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New Japan Radio and the
Taiwanese UMC foundry
have begun supplying au-
tomotive ICs to major
tier-one Japanese auto-
motive suppliers. These
analogue ICs are incorpo-
rated into electronic con-
trol units (ECUs).
The power management

IC (PMIC), designed by
NJR and made at UMC,
has also been adopted by
another international tier-
one manufacturer. The
company said the mile-
stone was significant as it

demonstrated that UMC
and NJR had met the pro-
duction quality and relia-
bility standards for ICs
used in cars, which are
more stringent than for
traditional semiconductor
manufacturing.
“NJR has been working

hard with UMC to ensure
that their production
meets the rigorous re-
quirements of Japanese
car OEMs,” said Takaaki
Murata, NJR director and
manager. “We are pleased
that UMC-made products

are proven to meet those
tough qualifications. I be-
lieve the combination of
NJR’s design know-how
in automotive, leveraged
with UMC’s manufactur-
ing expertise, will further
open new markets in
Japan and elsewhere.”
The PMICs are used to

control battery voltage in
cars, especially the idling
stop control system.
“With NJR’s guidance

to successfully enter the
tough Japanese automo-
tive market, UMC has

broadened its horizons in
the automotive IC sec-
tor,” said JH Shyu,
UMC’s senior VP of pro-
duction. “We have pro-
duced high reliability
wafers that conform to
automotive safety re-
quirements, with the low
noise attribute of UMC’s
process technology re-
sulting in highly accurate
voltage control. We be-
lieve the benefits of
UMC’s robust manufac-
turing will help contribute
to other OEMs as well.”

New Japan Radio commences
PMIC shipments to tier ones

Ford’s pedestrian detection
debuts at Paris Motor Show
The 2015 Mondeo, Ford’s
first car globally to pro-
vide pedestrian detection
technology, will debut at
this month’s Paris Motor
Show. The show will be
open to the public from 4
to 14 October.
The technology can

identify people in the
road ahead, or who could
cross the vehicle’s path,
and automatically apply
the brakes if the driver
does not respond to warn-
ings. It processes infor-
mation from a wind-
shield-mounted camera
and radar in the bumper,
and checks it against a

database of pedestrian
shapes to distinguish peo-
ple from other objects.
“The new Mondeo is

the most technologically
advanced Ford vehicle
ever introduced in Eu-
rope,” said Ulrich
Koesters, vehicle line di-
rector at Ford of Europe.
“Features such as pre-col-
lision assist with pedes-
trian detection add safety
and security for drivers in
busy urban conditions.”
The pre-collision assist

also introduces active
braking, which can au-
tonomously engage to
help mitigate rear-end

collisions, right up to the
vehicle’s top speed.
The car is due to go on

sale later this year as a
four-door hybrid, five-
door or estate in dealer-
ships across Europe. The
high-powered diesel ver-
sion should be available
in early 2015.
Engineers tested the

system on closed circuits
using rigs fitted with life-
size dummies. They also
spent months testing and
refining the system on
roads around the world to
prove system reliability
under real-world condi-
tions.
“The real-world testing

was crucial,” said Gregor
Allexi, active safety engi-
neer at Ford.
The car will also in-

clude extensions to the
company’s automatic
parking to help drivers
exit parallel parking
spaces and deliver an on-
screen visual representa-
tion and audible warning
of obstacles.Parking assist on the Ford Mondeo
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Paul Newman and robot cars sounds like the plug for a science-fiction
blockbuster, but this Paul Newman (pictured) is professor of
information engineering at Oxford University where he also heads the
Oxford Mobile Robotics Group. He will be giving the lecture at this
year’s Institution of Engineering & Technology Young Professionals’
Event at the Royal Institution in London on 23 October 2014.
Robotcar is one of the projects at the university to help develop
technologies that will lead to autonomous driving. He will be talking
about the work being done at Oxford on this.

Paul Newman is star of Robotcar

The 2015 Lexus NX
will be the first vehicle to
incorporate Harman’s
Clari-Fi compression
technology, which auto-
matically analyses and
improves the audio qual-
ity of compressed, digi-
talised music sources.
The technology will be

part of the Mark Levinson
Premium surround-sound
audio system.
“We are proud to con-

tinue our 13-year partner-
ship with Lexus, and

excited that the new NX
vehicle, which will be the
first automobile in the
world to feature Clari-Fi,
will also be available on
the European market,“
said Dinesh Paliwal,
chairman of Harman.
“Clari-Fi is a significant
technological advance-
ment that transforms the
listening experience for
the millions of people
who don’t want to sacri-
fice quality for the con-
venience of downloaded

and streaming digital
music.”
He said he wanted con-

sumers to experience the
music the way it was in-
tended, whether at home,
on the go or in the car.
It does not simply add

equalisation and boost
bass, or focus only on
leveraging high-resolu-
tion file formats on a pro-
prietary device.
The approach analyses

digital audio signals in
real time and rebuilds

them during playback.
It does not mask the ef-

fects of heavy compres-
sion by adding new
effects, but instead uses
an algorithm to put back
what is lost during the
compression process.
Powered by a ten-chan-

nel ML5 amplifier, the
835W audio system in the
Lexus NX incorporates
the technology across 14
speakers in 12 locations
throughout the vehicle
cabin.

Lexus NX first to Clari-Fi
For the first time, V2X
chipsets will be put into
high-volume manufactur-
ing. NXPwill supply Del-
phi Automotive with its
Roadlink chipset for vehi-
cle-to-vehicle (V2V) and
vehicle-to-infrastructure
(V2I) communications.
The wireless technol-

ogy improves road safety
by alerting drivers of traf-
fic information. Having
secured a partnership
with General Motors,
Delphi’s platform will be
first to market and is ex-

pected to be on the roads
within two years.
Using NXP’s technol-

ogy combined with appli-
cation software from
Cohda Wireless, Delphi’s
platform lets alerts be de-
livered to vehicles from
other cars and infrastruc-
ture, such as traffic lights
and signage, to alert driv-
ers about potentially
hazardous situations,
complementing advanced
driver assistance systems
(adas) such as radar.
“The ability to detect

and warn drivers of dan-
ger ahead is a significant
leap towards improving
car safety and traffic
management,” said Jeff
Owens, CTO at Delphi.
Messages could include

blind-intersection colli-
sion, road condition haz-
ards, road works,
presence of emergency
vehicles, stationary or
slow moving vehicles,
traffic jams, and accident
warnings, as well as traf-
fic signals or signage in-
dicators. It avoids cellular

or other networks that can
be slow or unreliable, in-
stead operating on IEEE
802.11p wireless commu-
nications. The communi-
cations are protected
against illegal attacks or
data theft by a V2X hard-
ware security module.
“The fact that Delphi-

has selected NXP as
semiconductor supplier
for its V2X communica-
tions technology makes
us very proud,” said
Torsten Lehmann, senior
VP at NXP.

Delphi and NXP take V2X
chipsets into high volume

Argus Cyber Security has
raised US$4m in funding
to help it develop its in-
trusion prevention system
based deep packet inspec-
tion algorithms.
The technology pre-

vents a vehicle's critical
components from being
hacked in real time and
can be integrated into a
vehicle production line. It
also generates reports and
alerts for remote monitor-
ing of a vehicle's cyber
health.
The series A funding

came from Magma Ven-
ture Partners, Vertex Ven-
ture Capital and investors
including Zohar Zisapel,
co-founder of the Rad
Group and chair ofArgus’
board of directors.
Magma and Vertex now
have places on the board.

Argus raises
security cash
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There were some unusual sights at last month’s Intel Developer Forum
in San Francisco as the chip giant showed how everyday objects could
be transformed into intelligent, data-driven solutions for real-world
problems as a part of the internet of things (IoT). Intel’s Doug Davis
highlighted the top ten Intel-based IoT products, three of which in-
cluded a connected wheelchair, the Steadyserv iKeg system and fleet
management products from Vnomics.
The company also announced collaborations with AT&T, Cisco, GE
and IBM to build complete IoT systems and create innovative product
plans.

Making things intelligent

Power electronics and
mechanical engineering
are converging as car
makers develop second
and third generation hy-
brid and electric vehicle
drivetrains, believes Ben
Jackson from Interna-
tional Rectifier, who will
explain this in his paper at
the Aesin annual confer-
ence at the University of
Warwick, UK, from 14 to
15 October 2014.
“Vehicle OEMs are in-

creasingly looking at
tighter integration of
power electronics and
mechanics to enable bet-
ter system level perform-
ance, cost reduction and,
of increasing importance,
as a way to differentiate
their solution from their
competitors,” said Jack-
son.
In his presentation, ex-

amples will be shown of
how the power semicon-
ductor package is evolv-
ing across various levels
of integration such as
bare die, discrete and
module level to meet the
needs of the next genera-
tion vehicles. The bene-
fits of integrating the
main inverter with the
main motor will be ex-
plained and various
power semiconductor
packaging methods pre-
sented from traditional
moulded discrete pack-
ages through to new bond

Conference to discuss merger of power
electronics and mechanical engineering

wireless designs enabling
dual sided cooling and
benchmark levels of
power density.
Attention will also be

given to the needs of the
silicon to be adapted to
meet the automotive mar-

ket and the various per-
formance trade-offs that
semiconductor compa-
nies can make in the opti-
misation of IGBTs and
diodes to deliver different
vehicle level benefits.
In between the sessions,

delegates will be able to
explore three demonstra-
tion vehicles – there will
be two from Jaguar Land
Rover – a XJe plug-in hy-
brid and a Range E low
carbon vehicle with a
plug-in diesel parallel hy-
brid system. The third ve-
hicle will be a BMW i3.
Among the other pre-

sentations will be An-
thony Webb from Green
Hills Software talking
about a connected car as a
node in the internet of
things, Barry Lock from
Lauterbach looking at
software quality, Jeff
Loeliger from Freescale
Semiconductor dis-
cussing how MCUs can
make cars greener and
Paul Brookes from
Siemens on intelligent
transportation systems.

Jaguar Land Rover Range E low carbon vehicle

Steady growth for automotive ICs
The global automotive IC
market will grow at a
CAGR of 9.85% from
2013 to 2018, according
to a report from Report-
stack.
The report splits the

market into seven divi-
sions – powertrain con-
trol, comfort and control,
in-vehicle networking,
chassis systems, infotain-
ment systems, safety and
control, and electronic
systems.

“These are sets of
methodologies and tech-
nologies that transform
unstructured and struc-
tured data into meaning-
ful and useful information
processes,” says the re-
port, which has been pre-
pared based on market
analysis with inputs from
industry experts.
The report covers the

Americas, and the Apac
and Emea regions. And it
covers the global automo-

tive IC market landscape
and its growth prospects
in the coming years.
Included is a discussion

of the four key vendors
operating in this market –
Freescale, Infineon, Re-
nesas and ST Micoelec-
tronics. Other prominent
vendors covered include
Analog Devices, Bosch,
NXPSemiconductors, On
Semiconductor, Rohm
Semiconductor, Texas In-
struments and Toshiba.

China’s automotive com-
ponents sector is set to
achieve annual growth of
20% for the next five
years driven by demand
for new cars and a grow-
ing secondary market, ac-
cording to a report from
Ipsos Business Consult-
ing. However, the risk
from counterfeiting is set
to increase along with the
fast-growing automotive
parts market.
The aftermarket seg-

ment will become the
main outlet for automo-
tive parts as the average
age of vehicles on the
road continues to rise; the
current total car popula-
tion has already surpassed
100 million.
The counterfeit auto

parts market, already the
world’s largest with a
value of about US$40bn,
will increase as the over-
all market grows, predicts
the report.
Central government has

progressed with imple-
menting IP laws, but ap-
plication and enforcement
remain inconsistent and
insufficient at regional
and local levels. As a re-
sult, the report says man-
ufacturers must develop
IP protection as standard
practice to counter the
threat from copycats,
which is expected to rise
as the market expands.

Counterfeiting cloud continues
over fast growing China market

“Our research stresses
the need for IP protection
in what is the world’s
largest counterfeit market
for auto parts,” said Lynn
Morgan, from Ipsos in
Europe.
Rising demand in both

the car and auto parts
markets provide signifi-
cant growth opportunities
for manufacturers. For-
eign-invested enterprises
currently account for
about one-third of the
parts market’s output.

They are expected to con-
solidate this position
given foreign firms more
stringent IP protection
practices and their greater
affinity for mergers and
acquisitions, which will
be a key growth strategy.
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LDRA is creating a part-
ner alliance in India to
bring technologies to-
gether into an integrated
safety-critical platform
that complies with stan-
dards for development of
automotive, aerospace,
rail, medical, industrial,
military, energy, nuclear
and cyber security appli-
cations.
Already on board are

Arm,Avnet, Esterel Tech-
nologies, Freescale Semi-
conductor, Green Hills
Software, IBM India,
Mentor Graphics, Na-
tional Instruments, Texas
Instruments, TÜV Rhein-
land, TÜV SÜD, UL
India, Wind River and
Xilinx.
“The lack of critical

safety standards and the
gap between local and
global practices are im-
peding economic growth
in India,” said Shinto
Joseph, operations direc-
tor for LDRAIndia. “This
is particularly true in all
critical sectors where er-
rant systems can lead to
physical injury or death.”
The alliance says it will

work with universities
and government agencies
to implement better skill
development.

Most Cooperation has is-
sued a call for papers for
its International Confer-
ence on Most Technol-
ogy, due to be held as part
of the Most Forum on 21
April 2015 in Stuttgart,
Germany. This one-day
conference and exhibition
aims to present the latest
current and future tech-
nologies and applications
based on Most.

The international audi-
ence will be composed of
researchers, designers,
engineers, system devel-
opers, purchasers, jour-
nalists and managers.
“This year’s Most

Forum demonstrated that
Most technology is an ef-
ficient connection be-
tween various domains in
the vehicle,” said Henry
Muyshondt, executive di-

rector of the Most Coop-
eration. “Most can net-
work infotainment, driver
assist, navigation and
communications domains
by providing enhanced
performance at reason-
able cost.”
Anyone interested is in-

vited to submit a proposal
for a paper by 28 Novem-
ber 2014 to contact
@mostforum.com.

Most issues call for papers

Henry Muyshondt

Octo Telematics has ex-
tended its contract with
Insurethebox, a provider
of telematics car insur-
ance, for another two
years. The deal will see
Octo continue to supply
the black-box telematics
technology fitted to each
customer vehicle.
To date, more than

300,000 of the black
boxes have been fitted to
vehicles driven by In-
surethebox customers
since the partnership
began in 2010.
“Over the past four

years, Octo has been a
trusted partner for In-

surethebox,” said Mark
Grant, business develop-
ment manager at In-
surethebox. “The Octo
technology and quality of
data have played a signif-
icant role in helping our
business develop to be-
come the UK’s leading
provider of telematics car
insurance.”
The boxes monitor

driver behaviour, host a
GPS transmitter to record
the location of the driver,
a gimbal to record the
movement of the vehicle
and a sim card to transmit
relevant data to a central
portal that can be viewed

by the customer and In-
surethebox analysts.
“The extension of the

agreement between Octo
and Insurethebox is a fur-
ther endorsement of the
popularity of UBI [user
based insurance] amongst
drivers,” said Martin
Williams, UK managing
director of Octo. “Octo is
delighted to continue
working with Insurethe-
box to provide the tech-
nology and data that
support the growth of the
Insurethebox business
and deliver significant
savings for their cus-
tomers.”

Octo extends insurance deal

LDRA
forms
Indian
alliance The use of smartphones

in motor vehicles is the
most disruptive trend in
the automotive infotain-
ment business today, pre-
senting challenges and
opportunities for car mak-
ers and their processor
semiconductor suppliers,
according to a report from
IHS Technology.
The most promising

prospect for automotive
processors in the years
ahead will be in the
telematics portal head
unit, which can connect
with a smartphone for
mobile broadband con-
nectivity.
Revenue for automotive

infotainment processor
chips for telematics portal
head units, predicts the
report, will grow to
US$508m in 2018, up

from slightly less than
$128m in 2013.
And while this particu-

lar application accounted
for only 8% of total
global automotive info-
tainment processor mar-
ket revenue in 2013, its
share will surge to 30% in
2018.
In comparison, the au-

tomotive processor seg-
ment with the highest
revenue last year – head
units for navigation – will
shrink dramatically by
2018.
Revenue will plunge to

$51.0m in 2018, down
from $367.8m in 2013, as
navigation becomes a
standard feature provided
not only by multimedia
and telematics portals but
also by smartphones.
“Smartphone use in ve-

hicles has led to two di-
vergent approaches to
head-unit designs, one re-
placing smartphones and
the other one embracing
them,” said Tom Hacken-
berg, senior analyst for
microcontrollers and mi-
croprocessors at IHS.
“For the most part, au-
tomakers are heeding the
call to accommodate mo-
bile devices. This ex-
plains the dramatic rise in
revenue for telematics
portal head units, which
address the complexities
of the human-machine in-
terface as well as the in-
creasing consumer
demand for ubiquitous
connectivity.”
To keep up with such

consumer preferences,
automotive OEMs are
providing systems that

are more extensively inte-
grated. Not only will in-
fotainment systems come
with features such as net-
worked displays, controls
built into the steering
wheel and large touch
screens, cars will also be
able to capitalise on
users’ smartphones to
connect with the various
integrated systems of the
vehicle, to offer a richer
and more up-to-date ex-
perience.
The growth in new fea-

tures from automotive
OEMs is expected to take
market share away from
aftermarket vendors,
which will be hard-
pressed to exceed the rich
user experience delivered
from pre-installed and
highly integrated info-
tainment systems.

Smartphones to disrupt
infotainment market

At the IAA Commercial
Vehicle Show in Han-
nover last month, Telogis
and Ford said they were
expanding their partner-
ship to improve the
telematics for Ford cus-
tomers in Europe.
Ford Telematics pow-

ered by Telogis will
provide actionable infor-
mation from Ford com-
mercial vehicles that is
claimed to help customers
reduce fuel costs by up to
20%, reduce their envi-
ronmental impact and in-
crease driver safety. This
extends the agreement be-
tween the two companies

that has been in place in
North America since
2011.
“Ford of Europe is de-

livering on customer de-
mand for visibility, cost
savings and safety with
Ford Telematics powered
by Telogis,” said Bill
Frykman, manager, busi-
ness and product develop-
ment at Ford Motor.
“Telogis is our trusted
partner, and the success
we’ve had with Ford cus-
tomers in North America
made them the only
choice for Ford’s Euro-
pean platform offering.”
The technology will be

available to fleet cus-
tomers as a dealer-in-
stalled option in selected
European markets, of-
fered through Ford’s net-
work of specialist transit
centres, and is warrantied
and serviceable at Ford
dealerships throughout
Europe.
Greg Dziewit, vice

president for OEM busi-
ness at Telogis, added:
“Making this offering
available to Ford’s Euro-
pean customers will help
them run more efficient,
cost-effective and safer
fleets and transform the
way they do business.”

Ford and Telogis expand
agreement into Europe
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Terrorism, crime and vandal-
ism targeting public transit
systems, such as the Lon-

don bombings in July 2005 and
killings on school buses and tran-
sit lines in recent years, have
highlighted the importance of in-
vehicle video surveillance. From
London to Paris to Taipei, and in
many other metropolitan areas
around the world, an increasing

Staying safe

Conant Ho shows how in-vehicle video
surveillance can boost public safety

number of IP surveillance systems
have been installed on buses and
other rolling stock to implement
recording of images both on board
and outside the vehicles. The con-
tinually declining price of IP (net-
work-based) video surveillance
equipment and improved network
bandwidth have increased the af-
fordability of the latest technology
and further fuelled market growth.

A typical vehicle surveillance
scenario – in a bus, for example –
includes two in-vehicle cameras
recording interior views of the
passenger compartment, and an-
other two cameras helping elimi-
nate external blind spots.

Vehicle surveillance serves mul-
tiple purposes: it helps protect
passengers and drivers on board
as well as pedestrians and other
drivers on the road. It also helps
to enforce driver and rider regula-
tions as people know they’re
being watched and are more likely
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to follow the rules. It can help fix
responsibility after an event, and
even reduces frivolous claims.

Moreover, IP-based video sur-
veillance of full-HD quality can
enable valuable IVA (intelligent
video analytics) features, such as
facial detection, demographics,
passenger counting, forbidden
zone and density analysis. The
analysis functions sometimes can
produce added business values –
for example, passenger analysis
can help determine media display
content for in-vehicle signage dur-
ing specific hours; content can be
fine-tuned to impress a target au-
dience.

That is why IP surveillance is
recommended for in-vehicle
applications: it delivers many
advantages over traditional
closed-circuit television (CCTV),

including easier and less expen-
sive installation through PoE
(power over Ethernet), higher
image quality that enables more
effective IVA, real-time remote
monitoring and control, conven-
ient video data search and re-
trieval, and higher software
compatibility.

Requirements
In the past, a traditional CCTV
was considerably cheaper than an
IP camera, but today the price gap
has narrowed. Compared with IP
surveillance, analogue cameras
deliver poor image quality, which
makes implementing IVA diffi-
cult. CCTV is also awkward when
it comes to VMS compatibility
due to the lack of standard encod-
ing and decoding protocols.

IP cameras, on the contrary, can

be easily installed simply via an
Ethernet cable connection, and
follow the industrial communica-
tions standard, ONVIF, that en-
sures interoperability between
IP-based physical security prod-
ucts and provides much higher
compatibility with software prod-
ucts developed by various compa-
nies.

Of course, the fiscal reality for
emerging countries has to be con-
sidered, which means due to strin-
gent budgets some still need to
opt for CCTV; it is best if an in-
vehicle computer for video sur-
veillance can provide both IP and
CCTV support, as a hybrid.

Wireless
Wireless communications are
needed between the vehicle and
control centre so instant response

is possible – such as for emer-
gency dispatch of service person-
nel to take care of a breakdown.
Adapting to varying mobile com-
munications infrastructures at dif-
ferent locations, diverse and
flexible wireless communications
including Wifi, 3G or LTE need to
be provided. An emergency call
system can be implemented as
well, with an additional voice
module.

However, due to the limits of
wireless bandwidth, video data
transmission in real time must be
in a lower definition format, with
the copy and storage of full-HD
quality raw data to the database
made only after the bus returns to
the terminal; this can be done au-
tomatically via software-enabled
network transmission, or by sim-
ply retrieving the storage device.
Therefore HDD hot swappability
is also an important design con-
sideration for in-vehicle systems;
it delivers convenient data re-
trieval and system reliability.

GPS navigation is also a crucial
component for in-vehicle surveil-
lance systems; it provides real-
time position tracking of the
vehicles and enables more well-
informed and efficient fleet man-
agement, including instant
reactions to incidents. The ac-
quired data can also be used for
developing value-added applica-
tions such as a bus arrival time
prediction system, with the infor-
mation displayed on signage at
each bus stop.

The Can bus is used to connect
the on-board video surveillance
system and the vehicle ECU as
well as a video event data
recorder (VEDR) to provide vehi-
cle status information such as

In-vehicle surveillance can help keep bus passengers safe

driving speed, gear use, braking,
fuel usage and so on. Such infor-
mation can be valuable in deter-
mining responsibility or liability
in traffic incidents. Some vehicle
status data can be selectively in-
corporated into video and shown
on-screen along with timeline in-
formation.

A G sensor or accelerometer can
be used to detect and monitor ac-
celeration, vibration and shock in
the automotive environment,
which in turn will assist in inci-
dent analysis and responsibility
clarification – for example, in
crash investigations or examina-
tions of driving behaviours.

Today’s IP cameras are usually
enabled and powered over an RJ-
45 Ethernet line connection. An
in-vehicle networked video

recorder typically has four default
channels for connecting four IP
cameras. However, additional lan
ports should be provided that let
the system scale easily; with extra
ports, the user can connect via a
PoE switch to add additional cam-
eras, depending on application re-
quirements, system performance
and bandwidth.

Experienced in-vehicle com-
puter system suppliers provide not
only hardware, but an integrated
hardware, firmware and software
package with rich SDK and APIs
that exempt system integrators
from the complex programming
required to make low-level system
calls; this allows them to develop
intended applications and func-
tions with great ease and faster
time-to-market. Remote control

Acquired data can also be used for bus arrival time prediction
with the information displayed on signage at each bus stop
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software is convenient for devel-
oping in-vehicle systems. And ad-
vanced applications such as VMS
or IVA can either be independ-
ently developed by system inte-
grators or purchased from a third
party.

In vehicle
The automotive environment is
beset by electrical hazards, shock
and vibration, dust, and some-
times temperature extremes. To
ensure safety and reliability, in-
vehicle computers require special
designs to combat these evils, and
these design features distinguish
them from standard IT products.
The most important of all is tack-
ling power challenges.

In-vehicle electronics are vul-
nerable to impacts from so-called
dirty power. These include power
surges or voltage spikes caused by
a battery disconnect, a jump start,
a cold crank, or switching tran-
sients from other on-board de-
vices or subsystems. Transient
voltage can cause severe damage
and failure of electrical devices.
Therefore, transient protection at
the hardware design level and
power ignition management at the
firmware level are critical for in-

vehicle video surveillance sys-
tems.

Tolerance for a wide range of
DC inputs is also important to
ease installation of in-vehicle de-
vices in 12 and 24V DC battery
systems, and to enhance resistance
against cold crank, jump start and
load dump conditions.

To ensure the power design of
electronic devices is robust
enough to survive the hazards and
trials of automotive environments,
international standards with set
test methodologies have been de-
fined for certifying in-vehicle
electronic appliances, such as E-
mark and ISO-7637-2.

The automotive environment is,
by nature, subject to constant vi-
bration and occasional shock.
Therefore, special mechanical de-
signs are necessary to protect
electronic components, such as
the use of durable and heat-resis-
tant adhesives, screws and
dampers that reinforce ruggedisa-
tion.

Due to economic spatial consid-
erations, the industrial in-vehicle
computer is more likely to be in-
stalled in the undercarriage rather
than seated in a cosy, air-condi-
tioned corner. Therefore, special

mechanical designs, including the
arrangement of components in the
chassis to allow for better heat
dissipation, are important for
strengthening system reliability.

However, as the use of fans
could draw in dust and threaten
system lifespan, fanless designs
are preferred for IPCs (industrial
PCs) used in vehicles. Striking the
delicate balance between system
performance and thermal design
poses challenges for IPC makers.

IPCs for vehicle applications are
also prone to electromagnetic dis-
turbances from other in-vehicle
devices and special protection is
needed to ensure system reliabil-
ity and longevity. IEC-61000 con-
tains a series of standards for
verifying EMC capabilities.

Optically isolated IO designs
help to eliminate noise pickup as-
sociated with PC power supplies
and ground connections, thus pro-
tecting the printed circuit boards
inside from damage.

Conant Ho is product manager
for Advantech’s embedded
computing group

Conant Ho

Passenger surveillance systems
can be installed on trains

LOGGING ON

Per Holmberg looks at
how to meet commercial
users’ expectations for
in-vehicle computing

Bennesveds Åkeri is using a
rugged mobile computer
connected to the vehicle’s

data bus system



IN-VEHICLE COMPUTERS

Vehicle ElectronicsPage 15, October 2014 Vehicle Electronics October 2014, Page 16

IN-VEHICLE COMPUTERS

The proliferation of always
connected devices and the
trend for BYOD (bring

your own device) within com-
merce means technology is now
an integral part of every aspect of
modern life. It’s no wonder, then,
that there is a growing demand for
vehicles to become more con-
nected too.

Bluetooth already allows smart
phones to connect seamlessly to
infotainment systems in the car,
enabling features such as talking
text alerts and, of course, hands-
free communications. Some sys-
tems also enable the car to use a
phone as a data modem, for updat-
ing traffic conditions or PoIs
(points of interest). This bi-direc-
tional connection is just the begin-
ning, but how will commercial
and industrial operators make the
most of in-vehicle computing?

The need for in-vehicle comput-
ing for commercial use is driven
by both economic and environ-
mental factors. For example, by
route optimisation and green driv-

ing, CO2 emissions can be re-
duced at the same time as costs
are saved. The technology can and
is being used for fleet tracking
systems that make use of GPS to
provide field-based data that can
either be monitored in real-time
using cellular connectivity or
stored locally for later analysis.
These are more complex systems
that require a reliable backhaul,
most likely realised by a cellular
network. As such they would typi-
cally be offered by a service
provider specialising in this; they
may also design and manufacture
the hardware or be an agent for
specialist ODMs.

To meet this growing demand
for in-vehicle computing, there
are companies specialising in de-
veloping black box computers, de-
signed to be installed permanently
in a car and hard-wired into its
power system. This approach has
some obvious benefits; it provides
a fast and relatively simple way to

add computing power to a vehicle,
making use of the car’s own
power supply.

Such systems invariably use
some form of modular design and
are, in effect, mini-desktop PCs
running either a version of Win-
dows or an open source operating
system such as Linux or Android.
Although these systems have a
reasonable level of performance
and convenience, they don’t nec-
essarily address the challenge of
keeping up with technology evo-
lution. The life time and upgrade
cycle of computer hardware is far
shorter than the life cycle of a
commercial vehicle, making the
installed computer old pretty fast,
and preventing the software appli-
cation from being upgraded and
keeping up with new functional-
ity.

To meet the challenge of up-
gradeability, there is another class
of in-vehicle computers – mobile
vehicle mount terminals (VMTs)

Fig. 1: Ruggedised
VMTs can provide productivity boosts
and enhance overall efficiency for commercial
operators

Per Holmberg

Fig. 2: An innovative vehicle-
mount system ensures an opti-
mal terminal design with easy
access, along with the ability to
upgrade terminals quickly and
cost-effectively when necessary

Fig. 3: Volvo is using VMTs to monitor key aspects of its HCTs
and reduce fuel consumption

– that are used to increase produc-
tivity and efficiency. Similar to
black box computers, VMTs are
often PC-based platforms running
an open operating system such as
Windows Embedded or Linux.
However, they integrate the CPU,
memory, power supply, 3G con-
nectivity and more, with a display
and touch screen into a single mo-
bile unit, similar to a tablet PC,
see Fig. 1.

In accordance with a user’s
needs, these systems can integrate
to a vehicle’s electronic systems
through, for example, a Can bus
connection allowing operators and
manufacturers to gain access to
vehicle data. Because the VMT is
mobile and not integrated in the
vehicle, it can easily be upgraded
when new and higher perform-
ance hardware is available. The
mobility also improves servicea-
bility significantly, which is a key
factor for a commercial user. This
class of in-vehicle computer has
altogether different requirements.

Hardware option
A key aspect of this sector is de-
sign. For commercial users look-
ing to integrate mobile computing

into their fleet or commercial ve-
hicles, in-vehicle PCs of the form
described have, for some time,
been the only option. However,
the introduction of smart phones
and tablet computers has had a far
reaching effect on every aspect of
computing; the capability of mo-
bile technology means more users
are questioning the need for con-
ventional desktop PCs and the
same could be said for the bur-
geoning in-vehicle PC market.

While the opportunity is clear,
shrinking the technology down to
become truly mobile, as opposed
to permanently installed, involves
challenges; form factor is cru-
cially important, as there will
likely be minimal room for a
VMT, particularly in the cab of a
commercial vehicle. Another cru-
cial aspect is ruggedness; con-
sumer tablets would not be able to
withstand the harsh environments
that commercial vehicles are used
in, but it is exactly this kind of ve-
hicle that could benefit most from
in-vehicle computing. Tablet-like
PCs designed for harsh environ-
ments are desirable but not as
readily available as their mini-
desktop-like counterparts, how-

ever some manufacturers focussed
on the design and manufacture of
rugged mobile computers are in-
novatively addressing these chal-
lenges.

Industrial
Ideally, a rugged mobile PC or
VMT targeting the in-vehicle mar-
ket would deliver the best of both
worlds; a powerful mobile com-
puter that is comparable to a mod-
ern tablet in terms of user
interface and feel, yet able to
withstand the harsh environments
to which commercial vehicles are
often exposed. Rather than taking
existing technology and adapting
it, this requires a dedicated ap-
proach to design and manufacture.

A key aspect of that design in-
volves maximising the available
size while offering the latest tech-
nology, such as a large 25cm
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multi-touch-sensitive screen that
can be viewed in a range of condi-
tions from direct sunlight to com-
plete darkness. This can be
difficult in a form factor that must
comprise processing, memory and
interface technology, power regu-
lation and a battery. Thermal man-
agement in such a form factor also
becomes a significant considera-
tion; forced air cooling is not re-
ally an option, relying instead
solely on convection and therefore
often dictating the use of an opti-
mally designed metal frame.

A further aspect that can often
be crucial is how the tablet will be
mounted in the vehicle. Most ex-
amples of rugged tablet computers
available today use the Vesa
mounting system; the same sys-
tem used to mount LCD TVs to
walls. This clearly has implica-
tions when being adopted for mo-
bile technology, where removal of
the tablet may be necessary on a
frequent basis.

A better method may be to use a
docking system that allows faster
removal of the tablet, as shown in
Fig. 2. This also means that any
hardwired connections – such as
3G and GPS antennas, USB,
RS232/422 or Can bus – can re-
main connected to the docking
station even when the VMT is re-
moved.

Application
Driving up efficiency isn’t just
good for commerce, it’s good for
the environment, too. Sweden has
a goal of reducing greenhouse gas
emissions across its nation by
40% by 2020; a moving target, as
the volume of goods transported
continues to rise. With little or no
further expansion expected to the
rail and road infrastructure in the

same period, the key is to increase
the efficiency of the vehicles
using it.

Curiously, the most promising
method is to make the vehicles
bigger; by carrying more, the fuel
per ton-km is lowered, as these
so-called high capacity transports
(HCT) are able to transport signif-
icantly heavier loads on existing
roads. The Swedish forestry re-
search organisation, Skogforsk, is
running an HCT project using
Volvo lorries up to 90 tons and
30m long. They have a much
greater capacity for lumber than
existing lorries; able to carry four
stacks instead of three, and the re-
sults show a 20% reduction in fuel
consumption, significant because
transport vehicles constitute a
large proportion of carbon dioxide
emissions from the forestry
industry

The efficiency gains are in part
enabled by using in-vehicle com-
puters to monitor the lorry’s trac-
tion and other key parameters, see
Fig. 3.

Bennesveds Åkeri, a haulage
contractor in Älghult Sweden, is
using a rugged mobile computer
running Windows Embedded,

connected to the vehicle’s data
bus system (Can and J1587/1708),
enabling continuous monitoring of
traction across the nine wheel
axles with respect to the driving
conditions. The driver also re-
ceives information and warnings,
such as changes in weight distri-
bution or tyre pressure, as well as
providing mission information.

In fact, the computer is used for
order management, transport and
route planning, map data and
safety functions, as well as pro-
viding data and run-time reports
about the ecological aspect of the
vehicle’s operation.

“We have used rugged comput-
ers for field tests in our heavy tim-
ber trucks for some time, in order
to develop functions such as im-
proved traction and visualisation
of axle loads, which are critical
for increased road safety and han-
dling of our vehicles,” said Lena
Larson, project manager at Volvo.

This highlights the way a rugged
PC can be used to increase effi-
ciency and improve logistics at
every level.

Per Holmberg is CEO at
JLT Mobile Computers

Lena Larson: “We have used rugged computers for field tests in
our heavy timber trucks for some time.”

More and more electronic
circuitry is being incor-
porated into each new

wave of automobile models. This
means drivers and passengers can
benefit from a greater breadth of
features and functionality. In these
increasingly crowded and com-

Transient
nature

As the electronics in vehicles increases, there is more need for
transient protection for vulnerable circuits, says Deres Eshete

plex electrical environments,
where analogue and digital cir-
cuitry are now being placed in
close proximity, the management
of voltage transients is more criti-
cal than ever.

If reliable operation of vehicle
systems for powertrain, comfort,

safety and infotainment purposes
is to be achieved, then innovative
technologies and strategies need
to be employed to ensure the
highest degree of protection from
transients is maintained in what
are becoming increasingly uncom-
promising application settings.
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The semiconductor content in
vehicles has risen by an almost
exponential rate over the past two
decades. The numerous, highly
sensitive ICs – such as microcon-
trollers, asics and FPGAs – inside
each automotive design need to be
safeguarded from the harm that
transients can cause. Currently, a
typical vehicle will contain more
than 50 transient voltage suppres-
sor (TVS) devices and this figure
can be far greater for high-end
luxury models, often as much as
doubled.

The principal objective of pro-
tection against transients is to as-
sure a long and reliable working

life for the vehicle’s electronics.
This means there will be a less
frequent need for servicing to be
carried out. It can also help the
manufacturer to mitigate the risk
of a recall due to a system fault in
one of its models – something that
can have a huge impact on the
brand, both financially and in
terms of reputation.

There are various phenomena
that an automotive system can po-
tentially be exposed to. Among
these are large voltage spikes,
load switching transients or possi-
bly even load dump discharge
conditions, although changes to
alternator designs, especially in
Western vehicles, are now helping
to make this less of a concern.

There are two main areas in
which the role of TVS devices is
crucial within modern automobile
design. First for in-cabin electron-
ics, such as infotainment and
comfort systems, where small sig-
nals are involved. Secondly, to
deal with larger transients from
frequently switched sources such
as motors, solenoids and so on.

The ISO7637-2 standard defines
the transient pulses with specific
relevance to the automotive sec-
tor. It covers all vehicles that are

fitted with either 12V for passen-
ger vehicles or 24V for lorries and
commercial vehicles electrical
systems and specifies the test
methods and procedures that need
to be undertaken to gain compli-
ance. It is worth noting that some
vehicle manufacturers do have
their own slightly different varia-
tions on the standard and the type
of pulses that are taken into con-
sideration.

As well as automotive systems
becoming more sophisticated,
things have been seriously com-
pounded by the ongoing migration
to next generation semiconductor
technologies – with ICs based on
smaller process nodes being more
susceptible to the effect of tran-
sients and therefore in need of
more effective protection. In addi-
tion, car makers are looking to im-
plement reductions in vehicle
weight to save fuel. This means
the automotive industry as a
whole is demanding components
with smaller package dimensions
and lower profiles. Component
vendors must therefore face the
challenge of producing TVS de-
vices that deliver strong protec-
tion capabilities but are also in
less bulky form factors, see Fig. 1.

Fig. 1: Component vendors need to produce TVS devices that deliver strong protection in less bulky
form factors

Deres Eshete

Fig. 2: 10 x 1000µs pulse waveform

At this point TVS devices for
automotive applications generally
tend to be based on SMA and
SMB package formats. There is,
however, for the reasons already
outlined, steadily growing impe-
tus towards implementing size re-
ductions. Typically power ratings
of around 600W must still be
maintained despite this downsiz-
ing if the protection being offered
is to be fully effective. Further-
more, lower clamping voltages are
required by automotive manufac-
turers to reduce the stress levels
caused by the presence of tran-
sients. Vendors are now looking to
move towards SMA-flat and
SOD-123FL formats.

SOD-123FL provides the signif-
icant shrink in footprint size that
car manufacturers desire, with less
PCB space being taken up. The
thermal performance is compro-
mised somewhat as there is less
area available for dissipating the
transient energy and the die size
capability is reduced considerably.
With asic geometries moving to
28 or 22nm, there is a greater
need to suppress the peak voltage
to a lower level because the sili-
con is more vulnerable.

System redesign is required to
reduce power levels and this will
mean more engineering resources
need to be allocated. The associ-
ated development costs rise and
the time to market gets pushed
back. This makes the reasons for
migrating far less clear cut. By
comparison, SMA-flat is a much
more attractive option. This too
has the key advantage over the
SMA and SMB devices in that it
reduces overall size while still al-
lowing the equivalent power dissi-
pation levels to SMB devices and
higher than SMA devices. Since it

has comparable die size capability
to the TVS package formats cur-
rently employed, it therefore elim-
inates the need for any expensive
redesign work to be embarked
upon. Thermal performance is up-
held, but with the benefits of a
lower maximum package foot-
print.

Current
When looking at the overall
power requirements of the design,
increasingly it is not just the volt-
age range that needs to be consid-
ered, but also the current
consumption’s influence on over-
all energy dissipation. One way to
ascertain the peak power dissipa-
tion capability of the TVS device
that you are looking to specify is
through a pre-defined pulse.

A 10 x 1000µs non-repetitive
pulse can be used for this purpose
– this basically means a pulsed
waveform with a rise time of 10µs
and a 1000µs period to reach half
value (see Fig. 2). This should
normally be easy to find on the
device’s datasheet. Devices with

SMA-flat packages are now being
introduced to the market that have
power dissipation levels in rela-
tion to this pulse of several hun-
dred watts.

Electric vehicles
Moving forward, the anticipated
growth in both pure electric vehi-
cles (EVs) and hybrid electric ve-
hicles (HEVs) will set new
challenges for protecting against
the presence of voltage transients.
This will not only be in the vehi-
cles themselves but also in the
supporting infrastructure as it
starts to be rolled out on a large
scale.

It is expected that further obsta-
cles will arise if the automotive
industry finally does progress to
48V supplies. The signs are there.
Audi, for example, announced last
month that it is upgrading part of
its vehicle electrical system from
12 to 48V and has demonstrated
that on two concept vehicles – the
A6 TDI and TS 5 TDI.

Although this still seems to be a
long way off from being imple-
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The Audi TS 5 TDI concept has had part of its vehicle electrical system upgraded from 12 to 48V

mented in all vehicles, the start-
stop systems in HEVs and the
brake recuperation systems in in-
ternal combustion engine vehicles
could encourage this development
to progress quicker than previ-
ously envisioned. As these higher
voltages are employed, the overall
wattage of protection may need to
increase and the frequency of
transients and the types of tran-
sients will alter.

Conclusion
The migration towards higher
voltage transient voltage suppres-
sion components in combination
with flat lead low profile device
formats will have many implica-
tions for how the presence of volt-
age transients are tackled in
automotive applications. They
must combine all the attributes
necessary to ensure that delicate
items of integrated circuitry can

withstand the rigours of being
deployed inside modern vehicles,
while also presenting car manu-
facturers with space and weight
saving compactness without being
subjected to greater thermal is-
sues.

Deres Eshete is in charge
of automotive marketing
at On Semiconductor’s
protection division

In 2011, the third interdiscipli-
nary research project between
Continental and the Technis-

che Universität (TU) Darmstadt –
one of Germany’s leading techni-
cal universities – was started to
look at ways vehicle accidents
could be avoided. Called Proreta
3, it lasted for three and half years
and explored a comprehensive
driver assistance and automated
manoeuvre concept.

The first Proreta project (2002
to 2006) focussed on an assistance
concept for emergency braking
and avoiding obstacles such as
stationary vehicles or vehicles
driving ahead. The second project
(2006 to 2009) introduced a pass-
ing assistant that can prevent acci-
dents with oncoming traffic. The

Stopping accidents

The latest Proreta driver assistance
project published its findings last month

TU Darmstadt (formerly Technis-
che Hochschule) and Continental
have been cooperating on research
projects since the 1980s. TU
Darmstadt’s involvement in the
latest project included automotive
engineering, ergonomics, control
methods and robotics as well as
control engineering and mecha-
tronics.

The third project aimed to
evolve a system that kept the ve-
hicle in a safe driving corridor;
cooperative automation makes au-
tomated driving manoeuvres pos-
sible. An innovative human
machine interface (HMI) allowed
intuitive understanding of the sys-
tem state and the distribution of
tasks between driver and vehicle.

“So far, assistance systems such

as lane keeping assist or forward
collision warning have been
working as independent, individ-
ual systems in vehicles,” said Her-
mann Winner, chair of the
Institute of Automotive Engineer-
ing at TU Darmstadt and the
Proreta 3 project manager. “In
Proreta 3, we have integrated the
driver assistance systems in such a
way that the functions have been
enhanced and functioning syner-
gies have been achieved.”

Peter Rieth, head of systems and
technology in Continental’s chas-
sis and safety division, added:
“Integration allows optimum ex-
ploitation of the existing sensor
infrastructure in the vehicle. The
driver in the research vehicle is
supported by a complete system
for driving safety and assistance –
with the ultimate objective of
avoiding accidents.”

The chassis and safety division

Testing of hazardous situations:
ignoring a red light
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develops and produces electronic
and hydraulic brake and chassis
control systems, sensors, driver
assistance systems, air bag elec-
tronics and sensors, washer
systems, and electronic air sus-
pension systems.

In addition, research was carried
out on an information and warn-
ing concept that takes the pressure
off drivers and helps them cope
with the driving situation. The re-
search results and the research ve-
hicle were presented in September
at the Euler Airfield in Griesheim
near Darmstadt in Germany.

Corridor
While driving, the vehicle is kept
permanently in a safe driving cor-
ridor in conformity with traffic
regulations – the so-called safety
corridor. This happens, as long as
possible, without any intervention.
If critical situations arise, the sys-
tem intervenes with warnings or
even corrective manoeuvres if
necessary – for example, when
cornering at excessive speeds,
when obstacles suddenly appear,

Passing through a construction site, the instrument cluster shows
the red marked hazard area

at intersections and construction
sites, as well as during turning
manoeuvres, wrong-way driving
or non-compliance with a red
light.

For this safety corridor, the
Proreta 3 concept determines the
free space available for the vehi-

cle. The model takes into account
the predicted positions of other
vehicles, road boundaries and ob-
stacles as well as road lane mark-
ings. These are all used to
calculate the vehicle’s trajectory.
The regulation of this trajectory
and the information displayed to
the driver in the HMI constitute a
consistent driver assistance con-
cept that helps the driver and pro-
tects against potential hazards.

Manoeuvres
In addition to the permanent
safety function, Proreta 3 provides
the driver a cooperative automa-
tion option, which is a manoeu-
vre-based and partly automated
way of driving. On driver com-
mand, the research vehicle takes
over longitudinal and lateral
movement for whole manoeuvres.
These include both lane changes
and turning manoeuvres at inter-
sections. To delegate turning, for
example, it suffices if the driver

An infra-red camera inside the vehicle analyses the driver’s
viewing behaviour and registers if the driver’s eyes are not
directed at a potentially dangerous situation

activates the turn signal at a cer-
tain distance before an intersec-
tion – this initiates automated
execution of the manoeuvre.

“Proreta 3 is the first time such a
concept of automation on a ma-
noeuvring level has been able to
be implemented in a research ve-
hicle,” said Winner.

Interface
Research was done on an innova-
tive information and warning con-
cept for the research vehicle: the
Proreta instrument cluster, a 360˚
light strip with coordinated audi-
ble warning signals as well as the
accelerator force feedback pedal
(AFFP) inform the driver in an in-
tuitive way about the current as-
sistance mode and relevant hazard
situations. A camera inside the ve-
hicle continually analyses the dri-

ver’s viewing behaviour.
Depending on the viewing di-

rection, a light draws the driver’s
attention specifically to critical
traffic situations.

“The transparent way that these
innovative instruments work al-
lows drivers to familiarise them-
selves quickly and easily with the
new function,” said Ralf Lenniger,
head of interior electronics at
Continental’s interior division.

TU Darmstadt
TU Darmstadt has around 300
professors, 4250 scientific and ad-
ministrative employees, and
25,100 students who devote their
talents and efforts to the future re-
search fields such as energy, mo-
bility, communications and
information technologies, housing
and living conditions. Most disci-

plines represented are focussed on
technology, as viewed from the
vantage point of engineering, the
natural sciences, the humanities
and the social sciences, and cover
the full range of academic endeav-
our, from the origination of basic
concepts to practical, everyday
applications.

It is Germany’s first au-
tonomous university and had a
state- funded budget of €271m in
2013, including building funds. Its
capacity for innovation is evi-
denced by the high level of annual
funding received from outside
sources. The €160.3m in 2013
contributed by industry, the
Deutsche Forschungsgemein-
schaft and the European Union
makes it one of Germany’s lead-
ing academic recipients of outside
funding.

The LED strip can draw the driver’s attention
specifically to a critical situation
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The buzz-phrase “connected
car” is catching on; Fig. 1
gives some idea of how

much. And it is still rising fast,
with Juniper Research predicting
that nearly 100 million cars will
have internet access by 2016.

Much of the public’s interest has
focussed on external connection –
to the internet, to intelligent traffic
signalling and between vehicles –
but for the automotive industry
the term connected car also has
major implications for connectiv-
ity within a vehicle.

Vehicles have always been inter-
nally connected with internal link-
ages and wiring to deliver

CRASH
COURSE
There’s plenty of scope for sensationalising
automotive connectivity but, for both the
automotive and IT industries, there remain
serious issues on how to ensure safe,
practical methods within a vehicle
and for external connections,
according to Peter
Nicholson

monitoring, diagnostic and control
functions to the dashboard or be-
tween systems. In today’s con-
nected car, however, these
separate functions increasingly
converge towards a single net-
work – as has happened else-
where.

Enterprises also experienced a
proliferation of electronic net-
works at the end of the 20th cen-
tury: a corporate Ethernet lan, a
telephone network, one connect-
ing burglar alarms, one connect-
ing fire alarms, maybe another
connecting access security on
some doors, another providing en-
vironmental monitoring and con-
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trol – let alone the machine con-
trol networks also required on a
manufacturing site.

But now all these independent
networks are converging onto the
Ethernet system, and a host of dif-
ferent wiring networks are being
replaced by a single IT network
that allows all the separate func-
tions to continue as if they still
had their own independent wiring
system.

The same convergence has been
happening in the car. When once
there would be separate sets of
wires going to the brake lights,
fuel gauge, indicators and so on,
increasingly these are using
different protocols to share a

common network.
However, the challenge in any

complex system is that it is very
difficult to predict exactly how it
will behave when new factors are
added. The Ethernet packets car-
rying voice messages on the cor-
porate network have very different
needs to the signals carrying a fire
alarm, for example; so if the one
network is going to serve a host of
new services then the only sure
way to know that it will continue
to work under all circumstances is
to test it rigorously under all real-
istic and extreme operating condi-
tions.

The same will apply as cars be-
come more connected.

Externally connected
For at least five years it has been
possible for fleet operators to buy
large lorries with their own con-
nection to headquarters. Automat-
ically feeding back information
about the vehicle’s position,
speed, fuel levels, tyre pressures,
engine temperature and so on, al-
lows the operator to monitor the
driver’s behaviour – whether
breaking any health and safety
regulations by speeding or not
taking a break – and provides ad-
vance warning if the vehicle needs
servicing.

The big manufacturers such as
Scania, Volvo and Renault all de-
veloped their own proprietary
communications technologies to
maintain competitive advantage,
and these have typically relied on
the existing mobile phone net-
works. As proprietary systems,
there is little scope for intercon-
necting them, so the fleet operator
might now have to cope with sev-
eral different communications
systems.

In addition to this one-way flow
of information to HQ, there have
been other links towards the vehi-
cle. Global navigation satellite
systems (GNSS) and other posi-
tioning signals can provide navi-
gation and telematics; Bluetooth
can enable hands-free telephone
use and media; and RDS can
broadcast warnings of weather or
traffic information over radio fre-
quencies. For private motorists
these X2car communications have
become the norm, while car2X
services, where the car communi-
cates outwards, or even car2car
exchanges between vehicles are a
relatively new development,

In Europe, for example, an e-
call system is being rolled out to

Fig. 1: Google searches for the term “connected car” since 2005

BMW expects to make growing use of Ethernet technology

Big lorry makers such as Scania developed their own proprietary communications technologies

contact emergency services auto-
matically in the event of a crash
and send event information and
location. Similar capabilities exist
in North America with GM’s On-
star service, while Russia’s ERA-
Glonass system is said to be fully
interoperable with e-call. Mean-
while, a 1100km co-operative in-
telligent transport systems
(C-ITS) corridor is being devel-
oped between Rotterdam, Frank-
furt and Vienna to enable two-way
communications between vehicles
and the surrounding road infra-
structure. This will begin with
simple warnings such as road
works ahead and anonymised data
gathering for road operators, then
be extended through sensor fusion
to more advanced assisted driving
services in coming years.

Of particular interest to the
driver is the potential for internet
connection. So far this has mostly
been served by routing an internet
connection via a secure virtual
private network (VPN) tunnel to
the vehicle manufacturer’s dedi-
cated data centre. As the technol-
ogy becomes more mainstream,
this would overwhelm available
bandwidth, so vehicles will in-
creasingly have their own, direct
connection to the internet – with
all the attendant opportunities and
security challenges.

Internally connected
Convergence within the car is
starting to replace independent
wiring systems with internal net-
works, using different protocols to
deliver key electronic, monitoring

and diagnostic functions. This in-
ternal connectivity presents imme-
diate challenges for OEMs to
launch new vehicles that will be
on the roads for the next ten years
– whereas the more radical
car2car systems will take longer;
market surveys suggest that their
true benefits will only be realised
after reaching a critical mass of
more than 20% of users.

Currently, the Can bus is most
often used as an automotive back-
bone network, despite its speed
and load limitations, while Lin
provides a low-cost network for
vehicle body applications, Most
fibres deliver in-vehicle media,
and high-speed Flexray enables x-
by-wire capabilities, such as
brake-by-wire, along with other
functions where speed and relia-
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Testing of an ecall system to make sure the emergency call has been successfully routed
(Photo: Innovits Advance)

bility are paramount.
For next generation vehicles,

however, Ethernet will provide
the network backbone, as in the
corporate network but also as a
means to reduce weight. Vehicle
weight is becoming increasingly
important, leading to the use of
lighter materials such as alu-
minium and carbon fibre while
even Ethernet has been pared
down to automotive Ethernet, de-
veloped to run on unshielded
twisted pair wiring to weigh less
than traditional eight-wire Ether-
net cable. To create an industry
standard, the Open Alliance has
adopted the Broad R-Reach
(OABR) two-wire automotive
Ethernet as the de-facto physical
layer standard, clearing the way
for its widespread adoption.

By simplifying a vehicle’s
wiring loom, with less copper and
duplicated network hardware,
OABR is significantly lighter than
equivalent existing technologies.
It also reduces connectivity costs
by 80% and improves vehicle effi-
ciency. It can still deliver
100Mbit/s, and this capacity will
be needed as advanced driver as-
sistance systems (adas) and con-
nected car functions escalate
demands for complexity and
bandwidth. BMW has already
achieved cabling cost reductions
by using Broad R-Reach Ethernet
to deliver vehicles with all-round
camera coverage, and expects to
make growing use of the technol-
ogy. ABI Research predicted that
Ethernet penetration in new cars
worldwide would grow from 1%
in 2014 to 40% by 2020.

One downside of the growing
complexity made possible in vehi-
cle computing, infotainment and
security is that future connected

vehicles will require software up-
dates on a regular basis. However,
what would be an all-day garage
task on the current Can network
could be carried out over Ethernet
while the owner waits – or even
conducted over-the-air with no
need to visit a garage.

Automotive Ethernet
The application of any new tech-
nology – especially where safety
is involved as in a moving vehicle
– raises the question whether it
can be relied upon to work at all
times.

Ethernet is already well estab-
lished in the IT sector and OEMs
are able to purchase confidently
systems that have been tested by
vendors and debugged through
years of extensive use. So little
conformance testing is needed
during product development
phase. But the same cannot be
said for automotive networks.
OABR automotive Ethernet has
just started to be adopted and it
would be unwise to rely too heav-
ily upon these new bus systems
without thorough testing. Vehicle
manufacturers also have greater
responsibility for safety and relia-
bility than in the IT industry.

With brand reputation, multi-bil-
lion dollar recalls and, ultimately,
customers’ lives at stake, automo-
tive companies must place even
greater importance upon testing at
every stage within the supply
chain. The system needs to work
under all likely environmental
conditions – during rain, snow,
high and low temperatures and
levels of vibration seldom experi-
enced in ordinary IT networks.
The car industry is accustomed to
recreating that sort of test condi-
tion, but Ethernet testing presents

a new challenge. As well as being
a new technology, it faces a range
of hacking and denial of service
attacks that have grown up in the
IT environment. The risk of
cyber-attack brings automotive
into the frontline of the world of
IT security – a problem that is
probably evolving faster than any
other aspect of vehicle develop-
ment.

Although automotive networks
have very specialised require-
ments, the broad framework for
testing automotive Ethernet can
be developed from well-estab-
lished best practice for network
testing in the IT industry. Four
types of test are needed:

• Conformance testing ensures
protocols function correctly and
meet approved standards. This
will remain important until OABR
is so well established that OEMs
can leave it to their vendors.
• Negative testing confirms how
the system responds when it en-
counters errors, unexpected or
nonstandard signals, or no signal
at all. This includes fuzzing to test
every possible permutation close
to the expected action – such as a
driver missing the correct button
and hitting an adjacent one. Ex-
haustive negative testing is partic-
ularly important in automotive
scenarios, where a vehicle must
remain safe at all times.
• Performance testing checks how
much load the system can bear,
and what happens when this limit
is exceeded. For example, when
faced with a sudden surge in de-
mand for network bandwidth, can
a vehicle still identify, prioritise
and deliver the most important
messages, such as brake function?
• Security testing is becoming in-

creasingly important for the auto-
motive industry. Although Can
and other bus networks can be
compromised, the specialised in-
terface restricts the practical threat
to an extremely low level. How-
ever, the standardised nature of
Ethernet means that hacking tools
and techniques are widely avail-
able and attacks could be made
through any external connections.

Conclusion
Connecting vehicles will enable
the automotive industry to provide
users with new features to im-
prove driving and travelling expe-
riences. Some new features, such
as video cameras and other driver
assistance systems, are already
starting to appear in current mod-

els, while others, such as fully au-
tonomous driving, will take a lot
longer to implement.

To deliver these new features,
vehicle manufacturers will need to
embrace more new technologies
that have been developed in the IT
industry. Some, such as Bluetooth
and GPS, are already incorpo-
rated, but others, such as automo-
tive Ethernet and Wifi, will
become critical to the develop-
ment of connected cars. As a vehi-
cle becomes more like a computer
network on wheels, ensuring these
new features work properly pres-
ents a new challenge to the auto
industry.

The good news on Ethernet is
that the principles behind the un-
derlying technology are already

well understood in the IT industry
and specialist test tools and tech-
niques have been developed and
are available in increasingly sim-
ple, easy to use formats. Work has
already started on adapting these
to OABR and the specialised
needs of the automotive industry –
for example there is already an in-
terface card available to connect
two-wire OABR to the most so-
phisticated network test devices,
allowing all the above types of
test to be customised to match re-
alistic and extreme operating con-
ditions in the vehicle.

Peter Nicholson is general
manager of the automotive
business unit at Spirent
Communications
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For the automotive test-
ing market with specific
features such as odometer
connection and precise
RTK GNSS positioning,
the Ellipse series of
miniature inertial sensors
from SBG Systems has
been introduced to re-
place the company’s IG-
500 series.

For the same cost, users
will get higher accuracy,
advanced filtering and
features inspired from
high-end inertial naviga-
tion systems.

“We have selected
state-of-the-art mems
sensors, especially very
low noise gyroscopes that
greatly enhance Ellipse
performance,” said Alexis
Guinamard, CTO of SBG

Systems. “We integrated
a cutting-edge GNSS re-
ceiver while keeping a
small size.”

Weighing from 45g, the
sensors are flexible. The
Ellipse-A model provides
3D orientation and heave.
For navigation, users can
connect a GPS with the
Ellipse-E, or use the inter-
nal one by choosing the
Ellipse-N model. The El-
lipse-D is a little larger
because it integrates a
survey-grade L1 and L2
GNSS receiver with two
antennas for heading and
position accuracy.

“Being the only one on
the market to design both
high-end and entry-level
sensors, we are able to
upgrade miniature sen-

Inertial sensors integrate GNSS

sors capabilities by inject-
ing some advanced and
proven filtering and fea-
tures inspired from high-
end inertial navigation
systems” said Guina-
mard. “Additionally to
higher accuracy, we
added for the same
budget an improved FIR
and rejection filtering, ro-
bust IP68 enclosure, high

output rate, RTK correc-
tions, automatic align-
ment, and so on.”

The sensor embeds a
GNSS receiver with one
or two antennas; it can be
connected to an odome-
ter, and reaches centime-
tre level accuracy. Its
anti-jamming filters en-
sure robust position dur-
ing GPS outages.

Aimed at battery chargers
for energy storage in elec-
tric vehicles, UL listed,
RoHS-compliant, preci-
sion current shunts are
available from Riedon.
For DC ammeters and
similar instruments, the
RS off-the-shelf, base-
mounted shunts provide
currents from 5 to 1200A.

As well as EVs, they
are for the renewables en-
ergy market, for solar ar-
rays and wind turbines,
and in heavy industry.

The principle of current
measurement using a
shunt resistor depends on
measuring the small volt-
age dropped across a pre-
cision resistor placed in
series with the load. The
standard parts provide 50
and 100mV outputs but
custom output voltages
are also available.

The resistance values
required for shunt resis-
tors – 10mΩ at 5A and
0.05mΩ at 1000A – are

provided by Manganin
resistive elements. These
are precision etched to a
standard tolerance of
±0.25%, with ±0.1% de-
vices also available.

“Our in-house manu-
facturing and design ca-
pability is what sets
Riedon apart from many
other suppliers,” said Phil
Ebbert, Riedon’s VP of
engineering. “We can
compete on price and de-
livery while also support-
ing custom designs. And,
as far as I know, Riedon is
the only manufacturer to
offer precision DC am-
meter shunts that are UL
approved and fully RoHS
compliant.”

The range is divided
into three body styles
determined by current
rating. All have a four-
terminal design, which
separates the heavy-duty
load carrying connections
from the voltage sensing
terminals.

DC current
shunts rated
up to 1.2kA

The MC AT Professional
series of automotive thin
film chip resistors from
Vishay Intertechnology is
AEC-Q200-qual i f ied
over its resistance range
from 1Ω to 1MΩ.

Designed to deliver
stability under harsh
environmental conditions
in automotive and indus-
trial applications, the
Beyschlag devices can
work at +175˚C for 1000
hours.

Offered in case sizes
from 0402 to 1206, they
have tolerances from
±0.5% to ±1% and TCR
from ±25 to ±50ppm/K.
Power rating is 400mW at
+85˚C in the 1206 case
size.

With their moisture and
sulphur resistivity, operat-
ing voltages from 50 to
200V, and 1kV ESD ca-

pability, the devices’ typ-
ical applications will in-
clude engine control
units, climate control,
braking systems, power
supplies, lighting and
sensors in vehicles, tele-
coms base stations, and
industrial and medical
measurement equipment.

They are approved to
EN 140401-801. Suitable
for processing on auto-
matic SMD assembly
systems, the devices are
RoHS-compliant and
compatible with Pb-free
and tin-lead reflow and
vapour-phase soldering
processes.

The MCS0402AT has
resistances from 2.42Ω to
221kΩ, the MCT0603AT
from 1Ω to 511kΩ, and
the MCU0805AT and
MCA1206AT from 1Ω to
1MΩ.

Thin film resistors
meet AEC-Q200

TVS diodes optimised for
automotive applications
have been introduced by
Littelfuse. The TPSMC
and TPSMD can protect
sensitive electronic
equipment from voltage
transients induced by load
dump and other transient

TVS diodes guard against load dump
voltage events.

These AEC-Q101 qual-
ified devices have peak
pulse power dissipation
ratings of 1500W
(TPSMC) or 3000W
(TPSMD) in a standard
DO-214AB package.
Both suit DC power pro-
tection and ESD protec-
tion applications in
automotive electronics
such as electronic control
units, sensors and enter-
tainment systems, as well
as in portable devices that
require high reliability.

“The TPSMC and

TPSMD series offer peak
pulse power dissipation
ratings that are ideal for
automotive applications,”
said Charles Cai, product
marketing manager.
“They allow automotive
power systems to pass the
different 1, 2a, 2b, 3a, 3b,
and 5b surge tests opera-
tionally as specified by
ISO7637-2. This standard
is widely used in the au-
tomotive industry as the
basis for transient specifi-
cations.”

Devices in both series
offer wide standoff volt-

age ranges, which fulfil
design requirements for
automotive applications.
Both unidirectional and
bidirectional polarity de-
vices in the TPSMC se-
ries provide a standoff
voltage range of 10 to
77V. Unidirectional po-
larity devices in the
TPSMD range have a
standoff voltage of 10 to
43V.

They comply with IEC
61000-4-2 and IEC
610000-4-4, which helps
designers meet global
regulatory standards.
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Applications in harsh en-
vironments such as trans-
portation should benefit
from the Hectronic
H6066, a Com Express
module based on the sec-
ond generation AMD
Embedded G-Series SoC
with quad-core proces-
sors.

It is specified for an in-
dustrial operating temper-
ature from -40 to +85˚C.
The form factor is Com
Express pinout type six
and the board measures
95 by 95mm.

Designed to withstand
vibration, dust, damp, and
cold and warm surround-
ing temperatures, the
board is powered by -4.75
to +20V. Components
specified for extended op-
erating temperatures are

Com Express module based
on quad-core processor

used and memories are
soldered to the board.
Soldered flash SSD stor-
age and conformal coat-
ing are optional.

The board targets appli-
cations within defence,
transportation, maritime,
medical and industrial au-
tomation.

The graphics engine in-
tegrated in the processor
is the AMD Radeon HD
8000E, which can be used
for general purpose GPU
computing by taking ad-

vantage of AMD’s Open
CL support.

“The combination of
powerful quad-core
processors, excellent
graphics and the possibil-
ity to develop rugged sys-
tems for harsh
environments are the rea-
sons why H6066 will be
interesting to use in many
applications,” said Robert
Helenius, product man-
ager at Hectronic.

IO includes four PCI
Express ports, two USB
3.0, eight USB 2.0 and
three Sata ports. Dual in-
dependent displays can be
connected to dual 24bit
LVDS and one of the dig-
ital display interfaces –
DVl, HDMI, Displayport
or VGA. The board sup-
ports up to 4Gbyte on-

board soldered DDRIII
dram, as well as an on-
board soldered BGA Sata
Flash SSD of up to
32Gbyte.

There are two versions.
The first is based on the
GX-411GA processor
(15W) specified for an
operating temperature of
-40 to +85˚C. The second
is based on the GX-
420CA processor (25W)
for use in temperatures
from 0 to +60˚C.

The company has de-
veloped a bios for the
module based on the
Phoenix Securecore Uefi
bios. Board support pack-
ages for XP Embedded,
Windows Embedded
Standard 7, Windows
Embedded 8 and Linux
are provided.

Tactile dome switch con-
tacts for use in interior
control applications such
as steering wheels and
climate control have been
introduced by Snaptron.

The SQ snap domes
have a four-leg design
that is essentially square
in shape. This increases
the cycle rated to ten mil-
lion cycles, twice that of
the company’s standard
domes.

The wide shape in-
creases actuation forces
relative to size. For exam-
ple, a 12mm four-leg star-
shape design can be made
with a maximum trip
force in the 400 to 450g
range before the life of
the dome begins to dimin-
ish. They can also be
made with a trip force of
1200g or more, and still
have a life specification
twice that of a traditional

four-leg dome.
There will initially be

nine standard parts rang-
ing in sizes from 4 to
12mm. Custom domes
can be made in various
sizes and trip forces in
about four weeks. All are
stainless steel with nickel
plating to improve con-
tact resistance.

Included in the line-up
is a micro-dome – the
SQ04200N. This meas-

Tactile domes provide high cycle rates

ures 4mm across and has
a side measurement of
3.3mm. In addition to
being small, it has a 200g
trip force and is rated to
ten million cycles.

At next month’s Electron-
ica in Munich, Swissbit
will show the X-60 series
of Sata III firmware and
hardware technologies
that combine a speed of
up 490Mbyte/s with relia-
bility for automotive, in-
dustrial and telecoms
markets. The company
develops and produces
models for each segment

with technically adapted
features.

The series is available
with capacities from 15 to
480Gbyte and various
form factors, including
mSata, Slim Sata, M.2
and CFast. Samples of the
mSata will be available
early next year, with the
other form factors follow-
ing throughout 2015.

Sata III at Electronica

The Bluecontact family
of Cube drive control
modules from Erni Elec-
tronics has been ex-
pended. The modules
provide in their full con-
figuration high power cir-
cuits controlled by Can
networks in rough envi-
ronments.

The units suit power
distribution systems that
control relays and moni-
tor fuses and relays. They
have a 195 by 195mm
footprint and are 78mm
high.

They can be configured
to provide various OEM
circuit protection and
switching functions,
using standard fuses, re-
lays and circuit breakers,
with the status and con-
trol of each circuit acces-
sible through J1939 or

Canopen messages.
Based on press-fit tech-

nology, they are suitable
for commercial, agricul-
ture and construction ve-
hicles. Applications
include heavy trucks,
construction, agriculture,
military, transit bus and
coach, marine, recre-
ational vehicles, and spe-
cialty vehicles.

Made as a hardened and
weather tight system, the
products are rated up to
300A. Operational volt-
age is 9 to 32V.

Each Cube integrates:
two main inputs rated up
to 150A each; 12 pre-
fused relays outputs rated
up to 25A; seven fused
outputs rated up to 25A;
two pre-fused relays out-
put rated up to 70A; four
high-side outputs up to

3A per output; three low-
side outputs up to 250mA
per output; and switching
of plus, ground or both
together, depending on
the input.

They have a heavy-duty
housing and are specified
for -40 to +85˚C with -40
to +125˚C available on
request. Depending on re-
quirements, the units can

be configured with up to
21 power outputs, Can
and Lin support and up to
IP69 protection (standard
IP20).

There are three standard
configurations – basic,
experts and experts plus –
and each can be adjusted
into custom versions con-
figured to OEM wiring
requirements.

Control module range
for heavy-duty vehicles

Stop-start at CV show
Mitsubishi Electric
showed a range of stop-
start systems and alterna-
tor technology for bus
and lorry applications at
the IAA Commercial Ve-
hicle show in Hannover
from 25 September to 2
October.

“This is a key show for
us,” said Hiroaki Kondo,
president of the com-
pany’s automotive busi-
ness in Europe, “as we
look to strengthen our po-

sition in the European
commercial vehicles mar-
ket.”

Mitsubishi already has a
strong foothold in the
passenger vehicle market
with multimedia systems,
hybrid and electric vehi-
cle components, electric
power steering systems,
and electrical and engine
air management systems.

The company was also
showing its EGR valves
and turbo actuators.
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Amphenol has enhanced
its nine-way AT circular
series receptacle line by
adding one with a smaller
flange so it can be fitted
to all heavy equipment
vehicles. The ATC-09-9-
1939PN meets SAE
J1939, a specification for
communications and di-
agnostics in industrial ve-
hicle components.

Used as a diagnostic
connector in applications

on construction and farm
equipment as well as in
heavy-duty trucks, these
round receptacles include
a strain relief for the
wires coming out of the
back of each unit and a
wave spring for higher
vibration applications.

A simple jam nut
mounting suits quick as-
sembly and the smaller
flange saves space on
mating panels. Corrosion

Smaller flange suits heavy vehicles
resistant, these heavy-
duty industrial connectors
are environmentally
sealed against moisture
and contaminants. They
are water resistant up to
one metre. An optional
sealing cap for the mating
interface is available.

The reverse bayonet
coupling design allows
for quick mating and un-
mating. Easily withstand-
ing more than 100 mating
cycles, the contact reten-
tion system helps de-
crease installation costs
and increase reliability.

These RoHS-compliant
connectors work with in-
dustry standard size 16
contacts and are made
from copper alloy, with
nickel and gold plating
available.

Operating temperature
range is -55 to +125˚C.

Three debugging prod-
ucts from Segger Micro-
controller can improve
data visualisation and
communications between
host and target. Available
from Phaedrus Systems,
they are the J-Scope data
visualisation software, J-
Link real-time terminal
and a beta release of the
stand-alone debugger
software. These are for
use with Segger’s J-Link
family of debug probes.

J-Scope works in real
time to display an accu-
rate representation of the
sampled variables. This
allows the engineer to
gain deeper understand-
ing of the embedded ap-
plication while it is
running.

It is powered by J-Link

Debugger software trio
improves communications

HSS, which can continu-
ously sample variables at
high speed through the
standard debug interface
without affecting the tar-
get processor’s real-time
performance. Running
autonomously, for high
sampling rates and pre-
cise timing, it displays
both values and an oscil-
loscope-like trace. Typi-
cal applications include
monitoring a network
stack or the three-phase

50Hz signal of a motor
control application.

The J-Link improves
communications between
the host development
computer and the target
system by at least an
order of magnitude in
each direction, provided
the CPU allows access to
the background memory
through the debug inter-
face.

Messages are sent to the
host without halting the

target system, taking less
than a microsecond to
send a one-line text mes-
sage from an Arm Cor-
tex-M or a Renesas RX
based system.

Written in C, it works
through a Telnet applica-
tion with an IDE and de-
bugger.

The debugger software
is a graphical tool that
works with J-Link and J-
Trace probes to improve
embedded system debug-
ging, without using the
compiler’s IDE debugger.
It works at both C source
and assembly language
levels and can also be
used to debug target-resi-
dent applications, without
the source. A beta version
is available for download
now.

The UMDZ LTE data
communications module
from Alps Electric will be
marketed for automotive
use from next year.

High-speed data com-
munications linking vehi-
cles to the outside world
are attracting interest as a
means for obtaining des-
tination and road infor-
mation, updating maps,
and performing other
functions required by
navigation systems.

Besides conforming to
radio laws in each coun-
try, devices implementing
LTE technology must un-
dergo interoperability
testing and certification
for each telecoms carrier.

The company plans to
market the product as the
world’s smallest for auto-
motive use, with dimen-
sions of 28.9 by 29.8 by
4.22mm, achieved by op-
timising the product
structure using RF and
evaluation technologies.
The module will support
three modes – 2G, 3G and
LTE – and worldwide use
in regions including Eu-
rope, North America,
China and Japan.

LTE module
targeted at
automotive

Connectors fit 3U racks
For on-board or on-
ground train control mon-
itoring and information
management systems, the
MSG 3U connector from
Souriau complies with the
EN 45545 smoke and fire
standard. It has been de-
veloped for 3U racks.

It is shielded inside a
metal hood on the plug
and receptacle sides for
protection against electro-
magnetic interference and
signal degradation.

There are three layouts

– with 29 and 41 standard
contacts and with up to
five Quadrax Ethernet
contacts. The Quadrax
version can transmit sig-
nals at up to 100Mbit/s
and the design allows
users to select grounded

or ungrounded contacts.
The tool-less locking

and unlocking system and
front accessibility are
suitable for night-time
maintenance jobs with lit-
tle disruption to train
services.


