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HORIBA MIRA: Shaping Journeys for 70 Years
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For over 70 years, HORIBA MIRA has supported many of the world’s most
prominent vehicle manufacturers and suppliers, by providing them with cutting-
edge design, test and development capabilities. The company has remained at
the forefront of vehicle development and has broken many records throughout
its rich history, by providing customers with services tailored to their exact
requirements, by investing in the latest technology, and by fostering a culture
of teamwork and innovation amongst its dedicated workforce. HORIBA’s suc-
cessful acquisition of MIRA in 2015 marked a significant milestone in the his-
tory of the company. By combining two highly respected global brands to form
HORIBA MIRA Ltd. and by establishing MIRA Technology Park as a centre of
excellence in developing the latest transport technologies, the company is
continuing to shape journeys of the future around the world by making vehicles
safer, cleaner, more efficient and rewarding to drive.
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Introduction

HORIBA MIRA (formerly known as MIRA) was founded in 1946 and has
been based at the heart of the UK’s automotive industry for over 70 years.
From its early beginnings as the government funded, Motor Industry Research
Association, HORIBA MIRA has grown to become a global provider of pio-
neering engineering, research and test services to the automotive, aerospace,
rail and defence sectors and a centre of excellence for vehicle development.
The company works in close collaboration with vehicle manufacturers and
suppliers around the world, providing comprehensive support ranging from
individual product tests to turnkey engineering design, development and build
programmes.

The company has seven decades of experience in developing some of the
world’s most iconic vehicles, with HORIBA MIRA’s engineers utilising the
latest test facilities and simulation tools to make vehicles and journeys safer,
cleaner, more efficient and rewarding.

With a suite of 37 major test facilities, 100 km of specialised proving ground
and a wealth of engineering experience, combined with an expanding interna-
tional presence, HORIBA MIRA is working hard to achieve its vision — that “By
2020 every journey in the world will be positively influenced by HORIBA
MIRA.” In order to realise this ambitious vision, HORIBA MIRA is develop-
ing MIRA Technology Park, the 1.75 million sq ft (162,500 sqm) site where its
headquarters are located. The development is set to create over 2000 new jobs
at a variety of skill levels, from apprentices to leading technical experts, and
will become Europe’s largest transport centric technology park and the home
of European R&D centres for some of the world’s most prominent vehicle
manufacturers and Tier 1 suppliers.

HORIBA MIRA’s proven track record and on-going ability to operate at the
forefront of vehicle technology development has led it to become a globally
recognised brand for vehicle development. By applying its advanced engineer-
ing, test and validation capabilities to customers’ challenging programmes,
HORIBA MIRA is already shaping journeys of the future.

History

The Beginning (Figure 1, 2 and 3)
HORIBA MIRA'’s drive towards positively influencing every journey in the
world began on 1% January 1946, when the UK motor industry established its
own research association known as ‘MIRA’, the Motor Industry Research
Association. Formed from the Automobile Research Committee (ARC) of the
Institution of Automobile Engineers, MIRA was carefully constructed to

Figure 1 34° banking under construction

Figure 2 Opening of the High-speed Circuit

R

Figure 3 HORIBA MIRA’s famous Belgian Pavé
test facsility
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Figure 8 Aerodynamic testing of a Formula 1 car

serve the needs of the industry itself.

From its beginning, MIRA has been instrumental in making engineering
knowledge and experience available to the world’s vehicle and component
manufacturers. As its story has unfolded the company has survived the peaks
and troughs of an industry which, since its birth, has been used by various
governments as an economic regulator. It has survived national and world
industrial recessions, emerging fitter, stronger and more focused than ever
before.

1940s & 1950s (Figure 4 and 5)
Following an evaluation of over 40 potential sites including Donington Park
and Silverstone, MIRA’s Proving Ground was established at RAF Lindley, a
former airbase near Nuneaton in 1948. The early site consisted of more than
650 acres of land with three concrete runways, perimeter tracks, dispersal and
hard standings, a control tower and one hangar.

The first major development to the Proving Ground — which would later grow
to become the centrepiece of MIRA Technology Park — was a half-mile sec-
tion of the famous Belgian Pavé road, which was opened for use in early 1950.
The MIRA laboratory facilities were also constructed during this time on a
prominent 11 acre site along the historic A5 London to Wales, Roman trunk
road known as Watling Street.

By 1952 construction was underway on of one of the three super-elevated
bends on the High-speed Circuit. This 34° banking is still used today, and
allows a neutral-steer speed of 85mph, meaning constant 100mph laps can
casily be achieved.

At the end of the 1950s an extensive investigation of wind tunnel testing was
carried out using the 24 foot diameter aircraft wind tunnel at RAE
Farnborough. The conclusion was that the automotive industry required a pur-
pose-built wind tunnel, and that MIR A should set about designing and build-
ing the world’s first full-scale wind tunnel. It was built inside the remaining
aircraft hangar on the Proving Ground and was one of the first purpose built
facilities at MIR A which started a series of developments that would continue
throughout the 1960s.

1960s & 1970s (Figure 6, 7 and 8)
During the 1960s, MIRA rapidly built facilities to accommodate the newly
emerging engineering disciplines of the time. Developments included a crash
laboratory, NVH (Noise, Vibration and Harshness) chambers and an
‘Atmospheric Pollution’ Emissions Laboratory that was built in 1967. In 1968

1940F K £ 1950F K

T — ANTFR ST 22 AL 2B AR R LR BRBR T R A S

19484E, F=— b Vs ) ¥ F) — P EZ2HE 54 o Brdb 12
MIRA#:® 5 2 b 2 — A (Proving Ground) 25#% i & 1172, 412
MIRA Technology Park® Wizt & % 57 A b I —ATdH %,
ERL/2ANVONNVY v VEEDSER L, 19504E ORI 7 & EH A
BiG S 7z,

19524F 1213, BB REOEEPED Sz =2 — M T VAT
7SS mphAS il BE R A AE34EE DNy 7 1%, BIEETH bR T
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the Crash Laboratory was opened by Anthony Wedgwood Benn, who, at the
time, was the UK Government’s Minister of Technology. This laboratory was
the most advanced crash facility in the world and helped MIRA lead the way
in the science of safety development engineering.

Also during this time, plans for extending MIRA’s safety facilities at
Nuneaton intensified which resulted in the installation of a HyGe reverse
impact sled facility, and improvements to the crash test rig. These projects
provided a greater range of crash test possibilities and were ideal facilities for
the development of passenger restraint systems. The HyGe Laboratory was
formally opened by HRH Queen Elisabeth II’s cousin, Prince Michael of Kent
in March 1979. Following the opening, a variety of work was undertaken,
including seat testing, seatbelt evaluation, and pedestrian impact testing using
both adult and child dummies. During this time, MIRA was also involved in a
large cooperative project concerning the restraint of children in cars using
adult seat belts, and the creation of design parameters for booster cushions.

The 1980s saw many additions to MIRA’s facilities; with the opening of the
Engine Test Laboratory by HRH Prince Michael of Kent and the creation of a
Straight Line Wet Grip surface on the Proving Ground, which was opened on
an extremely wet day in April 1986 by Mr Peter Bottomley, MP -
Parliamentary Under-Secretary at the Ministry of Transport.

In 1987 MIRA’s first Semi Anechoic Electromagnetic Compatibility (EMC)
chamber was also opened by Sir John Egan, Chairman and Chief Executive of

Jaguar Cars.

MIRA’s propensity for record breaking began in the 1980s when Richard

HORIBA Technical Reports

Figure 9 Peter Taylor breaking the lap record
on the High Speed Circuit in a
McLaren F1

Figure 10 Chris Boardman’s Olympic winning
Lotus 108 in the Full-Scale Wind
Tunnel

Figure 11 Crash Laboratory

SSC

Figure 12 Aerodynamic development of Thrust

Figure 13 HORIBA MIRA'’s first Kinematics and
Compliance Test Facility
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Crane set a new world record for human powered vehicles during one hour’s
running on the Proving Ground’s Horizontal Straights in September 1985,
achieving a speed of 41.28 mph. The existing record he broke was 37.5 mph,
and the aerodynamic development of the vehicle; ‘Bluebell’ achieved a drag
coefficient of 0.095, after being development in MIRA’s Full Scale Wind
Tunnel.

The company’s trend for record breaking continued into the 1990s. In prepara-
tion for the 1992 Barcelona Olympic Games, British racing cyclist Chris
Boardman and Lotus Engineering took cycling to another level when they
perfected the aerodynamics of both the Lotus ‘super bike’ and Chris’s riding
position. The revolutionary bike helped Chris to catch his opponent Jens
Lehmann in the final of the 4km cycling pursuit and he went on to win the
Olympic gold medal.

MIRA’s vehicle dynamics capabilities significantly advanced in the 1990s
when the company opened Europe’s most advanced independent Kinematics
and Compliance (K&C) Facility in 1996. This new rig enabled MIRA to accu-
rately establish the kinematic characteristics of a vehicle’s suspension and
steering system geometries, and the compliance characteristics of the suspen-
sion springs, anti-roll bars, elastomeric bushes and component deformations.
Knowledge of these characteristics is an essential aid for suspension engineers
wishing to establish a thorough understanding of a vehicle’s performance in
terms of ride, impact isolation, steering and handling, and immediately
became an essential engineering tool for vehicle and component
manufacturers.

During this decade, MIRA also played a significant part in another world
record. The company’s input during secret tests on the unique rear-wheel
steering system and vital model wind tunnel developments on Thrust SSC,
meant the team were able to break the sound barrier with a car, achieving a
speed of 763.035mph (Mach 1.007) on 15" October 1997.

Speed was also on the agenda on a cold, damp day in December 1998, when a
new lap record for the High-Speed Circuit was set in a McLaren F1. It broke
the record by averaging 168mph (270.36 km/h) around the circuit, and at one
point reached speeds of 196.2 mph (315.75 km/h), beating the previous lap
record of 161.655mph (260.15 km/h) which was achieved in a Jaguar XJ13 in
April 1967.

The final major success for MIRA during the 1990s occurred in December,
when the company won the top award for the best Teaching Company Scheme
(TCS) programme.

ZREERESES~ 7 I — L VFUI X VB &Nz, ST oHE, P
JE Il £ 168 mph (270.36 km/h) TRCS % B L, Bl fwe e 2 U
196.2 mph(315.75 km/h) I b 3 L 7z, 1 E TORERHRE, v
7 —XJ13%519674E4 H 122 M L 72161.655 mph (260.15 km/h) T

HoTzs

MIRAFEIZ & o TO1990F iR E O KIEAEL, REFEELRE
(Teaching Company Scheme : TCS) 70 7 5 ADHKEEDZE
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MIR A’s ambitions for expansion were boosted at the start of the decade, when
the company established a sister-site in Basildon, Essex. MIRA Quatro Park
was opened on 27" June, 2000, by Dr Wilfried Janke, European Technical
Director of Visteon. At the time it was built, this bespoke engineering test
facility was the largest of its kind in the UK. Today it continues to offer inde-
pendent validation testing on a variety of products for all engineering sectors.

In order to meet customer requirements, improvements were made to a
number of facilities at the site in Nuneaton between 2003 and 2006. A second
Climatic Wind Tunnel (CWTtwo) was opened in 2003, and MIRA’s compre-
hensive Electromagnetic Compatibility (EMC) capabilities were further
enhanced in 2006 with the opening of the Heavy Vehicle Semi Anechoic
Chamber (HVSAC).

In 2007 MIRA won Automotive Testing Technology International magazine’s
‘Crash Test Company of the Year’ award. This was a major achievement for
the company, and signalled the culmination of decades of hard earned experi-
ence gained in the field of vehicle safety development.

Throughout 2009, MIRA was involved in numerous high-profile projects,
including the SAFERIDER programme which focused on Advanced Rider
Assistance Systems and On-Bike Information Systems. This innovation pro-
vided speed alert, curve warning, frontal collision warning and lane change
support functionality.

A cooperative system, WATCHOVER, was also designed in 2009. This pre-
vented accidents involving vulnerable road users in urban and extra-urban
areas where clear line of sight was unavailable.

FOOTLITE was another project MIRA worked on during this decade. It high-
lighted the close-coupled relationship between Intelligent Transport Systems
(ITS) and low carbon technology via the delivery of driver information sys-
tems that educate and encourage safer, greener driving and longer term
behavioural changes.

In 2009 the company’s research activities within the rail sector became cen-
tred on passenger safety, when MIRA entered into a partnership with Motorail
Logistics to perform the first full-scale rail crash test in over 20 years. Later
that year MIRA collaborated with fifteen partners from European rail opera-
tors and manufacturers as part of the SAFE INTERIORS research pro-
gramme, which addressed the complexities arising from standing and
unrestrained passengers.

HORIBA Technical Reports

Figure 16 Crash test dummies used in full-
scale rail crash testing
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Figure 17 Dr. George Gillespie welcoming
Aston Martin to MIRA Technology
Park

Figure 18 HRH Prince Harry training for a
South Pole expedition in one of the
Climatic Wind Tunnels

Figure 19 Transport Secretary Sajid Javid vis-
iting HORIBA MIRA

The Dr Gillespie Era / HORIBA Acquisition (Figure 17, 18 and 19)
After taking charge of MIRA in January 2009, CEO, Dr George Gillespie
formed a new Executive Team to lead the company, which drew upon a wide
range of experience from across the engineering industry. Their vision was to
bring the company together to form a cohesive commercial enterprise that was
capable of expanding into international markets, while cultivating the very
essence of the company that made it so unique and endearing to both its estab-
lished customer base and its talented workforce. By strengthening its core
capabilities within traditional vehicle engineering disciplines and investing
heavily in emerging areas such as XEV systems and functional safety, the
company quickly began to realise this vision.

MIRA’s ambitious plans for establishing itself as a world leader in vehicle
engineering first began to emerge with the announcement of MIRA
Technology Park in 2010. MIRA Technology Park’s vision was to build a
state-of-the-art Engineering Centre and create the most advanced, independent
transport Technology Park in Europe. This ambitious project, which is still
ongoing, aims to generate more than 2,000 jobs by 2020.

During 2011 and 2012, The MIRA Technology Park plans attracted a lot of
praise from the Government. In separate meetings with Nick Clegg (Deputy
Prime Minister at the time), and Business Secretary Vince Cable, George
Gillespie explained how a state-of-the-art Engineering Centre and Technology
Park would help attract international companies looking for advanced engi-
neering expertise and facilities.

Planning approval for MIRA’s 1.75 million sq ft Technology Park development
was endorsed by Secretary of State Eric Pickles in March 2012, and by
November 2012 the first new building on the Technology Park, MIRA’s new
43,000 sq ft Control Centre was opened by the Rt Hon Dr Vince Cable,
Secretary of State for Business, Innovation and Skills.

Large advances within MIRA’s autonomous and connected capabilities have

Figure 20 The masterplan of MIRA Technology
Park

Figure 21 An artist's impression of MIRA

Figure 22 Vince Cable with HORIBA MIRA’s

Technology Park in the future Connected Vehicle
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been fostered during George Gillespie’s leadership. Central to this is the
development of MIRA’s Connected Vehicle, a highly automated car that inte-
grates with MIRA’s City Circuit — a facility which provides a safe, compre-
hensive and fully-controllable connected city environment dedicated to the
testing, validation and demonstration of co-operative systems in an urban and
sub-urban environment and allows synchronisation of intelligent infrastruc-
ture and other intelligent vehicles. This research, which is still on-going, is an
enabler of enhanced test capability for the City Circuit and also the foundation
for further proving ground automation.

A spin-off from the Connected Vehicle programme is the field of Cooperative
Driving. While independent autonomous vehicles currently tend to be very
cautious due to their situation awareness limitations, MIRA’s work involving
data sharing is helping to improve awareness and cooperative actions amongst
connected vehicles and infrastructure that can optimise traffic flows. This
activity builds on the Connected Vehicle’s foundations and is seen by MIRA
as an enabler of technologies for the wider deployment of future autonomous
vehicles.

In September 2013 MIRA hosted another royal visitor. This time it was HRH
Prince Harry and the UK team of the Walking With The Wounded Allied
South Pole Challenge. During the 24 hour exercise, the team were subjected to
temperatures as low as -35°C, snow blizzards, and winds of up to 200 km/h so
they could prepare for the brutal environment of Antarctica. The event
received international media coverage and generated a significant amount of
interest in MIR A’s environmental testing services.

2014 saw Bob Joyce, Jaguar Land Rover’s Executive Director of Product
Creation and Delivery, launch MIRA’s newly expanded Kinematics and
Compliance Facility featuring Europe’s only independent Suspension
Parameter Measurement Machine (SPMM) with moment of inertia capability.

As 2014 came to a close, Dr Gillespie was awarded an OBE in the Queen’s
New Year’s Honours List. The award was presented to George for his services
to international trade, following his continued commitment to building busi-
ness overseas. On route to gaining this award, George accompanied Britain’s
Prime Minister, David Cameron, on a trade visit to China in December 2013,
and visited Japan, India and China on several occasions during 2014 to build
long-term business relationships between international markets and the UK.

The latest chapter in MIRA’s history was written in 2015 when HORIBA
increased its operation through the purchase of MIRA. The major investment,
which was completed on 14" July 2015, saw HORIBA expand its portfolio
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Figure 23 Bob Joyce and Dr. George Gillespie
at the opening of the new Kinematics
and Compliance Facility
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Figure 25 The Management Team at HORIBA
MIRA Ltd.

Figure 26  HORIBA MIRA’s Control Centre

with a move into vehicle engineering and testing consultancy. By combining
two highly experienced and internationally recognised companies to form the
HORIBA MIRA brand, significant gains can continue to be made towards
making vehicles and journeys across the word safer, cleaner, more efficient
and rewarding.

HORIBA MIRA has a unique combination of test facilities and complemen-
tary engineering capability, and also provides a location for organisations to
locate their R&D activities.

HORIBA MIRA’s headquarters, based in the UK, house 37 major test facili-
ties and over 100kms of test tracks. Test facilities include comprehensive
suites of crash and safety development facilities, climatic and aerodynamic
wind tunnels, EMC test laboratories, emissions and powertrain test labs as
well as a range of component and structure test facilities.

The HORIBA MIRA Proving Ground is very comprehensive and allows vehi-
cle, component and tyre testing across a range of high and low speed, durabil-
ity and low friction surfaces.

HORIBA MIRA has engineering expertise that relates to the test facilities that
already exist. In addition, HORIBA MIRA engineering expertise has been
traditionally focussed on vehicle systems with a long-standing tradition of
using this expertise to develop vehicle attributes and DNA, typically, ride and
handling, steering, braking, durability, NVH and passive safety.

Over the past 20 years, vehicles have evolved with conventional diesel and
gasoline powertrain systems being replaced with hybridised and electrical
architectures. In response to this HORIBA MIRA has evolved comprehensive
capability in electrical powertrain architectures, battery systems and energy
management, underpinned by HORIBA MIRA’s core capabilities in electrical
systems and EMC.

In more recent years HORIBA MIRA has taken a leading role, globally, in the
areas of systems safety. As vehicles have become more complex and reliant on
electrical systems or systems that are safety critical, the importance of the
application of a systems engineering approach and ISO 26262 has become
more important. In response to this, HORIBA MIRA has pioneered engineer-
ing consultancy capability in this area.

HORIBA MIRA has traditionally encouraged many of its valued customers to
locate their R&D capability at HORIBA MIRA’s traditional headquarters in
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the UK. These customers have benefited from easy access to test facilities and
engineering capability and thus HORIBA MIRA has served as an attractive
location looking to fast-track their R&D activity. Since 2010 HORIBA MIRA
has built on this original principle, and has entered a period of on-going devel-
opment as customised facilities are designed and built for a range of global
customers looking to establish an R&D presence in Europe, and primarily the

UK.

Following the arrival of the new Executive Team through 2009/10, and over
the past 5 years, HORIBA MIRA has undertaken increasing levels of R&D.
All R&D has been strictly focussed on developing capability and intellectual
property in technical areas that have aligned with the overall strategy and

business plan. Some key areas have included:

* HORIBA MIRA has designed and supplied bespoke battery packs for
new Korean buses: a plug-in HEV and a pure EV with swappable
packs. It was responsible for cell selection, hardware specification,
BMS software, pack test and validation. The company worked in part-
nership with a Korean production supply chain and carried out cell
characterisation and calibration using a unique process. The BMS was
calibrated to cell characteristics and application for maximum perfor-
mance of the pack and HEV system. In-house development and valida-
tion with advanced HIL and exercisers was also carried out.

* The finished pack had an integrated thermal system and platform and
could be optimised for the local supply base. The pack’s scalable archi-
tecture and BMS platform allowed pack development to be based off
common systems and delivered in 9 months, while the BMS and pack
design gave c¢.10% additional usable energy density compared to the

industry standard.

* This is being conducted within a collaborative R&D project to develop
a unique hydrogen generator using solid complex hydrides. HORIBA
MIRA will develop a highly innovative continuous flow hot cell, pro-
ducing 1 kW of hydrogen from a nano-structured ammonium borane
composite. The project will develop a detailed understanding of the
principles and material properties of the solid precursor material and
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thermal modelling, and simulation will be carried out to drive the
design concepts. The project will also involve the development and
build of a compact system incorporating thermal management, gas
management, and movement of material and control electronics to gen-
erate hydrogen on-demand.

* The project is aimed at developing a patentable system for generating
hydrogen from a solid fuel cartridge, and the system will mitigate the
need for high barometric pressure and/or cryogenic hydrogen storage
systems. The project is also aimed at drastically reducing the infra-
structure and vehicle system costs.

* HORIBA MIRA is actively researching technologies for the recovery
of energy from liquid air through expansion, including how to integrate
and control such cryogenic energy recovery systems in vehicles. A
consortium of the Dearman Engine Company, HORIBA MIRA, Air
Products and Loughborough University, with a grant from Innovate
UK (the UK’s innovation agency), have enabled the completion of the
world’s first demonstration of a liquid air engine in a commercial
vehicle.

*The growing importance of cyber security and vehicle resilience is
closely aligned to the dual trends of increasing automation in vehicles
and increasing growth in the use of consumer devices in vehicles.
These parallel developments mean that ensuring the resilience of these
systems is now a top priority for the industry, and HORIBA MIRA is
taking a lead in this.

* The automotive sector is facing various global challenges, and the
requirement for safe, secure and environmentally friendly transport has
never been greater. By developing automated intelligent and connected
vehicles, HORIBA MIRA will make journeys of the future safer, more
efficient and convenient. OEMs, infrastructure providers and suppliers
require support to design, develop, validate and test these new vehicle
systems and HORIBA MIRA is able to support them with this, as it has
experience in developing vehicles that interact with intelligent infra-
structure using its City Circuit Facility (a dedicated ITS proving
ground). The company has also created Network Guided Vehicle - a
highly automated demonstration platform for testing driverless
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technologies, as well as a scaled-down testing environment (co-operative
robots) which allow engineers to understand vehicle interactions and

test algorithms/software.

* HORIBA MIRA has also developed a vehicle-in-the-loop system with
its City Circuit to demonstrate cooperative vehicles with intelligent
infrastructure, and had developed the intelligence and algorithms
required for safe and highly efficient cooperative operation of autono-
mous vehicles. HORIBA MIRA’s experts predict that up to a 25%
improvement in efficiency can be achieved if vehicles and infrastruc-

ture cooperate effectively.

* HORIBA MIRA worked on a project with a commercial vehicle OEM
where it was responsible for the design, construction and testing of the
hybrid technologies of a lightweight hybrid HGV. The aim of the proj-
ect was to develop a hybrid HGV that was fuel efficient, quiet, highly
manoeuvrable, had low emissions and an adaptable architecture. The
OEM engineering team was based at MIRA Technology Park and
HORIBA MIRA designed, integrated and validated the complete
drivetrain. HORIBA MIRA was also involved in the sizing and design
supply of the APU, battery pack and BMS, rear axle with integrated
steering, traction motor and gearbox, thermal management system and

hybrid control system.

* The finished vehicle featured a 25% payload increase, 4 wheel steer,
zero emissions mode (EV), and achieved a reduction in CO2 greater
than 53%. There is a patent pending on body, rear axle and APU
designs and HORIBA MIRA has secured a follow-on contract for the
Urban Vehicle Range project, which will create low emission and fuel
efficient refuse collection vehicles in the form of a CNG vehicle and a

plugin-hybrid vehicle.

* HORIBA MIRA has experience of successfully designing and supply-
ing an unmanned IED detection capability that was required in
response to a UK MoD Urgent Operational Requirement. The vehicle
needed to be safely controlled remotely and MIRA Autonomous
Control Equipment (MACE) technology enabled the vehicle to be con-
verted to feature unmanned capability. The MACE was integrated into
a Land Rover Defender as part of a 12 month engineering development
and delivery programme. A team of more than fifty HORIBA MIRA
team members were involved in the project, and the company provided
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full field support including all upgrades to the customer.

* The system has been in service with the British Army since 2011 and
was used extensively for rapid and safe route proving. It has also been
cited in UK MoD reports as “...a game-changing capability and the best
system of IED detection currently deployed within the NATO group.”

HORIBA MIRA solves problems, driven by key megatrends that will shape
the transport industry over the next 25 years. The company’s future strategy is
based around four key themes which will guide its overall direction and
growth, namely;

» Making vehicles CLEANER

» Making vehicles and journeys SAFER

» Making journeys more EFFICIENT

* Ensuring vehicles remain REWARDING to drive

These key themes underpin the company’s long term vision that “one day
every journey in the world will be positively influenced by HORIBA MIRA”.

A major part of the business growth strategy will involve research and devel-
opment of new capabilities and intellectual property across a range of emerg-
ing technology areas. To accelerate this development a new business unit,
Strategic New Growth (SNG) has been formed to focus on this challenge.
SNG will take the lead in identifying, developing and maturing the new capa-
bilities needed to achieve growth plans. The priority strategic technology
themes for SNG have already been identified, namely:

* Future energy vectors

* Intelligent and connected vehicle technology

* Vehicle resilience

» Advanced vehicle technologies including light weighting

HORIBA MIRA has already developed the seeds of new capabilities in these
technology areas from recent investments in research. Its growth strategy is to
scale these capabilities up by establishing the operational structure for SNG
and investing in the skills and facilities needed for expansion of these four
technology areas. For example, expansion of its capabilities in the area of
vehicle resilience will require research into potential vehicle vulnerabilities
and investment in facilities for the evaluation of real vehicles and systems in a
secured quarantined environment using realistic infrastructure (e.g. cellular
communications) without disrupting public services.

For the core Engineering and Testing business HORIBA MIRA ensures its
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remaining facilities remain relevant to the current needs of the industry.
Whilst this generally requires HORIBA MIRA to ensure its test facilities are
kept up to date, it does also require it to enter new avenues and as demand
requires.

Following the recent controversies concerning the measurement of vehicle
tailpipe emissions and their reporting, the topic of Real World Emissions has
become immensely topical and HORIBA MIRA has noticed a seismic shift in
the emissions measurement requirements of the industry. As a result,
HORIBA MIRA is developing leading test and measurement capability in this
field and has begun to plan the installation of a new Advanced Emissions Test
Centre at MIRA Technology Park. This new high-tech facility will see a
number of teams from across the HORIBA Group coming together to deliver
the project, including HOR (HORIBA Japan — Project Management), HF
(HORIBA France — Climatic System), HTA (HORIBA Test Automation —
Emissions Test Automation System), HE (HORIBA Europe — Chassis Dyno),
HUK (HORIBA UK — Emissions Measurement & Analysis Equipment) and
H-M (HORIBA MIRA - Project Management, building and integration).

This is just one example, but areas of technical development that include test
facility development include vehicle connectivity, Advanced Driver Assistance
Systems and Active Safety.

Amongst HORIBA MIRA core engineering teams it continue to enhance its
existing capability by continuing to develop improved simulations techniques,
engineering processes and technical disciplines.

With a heritage of 70 years in the automotive industry and a strong culture of
innovation, HORIBA MIRA is well equipped to continue to develop and
deliver core engineering and test services. Increasing vehicle automation and
connectivity is creating a revolution in the automotive industry, bringing
many new challenges for the industry. Wherever there are new challenges
there are new opportunities for HORIBA MIRA, and with the combination of
our innovation culture and our growth strategy, we are well placed to face the
future.

Geoff DAVIS

Chief Strategy Officer
HORIBA MIRA Ltd.
Ph. D.
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Towards Autonomous Vehicles:
Developing Highly Automated Vehicles for Structured and Unstructured Environments

BEEGEICHITT:
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In this paper some of the latest HORIBA MIRA developments on systems for
the simulation and development of automated vehicles are introduced. For
the structured environment case the emphasis is on the longer term research
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challenge of developing systems for cooperative automated driving allowing the
benefits in both safety and efficiency to be realised in the future. This includes
developments on traffic simulations and management systems since these will

Tim EDWARDS

also be key to reaching the longer term vision of cooperative autonomous driv-
ing. For the unstructured environment case the emphasis is on the shorter term
development challenge of engineering unmanned vehicles that can be safely and
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reliably deployed in demanding customer specific off-road environments. Finally,
some conclusions and a selection of future works are presented.
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advancements shaping our mobility and quality of life in
the future."” Amongst the main drivers for higher levels of
automated driving are: safety, reducing accidents caused
by human errors; efficiency, increasing transport system
efficiency, reduced emissions of vehicles; comfort, freeing
the user for other activities when automated systems are
engaged; social inclusion, ensuring mobility for all; and
accessibility, facilitating access to city centres.
Furthermore the importance of cooperative automated
driving has been recognised by the European Commission
who have coordinated the establishment of the C-ITS
Platform where industry representatives and public
authorities have agreed on a shared vision for the coordi-
nated deployment of Cooperative Intelligent Transport
Systems (C-ITS) in Europe.”! This is an important step
towards connected and cooperative cars as C-ITS enable
vehicles to communicate with each other and with the
infrastructure, an essential step to enable efficient highly
automated driving. The impact of the advancement in
Connected and Autonomous Vehicles (CAV), will reach
many adjacent sectors including insurance, telecommuni-
cations, electronics, technology, IT, transportation, logis-

tics, advertising, digital and retail.®

The HORIBA MIRA offering” on the advancement of
future vehicle and systems technology is helping in the
development and testing of reliable technology, required
to eventually achieve a deep penetration level of vehicles
with high-automation features integrated. There is an
active programme of research and development in
Autonomous Vehicles and their related technologies car-
ried out for both on-road structured environments and off-
road unstructured environments.

The research scope for both environments are comple-
mentary. For the on-road structured environment, the
ever-increasing complexity of vehicle’s systems and the
incorporation of newer Advanced Driver Assistance
Systems (ADAS),” is making the process of comprehen-
sive validation and implementation of system design
increasingly challenging. The high number of different
subsystems, use cases, environmental conditions and
driver profiles, among many other factors, makes

the testing and validation of all the vehicle’s automated
systems under all possible combination of factors unfeasi-
ble. Intelligent, configurable test protocols and specialized
simulation and test facilities dealing with this validation
process complexity are required. Additionally, as CAVs
come to rely on external information for planning of
safety related functions, any corruption or misuse of these
communication channels could compromise vehicle
safety. Added to the challenges for CAVs is the inter-oper-
ability and market penetration.

Off-road environments are largely unstructured.
Unmanned Ground vehicles (UGVs) are a class of autono-
mous vehicles that are typically designed to be used
instead of manned vehicles particularly in dull, dirty or
dangerous applications. Although these vehicles are
unmanned they still normally have a “man in the loop”, i.e.
in a supervisory or monitoring capacity. However, navi-
gating complex terrain at speed with minimal human
supervision represents a major challenge for UGVs. For
example, this requires advanced on-board perception sys-
tems featuring innovative algorithms for interpreting
challenging environments such as mountains, deserts,
woodland and wetland. Key challenges are the sensor
suites and sensor fusion needed to provide perception
information to the automation control systems to enable
the vehicle to operate in off-road terrains and in harsh
environmental conditions. This combined with addressing
key engineering requirements such as reliability, safety
and operational integration with other systems means that
advanced algorithms coupled with appropriate test and
validation tools are also required.

In this paper some of the latest HORIBA MIRA develop-
ments on systems for the simulation and development of
automated vehicles are introduced. For the structured
environment case the emphasis is on the longer term
research challenge of developing systems for cooperative
automated driving allowing the benefits in both safety and
efficiency to be realised in the future. This includes
developments on traffic simulations and management sys-
tems since these will also be key to reaching the longer
term vision of cooperative autonomous driving. For the
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unstructured environment case the emphasis is on the
shorter term development challenge of engineering
unmanned vehicles that can be safely and reliably
deployed in demanding customer specific off-road envi-
ronments. Finally, some conclusions and a selection of
future works are presented.

Automated Driving in Structured Environments

Automation in passenger vehicles and public transport
systems offers many societal benefits but there are signifi-
cant challenges for the industry to address before high
levels of autonomy™® can be deployed widely. HORIBA
MIRA has expertise in many of these crucial areas such
as vehicle engineering, functional safety, test and verifica-
tion. Furthermore, a number of strategic research themes
have been identified which are supported by internally
funded and collaborative research and development activi-
ties. These themes include autonomy in complex urban
environments, cooperative driving algorithms, simulation,
safety and cyber security. Current collaborative pro-
grammes include UK Autodrive which is trialling differ-
ent levels of automation for private road vehicles and
public transport “pods” in two UK cites, and UK CITE
which is exploring hybrid-connectivity approaches to
connected vehicles on highways and urban roads.

The need for a scalable approach to component and vehi-
cle testing, and to support the development of CAVs, has
led HORIBA MIRA to develop a set of simulation tools.
The Cooperative Driving Simulation and Robotics testbed
allows for rapid iterations and benchmarking of coopera-
tive and automated driving algorithms. The Cloud based
Traffic Management System (CTMS) simulation system”’
allows integrated simulation of vehicles and traffic man-
agement systems in a scalable, and hierarchical, distrib-
uted cloud-based computing architecture. These tools
have all been designed for real-time simulation to support
advanced hardware-in-the-loop (HIL) testing.

Cooperative Driving Simulation and Robotics

This testbed (see Figure 1) was created to allow rapid

Figure 1 Cooperative Driving Simulation and Robotics demonstrator.
Real moving Robots interact with simulated Tracks and
Vehicles.

evaluation of new control algorithms in a controlled and
repeatable way. Within this simulated environment any
number of real vehicle controllers can be run with an
accompanying plant model to replicate the real-time
effects of control decisions. Central to this is the powerful
concept of an “Environment Manager”. The Environment
Manager has an awareness of the full road network, and
the real time status of all the vehicles, allowing it to feed
each vehicle controller with a realistic set of sensor inputs.
This starts with parameters such as speed, heading and
position but can be extended to include more complex
aspects such as wireless communications data or object
tracks from ADAS sensors. For example in a cooperative
driving scenario the individual vehicle controllers each
send out periodic beacon messages, based on the ETSI
Cooperative Awareness Message (CAM)®. When the
Environment Manager receives a new CAM it decides
which vehicles would be in range to receive that message
and it rebroadcasts it to those controllers only.

Running the simulation in real-time allows physical vehi-
cles to interact with simulated vehicles and events, known
as Vehicle Hardware-In-the-Loop (VeHIL). This demon-
strates the validity of the simulation and models and can
be used as an initial demonstration of high risk functions
such as automated overtaking and merging at junctions.
As an interim step HORIBA MIRA have built a fleet of
small robot vehicles to allow engineers to quickly check
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Figure 2 UGV System Architecture — Perception/Reasoning/Motion

the validity of simulation by introducing physical vehicles
in the laboratory.

HORIBA MIRA’s Network Guided Vehicle (NGV, see
Figure 2)? ' is a research and demonstration vehicle
platform which utilises cooperative Vehicle-to-Vehicle
(V2V) and V2I/12V systems for both safety and control of
highly automated driving functions. The latest automation
software being developed at HORIBA MIRA is written in
a modular way which allows algorithms developed in
simulation to be directly ported to robots, and then to the
full size vehicle. Most recently this approach has been
employed to demonstrate multiple vehicles operating
independent automated driving controllers in scenarios
such as platooning, intersection priority management and
merging with traffic at slip roads. The controllers can pro-
cess complex road maps and derive situation awareness
from V2x messages received from surrounding vehicles,
which may be real or simulated.

Cloud based Traffic Management System

HORIBA MIRA’s Cloud based Traffic Management
System is a complex urban traffic management solution
aiming to optimise traffic flow by means of coordinated
cooperation between the vehicles and traffic signal con-
trollers. The system is realised as a collection of cloud
services deployed on the ITS-Cloud platform. Such a
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Figure 3 Configuration tool of the Cooperative Driving Simulation and
Robotics tested

design ensures scalability and reliability of the system,
and provides an abstraction layer between the traffic con-
trol algorithm and the sensing/actuating equipment.

A microscopic traffic simulation tool""” has been devel-
oped to cooperate with the CTMS and is used to evaluate
the traffic management strategies implemented. The main
goal of the simulator is to provide a universal and extensi-
ble platform for simulating complex traffic conditions on
a microscopic scale (see Figure 3). It has been designed
as a tool to support research on traffic control and its
impact on general vehicle flow and individual vehicle
behaviour. Each vehicle in the simulation is a semi-inde-
pendent agent that can have its behaviour customised.
Vehicles equipped with wireless communications can
communicate with the infrastructure using V21 commu-
nications enabling them to receive intersection approach
advice and dynamic routing information. Vehicles can
also engage in cooperative driving such as platooning.

Using this simulator it has been demonstrated that both
traffic throughput, expressed in terms of travel time and
energy expenditure, can be optimised using adaptive and
cooperative intersection and vehicle management methods
such as Cooperative Adaptive Cruise Control (CACC).
Current research includes the simulation and modelling of
real urban and strategic highways along with their ITS
features required for CAVs. In the short term modelling
will be used to inform some of the first use cases in the
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UK enabled by the Vehicle-to-All Communications (V2X)
and automation technologies, for example CACC, stable
platooning™ ™ and cooperative intersections.

Test Facilities and Equipment

The HORIBA MIRA City Circuit is a proving ground
specifically for automated and connected vehicles, and
related ITS technologies. The test facility features a net-
work of urban roads including cross roads, T-junctions,
and hill sections, and it features different types of road
surface, road markings, and roadside equipment. What
makes this facility unique is that this safe, controlled, and
realistic physical environment is coupled with an equally
controlled and representative wireless environment.
Wireless communications including cellular networks,
Global Navigation Satellite System (GNSS), Wi-Fi and
Dedicated Short Range Communications (DSRC/V2x) all
increasingly play a role in how cooperative automated
vehicles will perform. The City Circuit can provision, and
deny in a controlled way, the availability of each of these
networks. This allows the creation of a wide range of test
scenarios ranging from ideal conditions, through to inter-
mittent network coverage, and congested networks.
Furthermore, real-time GNSS denial is available based on
simulated City infrastructure configured for individual
vehicles, replicating the effects of features such as tall

buildings, tunnels and GPS jammers.™

City Circuit monitoring systems allow the facility to oper-
ate as an outdoor laboratory. RTK-GPS reference stations

allow vehicles to be tracked with +/— 1 cm accuracy, and
an always-on Mesh network connects test vehicles with
the facility infrastructure for data collection and the trig-
gering of synchronised events. A novel prototype 3D
motion capture system is installed at a large intersection
that can track objects, such as pedestrian dummies, with
high precision and at a fast frame rate.

Developing Unmanned Ground Vehicle
Systems for Unstructured Environments

HORIBA MIRA has extensive experience in the develop-
ment of autonomous unmanned and tele-operated vehicles
for both civil and defence applications. Since 2002,
HORIBA MIRA have led the way in the development and
delivery of advanced UGVs featuring the proven and
award winning MIRA Autonomous Control Equipment
(MACE) technology - the system which provides the basis
for all HORIBA MIRA’s UGV vehicle conversions.

Further enhancements to this UGV technology continue
to be made through HORIBA MIRA’s Autonomy
Development Programme (ADP). New technologies, soft-
ware and algorithms are integrated and tested on the
third-generation off-highway research vehicle MACE III
which is based on a Land Rover Defender chassis using
in-house designed actuators to convert the vehicle to
Drive-by-Wire (DBW). It is fitted with three forward and
one rearward facing driving camera to allow monitoring
and real time tele-operation. The platform is also
equipped with an integrated Global Positioning System
(GPS) and Inertial Navigation System (INS) with wheel

Perception Sensors

! High Level | i Real Time

| Tasking | {__Control i \

Internet Tele-operation Reasoning

Terminal Terminal
| secure | | Mesh Radio | l
| Networicor | {__Netork 1 Motion Vehicle
Fommeoeo Interface

Figure 4 NGV at the Master Intersection in the City Circuit Proving Ground
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Figure 5 Operator Control Station primary display. The predicted path of
the vehicle is shown as a green path in the centre monitor.

angular position encoder input. A mesh network radio
system provides communications with the vehicle and an
E-Stop system provides a safe and high-integrity way of
remotely stopping the vehicle in an emergency.

MACE adopts a Perception / Reasoning / Motion
Architecture (see Figure 4). Each element is typically
hosted on its own computer platform. The Perception
computer takes input from the vehicle sensors such as
Light Detection And Ranging (LIDAR), GNSS, wheel
encoders and cameras, and builds an understanding of the
world around the vehicle. The virtual world is made avail-
able to the reasoning computer which also takes inputs
from the operator control station and combines this with
on-board mission plans and known route networks to
decide on a vehicle trajectory. The trajectory is then
passed to the motion computer which in turn generates
control demands for the vehicle DBW systems. The vehi-
cle can be tele-operated from a local operator control sta-
tion (see Figure 5) over a radio link or placed into an
autonomous mode where it can be tasked from anywhere
in the world over a secure internet connection.

The tele-operation terminal or Operator Control Station
(OCS) is hosted either on a PC or rugged laptop. For tele-
operation either a hand controller with joysticks or a
steering wheel and pedals are connected to the computer.
The OCS also interfaces to an E-Stop button and a mesh
radio network node for communications with the vehicle.
Live camera views allow the UGV to be monitored or

Figure 6 Snapshot from the Obstacle Map showing the MACE Il Vehicle
(Blue Rectangle) predicted trajectory (Green Tentacle), travers-
able terrain (White, Yellow and Orange) and obstacles (Red).

controlled in real-time. A user-configurable speed profile
allows maximum autonomous driving speed to be set, an
overhead map view allows the position of the vehicle to
be shown and routes to be created or selected for autono-
mous operation. A “tentacle” shows the predicted path of
the vehicle (see Figure 6) and if any obstacles are
detected then the system can take appropriate action. The
obstacle detection system makes it virtually impossible
for the vehicle to collide with any object or drive onto any
untraversable terrain either when it is being tele-operated
or autonomously driven.

A system of LIDARs is used to map the terrain around
the vehicle and to detect and avoid obstacles in real time.
There is a horizontal LIDAR mounted on the front and
rear bumpers providing a safety skirt around the vehicle
and a “push broom” LIDAR mounted on the roll cage
which is able to generate 3D terrain information as the
vehicle moves forward. The primary sensor mounted on
top of the vehicle’s roll cage is a Velodyne HDL 32 spin-
ning LIDAR which has a range of 70 m around the
vehicle.

The LIDARs produce a huge amount of information

T 5o B O BB R A S MY > 7 THW % R
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R T . [MF L, PR SNDHEMOMEBE L KR L
(Figure 6 11%), EEWHIHM S NGEIIE, ¥ AT AH%5HY) 7%
TE% b2 LN TE D,
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O FPESRE, B 7128w Tio & o9 L
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which is time-synchronised and fused with the other
vehicle sensors in a time synchronisation hub. The hub
makes the synchronised data available to the Perception
computer which runs software algorithms to turn the huge
amount of LIDAR data into a scrolling obstacle map used
to navigate the vehicle through the terrain.

The obstacle map is made up of cells which represent
three dimensional voxels typically 0.2m square. An algo-
rithm is run on the LIDAR data corresponding to each
cell and the result is a value per cell representing the tra-
versability of the terrain. The system then looks ahead at
the vehicles predicted trajectory and checks to see that
there are no obstacles in the path. In the obstacle map dis-
play obstacles are coloured red and terrain that can be tra-
versed at full speed is coloured white. Yellow and orange
cells represent terrain that can be driven but at a reduced
speed.

The usual UGV operating environment is challenging for
radio links. Tele-operation of the UGVs requires robust
data links, with relatively high bandwidth in order to pro-
vide sufficient video resolution, frame rate, and low
latency in order to reduce operator work load and to
enable control at relatively high speeds. ADP research has
developed a system which can deliver the equivalent of 4
PAL (720 x 576) video camera streams over a mesh net-
work with a glass-to-glass latency of approximately
100ms. Glass-to-glass latency refers to the amount of time
it takes between something being seen at the vehicle cam-
eras lens (glass) and appearing on the operator control
station screen (glass). A mesh network approach allows
the communications data link to achieve coverage beyond
the line of sight by hopping across radio nodes in the net-
work. Each additional hop the video and control signals
have to make adds only 10ms additional latency. The
radio data link uses Forward Error Encoding (FEC) and
Coded Orthogonal Frequency Division Multiplexing
(COFDM) to achieve a robust link between the vehicle
and control station. The FEC essentially provides an effi-
cient way of sending the same data more than once and
the COFDM transmits that data across different frequen-
cies in order to maximise the chance of the data being

received.

Current UGV research being carried out includes work on
machine perception and image processing to allow the
UGVs to navigate and operate without being reliant on
Global Navigation Satellite System (GNSS). The work
includes road edge detection and tracking in unstructured
environments where computer vision cameras look ahead
of the vehicle and using image processing techniques to
look for edges of an off-road track. The approach uses an
image processing pipeline to identify off-road track edge
candidates and assigns the candidates to a particle filter
which then tracks the road edge. The goal is to be able to
follow a track network without using GNSS. Other new
research being performed includes using convolutional
neural networks and deep learning techniques with com-
puter vision to recognise landmarks for navigation and
also identify traversable terrain.

The range of application areas for UGV technology is
continuing to expand. For example, HORIBA MIRA is
leading research into Intelligent Autonomous Digital
Construction Machines through a UK government funded
project collaborative research project. The purpose of the
project is to research future construction techniques
involving a combination of automation, information tech-
nology and machine guidance.

The UGV Proving Ground

The purposed-built UGV proving ground at HORIBA
MIRA’s main site is used extensively for UGV systems
development for off-road environments. The facility
includes approximately 4 km of off-road test tracks with
various features designed to allow engineers to push these
vehicles to their limits. Key features include: test hills,
positive and negative obstacles, complex bend radii, non-
line of sight testing and a fully integrated, elevated control
room with line of sight of the whole UGV proving ground.

Conclusions

Achieving autonomous driving and the encompassing

ADPWIZEIE, 79 A - by - 7T ZBIEDFL00 msD A v ¥ 2
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C-ITS will bring remarkable benefits. The complexity of
such vehicles as well as the foreseeable growth in the
number of interconnected subsystems in ITS-enabled
vehicles calls for developments in procedures, tools and
facilities to test and assess the vehicles and ITS infra-
structure under a sufficiently comprehensive set of condi-
tions. The HORIBA MIRA R&D portfolio addresses
some of the key development and testing challenges
required to eventually achieve a deep penetration level of
vehicles with high-automation features and the supporting
ITS technologies.

For the structured environment case the emphasis is on
the longer term research challenge of developing systems
for cooperative automated driving, whereas the emphasis
for the unstructured environment case is on the shorter
term development challenge of engineering unmanned
vehicles that can be safely and reliably deployed in
demanding off-road environments.

The development of the real-time simulation tools
addresses the need for more virtual techniques for test
and validation in the longer term. The development of the
Cooperative Driving Simulation and Robotics testbed
allows for rapid iterations and benchmarking of CAVs
through Robot Hardware-in-the-loop. Vehicle Hardware-
In-the-Loop simulations demonstrate the validity of the
simulation and robot models through the use of the NGV
and the City Circuit.

In the area of unstructured environment automated driv-
ing, the development and client use of advanced UGVs
and vehicle conversions featuring the MACE technology
demonstrates a proven HORIBA MIRA technology.
Further enhancements continue to be made and new tech-
nologies, software and algorithms are typically integrated
and tested on the latest-generation, off-highway research
vehicle MACE III and the UGV proving ground.

Future Works

Building on the existing work outlined in this paper
HORIBA MIRA is embarking on a number of routes to

further expand the current scope of its research in autono-
mous vehicles.

More in-depth communications Simulation and Modelling
capability is to be developed and integrated into the
CTMS to better understand the effects of communications
related issues in ITS application. New algorithms for
cooperative driving and traffic management will also be
the subject of future research. These will be developed
and tested initially using the cooperative robots and then
tested at full scale.

To cope with more complex and realistic conditions
during automated vehicle system tests the availability of
sensor models and automated vehicle features in the simu-
lation platform will be further expanded.

For unstructured environments, improvements to the
UGV operator control stations are planned to increase
system productivity, for example in construction applica-
tions. Ultimately these will realise the goal of simultane-
ous multi-vehicle control from a single operator station.
To facilitate this the system will be developed to allow the
scheduling of autonomous vehicle tasks and the control of
vehicles over the Internet.

Further work is also planned on UGV obstacle mapping
and terrain classification systems to enable vehicles to be
able to react appropriately to dynamic obstacles and to
allow increased vehicle autonomy on more complex off-
road routes.
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Challenges in Vehicle Systems Resilience
Bl Y AT LDREMICH T 5 FRE

Since the introduction of the first microprocessor-based systems into mass-
produced vehicles in the 1980s, the electronics content of automobiles has
continued to grow. Future trends including moves towards autonomous vehicles

David WARD

and connected cars will continue this growth. Historically disciplines such
as reliability analysis and systems engineering have been used to develop
robust electronic systems and more recently functional safety builds on these
foundations. However the future growth means that it is important to consider
the holistic issue of resilience of electronic systems with a cross-disciplinary
approach incorporating wider issues including cybersecurity and fail operational
properties.
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Introduction
The growth in electronic systems has continued unabated;

While the history of electrical and electronic systems in
vehicles is nearly as old the car itself, it was in the 1980s
that significant growth in the electronics content of mass-
produced vehicles first started. The 1980s saw the intro-
duction of tailpipe emissions regulations, initially in the
USA, that required the engine to be electronically man-
aged in order to meet the required targets.

the trend is typically that advanced systems are first intro-
duced into luxury vehicles and then become standard fit-
ment in mass-market vehicles once the technology
becomes accepted and commoditized. The following table
shows for each recent decade a key electronic system that
has started to be fitted to mass-market vehicles as stan-
dard and the motivation for this.(Table 1)
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Table 1 Each recent decade a key electronic system

Decade System Motivation

1980s | Engine management Emissions legislation

1990s | Restraints e.qg. airbags Market forces

2000s | Electronic stability control | Legislation
2010s | Driver assist e.g. AEB

Market forces e.g. EuroNCAP

Various statistics are quoted for the electronics content of
vehicles but typical estimates are that between 20% and
40% of the value of the bill of materials in a vehicle is in
its electrical and electronic systems (depending on the
market and brand of the vehicle) with around 100 com-
puter systems. Some sources cite that vehicles now con-
tain more software than a Boeing 787 Dreamliner
although in the author’s opinion this may not be compar-
ing like-for-like. (Figure 1)

In the future the major trends will be the “connected car”
and greater use of driver assist systems leading to deploy-
ment of systems with higher degrees of automation and
eventually fully autonomous vehicles.

Development of the “connected car” is proceeding in
three directions. Firstly, vehicle-to-vehicle and vehicle-to-
infrastructure communications continue to be developed
and deployed in some markets (notably the long-standing
use in Japan, and a recent legislative mandate in the
USA). Secondly, some vehicle manufacturers already
embed a cellular modem for remote diagnostics and ser-
vice, and the European e-call requirements will mandate
fitting of such technology.

However the third significant growth area is the use of
consumer devices in the vehicle that effectively make the
car an “always on” internet node due to 3G/4G wireless
connectivity. Many manufacturers are providing seamless
integration and “hand off” between consumer devices and
Apps in the car; and also the facility for a wireless hotspot
in the car.

The safety and reliability of these electronic systems has
always been a consideration for the industry but these
parallel developments of connected cars and greater use

Figure 1 Which has the most software?

of autonomy means that ensuring the resilience of these
systems is now a top priority for the industry.

What is Vehicle Systems Resilience?

HORIBA MIRA is using the term “vehicle systems resil-
ience” to refer to the properties or attributes of the mis-
sion-critical electronic systems used on vehicles. As
shown in Figure 2, traditionally development of all vehi-
cle systems (not only the electronic systems) has consid-
ered their reliability using failure mode avoidance
techniques such as failure mode and effect analysis (FMEA)
and fault tree analysis (FTA). Many vehicle engineering
lifecycles use a “V” model or waterfall model derived
from systems engineering where high level requirements
derived from product attributes are cascaded down
through successive levels of architectural design until a
suitable level of detail for implementation is reached. The
implemented elements are then integrated and verified in
a stepwise fashion to demonstrate confidence in the com-
pleted product.

More recently functional safety has become an integral
part of the development lifecycle. In its widest sense,
functional safety is the part of overall system safety con-
cerned with demonstrating that technology-based systems
operate correctly in response to their inputs (and therefore
do not generate a potentially unsafe condition by incorrect
operation). Specifically in the automotive industry, the
international standard ISO 26262" is concerned with
avoiding hazards that could result from malfunctioning
behaviour of electrical or electronic systems.

The scope of ISO 26262 is therefore narrower in compari-
son to some other practices in functional safety, since it is
only concerned with the requirements for design of

S Tarr 7y B — LBl 27 2 OF B RK
ERWMNIIHR D, IS, HEMELOEEVWEED Y AT LOR
BCD 225, REIIIEEEHBEREEICESL THAH ),

¥RIZE 5T, TNLDOET VAT A OLEENEEEEMEE, #I2
WMEHEETH VBT TELD, 2277y N —OWATRIEEH
B EEEE RO ALK, CNOD Y XA T ADREEIESRPER
DIRELRFHETHLI L2 HTRL TV D,

40 | Readout No.46 November 2016

Bl AT LDREME (IEH?

HORIBA MIRAIL, [Hlj ¥ AT A O% g (FES) & v ) 53
Z, Wl CHELN LRI RBEE TV AT 208%F 72138+ 1R
F72DIZFHWT W5, Figure 21278 F £ 9 12, (ZEMIZH H W 5 H
WY AT A(BETYAT LIRS 20») OB T, kit — N2
AT (Failure Mode and Effect Analysis : FMEA) R DA
fi##T (Fault Tree Analysis : FTA) 72 & Ol € — N RIEEE AT %
HWTI AT AOEFEEZZEE L T& 7,

RITIE, BRREEDVHIET A 7H A 7 VISAH K5 &% - T



HORIBA Technical Reports

Figure 2 Product integrity and assurance in road vehicles

Requirements

Requirements

Figure 3 Concept of systems “V” model in ISO 26262
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Table 2 A summary of the SAE Levels and example features; this is necessarily simplified and interpreted so the reader is referred to SAE J3016™ for full

details.

SAE Level Degree of automation

Driver in loop? Example feature

0 — no automation Warning only

Yes — full time

Lane Departure Warning (LDW)

1 — driver assistance Speed only or steering only

Yes — full time

Lane Keep Assist (LKA)

2 — partial automation Speed and steering

Yes — full time

Traffic Jam Assist (TJA)

3 — conditional automation

Yes — part time, expected to respond
Full automation of specific driving tasks | to request to intervene within a defined | Highway chauffeur
period of time

4 — high automation

Full automation of specific driving tasks | No — under defined constraints

Automated valet parking

. Full automation under all environmental
5 — full automation ’ " No
and traffic conditions

Self-driving car that can execute
a complete arbitrary journey

systems based upon electrical and electronic technology.
It is not concerned with how to design safely other ele-
ments such as hydraulic components even though, by defi-
nition, these also come into the scope of a wider “functional
safety” activity.

ISO 26262 introduces requirements for rigour in the engi-
neering process that go beyond the base level of require-
ments such as those regulated by a Quality Management
System. One of the key reasons for this is that, due to the
complexity of the electronic systems, it is not possible to
demonstrate that a product is “correct” simply by testing
it at the end of the product development lifecycle and
applying a “fly-fix-fly” approach to any issues found.
Instead a process of building confidence into the system
is required through applying the principles of systems
engineering and reliability analysis to understand the
consequences of malfunction of the system, the causes of
malfunction and to ensure adequate defences against
them are designed in to the system. ISO 26262, in
common with other functional safety standards, uses the
term “safety integrity” to refer to the rigour required in
design of an electronic system. ISO 26262 is also based
on the classical “V” model in systems engineering as
shown in Figure 3.

However in reality many practitioners focus on malfunc-
tions — avoiding random faults in hardware or systematic
faults in the system, hardware or software design — rather
than on malfunctioning behaviour. We will return later in
this paper to consider some important additional factors

that are part of this wider term.

Since the initial publication of ISO 26262 in 2011, the
industry has taken up the challenge and functional safety
is now a core discipline in the design of vehicles and their
components. However the two key growth aspects of
autonomous functions and connected vehicles means that
the required robustness of vehicles is a wider issue than
safety integrity alone. We consider two of the key impli-
cations of these technologies to demonstrate the need to
consider resilience, not only safety integrity.

Fail Operational Behaviour

In 1ISO 26262, there are a number of unwritten

assumptions including

* The driver is part of the control loop of electronic
systems and whether the driver can react to mitigate
the outcome of hazards is considered during the
hazard analysis activity.

* Fail-silent behaviour (i.e. to remove electronically-
controlled functions) is generally considered as a
suitable final reaction to system malfunction.

* “Drive by wire” functions in steering and braking
retain a mechanical fall-back in case of total failure
of the electronically controlled functions.

These assumptions are reasonable for a vehicle and sys-
tems where the driver is expected to be monitoring and
controlling functionality on a full-time basis. These
assumptions extend to some of the automated functions
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already being introduced, at least in systems defined as
Level 1 or Level 2 functions in accordance with the SAE
taxonomy of autonomous functions®, where the systems
support some aspects of driving but the driver is expected
to be in full-time control. Examples of this are seen in
functions where the driver is still expected to keep hold of
the steering wheel such as Lane Keep Assist (LKA), a
Level 1 function, and Traffic Jam Assist (TJA), a Level 2
function.

As more advanced autonomous systems are introduced,
the need for “fail operational” behaviour is emerging. “Fail
operational” behaviour means that there are circum-
stances where it is not appropriate to remove the elec-
tronic function in case of malfunction and instead
continued operation or “availability” over a defined period
of time is required.

Example requirements for such behaviour include

* An electrical power steering system (EPAS) used
as an actuator for a Level 3 lane-change function
must have defined availability over the typical time
required to complete such a manoeuvre;

* A Level 3 system might require to hand-over to the
driver, and if the driver does not respond in a
timely manner initiate a safe stop (“automatic
emergency landing”);

* An arbitrary journey conducted “end to end” under
full autonomy requires availability to complete the
mission.

It is therefore acknowledged that future features associ-
ated with SAE Level 3 and above driver assist functions
(leading up to full autonomy) have requirements for avail-
ability and to “fail operational”.

There are two principal solutions emerging to fail opera-
tional requirements. One solution is to use existing sys-
tems as a back-up, for example since electronic stability
control (ESC) permits individual wheel braking this could
be used for a short-term backup if EPAS fails although
such a solution is likely to only be feasible to bring the
vehicle to a safe stop in a relatively short time window,

The alternative solution is to provide some form of redun-
dancy within the systems themselves so that they can
continue operating in a defined manner in the presence of
one or more failures. In ISO 26262 Edition 2 it is proposed
to give some consideration to these types of fail opera-
tional requirements but these are currently at the level of
hardware and software solutions to achieve a defined
availability. Further guidance is needed to identify how
this availability is identified and defined particularly in
the areas of:

* Performing hazard analysis and risk assessment;
we consider that a “layered” approach is required
incorporating safety of the intended functionality
(i.e. non-faulted behaviour), malfunctioning behav-
iour, and performance of a backup system (e.g. an
“automatic land” function). Such an analysis may
therefore result in different sets of safety require-
ments and attributes (integrity, availability) for the
different layers.

Methods that can be used to specify and evaluate
architectures required for fail operational require-
ments. The present proposals in the draft of Part 5
(hardware) of ISO 26262 Edition 2 are focussed on
hardware-level solutions e.g. microcontroller archi-
tectures. This guidance needs translating to the
system architecture level. For example, for an
EPAS that needs availability for the duration of an
autonomous mission, should a classical “2 out of 3”
redundant architecture be used?

Specifying hardware targets (metrics) against
random hardware failures. The current approach in

ISO 26262 is based on a classical approach to hard-
ware reliability but the methods and targets may
need revisiting for availability requirements.

Cybersecurity

Another increasingly important aspect of resilience is
cybersecurity. The electronic systems in modern vehicles
are considered to be cyber-physical systems — that is, sys-
tems of collaborating computational elements controlling
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“Please unlock
my car”

Service centre

Figure 4 A typical connected car application — remote unlocking

physical entities. Due to the fact that vehicles and their
systems have increasing levels of external connectivity,
risk to cyber-physical systems may arise due to an attack
exploiting a vulnerability in these connections.
Cybersecurity refers to avoiding risk to cyber-physical
systems due to an attack. Note that while cybersecurity
often assumes malicious activity, accidental activity
should also be considered (e.g. an enthusiastic vehicle
owner who tries to make their own wireless connection to
a vehicle system which has an unforeseen consequence).

Security of IT-based systems is a well-established disci-
pline and is an important part of securing “connected car”
applications. Figure 4 shows a typical application where
remote unlocking of a vehicle is possible either by the
vehicle owner using a smartphone App, or by making
contact with a service centre that can issue a remote
unlocking command. In this concept, all of the assets
shown are potential attack points for an attacker for
example by:

Remote unlock App

Body
controller

» Impersonating the owner calling the centre;

* Social engineering of the service centre personnel
to gain access to credentials;

* Conducting a “man in the middle” attack on the
communications between the service centre and
the vehicle, or between the smartphone and the
vehicle;

* Introducing a
smartphone.

compromised App into the

When evaluating cybersecurity risk, the severity of con-
sequences and the likelihood of mounting a successful
attack need to be considered. Consequences of a cyberse-
curity attack may include loss of privacy, financial loss to
owners, operators or manufacturers of vehicles, loss of
reputation, operational limitations and safety concerns.
The likelihood of mounting a successful attack depends
on a number of factors including whether a potential
attacker needs access to specific information about the
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Product
Development:
System Level

Product Development:
Hardware Level

Product
Development:
Software Level

Figure 5 SAE J3061™ lifecycle. © SAE International

system and specialist tools or resources, and the time

needed to develop the exploit™®.

In terms of approaches for protecting cyber-physical sys-
tems, established IT security principles need to continue
to be applied to assets such as back office systems and
App development. However specialized techniques are
needed for in-vehicle aspects where the security counter-
measures need to be scaled to align with the requirements
of real-time embedded control systems. It should also be
noted that many aspects of research into vehicle cyberse-
curity are focussing on the external interfaces and how to
secure this against attack; however this must be seen as
the first line of defence. Given the continually developing
nature of cybersecurity threats, a “defence in depth” strat-
egy that also covers aspects such as internal communica-
tions buses in the vehicle is also needed to help defend the
system against “zero day” exploits — once a vulnerability
in an interface is discovered, it is immediately exploitable
until an update is applied to resolve it.

The automotive industry has recognized the need for
standards to address cybersecurity development of
embedded systems and has recently published an SAE
Recommended  Practice  J3061™,  Cybersecurity
Guidebook for Cyber-Physical Vehicle Systems™. A key
aspect of this document is that it recommends a lifecycle
for cybersecurity engineering that is derived from the ISO
26262 safety lifecycle and can also be aligned with it.
This recognizes that functional safety and cybersecurity
share many common aspects and that certain activities
need to be harmonized, for example a cybersecurity
attack may be the cause of a functional safety hazard. The
J3061™ lifecycle is shown in Figure 5.

A further important aspect of cybersecurity concerns
testing and evaluation. The industry needs to work with
trusted partners who can evaluate and demonstrate cyber-
security concerns and solutions in safe and secure envi-
ronments, rather than using public infrastructure for
studies and demonstrations. This will require the develop-
ment of appropriate capabilities for conducting research
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into potential vehicle vulnerabilities in a confidential
manner, and enabling evaluation of real vehicles and sys-
tems in a secured environment. Typical requirements for
such evaluations could include:

* A quarantined environment where resilience evalu-
ation can be conducted using realistic infrastructure
(e.g. cellular communications) without disrupting
public services;

* The ability to exercise vehicles and their systems in
realistic operating conditions (e.g. driving at speed,
concerning with a stability control intervention)
without the use of public roads;

*The ability to combine multiple aspects of resil-
ience during an evaluation e.g. combining electro-
magnetic interference with exploitation of a
security vulnerability;

* Conducting evaluations according to a well-defined
code of ethics e.g. in terms of confidentiality.

Other Aspects of Resilience

Besides the emerging aspects noted above, there are a
number of other factors that contribute to resilience of
systems. These include:

* Human interactions: for example ensuring that
clear and understandable information on the opera-
tion of a system is given to the driver, that such
information is not distracting, and that the inter-
faces are defined in such a way that the possibility
of mis-operation by the driver is avoided.

* The behaviour of mechanical systems as a cause of
the behaviour of electronic systems: some practitio-
ners take a very narrow view when applying ISO
26262 but it is important to consider all external
interfaces and the influence that these may have on
correct operation of the system.

Conclusions

Systems engineering and reliability analysis techniques
have provided a strong foundation for many of the

challenges faced in the current generation of vehicles, as
reflected in practices such as ISO 26262. To face the chal-
lenges of future vehicles, including connected cars and
greater use of autonomy, a cross-disciplinary approach
based on the concept of resilience is required. This
encompasses many of the attributes required including
safety integrity, availability, reliability and cybersecurity.
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road testing, synergy of the HORIBA Global Test Cell is a source for contributing to the R&D of various vehicles.

Figure 2 E-LAB2EERX
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S5k EENERIFICER S BHORIBA Global Test Cell SynergyDRIERFTT.

n-road testing, synergy of the HORIBA Global Test Cell is a source for contributing to the R&D of various vehicles.
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On-Board Emissions Measurement System OBS-ONE Series
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Reduction in pollutants such as particulate matter and nitrogen dioxide in the
environment is behind the schedule in spite of repeated reinforcement of
emission regulations. Because it is pointed out that there is the difference
between real driving emissions (RDE) on the road and emissions during
regulatory defined test cycles in test laboratories, emission measurement during
real driving conditions is attracting attention. Introduction to regulatory defined
measurement procedures of the portable emissions measurement system
(PEMS) which can determine vehicle emission on the road is currently
scheduled. In order to meet such requirements from on-board emissions
measurement markets timely, OBS-ONE series has been developed. The
concept and technical outline of OBS-ONE series will be introduced. Examples
of application to RDE measurement will be explained as well.
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BETHBICEATE %,

Figure 212, B L HANDOBS-ONED## % 7R
Fo FE - B TR D ERK SR SRR H b
R R ERFEEBINCTEDL LI >Tn D, 72,
PEMSTIZ, EREICHE~ORS ) - BUY) #F LIEED D
L%, OBS-ONEW, & - Mo a %7 ¥ HHIZT »

Table 1 Specifications of PEMS for gaseous components

Ni-MH battery

Gas analyzer

Controller

(-

Figure 2 Installation of PEMS on the vehicle

Yo Fy A TR L, VESERERH O 8HE & Bl I 2 2Bk
LTwa,

%72, OBS-ONETIZ, XL —F DOHVHETICHEE L
7oo TRELT — % OB R L R — b 23RS 2 AR g2
A, EREITHOT— 5 OFMMEEZ ) TIVE A HIHKS
LIEEER, FIA TV a—¥Eo T TGk r— L0

7128, T3 vy YRTOY R MEREDTEESE
720

OBS- ONE GSEY 2 —ILDIER

Figure 3124 2534 € ¥ = — WOBS-ONE-GSO 4 %
itTwm1 AR DO BERE 2 7R 970 3T O EHIINER
HHETH D, B (Wet) IREEDIEEEMEN W TDH 50
YINVDOKRG (H0)REZDEFTOMETH L &H
O, AKIRICE 0 7= Vo TTHRBENFEET D L) &
TY, IEMEICH RBEXINA Z LN TE S BRI
ThoH7z0, PHETOISEME~DEED %, ZitzE%

Model OBS-ONE (for RDE-LDV)

OBS-ONE (for HDV or R & D)

Exterior

Measurable comp. CO /CO2/ NOx/ NO / NO:

CO /CO2/NOx/ NO /NO2/THC

Detection method Heated NDIR, CLD X 2

Heated NDIR, CLD X2, FID

Response time (T+0.00) Within 2.0 s

Within 2.5 s

Power consumption Apr. 200 W (with 2 m tube)

Apr. 450 W (with 5 m tube)

Dimension[mm] 350 (W) % 330 (H) x470(D)

350 (W) X460 (H) x 470 (D)

Analyzer Apr. 32 kg (with Control Unit) Apr. 45 kg (with Control Unit)

Weight | Battery Apr. 13 kg (25 Ah)for 2.5 hours Apr. 64 kg (100 Ah) for 4.5 hours
Cylinder = Air. Mix span, Hz / He

Total weight Apr. 45 kg Inc. Ni-MH battery & PC Apr. 115 kg Inc. Lead battery & PC (w/o cylinder)
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HORIBA PEMS (OBS-ONE) Analyzer (2)

System
Controller  Analyzer (1)
CO, CO,, NOx, NO, NO.

350 mm \

Figure 3 Outline of PEMS for gaseous components

(NO2) @ & 9 KBRS OT A L EHTELY,

Table 2(2, OBS-ONE-GSTHi L CW 5l FRE Z 785,
— AR (CO) & R L 3 (CO) (X I HOL AR
I3 (NDIR : Non-Dispersive Infrared), —Ez{b&3% (NO)
ENOxIF/L# %8 (CLD : Chemiluminescence
Detection), @;¢fb7k3 (THC : Total Hydrocarbons) &
KFE 9 A F 4L (FID : Frame Ionization Detection) ©
FNENHEEND o FEA AT OH0D T WL 2T 5
AR, NDIRTRIFFIZHM L T A2 H0 % % -
THIESNS,

CO, THC, NOx, COOHEHE =1L, i, He7 ATEK
OB OFEED SR T 5. Equation 112, BEERHEL &
S, (0) [g/s] DB F 70,

1
mx(ﬁ = Cx(t) X 1076XQmew<t) X —— Xy
60 x 1000

72721, ¢ (t) [ppm I AW O BREFEEE, gmew (£) [L/
min X BREHET A Fi &, y . [g/m* T ARG OEETH
Do EATHEEY D OPEH M [ g/km]i, Equation 2T
R 5,

Mx total

1
= Z<m"(t) Xtinterval) X —
L

ZZ T, tinterval [S] &i%'— 5 @’H- v 70 ]) v 7}%.!135, L [km] Li
EATHBETH 5,

Table 2 Detection principle of gaseous components

B

| R Iy

NO, , CBEBE ALY, BROEEHER

NOx | MHEIDULCLD | i "> i

NO, | (Dual-CLDEY |- BEBERAL &S, AHERILS
* | mH) NOB% L

co . -RIEREEALT, BRCEEER

co, | THREINDIR || mrsmize [T BHOTHIEL TU\ B

CRBES A TERAL, SROEEHER

191 CTTHCAIE T B Z &l &V,
HCIEEAFREL &Ly

CACNY RTHA

THC | hE4EYFID

Venhicle tailpipe
Engine Flow
exhgaus controller -
ilution air

Real-time PM sensor

Fiowmete]—> Q?'

7 FM filter Diffusion screens

Cyclonic

separator ? Flow feedback

Flow
controller -
diluted exhaust

Figure 4 Configuration of PEMS PM

‘Carbon filter  HEPA filter

— |:/" \—| Corona :|

rmm@r\ /‘ S

Mixing chamber
Faraday ca

-
Sa

®

|
lon trap Pump

Figure 5 Configuration of diffusion charger Sensor
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PMEHHIOFERBETH 2 7 4 V& BREEE, Ny Tl
TH D70, IR IENTERE 2 EEBETHEBRICZDO T
FHEHTLHDIEH L v, OBS-ONE-PMTIiE, §XTD
NTEA N> b LFFEETREBEERTT 4 VI g SN
PME & CPMt v 42K 5 Z & T, PMOEERPEH &
EUTVY A AHETE LT,

Figure 412, OBS-ONE-PMO i % 7R3 o AiBBEN A %
TANTICHHET L L LB, TO—HEIHTTE L >4
(DCS : Diffusion Charger Sensor) (2% > 7V ¥ 7L, 1)
TNE A LOPMEEZMET %, Figure 512, DCSOHERL
%73, DCSIE, PMOE AR Z HEES 512 Tl
720 ® ) BREREEIZ 7 4 VY THIE SN PMO B RIZ
Lo THRIET AVLEDRDH S, DCSOIERMEcnes (¢) [mm/
em’] & BRI 2 475k [g/mm] %, Equation 3
TR LN,

_ MPM
Jlai® - ees

C

727201, t[s] \&PM% 7 1 V& | ZIh4E U 7285, Mew[gllZ
T A IVFITE S NPMOE R, g; (t) [L/min IZPMif 4
T4V E F T DA HHEN A ORI E TH L. T DOt
BREZEZL, T AT ) TV E A L OPMEERFEH
e (t) Lg/s]H’Equation 4 THE SN S,
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Table 3 Specifications of PEMS PM

Table 4 Specifications of PEMS PN

Model OBS-ONE-PM

Model OBS-ONE-PN

Exterior

Exterior

Measurable comp. Particulate matter

Measurable comp. non-volatile particle number

Detection method Gravimetric filter and diffusion charger sensor

Detection method Condensation particle counter

Partial flow dilution method
- Proportional sampling
- Constant dilution ratio sampling

Dilution control

<35s
<50s

Response time (t10-s0)

Delay time

Diluted exhaust flow 15 L/min

Total dilution factor 100 (primary: 10, secondary: 10)

Apr. 250 W

RN E T e (with 6 m heated transfer tube)

Apr. 150 W

PO O e (with 0.75 m heated transfer tube)

Dimenstion[mm] 350 (W) X 470 (D) X 460 (H)

Dimenstion[mm] 350 (W) X470 (D) % 225 (H)

Weight Apr. 45 kg Weight Apr. 20 kg
. Particle Counter) D4 D DREFETHEEL ST 5,
J ) dwen (Bt
mpn (8) = ke T It o S
e (DAL = [ [gran (D dt —WAREHE T — VS FEHCHEH 2 & FRT 2 B
1000 BB, BIROPET A% T CICHPGET 2 2 & THKE)

X — Cpcs(t> : deew<t)
60

ZZC, gmew () [L/min] 1 ZBREEHE S 2 FE R, Gmaew (1) [L/
min A BERFAREEAN ATERE, gmaw (2) [L/min] 1 B R 22
FimE Th 5. PMOBRHELE 2D 2 UL, EREOX I
BUAPMoiEx BT 52 EWEET, NTEER
MAWEIZEZICHEHTE %,

Table 312, OBS-ONE-PM D fl:kt % /R4 e E L
TULD L) BN EREINL—T, T ASHEHEE
KL, NEL, BRI BB ML EHEWROBH SDEETH S,

OBS-ONE-PNEY 1 —ILDIEEL
EUTIZ, 20114E9A 5, ¥ X Y ¥ A FEA—F LT
VT AFTERX=F LTEBT AP ARERIZW LT, PN
M % BEREROI A L C & 720 PNURHICUE, HPHBREE A
REMITRE B SN LR MNT % 5 5 R BREA
BHENTWw5D, PNEHIIE: X, PMEHME: & el L €, &
DR L ) RS D B 1Y,

CX R FHEEREMT AL L b1z, HEEILET 5,
NV=THRFRERALTBY), —RAGRGHODO T A %
Bl U CART A & L CHFAIT %0 A7 A o g 113
HEPA (High Efficiency Particulate Air) 7 1 )V ¥ T3
END, AiFE (DF : Dilution Factor) DA5EE % k129
HZERL, MEEAMNETARA Y MEES L, f#iiEr
WEAb3 % 2 I L 72

CSid, HFEMHRF D EWIr TH 2 RAKE 2 BRI LT 5
BREZ Fo. HEE LT WY V7 2 — NS UET 53R
W& %o RDEERIZ BT HPNEHAITIE, BRI OPNEHE
VAT AL, PETACERDFRGETHES S 2 LIk
bo D728, XN RREINIIHIEIER 7 & B T & 5 HHE
ELT, ZOCSEHRHAL TS,

TOURAIRERL, WA EEEZCPCTHIET A DIZHE L 72
PSS 2 HD D 5o HAl o342 & CT/hEl
LIZEBLL T\ 5,

pgEe - 1 1t diluter Catalytic stripper 2 diluter
OBS-ONE-PNIZ, RDE#RERIC BT APN (DF: 10) ‘ ‘ (DF: 10)
BELFHIT 272002122y N Th D, \
Table 40:, OBS-ONE-PN@I&{i*«%% Samp]e In Catalytic
ﬂ_‘_\‘—a_o Diluter UT Stripper ‘

CPC
Figure 612OBS-ONE-PNOHEK % 7R .
Pl U A — KA, B (CS - Or

Catalytic Stripper), KA Rz M OV
Maki -4 > % (CPC : Condensation
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FTP-75 Phase 1 (Cold start) Lean burn gasoline vehicle

I e | L
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100 .
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3E ) -
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L= |/
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time [s]

Figure 7 Comparison of CO2 measurement by heated and cold NDIR
during engine warmup

CPClE, HiFCHESNIZL—F SV RED Y Y b 2F
BT, BRSO L B Y TH L, ks, PNOKIEE
LLTDCSHRED LN L FETDH DD, BIHMRICK T
REWENSH 2720, CPCHEVBELEFHEEEZON
;“)[13]O

EARMEEDIREE

OBS-ONE-GSD1#8E
MEFTEHRA DR

Figure 712, OBS-ONE> 1) — XIZfdi ] L TV A IEAEICO,
A (WetsHll) & 2l EHIMER L T 2 IEMEEICO,
FH(Dryatilll) ol %2 /R 3. AR TIlE, I— VW FRAF =}
DG THMZEST L, COZEHiatll L7z, HEX R DR
BN AT FTlE, FRRCBIFLEMICED, 07
WARA Y MIBITHH0EE IV, OB E S &
LICHFRRDIREN ER LT, =0 ¥ U BRBEIZRE D s
OHON > TIWARA v N ETERET 5, ZOH0MBEEZE
LI X D COERENEALT 5o Wetilill TIE, IEFEICZ D
ZEEEFESZTWDL I EDTRTE D,

CLDDK% Y I > FHHIE
CLDTIE, v 7V H ARSI EENS &, BT
DIEFBWF ENE 7 o F v TEHEIEE 5, OBS-
ONE-GSTiZ, NDIRCHiH L 72 HO8 R % ffi - CTHIES 5
LT, IOV YT T OEBERRR L T\ 5, Table 5
2, 720 F Y IRHIEORIREZRT  CLDOMBAEIZG L
THIEZMA 2 2 & T, WEMKENM LT 5 Z EDbrb,

Table 5 Quenching correction of CLD

CLD Error Caused by -
Test CO:2 and H20 Quenchig SR (S
Engine |  without With
Compensation | Compensation CO: Conc. | H:0 Conc.
el et —0.2% | 13.4vol% | 12.6 vol%
Engine
Diesel | _ 4o, —0.2% 9.0vol% | 8.0vol%
Engine

Figure 8 Measurement Scheme

CVSiE & DHEE

OBS-ONE-GSO#EHN A O EMREE, v~ A3 v a vl
EDOFHRETH 5 Emam Al FHRIL(CVS @ Constant Volume
Sampling) #: & O L#KIZ X ) MFE L 72 Figure 812, Bk
WCHWZZEHI Y 27 5 2R $ o BEEIZIE, ANRIEPE 23
B oo FAM AN ED 5N TWAWLTC (Worldwide
Light-duty Test Cycles), 3 X OEUDHES Z M OB
B A 2 )V CTH AHNEDC (New European Driving
Cycle) & v 7z,

Table 61251l L 72CO2, COENOxDHEH# [g/km] % /R~
Fo CVSHE % #iE & | 720BS-ONE-GSOCO A A 37 1% +
L0%UINIZINE 5 THB Y, RVWHBDHERR S Lz, F72,
COENOxd, HEHEAMADKVZ & 2 EE UL, BiTZ%
EHRE VR D,

Figure 912, COB L U'NOxDOWLTCEATHRD ) 7V & A
LR AEE A RS OBS-ONE-GS & D JLigIZ1d, /e E
A L7 MUlESHEH(MEXA-ONE) 2 L7z, Wi
Db, MEXA-ONEIZA L C RAFZ2 Bk & HB 2 7R
I EMMERR S Nz,

OBS-ONE-PM®D148E
MESTOERMY EFREDEE
MEFTOREIZPMY Y 7I12L > TEETH S, OBS-
ONE-PMIZII32 D EE25H ), ZNENOEHME T B

Table 6 Comparison with CVS method

Test OBS-ONE CVS/MEXA
cycle | CO: co NOXx CO: (e]0) NOXx
[g/km] | [g/km] | [g/km] | [g/km] | [g/km] | [g/km]
WLTC | 121.3 | 0.099 | 0.037 | 125.5 | 0.092 | 0.031
NEDC | 128.6 | 0.146 | 0.014 | 129.6 | 0.155 | 0.012
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Figure 13 Correlation with stationary sampling system
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Figure 15 Correlation with stationary PN analyzer
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Figure 16 Exhaust temperature during RDE test
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Figure 17 NO and NO2z emissions during RDE test
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Figure 18 Gaseous and particulate emissions during RDE test
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FKFZICETHBEEDATE EBEFDSR HU-200CL CI-20
Color meter HU-200CL CI-20

Water Color Monitoring in the Purification Process and the Feature of the Color Meter HU-200CL CI-20
Color meter HU-200CL CI-20

BADRKMERIMIEE <, KEERDKRBRREDRBEERIIED T

KNI EF Bz & HHD N TN B, ZOAEKDKELEERDL DI, RBIER
Hiroko KIZAKI StEIELUOHET B, DHE‘{', BEStE EOHORIBA Gr.O/KEEtz=mp G L

TW3, AARD EKEBRFZICIZAKEKPOKEERIZDOVWTHDIERE %
ODEEEIREBHINTVWE, BEEBEHDIDOTHIEEIL, BETHHER
TE37-0FEINXPTCEELBEETH S, &EFE HU-200CL
Cl-20 T3 2FRMAKXE LKA L, BB VA /NN—%scEmI22
ok, x>F7F A L TRBORTEATE £ FIEEIC Uz ATRTIEE
EDREREEBESDAERE, HFRICOVWTEBNT %, (Figure 1)

It is commonly known that the possibility of infection route from tap water is very
low because Japanese water purification technics are on a high level. In a
purifying process those typical monitors from HORIBA Gr. including residual
chlorine meter, turbidity meter or pH meter are applied to maintain required water
quality. Several water quality items and criterions are shown in the book of
Japanese water examination methods. Color one of the water quality items is an
important and attentional item which can be observed by eyes. The Color meter
HU-200CL measures the color by 2-wave length absorption method that makes it
possible to be long term stable measurement with no maintenance helped by an
auto cell cleaning wiper in the CI-20. In this paper the measuring method of color,
principle and feature of the color meter are described. (Figure 1)
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AGEAKIZFL T B DHEFIZ R % Vlifelined U & D TH
0, DHYETIEZE - %5 - iR KDWE & O daduid i
BTHAEON LB R EEREIHR ST 5, EINOKE
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nCBY, FHHEG L 72KEKE MRS LT D 2 HERE
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EK LA 8 70 S TP b LA 72012, L7 0+ A
2B KB A pHET, FHIRERT, ®WERT MR L5
Wk x HWTERL TV, $KIG ClEpHR KRR IER, &
B, B COMEEE 2 E T 2EHlligREe 2= v b
ELTHHOHMBICHRET LI LS v, 20729
HORIBA Gr. TH#/KANTH-12 ) — A TEA 27z,
R IA Ty TTLRLERD T, T, AMARER
Figure 1 st 418 A NHROBRE NS A VT F Y APAET, ZEMETS
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Total Organic Carbon Monitor for the Pure Water HT-200

BHEBRTHVWSO NI EMAKDFREEEREN-—DTH5TOC

':Fﬁ Fu.:l (Total Organic CarbonklF : TOC) DE#HE=Z2HE L TTOCE=%
Tadashi NAKATSUKASA DBERET-> 70 ALBM &, BRLTET L ABRBOMEEE AT

KB LUMRDFEEITOBRETH 2, F, ALEMBHEEIIEND—&F
#FH ik £ 70 ) BAERA S IS L TV A BB ERTSE o T
Toshio MORITA W3, NIEN TERT 2 EBHAKIGERARERDBECENRERD

FROAL ST, BEEEDOLSR HELEIFEHINTSY, {t¥29E
DEZ, EMFRFELELPEL, POREEKIBEELEINTWS, ATFT
i, BAKELETRR BN L, ZOBEMAKDE#LERBIEEZEND—D&
LTHWShBTOCHEAIERIE EHORIBA Gr.DTOCEZ=Z Z D¥EEICD
WTHBN T %, (Figure 1)

We have developed a TOC continuous monitoring instrument for the water which
is used in medical artificial dialysis. Total Organic Carbon is one of the quality
indexes of the water purity. Artificial dialysis is the treatment of the blood
purification instead of the kidney of the patients suffering from renal insufficiency.
In recent years the number of patients who need artificial dialysis increases year
by year. The dialysis care is a very important medical treatment to maintain life.
The water for the artificial dialysis is used for not only dissolution of powder or
dilution of stock solution for dialysis but also cleaning or sterilization of pipes and
apparatuses. The water should be safe and free from chemical or biological
contamination. In this paper the dialysis water process is introduced first and the
measuring principle of TOC which is an index of water purity control and major
characteristics of the TOC monitor are followed. (Figure 1)

(2C&IC
HORIBA . . . .
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BN ER T B CTIER SN2 EMRE (LT A KT
4 ¥ Ver. 201 1B W T H TOCH DI & L T500 ppbk:
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Figure 4 SIHREREDBREERAK

Figure 5 MRIEERIEIE D BIARIMRIRIN AR

B
IR VT ABEPARYET, T2 TR DE
il
CHERE B A T 28y N R fECT, EEA D
(DT BE
CEIEKE, RIEDOREEND D
B O ESURERE I FROMIRA S %

IR EIED B SHRIRIR T = (Figure 5)
BIE 7%
AEK T O BB A IR (IC) 1, REEA 4~ (COs™), KR
KFEA 4 2 (HCOs ) & A\ Idrig (HCOs) & L THIET S
A, R TIZIE L A LD RIRE 2D, BB RIEALL,
THALRFESE R VERT AL LR EBIEL I LT,
AE O RE T RILRE L L THRET 2. 2O
B RO IBEFIEA L, AW Z B S TRAE L7
TERAL PSR I & IR0 BOR RN T A B g (NDIR) Tl
ELTOCE LTHET 2. i TR S 2720, HHH
TEDOH R B 2 & DR IEA IR b eI TR
DT HZENTE Do b — MR EFIETH Y, ]
JIKR PR D & 95 i ERNEICS RS Tn
%o
T
- DS, BRI — U I AL
- HSE IR EEHEBR AN < BB IRGRIE 20 & iR L £ THIBA
"I HE
- BT R D AR R BB 7 & ORF TR RRIE R O IR
Lol e

ERERLIED BTSRRI A R (Figure 6)
BIERH*

PRBERR LI BRI 58 & AR L2, R SE %
WML CHEMIREE L L, ERTAXEATLHICLY,
YTNVHOMBEEIRFE L BRET D IRRRFE L RE L
BN IS L, AW E 0 50 5 TIEL
7o ZERAb IR 3R & JES BOR AR MR T A Bt g5 (NDIR) Tl g
L, TOCICHHE T 2, BT - RA T HEAKGRK) - K3
mn L3 (SRR 22 EOERMEKEEHICHELTBY, £
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PR ‘ﬁ*mToc%:g HT-200

— 1 - L

@

Y
#AKHATOCE=4 : HT-200 RRBZTOCE=Z % : HT-110

Figure 7 TOCEZ= 2 DHERLLEL

L
= A
- SRR AT

TOCEZ 2 D45 ETERE R E DI
(Figure 7)

RE O E T RIEHEH A 5 ODHORIBAT I 7Hiffi TdH
B ERIREE A A EAl 2 T L 78RR iR fE =
X (FIESR) 2 A L, ROEBE~OHNEZ B & L/
BfLZ X - 728G TH 5o F 72— 72 FE o S350
+ 54 YTOCEH(LUFHT-100/110) 2 Bi5E L CTW % A%,
HKHATOCE= % (LUFHT-200) 3 HE kD EBAIGER L
T o—FLB L, WEEOMLIZ L) KoM HTE

RS 2 HDTE oo AR S THERIE D o 728k
MT T OREE= Y 2 NE L, T ¥ 7R TR
U Ex AT 5 BOCZ WSR2 #2128 L7z, HT-
2001 FROZEENDOWEZ AIFE L L THE SN L0, TR
R BB 1T 4 <, RO &EFIHHAPLC (Programmable
Logic Controller) & RS-485:#18 % 17\ ROZ & Hl o> il 1 i
HCWEER 2 FRLE T AV TF Y AIY—E AR
NEHAPCEHEHOMIE Y 7 b % FvT, HT-2000 7%=
AR OB IEAESE, IREEMERR R & 21T 6

4EE & BIE S

ZE L7ZME AT 2 0ICHT-2000 3 A 7 &5 ORERL %
Figure 8IZ/R 3 o SRAMRERAL 3 iR 7 3 77 AL BRI A~3R
P OIETIE I 2 — BT 5 2 L ICX WV EELNES T
BIENHEL, Lo TTOCES ¥ |ZITRE L -—EiiE
OFEKEMIBT LLEN D Do D72 OHT-200 12 —5E
mETOMGETHNE LEEL=y hE2TOCE=%HI
BCREE T A2 LT, EABICHIG L TL —Eim

TOCE= MG T 2 2 ek T4, TAMEICKEL
WET LI LT, EEIZ Y FRICEE SR
WoEE7 0 — 12X )5 ERET 52 L5k 5, ROL
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Figure 8 HT-200% X 7 LM

FIKIZIEA F VAT O TR nZ &A% <, FUKD
RELZ LI DN ABELRURERIRE L R L L, $72F
B & 0 RN OB DEAL L, KEOEE R
55 o ARMEFEL FEERAIE WCIGA G EEK P o1
EHG DL R, BREEPRVEA L B L THRE
WO FEORFEIELL, ELLLBEEITH 2 & 05K
¥ L 70 % (Figure 9 @ BAEZHZE) , ZOMEIZR LT
SHEKOBELRAZER 2 —EI2T 54, MNIOBEKEAERA
F R AE (LU L EDD) & Wi L 2Rl = v b &%
BT 5L TEARERLZKRDE, 2% L72TOCHONE
#TH Z D HE L 7 o 72 (Figure 10 : EHTOCHME
fil) o

Figure 9 N—XXEBTIEERFE (X 70— XFMNIC & 2H#:3)

Figure 10 TOCHEIEME hL > K
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Figure 11 TOCY XA F LD—MEF v EX v MoMER

BbhVIS

SETOCE= Y ORFEZAT, ENTEHRERNERT S 2
DRI, INEEEP D ICH - ICERER CER S
5AERHIBERR OB TR, RTOCE= S &L { K LENT
DFF 2B D AKEEEAN ) LS EBE LTV E 7

o M, RTOCE =% IZROEE X — /1 R &MEL T
I7ﬁ>%%<‘:iﬂ) AU R it i 0B AR BE 20 &, BERE
AR~ OERERILIC O W TIIREETH 525, BAAEEZD >
AT ANREEBRIL BB IATZ 5 L) TOCE= Y Kifk &
FoRazy MBI UHMELZ=y P2 MLl zF Y E
t v b ¥ AT 4 (Figure 11) DG 2 BEED TV 5,

[1] A@tFEAN HAREBR CEE ESDEIEs by 1 K914 >~
Ver. 2.01]
http://www.ja-ces.or.jp/ce/?page_id=765 (&M : 2016-3-28)
[2] WHT FNUART 7 /webY A4 M HATWAVE~FAiriHik &
FEY 22/ TOCL ]
http://www.horiba.com/jp/horiba-advanced-techno/
hatwave/voll/ht-100_dic/ (&g : 2016-3-28)

h¥ B

Tadashi NAKATSUKASA

PRREH B0 7 RNV A N7 2 7
BHZSHS o 7 #AEASE 1 3R

AH &k
Toshio MORITA

MRS B 7 BNV ART 27/
BAZSER o 7 BB S 1 3R
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Product Introduction

BRI

HERIE - KCHEFTXZXR L WEY>T7 U7

pHEZ=%— UP-100

Micro Volume Sampling pH Monitor UP-100 achieved Automatic Sampling,

Calibration and KCI Refilling.

—H G AT RAEREERA WV pHTO—-T TORIETIE, ZDOREL,

3t BT

Yoko NAKAI

Yo TIRADH T ZRAPARERDB G2 LIERBICE 3 BE0 5 5,
BEHSMEMICRIBHEZRILOHETZIIET OISV TIDOERAER

EL, METOY T L INEEETH 5 EFEIFICEETRIE, NER&RH

=28 MR

Kazuhiro MIYAMURA

RTHRIBEGEPHEZ 2 — %2 LI L/ AT TR EZ 2 —DOBE L ZDICH
EHICDOVWTEBNT 3,

When measuring samples with traditional glass pH electrodes, sample pollution

by glass material and internal solution are often problematic. We have developed
a novel pH monitor that enables micro volume sampling, automatic calibration
and internal solution refill for industrial process monitoring such as in

semiconductor industry. In this paper, outline of this pH monitor and its
application examples are introduced.

L &HIC

HORIBA Gr. TIXESALEFA, SGEHA, XA Eik ~
e IEBEEAN 2 IS L7227, BHllV ) 2= a v ERRAL L
TWho ZOHTHpHA —% —IZHORIBA Gr.AIZEH N,
THY, AIFELKE0EL EIzh 7z ) BRI S W2 72 n
TWELENGTH L. REEH L E 2 oy &G
ML, Mit7 v EREmS, MiEOFER Y =2 L7
BB, 71— FXpHEt% &, TN ENORARIZ BV THE
fEGE Y LT &2,

— 07, MEFHAM WG L7 T L LT, R/AL SRR O
GG a2 A L 72 2Bk e i TR In-line S8 E € =
7 —CS-1003 ) —XH by Ty 2 7 RMFELTE 72, B
DO PEAREFRTORERD 5, pHIZ 70+ AEH FRE A3

HORIBA

Figure 1 &Y% >7) > JpHE=4%— UP-100
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FA—5—Tdb—), pHEMTHMET 5 LV v TV
PIND M, RERWEBEOWIE L Vol A VT F ¥ AN
MR Z EPORBICZORE AL -0 % <, MEH
DV 2= a Y OLEETIEL TV, HBEELIZZ O
%P3 _ (, HORIBA Gr.opHEIER, ~1 70 %
AFAT, & L CHEAREE T C O In-line 3 s HIEAT 2
A LMEY Y 7Y Y SpHES Y — 2L 2.
Figure 1IZAREBEDIMABTEZ IR T o AR TIEAREEOFE
R LICHEB 2 BN 5,

pHAIE [RIE

UP-100TlE— I H WS N T A H T AR % ER A
LCTWb, IO ZOFEHIZOWTHIT 5
Figure 2\2pHEM D EEN " 2R3, il 27 5 A&

N

HEEERHR
(KCIi®#&)

L7 2ABEREK
(DH&ET?&)
KCIiE#

«— R B(LIREE —

Figure 2 pHEMBOFEIER A 1E/KX
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R {LREE
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A

WY, 55 2 m@msn
& pHIEE S 5 R
ABEREEEED X7 4
BERNEED XY 4

Figure 3 #BARpHEEO#EE

(pHEM) & IiEmRZET L, 79 ABME LEEmROM
WCEMENELD, COBMEE, ZOBOHEED2 S
Equation 1124t > CpHARD S 115,

pH(X) = (Ex—Es)/(2.3026RT/F) +pH(S) - (1)
pH(X) : ¥ 7 opHYE

pH(S) : &I AR OpHiE

Ex AR TOVHTERI L 7 A A

Es CARIE R e R TR L 7oA

R D AER
T IR R
F 77 7T —ER

T AEMNNLME T IV ) BB AR L 72T AAH W
SN, BT ABMOWNIRE & AR OpHZ IR U 72 B'AL
WL Do — 5 CHEBBIIENE O ) 7 LD
WAk A U CRlB L L TB Y, B opHZLL TH
I EDBEBMNMERT, CO L) IChmE gL L, 7
T A BN U7 & OB % W E R B2 TR L C
W5, —fkAIIZIEFigure ISR T XD IZ, AT AEME I
BEMR, SOIREY Y —% — b L 2@ AR B
WHNAZ EDNL N,

TO—-TJRAZAEEBICH T BFE

BIEED X 912, fHEICAHOpHZEIET A2 LA TE LN
S ABBTIED 75, FOFHE, WHERO NI &
YT WL TV L BEDD Lo WAEEBIZIZ R — 7 AR
OYEIEbND 7 &, B H OKCHZ LR
WHIZOND L) FFTEN TV DS, 2P hslE T AR L
LYy TNV EEBMEICROLEDN D S &) il 70
AT HMEOKCIOEE D MER I NS 7 — A H
o FDX ) RGEY SV E I B L, JIERIC

BRI TN D o pHOMEMEN L 22138 T
VOBEZFERSEML, ¥ T ViEou A28 5 3 A MEm
RRELEO A NAWSHEE 2 b, T2, AV T TV
AW CTIREMN LR EPLETH D, S SIZKCISZHT
5T LIk, EMMIZIREBANOKCIHiFTEALETH
0 lDEIBAYTF Y AMEEIERETHNIIES %
EETIEH A, Bk 70t 2B WTIE, B ICHLY
fHF 77T A A VEEZ ALY ML, FIEHECTKClZ Hf
To, BMIE% ERT HVEDND L. Bt 7IVAHD
DNLYGE R EHREZES) L, EETOv A% A Ny TS
TOVEEPLEEE LY, GV ) 25RO 512 BLEDLY;
TIEI A M, ZEBTOT A v N> 72,

UP-1000%k &8

®¥R

CDXH) HMEEILY TRELTE 2R THIE S NN
#®Y 7)) v pHE=Z ¥ —UP-100CH %, UP-1001% H &)
BIE, HBKCIHiFTEtERExX iz CBY, AT v ADF
BIASKIRICEIR S LB 221 Tl £, BENETINS D
BERAT DN 720 A\BHEETLHETH L, M2 T, 1l
EIZ500 L& WA BIEY o S E T L W0, 1401215
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BETHLEVIFEDLD D,
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UP-100DH K % Figure 412783 o REFEITKE L, T2 b
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TNORNALFE ) TIZHY AT oNs 2 &2 HE LT
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Figure 5 % —1Zv FDIER
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FeD72OKCLZ i T HE X BB SOV 7 HFE L, R >
TTINSDOWERT LIk >Tnb, —#HOHY )
H5E — B IE - KCIHlFTRIE—ZED ¥ — 7 v A2t > CTHEI
AT D o 8 Ol IR AE C Rl 38 oo 246 5 1A (580 e fifi
RET6r HTh b, THEHOREET A » TORY 1T %
ML, ¥ 7IVE X Inletfll T k0.2 MPaE TG HE,
BILEOY Y 7V L BAIEIFETH o
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I —FfEoth, E5AMDICL28Ea Y bu—)L - KA
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ZTWh, 7L 21, 7a—k oy —%HBHRLTBY, W
BOFE )RRy TOWETY v 7V T nis
DRH, RIEEOEL DT O, B0 L LA
R M VAORIEDN—ERHE S NIRPUE LA, B4
WZHER L o 2E, REOLEICLT -2 175
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EREE
7)) v 7R ER L BT O BB TH b
Z OFEME % Figure 6127776

— W e pHEMIIpHIGE H T A% A L CTHMIlIZH > 7L,
PHENZNEBH S 5 0 v RIROFIRTH 5 A%, ARLEHE Tl
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ELTHEATEEEZ BN D,

Figure 81241 ppm® 7 » & = 7 AW & el 52 X LT
LTl ZOLHIT, NEOFEREIZ L > TR
RFRDENTIARDEA L4, e ChiuIme %
JT7NVIA LB TE L, 2OL ) IZKIEEDOT v E=
T DWEELEACIIR T LR, I AD R LRFE OB
AADBERN LD EEZ D,

BFhHUIC

FOMHE - AAMNOEENG TR, TR, THEHRE
K ZITANSNT VL AT ABBGROpHTH — 7T
Ed 2 A, B TRETHE, BHEMIEHRT 2 LTI,
FHELE HERY Y TVOBEFEIAN - XAV TF U ALED
MWD H > 720 OB OEEE S 2> HpHHlEZ D b O % I
AENTELBSLELHLEERDNE, 2D L) 4 E
ARG DOUP-100% JHGHW /272 2 8T, #ETut
A DAL, A3 A M, SER EICEHRER A - — &
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Figure 8 #J1 ppm7 > €= 7 D&k BIERER

[11 K #E3E, VR K&, WG EIET O L2 pHEM",
Readout, 41, 61(2013)

[2] Yoko NAKAI, Kazuhiro MIYAMURA, Yoshihiro MORI,
“Real-time pH Monitoring of Ultra-diluted Chemistry with
Micro-sampling pH Monitor”, 228® ECS meeting, 2015
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2£5B|HORIBA Group IP World Cup
Gold AwardZEEH DB

&

IP World Cup

Best of Our iumIP
will be sele 1!

Figure 1 HORIBA Group IP World Cup

Figure 2 Gold AwardZE#NEE

Figure 3 7KFiA77E#4 (CDOM) EILHIEEE
Aqualog(7 7 707%)
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HORIBA Grourp TH & 1 =5« ORBI 4 KA PR M EN R OHES &
o T& Iz, AR EZDORRZZ2MNMENIHORIBAT Z > NOXREW %
EZRTHVY), HORIBA Group IP World Cup(Figure 1) I, HORIBA Group is
One CompanyD{E#HDH &, BE & FEL|T 24l - MNEZ JIV—T2%K
TEEL, ReZBEOREH & & 2814 - MOMECRIEE S 5 ICEMLT
W ZeeBEE L TRIERE iz,

Z5EHORIBA Group IP World Cup™' Tld, 8% %# & HORIBA Gr.(DBIZRHL
B ONTHDISEN & 7=, 201 5F3F25H (CES5EHORIBA Group IP
World Cup®iFEX»fThh, KU/N - 42X VIL X YtD[Real-Time
Water Treatment Monitoring with Absorbance and Fluorescence (R4¥ & 5
KDOBEERNZ) 7ILEA LKNEBE=21) > )| 7Gold AwardZZE L
7z (Figure 2), HORIBAY IV — 7 & XK ¥ 34 & L TUTICHBNT 3,

*1: 50T, 2014F7R1H» 5201556 A30H OFEICEIE, HER, RXER, 4557
B8 FLRABREEZE L AL EONMWMEEZRTRE LTS,

I & DB EZ V) TV G A 2KUEE=51) V7
Gold AwardZEEH DO E

2015 HORIBA Group IP World Cup Gold Award# & L 740k g (IP) 13,
AL THDEII & ZRoeHEOE (EEM) 77— % 2 v b 2 & ¢, EE 2L S
TA=F RN TNY A LATHET ZEE - HiliTh b, ZOIPIZOWTIEKRE
BRI A2 5E T S TWh, ZOIPOL=— 7 2 i, 54, oz A~y
FUVIEHR 2 RS 272012, YVTFF v Y RIVDARY b5 AMEEF D AR
7 N T AENTICAR T, BN R L 22T TV T A AR L TCwA S
ETH D HERDTFHE LRI L T, ZOIPIEAKMIIC & - TEER L4 2
WV % O RIRE - RS TR T A Z L ICEHBL TV b S54RI,
KOE=5) v 7a TENTHIBITRO NG, ET 2 0ERERL 2 VT
F ¥ ARG DO T/MER, Tt 2K &R RIAT) OICEE L 0 b AR
A4 bEERPSHBITY > 7)) 7T BEEBEICHIE LTV 5o

AEOIP % v 72251 (Figure 3) TlE, WX & HE0MIEIC & 0 Kk~ 2 KW
IR L MM T E B0 R IB R & FERI, INTHRIITE %5, ZOIP
OFMOEELRT TV r—vary e LTRUTO=Z2%24n 52t
MHTE D, DEERTOMHBREERD RS €228 2)TFTRIFA 7 VT
Ot ARUERKIRKALEBIZBIT AR AT 20RO E ) B AT A
OWFEAE T WA SEL 28 3)TFK - AN - B L 27RO %%
PITHZETHD, LAL, TNHIZRE T, kIZBiARMEE A L7z, B~
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FHRARDPTELPHNZKEE=Y ) ¥ VKERLHEHEEICS BHTHET

& % (Figure 4) o
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Figure 4 RIPEHW-EBEOHE

EEM

EX Wavelgagth jnm)

Component
Analysis

componenti Component5

Z5EHORIBA IP World Cup=E#&

[Gold Award]
(ZEEAE]
WA RKEZFAL L
JTPIVEALKEE=2) > TEE
HORIBA Instruments Incorporated
Z¥#% Adam GILMORE, Xiaomei TONG
MRS W7 RNV A RT 27
ZHEE Bl AL—ER

[Silver Award]
(ZEERAE]
FyTHEEITRRICEATE S INY
HORIBA Jobin Yvon SAS
%H# Marc CHAIGNEAU

[Bronze Award]
(Z2EEAE]
BAE—NIAEMERIEE—F
HORIBA Instruments Incorporated
Z8¥% Norman NEWBERGER,
Richard RUMER, Bryce JOHNSON
RN U 3 AR T
ZEE L% EA
[Honorable mention]
(2 EERE]
BMEFRRE Y —
FRINEAL U 35 S ERT
ZEHE BHFHR I RAE, KEE B
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Figure 1 2564[E (2014%F) AgEHiS
WXE BREXOHKT

Figure 2 ZAREBANPHEHIN TV IRE
(EGRERIEHE)
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SCHB K S
R DEGRERIE R E (155¥555506376%)

REDBE

ARFEWIFREIL, T ICB T 2O - Bl EKY, BEsifom ke
WIHFEEDORBIZFG T LI LA HMELTBY, T ICBWTEF L5
B, Z%, F2035E CLTIRHE L v o) 2Rk S h 054, SEWE0 %
(IR &N T %, S OTRE, 325, BRICEK S L 4 D& R 2
BHE T 5 b O THh b, HORIBAD & (LFERFH5506376 75 (WA B OEGRA M2
B DIDBEEM O TR b B VEH 2 2 72 55 2 6 N A U AR R
FEWAHEhE (Figure 4) ZHORIBA L L CTHIOTEE L7,

KREEH DA H 5 OFF

KB IEReadout No.4l September 20131238k (http://www.horiba.com/
uploads/media/R41_20_112_01.pdf) ®#2[BIHORIBA Group IP*" World Cup
TGold Award%ZH L CT\w5b, HORIBA Group IP World Cupld, EN#+4
TOHORIBAOH TEN M E % KT 2 NEELTH 5 F-RFEHIL
#6418 (20144F) H By H A4 - i CE (Figure 1) 2 2B L T2, (http//
www.jsae.or.jp/09award/jigikaisho/2014/16.html) o A& 1%, HEJEHEATIZH
dHENTRLERELMABLOZOREZIIGZOENEHDTH S,

%1 : IP=Intellectual Property AR )

RERMFAR

AEEIHL, HEX AFHEER (LT, EGR (Exhaust Gas Recirculation)) & A7 A %
PR L 2R OEGRE (HERE 2 S O 7 AHMGERE L, HHEE L &0
Wexim & D) il 3 AEGREN T (Figure 2) ICBAT 55D TH 5, &
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HORIBA, Ltd.

2, Miyanohigashi, Kisshoin, Minami-ku,

Kyoto 601-8510

Phone : (81)75-313-8121 Fax : (81)75-321-8312
Biwako Factory
1-15-1, Noka, Otsu, Shiga 520-0102
Phone : (81) 77-526-7661 Fax: (81) 77-578-7410

HORIBA Advanced Techno Co., Ltd.

31, Miyanonishi Kisshoin, Minami-ku,

Kyoto 601-8306

Phone : (81)75-321-7184 Fax : (81)75-321-7291

HORIBA STEC, Co., Ltd.

11-5, Kamitoba Hokodate, Minami-ku,

Kyoto 601-8116

Phone : (81)75-693-2300 Fax : (81)75-693-2350
Aso Factory
Torikokogyodanchi, 358-11, Koumaibata, Toriko,
Nishihara-mura, Aso-gun, Kumamoto, 861-2401
Phone : (81)96-279-2921  Fax : (81)96-279-3364
Kyoto Fukuchiyama Technology Center
11-1 Ecotopia Miwa Koaza, Miwa, Fukuchiyama
620-1445
Phone : (81) 773-59-2070 Fax : (81) 773-59-2074

HORIBA TECHNO SERVICE Co., Ltd.

2, Miyanohigashi, Kisshoin, Minami-ku,

Kyoto 601-8305

Phone : (81)75-325-5291 Fax : (81)75-315-9972

HORIBA Instruments Brasil, Ltda.
Rua:Presbitero Plinio Alves de Souza, 645,
Loteamento Polo Multivias Barirro Medeiros,

Jundiai, Sao Paulo 13212-181

Phone : (65)11-2923-5400  Fax : (55)11-2923-5490

MIRA do Brasil Servigos de Engenharia Ltda.
Parque Tecnoldgico S&o José dos Campos, Centro
Empresarial ||-Sala 2104, Avenida Doutor Altino
Bondensan, No. 500-Distrito de Eugénio de Melo,
CEP: 12247-016-Sé&o0 José dos Campos/SP

Phone : (55)11-96990-6475

TCA/HORIBA Sistema de Testes Automotivos Ltda.
Rua Goias 191 Vila Oriental, Diadema, Sao Paulo,
09941-690

Phone : (65)11-4224-0200  Fax : (55)11-4227-3133

HORIBA Canada, Inc.

Unit102, 5555 North Service Road Burlington,

Ontario, L7L 5H7

Phone : (1)905-335-0234
London Office
347 Consortium Court, London, Ontario, N6E 2S8
Phone : (1)519-668-6920  Fax : (1)519-668-8437

Fax : (1)905-331-2362

HORIBA International Corporated
9755 Research Drive, Irvine, CA 92618
Phone : (1)949-250-4811 Fax : (1)949-250-0924

HORIBA Instruments Incorporation

9755 Research Drive, Irvine, CA 92618

Phone : (1)949-250-4811 Fax : (1)949-250-0924
Albany Office
Suite 104, 58 Clifton Country Road, Clifton Park, NY
12065
Phone : (1)-518-331-1371
Alvin TX Office
5318 West Farm to Market 517 Road, Alvin, TX 77511
Phone : (1)-281-482-4334 Fax : (1)-281-614-0303
Austin Office
9701 Dessau Road, Suite 605, Austin, TX 78754
Phone : (1)512-836-9560  Fax : (1)512-836-8054
Chicago Office
1725 Roosevelt Road #115, West Chicago, IL
90185
Phone : (1)630-562-2298
Edison Office
3880 Park Avenue, Edison, NJ 08820
Phone : (1)732-494-8660  Fax: (1)732-549-5125
Houston Office
240 Spring Hills Drive, Suite 410, Spring, TX 77386
Phone : (1)281-367-7422  Fax: (1)281-367-7423
New Hampshire Office
315 Derry Road, Suite 13 Hudson, NH 03051
Phone : (1)603-886-4167  Fax : (1)603-886-4267
Portland Office
10110 South West Nimbus Avenue, Suite B-11,
Portland, OR 97223
Phone : (1)503-624-9767
Reno Office
605 Spice Island Drive, #5, Sparks, NV 89431
Phone : (1)775-358-2332  Fax: (1)775-358-0434
Sunnyvale
430 Indio Way, Sunnyvale, CA 94085
Phone : (1)408-730-4772  Fax: (1)408-730-8975

Fax : (1)630-562-2324

Fax : (1)503-968-3236
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AnnArbor Facility

5900 Hines Drive, Ann Arbor, Ml 48108

Phone : (1)734-213-6555  Fax : (1)734-213-6525

Troy Facility

2890 John R Road, Troy, Ml 48083

Phone : (1)248-689-9000  Fax : (1)248-689-8578
MIRA North America Inc.
1400 North Woodward Avenue, Suites 250, Bloomfield
Hills, MI 48304

AUSTRIA

HORIBA (Austria) GmbH

Kaplanstrass 5, A-3430 Tulln

Phone : (43)2272-65225 Fax : (43)2272-65230

BELGIUM
HORIBA Europe GmbH
Antwerp Office
Duwijckstraat 17, 2500 Lier
Phone : (32)3-281-57-92 Fax : (32)3-230-06-95

HORIBA Czech
Prague Office
Prumyslova 1306/7, 10200, Praha 10
Phone : (420)246-039-265
Olomouc Factory
Zeleznicni 512/7, 772 00 Olomouc
Phone : (420)588-118-365 Fax : (420)585-310-725

HORIBA ABX SAS
Parc Euromédecine, rue du Caduce, BP7290, 34184
Montpellier Cedex 4
Phone : 33(0)4-67-14-15-16 Fax : 33(0)4-67-14-15-17
HORIBA France Sarl
12, Avenue des Tropiques Hightec Sud, 91955
Les Ulis
Phone : (33)1-69-29-96-23 Fax : (33)1-69-29-95-77
Grenoble Office
BUROCLUB 2 Av de Vignate, Gieres 38610
Phone : (33)4-76-63-49-15 Fax : (33)4-76-54-03-99
HORIBA Jobin Yvon SAS
16-18 rue du Canal, 91165 Longjumeau Cedex
Phone : (33)1-64-54-13-00 Fax : (33)1-69-09-07-21
Villeneuve d’Ascq Office
231 rue de Lille, 59650 Villeneuve d’Ascq
Phone : (33)3-20-59-18-00 Fax : (33)3-20-59-18-08
HORIBA Europe Research Center
Avenue de la Vauve - Passage Jobin Yvon CS
45002 - 91120 Palaiseau
Phone : (33)1-69-74-72-00 Fax : (33)1-69-31-32-20

GERMANY

HORIBA Europe Automation Division GmbH
Zabergaeu Strasse 3, 73765 Neuhausen

Phone : (49)7158-933-300  Fax : (49)7158-933-399

HORIBA Europe GmbH

Hans Mess Strasse 6, 61440 Oberursel

Phone : (49)6172-1396-0 Fax : (49)6172-1373-85
Darmstadt Office
Landwehr Strasse 55, 64293, Darmstadt
Phone : (49)6151-5000-0 Fax : (49)6151-5000-3865
Dresden Office
Hugo-Junckers-Ring 1, 01109 Dresden
Phone : (49) 351-8896807 Fax : (49)-351-8896808
Hanover Office
Bayern Strasse 29, 30855 Langenhagen
Phone : (49)511-7410-95  Fax: (49)511-7410-53
Korschenbroich Office
Friedrich Ebert Strasse 9-11, 41352 Korschenbroich
Phone : (49)2161-47537-0
Leichlingen Office
Julius Kronenberg Strasse 9, 42799 Leichlingen
Phone : (49)2175-8978-0  Fax : (49)2175-897850
Munich Office
SchleiBheimer strasse 253, 80809 Munich
Phone : (49)89-2444-779-0 Fax : (49)89-2444-779-10
Potsdam Office
Dennis Gabor Strasse 2, 14469 Potsdam
Phone : (49)3316-4900-70 Fax : (49)3316-4900-74
Stuttgart Office (Boeblingen)
Hans Klemm Strasse 56, 71034 Boeblingen
Phone : (49)7031-677-9440 Fax : (49)7031-677-9450
Stuttgart Office (Neuhausen)
Zabergaeu Strasse 2, 73765 Neuhausen
Phone : (49)7158-933-800 Fax : (49)7158-933-899
Wolfsburg Office
Klauskamp, Heinenkap Il 38444 Wolfsburg
Phone : (49)5361-27648-11 Fax : (49)5361-27648-24

HORIBA Jobin Yvon GmbH

Neuhof strasse 9, 64625, Bensheim
Phone : (49)89-62-51-84-750 Fax : (49)89-62-51-84-7520

ITALY

HORIBA lItaly SRL
Via Luca Gaurico 209, 00143 Roma
Phone : (39)6-51-59-22-1 Fax : (39)6-51-96-43-34
Milano Office
Via Cesare Pavese, 19 20090 Opera Milano
Phone : (39)2-57-60-30-50 Fax : (39)2-57-60-08-76
Torino Office
Via Feroggio, 30, 10151, Torino
Phone : (39)11-904-0601 Fax : (39)11-900-0448
HORIBA ABX SAS
Italy Office
Via Le Luca Gaurico 209/211, 00143 Roma
Phone : (39)6-51-59-22-1 Fax : (39)6-51-96-43-34
MAURITIUS

MIRA Engineering Service Mauritius Ltd.
9th Floor, Orange Tower, Cybercity, Ebene
NETHERLANDS
HORIBA Europe GmbH
Netherlands Office
Science Park Eindhoven, 5080 (Industrial park
“Ekkersrijt") 5692 EA Son
Phone : (31)40-2900240
POLAND
HORIBA ABX Sp. z 0. 0.
ul. Putawska 182 02-670 Warzsawa
Phone : (48)22-673-2022 Fax : (48)22-673-2026
PORTUGAL
HORIBA ABX SAS
Portugal Office
Alfrapark Estrada de Alfragide 67, Edificio
F - Piso 0 Sul, 2610-008 Amadora
Phone : (35)12-14-72-17-70  Fax : (35)12-14-72-17-89
ROMANIA
HORIBA (Austria) GmbH
Romania Branch
B-dul.Republicii, nr. 164, Etaj Parter, Birourile nr. 3
si 4, Pitesti, 110177, Judetul Arges,
Phone : (40)348-807117 Fax : (40)348-807118

Fax : (31)40-2900624

HORIBA 000
Altufievskoe shosse, 13, building 5, 127106, Moscow
Phone : (7)495-221-87-71 Fax : (7)495-221-87-68
HORIBA, Ltd.,

Moscow Office

Build 5, h.13, Altuf'evskoe shosse, Moscow, 127106

HORIBA ABX SAS
Spain Office
Avenida Caidos de la Division Azul 16, 28016 Madrid
Phone : (34)91-353-30-10 Fax : (34)91-353-30-11

HORIBA Europe GmbH
Sweden Office (Gotehnburg)
Grimboasen 10 A, S-417 49 Gothenburg
Phone : (46)31-644268 Fax : (46)31-644269
Sweden Office (Sodertalje)
Sydhamnsvagen 55-57, 151 38 Sodertalje
Phone : (46)8-550-80701  Fax : (46)8-550-80567
URKEY
HORIBA Europe GmbH
Istanbul Office
Kiglkbakkalkdéy Mah. Kayisdagi Cad., Flora
Residence No:3/2504, 34750
Atagehir/Istanbul
Phone : (90)216-572-1166 Fax : (90)216-572-1167

‘

HORIBA UK Ltd.
2 Dalston Gardens, Stanmore, Middx HA7 1BQ
Phone : (44)208-204-8142  Fax : (44)208-204-6142
Northampton Office
Kyoto Close, Moulton Park, Northampton, NN3 6FL
Phone : (44)1604-542-500 Fax : (44)1604-542-699
HORIBA Jobin Yvon IBH Ltd.
133 Finnieston Street, Glasgow G3 8HB
Phone : (44)141-229-67-89 Fax : (44)141-229-67-90
HORIBA Test Automation Ltd.
Teme House, Whittington Hall, Whittington Road
Worcester, WR5 2RY
Phone : (44)1905-359359
HORIBA MIRA Ltd.
Watling Street, Nuneaton, Warwickshire, CV10 0TU
phone : (44)24-7635-5000
Quatro Park
Unit 1, Quatro Park, Paycocke Road, Basildon,
Essex, SS14 3GH
Phone : (44) 1268-290100

Fax : (44)1905-359332
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CHINA

Beijing HORIBA METRON Instruments Co., Ltd.
Chaoyang District, Bei Yuan Road 40, Beijing
Phone : (86)10-8492-9402  Fax : (86)10-8492-7216

HORIBA INSTRUMENTS (SHANGHAI) Co., Ltd.
No.200, Taitao Road, Anting Town, Jiading District,
Shanghai 201814

Phone : (86)21-6952-2835  Fax : (86)21-6952-2823

HORIBA (China) Trading Co., Ltd.
Unit D, 1 Floor, Building A, Synnex International Park,
1068 West Tianshan Road, Shanghai, 200335
Phone : (86)21-6289-6060 Fax : (86)21-6289-5553
Beijing Office
12F, Metropolis Tower, No. 2, Haidian Dong 3 street
Beijing 100080
Phone : (86)10-8567-9966 Fax : (86)10-8567-9066
Guangzhou Office
Room 1611/1612, Goldlion Digital Network Center,
138 Tiyu Road East, Guangzhou 510620
Phone : (86)20-3878-1883 Fax : (86)20-3878-1810
Shanghai Service Center
Room 303, No.84, Lane887, Zu-Chong-Zhi Road,
Zhangjiang Hi-tech Park, Shanghai, 201203
Phone : (86)21-5131-7150 Fax : (86)21-5131-7660
Shanghai Technical Center
No.200, Taitao Road, Anting Town, Jiading District,
Shanghai, 201814
Phone : (86)-21-6289-6060 Fax : (86)-21-6289-5553
MIRA China Ltd.
Jingan Zhongua Plaza, No.1701, Beijing West Road,
Shanghai, 200040
Phone : (86)21-5157-2236  Fax : (86)21-5157-2238

(NDIA____ |
HORIBA India Private Ltd.
246, Okhla Industrial Estate, Phase 3, New Delhi,
110020
Phone : (91)11-4669-5001/(91)11-4646-5000
Fax : (91)11-4669-5010/(91)11-4646-5020
Bangalore Office
No.55,12th Main, Behind BDA Complex, 6th sector,
HSR Layout, Bangalore South, Bangalore-560102
Phone: (91) 80-4127-3637
Chennai office
The ground floor New No. 41, Old No. 15/3, Velachery
Road, Little Mount, Saidapet, Chennai - 600015
Phone : +(91)-44-42077899
Technical Center
D-225, Chakan MIDC Phase-Il, Bhamboli Village,
Pune-410501
Phone : (91)-02135-676000

INDONESIA |
PT HORIBA Indonesia
JL. Jalur Sutera Blok 20A, No. 16-17, Kel. Kunciran,
Kec. Pinang Tangerang 15144
Phone : (62)21-3044-8525  Fax : (62)21-3044-8521

[KOREA |
HORIBA KOREA Ltd.
202-501, Bucheon Techno Park, 388, Songnae-
Daero, Wonmi-Gu, Bucheon-Si Gyunggi-Do, 14502
Phone : (82)32-621-0100 Fax : (82)32-621-0105
Seoul Office
10, Dogok-Ro 6-Gil, Gangnam-Gu, Seoul, 06259
Phone : (82)2-753-7911 Fax : (82)2-756-4972
Suwon Office
D2f Hae Sung Building 107-5 Yuljeon-Ro, Jangan-
Gu, Suwon-Si Gyeonggi-Do, 16361
Phone : (82)31-296-7911  Fax : (82)31-296-7913
Ulsan Office
601, Kaya Building, 93, Sinjeong 3 Dong, Nam-Gu,
Ulsan, 44684
Phone : (82)52-275-0122  Fax : (82)52-276-0136
HORIBA STEC KOREA, Ltd.
110, Suntech-City, 474, Dunchon-daero,
Jungwon-Gu, Seongnam-si, Gyeanggi-Do, 13229
Phone : (82)31-777-2277 Fax : (82)31-777-2288

HORIBA Instruments (Singapore) Pte. Ltd.
3 Changi Business Park Vista #01-01 Akzonobel
House, Singapore, 486051
Phone : (65)6-745-8300
West Office
83 Science Park Drive #02-02A, The Curie Singapore
118258
Phone : (65)6-908-9660

Fax : (65)6-745-8155

HORIBA Taiwan, Inc.
3 Floor, No.18, Ln. 676, Zhonghua Road, Zhubei,
Hsinchu country 302
Phone : (886)3-656-1160
Tainan Office
1 Floor, No.117, Chenggong Road, Shanhua,
Township Tainan country 741
Phone : (886)6-583-4592  Fax : (886)6-583-2409

HORIBA (Thailand) Ltd.
393, 395, 397, 399, 401, 403 Latyah Road,
Somdetchaopraya, Klongsan, Bangkok 10600
Phone : (66)2-861-59-95 Fax : (66)2-861-52-00
East office
850/7 Soi Lat Krabang 30/5, Lat Krabang Road,
Bangkok 10520
Phone : (66)2-734-4434 Fax : (66)2-734-4438

HORIBA Vietnam Company Ltd.
Hanoi Office
Unit 6, 10 Floor, CMC Tower, Duy Tan Street, Dich
Vong Hau Ward, Cau Giay, Hanoi
Phone : (84)4-3795-8552  Fax : (84)4-3795-8553

Fax : (886)3-656-8231
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