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intermittent malfunctions of 
connected electronic devices.

For the start/stop system 
to operate smoothly, the car 
manufacturer must integrate 
additional control software into 
a vehicle’s engine control unit.  
This does not require the ECU 
to have additional processing 
power or memory.  The software 
will analyse all relevant data 
transmitted from the vast array 
of wired sensors fitted across 
the vehicle.  For example, 
sensors fitted to each wheel of 
the vehicle – already used in 
anti-lock braking and electronic 
braking systems – will transmit 
speed data back to the ECU.  
The car manufacturer will also 
integrate additional switches 
to monitor the gear lever and 
clutch pedal or brake positions.  
Together, these will signal to 
the ECU when to switch off 
the engine.

A crankshaft sensor registers 
the attitude of the crankshaft 
and positions of the individual 
cylinders within the engine, so 
as soon as the driver releases 
the clutch or brake pedal to 
restart the vehicle, the engine 
management system can 
determine which cylinder to 
inject with fuel and which 
cylinder to ignite.  Direct fuel 
injection also means that 
the engine can be quickly 
accelerated up to idling 
speed, halving the starting 
time of the engine.

A battery sensor to measure 
the charge and condition of 
the battery is a crucial part 
of the system.  It improves 
battery performance by first 
recording current, voltage and 
temperature and then uses 
integrated software to calculate 
charge as well as predict future 
battery states.  This information 

is relayed to the ECU and 
ensures that the engine is 
only stopped if the battery 
has sufficient capacity to restart 
the engine again quickly.  So 
if the battery is too weak, the 
start/ stop system will not switch 
off the engine during idling.

LOOKING AHEAD
Work on the current start/ stop 
system first started at the 
beginning of the last decade, 
with the final system being 
introduced to an automotive 
industry some seven years 
later.  The real innovation 
behind the technology has 
been the systematic approach 
taken by the engineers who 
developed it.  Components 
already integrated in modern 
vehicles have been redesigned 
and combined with sensors 
and switches to provide a 
system that is relatively easy to 
install, and starts and stops an 
engine quickly and efficiently.  
For example, a warm start only 
consumes as much fuel as 
0.7 seconds idling time.

Engineers are now 
developing the system to 
enable it to switch the engine 
off earlier, when the vehicle is 
about to stop.  If, say, a driver 
has already depressed the clutch 
and is braking, the engine could 
be switched off before the car 
reaches a standstill.

A further step could be to 
develop a start/stop ‘coasting 
mode’ in which the engine is 
switched off while the car is 
cruising, with the driver’s foot 
off the accelerator.  The Porsche 
Cayenne Hybrid, for example, 
has this mode integrated into its 
hybrid drive-train.  Installing free-
wheeling to petrol and diesel 
vehicles could be next.

A reduction-gear start/stop starter motor for petrol and diesel engines with 
manual or automatic transmission

START/STOP ENGINES COME OF AGE

The author would like to thank Dr Rebecca Pool for her help in 
compiling this article.

THE AUTOMATIC TRANSMISSION 
CHALLENGE
The start/stop function in automatic transmission vehicles is 
straightforward for the driver: press the brake pedal and once 
the vehicle has come to a standstill, the engine control unit will 
stop the engine, and then release the brake pedal to restart the 
engine.  However the time available for the system to restart the 
engine compared to a manual transmission, in which the driver 
will depress the clutch (declutch), engage gear and re-engage the 
clutch, is a lot less.  So in essence Bosch engineers had to speed 
up the processes responsible for re-starting the engine.

The first step was to modify the software in the engine control 
unit that controlled the direct fuel injection system.  The crankshaft 
sensor was programmed to monitor the running of the engine 
and detect which cylinder to inject and ignite as soon as the brake 
was released.  Engineers also adjusted the transmission ratio of the 
starter motor and altered its pinion-ring gear combination. 

Work was carried out in collaboration with several car 
manufacturers and the system can now be fitted into the 
Volkswagen Passat, Porsche Panamera, Fiat 500 and Audi A8.
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condition in which bone density 
is lost, now cost European 
countries more than €30 billion 
a year.  The VPHOP (Osteoporotic 
Virtual Physiological Human) 
project, coordinated from Istituto 
Ortopedico Rizzoli in Italy (see 
VPHOP), aims to develop models 
of osteoporotic patients that can 
be used to predict the risk of 
fracture.  These are multi-scale 
models that take into account 
factors ranging from the average 
physical load on the whole body 
to the composition and function 
of the bone matrix, which is 
defined at molecular level.
 Just as the human body is 
made up from an enormous 
range of components, so the 
Virtual Physiological Human – 
if it is to stand any chance of 
mirroring the ‘real thing’ – must 
be built up from an enormous 
number of component models at 
different scales.  Even modelling 
a single organ, such as the heart, 
will involve a large number of 
groups with different approaches. 
Eventually all these will have to 
be combined. Such integration 
can fail for the simplest of 
reasons, for example, different 
groups can use different names 
for the same component.  One 
of the most important tasks 

of the VPH network is the 
unglamorous one of building a 
set of common, publicly available 
tools, and working with people 
who develop standards and 
nomenclatures that ensure that, 
as far as possible, all models are 
compatible with each other.
 If the dream of the virtual 
human comes to pass, when 
our children and grandchildren 
visit their doctors later this 
century, they may encounter 
avatars of themselves, tailored to 
mimic their exact physiological 
condition, and on which doctors 
can test preventative and 

curative treatments in advance. 
And if the virtual human does 
come to the doctor’s surgery, it 
will owe much to the insights 
of the young Denis Noble and 
his colleagues, working at the 
dawn of the computer age. It 
may, however, owe more to 
those who work behind the 
scenes now to construct the 
standards and software that will 
ensure that the disparate parts 
of this ambitious project will, 
eventually, work together.
 For more information about 
the VPH project visit: http://
toolkit.vph-noe.eu/ 
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the models are developed using 
data from individual patients 
and aim to stratify disease. 

FRESH MODELLING 
INITIATIVES
Engineering is important at 
some level in almost all of 
these projects.  For example, in 
atherosclerosis, fatty deposits 
build up on the walls of arteries. 
It is not serious in itself until 
those deposits are thick enough 
to block blood vessels.  Any 
medical intervention involving 
the cardiovascular system, even 
the simple surgical procedure 
of inserting a stent, will change 
the dynamics of blood flow, 
potentially changing the 
distribution of atherosclerotic 
plaques and the likelihood 
of severe complications.  The 
ARTreat project led by a Greek 
software company, SWORD 
Technologies SA (see ARTreat 
project), aims to develop patient-
specific computer-based models 
of arterial anatomy, blood flow 
and blood cell dynamics in 
order to predict the effect of 
a particular intervention on a 
patient’s atherosclerosis and aid 
clinical decision-making.

Fractured bones arising from 
osteoporosis, a degenerative 

ARTreat SWORD Technologies (GR) Modelling arteries and atherosclerosis development

PROJECT LEAD PARTNER & COUNTRY DESCRIPTION

euHeart Philips Research (DE) Patient-specifi c cardiovascular modelling
VPHOP Istituto Ortopedico Rizzoli (IT) Modelling osteoporosis for predicting fracture risk
ARCH “Mario Negri” Institute (IT) Image-based hemodynamic modelling of hemodialysis
ContraCancrum FORTH (GR) Multi-level simulation of tumour development
IMPPACT Fraunhofer-Institut FIT (DE) Image-based, multi-scale liver modeling for ablation therapy
HAMAM EIBIR (AT) Imaging and modeling for highly accurate breast cancer diagnosis
NeoMARK Universitaria di Parma (IT) Multi-scale data integration for predicting oral cancer recurrence
PreDiCT University of Oxford (UK) Computational prediction of cardiac drug toxicity
PredictAD VTT Technical Research Centre (FI) Imaging biomarkers for prediction of Alzheimer’s disease
VPH2 Noema Life (DE) Patient-specifi c modeling of the diseased human heart
Action-Grid Universidad Politecnica de Madrid (ES) Cooperation between the EU and emerging economic regions
RADICAL Fraunhofer-IPK (DE) Enhancing security to protect medical and genetic data
Some of the areas of activity being undertaken by the Virtual Physiological Human project

MODELLING HEALTH AND DISEASE
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Bosch believes that consumers should not have to compromise on quality 
to be environmentally friendly. That is why we continually invest in the 
development of new technologies to ensure we are providing some of the 
most energy-efficient and eco-friendly products available.
 
In 2010, 45% of our R&D budget was spent on products and solutions that 
conserve energy and protect the environment, and we applied for an average 
of 15 patents every day. Find out more about Bosch’s green innovations at 
www.bosch.co.uk
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EARTHQUAKES, AGAIN

Dr Scott Steedman 

EDITORIAL

The 1990s was the UN International Decade 
for Natural Disaster Reduction (IDNDR), 
launched with the objective of reducing 
loss of life, property damage and social 
and economic disruption from natural 
disasters. I remember attending the mid-
term conference in 1994 in Yokohama. By 
the year 2000, all countries were to have 
comprehensive national assessments of risks 
from natural disasters along with mitigation 
plans and access to global, regional and 
local warning systems. The IDNDR had some 
value in raising awareness, but, looking at 
the catalogue of recent earthquake disasters 
around the world, you could be forgiven for 
thinking that it did not achieve its goals.

Despite all our efforts during that 
decade, memories were fading of the true 
scale of disaster that earthquakes could 
inflict. Before the 1990s, the worst known 
human disaster from earthquakes had 
been in Tangshan, China, in 1976. Great 
earthquakes had struck Chile in 1960 and 
Alaska in 1964, but the earthquakes of 1985 
in Mexico, 1988 in Armenia and 1989 Loma 
Prieta, California, serious as they were, were 
not in the same league. 

Although the earthquakes at Northridge, 
California, in 1994 and in 1995 at Kobe, 
Japan, set new benchmarks for their 
economic impact, by good fortune fatalities 
from earthquakes were comparatively 
low throughout the 1990s. After a decade 

of talking, the Boxing Day tsunami in 
2004 changed everything. It seemed 
that everybody knew someone who had 
been caught up in the great waves that 
swept around the Indian Ocean. That 
earthquake, at Magnitude 9.1, was the 
third largest earthquake since instrumental 
records began, around 100 years ago. Over 
230,000 people were killed, but the disaster 
did lead to the installation of a tsunami 
warning system around the Indian Ocean. 
Earthquakes and tsunamis were back on the 
global agenda. 

In the past few years, a series of major 
earthquake disasters has rocked the world: 
Pakistan in 2005, China in 2008, Haiti and 
Chile in 2010, New Zealand in 2010 and 
2011, and now Japan. There has never been 
a better time for engineers to make the case 
that managing the risk of extreme events 
requires more than higher flood walls and 
better emergency planning. It requires local, 
regional and national authorities to see 
disaster mitigation as an integrated system, 
so that no matter how severe the situation, 
control over critical infrastructure – transport, 
power generation and key facilities can be 
maintained throughout the event, or rapidly 
restored afterwards.

At Magnitude 9, the Tohoku earthquake 
that struck the north-east coast of Japan on 
11 March is the fourth largest earthquake 
on record.  The shaking in some areas was 
extreme, but above all it was the force of the 
tsunami that caused the most devastation 
and loss of life. A high proportion of those 
who died were over 60 years old, unable, 
unwilling or unaware of the need to reach 
higher ground. The height of the tsunami 
overwhelmed the flood defences of the 
ageing Fukushima Dai-ichi nuclear plant, 

causing the loss of the backup power 
systems, essential in controlling the reactors’ 
shutdown process. 

Both the Tohoku earthquake and the 
Christchurch, New Zealand, earthquake in 
February were on an unexpected scale for 
their region. The small but deadly thrust 
fault that devastated Christchurch was not 
known to be active. In Japan, the potential 
for offshore earthquakes was well known 
but few thought that such a large area 
of the seabed would move at once, in a 
single event. The cost of New Zealand’s 
earthquakes could reach 15-20% of the 
country’s annual GDP. The cost of the 
Tohoku earthquake in Japan could exceed 
$300 billion (over 5% of GDP), dwarfing all 
previous natural disasters in financial, if not 
human terms. 

The important lesson for engineers is 
that hazard assessment is, by definition, 
an uncertain business. We need new 
ways of thinking through how our whole 
system of protection can remain under 
control, no matter what. Resilience is the 
key to deciding the extent of engineering 
countermeasures, such as flood defences, 
critical infrastructure or even evacuation 
plans. Resilience does not have to mean 
ever higher flood walls, or duplicated 
systems. Resilience means that engineers 
understand the consequences of failure of 
any single element and can communicate 
to governments that the system will still 
achieve whatever outcome is acceptable. 
More concrete is not the answer; more 
systems thinking is.

Dr Scott Steedman CBE FREng
Editor-in-Chief

The important lesson for engineers is that hazard assessment 
is, by definition, an uncertain business. We need new ways 
of thinking through how our whole system of protection 
can remain under control, no matter what.
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