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Volkswagen is rolling out augmented reality (AR) headsets for technicians
across its UK van centre network to help speed up complex repair work.
The system allows experts based at the technical support centre to send

precise visual instructions remotely to technicians at van centres and
mobile service clinics to ensure any maintenance issues can be fixed
quickly.
The nationwide rollout follows a successful trial that saw repair

efficiency up by 93 per cent.
Each of the 67 van centres and 30 authorised repairers across the UK

will have access to a pair of the RealWear glasses, which includes
microphone, head camera, display screen and voice activation.
If technicians face complex or unusual servicing points, they can use the

technology to connect directly with the technical support centre in Milton
Keynes. The expert is then able to support the field technician through
the diagnosis and repair by augmenting images and wiring diagrams and
adding repair suggestions into their view.

VW uses AR to help van repairers

vehicle-electronics.biz @velectronicsmag

Automotive technology
company Veoneer and
Volvo Cars are splitting
their 50-50 Zenuity joint
venture to pursue separate
adas and autonomous
driving (AD) strategies.
Veoneer will integrate

and operate the current
Zenuity business focused
on the development and
commercialisation of
adas software for collab-
orative driving. Volvo
will set up a stand-alone
company to take over
Zenuity’s development
and commercialisation of
unsupervised auton-
omous drive software.
Veoneer’s strategy is to

build a scalable adas that
addresses the needs of all
parts of the light vehicle
market.
“The split will allow

Veoneer to more effec-
tively drive our business
strategy,“ said Jan Carl-
son, CEO of Veoneer.
“Veoneer will continue
the development of auto-
mated driving in time for
the broad commercialisa-
tion ofAD technologies.”
The plan is for Zenuity

to become a passive IP-
holding company retain-
ing the current ownership
structure. Both compa-
nies will have full access
to Zenuity-owned tech-
nologies for all levels of
adas and AD for the ben-
efit of potential cus-
tomers. Veoneer will be
able to use freely the IP

Veoneer and Volvo split adas joint venture
rights licensed to Zenuity
by Volvo at the time the
joint venture was formed.
Veoneer expects to

bring more than 200 of
the current Zenuity em-
ployees into its systems
and software team.
The Zenuity develop-

ment centres in Michigan
and Munich will become
part of Veoneer’s R&D
organisation. Develop-
ment centres in Gothen-
burg and Shanghai will
become part of a new
stand-alone company
wholly owned by Volvo.

Veoneer expects to
achieve annual savings of
around $30m to $40m
through the agreement.
As part of the transaction,
Veoneer expects to re-
ceive a payment of
around $15m, subject to
final agreement.

By 2035, 83 million 5G
connected cars will be on
the road, making them
safer and greener, accord-
ing to ABI Research.
While the commercial

rollout of 5G for con-
sumers is in full swing,
the new generation of cel-
lular connectivity will
also have a transforma-
tive effect on roadways
worldwide. Soon, in
2023, cars will start to
communicate with each
other to increase overall
road safety and traffic.
According to ABI, 41

million 5G connected
cars will be on roads by
2030. That number will
rise to 83 million 5G con-
nected cars by 2035. By
then, 5G connected cars
will make up more than
75% of the total C-V2X
equipped cars.
“These numbers under-

line the huge momentum
for cellular connectivity,
and particularly 5G, in
the automotive sector,”
said Leo Gergs, research

5G shifts C-V2X
into higher gear

analyst atABI. “As a con-
sequence, we will see a
rising number of automo-
tive OEMs start develop-
ing C-V2X modules for
their cars during 2020.
We can then expect the
first 5G connected cars on
the roads in 2022.”
While Ford already an-

nounced car models
equipped with C-V2X for
2021, other automotive
heavyweights such as
Audi, BMW and Volk-
swagen have partnered
with the likes of Ericsson,
Huawei and Nokia to
commence large-scale

trial projects to test the
capabilities of cellular
technology for connected
car use cases.
The results of these

proof-of-concept projects
show that, through en-
hancing traffic efficiency,
5G can reduce fuel con-
sumption by up to a third.
“More importantly,

however, the sharing of
sensor data will make
overtaking much safer
and will be critical to pro-
tecting vulnerable road
users such as pedestrians
or cyclists,” said Gergs.
“Therefore, bringing 5G-
based cellular connectiv-
ity into cars will be
critical in making the vi-
sion of zero road traffic
deaths a reality.”

Ford testing C-V2X technology in Shanghai
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Renesas and Hitachi are
collaborating to enable
continuous-time digital
calibration of a delta-
sigma modulator and an
analogue-to-digital con-
verter circuit.
Designed to boost the

performance of A-D con-
verters for stable per-
formance under the harsh
conditions required for
automotive semiconduc-
tor devices, the technol-
ogy improves precision
by using a least mean
square (LMS) algorithm
to measure and calibrate
the transfer function of a
continuous-time delta-
sigma modulator.
It also uses what is said

to be the world’s first
multi-rate LMS search al-
gorithm, which lowers
the order and operating
frequency of the coeffi-
cient search circuit and
FIR digital filter to reduce
power consumption. The
28nm process was used to
implement a multi-stage
delta-sigma A-D con-
verter employing sequen-
tial integrators operating
at high speed.
Previously, digital cali-

bration circuits were re-
quired to operate at an
oversampling frequency
ofA-D converters, but the
new circuit reduces the
operating frequency to

Renesas and Hitachi improve
stability of A-D converters

one-fourth the previous
frequency. As a result,
high-speed, high-preci-
sion operation with a sig-
nal bandwidth of 15MHz
and dynamic range of
74.3dB is achieved when

operating at an oversam-
pling frequency of
480MHz.
By reducing the digital

calibration circuit ope-
rating frequency to
120MHz, low-power op-

eration is also achieved,
with 37mW power
consumption comprising
analogue 19mW and dig-
ital 18mW.
In addition, the technol-

ogy has been confirmed
to provide stable perform-
ance over a wide temper-
ature range, proving it is
robust and capable of sta-
ble operation under pun-
ishing conditions.
Renesas says it will

continue to develop prac-
tical applications for this
technology to enable
high-speed, high-preci-
sion and reliable A-D
conversion of automotive
sensor signals to acceler-
ate the widespread adop-
tion of self-driving tech-
nology and the realisation
of a safer and more secure
driving experience.

Renesas and Hitachi test chip

Hella is bringing its
77GHz radar technology
into series production and
has already acquired sev-
eral major orders, includ-
ing an Asian maker of
lorries and buses. The
market launch will take
place within the frame-
work of the strategic co-
operation with ZF.
Hella will start series

production for other inter-
national car manufactur-

ers. The radar sensors will
initially be manufactured
at the electronics plant in
Hamm, Germany, as well
as in China and the USA.
“Radar sensor technol-

ogy is key for the realisa-
tion of assisted and
automated driving func-
tions,” said Frank Pet-
znick, a member of
Hella‘s executive board.
“Our 77GHz radar sen-
sors therefore make a sig-

nificant contribution.”
The 77GHz technology

is characterised by its per-
formance and range, as
well as its compact de-
sign. This simplifies inte-
gration into the vehicle
body and enables 360˚
perception of the environ-
ment around the vehicle.
The sensors are based

on a modular, scalable
platform that allows user-
specific requirements.

Hella brings 77GHz radar into production
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Underwriters Laborato-
ries has published UL
4600 addressing auton-
omous vehicles.
The scope of the stan-

dard includes safety prin-
ciples and processes for
evaluating autonomous
products with no human
driver supervision, mean-
ing the vehicle is to be
fully autonomous.
It requires a safety argu-

ment and topics include
risk analysis and safety-
relevant aspects of the de-
sign process, testing, tool
qualification, autonomy
validation, data integrity
and human-machine in-

teraction for non drivers.
UL 4600 does not man-

date the use of any spe-
cific technology in
creating the autonomous
system, and it permits de-
sign process flexibility.
The standard does not

define performance or
pass-fail criteria for
safety, nor does it cover
road testing or acceptable
risk levels. And it does
not set forth requirements
for any ethical aspects of
product behaviour.
It is available for pur-

chase in digital or print
formats, and can be
viewed online for free

using UL’s Digital View
functionality. Registration
is required to use Digital
View.
UL partnered with

Philip Koopman of Edge
Case Research to drive
development of the stan-
dard. Koopman is an ex-
pert on autonomous
vehicle safety and
brought more than 20
years of research experi-
ence to the collaboration.
“UL 4600 is a set of re-

quirements and safety les-
sons learned that informs
the contents of a safety
case,” Koopman said.
“This safety case ap-

proach provides the flexi-
bility needed to help
ensure safety without
overly constraining the
use of this quickly evolv-
ing technology.”
A diverse body of inter-

national stakeholders was
convened to develop the
document. This group
proposed content, shared
knowledge, reviewed and
voted on the proposals,
and ultimately achieved
consensus on publishing
the first edition. Other
stakeholders provided
proposals and commen-
tary via an online collabo-
ration platform.

UL publishes autonomous vehicle standard

Tata Elxsi worked with
with Tata Motors in de-
veloping a unified con-
nected vehicle platform
that powers the Nexon
EV range of electric cars.
The cloud-based IoT

platform provides a com-
mon standard technology
stack that delivers the
scalability and perform-
ance required to support
the entire range of elec-
tric, commercial and pas-
senger vehicles.
Tata Motors is in the

process of offering the

connected vehicle feature
as a key differentiator to
most of its BS6 range of
passenger and commer-
cial vehicles. The Nexon
EV is the first application
enabled vehicle, with a
number of connected ve-
hicle features.
“Tata Elxsi brings

strong automotive elec-
tronics experience, cou-
pled with an excellent
understanding of cloud
based applications, data
governance and world-
class user experience ca-

Tata deploys
IoT platform
in Nexon EV

Tata uses IoT platform in Nexon electric vehicle

pabilities,” said Rajendra
Petkar, president and
CTO of Tata Motors.
This unified cloud na-

tive approach should en-
able data and analytics
synergies for Tata Mo-
tors, across product de-
velopment, customer use
cases, dealerships, allied
businesses and service
networks, enabling inno-
vations in customer expe-
rience, offerings, services

and business models.
Manoj Raghavan, CEO

of Tata Elxsi, added: “We
are delighted to partner
with Tata Motors in the
connected vehicle pro-
gramme to help unify and
synergise data through a
common digital services
platform enabling com-
pletely new services, in-
novative business models
and enhanced customer
experience.”

Tactotek, a Finland com-
pany that develops in-
mould structural elect-
ronics (IMSE), is collab-
orating with automotive
lighting design and engi-
neering consultancy
Lightworks on in-mould
lighting for styling and
function on vehicle interi-
ors and exteriors.
“Lighting is a promi-

nent feature in over 95%
of our customers’ IMSE,”
said Dave Rice, senior
vice president at Tactotek.
“From styling to status in-

dicators and dynamic op-
erator alerts, we’re seeing
incredible design creativ-
ity and high value for
users. Lightworks com-
bines a deep understand-
ing of its customers’
preferred styling, aesthet-
ics and design language,
with the illumination de-
sign and optical engineer-
ing expertise to create
lighting that complements
that vision.”
In Tactotek IMSE,

LEDs and the circuitry
that drives them are

moulded inside the plastic
that is the structure of the
part. The result is very
thin, seamless compo-
nents that can conform to
complex shapes and are
efficiently mass pro-
duced.
“Light as part of auto-

motive user experience is
more important for
styling and function than
ever before,” said
Michael Höfgen, CEO of
Lightworks. “The huge
benefit of IMSE is the
technology’s fusion of

dynamic lighting with
highly decorative sur-
faces and HMI function-
ality in 3D structures as
thin as 2mm. We can en-
hance many of our illumi-
nation package designs
with IMSE elements.”
Tactotek is building a

partner programme with
industrial design and en-
gineering firms serving
automotive, smart home,
IoT, appliance and others
so design experts can en-
hance their products with
IMSE technology.

Tactotek and Lightworks work
together on in-mould lighting
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Volkswagen has received
the Advanced Award
from Euro NCap for its
traffic hazard alert Car2X
function on the latest
Golf.
The car can help drivers

prevent accidents by
wirelessly connecting
with other vehicles and
the traffic infrastructure.
The Euro NCap consor-
tium gave recognition to
the traffic hazard alert
function with the award
for ground-breaking
safety features. German
automotive association
Adac tested the technol-
ogy and declared it a
technical milestone.
“This is an exciting area

of safety,” said Michiel
van Ratingen, secretary
general at Euro NCap.
“Volkswagen is to be con-
gratulated for making the
technology standard in
vehicles selling in high
numbers like the Golf.”
The Golf is the first car

on the European market
to come standard-
equipped with Car2X
technology, which is
based on the wifi p wire-
less standard. This type of
wifi is tailored to local
communications between
vehicles and does not use
the mobile phone net-
work, which means it
provides blanket cover-
age within the limits of
the system.

Euro NCap awards
VW for Golf Car2X

Within a radius of up to
800m, connected vehicles
directly exchange posi-
tioning data and informa-
tion with one another.
This allows them to warn
each other of danger or
make contact with the
traffic infrastructure
within milliseconds.
Adac sent the Golf into

eight typical hazardous
situations in which a
driver, without being
warned, would not be
able to react at all, or
would only be able to
react much later. In all
eight situations, the vehi-
cle warned the driver re-
liably and in time, often

even 10 or 11s before the
impending accident.
In the initial develop-

ment stage, Car2X tech-
nology is active at speeds
above 80km/h. In future,
it should also be able to
improve safety in city
traffic.
If the car communicates

with nearby traffic lights,
this can help control traf-
fic flow and protect the
environment.

Car2X technology fa-
cilitates swarm intelli-
gence in a local
environment and im-
proves as more partici-
pants connect. For this
reason, Volkswagen is
rolling it out on a broad
scale. After the Golf,
other new models will
feature the technology as
standard. Other car man-
ufacturers are also work-
ing on this.

Traffic hazard alert in the Golf

Argus and NXP have
joined forces to
strengthen vehicle cyber
security in Automotive
Ethernet networks.
Combining Argus’ Eth-

ernet IDS with NXP
S32G vehicle network
processors can protect in-
vehicle Ethernet networks
from cyber attacks.
Elektrobit-subsidiary

Argus Cyber Security and
NXP Semiconductors say
they can protect Ethernet
network communications
using the S32G processor.
As Ethernet Networks

are becoming an increas-
ingly vital component for

in-vehicle architectures
and connected and auto-
mated mobility, the auto-
motive industry faces
new cyber security chal-
lenges and risks.
With vehicle safety as

the highest priority, it is
critical that OEMs can
rely on cyber security to
protect passengers against
cyber threats.
The joint offering uses

Argus’ Ethernet IDS in-
trusion detection system,
which detects malicious
activity at the network
and application layers to
keep drivers connected
and protected. With an

engine built on the
knowledge gained from
cyber research of in-vehi-
cle network behaviour,
IDS identifies behaviour
that would otherwise go
amiss.
This reports intrusions

to the car maker’s auto-
motive security opera-
tions centre, allowing the
event to be analysed and
managed across the fleet
with products such as
Argus Fleet Protection.
The S32G processor

provides more than ten
times the performance
and networking of NXP’s
previous family of auto-

motive gateway devices.
This creates opportunities
with service-oriented
gateways. The integrated
network acceleration
technology offloads its
multi-core Arm Cortex
processors to focus on
valued services.
The combination helps

car makers comply with
current guidelines and up-
coming UNECE regula-
tions on vehicle type
approval with regard to
cyber security, equipping
vehicle systems with the
ability to detect and re-
spond to cyber-security
incidents.

Argus and NXP strengthen Ethernet cyber security

Korean analogue and
mixed-signal semicon-
ductor maker Magnachip
can provide a 0.13µm
BCD process that it says
will help automotive
power semiconductor de-
signers build more com-
petitive products.
BCD combines three

processes onto a single
chip – bipolar for ana-
logue control, and cmos
and dmos for digital sig-
nal control and high-
power handling, used
primarily for power semi-
conductors.
The process has been

certified as AEC-Q100
grade-one and is thus

suitable for diverse auto-
motive power semicon-
ductors, including motor
driver ICs, battery man-
agement and DC-DC ICs.
The MTP (multi-time

programming) IP lets a
chip be reprogrammed at
least 1000 times, desir-
able for power semicon-
ductors needing repeat-
able memory program-
ming, such as motor
driver, power manage-
mentand level shifter ICs.
Also, unlike the previ-

ous 0.13µm BCD process
technology, which re-
quires additional photo
layers to realise MTP IPs,
this process does not re-

quire additional photo
layers as a result of IP de-
sign optimisation.
“Along with the rapid

growth of the automotive
power semiconductor
market, demand is rising
for foundry technologies
with the highest possible
reliability and cost com-
petitiveness,” said YJ
Kim, CEO of Magna-
chip. “Thanks to our
BCD know-how and
manufacturing expertise,
I believe Magnachip is
more than capable to be
the leading service
provider in the growing
automotive power semi-
conductor market.”

Magnachip 0.13µm BCD process
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Hyundai Mobis has de-
veloped a system for
detecting rear-seat pas-
sengers with a radar, and
is planning to propose the
system to global car man-
ufacturers.
The ROA, for rear oc-

cupant alert, is a device
for preventing passengers
from being left unat-
tended in rear seats. In the
past, the weight sensor of
children’s car seats or the
ultrasonic sensor were
used in general.
Hyundai Mobis says it

has improved detection
accuracy by replacing
them with the radar sen-
sor. It is expected to help
prevent heatstroke acci-
dents caused every sum-
mer by children being left
unattended in vehicles
and other safety acci-
dents.
“The core of the passen-

ger detection system, de-
veloped based on the
radar which has been
mostly acted as a sensor
for autonomous driving,
is the design of the
software algorithm that
discerns the micro-move-
ments of passengers,”
said Jang Jae-ho, director
of Hyundai Mobis’ re-
search centre. “As the
radar can penetrate
clothes and measure vari-
ous biosignals, for exam-
ple micro-movements of

Hyundai Mobis uses radar to
detect rear-seat passengers

passengers’ chests and
blood flow, it can detect
the presence of passen-
gers in rear seats more ac-
curately. It overcame the
weakness of the camera
sensor, which cannot
recognise babies covered
in blankets. So far, there
is no known case of appli-
cation to global vehicle
makers.”
If a passenger is left in

the rear seat, the passen-
ger detection system
alerts the driver with a
sound made when the
door is closed, or through
the instrument panel or
smartphone.
The system has electro-

magnetic reliability so it
works normally near

Hyundai Mobis engineers develop rear-seat detection system

high-voltage lines and
railroad tracks, and is pre-
cise enough to distinguish
adults, infants and pets.
Hyundai Mobis is plan-

ning to develop a radar
capable of measuring the
heartbeats of passengers
and expand the biometric
functions this year.

The latest in-vehicle info-
tainment (IVI) systems,
designed to improve road
safety, are failing and im-
pair reactions times be-
hind the wheel more than
alcohol and cannabis use,
according to a study by
UK road-safety charity
IAM RoadSmart.
It found that reaction

times at motorway speeds
increased average stop-
ping distances to between
four and five car lengths.
The study also found that
drivers took their eyes off
the road for as long as 16s
while driving, equivalent
to a distance of more than
500m at 100kmph, and
using touch control re-
sulted in reaction times
that were even worse than
texting while driving.
“Driver distraction is

estimated to be a factor in
around a third of all road
collisions in Europe each
year,” said Neil Greig,
policy and research direc-
tor at IAM RoadSmart.
“While previous research

indicates that Apple
CarPlay and Android
Auto perform better than
more traditional buttons
and controls, the results
from this latest study
raise some serious con-
cerns about the develop-
ment and use of the latest
in-vehicle infotainment
systems. Anything that
distracts a driver’s eyes or
mind from the road is bad
news for road safety.”
He said IAM was call-

ing on industry and gov-
ernment to test and
approve such systems
openly and develop con-
sistent standards that gen-
uinely helped reduce
driver distraction.
During the study, which

was undertaken by TRL
on behalf of IAM Road-
Smart, the FIA and the
Rees Jeffreys Road Fund,
drivers completed three
drives on the same simu-
lated test route to assess
the level of impact ofAn-
droid Auto and Apple
CarPlay.

IVI worse than alcohol
for driver impairment

How drivers’ reaction times slow

Löhnert Elektronik is in-
tegrating the QAR imag-
ing tester from Rohde &
Schwarz into its end-of-
line test benches for auto-
motive radomes.
Now the test benches

can reproducibly test the
reflection and transmis-
sion of these sensor cov-
ers over their entire
surface at cycle rates of
less than ten seconds.
Löhnert was looking for

an automotive radome
tester for its latest test
bench and chose the QAR
quality automotive rad-
ome tester. It can test
these radomes quickly
and over their full surface
area.
Automotive radomes

are protective covers for
vehicle radar sensors.
They must have good and
uniform transmission
characteristics over their
entire surface for radar
signals in the 77 and
79GHz bands (E band),
otherwise angle errors
and distortions can occur
and the maximum detec-

Löhnert integrates R&S
radome tester into bench

tion distance can be re-
duced.
Conventional test meth-

ods for production lines
are based on measuring
only a few points using a
radar reference sensor
and with reflectors at-
tached to the cover. It is
not possible to measure
the uniformity of the en-
tire surface with this.
The QAR tests the en-

tire radome. It is based on
distributed planar arrays
of transmit and receive
antennas operating in the
E band. The system per-
forms spatially resolved
reflection measurements,
allowing reliable evalua-
tion of radome perform-
ance within seconds.
The user can see at a

glance whether the mate-
rial has any defects. The
millimetre-wave images
reproducibly show how
much of the radar signal
is reflected by the radome
and how much is trans-
mitted unhindered
through the radome
(transmissivity). The sys-
tem reveals even the
smallest inhomogeneity
in the material.
Löhnert has already

launched the first test
bench with the automo-
tive radome tester. The
machine is driven by the
Löhnert instant scripting
RunTime (LisRT v3)
software with a Siemens
SPC controller.

Löhnert Elektronik
end-of-line test bench

StradVision, a specialist
in AI-based camera per-
ception for adas and au-
tonomous vehicles, is
developing animal detec-
tion for its deep-learning
based SVNet software in
self-driving vehicles.
In the USA each year,

there are more than 1.5
million deer-related acci-
dents, which cause
around 200 human deaths
and 10,000 injuries, plus
more than $1bn in prop-

erty damage.
StradVision CEO Jun-

hwan Kim said the soft-
ware would be a game-
changer for the camera
perception industry.
“With the addition of

animal detection, SVNet
will have the ability to al-
most completely end the
tragedies and property
damage caused by vehi-
cle incidents involving
animal collisions,” Kim
said.

AI helps cars spot animals
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Continental has invested
in Munich-based lidar
start-up Blickfeld as part
of its series A financing
round.
Blickfeld develops and

produces lidar sensors
and software for environ-
mental detection. The
solid-state sensor delivers
high-resolution, three-
dimensional environmen-
tal data and performs
even in adverse environ-
mental conditions. It is
also small.
The patented technol-

ogy is particularly advan-
tageous in terms of its
industrialisation capabil-
ity and enables automated
production of the devices,
allowing the company to
meet the needs of the au-
tomotive mass market.
The sensors are used in
autonomous driving as
well as in smart cities, in-
dustrial applications and
security.
Blickfeld says it will

use the new financial re-
sources to ramp up pro-
duction, qualify its lidar
sensors for the automo-
tive market, and

strengthen the application
development and sales
teams for industrial mar-
kets.
“The safety of au-

tonomous vehicles is
based on lidar sensor
technology,” said Blick-
feld co-founder Florian
Petit. “We see Blickfeld
in a unique position here,
as our technology stands
out due to its mass market
capability.“
The venture capital unit

of Continental led the
round with Wachstums-
fonds Bayern, which is
managed by Bayern Kap-
ital. Other participants in-
cluded Fluxunit, Osram
Ventures, High-Tech
Gründerfonds, Tengel-
mann Ventures and Un-
ternehmertum Venture
Capital Partners.
“Blickfeld’s industry-

agnostic value proposi-
tion, that is reliability,
performance and scalabil-
ity, addresses various
growth markets in auto-
motive and beyond,” said
Nils Berkemeyer, venture
capital manager at Conti-
nental.

Continental invests
in lidar start-up

Person in a point cloud, marked by
a bounding box

Yamaha Motor and Tier
IV have launched Eve
Autonomy, a joint-ven-
ture based in Shizuoka,
Japan, that will develop
an autonomous trans-
portation service to help
factories address labour
shortages and the grow-
ing need for high-mix
low-volume production.
Beginning this month,

EveAutonomy will begin
offering combinations of
Tier IV’sAutoware open-
source operating system
for autonomous driving
and Yamaha Motor’s ve-
hicle-body development
technologies.
Envisioned subscrip-

tion-type services and
after-sales support will
enable factories to re-
spond nimbly to demand
fluctuations and reduce
their initial costs of im-
plementation.
Yamaha Motor and Tier

IV, which have jointly de-
veloped autonomous
transportation services on
a pilot basis, started to
trial services on produc-

tion lines last month at
Yamaha Motor’s
Hamakita Plant in Hama-
matsu, as a step towards
creating a smart factory.
Now, Eve is taking over

this pilot trial to provide
the autonomous trans-
portation service to
Yamaha Motor manufac-
turing plants in Japan and
overseas. As the next
step, the company plans
to leverage the knowhow
it gains in optimising the
services at Yamaha Motor
manufacturing plants to
provide highly functional
and reliable service to
general customers.
“Eve Autonomy will

provide an autonomous
transportation service for
extra-efficient labour-sav-
ing production,” said
Makoto Shimamoto,
Yamaha Motor director.
“By combining Yamaha
Motor’s expertise in hard-
ware and reliability with
Tier IV’s speed and cut-
ting-edge technologies, I
believe we will create un-
precedented value.”

Yamaha and Tier IV
target autonomous
factory vehicles

Eve Autonomy self-driving factory pilot

C2A Security has inte-
grated its endpoint cyber-
security protection
technology with Vector’s
Autosar Classic basic
software.
This will letAutosar de-

velopers add an addi-
tional security control to
automotive ECU projects
without impacting time to
market or harming safety
compliance, and with
negligible runtime per-
formance impact.
“Tier ones and OEMs

are increasingly applying
cyber-security controls in
Autosar embedded soft-
ware projects,” said
Nathaniel Meron, chief
product officer at C2A
Security. “The integration
of our endpoint security
into Vector’s basic soft-
ware, the market leader
when it comes to Autosar
basic software and tools,

C2A integrates cyber security
into Vector Autosar software

gives Autosar developers
several advantages; they
are now able to seam-
lessly add C2A’s endpoint
runtime protection tech-
nology as a security sen-
sor into Autosar projects
following the Autosar
methodology.”
It safeguards the ECU

by offering runtime pro-
tection while complying
with safety and security

standards. It detects mali-
cious activity in real time
and prevents attackers
from leveraging vulnera-
bilities at the ECU level.
“The automotive indus-

try is increasingly deploy-
ing security controls in
vehicle EE architectures,”
said Eduard Metzker, au-
tomotive cyber-security
manager at Vector Infor-
matik.

These controls include
secure boot, secure OTA,
HSMs, diagnostic authen-
tication, policing, vehicle
key management and se-
cure on-board communi-
cations.
Intrusion detection and

prevention systems
(IDPS) are an addition to
the set of available secu-
rity controls. IDPS sys-
tems require many
different security sensors.
“We see C2A’s runtime

protection technology as
a potential security sensor
of a distributed on-board
IDPS,” said Metzker.
“The proof of concept
which was created during
the collaboration showed
that the C2A engineers
are able to successfully
integrate C2A’s runtime
protection technology
with VectorAutosar basic
software”.

Nathaniel Meron: “Tier ones and OEMs are
increasingly applying cyber security.”

Brodmann 17 and Jungo
Connectivity are collabo-
rating on joint driver
monitoring and adas for
fleet aftermarket devices.
Running road and

driver analysis on the
camera SoC helps manu-
facturers deploy smart
cameras rapidly. Features
will include forward col-
lision detection, lane de-
parture, driver distraction

and driver drowsiness.
“The second generation

of fleet management adas
is going to be smarter
than before with dual
cameras looking into and
out of the vehicle, fusing
insights from both cam-
eras for better under-
standing of the driver and
vehicle,” said Brodmann
17 CEO Adi Pinhas. “We
are happy to partner with

Jungo to deliver a full
package to device manu-
facturers.”
The joint offering runs

on common SoCs such as
Qualcomm and Am-
barella and is expected to
reduce accidents and im-
prove driving behaviour.
“Fleets now understand

human factors contribute
to over 90% of accidents,
requiring innovations to

prevent or reduce such
accidents,” said Ophir
Herbst, Jungo CEO.
“Jungo’s partnership with
Brodmann 17 allows
fleets to implement smart
cameras that alert both on
the driver behaviour as
the root cause such as dis-
traction or drowsiness,
and also on the result
such as front vehicle col-
lision or lane departure.”

Brodmann 17 and Jungo bring adas to aftermarket
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The safety of vehicles is an
issue that affects millions
of people. Moreover,

alongside reducing emissions,
governments’ desires to reduce
road fatalities are moving car
makers towards fitting intelligent
safety systems formerly offered as
premium options – such as tyre-
pressure monitoring, automatic
braking and ecall – as mandatory
features.
Add to the mix voracious
market demand for new features,
and the trend for manufacturers to
offer differentiated cloud-
connected care services, and it’s
easy to see how today’s cars have
become densely packaged
electronic super-systems on
wheels. And then there are
emerging trends such as drivetrain
electrification, V2X
communications and higher levels
of autonomous driving.
Drivetrain electrification brings
into the environment the added
complexity of extremely strong
magnetic fields, which are
associated with the propulsion
motor and wireless charging coils.
It is vital that the diverse array
of equipment on board, and
devices that may be brought into
the car such as smartphones, are
able to coexist without affecting
each other, particularly those that
are considered safety or mission
critical.
Connecting with compliance-
testing experts can provide vital
help to navigate the vast array of
often confusing and conflicting
demands that surround automotive
electronics.
Rohde & Schwarz started the
annual Demystifying EMC
seminar to help connect the
product and test engineering

A report from February’s
Rohde & Schwarz
Demystifying EMC

seminar at Silverstone

Keeping up to speed

communities.
In Europe, technical legislation
such as the EMC and radio
equipment directives aims to
ensure that electronic products of
all types can coexist. As far as
consumer products are concerned,
the rules are performance
oriented. In automotive, however,
the safety imperative takes
priority.
Steve Hayes, technical director
at Element, covered the difficult
subject of knowing the right
standards to apply when testing
radio equipment installed in
vehicles. Emerging standards and
changes to test specifications
complicate the issue further.
Equipment designers and car
makers must work out how to
demonstrate reasonable efforts to
comply with applicable rules and
ultimately ensure the safety of
road users.

Rapid change
From Horiba Mira, Mark Emery,
EMC technical manager, and
Alastair Ruddle, chief scientist,
addressed the applicability of
UNECE, Cispr and ISO standards
and discussed the value of moving
to a risk-based approach in
engineering vehicle resilience.
Critical systems require immunity
to frequency disturbance to ensure
the vehicle can function properly.
The effects of a mobile phone
anywhere in the vehicle, for
example, can be significant. ISO
11452-9 is being adopted to assist
assessment.
Of course, cars have carried
increasing numbers of electrical
and electronic subsystems for
some time now, and regulations
covering electromagnetic
emissions are covered by the
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IEC’s Cispr D sub-committee.
Working groups within this sub-
committee maintain standards
include Cispr 12, 25 and 36 that
cover the protection of on-board
and off-board receivers, which
detail applicable test methods and
measurement limits such as
disturbance field strengths.
The seventh edition of Cispr 12,
currently at committee draft stage,
and Cispr 25 fourth edition,
introduce significant changes to
handle electric-vehicle charging
modes and clarify test methods
and conditions.
On the other hand, standards for
immunity testing of vehicles and
components are handled by the
ISO technical group
ISO/TC22/SC32/WG3. There are
three groups of standards
governing immunity, organised as
ISO 11451-xx for vehicles and
ISO 11452-x and ISO 7637-xx for
components.
The roadmap for future
development encompasses test
methods for adas and V2X
equipment, functional safety in
accordance with ISO 26262 Asils,
and creating standards for
magnetic field tests and immunity
testing. Changes to ISO 10605:

2008, which defines tests for
disturbances due to ESD, are also
expected and are at working draft
stage.
More recently, with the growing
importance of radio services, the
work of the Cispr H sub-
committee on emission limits for
the protection of radio services is
becoming increasingly relevant to
car makers.
The UNECE (United Nations
Economic Commission for
Europe) regulation ten on
automotive EMC has also been
updated recently to revision six,
which contains new requirements
for both vehicle and electrical
sub-assemblies.
Drivetrain electrification is
bringing new electromagnetic
issues into the frame. Cispr 36 is
tackling the disturbance issues
associated with hybrid and
electric vehicles, while Cispr 12 is
adapting to incorporate suitable
specifications for wireless
charging. The rapid development
of hybrid and electric vehicle
technology is driving a fast pace
of recommendations that
challenges the rate at which
standards can be published, peer
reviewed and ratified.

Risk
Designers in today’s automotive
space must consider vehicle
functionality, safety and security
threats to satisfy legislative
requirements and ensure customer
satisfaction. A combined approach
to these issues, aiming to ensure
overall electromagnetic resilience
– defined as the persistence of
dependability in the face of
change – can bring dividends in
terms of efficiency and cost-
effectiveness.
Ruddle put the case for new
risk-based methodologies for
system engineering. In a world
where suitable standards are not
being established quickly enough
to keep pace with the issues
emerging, such as cyber security
of connected cars, a risk-based
approach can help engineers
ensure verification coverage and
provide a platform for proactively
addressing unintended or
malicious misuse of systems by
vehicle users or third parties.
Drivetrain electrification adds
further complications; electric
vehicles give designers
unprecedented architectural
freedom to locate
electromagnetically disruptive
components such as the motor and
inverter almost anywhere in the
vehicle, which can have
unpredictable effects on other
electrical systems in the vehicle.
In addition, the trend towards
automated driving demands a high
degree of dependability from the
large number of vehicle sensors
and systems on board.
Ruddle argued that
electromagnetic resilience was
about more than EMC, involving
safety issues such as human
exposure to magnetic fields inAlastair Ruddle: Electromagnetic resilience about more than EMC

Tamara Monti shows how integrating design for EMC as part of
the engineering process helps product developers

addition to operational and
security threats. Design for
automotive functional safety
covered by ISO 26262 has already
adopted a risk-based approach
that could provide an example for
resilience engineering to follow.
Emery’s viewpoint is that
manufacturers are typically going
above and beyond in their testing,
such as applying field strengths
that are much higher than
regulatory limits, allowing a
generous margin to be sure of
satisfying the mandatory
requirements as standards and
limits continue to evolve.
Standards will always lag the
technologies evolving on today’s
motor vehicles and it could take
as long as ten years for the
standards and associated
legislation to catch up with the
industry’s needs.

Time and costs
Ultimately, engineers know that
demonstrating compliance
requires taking real measurements
under specified test conditions.
This can be expensive, especially
if failure to reach the required
standard can only be resolved by
redesign and further appointments
at the test house.
On the other hand, simulating
EMC performance can highlight
any problems early giving time to
fix them before testing begins.
Tamara Monti of Dassault
Systèmes explained the
opportunity to simulate the
electromagnetic behaviour of
power modules, assemblies and
cables of a battery-electric
vehicle’s drivetrain, such as the
DC-AC inverter, DC-DC
converter, and control circuitry for
wired and wireless charging. She

showed how integrating design
for EMC as part of the
engineering process helps product
developers avoid multiple
troubleshooting iterations, reduce
the effort needed and costs
incurred to correct any problems,
and avoid delays in bringing
products to market.
Simulation tools help predict
conducted emissions and analyse
common-mode current paths
through components such as
driveshafts and mounting
brackets. In addition, users can
model major components such as
the wiring harness to determine
any shielding requirements and
optimise cable routing to prevent
noise coupling and antenna
effects.
It is also possible to study the
effects of electromagnetic
radiation from powertrain systems
on the human body when
positioned anywhere in the
vehicle to help mitigate risks to
occupants.

The European Electromagnetic
Fields Directive 2013/35/EU and
the work of ICNIRP, the
International Commission for
Non-Ionising Radiation
Protection, are useful references
for assessing safe exposure limits.

Conclusion
Drivetrain electrification,
autonomous driving and
connected services are key trends
that are driving significant
changes in automotive EMC
legislation.
The speakers assessed the
current state of existing standards,
and the standards emerging to
ensure safety and maintain the
user experience. Only the pace of
innovation and the market
appetite for new features and
services are moving faster.
Keeping up to speed, including
establishing useful contacts with
technical specialists, is an
essential aspect of engineering
new vehicles for today’s markets.
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Compact portable 
simulators are 
on the move, 

says Phil Morse
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Designed to meet demand
beyond traditional use
cases, compact simulators

are now offering opportunities
across multiple departments of
OEMs to solve market problems
in a more immersive environment.

Gone are the days of the
simulator being solely the realm
of chassis and dynamics engineers
or human factor specialists. More
powerful, immersive and accurate
simulators, with the capability to
validate AI, understand an
interaction with parking assist
technology or even control and
receive feedback from an engine
on a dyno in another building,
means demand goes far beyond
the established use cases. 

Coming of age 
With more automotive
engineering departments now
realising what simulation can
offer, driver-in-the-loop (DiL)
technology is booming.
Acknowledging this steep rise in

vehicle technological
development and validation,
Reportlinker analysts are
predicting that the driving
simulator market will reach
$2.4bn by 2025. Forget simulators
as simply a place to check damper
settings or human factors,
engineers from all facets of the
industry can see benefits for their
role. 

User experience, driver
assistance, human-machine
interface, autonomous, seating,
safety, legal departments and
more are now trusting results
gleaned from the virtual world
that offers a repeatable and
controllable environment. Having
achieved the core fidelity needed
to provide a convincing human
interaction experience and valid
data, driving simulators have
come of age, backed by a long-life
expectancy.

As vehicle complexity continues
to increase, more pressure is
placed on development timescales

Having achieved core fidelity to provide a convincing human
interaction experience, driving simulators have come of age  

As demand grows for high fidelity simulators, a new breed of
compact units is finding favour with OEMs and tier ones 

and resources, creating a
burgeoning need for companies
and departments to gain access to
human-in-the-loop simulation
technologies to validate hardware
and software. Larger dynamic
simulators are feeling the pressure
of capacity to fulfil demand
fuelled by the megatrends of
autonomy, electrification,
connectivity and driver assistance
while legacy desktop products
can’t provide the immersivity,
fidelity or integration necessary
for the growing range of crucial
applications that are now so
common. 

Anytime, anywhere
This is driving the creation of a
new class of compact and often
portable simulator that responds
to the short or long term need for
departments that might be
restricted by space or cost, to have
access to dependable, rapid and
powerful validation tools that can
be deployed through the
organisation in line with
development programmes. 

For a one-box robust engineered
product, it can be a simple matter
of wheeling it in, plugging in and
starting work. They might be
operated stand-alone or,
increasingly nowadays as vehicle
systems become more integrated,
it can be a case of connecting
them with external software-in-
the-loop (SiL) and
hardware-in-the-loop (HiL)
systems that might not even be in
the same area. 

Add to this integrated form and
internal sound isolation, and it is
easy to see why they are attractive
for installation in standard office
spaces, rather than the cost of
building bespoke facilities.

Relevant
With portable simulators capable
of incorporating features such as
complex traffic and actor
scripting, together with sensor
integration, they are fast
becoming suitable for validating
scenarios for adas, active safety
and autonomy. With the ability to
create and explore an incredible
number of scenarios in a short
amount of time, engineers can
conduct experimental variations
that might consume a hundred
years of testing time in the real
world, within a few months. 

Other recent examples include
their use by tier ones including
tyre manufacturers. Time and
again, OEM and tier-one suppliers
find many more uses than they
ever predicted before having
access to more powerful and
capable simulation driver-in-the-
loop tools that inject vital human
experience into testing.

Access for all
Distilling the main engineering-
grade componentry that’s required
for human immersion inside a
small physical space is proving
key to convincing departments to
make the leap from crude desktop
products. That remains a critical
part of the process as cars, despite
greater autonomy, will remain
consumer products, consumed by
humans. Connecting real people
with virtual vehicles and
environments is important, as the
product’s success hinges on the
emotional reaction of real people
– the ultimate users.  

Considering the ever-increasing
complexity of today’s vehicles
and on-board systems, putting real
people early and often into contact
with virtual vehicle systems has

been proven to be a key part of
successful and efficient vehicle
developments. Getting it wrong
might result in releasing a feature
or creating an interaction that
could prove frustrating to a user,
demand greater driver workload,
be confusing or, worse, be
dangerous.

Giving everyone in the
development process – not just
chassis engineers and expert test
drivers – the opportunity to

experience imagined on-board
technologies and offer relevant
feedback makes the concept of
wider use of simulation even more
compelling. Simply put, they can
reduce risk, build confidence and
catch issues before
metal is even cut.

Phil Morse is
international
manager at
Ansible Motion
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Because resolvers have had
outstanding reliability and
high precision

performance in harsh and severe
environments for a very long
time, they are widely used in EV,
HEV, EPS, inverter, servo,
railway, high-speed train,
aerospace and other applications
where position and velocity
information is needed.

Many resolver-to-digital
converters (RDCs) used in
previous systems decode the
resolver’s signal to get digital
position and velocity data.
Interferences and fault issues tend
to happen, and most of the time
users want to evaluate the
accuracy performance of angle
and velocity under the
interference conditions, find and
validate the root cause, then fix
and optimise the system. 

A high accuracy resolver
simulator that simulates a resolver
attached to the real motor at
constant speed or position with
fault injection can solve the
interference and fault problems
without setting up a complicated
motor control system.

Error Contributions
The resolver simulator will
simulate a resolver, as shown in
Fig. 1, attached to a real motor at
constant speed or position. For
classic or variable reluctance
resolvers, a rotor and a stator are
included. A resolver can be
thought of as a special
transformer. 

On the primary side, as
expressed in Equation 1, EXC is

SHOWING RESOLVESHOWING RESOLVE

Nandin Xu describes a high accuracy 
resolver simulator with fault injection

the excitation sinusoidal input
signal. On the secondary side, as
expressed in Equations 2 and 3,
SIN and COS are the modulated
sinusoidal signal at the two
outputs.

where θ is the shaft angle, ω is
the excitation signal frequency, A0
is the excitation signal amplitude,
and T is the resolver
transformation ratio.

The modulated SIN and COS
signals are shown in Fig. 2. For
constant angular θ in different
quadrants, the SIN and COS
signal will have in-phase and
antiphase cases. For constant
velocity, the frequency of the SIN
and COS envelope is constant,
indicating the velocity
information.

The demodulation signal is
expressed in Equation 4. The type
II tracking loop will be
accomplished when φ (output
digital angle) equals θ (position of
the rotor), the resolver angle. In a
real resolver system with
amplitude mismatch, phase shift,
imperfect quadrature, excitation
harmonic and inductive harmonic,
any of these five non-ideal
conditions may happen and
contribute error.
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Amplitude mismatch
Amplitude mismatch is the
difference in the peak-to-peak
amplitudes of the SIN and COS
signals when they are at their peak
amplitudes, with 0˚ and 180˚ for
COS, and 90˚ and 270˚ for SIN.
Mismatch can be introduced by
variations of the resolver
windings or by unbalanced gain
control of the SIN and COS input.
To determine the position error
created by amplitude mismatch,
Equation 3 can be rewritten as
Equation 5.

where a represents the amount of
mismatch between SIN and COS
signals. The remaining envelope
signal after demodulation can
readily be shown, as in Equation
6. When driving the envelope
signal to zero in a type II tracking
loop, by setting Equation 6 to
equal zero, it is possible to find
the position error ε = θ – φ. Then
error information can be received,
as shown in Equation 7.

For the realistic case when a is
small, the position error is also
small, which implies that sin(ε) ≈
ε and θ + φ ≈ 2θ. So, Equation 7

Fig. 1: Resolver structure

Fig. 2: Resolver electrical signal

becomes Equation 8, and the error
term is expressed in radians.

As shown in Equation 8, the error
term oscillates at twice the rate of
rotation while a maximum error of
a/2 is reached at odd integer
multiples of 45˚. Assume the
amplitude mismatch is 0.3%,
substitute the variables in
Equation 8, and, using an odd
integer multiple of 45˚, the
maximum error will be expressed
in Equation 9, where m is an odd
integer.

The error, calculated in radians,
can be converted to LSBs via
Equation 10 when the RDC mode
is 12bit, or about one LSB.

Fig. 3: Resolver misconnection and angular output

Fig. 4: Phase shift error contribution

Phase shift
Phase shift refers to both
differential phase shift and
common phase shift. Differential
phase shift is the phase shift
between the resolver’s SIN and
COS signals. Common phase shift
is the phase shift between the
excitation reference signal and the
SIN and COS signals. To
determine the position error
created by differential phase shift,
Equation 3 can be rewritten as
Equation 11.

where a represents the differential
phase shift. The envelope signal
remaining after demodulation can
be expressed as Equation 12 when
the quadrature term
cos(wt)(sin(a)sin(θ)cos(φ)) is
ignored. For the realistic case
when a is small, cos(a) ≈ 1 – a2/2.
When driving this signal to zero
in a type II tracking loop, with
Equation 10 set to zero, it is
possible to find the position error
ε = θ – φ that results. Then error

information can be obtained, as
shown in Equation 13.

For θ ≈ φ, sin(θ)cos(φ) has a
maximum of 0.5 at θ ≈ 45˚. So,
Equation 13 becomes Equation 14
with the error term expressed in
radians.

Assume the differential phase
shift is 4.44˚, the error, which can
be converted to LSBs using
Equation 15 when the RDC mode
is 12bit, is about one LSB.

When the common phase shift is
β, Equations 2 and 3 can be
rewritten as Equations 16 and 17,
respectively.

Similarly, the error term can be
expressed in Equation 18.

Under static operating conditions,
common phase shift will not
affect the converter’s accuracy,
but resolvers at speed will
generate speed voltages due to the
reactive components of the rotor
impedance and the signals of
interest. 

Speed voltages, which only
occur at speed and not at static
angles, are in quadrature to the
signal of interest. When the
common phase shift is β, the
tracking error can be
approximated as Equation 19,
where ωM is the motor speed and
ωE is the excitation speed.

As shown in Equation 19, the
error is proportional to the
resolver speed and phase shift.
Thus, in general, it is beneficial to
use a high resolver excitation
frequency.

Imperfect quadrature
Imperfect quadrature indicates the
two resolver signals that SIN and
COS refer to in this situation are
not exactly 90˚ quadrature. This
occurs when the two resolver
phases are not machined or
assembled in perfect spatial
quadrature. 

When β represents the amount
of imperfect quadrature,
Equations 2 and 3 can be
rewritten as Equations 20 and 21.

As before, the envelope signal
remaining after demodulation can
readily be shown as Equation 22.
When you set Equation 22 to zero,
assume β is small, cos(β) ≈ 1 and
sin(β) ≈ β, it is possible to find
the position error ε = θ – φ that
results. Then error information
can be received, as shown in
Equation 23.

=
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Fig. 5: Ideal SIN and COS signal

Fig. 6: SIN and COS coupled IGBT disturbance

Fig. 7: Resolver simulator block diagram

Fig. 8: Resolver simulator signal chain

As shown in Equation 23, the
error term oscillates at twice the
rate of rotation, while a maximum
error of β/2 is reached at odd
integer multiples of 45˚.
Compared with the error due to
amplitude mismatch, in this case
the mean error is nonzero and the
peak error is equal to the
quadrature error. From the
amplitude mismatch example,
when β = 0.0003 radian = 0.172˚,
this can cause about one LSB
error in 12bit mode.

Excitation harmonic
In all the preceding analysis, it
was assumed that the excitation
signal was an ideal sinusoid and

contained no additional
harmonics. In a real-world
system, the excitation signal does
contain harmonics. So, Equations
2 and 3 can be rewritten as
Equations 24 and 25.

The envelope signal remaining
after demodulation can readily be
shown, as in Equation 26, driving
this signal to zero in type II
tracking loop.

Set Equation 26 to zero and it is
possible to find the position error
ε = θ – φ that results. Then error
information can be obtained, as
shown in Equation 27.

If the resolver excitation has

identical harmonics, the
numerator of Equation 27 is zero
and no position error is incurred.
That means the common
excitation harmonic has negligible
effect on the RDC, even at very
large values. 

However, if the harmonic
content is different in SIN or
COS, the position error incurred
has the same functional shape as
the amplitude mismatch shown in
Equation 8. 

This will greatly affect the
accuracy of the position.

Inductive harmonic
In reality, it is impossible to
construct a resolver with
inductance profiles that are
perfect sinusoidal and
cosinusoidal functions of position.
Normally, the inductances will
contain harmonics, and VR
resolvers will contain DC
components. Thus, Equations 2
and 3 become Equations 28 and
29, respectively, where K0
indicates the DC component.

The remaining envelope signal
after demodulation can be shown,
as in Equation 30.

Driving this signal to zero in a
type II tracking loop, when the
harmonic amplitudes are small,
Kn << 1 for n > 1, the error
information ε = θ – φ can be
derived from Equation 31.

According to the expression, the

error is more sensitive to the DC
term than the harmonic effect; it is
proportional to the inductive
harmonic amplitude. In the
meantime, the nth inductance
harmonic determines the
amplitude of the (n – 1)th
harmonic of the position error.

Error summary
Except for the error source
mentioned, the interferent coupled
to the SIN and COS lines,
amplifier offset error, bias error
and so on can also contribute to
the system error. 

Misconnection fault
Misconnection means connected
resolver excitation and SIN and
COS pairs to RDC SIN and COS
input and excitation output pins
via incorrect connections. When a
misconnection happens, RDC can
also decode the angular and
velocity information, but the
angular output data will show
some a jump, like an offset error
in DAC output. The
misconnection case and result
data are shown in Fig. 3. Where
the first column shows the EXC,
SIN and COS pins and output
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Fig. 11: Angular and velocity INL

Fig. 9: Power supply
signal chain

Fig. 10: Bench test block diagram

angular, the remaining columns
show the misconnection cases.

Phase shift fault
From the error contribution
section, phase shift contains
differential phase shift and
common phase shift. 

The differential phase can be
thought of as the difference of
common phase shift. In this
section, the phase shift fault
means the fault caused by
common phase shift.

The common phase shift error
contribution is shown in Fig. 4.
Phase one is excitation filter
delay. Phase two is resolver phase
shift. Phase three is line delay.
Phase four is SIN and COS filter
delay. 

In a field RDC, when phase shift
error happens, it means the total
value of phases one, two, three
and four is bigger than 44˚.
Normally, the resolver phase shift
error is 10˚. In bad cases, the total
phase value can reach 30˚. For
MP consideration, enough phase
margin needs to be left.

When the phase shift for SIN
and COS are different, it can
cause phase shift mismatch fault.
If this happens, angular and
velocity accuracy will be affected.

Disconnection fault
A disconnection fault happens
when any line of the resolver is
disconnected from the RDC
platform interface. Line
disconnection detection is always
mentioned by users. This fault can
be simulated to set SIN and COS
to zero voltage. When
disconnection happens, LOS,
DOS and LOT faults can be
triggered.

Amplitude mismatch
Amplitude mismatch happens
when the circuit gain control or
resolver ratio of SIN and COS are
different, which also means the
amplitude value of the SIN and
COS envelope is different. When
the amplitude is close to AVDD, it
will trigger an amplitude exceed
fault. This is called a clipping
fault. A good SIN and COS signal
example is shown in Fig. 5.

IGBT disturbance fault
An IGBT disturbance means the
interference signal coupled with
the IGBT switch on-off effect.
When the signal is coupled with
the SIN and COS line, position
and velocity performance can be
affected, the angular value will
have a jump, and the direction of
the velocity may change. An
example from the field is in Fig.
6, where channel one is the SIN
signal, channel two is the COS ,
and the spur indicates interference
coupled with IGBT turn on-off.

Velocity-exceed fault
Velocity-exceed fault happens
when the electrical velocity is
higher than the resolver decode.
For example, in 12bit mode, the
maximum velocity some devices
can support is 1250sps, and when
the resolver electrical velocity is

1300sps, velocity-exceed fault
will be triggered.

Resolver simulator
From above, the amplitude and
phase error directly determine the
performance of decode angular
and velocity performance.
Luckily, there are precision
products from which to choose
and build a resolver simulator
system. The following description
will show how to build a high
accuracy resolver simulator and
discuss which parts to choose.

The simulator block diagram
shown in Fig. 7 has seven
modules to focus on:

1. The process control platform
for data analysis and control.
2. The sync clock generation
module generates sync clock for
the subsystem.
3. The fault signal generation
module generates different fault
signals.
4. The SIN and COS generation
module generates modulated SIN
and COS signals as resolver
outputs.
5. The signal capture module acts
as the excitation and feedback
signal capture module.
6. The SIN and COS output
module handles SIN and COS
output with buffer, gain and filter
included.
7. The excitation signal input

module comes with a built-in
buffer and filter circuit.
8. The power module delivers the
supply power for ADC, DAC,
switch, amp and so on
components.

The resolver simulator system
works by having the signal
capture module sample the
excitation signal from the input
module, where the processor will
analyse the frequency and
amplitude. The processor will
calculate the SIN and COS DAC
output data code by using the
cordic algorithm and, through the
SIN and COS module, generate
the same frequency sinusoidal
signal as the excitation input. 

Then the system will recapture
the excitation and SIN and COS
signals at the same time, calculate
and adjust the SIN and COS phase
and amplitude, compensate for the
phase error between excitation
and SIN and COS so it equals
zero, and calibrate the SIN and
COS amplitude to the same level.
Finally, the system will generate
the modulated SIN and COS
signal and fault signal to simulate
the angular performance, velocity
and fault case.

The specific signal chain in Fig,
8 shows a dual 16bit sim SAR
ADC used to capture the
excitation and feedback signal
when OSR is enabled and a 98dB

SNR can be reached. It is very
suitable for simultaneous high
precision data acquisition for
phase and amplitude calibration. 

The whole resolver simulator is
powered through an external 12V
adapter with different voltage
levels generated by using DC-DC
converters and LDO regulators. A
detailed power supply signal
chain is shown in Fig. 9. 

Bench test
The whole system bench test is
shown in Fig. 10. It contains a
resolver simulator board, an
evaluation board and a gui. The
gui is used to evaluate directly the
performance of the resolver
simulator, especially velocity and
angular performance. Through the
resolver simulator gui, velocity,
angular performance and fault
signal can be configured.

The INL of angular and velocity
performance with hysteresis mode
disabled is shown in Fig. 11.

Conclusion
While interference exists in most
RDC-related applications, many
types of fault can be triggered
under serious conditions. When
building a resolver simulator,
follow this guide as it can help not
only to evaluate performance
under interference, but also to
calibrate and verify products as
with a standard simulator.
Detailed error analysis is helpful
in understanding why precision
analogue SIN and COS signals are
necessary, and all the fault types
discussed can be simulated to help
with some functional
safety verification.

Nandin Xu is an
applications engineer
at Analog Devices
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Adas applications requires 
different power management 
systems, according to 
Marco Gaeta, Reiner Schwartz
and Carlo Protti
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Adas applications are
becoming more popular.
Today, assistance systems

are used to monitor the road with
environment sensors. These
assistance systems are intended to
relieve the driver and assume
important safety-relevant
functions. 

Thus, all components on such a
system must meet safety,
reliability and miniaturisation
characteristics. The system has to
behave in defined manner in the
event of an error. 

An important link between
sensor technology, computing
power and communication is the
power supply, which must
monitor the system in the event of
a fault and convert it into a safe
state. Discrete power management
products make it difficult to offer
the possibility of supervising the
entire system. 

A programmable integrated
PMIC (power management

integrated circuit) can power an
entire adas, offering the flexibility
of a discrete system, the
supervision required by a safety
system and car battery
compatibility.

Environment sensors 
Several sensors are required to get
an adequate picture of the
environment around the car. A 3D
map is mandatory for autonomous
driving.

Three main groups of sensors –
camera-, radar- and lidar-based
systems – are the base for adas
today. Fig. 1 gives an overview of
the typical sensor position and
type. The power supply
management is not any more
considered a secondary activity,
since it is becoming a critical
challenge for adas designers.

Radar
Radar is used to measure the
distance and speed of objects

approaching the car. This
information is sent to the central
adas ECU or in case of a simple
application, such as the blind spot
radar, the system provides the
alert signal as a warning lamp
inside the side mirror, for
example. A block diagram of such
a system is shown in Fig. 2. 

Radar systems use microwaves
to measure the speed and the
distance of approaching objects.
Today, radio frequencies of 24 or
77GHz are common. A dedicated
MMIC (monolithic microwave
integrated circuit) drives the RF
antenna, which is distributed in
several transmitters and receivers. 

The MMIC is a very noise
sensitive component and requires
a very clean analogue supply
voltage. To evaluate the signals
from the MMIC, baseband
processing is required. 

Dedicated baseband processors
are available that include
hardware accelerators to perform,

Fig. 1: Adas sensors inside the car

Fig. 2: Radar supply block diagram

Fig. 3: Camera supply block diagram

for example, fast Fourier
transforms. This part of the signal
processing is mainly digital and
requires some specific supply able
to work in a safety critical
environment. 

This microcontroller also
manages the communication
interface. The interface for the
outside world can be Can, Flexray
or Ethernet. Some of these
interfaces use a 5V supply. A
radar system is assumed fully
working also during start-stop of
the car, when a boost function
from 3.3V for this internal 5V
Can supply is mandatory. The
sensor itself is biased directly
from the battery line. Therefore,
the adas PMIC should also
support a low quiescent current
mode. 

Cameras 
Cameras use algorithms to detect
automatically objects, classify
them and determine the distance
from them. For example, the
cameras can identify pedestrians
and cyclists, motor vehicles, side
strips, bridge abutments and road
margins. 

High range cameras are used for
traffic-sign recognition, video-
based distance control and road
guidance. Rear-view cameras can
draw lines in the video that are

superimposed on the track
depending on the steering angle.
Medium range cameras essentially
warn the driver about cross-
traffic, pedestrians, emergency
braking in the car ahead, and lane
and signal light detection. 

Automotive cameras contain
one or more image sensors, an ISP
(image signal processor), memory
and a data line interface. There
will also likely be a safety
microcontroller to ensure the
functional safety of the system
along with an intelligent power
management chip. Most of today’s
cameras use PoD (power over
data line) for supply. Just the high
power demanding cameras uses a
direct supply from the car battery. 

Due to the different silicon
process technologies of the image
sensor, ISP, microcontroller,
memory and communication
interface, a large variety of supply

voltages is unavoidable. Multi-
core CPUs and GPUs ask for high
current levels and flexible power
sequencing. 

Complete and flexible
programmability of the PMIC is
therefore desirable to react to
short-term design changes. 

The image sensor requires a
stable reference with very low
PSRR (power supply rejection
ratio) and very low noise to
evaluate the charge captured
inside the pixel array with an
analogue-digital conversion. 

Any noise on the supply will
result in performance reduction
especially in low light conditions. 

An image sensor itself includes
a controller for data handling and
video control. This controller
requires a digital supply, which
very often differs from the ISP
core voltage. A controlled power
up sequencing is mandatory to
guarantee a proper functionality
of the camera system.

On top of that, the PMIC should
care about an optimised pin-out to
arrange correctly the power rails
and ensure that the interference-
sensitive signals, such as the
reference or analogue LDOs, do
not interfere with each other. 

A reduction of external
components allows a PCB space-
saving design. A compact design
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Fig. 4: Adas sensor fusion ECU

is a very important aspect,
because some of these cameras
are located directly behind the
windscreen. The driver’s field of
vision should be impaired as little
as possible. 

Cameras behind the windshield
can reach temperatures of more
than +100˚C when the vehicle is
parked in direct sunlight. The
power management should be
efficient and able to work in such
a critical environment, protecting
the system. 

Not only cameras benefit from
the high temperature cut-off
threshold, but so do other adas
sensors that have only limited
cooling possibilities due to their
compact design placement in the
vehicle and plastic housing.

Adas ECU
If several sensors are used in a
vehicle, a central control unit
usually evaluates the sensor
signals. These control units use
the most powerful processors
inside the car today. Dedicated
SoCs are developed to lower the
system power demand, but adas
ECUs still consume 50 to 500W

depending on the adas function. 
Adas ECUs usually

accommodate several SoCs whose
computing power is sufficient to
enable autonomous driving. In
this case, these control units have
direct access to the drive, steering
and braking systems in the
vehicle. Fig. 4 shows the basic
structure of a sensor fusion ECU.

The different SoCs need to be
separately supplied and
independently controlled inside
the ECU. For this reason, it is also
common practice that every SoC
has its own PMIC. 

It could appear that the only
affordable method is to have
dedicated discrete power
management because of the
variability. But this is not
compatible with the small size and
the safety system requirements,
which could be addressed more
comfortable with a PMIC. 

The cooling concept of such
ECUs is quite sophisticated and
often requires advanced methods
such as water cooling. Therefore,
the processors usually use top-
side cooling with direct contact to
the heat sink. A complementary

PMIC, able to address the
required power, can optimise the
system setup and lower the total
cost.

The adas ECUs also provide the
supply of the camera and radar
systems. For high-speed serial
data communications, very often
an LVDS (low-voltage deferential
signal) is used. This allows the
use of two-wire cable for supply
and data transfer and PoD. 

The PMIC requirements that
have to be respected are quite
similar to the one described, with
just some difference in the
architecture to help reach the
EMC requirements of car
manufacturers. 

Automotive PMIC
As described, adas uses a large
number of voltage regulators,
monitors and watchdog for proper
operation. The module hosting the
system is very small, and non-
integrated power management is
often not right, besides being
expensive. 

On the contrary, when the level
of integration becomes excessive,
it could be difficult to find a place

Fig. 5: Power supply method

Fig. 6: State machine

for the PMIC on the PCB and
drive all the signals. Then, the
PMIC should be designed with the
right compromise between
compactness and flexibility. 

The ideal PMIC for adas should
be battery compatible, support its
variations and provide enough
voltage rails to supply the system,
possibly offering a very accurate
reference for analogue-digital
conversion. It should meet design
requirements of small package
size, efficiency, EMI and Asil
compliance. All supply rails must
be monitored to drive the system
into a safe operating state in case
of a safety relevant parameter
violation. 

For safety reasons, it is essential
that the monitoring and supply
rails are completely independent.
However, this does not mean the
monitoring unit cannot be located
in the same device. In most cases,
it is essential to implement so-

called barriers or isolated zones in
the silicon between critical
structures. It is important that the
DFA (dependent failure analysis)
checks the propagation of
common faults and guarantees the
independence of relevant blocks.

Today, adas PMICs should
guarantee the flexibility of a shelf
product that aims to replace
custom PMICs without requiring
complex programming. For this
reason, a non-volatile memory

(OTP, one time programmable)
can be used to define the output
voltages, current limits,
frequencies and, above all, the
power up sequence. 

Due to this programming, the
PMIC behaves like a fixed voltage
regulator. 

For safety reasons, multiple
programmability should be
dispensed with. As long as the
OTP is not programmed, a virgin
PMIC expects the OTP
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Fig. 9: Structure of the CRC generator

Fig. 8: Voltage monitors

Fig. 7: Voltage regulators 
ramp-up sequence

programming after power up.
Already programmed PMICs
jump immediately into standby or
INIT mode. This saves valuable
time to activate the system, see
Fig. 6. 

The INIT mode also contains
important self-operating tests such
as an analogue and digital BIST
(built-in self test). This test

assures the correct electrical
function of the PMIC and gives an
important contribution of the
assurance of the Asil of the
overall adas, especially for latent
fault detection. 

To reach an adequate safety
level several additional hardware
monitoring functions and the
according software code need to
be added during the development.

Most adas are powered directly
from the car battery. It makes
sense that a pre-buck-controller is
integrated in the PMIC. Most
available PMICs are designed for
specific SoCs and usually don’t
have such a pre-regulator, because
they are originally designed for
non-automotive applications.
Therefore, valuable time is often
needed to ensure the interaction
between the pre-controller and the
SoC supply. 

PMICs developed for
automotive applications usually
have an advantage here and
provide the required robustness
with regard to the well-known
automotive disturbance standards,
such as cold and warm cranking,
load dump scenarios, and ISO
pulses required for application
under the car battery. 

All these disturbances, including

RF electrical noise that could
come from the inside of the car or
from external sources, could be a
cause of EMI that should be
controlled by the PMIC. 

An effective way for mitigating
radiated emission is spread
spectrum, another function that
the PMIC should include.
Besides, phase shift among the
different PWM signals should be
embedded for the same purpose.

The definition of the power-up
sequence in Fig. 7 is essential for
most processor-controlled
applications. If it can be provided
by the PMIC, without any
interaction from the controller,
programmed for instance by OTP,
a fast system start is thus
guaranteed. A power sequence can
also be controlled via SPI. Any
power up sequence can be
defined, so the PMIC supplies the
application completely
autonomously and releases the
reset of the application after a
predefined setup time. It is also
conceivable that the PMIC
automatically indexes a restart in
the event of an error, thereby
increasing system availability.

Because of the high currents
required by the MCU and the
particular environment where the
application is mounted, the

package should have good
thermal properties. 

For power-hungry SoCs, the
core voltage can be generated by a
buck controller. In this case the
power dissipation is distributed on
the PCB by using external
switching transistors. 

To build a safety-relevant
system, it is essential to monitor
input and output signals. With
regard to the output voltages, very
tight tolerances of the SoC must
generally be observed. Within
these tolerances, not only the
output voltage may vary but also
the monitoring should be active.
Furthermore, it is essential that
the monitoring signal as well as
the output voltage reference do
not show any dependencies.
Dependencies would guarantee
the risk of a common cause error.

The output voltages are
therefore monitored with
thresholds relative to the
predefined output voltage. These
thresholds should have a
hysteresis to improve the
susceptibility to interference and
can be programmed in the system,
see Fig. 8. 

With regard to the input voltage,
it makes sense to measure it with
an analogue-digital converter
(ADC) and make it available to
the system. 

This increases the diagnostic
coverage necessary to reach the
adequate Asil target, and thus also

the availability of the system. 
Another important argument for

the implementation of an ADC
inside the PMIC is a temperature
measurement. With the
appropriate placement of the
temperature sensors in the silicon,
conclusions can be drawn about
the load profile used. If there is a
danger of the system overheating,
suitable measures can be
introduced to lead the system into
a kind of emergency operation
before it comes to a hard
shutdown.

Another safety-relevant aspect
in the system is error-free
communications. A CRC check
can be used for the SPI
communications. This is a method
to determine a test value for data
to detect errors in transmission or
storage. Ideally, the method can
even automatically correct the
received data to avoid
retransmission, see Fig. 9.

Besides frame counter and CSN
(chip select input pin), low time
counter increases safety
mechanism efficiency to reach
high-level coverage in SPI
communications. 

The programmability of the
PMIC can show sufficient
flexibility to be used in many of
these applications.

Simple cameras that are used for
environment detection and usually
deliver an image on a central
display have the lowest power

consumption, followed by radar
sensors and lidar sensors. For the
pure sensor supply, PMICs in the
power class of 1 to 50W are used.

Additional requirements that a
PMIC should meet when mounted
on an adas application are AEC-
Q100 qualification, Asil
certification and the ability to
operate at high frequency to avoid
radio band interference. Another
benefit of being able to switch at
high frequency is the reduction of
size of external components, a
must when talking about
compactness. 

A frequency above 2MHz
allows the mounting of very small
coils. With high frequency,
switching losses also increase
therefore it will be mandatory to
have the programmability of the
frequency, for example lower
frequency for the pre-regulation,
where high current is delivered,
and higher for all post regulators. 

Marco Gaeta is
technical marketing
manager, 

Reiner
Schwartz
is principal engineer
for automotive and 

Carlo
Protti is functional
safety manager, 
all for ST
Microelectronics
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GOING THE DISTANCE
How a submarine engineer applied underwater 
technology to solve range problems with electric lorries



ELECTRIC VEHICLES ELECTRIC VEHICLES

Vehicle Electronics39, April 2020 Vehicle Electronics April 2020, 40

Not many automotive
businesses can say that
the inspiration for their

existence began under kilometres
of icy water. But that is where
Tevva founder Asher Bennett first
conceived the idea of an electric
lorry and technology company. 

Bennett used to be an officer in
the Israeli navy working on
diesel-electric submarines and,
among the many issues with
which he grappled, was the
question of battery power range.

The British-built submarines he
was working on were, essentially,
diesel-electric hybrids and used
battery electric propulsion with
the option of a small diesel
generator to recharge the battery
while the vehicle was in motion.
The submarines also used a
sophisticated battery management
system to optimise battery power
and usage. 

Tested and developed in the
harshest possible environment –
deep in the ocean – this same
technology provided the spark of
inspiration that led to the creation
of Tevva in 2013 in Brentwood,

Essex, in the UK.
For, although the ocean is a

world away from roads and
motorways, Bennett realised that
the very same problems
experienced by his submarines
existed also in the medium duty
urban distribution industry that is
Tevva’s initial focus.

Given the environmentally
sensitive nature of the business,
he chose a name that, in his native
Hebrew, translates as ‘nature’ –
Tevva.

Starting with a core engineering
team of just seven, Tevva started
developing a range of
technologies as well as its own e-
truck with the aim of being able to
provide other OEMs and fleet-
based businesses with a
ready-made answer to the
increasingly inevitable
electrification of the medium duty
sector, with the urban distribution
industry the most critical to clean
up. 

With UK government and EU
parliament legislation becoming
more stringent when it came to
reducing emissions and improving

The company has a range of core proprietary technologies

Tevva’s technologies focus on safety

air qualities, particularly in cities,
lorry and commercial vehicle
makers found themselves under
increasing pressure to develop
alternative fuels.

That is still the case today, as the
timescale, ambition and
economics of OEM CV
electrification remains unclear.

Meanwhile, Tevva has forged
ahead; in its first year, the firm
had opened discussions with
global logistics giant UPS to
produce a prototype lorry and
secured grant aid to do so.

By 2016, Tevva’s all-purpose
electric truck was a reality and the
company was already scooping
various awards for its work in the
sector.  

In 2017, the firm’s workforce
doubled to 15 as its capability to
innovate and integrate EV
technologies expanded and more
investment followed, with multi-
billion, Indian engineering
company Bharat Forge investing
£10m into Tevva.

Fast forward to 2019 and
Tevva’s rapid growth has seen the
workforce increase to 60 and its
ambition explode into truly global
territories, with experts joining the
company from Asia, USA and
beyond and bringing experience
from companies such as Smith
Electric Vehicles, Ford and
Leyland Daf.

It is now working with another
huge logistics provider, Kuehne +
Nagel, to develop an even heavier,
14-tonne vehicle for urban,
temperature-controlled
distribution.

Today, despite its relatively
humble 60-strong workforce,
Tevva’s voice and influence far
outweighs its size and it punches
well above its weight

commercially, enjoying
partnerships with some of the
biggest and best-known logistics
firms on the planet and taking
orders from several other fleets in
a wide variety of industries as
diverse as the food and janitorial
sectors. 

It boasts a range of deployable
proprietary technologies that
comprise products and software
that, variously, provide the ability
to switch to pure electric battery
power, optimise power and usage
through a bespoke battery
management system, reduce fleet
running, repair and maintenance
costs, and eliminate range anxiety
via its range extender.

While OEMs and businesses
struggle to solve electrification

problems, Tevva is offering
technologies that have been
proven in real-world, in-service
environments today.

Tevva lists among its main
competitors some big names in
the industry – the likes of Volvo,
Tesla, Daf and Man.

Before founding Tevva, Bennet
already had form in the electric
vehicle sector, having also
founded an EV battery company
called Evida. The firm was a
venture-backed provider of energy
products, with operations in the
USA, Europe, Israel and China.
The company focused on battery
pack design, fleet integration
services and customised financial
options with the aim of increasing
the uptake of EVs.

Evida was also a key supplier at
the Beijing Olympic Games in
2008.

Technologies
Tevva is a pioneer in the back-to-
base, urban distribution
commercial vehicle sector. The
company has developed a range of
products, software and
technologies that can be packaged
in its own e-truck or integrated
into other OEM vehicles. 

These technologies are available
immediately and are said to offer
economic, commercial and
environmental benefits from day
one for fleets, operators and
OEMs.

At the heart of the offering are
its core proprietary technical
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A goal is to eliminate range anxiety

Engineering teams have developed a system that gives the driver more control

innovations. These are patented
and protected technologies.

The wheels of a Tevva e-truck
or a vehicle into which Tevva
technology has been integrated
are powered purely by an electric
motor. The e-motor takes inputs
from the driver and translates that
input into seamless and accurate
torque delivery at the wheels, with
high energy efficiency, reliability
and safety.

This makes for an intuitive
driving experience for the
operator that is both less tiring
and easy to master.

Mechanical, electrical and
software engineering teams have
developed a system that gives the
driver more control over the
vehicle’s torque; this allows him
or her to move decisively in traffic
as well as nudge delicately into a
narrow space. Meanwhile, the
enhanced efficiency of the
regenerative braking system
allows for real one pedal driving
dynamics while maintaining
vehicle energy economy.

The system uses high-efficiency

permanent magnet motors
integrated with power electronics.
Among the key features is the
regenerative braking system,
which harnesses energy from the
vehicle’s braking components;
that energy is then in the battery.
Other features include an anti-roll
back system, an electronic speed
limiter and smart control
technologies for the power
steering systems.

The high-voltage electrical
energy system is integrated with
Tevva’s bespoke battery
management system, which
operates a control strategy to
arbitrate the flow of energy to and
from the battery cells to optimise
power and safeguard the longevity
of the battery chemistry.

The BMS also governs the flow
of energy back into the battery
under regenerative braking, how
the battery is discharged under
load, and how it is recharged and
balanced between shifts – this is
the key to battery cell longevity
and therefore operational
economics.

Tevva Rex is the ace in the hole
innovation and optional extra,
allowing the operator to increase
the battery use and eliminate
range anxiety entirely by
recharging the battery as the
vehicle is in motion.

The use of the range extender,
which is offered as an optional
extra, produces low emissions,
which are also subject to an
exhaust gas after treatment.

The range extender is controlled
by the firm’s proprietary Prems
predictive range extender
management software, which
autonomously engages and
disengages the Rex, meaning the
driver does not need to make any
decisions about whether or not to
use the extender, and therefore
strict zero emission zones are
safeguarded.

Tevva Link is an embedded,
cloud-based control system that is
connected to the vehicle’s
communication network; the
vehicle control unit allows for 
bi-directional data transfer and
works autonomously to control
drive and power technologies
onboard.

The Prems software ensures
optimal energy usage and
constantly monitors the vehicle
and the environment it is in to
increase the use of the Rex range
extender; because this is all done
autonomously, there is less
pressure on the driver to make
decisions

Link captures all vehicle data to
provide detailed performance
diagnostics; this telemetry allows
fleet managers to see where their
vehicles are and view dozens of
other information points, allowing
for proactive planning and
predictive action in case of any

potential vehicle issues and for
pre-emptive maintenance.

The Link also controls on-board
mobile communications and
includes GPS.

Safety
The safety of its technologies and
that of its customers, drivers and
operators is important to Tevva.
As a result, the products and
technologies it has developed and
produced have been designed to
meet and surpass almost all the
most stringent regulations.

This is another example of how
Tevva, despite being relatively
small at 60 people, operates at a
level way above its external
veneer. Its standards on safety are
more akin to those of massive
corporations and OEM

manufacturers. 
Tevva is an ISO 9001 company.

The company is actively funding a
series of engineering projects that
will lead to certification of its core
systems under ISO 26262.

By interpreting regulations and
negotiating with the relevant
authorities, Tevva adopts a system
engineering process that is
recognised in both automotive and
aerospace industries. The process
captures all safety, customer and
certification requirements and
translates them into engineering
specifications. Engineering
development, validation and
certification follow ensuring that
the design meets or exceeds
expectations.

Industry standard best practices
are also firmly in place, with

testing facilities and quality
assurance controls ensured via
globally recognised partners in
Horiba Mira and Millbrook
Proving Ground.

Cloud-based telemetry lets
problems be diagnosed remotely,
which means an engineer will not
require time in the workshop to
diagnose a fault and can arrive
ready to fix any issue first time. 

Conclusion
Tevva says its technologies let
businesses be at the forefront of
clean freight operations. Its
proprietary and patent-protected
technologies meet and often
exceed current emissions
regulations and are future-proofed
against regulations due to come
into force in the coming years.
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PRODUCTS

A single-channel gate
driver from Power Inte-
grations for silicon car-
bide (SiC) mosfets has
been certified to AEC-
Q100 for automotive use.

The SiC 118xKQ Scale-
iDriver can be configured
to support gate-drive volt-
age requirements of com-
monly used SiC mosfets
and safety and protection
features.

The SiC 1182KQ
(1200V) and 1181KQ
(750V) devices are for
automotive applications
exhibiting rail-to-rail out-
put, fast gate switching
speed, unipolar supply
voltage supporting posi-
tive and negative output
voltages, integrated
power and voltage man-
agement, and reinforced
isolation.

Safety features include

drain-to-source voltage
(VDS) monitoring, sense
readout, primary and sec-
ondary under-voltage
lock-out, current-limited
gate drive and advanced
active clamping (AAC),
which facilitates safe op-
eration and soft turn-off-
under-fault conditions.

AAC in combination
with VDS monitoring en-
sures safe turn-off in less
than 2µs during short-cir-
cuit conditions. Gate-
drive control and AAC
features allow gate resist-
ance to be reduced, low-
ering switching losses
and increasing inverter
efficiency.

By pairing the control
and safety features
with its high-speed
FluxLink communication
technology, the company
says this delivers a revo-

lution in gate-driver IC
technology compared
with opto-, capacitive- or
Si- isolated magnetic
couplers.

The combination im-
proves isolation capabil-
ity, and enables safe,
cost-effective designs for
inverters with few exter-
nal components up to
300kW.

The single-channel gate
drivers provide up to 8A

and suit SiC mosfets with
standard gate-emitter
voltages from +15V, with
negative voltages in the
range -3 to -15V. Devices
exhibit high external
magnetic field immunity,
and are available in an
eSOP package that pro-
vides more than 9.5mm
of creepage and clear-
ance, using material that
has the highest CTI level
of 600 per IEC 6011.

SiC gate driver meets AEC-Q100

Shunt resistors from
Rohm deliver 4W rated
power at an electrode
temperature TK of +90˚C
in the 5.0 by 2.5mm 2010
type package, or 3W at a
TK of +100˚C.

The GMR50 series is
for current detection in
motors and power supply
circuits used in automo-
tive systems and indus-
trial equipment.

The devices combine a
revised electrode struc-
ture with a design that im-
proves heat dissipation to

the PCB where the resis-
tor is mounted. The result
is a 39% smaller mount-
ing area over conven-
tional 4W rated products.

For example, when
using a 5mΩ product at
2W, the company suc-
ceeded in reducing sur-
face temperature rise by
57% compared with con-
ventional 5025 size resis-
tors.

In addition, they can
sustain against overcur-
rent loads and deliver sta-
ble current detection

Revised electrode
structure boost
for shunt resistors

accuracy even when un-
expected loads exceeding
the rated power are ap-
plied.

It was developed to
meet the demand for fur-
ther miniaturisation and
higher power than con-
ventional products.

The devices use a metal

alloy as the resistive ele-
ment to improve TCR
even in the low resistance
region. As an example, 0
to +25ppm/˚C is ensured
for 5mΩ resistance. This
enables high accuracy
current detection that is
less affected by changes
in ambient temperature.

Eight 100 and 200V fast
recovery rectifiers have
been added to Vishay’s
Fred Pt eSMP series in
the SlimSmaw DO-
221AD package with a
0.9mm profile.

Eight rectifiers improve reliability
Footprint-compatible

with the common SOD-
128, the diodes have
larger lead widths than
devices in the SlimSma
for increased reliability.

The 2 and 3A rectifiers
have high current density,
while their wide leads
provide stronger adhesion
to the PCB and improve
automated optical inspec-
tion in automotive sys-
tems.

The Fred Pt technology

enables recovery times
down to 16ns at TJ =
25˚C, reduced Qrr to
20nC, and soft recovery
features over the entire
working temperature of
-55 to +175˚C.

Available in AEC-Q101
qualified versions, the
rectifiers have a forward
voltage drop down to
0.69V, which reduces
power losses and im-
proves efficiency in high
frequency inverters, DC-

DC converters, free-
wheeling diodes and
power factor correction in
automotive ECU, anti-
lock braking systems, and
HID and LED lighting.

The devices have an
MSL moisture sensitivity
level of one, per J-STD-
020, and LF maximum
peak of +260˚C.

RoHS-compliant and
halogen-free, the diodes
are suitable for automated
placement.

A 100V n-channel power
mosfet from Toshiba is
for automotive equipment
applications such as load
switches, switching

power supplies and driv-
ing of motors.

The XK1R9F10QB is
the first available device
in the company’s U-Mos

Trench structure on 100V mosfet
X-H series of mosfets
with a trench structure,
and is fabricated with its
latest process.

Encapsulated within a
low-resistance TO-
220SM(W) package, it
delivers on-resistance
with a maximum value of
1.92mΩ at a gate-source
voltage of 10V.

This represents an im-
provement or reduction of
approximately 20% when
compared with current
devices such as the
TK160F10N1L. It also
exhibits reduced switch-
ing noise, due to the opti-
misation of its
capacitance characteris-

tics, which helps reduce
EMI.

The device can with-
stand a drain-source volt-
age of 100V and is rated
for a continuous drain
current of 160A, or 480A
if pulsed.

The device can be oper-
ated with a channel tem-
perature of +175˚C and
has a channel-to-case
thermal impedance of less
than 0.4˚C/W, improving
thermal performance.

It is qualified to AEC-
Q101 and a PSpice model
is available to assist with
simulation.

Mass production ship-
ments have started.
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A custom soic-16W pack-
age for power dense hy-
brid and electric vehicles
and solar applications is
available from Allegro
Microsystems for devices
with 5kV certified isola-
tion voltage and more
than 80A nominal current
measurement.

The first devices avail-
able in the MC package
are the ACS724 and
ACS725 current sensor
ICs for applications such
as DC-DC converters,
solar inverters, UPS sys-
tems, xEV on-board
chargers, EV charging
pile and motor control.

The package has a cop-
per lead frame more than
twice as thick as standard
soic semiconductor pack-
ages.

This allows for the
265µΩ series resistance.

The 5kV RMS isolation
rating allows operation at
continuous voltages up to
1.6kV DC and 1.14kV
RMS. This meets the
needs of the most electric
vehicle applications and
the 1.5kV DC solar stan-
dards.

Custom
package
suits EVs

A battery management
system (BMS) controller
from ST Microelectronics
is said to increase reliabil-
ity, safety, driving range
and cost-effectiveness of
electric vehicles.

The L9963 controller is
already being used for
joint projects with organ-
isations developing EV
batteries. These include
LG Chem, Chinese R&D
institute Imecas and EV-
battery technology com-
pany Epoch.

A typical BMS applica-
tion uses multiple L9963
devices to monitor groups
of cells in the battery
stack, managed by a host
microcontroller.

The device is in produc-
tion now and can monitor
up to 14 stacked battery
cells, measuring voltages
with accuracy better than

2mV in the 1.7 to 4.7V
range. Simultaneous digi-
tisation of all sensed
values eliminates cell-
synchronisation delays.

It can also monitor up to
seven external tempera-
ture sensors, enhancing
the system’s ability to de-
tect fluctuations and
maintain stability.

Meeting Asil-D require-
ments, it integrates a fully
redundant cell-measure-
ment path that enhances
safety and provides sup-
port for a limp-home
mode.

Fault-detection and
notification meeting auto-
motive safety require-
ments are also built in.

With a serial peripheral
interface (SPI), the device
has a 2.66Mbit/s vertical
communication interface
for high-speed communi-

BMS controller ups
EV driving range

cations between multiple
L9963 ICs monitoring the
entire battery stack. This
permits eight devices to
convert and read 96 cells
in less than 4ms, and can
work with any combina-
tion of transformer-based
or capacitive isolation.

The design allows hot
plugging without the ex-
ternal Zener diodes usu-
ally needed to protect the
BMS because the battery
cannot be powered down.
Designers can thus elimi-
nate these components to
reduce costs.

Alps Alpine has added a
model with 5N operating
force and 1.04mm travel
to its SKSU compact,
middle-stroke Tact
Switch line for automo-
tive use.

As an automobile safety
consideration, input
switches inside vehicles

Switch needs 5N to operate
are increasingly inte-
grated into the steering
wheel area for drivers to
operate without taking
their eyes off the road.

Moves to place driving
automation controls at
drivers’ fingertips, too,
are also picking up pace
given that levels two and
three automated driving
require switching be-
tween human driver and
automated driving system
modes.

Car makers are also
stepping up requests for
the feel of human-ma-
chine interfaces to be cus-

tomised as a way of es-
tablishing a strong brand
image.

This creates additional
need for a more diverse
line of switches.

The SKSUBBE010 has
a 1.04mm travel, at the
longer end of the middle
stroke range, and a rela-
tively heavy 5N operating
force.

These characteristics
enhance clarity, helping
prevent accidental opera-
tion, and impress with a
premium operating feel.

The pre-stroke design
helps prevent rattling

when integrated into the
end product.

Because it has mount-
ing compatibility with the
existing SKTQ series,
users using can choose
the best operating feel for
their brand without hav-
ing to modify the board
design.

It has IP67-equivalent
dust and water resistance.

Applications include
steering wheel area and
on-board units for centre
console panels, car audio
and navigation, and HMI
applications demanding
quiet operation.

For checking pressure
sensors in automotive ap-
plications, the Yokogawa
MT300 digital manome-
ter uses silicon based res-
onant sensor technology.

It has an absolute accu-

racy of pressure measure-
ment of 0.01% for a guar-
anteed 12 months.

Four models are avail-
able for gauge pressure
covering 10 to 3500kPa.
The absolute pressure
model has a range of
130kPa, while the three
differential pressure mod-
els go from 1 to 700kPa.

Measurement intervals
are down to 50ms, allow-

ing the measurement of
rapid transient pressure
variations using a differ-
ential pressure flow trans-
mitter.

Up to four units can be
interconnected and syn-
chronised to a computer
via GP-IB, USB or Ether-
net. This eliminates meas-
urement variations due to
fluctuating atmospheric
conditions.

Manometer checks pressure sensors

A version of Warwick
Control Technologies’
X-Analyser network
analyser provides Can,
Can FD and Lin all in one
tool, along with the Can
higher layer protocols
SAE J1939, NMEA2000
and CanOpen.

Version 3.12.0 is avail-
able in a kit that includes
the Kvaser Hybrid two-
channel interface and can
be used to test Can, Can
FD and Lin via one inter-
face.

The two channels of the
Kvaser interface can be
mapped to the X-
Analyser software in any
combination of these net-
work protocols, for exam-
ple channel one can be

Can, Can FD and Lin
combine in one analyser

Lin and channel two Can
FD.

An optional feature is
the Can physical layer
analyser via the Pico-
Scope 2206b USB oscil-
loscope that scans the
Can bus for 10s and
records one example of
each Can message.

Users can click on the
Can identifier and view
the Can_H, Can_L and
differential of the entire
Can frame in an oscillo-
scope type view.

Ablic has launched the S-
19310, S-19315 and S-
19316 automotive LDO
voltage regulators with-
voltage monitoring.

They are single-chip
power supply LDO volt-
age regulators for power-
ing timer ICs that operate
under low current.

The output voltage of
conventional general-
purpose LDO voltage
regulators rise at high
temperatures and light
load, which can damage
connected devices. These
ICs integrate functional-
ity for suppressing rises
in output voltage at high
temperatures to ensure
both low current and
safety of timer ICs that
operate under light load.

The S-19310 monitors
the output voltage of the
built-in LDO voltage reg-
ulator, the S-19315 moni-
tors the voltage of the
device connected to the
sense pin, and the S-
19316 monitors the input
voltage of the built-in
LDO voltage regulator.
Since the detection volt-
age and the release volt-
age can be set
independently within a
specified range, optimum
voltage monitoring can be
set as required by each
system.

The series has been sub-
jected to the three-tem-
perature test (low, normal
and high). It is planned to
comply with AEC-Q100
and is PPAP capable.

LDOs monitor voltage
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A high-linearity, low-drift
linear Hall sensor from
Melexis is for safety-crit-
ical automotive torque-
sensing applications

The Asil-ready
MLX91377 is for steer-
ing-torque and general
automotive sensing in
systems such as electric
power-assisted steering.

With an ambient operat-
ing temperature up to
+160˚C, it was developed
as a safety element out of
context (SEooC) to com-
ply with ISO 26262. It is
qualified to AEC-Q100
grade 0.

Supporting Asil-C in
digital Sent or SPC mode
and Asil-B in analogue
mode, the device can de-
tect internal failures and
enter a safe state to pre-
vent unintended vehicle
behaviour.

The dual die tssop-16

package expands this by
offering two fully redun-
dant dies to enable sup-
port for safety critical
applications such as
steering and braking
systems.

It satisfies automo-
tive and
industrial
contactless
position-sens-
ing use cases
such as steering torque
sensors, acceleration,
brake or clutch pedal sen-
sors, absolute linear posi-
tion sensors, float-level
sensors, non-contacting
potentiometers, small-
angle position sensors,
and small stroke position
sensors.

The programmable
measurement range and
multi-point calibration in-
crease flexibility for de-
signers, and the output

Hall sensor measures safety-critical torque

protocols let one
IC be used in multiple ap-
plications reducing re-
qualification efforts and
costs.

The short PWM code
(SPC) protocol permits
measurements to be taken
and transmitted upon de-
tection of a trigger pulse.

This means that up to
four sensors can be syn-
chronised up to 2kHz, en-
abling simultaneous

m a g n e t i c
measurements with deter-
ministic latency to in-
crease accuracy.

In addition, the low-
noise and high refresh
rate allow high control-
loop speeds enabling sys-
tems to deliver fast
response times with low
filtering.

The device has a 48bit
programmable identifica-
tion number.

Cable-to-board 2.0mm
pitch connectors from
Erni are designed to pro-
vide compact and reliable
connection that will with-
stand high vibration,
making them suitable for
rugged environments
such as automotive.

One of the key features
is the TPA (terminal posi-
tion assurance), which
serves as a secondary
locking to the crimp con-
tacts in the female hous-
ing. The secondary
locking feature, in addi-
tion to the location pegs
of the male parts, make
the connections particu-
larly resistant against
strong vibrations.

The iBridge Ultra is
tested according to Uscar-
2 and Uscar-21.

The compact design
supports space-restricted
use between control units
and local components
such as sensors, motors,
switches, fans, heating el-
ements or LEDs.

Current rating is up to
8A per contact. The crimp
contacts are specified for

AWG 22 and 24 wiring.
Polarisation keys on the
female parts and polarisa-
tion slots on male provide
polarity reversal protec-
tion for secure mating.

Dual beam female con-
tacts protect against mis-
alignment mating while
stamped male contacts
ensure robustness, copla-
narity and high current
capacity.

Variants include vertical
male and right-angle male
connectors with SMT ter-
mination launching first
and through hole solder
(DIP) options coming
soon, and female connec-
tors with 180˚ cable outlet
(crimp).

The male SMT variants
are supplied in tape-and-
reel packaging while the
male solder connectors
are delivered in tubes;
both are suitable for fully
automated assembly.

The connectors with
tin-plated contacts oper-
ate in a temperature from
-40 to +100˚C and are
available in pin counts of
2, 3, 4, 5, 6, 8, 10 and 12.

Cable-to-board
connectors
stand vibrations

A digital isolator from
Texas Instruments is
qualified to AEC-Q100
grade 0 ambient operating
temperature.

The ISO7741E-Q1 has
a 1.5kV RMS working
voltage and supports tem-
peratures up to +150˚C.

The isolator helps engi-
neers protect low-voltage
circuitry from high-volt-
age events in hybrid and
full electric vehicles and
avoid having to design in
cooling systems to reduce
temperatures to below
+125˚C, the maximum
temperature grade-one-
qualified ICs can sup-
port.

When implementing
Can FD communications,
engineers can increase in-
vehicle network signal
protection and reach by
using the device with the
firm’s TCan 1044EV-Q1
grade 0 Can FD trans-
ceiver.

It is designed to help
engineers simplify the
design of HEV and EV
systems in harsh environ-
ments, such as 48V HEVs
where the co-existence
of internal combustion
engines and battery sys-
tems can heat the air
around ICs beyond
+125˚C.

The device uses capaci-

tive isolation technology
to provide a working volt-
age of 1.5kV RMS and an
isolation voltage of 5kV
RMS, enabling engineers
to achieve more reliable
operation of powertrain
and HVAC systems that
require signal transmis-
sion across an isolation
barrier, such as starter
generators, cooling fans
and traction inverters.

This device provides
additional system-level
protection in harsh auto-
motive environments due
to its typical common-
mode transient immunity
of ±100kV/µs and ±8kV
IEC 61000-4-2 contact
discharge protection.

By combining the isola-
tor and the transceiver in
Can FD bus designs, en-
gineers can meet the ISO
11898-2:2016 timing
standard for high-speed
automotive communica-
tions, allowing for ex-
tended reach and
reliability of signals
across in-vehicle net-
works without diminish-
ing data rates.

The isolator is available
in a 10.3 by 7.5mm, 16-
pin soic package. Prepro-
duction Can FD
transceivers are available
in 4.9 by 3.91mm, eight-
pin soic packages.

Digital isolator
operates up
to +150˚C


