opera-
tions. As a result, the demand for Data as a Service (DaaS) solutions is increas-
ing, where companies provide and manage water-related data for customers.
Especially in the UK, where HORIBA MIRA is located, new laws and regulations

are being implemented to address surface water pollution due to aging infra-

James FOWLER

structure. HORIBA aims to tackle these issues by integrating its water quality
measurement technology with HORIBA MIRA’s data science and Al, and
HORIBA Test Automation’s data management platform to provide solutions

Dr. Brijesh SHARMA

which goes beyond just water monitoring. In this article, we introduce our initia-

INOUE Kentaro

tive to utilize HORIBA’s water quality monitoring technologies and digital transfor-

I RS mation (DX) solutions to address water-related environmental issues in the UK.
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Introduction and Background

With growing human population, increasing urbanization
and industrialization, and impacts of climate change, the
management of our freshwater resources is an interna-
tional priority and in some cases a crisis. The delivery of
clean and safe drinking water, treatment of wastewater
and elimination of pollution in our rivers, lakes and seas
are all areas of growing concern which is leading to
development and expansion of technology and business.
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Today, HORIBA plays a significant part in the control of
water quality by producing a wide variety of water quality
monitoring instruments. In fact, HORIBA’s very first
product was a pH meter. HORIBA Advanced Techno
(HAT) manufactures a range of water quality measuring
instruments, and its main business is sales of these hard-
ware instruments mainly through distributors. However,
there is also the consulting sector of the water industry
which is significant and is in a state of high growth,
driven by new regulations and a national demand to clean
up polluted rivers and lakes. The demand for this already
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researched in UK. HORIBA is looking to enter this con-
sulting sector of the global water business. The new
Consulting & Applied Solutions (CAS) group and HAT
are leading this initiative together, with support from
HORIBA Test Automation (HTA).

The CAS team, based at HORIBA MIRA in the UK have
established a base, where the team can develop solutions
using HAT instruments and data services with HTA soft-
ware platform STARS Enterprise. A “Field Lab” has been
established at a reservoir within the HORIBA MIRA
proving ground, where HAT instruments can be inte-
grated, developed, and proven for application to the new
surface water regulations.

Why set this up in the UK? Apart from being the main
location of HORIBA MIRA, the center of the CAS orga-
nization, there will be major changes to the UK water
industry within the next 5 years. There is new legislation
to control spills of wastewater and monitoring of surface
water. In addition, funding is increased to upgrade waste-
water network infrastructure and to implement “smart”
networks with sensors, telemetry, and Al-driven control
systems. The UK water industry regulator OFWAT has
approved a total budget of £104 Billion to be spent by UK
water companies for infrastructure improvement®. This
budget will cover procurement of sensors and smart sys-
tems with the objective of eliminating wastewater spillage
into rivers and lakes, and improved monitoring.

In this article, our initiative to utilize HORIBA’s water
quality monitoring technology and DX solutions to
address water environmental issues in UK, is introduced.
First, some unique HAT water quality products are intro-
duced briefly and then, there is description about
HORIBA MIRA and HTA capabilities and how we are
trying to integrate HAT, HORIBA MIRA and HTA capa-
bilities to provide solutions to mitigate water environmen-
tal issues is also explained.

HAT Water quality monitoring technologies

Water quality monitoring is vital for protecting human
health, preserving ecosystems, and ensuring safe drinking
water. It helps detect pollutants, supports regulatory com-
pliance, and guides environmental management. HORIBA
Advanced Techno (HAT) specializes in developing water
quality sensing equipment for various industries and
applications. HAT core technologies are electrochemical
and optical measurements and using these core technolo-
gies HAT has developed several unique water quality
monitoring products. While HAT has a large portfolio of
water quality monitoring equipment, in this article some
unique and essential products which can also be useful in

improving UK water quality issues are introduced.

Ammonium probe (AM-2000)

While Ion Selective Electrode (ISE) ammonium elec-
trodes tend to drift in the low ranges, HAT unique
AM-2000 (Figure 1) ammonium probe based on ISE
technology remains stable even at low range below 1 ppm.
As more and more wastewater treatment plants (WWTPs)
now use ammonium monitoring as an indicator to control
aeration rather than dissolved oxygen for better efficiency,
HAT AM-2000 can contribute to energy consumption
reduction (10 to 30% or further (from HORIBA’s survey))
of WWTPs. Since ammonium is also an important indica-
tor of environmental water (rivers, lakes, etc.) health, this
product is suitable for monitoring the surface water and
for monitoring the WWTPs.

Ultrasonic Cleaner (UH-16A series)
To reduce the maintenance frequency of the probes, HAT
provide unique ultrasonic cleaner (Figure 2, Figure 3). It
operates with burst oscillation and sweep function which
makes it stain-resistant and enhances cleaning effect and
also reduces sensor damage.

Figure 1 Ammonium Probe (AM-2000).
https://static.horiba.com/fileadmin/Horiba/Products/Process_
and_Environmental/Process_Water/Brochures/HC-200NH/
HC-200NH_Brochure_English.pdf

Figure 2 Ultrasonic cleaner with
ammonium probe.

Figure 3 Effect of ultrasonic cleaning on Ammonium Probe:
Without (left) and with (right) cleaner after 60 days.
https://static.horiba.com/fileadmin/Horiba/Products/
Water/Download/Brochures/HAE-T0257.pdf
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Self-cleaning pH electrode (6122 series)

HAT patented and unique self-cleaning pH glass electrode
(Figure 4, Figure 5) uses a UV LED within the electrode
and the surface of the glass electrode is coated with a
photocatalyst (titanium oxide). The irradiation of UV light
activates titanium oxide coating and prevent the adhesion
of organic contaminants on the electrode which in result
reduces the maintenance frequency and cost.

Figure 6 U-50 series probe (left) and controller (right).
https://www.horiba.com/fileadmin/uploads/Process-

Multiparameter Water Qua”ty Checker U-50 Environmental/Documents/Downloads_Catalog/
. Catalog_Water_Quality/U-50_brochure_en_
series HRE1930E.pdf

U-50 series can measure 11 parameters simultaneously
including pH, ORP, turbidity, dissolved oxygen, and con-
ductivity (Figure 6). One of the features is simultancous
one-point automatic calibration of all the sensors with a
single standard solution. The model U-53 of this series
has wiper inside the turbidity sensor for automatic clean- 182.41 11.99
ing. The main applications of U-50 series are river and
lake water quality inspection. One U-50 can simultane-
ously measure all the basic parameters needed to monitor
the river water quality.

Figure 7 EL200 connected with multiple probes (Reproduced from
HORIBA Readout No. 59, page 83).

Multiparameter Transmitter (EL200)

HORIBA acquired HORIBA Advanced Techno France
(HATFR (known as Tethys Instruments before the acqui-
sition)) in 2023. HATFR core technology is UV spectros-
copy. One of the featured products of HATFR is
multiparameter transmitter EL200 (Figure 7). On the
other hand, most of the HAT transmitters are single
parameter. With the inclusion of HATFR in our group, we
are working on a project to connect HAT sensors to
EL200 and connectivity of some of the sensors is already
achieved. These type of multiparameter instruments will
be critical in UK river water monitoring.

HORIBA MIRA and HORIBA Test Automation
(HTA) capabilities and their integration with
HAT water quality monitors

Figure 4 Self-cleaning pH electrode.

Historically, HORIBA MIRA has had no business with
the water industry. However, the future needs of the water
industry are based on efficient gathering of information-
rich data, data processing, data analytics and safe &
secure data-science and control systems. All these key
future solutions have already been developed and proven
in the automotive industry by HORIBA MIRA and HTA.
This expertise is what HORIBA’s CAS can also bring to
the water industry which would separate it from existing

Figure 5 Without (left) and with (right) self-cleaning function after 3 consultants in the water industry.
months.
https://www.horiba.com/int/water-liquid/products/
other/self-cleaning-ph-electrode/
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The key areas of technology that HORIBA MIRA brings
are:

* Data capture and processing

* Cyber security

* Functional safety

« Simulation, digital twinning & Al

In addition to the areas of technical expertise that
HORIBA MIRA automotive experience brings, the
HORIBA MIRA site and proving ground provides the
ideal proving ground for water quality monitors, services,
and analytics. Figure 8 outlines the many and different
water systems that are present on HORIBA MIRA’s 800-
acre site. The HORIBA MIRA site includes potable water
(drinking), wastewater (sewerage), stormwater and surface
water. The site also benefits from a long-range wide area
network (LoRaWAN™)"', which can be considered as a
long-range outdoor Wi-Fi*" system that links sensors to the
internet. The site is also covered by 4G and 5G networks.

Water

LoRawaN  ((7) B
com o
)

Clean Water

Digital Twinning &

Models

Figure 8 Water systems of the HORIBA MIRA site.

Control Room

Recycling/Treatment

(dl]
1
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The HORIBA MIRA site can also be a development hub
for the UK water industry. To demonstrate the potential of
the site and to demonstrate new prototype water monitor-
ing systems, a “Proof of Concept” (PoC) field-laboratory
(Figure 9) has been established at HORIBA MIRA. 1t is
located on the shore of the sites own water reservoir. The
reservoir collects rainwater which is used to feed the wet
test-tracks for developing vehicle wet-handling and wet-
road safety which is why it can also be a proving ground
for investigations into the nature of tyre-borne microplas-
tic particles. For the PoC, the reservoir represents natural
lake and river water. In the UK, new legislation, known as
“Section 82” is forcing all water companies to measure
river water quality up and downstream of any wastewater
or stormwater discharge points along rivers. The data
should be available to public through telemetry.

*1 “LoRaWAN” is a trademark of Semtech Corporation.

*2 Wi-Fi is a registered trademark of Wi-Fi Alliance.
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Figure 9 PoC (Proof of Concept) Field lab developed at the HORIBA MIRA site.
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HORIBA’s STARS Enterprise platform, developed by
HORIBA Test Automation (HTA), is ideally placed to
meet this need. Originally developed to underpin
HORIBA’s market-leading position as a provider of test
automation and laboratory management systems in the
mobility sector, this cloud native data management and
process automation platform has transferred readily to the
water data management domain, providing a flexible,
proven backbone upon which to implement a range of
water data solutions (Figure 10).

Capabilities provided by STARS Enterprise include:

» Multiple data ingress options, including HTTPS end-
points and MQTTS client.

* High-capacity storage of structured, unstructured
and time series data.

* Scalable, concurrent execution data processing pipe-
lines (analytical services).

* Powerful Grafana based no-code dashboards for
visualization.

* Extensibility through the addition of solution specific
microservices, web apps and mobile apps.

¢ Flexible role-based user management, with OIDC
support.

* Tenancy-based data siloing.

* Best in class security features.

- Sensor Mesh

| T PN Data Ingress Infrastructure

Cloud Telemetry

Connectors

@/ g;} f)tr;fersincomingdata o v

+ Data systems ;
+ SCADA

=T\

Figure 10 STARS Enterprise Cloud Platform.

Readoul No.60 August 2025

Data Data
sore WD WD D B B @

Enterprise

STARS Enterprise for Water Data Solutions
While the roots of the more mature STARS platforms lay
in the mobility business field, the opportunity to deploy
STARS solutions in other business fields in which
HORIBA operates is clear. STARS Enterprise in particu-
lar, being a robust, secure and performant cloud-based
platform upon which to implement modular solutions,
offers huge potential in this respect.

The containerized microservice architecture of STARS
Enterprise supports unlimited horizontal scaling with
zero downtime, allowing cost effective deployments to be
provisioned for solutions ranging from data management
in small scale R&D facilities to regional scale water net-
work monitoring and analytics.

extensible architecture of the STARS
Enterprise platform ensures that whatever shape of data
solution is called for, HORIBA will be able to meet the
need. Powerful analytics and modelling are accommo-
dated through features such as integrated Python module
execution support. Where the services and apps of the

The generic,

core platform cannot address all the requirements of a
solution, the platform is easily extended by the additional
solution specific microservices and apps. Complex water
network modelling, analysis and control solutions can
thus be realized on the STARS Enterprise platform.

While STARS Enterprise solutions may be deployed in
the customer’s IT infrastructure, an increasingly popular
option is to take advantage of HORIBA’s SaaS capability
to obtain a fully HORIBA operated Solution as a Service.
With this approach, the customer is free to focus on core
business, while HORIBA manages the entirety of creating
and operating the data solution. The customer is relieved
of operational burden, receiving only the data insights and
actionable outputs that bring value to their enterprise.

Analytics Services Actionable Outputs

Operaticnal
Gontrol Signais -’

Investment
Planning Input

|

Em—

)
: I
Il %

.
aaa

RS

Dashboards, Reporting Service
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HORIBA’s prototype “Section 82 (S.82)” solution show-
cases STARS Enterprise in the role of a cloud-based data
collection and forwarding platform. S.82 of the UK’s
Environment Act 2021 requires sewerage undertakers to
continuously monitor the quality of the receiving water
upstream and downstream of their assets, allow assess-
ment of the impact of discharges from their assets on the
receiving watercourse. In its base implementation, our
S.82 solution does just that - collects data from distributed
monitoring installations via low power long range teleme-
try, harmonizes these data and transmits them to the
water authorities.

Dashboards and statistics are provided as part of this
service to provide visibility of the data (Figure 11). Such
dashboards are easily configured without coding and give

DRASHBORROS

ection 82 Monitoril ation 17 — Upstream and Do tream

the customer instantaneous, real-time information, along
with access to historical data reaching back to the very
start of the monitoring activity.

With the S.82 base solution as our springboard, we can
leverage the flexibility of the STARS Enterprise platform
and move on to offer value-add opportunities such as
insightful predictive analytics to S.82 customers.

Together, HORIBA MIRA and HTA provide a “rainbow”
of new solutions and services (Figure 12) that are desper-
ately needed by an ailing water industry. These new solu-
tions form the business strategy of the new CAS Water
consultancy. With hardware from HAT, HORIBA can
provide an end-to-end, ‘“one-stop-shop” solution to
customers.
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Figure 11 Section 82 Dashboard using STARS Enterprise.
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Figure 12 HORIBA one-stop-shop solution idea for water industry: from instrumentation to data analytics.
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Vision on adding value to the current capa-
bilities with Data Science

The water industry generates large quantities of data, but
it is distributed sparsely across a large and complex
system. There is a great need for further instrumentation
to better understand and manage water industry systems
and the surrounding environment. This increasing data
volume and resolution presents opportunities for the
application of data science and machine learning. Simply
collecting data does little to increase understanding of the
issues faced by the water industry, but effective applica-
tion of the right tools to this data can extract the informa-
tion it contains, providing useful, valuable, and actionable
insights.

Data science and machine learning are powerful tools that
can be applied in various contexts within the water indus-
try. These range from broad network applications, through
specific subsystem controls and down to the acceleration
and enablement of individual measurements and analyses.
At the smallest scale core HORIBA technologies, such as
spectroscopy methods, can be accelerated through deep
learning to provide rapid analyses and to enable the detec-
tion and measurement of new and emerging pollutants.
This will help to better monitor and understand the scale
of pollution and impacts on both the environment and
public health. This monitoring will provide new informa-
tion and enable new regulation of these pollutants. On a
larger scale, whole networks of disparate sensors can be
consolidated into a single measurement system, providing
insights and prediction to tackle serious industry issues.
This includes water supply scarcity, storm overflows of
sewage into natural water bodies, and more fundamental
issues such as the accuracy, validity and reliability of data
and measurements in such an expansive system.

The operation of water industry systems is often heavily
dependent on weather, influencing both the availability
and demand for clean water, and impacting the capacity
and efficiency of wastewater treatment. Machine learning
based models are lightweight and outperform the simula-
tion times of their physics-based counterparts by multiple
orders of magnitude, often while maintaining equal or
even improved accuracy due to a reduction in required
assumptions and simplifications. This enables a scenario-
based approach, which can incorporate variability and
uncertainty inherent in weather prediction through a high
volume of predicted scenarios. The result is a statistical
view of the future system state with enough time in hand
to act with increased pertinent information. There are sig-
nificant implications for environmental impacts, opera-
tional efficiency, and functional safety in the water
industry and more broadly across all HORIBA’s Fields.
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Conclusion and outlook

In this article, we described our initiative to utilize our
water quality monitoring technology and DX solutions to
provide analytical and data solutions to address these
issues. Due to decades of under-investment, the UK’s old
infrastructure is leading to problems such as overflow of
the sewage which is polluting every river in the UK.
Water companies in UK are now legally obliged to moni-
tor river quality and to complete a full deployment of a
new sensor network within the next decade. The root
cause of these problems is broken and aging infrastruc-
ture. Since rebuilding of the infrastructure is such a vast
undertaking, limited by investment and resources, the
other, more attractive solutions to tackle these problems
are smart sensing and data solutions. The future of the
water industry is with lots of data.

These issues are not just true of the UK. Many other
nations suffer from the same problems. In Europe, France
has similar issues. Notably, the river Seine in Paris was
not fit for swimmers in the Paris Olympics, until fine
weather limited the spills of wastewater upstream of the
city. In India, there is a huge national project to clean up
the river Ganges, the vast and holy waterway of the larg-
est population on Earth.

HAT have been developing some unique product for water
quality sensing. While these products have excellent mea-
surement performance, they need to be smarter for data
solution services. Performing data analytics and solving
customers problems can provide a value-added end to end
solution. This is where HTA and HORIBA MIRA capa-
bilities can be explored. Together under the new
Consulting & Analytical Solutions (CAS) Group,
HORIBA can offer consulting and solutions to end-user
customers.

This new HORIBA water business is starting out in the
UK and focusing on helping to solve the UK water envi-
ronment issues with new solutions. Once established, the
new consulting business model can be expanded to other
regions in Europe and globally. With a growing human
population, the need for clean and safe water, the safe
treatment of wastewater and the protection of the natural
environment will continue to grow. Meeting this growing
demand for new technology and services to ensure the
health and safety of our planet and its inhabitants is a
noble path for HORIBA to follow, and a profitable path-
way too.

* Editorial note: This content is based on HORIBA’s
investigation at the year of issue unless otherwise stated.
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HORIBA MEDISIDE LINKAGE next
~Revolutionizing the Medical Field with Smart Maintenance~
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HORIBA MEDISIDE LINKAGE next is a comprehensive maintenance service
support system for medical equipment provided by HORIBA. In addition to
monitoring the operation of medical equipment, it can automatically create
ledgers based on medical laws and remotely change equipment settings and
perform cleaning operations. The system was developed to reduce the workload
and support work style reforms by improving operational efficiency in the medical
field, and to promote safe and efficient operations. This paper describes the
overall picture of the system, as well as the form and usefulness of providing an
integrated medical solution in combination with the GATELINK electronic medical
record integration software.

Keywords
Remote monitoring, Predictive maintenance, Ledgers, Healthcare law reform,
MEDISIDE, GATELINK
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Data Integrity Software HORIBA PLATINALINK
~Development of a platform that ensures data integrity for analytical instruments in the pharmaceutical industry~
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In the pharmaceutical industry, accuracy and reliability of measurement data
(data integrity) are required, and compliance with GMP (Good Manufacturing
Practice) is essential. To address this, HORIBA has developed a new platform,
HORIBA PLATINALINK (“PLATINALINK"), which complies with the international
data management standard “ALCOA+”" and integrates functions such as record
accuracy, data retention, and tamper resistance. This platform aims to reduce
user workload and enhance reliability. This article introduces the features and
functions of PLATINALINK.

Keywords
GPM, Data Integrity, ALCOA, 21CFR Part11, CSV
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Figure 1 Application image of a common platform centered on Data
Integrity.
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Figure 2 Example of PLATINALINK configuration.
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Security

Minimum, password length
5 (1-20 characters)

Passward combination
Upper case characters Lower case characters Numbers [ Special characters
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Passward axpiration
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History number of password
3 (0-20)

Hliow password same as 1D

Lockout attemy s

5 (0-10 attempts)
Aocount lackaut duration

15 (0-60 minutes)
Session timenut

1] {0-180 minutes]

Figure 3 Security policy setting screen.
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Figure 4 Management screen for report search and display.
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Figure 5 Audit trail list screen.
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Efforts to Eliminate Malaria:
Developing a Malaria Screening Capability Using Machine Learning on Blood Test Data
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NAKATANI Hitoshi

Malaria remains endemic in many countries. In 2023, it affected 263 million
people and caused 597,000 deaths'. The Sustainable Development Goals
(SDGs) include malaria elimination by 2030 as one of their key targets®. Early
detection and treatment are essential to prevent severe disease progression and
further transmission. However, because initial symptoms are often mild,
diagnosis may be delayed. To address this, we have developed a screening
function—intended to suggest the possibility of disease rather than provide a
definitive diagnosis—using complete blood count (CBC) and C-reactive protein
(CRP) measurements obtained from the Microsemi LC-667G CRP, an automated
hematology analyzer. This paper describes the hematological effects of malaria
and the development of a machine learning model to identify malaria-related
patterns from CBC and CRP data.

L &HIC

~ T ) TAXFEIZHGT IS CTHATL TWAIEGETH Ho N
TEITHHEND LTI TIERE IS B
FHERMIE A /A L CHHRE~NMEA L, 8 3 2, 20%
IRIMBRARA LIEGH, 522 4 0 & L 722\ ZRIER & B 2
T %o T OBINIIRMERSMI B S AL, #r7z 2R MERIZR L
TRBEDHF A 7 V&Y ETE, N LTI T %
SIET A~ T ) TIRBUISEE D ), Z O TH B~
FYTHEREZHIR~ T TEEAPKELERE 2o T
Lo BBy T EHBRIE, 77U A RBETRDEEL
WOEMEEPLTCVWAEY T Y THRTHY, ZHEH~< T
VT7ERIE, 77U AN NG UEORETEE R~ T
) TIEERTaH S W, SER S LIS s - Al - R (WA
JEN TR E < 2 IREE) 21k D 2 £ 03% B, TR 138

94 | Reaclout No.60 August 2025

ETHDLIENL L, MoBYREEIXEIT DI &EhE L w»
CENH D HHEETITHNET S L&, 24FE DINICEEL
L. RICELHELH L0, RIS X 2 RIEHE
WEETH D,

—IHI e~ Z ) TEWE LTI, Yot L7 I A o BE i
e, ~7 ) TEREHROPUR - BER & it 2l
ZWE Y M 22 (LUFRDT) A5, Lo L,
OB BB 72 HEE D 355 R0 [ B D g PR H) T D AR 12 & o
TlE, BRIZBOWTEESREDNTRESN VW L2 X
LZRBILABEEIND, F72, O HEEO B IMEEA
DOPERSRBIZRIZ X 22 WNCE 4 O 2 B3 720, & 7T
DEEZWT LI B TE RV, ZOREOFIIFE L
T, BBEC— kI b NS MERED AT, <51 T
DAZ) ==V THRITHIZENEZLNLT, $72, B



HORIBA Technical Reports

THESBANEOBIA2 S, MY > 7)) v 7RI HE)TRL
HENG LS, HEILEGIHEEICBW T I ) 7TOHE
A7) ==V TRV EINL Z EDREEN D,

HENMERET S E 2 Wi~ 5 T2k oE s LT,
CBCR UNA MERS /48 (F Bk, 1) > /X8R, HER, GFEEER, 47
e Eko5FEEE, DUFSDIff) & WM 5 2 & TRy
LR EPHE SR TWSE Y, HORIBAZ V—7Th
CBCR USGDiffx v/~ Z U THET7 7 72 ¥ 2 5%
Reh o 2R 2 B5E L T\ b, — 7, CBCR ONHIMER3S:
() vo8Ek, MERK B ERO3MME, LUF3DIff) % v 726
Tl L VB, < 5 TR HE TIRE T 2 2
RARHIEDNROOENL -0, BEMERY — X F TV 7%
CBCK U3DiffZ #ll5E+ 2 #E2# L C\wb, LT, CBC
T OBDIffOREN B~ T ) T OEVE 75 7L LTHERT
HLEEELITY I )T A2 ) == 779 7) 2% LT,

Microsemi LC-667G CRPICDW T

Microsemi LC-667G CRP (DL FLC-667G) 1 fERIHY; Tk
z % HBYIIEREH B T d 5, CBCIZNNZ CT3Diff £ CRP®
FHAATZ B0 T 22X M RERE ) — X F TN Atk %
FEHLTBY, CBCEIDIffDO#EF1L#14T, CRPHIZED
L EDEAE R4S THIEST T 5,

LC-667G T3 HIMEkE (LU FWBC), #R1MmEk% (LU FRBC),
A M7y ME (DN Het), M/MEEC(UTFPLT) O H
ICEAIYIEE T b (Figure 1) BAIEPLE: &3 4d
PLAIE KIS 3l S 72 Ek % 7 78— F v LIERBGITLICE
ERETR LRSS @B S, ZORICAEL MBI ILEE
JEZ b e LCRHIS 2 HETH 5o MEREEE O BEZL
MER DA L B 572012, ZOBEIE/ VA5 IMEk
B IMERARAE SN D, T OBLIRIER, KT A1 X
OFHINZ BV CEWHEELZ L, AELMNETEL I Lh
5, HED MERFHROIENED: 2> T b,

THR—=Fx (#7)

Figure 1 Impedance method

F72, CRPIBEEEIE, 97 v 7 AEEEEZHWTEHIL
T\wb, &M% FEINA CHEILS &%, ZEbBEOFET
T FCHUNMEEBTURBIET 7 v 7 AEE % B &&
% &, AR OCRPERIEHF DT 7 v 7 A% T 1L PURPLA
KnxaieZ L, 97 v 7 AR T26ET 5, 2 ORERN
2K B BERHEE A REETEHIIL, 50 Ui
HEEIER SN T2 ZHAERS S, Bl d o
CRPEEZ KD 5o FEIZEH L 72Heth 6, #EAD I
FERCRPEEEICIE L T\ 5,

T AR F DiRE

X)) TREEOTFRRET & LT, EoflEHEH 2T
EWEME L720 ¥ 70 THIMBIZEH 2 2 BN ED LD
B SN D %, 7 — & T & A B oW T O
HArBRRET L7,

T, TV TRAI) - T TR T LD
F= I WEEFTo T AV FD 2 ) =y 7128V, LC-
667G % H\ 72 MMM % 20184E > 520194FE D E &~ A — &~
HINCHERI L 720 FE L TV AL TOHRE I LTI
%479 2 &12& Y, CBCL3Diff & CRPOHEIERF % N4 L
720 WIEELZ, MRS~ 1) 7 PE L O BEVE T d 5 20 % FI
T 5720, MEEAOHEBEHEIC L 2MAELRDTIZE S
A% 1T 572,

Wz, BUSF L 27— 2 1CB LT~ 9 ) TR ERAo@En %
T L T <o T3 —212, WBCOBREEE i 12 EN S
BHE = b, TIWEZHEHTI ) 7T ORAIZHIL L
23\ (Figure 2)o TOY—Z IZHMEKICE 2L DTIE R
<, BT ) THBEAEE LD DOEFRM LR L
AL, —N, BB~ T ) TORBETIE, ZoE—
IHRZHBI T TOHEL Y O/NEL b, TIITKRE
A A ADBGEE~ F ) 7 TR R S e T <
KREIMUIZAFAEL T H W dTHHY,

V=RxI

BREDILDOKRESE
=HfEOXETE

RRZDILDEL
=D

Readout No.60 August 2025

95



eature Article
FEHE G L

|

ZUTERICETZRVEHS  MBRET —2ORBFEBICLEYIVT 27U -2 TREORRE

~ 7Y TFTRBIEAT B
<o Channel ({F18) D &— &
40
=
i 30
20
10
0
0 50 100

—— PVivax
—— PFalciparum
—— Non-malaria

150 200 250

Channel

Figure 2 Volume distribution of white blood cells in samples of P. Vivax, P. Falciparum and Non-
malaria. The unit of the horizontal axis, Channel, takes values from 0 to 255 that are
proportional to the volume of white blood cells.
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Figure 3 Comparison of CRP concentrations in samples of P. Vivax,
P. Falciparum and dengue fever.
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Figure 4 Comparison of ROC Curves for hematological parameters in the

malaria diagnosis
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Table 1 Comparison of AUCs for
hematological parameters in the
malaria diagnosis

AUC
WBC 0.672
MCHC 0.613
RDW 0.558
PLT 0.849
CRP 0.852

LTBY, CoOWMEZET7VIT) ZLATIERENS ET IV
TIERID LI IZHE AT L ZNHICHIST S EA L ORI
HEICIDVHBEZRE LTV E 20, EATOFEGE)E
HILTE MR E TN TH D T72, 2 OWMFE
TINT) AL, AJJOh» b EELRRT% HE TR
ZHBIRT HHERESH Y, EIRENTRTFOALHHT S
CETETIVOHBEWEELEZ R LS TW5, BiETET
TWLEHIZ, ETWVICANENLATE, ¥~ ) 7H5U
WICRITTHF 2 EE L TS Tw b, O KRFH°
YT TIEEDFECEGW BN D B 720, IO R
BEMEST L LRSS TH D,

n
y=>Ywx
i=1

Z 2T, XdZiFEHOAT), WAdXAIuhd 2 Eh,
Vi ThH B~ 7)) THEEDFECDESGNTH D

28 TPALITYZXLICEBZEFER

e T,
"'-.___________,.n-"

EFLOAHEMN
PLT, CRP%: &

— ofslo §

7T | M
WEEIC f R DR A MR AP U=z
%ﬁg%ﬂj ii?i [T EFL
"'-_____________.-d"'

HE:ETNICLBIFTVTOME

EFAOAND:
wmEEMELT
WI-CRP &

Ef&mﬁﬂ:
E> E:> mEL:
et
25UF
AZY—z=¥
EFA

Figure 5 Workflow for the development and application of a machine learning model for malaria screening based on

hematological parameters
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The analysis of trace elements such as carbon, sulfur, oxygen, nitrogen, and
hydrogen in steel is an important process directly related to the control of
mechanical properties and corrosion resistance. In the past, manual analysis by
skilled operators was the mainstream, but from the perspective of eliminating
human variability, stabilizing measurement accuracy, and improving throughput,
there is now a strong demand for de-personalization and automation of the
analyzers themselves. Horiba’s EMIA series (carbon and sulfur analyzers) and
EMGA series (oxygen, nitrogen, and hydrogen analyzers) have evolved in
response to these industrial needs. This paper reviews the technological
development of the EMIA and EMGA series and their progress toward
automation, and discusses the role of analyzers in the steel industry and their
future prospects.
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Table 1 Effects of each element on steel materials
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Figure 1 JIS G 0566(1980) Spark test method for steel.*
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Oxygen Overlap Control Chart Distribution

N 3 0.015837

Ave 439.77 ppm '

sD 0.08 ppm

RSD 0.02

Range (.16 ppm

Max 439,86 ppm | _

Min 439.70 pom 0.0 20 40 6.0 80 10.0
' Time [s]

Figure 2 Example of EMGA analysis results.
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Figure 4 EMGA Measurement Principle.
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HoTWAbyh—

AL S

Figure 5 The first automation system, EMGA-730 (top)
System configuration with sample stocker function (bottom).
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JEREEDFEBL E T\ 5 (Figure 8) Figure 7 Basic operation of automation equipment.

Figure 8 EMIA-2000 automatic machine (left) and interior (right).
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Figure 10 Sample sets, weighing.

EMIA-Pro/Exper

Figure 12 EMIA-Pro/Expert sample set (angle change).

Figure 11 Sample set for EMIA - Pro/Expert.
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Service solutions with remote monitoring
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HASHIMOTO Kenta

HORIBA TECHNO SERVICE (HTS) is a company that provides maintenance,
repair, and servicing of all HORIBA products, and while the new coronavirus after
2020 has restricted visits to customer sites, the company has been creating new
service proposals in line with developments in information technology and digital
technologies such as loT and Al. Remote solutions have been created in
response to the development of digital technologies such as information
technology, loT, and Al. We believe that remote solutions will become
increasingly important for analytical systems that will be increasingly automated
in the future. This paper introduces some of the services offered by HTS, which
not only ensure stable operation of analyzers through remote monitoring, but
also reduce on-site workload and speed up problem solving.
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Figure 1 HORIBA Techno Service Head office.
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Figure 2 Outline of Remote monitoring system for EMIA.

Readouf No.60 August 2025

F 7220204 DI OBl a1 - 7 A )V A O BETHES IS T
LT — 7 EBADERE SN, BEENOFHMAHIR S L
Th, RO b T ZTIVIEIET — & ORIl & 7 b 72
R B HRLPICIEFEGE S S5 L) I2Ekd b5,
D7, GHTHERRORN AR T 272007 — F Uk L
Wbz HE LT E—NEZF Y V7V AT LR FASE
L, e 2 (Sl ST <2 R N & 452 L, AERAY 22 15 B IS
NTEDLLIIHDTW 5,

DE—FEZRV TV RATLOBE

EARH REFE - MO EEMIAZ W) £— £ =
5 Ty AT AMEROE % Figure 212783

EMIA D KPC & Gatewayld, RS-232CI2 & 51 7V
FeHfmasn, BERMPLZELAETE2F v ) 7K
PoA Y =3y PEKRHLTH—N—~ZEEF(T v 7
O— K)3 5%, 25 13Gateway Ty 7 b &L 5,

HEPOOET BN, T 7 TN, 20T F v AlE
B, 77— LERERE) %, RENRETLHOTIL, 7
WOREFOREME, EERTI—L L LTT 7= h VY
H— b+t ¥ — (Figure ICTHEBE=F Y v /352 k
THRELFEEYR— 2T LD TED, E=F ) VT
LTWAEFE—HETCERASNTBY, HEEEDS
M7 =71 E—WBF L e WtfllAh & o TWnb, E=4 )
YT LIESHER T IELE— b E LT ABER ISR
LEBEOHEIRL E LTS %,

BAE, KVE—bEZY ) Y F VAT AR, FEfkd R -
WRE A BEEMIA-Pro/Expert, FfAd fgd - 253 - K
FOMEEBEEMGA-Pro/Expert, L —¥EH Lk 7
ARl EREELA-960V2/LA-350IC AR 7238 A % HE 6D
TWb, TNH OB, dhBRGEHRM R an B BT
ZCEBASNTBY, HERGOMEEMIZE > TEER
B %S TV Do HHTEEEOMEREDBR E RO MEIZ b
KEL DL z0, HEPEFIZENEL TWD 2 &L
DEBEHENDLZDTH b,

F 72, HORIBA# S OLRSF Fift — U A 2 WHERIZ3E 2§
5[ AOP (All in One Plan) JI2, Ef =Y =712X %)
T— N CTOEBRBEHLZEBIML7ZITAOP Connects |

cellular Platform A —=Fy b



HORIBA Technical Reports

Figure 3 Technical Support Center.

(Figure 4) 72 EBERED THHE IR /K75 &L
T, B4 REBDRF— A2 L TV 5,

FESOEMHEICLIEENDAREGRLE
DRZRFB

) E— b TOEBIREER T, HEAMEPSHBTWALE
FEERERFELTIE) 2B TE S, 77 =WV KR= 1
LUy —OBET V=T O HMER Z B S T T,
EHRETHNIET —HOLHTE > T 5 IKED,
Figure 5SORMNTRT £ 912, &2 HZBIEFHIE
B LIGO7z, COEB R RE L LMLy D=7
HIRE 2 — W ZaEAE L CREE OATIIE IS B\ TRE DR
HEN TR W EREEL LTy T v AL 72,

WA 2T Y A TR ERITEE OMEHIZEGHhE T
Fi L TV BN, A7 — ZADBEIILHE O GHHHIE 25
BRWAFORMEMEIA IV T TAYTF VA -V A%
RMT 2L ETEBOAREGREELT KRR I EHNT
&7

REEDERHEICE DT> 71 LHIRE

WEOBHMIETIZIL Y V2 TIEERR A —IVIC L YV EE
2 O 37 EHR R W 2 O FH) & TSR E A R O R E
AT SNBSS, HEENEERL D — AN% 2 5E
T 5, FOAITIE, FERAUIEE 22 ) BIWEEN G4
T 5

FIZANYR=- b —DOBLT YV T RO
WET 9 — 2 & B L CEE OB OMREZEAL % AT L
oo IEH M SR 1355C £ 02T IO ZIILE -
T\W7zA%, Figure 6DFHEM T T 7 TRT L ) IZIRELHH
KEL o TWB I ENSEE LHMW, —< oy
YR (BYRE ) — R) 05 HiE L T AR R HEE L C,
Bsn Ly =7 &l UFinrdEfi 2 17 o 72 L CRER IR
L7z L CIRETHBHEERETCTE, SMEBOT Y 5 4
2 (BRBEIEL Tw I 2R 5 2 & 3T & 72,

[ 1
ahER AR —OtERBRBNSEIRET
RIS HEETHIERLUET .
AOP (RSH, BB ETORDTES T NEE A, )
-FEED|FEE- éNB EBREZECEZ-SYUTL,
=2 AR BB R— MR UET,
o L/ FEospTEBOR R EERL

AoP L 3.

Figure 4 Comprehensive maintenance inspection service with added remote monitoring®®.

Readout No.60 August 2025

_

109



cature Article | ¢\ £-gy>yizpay—ExUYa—Yas

110

TR L
3900
9 3800
S 3700
o
O 3600
c
& 3500
¥ 3400
3300
Q N N > ™ » © A N o Q ! Al 2 & LN
MR R R A A A A A LA L L LA LA
NN NN q/\ ,‘/\ ,9\ )
O S S S S N S S S S S S S S N
=ED)
e=fil=C02 High e=lll==CO e=fil==CO2 Low S02
Figure 5 Interday variation of signal counts from instrument.
70
60
& 50
#X 40
L
730
20
0 5 10 15 20 25
M (min.)
- EEElt (BE) -—a=EEE% (EF)
Figure 6 Transition of detector temperature.
EREIEC L AEBNBIZIENELR 22, WIS L ENBWESTOL—FEH b HlZ 1L, 2022

EIH R BRI CRKBEECROMENFAE L 722X, V)
Figure 70 X912, E=41) » 7I2BWT, CO; LowdD E-MEZS Y U URRBEREA L 2R G ORREIRI %
NS MﬁfbwEl@Fﬂfﬁfi#iﬁ?‘%fﬂ%#%%ﬂto FIZHNTFR— by —TRERL, B L T niy
ZF ) Y THRERP S 2T TIREBEORE D &) hOHIWiH e ORI L CIERE L IRHERR 2 1T o 720 380
Lotz 772N R— by —DHET Y O, OHTEEE ICHEOREILE , R 2T o 2R
VT hSBBHYoT Y TIicar sy NERY, PHIIEHOBEEN RV, COLHICY)E-NEZS
BOEEBEOFHIRNEZHA L2 ZA, SR TEZILS VY TR E L LEBARGOT R MIHE LT, BEA
O A =7 EHHENTVDS Z EH B L 72, HIHE GEERGZ DT R—r V) a—TarkhoTwd,
MOy V= TIZTHEREDOIRRER &2 fEFR L, T ikes
OHEMIZLEEP RV & Hﬁ L7z BEZS Y VT JgaO—NIVYR—pEY—-—ERII =T

T R THTE 2 WAL, BlloT =Tk DBEK
WS B 2L THEN L V)tcL LT HTE S
F-EAERML TS, HORIBADFHA - AT B IZ R ICBOES L THB Y,

NOTV=2TH R P LEFTEFTEELL>TETW
WEREEOYE—FEZFULTICED o FERMT OV T 14 7 ) /< A7 BYRALEPD-10

BEEEENOES) BRI S A5, BT > ¥ = 7 751 C IR ik
PHMAAF VAR LT 07z, HAD SIRT Y Y
JE-FEZS ) Y/ TRERORBKELIURT 528 =7 2HMICREL TEROY EFEFREL TV, L

MNTEL, HTSTIRZ—FIZ LY VY —E XA AT — 3 L EB 2k S OB L) 2 Oxd e S & % o 72, &
UHBRHE LY — AT R = FERMA L T B D LR A CTCTHMT Y Y7 OEE LIFEEICS L THA2S D

Readoul No.60 August 2025



HORIBA Technical Reports

3800
3700
., 3600 V%-W
€ 3500
=]
o 3400
o b~~~ .~ )
© 3300
& 3200
< 3100
3000
2900
9:00 10:00 11:00 12:00 13:00 14:00 15:00 16:00
i
e=fil=C02 High e=lll==CO «=fil==CO2 Low SO2
Figure 7 Interday variation of signal counts.
) E— MY R— RN L 72, iiﬁ LTI R
7@@%1%%(&)%L“(#+-%%:ﬁw S8y 7 b
7 = 7 O¥FEIZTeamViewer ™M 12 Tﬂﬁm?ﬁﬁ%iﬁﬁ L
720 2O &9 IZHEI — B ARNIEIZ B\ THIESE A N

G —ATHLYE— MW ERFEZIGEHT L2 L THE
— B L — R Ly D=7 OV R— FEEHL
TWwh,

*1 TEAMVIEWER GERMANY GMBHDE$FEAZ & /- 13 iR

BFHUIC

Vb, HTSAZNF CICHFICRE L C& ) E—- bE=
yrr7EZOHEH, FLT)E- MR- MNIIBT Y
TZTFDOAF VA LIZOWTIRART X 72, BAETIEIoTS
AIDIEHIEH DRI D225 505, EO X HITEHHT
PNETARACDORECHEEEZHEEZT WD, HE
&, :—fﬁiiﬁﬁﬂnbfwéﬁ%@*” w7 A0 HEMER
G Mertat— T, DEERB D = — X, HEE O
,ﬂuﬂm@g*ﬁ‘ﬁio“@ﬂ% FLEWAF L EERS
NBLY YT OHEFHS THREOREL 2t 5T,

HTSIXEEF I L Dz ns, ko 5t d =— X2t
TELFH LW ) a— g rERAELEIT S 2 L CHEMN
REOMEZHIEL TS, EHIZF Yy I4 vy FL—=V
7, VE—MKR—bF TSR F IS vZaT
Wi & @B U TERNANO L Y 2 =7 O A F )V A bR i
RS OM FIZED T WA,

*MERE  RNFRFBE ORI 2 WIRY , REESITE
F S T IOV TREH L T E 9,

[1] lQiEI B, ¥~ /% — ¥ 2 “Analytical Solution Plaza” ®
ER 5 L2 5 1% D% CHORIBA O —E X,

Readouz‘, No.56, p.40-45, 2022

[2] https://www.horiba.com/jpn/service/solution/service-

product/remote-support/

BE #X

HASHIMOTO Kenta

PRSI 77 %= 2
7= VIEIEARTEE 74— I 2
Materials & Semiconductor 7 —24

F =) —F—

Materials & Semiconductor Team

Field Strategy Office, Global Strategy Division
HORIBA Techno Service, Co., Ltd.

Readout No.60 August 2025

111



12

Feature Article

S EST

AT ZAREEBET Ve BV =Pl (EEBIIEDHIE) /N7 X -2 Dt
~EHX~YZX70-3pO—F (MFC) D700NDEH~

Pl Parameter Optimization for Pressure-Based MFC (D700) Using Gaussian Mixture Model

tH &z
UEDA Takayuki
@O s
HIGUCHI Seiji

HEFL EEKER

TAKIJIRI Kotaro

® K9t

HAYASHI Daisuke

[EL&HIC

MEREETCEEALCHEOYI 70— FO—5 (MFC) PEHAINT
BV, MECOMERMLEEFEN KD SN TWB, SIERWEEEICIL, %
ERBEERTZ-ODOHHES PNEEOS 1 L RABIRNENTH 5,
FA ARG, REBOISEEFICE T RNEREEA—/N—2 12— b
EFFMEEERHLTLOIICTOh S, RBEX TH4IEEHAKXMFC
(D700) DEGECEARIREL, A XBEETIVIUITGMM) & 7 DFEfE
MERWEPIF A D RABOES EHEERET 5, MFCOFZEI =y K
BB 5 M2 EFHAEEEDOREFRIIGMME L TETFIVMEI N B, ZD
BRAR T 13, B KB OEMPEH IS, ZOER ISBMAE S T b
THETE3EVWIRMRED S &, RBREOAREEm-TRIEMOS WY
1P BREIND, LB COFEE7OORBREICERL ER, TR
TORBEDT A > e b THEBIORETRHETZZ ENTE L,

¥-7—F
HEE, ATZREETIV, PIFIE, ~X70-3> hO—7, 85&

A vast number of mass flow controllers (MFCs) are used in semiconductor
industry. An efficient production method of MFC is required. The gain tuning of
the proportional-integral (Pl) control to realize a setting flow rate is essential for
efficient mass production. The gains are tuned to meet the specifications
required for evaluation indices of response time and overshoot amount in a step
response waveform. In this paper, we propose a simple method for the Pl gain
tuning using the Gaussian Mixture Model (GMM) and the direct inverse analysis
applicable to the pressure-based MFCs’ production. The relationship between
the gains and evaluation indices for a standard unit of the MFC is modeled as the
GMM. The direct inverse analysis calculates the difference between the standard
and a test unit. Under the assumption that the difference can be compensated by
a simple shift, gains likely to meet the specifications for the test unit are
searched. We applied the method to seven test units. The result showed that the
gains of all the test units were tuned within only a few iterations.

Keywords

Semiconductor, Gaussian mixture mode, Pl control, Mass flow controller,
Manufacturing
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Figure 1 Internal structure of a pressure-based gas MFC.
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Table 1 Results of Pl tuning for test units

Unit no. (Kp, K;) T, (ms) Qb5 (%) n
1 (0.91, 0.88) 82 0.214 2
2 (0.94, 0.94) 86 —0.061 0
3 (0.97, 0.91) 86 —0.165 1
4 (0.90, 0.86) 84 —0.161 4
5 (0.90, 0.85) 88 —0.228 4
6 (0.93, 0.89) 84 —0.118 1
7 (0.99, 0.98) 84 —0.174 1
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FEZMES BB, HE7 ANCE TN LRGPV HENSRE T BTG R 5720,
IRFE T IEFEICHE S 2 C EPWEETH o 720 T D720, Frintkil 2 i) THE
AHOKIT Z R L, PETAREZWE L T2, BB E%RT 52 212
LD REAREULL, F22BRBIC & DD L7k 0B & 72 IE D 2
YL b7, WERRAEDBN & % o Tz, REFETIX, HEA AT OKG % B
WA, FEA A& TN WEN R RE S X UK 2 JE L, K>
IREEICEED & WER R IREECKT LT, WA Y PV OEZ ) IZ X BK
STBHESE L OWINA RS PVOTIRELIC X 5K B DR %
FRICHIIES 2 2 & 2 REE L7z SRS KD, BRinhEi 2 Jikr5 2 2 & 37]
RE& 2 1), INEHEO B, KD EMIELRE L % 5 2 L TRIER
FEDIR) EAFEBL L 720 & 512, KEO/NUL - BEDLZERL, HEEORS
NIz A= ANDEERATTRE R HE AT EE O FEZ EBL L 720 REEIZ L
% FEEEFEATREOPET A RERAE RN, WD T KN TOPET AR E R D
CEERFBRT LA LY, ERETROPET AWEOE I HFIZIND L
CEICHM L 7zo Tk, HFRAEIZ B CTHEEPET 2B OB ADIE L T
B, KEAIEREMEDS L O AV F—REOIIEHFS L Twb,

1 REMBEHM ] 0RZIL, [RPEOHERTE, ERAFOSERN LEICHFS L, EBICAFEH S
T2 WA 2R SRR 584 L < 33 A 4T - 728 A5k 4]

*2 HEAAIZE ENBRGOET)

%3 WA A OKG) OWIRA RS DVDSHER R T ADWILA R v & Fip % 7212k 55w )5
EMEICS 2 5 HE

w4 HAET A ORG) LMES R A EOMBEMEMIZ LY, WENRT ADWRINA XY S VHZE(T
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(HEHRAR)
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ARTHILDERED ICEDAERE
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Figure 4 KATFHEEEKPHEFZEIZOVTNOR

FZERE © FERFEB3TT18495 [ IRIMR AT A 53T i i B & OV i

FHE L - [Development of a Wet-Based NDIR and its Application to On-
Board Emission Measurement System ], SAE 2002-01-0612, 2002
FFEER

Figure 5 SH7EE MERMHFOXBIFAERY KK
EPSYZFIA-FRL— b4 7Y — (BBHTHRE)CTO i #7),
RRMEFRER B E2

*AREE  ANF IR OB 2 WIRY , ZEFE A TOHMFAEICE D
TRl L TWET,
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7500 BHEIEREMEE [HNFHAEE] 2328

The 75th JSAE Award for Technical Development Received

Figure 1 Z» 5 BEERITGSR FBF FEE
IR HE, KR AR, BN K

Figure 2 &L /-l H REHEIS X7 4
[MEXAcube]
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HE R S P E

KEOBE

HEERTEE & d, BB LY L OCHBEFomE - 2 HWE LT
1BIFICRIR SN2 D TH B, 2O HIFAMBSEE 1L, BEIEH I HE)HE
BT OFERNE T 2 Frilih F 723 &2 5 U728 X O FBH S & 12
ENLHDTH D, RZHIL, [LMRRENIRIG L7230 - 7 R o il i
PEATAGHI Y AT A OB NI TLHDOTH Y, BEANOBREOAZL LT, K
HARE YY) T 4 FFIAT R B ETR % WK Tl 2 Tv 2 miasi < FH S
N72dbDTH L, ZDRE, ARG RIETT OLTRE FEl, S #£5], KE G
AN, TN IR, R B2 E L7z (Figure 1),

ZEHAR

ZE L 2R IHE T A FHI S A7 ATMEXAcube (£ 7 ¥ % 2 —7) | (Figure 2)
1&, 20214E 12 B %8 S M7 HORIBAM H O ARV A A AT Hfii [ IRLAM™ (7 —
GOV BB Ly D VT AMERECTH Do REGIL, WEEEY
80% B L 72 BB OB TH ), HmiREOKRG EELKkERLT v E=
THE H—Kr=a—1 I NVREBOPET RO RIET LI LICL ), 1L
AL RILE L) 7 1 FABNOEBMSMEIN TV, 72, HEAB LD
FREBEBHOWTIOMBEICOFISTHETH Y, Euro 795 1& L &2 kM
PEAT AN BN THZICME» RO OSND T v BT, WERILESR, SV A
TUVTFE R & &6 s %, REMIA CTERIEICHET 22 ETHETH
¥, &5\, B EEITHOPES A ZE S ARDE*RERIC BT 2 @ 2 B
ZEENZ SIS RE R MW B i 2 T b,

¥1 RI L — = ZE i (Infrared Laser Absorption Modulation : IRLAM) & v 72 Fi,
IRLAMIE, #RASHIESET O H AR B L 2 OO ENZ BT 2 B £ 72 138,

X2 ARIEE, MHAEREGTH DT Y VA AMERBIMEXA-ONES ) — X (7 RRER) &
ODHBU IS SDTH D, b, MHKEBLOERFICLY), ZOMRIRLR LTRENS 5.

%3 WIHEEA (BEU) 2B T, R B HE 7 2B 0@ AHE STB D, 20264 12T =,
20284F ISR E R E T 5 T oE.

w4 ETREZREINIE, MRS ORI X > TERT 2580 H 5.
%5 Real Driving Emissions (ZZE4TREE 7 R ) DBEFR

*MERT  ANEIZFROZLEA 2 WIRY , ZEBATOE-HEEICE O W
TR L T Ed,
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#5148 HORIBA Group IP World Cup (P,
Gold AwardZEIPDFE It U

Award Winners of 2024 HORIBA Group IP World Cup

IP World Cup
HORIBA Z )V — 7 TH F N7 5~ QAN 70 B Al 2 59 W (DL,
Intellectual PropertyDWgsEE L CIIP]E b\ ) ) BNFHEDHEME T & 7> TE 72, HORI BA
FeliBa 58 & & DO E7- 2 MM DS HORIBA T 7 &~ FOREMWLRERTH ), GROUP
HORIBA Group IP World Cup (Figure 1)iX, HORIBA Group is One IP
CompanyDF§HD b & FHIEZFEG [T 240 - MM EZ 7V — TR THE g‘?PRLD

L. R7% 5 MEORBA L 7 550 - MM EORIHZ S 5128 H L Tw S
LrfEE LTRIR SN,

#14[MIHORIBA Group IP World Cup* i, #4+% & HORIBAZ V— 7 ®
PSSR TR SNI2200EDISHD D ), MASHIRY 7 FNC A KT 2 /O \
[Chemical Solution Monitoring System based on Sensor Integration “
Technology |4'Gold Award% 528 L7z. & QMBI IEIX, WL - EER -
pHIZED WL BRI L - C, ZHAIERTPORTIEE M= Tho7/2 L Best of Our Premium IP willbe selected.
LCh, WREL LA T4 2T, A MmHEECHIET 5 2 & %W b
L72EHZERERTH Y, 5H%OHORIBAZ V=T 2T AGT A5 & LTUTIC

IS %o

Figure 1 HORIBA Group IP World Cup

* BE14E T3, 2023F6F1H D 52024F5A31 HOREICAIME, HEE, FRXER, 1557
B8} FLRABMREEZE L AL EONMNMEEZRTRE L TV B,

Chemical Solution Monitoring System based on Sensor
Integration Technology

IP : $5EFHHEE 45FR2023-5614985 (RBAD KT - A REAEKE, HIRE
AETOTZ 4L, R, B RERETE)
ZEE R Eh, FH B, t4& —EEET7KNCINT7/ BE)

Figure 2 ZA#» 5dhE Eth, EH B, +4 —1& #H it
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ME 2% ‘ 2514[8 HORIBA Group IP World Cup Gold AwardZEIPD#E4

Gold AwardZEIPDOBIE

FHEEEGE T 0 A THW S N A L, FEEROBMAILIZHE S T, ST
B INLOPHMELBTEZELL DR ENERILT 2 L L b1, HEDH
BIZh7: 2t mEEBPLEL SN TWD, &) bIF, ppm L NV OfE
AT IREERIE IS DWW T, Ml O E 2 IR AR b Tw 4,

HERDOWETHEIMAE I O~ b7 T 7 RWREERETRTH o720 L2LED
5, k7 a~ 7T 71305 & S B RALEE DS EE 7r 72 O I E SRR R A5 2
MY, SHICEEIME L CRENPDLE L W) FED D - 72 (Figure 3) . OB
FIA VT4V CTEBIDEDUBEZZDS, B THRINA RS PIVICEEDH 5
&R R E SR EE T d o 72 (Figure 4) 6

KZEIPIL, Figure S5IZ7R L72ICH D &, Wb - EHESR - pHE W72 4%
AT & o CTEHGT ST Oppm L NV Ofm g E 2 Hih 32 2 & 25
e LT3 (Figure 6)o ZOMIEFEIIEEOFHERCHEORME Vo 72 4L
HepEE L, $72, BEERLDHIIN AL TREL @2 RT I DD
57280, INLORLLZFEHEOWERFGTEZEEGHIMT LI LITED, BILAR
7 MV EELTWS L) BREAETH-> T, WIEED:D A TIEME D 2%
WEESDA Y4 VHERIRRE LTz

Lamp Absorbance
g = ro
Reagent ‘ﬂl f
A | |
Aaa oo - = ‘l ‘\ |‘ I\

— _—m | |
— Column ] L [,
10min 30min Time
Detector

Figure 3 kv~ vJ 57

Grating Absorbance

g—0-7

Lamp Cell Detector

Wavelength
Figure 4 RXEE

"‘l"—;

> Absorbance ] F

Concentration = (¥ a,b,c) * @v
COI"IdUCﬁVity i wavelength
pH

. Spectrometer
e s
Figure 5 EEZEHR T

3 — Conduclivity Meter
-

v ' ; pH Monitor

[
Figure 6 AZHEIPD Y X7 LIBRK
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[Silver Award/Silver Award Cooperation Award]

Testing System for xEV Thermal Management System

IP : %55FHIBR %5F82023-535256
(ERADOES : SR X7 4, HRTERVEHRY X7 LAT 07 7 LRLHEER)

Silver Award=B# @ V3 36 CRIHEIERT HA)
Silver Award Cooperation Award : Dr. David BRIDGE, Dr. Osoko SHONDA (HORIBA MIRA ~
1 F1) )

BE MO A= X 2 bV AT AR HEmSERAN G A Hili. FEMLEM (xEV) I, R >~
VU BRBEHLUER L) DIET LD D0, BESRGICERT LT AU A b
AT LAORBIKRD 5ND, RZEIPIX, BHNOY X 2 L —3 3 ¥ ETIVAHM O ZFEER & A
LIETLBERHEAET L AT I 2 L —F 1, HERMEME2EERE LTy N—NTY Izl —
YarvETNEHWTHE L ZBEE LS5, REEY 27 013, ZoRESELBERHY
T, EMSERENCER OB~ R —I A Y b Y AT 2 OMWREZ i+ 5 2 & TE, BEMLER O
FAFS A% KIRICIEME T 5 2 12 L7z

[Bronze Award]

High speed scanning system for confocal microscopy (Qscan 2)

IP : 4¥5F EP3899460
(FBEAMD£&F5 : APPARATUS AND METHOD FOR LIGHT-BEAM SCANNING MICROSPECTROMETRY)

%H%# : Mr. Emmanuel FROIGNEUX (HORIBA FRANCE /7 7 » )

BE B S NBEMEBEOEEA T v =V VY AT AIBE S B, 2RTTEEAT T V35— LM
HaAZNIT— L MAROLERLEVIARZEIPOEE RN TH 5. 2RILERAT T ¥ 7
I5-PL—HF—-—V—20fEEE MEIIA 5V T— L MEEOE S CTEET 2, 20
FRAF Y =V TV AT AT, 2RICEHRAT T V77— M—DUEI 7 —-Th1, K
AR - TIANVEMICE ) EETHE SELZ ENFTRETH L. 2D L) BIEERBEICLD, B
AXXY 2V T VAT LAEFEHR L TWE, COERELZFIFHTLZ L1245 ), HORIBAT ~ »
MR, SFEEFLT TV —2a Y THEBELTWS,

F.iguré7 B2
*ARAESE  ANF IR OB 2 WIRY , B L TOHEHFHEICE S »
TR L TwET,
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HORIBA World-Wide Network

- HORIBA (Austria) GmbH - Tulln

Czech Republic

- HORIBA Czech
Olomouc Factory / Prague Office

- HORIBAABX SAS - Grabels

- HORIBA Advanced Techno France SAS

- HORIBA Europe Research Center - Palaiseau

- HORIBA FRANCE SAS - Lyon

- HORIBA FRANCE SAS, Lille Office / Montpellier Office /
Vénissieux Office

- BeXema GmbH

- HORIBA Europe GmbH - Darmstadt Office /
Dresden Office / Flérsheim Brake Test Center /
Hannover Office / Korschenbroich Office /
Leichlingen Office / Munich Office / Oberursel Office /
Potsdam Office / Stuttgart (Neuhausen) Office /
Wolfsburg Office

+ HORIBA FuelCon GmbH - Barleben
+ HORIBA Jobin Yvon GmbH - Oberursel
- HORIBA Tocadero GmbH
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- HORIBAABX SAS - Italy Branch
+ HORIBA ITALIA Srl - Roma
- HORIBA ITALIA SRL - Torino Office

Netherlands

- HORIBA Europe GmbH - Netherland Office

- HORIBAABX Sp. z 0.0. — Warszawa
+ MLU Sp. zo.o.

- HORIBA ABX SAS - Portugal Branch

Romania

- HORIBA (Austria) GmbH - Romania Branch

o o ° & o0
o - ° N ] oo, ... 9 ..
- ®o 8 .“o. o .'
2, .
A <
taly . WMRussia |

- HORIBA OOO - Moscow / Zelenograd Office

- HORIBA ABX SAS - Spain Branch

- HORIBA Europe GmbH, Sweden Branch
- (Gothenburg) / (Sodertalje)

- HORIBA Europe GmbH - Istanbul Office

United Kingdom

+ HORIBA Jobin Yvon IBH Ltd. - Glasgow

+ HORIBA MIRA Limited - Nuneaton / Quatro Park
- HORIBA Test Automation Limited. - Worcester

- HORIBA UK Limited - Northampton
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https://www.horiba.com/jpn/contact/worldwide-locations/
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- HORIBA Ltd.

- HORIBA Advanced Techno
- HORIBA STEC

- HORIBA Techno Service

- HORIBA (China) Trading Co. Ltd. - Xi’an / Beijing /
Beijing YiZhuang / Chengdu / Guangzhou Office /
Shanghai / Shenzhen / Xiamen

- HORIBA INSTRUMENTS (SHANGHAI) CO.,
LTD - Shanghai

- HORIBA Precision Instruments (Beijing) Co., Ltd.

+ HORIBA Technology (Suzhou) Co.,LTD.

+ MIRA China Ltd. - Shanghai

- MIRA China Ltd. Xiangyang Workshop

- HORIBA India Private Limited - Bangalore Office /
Chennai Office / Haridwar Factory / New Delhi /
Technical Center / Kolkata Office / Nagpur Factory

Indonesia

+ PT HORIBA Indonesia
+ PT. HORIBA Indonesia - Tangerang

- HORIBA Malaysia Sdn Bhd

- HORIBA Instruments (Singapore) Pte Ltd. - Manila Office

- HORIBA Instruments (Singapore) Pte Ltd. —Singapore /
West Office

South Korea

- HORIBA KOREA Ltd. - Anyang-Si / Dongtan Office /
Ulsan Office
- HORIBA STEC KOREA, Ltd. - Gyeonggi-do

Taiwan

+ HORIBA Taiwan, Inc. - Hsinchu
+ HORIBA Taiwan, Inc. - Tainan Office

Thailand
- HORIBA (Thailand) Limited - Bangkok

- HORIBA Vietnam Company Ltd. - Hanoi
- HORIBA Vietnam Company Ltd. - Ho Chi Minh

+ HORIBA Instruments Brasil, Ltda.
-Séao Paulo

- TCA/HORIBA Sistemas de Testes Automotivos Ltda.
-S&o Paulo

- HORIBA Canada Inc.
-Burlington / London Office

- HORIBA Instruments Incorporated
-Ann Arbor Office / Austin Office / Canton Office
Fletcher Office / Houston Office / Irvine / Portland Office /
Sunnyvale Office / Tempe Office / Troy Office /
West Valley City Office
- HORIBA New Jersey Optical Spectroscopy Center
- HORIBA Reno Technology Center
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