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Introduction – the case for driverless cars

How much of an impact will the design, development and 

introduction of autonomous cars have on society at large?

Think of it like this: there’s a very good chance that no 

individual born from this moment onwards will ever learn to 

‘drive’ a vehicle in the same way that we do today. That’s a 

primary means of mobility, currently critical to the functioning 

of modern society, consigned to history within less than  

a generation. 

So, what are the main drivers of such disruptive and far-

reaching technological change? Safety is the principal factor. 

By taking humans out of the loop, proponents of driverless 

cars claim they will deliver a dramatic reduction in the number 

of people killed and injured on our roads every year.

Abstract

The automotive sector is betting big on driverless  

cars. Billions of dollars are being spent globally as 

OEMs and technology companies battle to secure 

a slice of the so-called ‘passenger economy’, where 

people swap driving for riding. But the route to full 

autonomy is proving difficult to navigate. The major 

players face a range of technological, financial and 

societal barriers as they seek to achieve their aims. 

That has led some critics to question whether Level 

5 autonomy – where driverless systems can carry out 

all driving tasks, under all conditions that a human 

driver could perform – will ever be attained. This 

White Paper attempts to give a readable and easily 

digestible assessment of the state-of-play in the 

autonomous driving sector, highlighting some of the 

remaining technological challenges, while plotting a 

realistic roadmap to a driverless future.

Statistics do indeed present a strong case for exploring 

all possible avenues when it comes to improving road safety. 

At present, according to research from the Association for 

Safe International Road Travel (ASIRT) (1), nearly 1.3 million 

people die in road crashes each year, with an additional 20-50 

million injured or disabled. That’s a terrible toll. And unless 

action is taken, road traffic injuries are predicted to become 

the fifth leading cause of death by 2030, ASIRT predicts.

Astonishingly, nine out of ten road accidents are caused by 

human error, dwarfing other factors such as mechanical fault 

or adverse weather conditions. It’s here that autonomous 

vehicles hold such potential. Driverless cars don’t get fatigued, 

irritated, frustrated or drunk, and the absence of these 

human failings should – in theory – mean that their adoption 

could lead to a dramatic reduction in the number of road 

traffic accidents reported globally each year.

But it’s not all about safety. There’s also a strong commercial 

factor driving the transition to autonomous vehicles that 

should not be under-estimated. Carmakers, the technology 

giants and a network of smaller, highly-innovative suppliers 

all see driverless cars as big business, and many of these 

organisations are investing heavily to ensure they get a 

piece of the action. 

A recent study from Intel and the research firm Strategy 

Analytics (2) predicted that driverless vehicles would 

be behind an astronomical $7 trillion worth of economic 

activity and new efficiencies annually by 2050. Autonomous 

technology will lead to the emergence of what’s being 

called the ‘passenger economy’ as people swap driving 

for riding and cars become the most powerful mobile 

data generating devices we use. Such a catalyst will 

deliver massive societal transformation, says the study, 

and businesses need to adapt or risk failure and extinction.  

No wonder there is such a frenzy of research activity,  

as some of the world’s most powerful companies  

jockey for pole position.

https://www.asirt.org/safe-travel/road-safety-facts/
https://www.asirt.org/safe-travel/road-safety-facts/
https://newsroom.intel.com/news-releases/intel-predicts-autonomous-driving-will-spur-new-passenger-economy-worth-7-trillion/
https://newsroom.intel.com/news-releases/intel-predicts-autonomous-driving-will-spur-new-passenger-economy-worth-7-trillion/
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Navigating the long road to acceptance

However, despite such compelling causal factors, there 

are still some major obstacles on the route to driverless 

cars. Let’s put the extraordinarily complex technological 

challenges aside for one moment, because there is 

perhaps an even bigger blocker standing in the way  

– that being consumer resistance.

A recent survey conducted in the UK by Robert Bosch 

(3) found that, despite significant progress with the 

technology, two third of respondents remained sceptical of 

fully automated vehicles. Meanwhile, more than half of the 

respondents said that they weren’t excited by the prospect 

of self-driving cars and a similar number (46%) said they didn’t 

trust the technology. The survey also found a quarter of 

respondents believed the launch of self-driving cars would 

be an anti-climax. 

These were worrying findings for the automotive sector, 

admits Arun Srinivasan, executive vice president and head 

of mobility solutions at Bosch UK, bringing into focus the 

challenge of persuading motorists to relinquish control of  

their vehicles. “History tells us that whenever there is a 

breakthrough in technology, a lot of hard work has to go into 

convincing the public that the benefits outweigh the risks. 

Our research shows we clearly have a way to go,” he says.

Bosch believes this confidence gap comes largely from a 

lack of understanding due to confused and complicated 

messaging. A recent report (4) from Thatcham Research 

highlighted poor understanding around the levels of 

automation, and it recommended caution when using the 

word ‘autonomous’ to avoid further misunderstanding. Bosch 

believes that while there have already been some successes 

in implementing driver assistance systems onboard modern 

vehicles, such as adaptive cruise control and collision 

avoidance, far more needs to be done to ensure the public 

is better informed about new automated technologies. 

The research reveals a clear picture of scepticism  

amongst the public, said Srinivasan. “Despite the huge 

benefits that automation can bring to road travel, both in 

safety and convenience, the public isn’t yet convinced. The 

transition to highly-automated driving will prove to be a 

gradual process, and the reality is lots of drivers are already 

taking advantage of early stages of automated features in 

their vehicles with features like automated emergency 

braking. This technology alone is predicted to save thousands 

of lives and injuries in the next ten years, so it’s clear 

something needs to change.”

“ The research reveals a clear picture of 
scepticism amongst the public.”

https://www.bosch.co.uk/news-and-stories/stories/lack-of-understanding-about-automated-driving-is-keeping-brits-in-the-slow-lane/
https://www.thatcham.org/automated-driving-hype-is-dangerously-confusing-drivers-study-reveals/
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The five different levels of autonomy

Many of these misconceptions would appear to come  

from overstated claims around the self-driving capability 

of new cars, with road-users confused by misleading 

descriptions of what is possible. Today’s technology 

supports and assists the driver - but it is still a long 

way from automated driving, in the truest sense of the 

definition, because the driver is still required to pay 

attention while at the wheel. If used and implemented  

in the correct manner, the current range of commercially 

available assist technologies such, as adaptive cruise 

control and collision avoidance, can help deliver improved 

road safety, but the car is still a long way from managing 

the combination of seeing, thinking, and taking  

decisions by itself. And therein lies the consumer 

perception problem.

The journey to fully autonomous vehicle adoption  

should be more accurately portrayed as a technological 

evolution, comprising of what are likely to be numerous 

incremental steps. This is outlined by the six levels of 

autonomous driving, a set of guidelines published by 

SAE International (5), the automotive standards body, 

which provides a structured route-map to technology 

development. The six levels, ranging from no driving 

automation, through to full driving automation, can be 

described as such:

4

• At Level 0: No automation - the human driver is 

responsible for monitoring all surroundings and 

taking all actions;

• At Level 1: Driver assistance - an automated 

system can sometimes help the human driver  

to perform specific parts of the driving task;

• At Level 2: Partial automation - an automated 

system can conduct some parts of the driving task, 

while the human assesses the driving environment 

and carries out the rest of the driving task;

• At Level 3: Conditional automation - an automated 

system conducts some parts of the driving task 

and monitors the driving environment in some 

instances, with the expectation that the human 

driver must respond to take back control when 

the automated system requests an intervention;

• At Level 4: High automation - an automated system 

can conduct the driving task and monitor all 

aspects of the dynamic driving task, and the 

human need not take back control, but the 

automated system can operate only in certain 

environments and under certain conditions;

• At Level 5: Full automation - the automated 

system can perform all driving tasks under all 

roadway and environmental conditions that 

could be managed by a human driver.

“ The transition to highly-automated driving 
will prove to be a gradual process”.

https://www.sae.org/standards/content/j3016_201806/
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At present, the latest autonomous 

car technologies are positioned 

around Level 2 - 3, and that has 

been the case for some time now. 

While both the carmakers and the 

technology giants have aspirations 

to develop Level 4 and 5 systems, 

achieving such advanced autonomy 

is proving extremely challenging. 

That’s because the step from where 

we are now to full autonomy will 

require unprecedented levels of 

sensors, mapping and data fusion. 

While scientists and engineers have 

developed automated systems that 

can conduct some parts of the driving 

task on clearly defined routes such as 

motorways, achieving Level 5 autonomy 

in urban conditions is an altogether 

different proposition.

Imagine a traffic scenario in a busy 

city, with numerous cars approaching 

a multilane roundabout with part-

time traffic lights and partially-worn 

white lines, where there is the risk 

of pedestrian and cyclist intrusion 

at any time. That’s a tremendously 

complex scenario for an autonomous 

vehicle to handle. And yet this is 

what will be required in unpredictable 

urban environments with legacy 

infrastructure that was never 

designed with autonomous  

vehicles in mind.

Identifying the companies 
that lead the pack

So, who are the dominant players 

in the autonomous vehicle market? 

And what are the main technological 

approaches being deployed to achieve 

Level 5 readiness?

It is, of course, a hugely competitive 

sector and, as such, the business 

landscape continues to shift. The cost 

and complexity of developing and 

deploying autonomous driving has 

driven some notable partnerships 

and acquisitions to help companies 

achieve scale more rapidly. OEMs 

and suppliers have recognised the 

threats to their traditional business 

models and are working aggressively 

to leverage the strengths they have to 

develop new revenue streams. New 

entrants into the field, meanwhile, 

are recognising the challenges of 

establishing manufacturing and 

distribution infrastructure and are 

increasingly forming partnerships to 

harness the strengths that each bring 

to the challenge.
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Across such a fluid and multi-layered competitive landscape, 

the question of ‘who is leading the race in autonomous 

vehicles?’ will always provide a subjective answer. However, 

amid a wealth of consultancy and analysts reports, it is the 

Navigant Research Leaderboard (8) which is often cited 

as the most in-depth and up-to-date assessment of the 

sector. The report rates the major players on 10 criteria: 

vision; go-to market strategy; partners; production 

strategy; technology; sales, marketing, and distribution; 

product capability; product quality and reliability; product 

portfolio; and staying power. Using Navigant’s proprietary 

methodology, vendors are profiled, rated, and ranked  

with the goal of providing an objective assessment of their 

relative strengths and weaknesses in the development and 

deployment of autonomous technology.

Using this technique, the most recent Leaderboard 

identified automaker General Motors and the Alphabet 

subsidiary Waymo as leading the pack. The top ten list  

of vendors was ordered as follows:

GM’s ascendency can be attributed, in part, to the acquisition 

two years ago of Cruise, a Silicon Valley-based autonomous 

vehicle start-up, in a deal which has underpinned a rapid 

acceleration in its driverless car technology. Earlier this 

year, GM/Cruise’s progress was confirmed when it 

secured $5 billion of investment commitments from 

Japanese organisation SoftBank and Honda to develop 

a fleet of autonomous taxis, with no steering wheels or 

pedals, based on its electric Chevrolet Bolt. The plan is 

to introduce these vehicles in urban environments in and 

around San Francisco by the end of 2019. 

Waymo, on the other hand, is focussing its attention on 

establishing a ride-hailing business in Phoenix, Arizona 

using Level 4 technology. The company claims that its 

self-driven test fleet has already clocked up more than 10 

million miles, building on almost 7 billion miles driven in a 

simulated environment.
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1. GM 6. BMW-Intel-FCA

2. Waymo 7. Aptiv

3. Daimler-Bosch 8. Renault-Nissan Alliance

4. Ford 9. Volvo-Autoliv-Ericsson-Zenuity

5. Volkswagen Group 10. PSA

https://www.navigantresearch.com/reports/navigant-research-leaderboard-automated-driving-vehicles
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Key technologies behind 
autonomous vehicles

The GM and Waymo approaches, along 

with the likes of other top-ten rated 

OEMs such as Ford, Daimler, BMW 

and Volkswagen, provide insight 

into the evolution of go-to-market 

strategies for autonomous driving. 

These have become focussed on 

two primary areas: incremental 

Level 2 to level 5 progression, with 

functionalities to enhance autonomy 

of mass-produced passenger and 

commercial vehicles; and robot-taxi, 

with unique services based on Level 

4 capabilities in dense geo-fenced 

areas and high-volume routes.

A clear delineation can also be 

identified in the technological 

approach to achieve these aims. 

Firstly, intelligence-led, vision-based 

technologies primarily extract 

information from image-data for 

localisation and path planning. Maps 

are used mainly for navigation and 

as a redundant information source or 

support for situations which require 

a secondary source for precise 

localisation. Map-first methodology, 

meanwhile, incorporates lidar-based 

technology mainly based on high-

definition maps which are used for 

localisation and path-planning.

Both approaches have their pros  

and cons, and both present immense 

technological challenges, as explained 

by Dr Saber Fallah, director of the 

connected autonomous vehicle 

laboratory at the University of Surrey 

in the UK. “There is currently no perfect 

technology for autonomous vehicles,” 

he says. “Each type of positional sensor 

– whether it is camera, radar or lidar - 

works perfectly well in a specific set 

of situations, but not in the wide range 

of conditions that you’d expect to find 

on the road. Each sensing systems has 

its own problems. That’s why it requires 

a combination of technologies.”

Take Lidar (Light Detection and Ranging), 

a remote sensing technology which can 

provides highly-accurate positioning 

using light in the form of a pulsed laser 

to measure variable distances to  

the Earth. But lidar needs a lot of 

computational power, and therefore 

consumes a lot of on-board energy. This 

is expensive and is a highly restrictive 

factor in the era of electrified cars.

Radar (Radio detection and ranging), 

meanwhile, works by firing out a 

detection signal at a certain frequency 

and waits to receive that signal back. 

Once detected, the frequency signal 

change is worked out to determine 

where the cars and obstacles are 

positioned and at what speeds they 

are traveling. While radar works 

well in most weather, it does have 

limitations in certain conditions such 

as snow. Also, it cannot relay size and 

shape of objects as accurately as lidar.

Then there are cameras, which 

can provide accurate vision-based 

360-degree positional awareness. 

However, cameras do not always work 

well under the cover of darkness, or in 

harsh weather conditions such as fog 

or heavy rain.

“There is currently no perfect 
technology for autonomous 
vehicles. Each type of 
positional sensor – whether 
it is camera, radar or lidar 
- works perfectly well in a 
specific set of situations, 
but not in the wide range 
of conditions that you’d 
expect to find on the road.”
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“All of these sensing technologies 

need to be improved,” says Fallah. 

“They need to be faster and cheaper, 

and they need to have control 

systems that are more suited to 

working at higher speeds. Also, all 

these sensors have a line of sight 

problem. If there is a curve in the 

road, they cannot see what is coming 

up. So, we cannot use one specific 

sensor to do the job - we need a 

combination of technologies, along 

with mapping to provide localisation.” 

Furthermore, sensing is only one part 

of the autonomous driving equation. 

At Level 4 and 5, humans will 

effectively be removed from the loop. 

That means autonomous vehicles 

will need to be endowed with highly-

refined decision making capabilities, 

particularly in urban environments 

where they will have to navigate 

complex scenarios such as 

roundabouts or high-speed traffic 

merging. This, according to Fallah,  

is where the biggest technology gap  

currently exists.

“The challenge is to develop a system 

which can take images from sensors, 

and make the right decision,” he 

says. “That can only be achieved 

through the introduction of artificial 

intelligence and the creation of a truly 

end-to-end autonomous solution.

At the moment, most of the control, 

perception, localisation and decision-

making modules used in autonomous 

driving have been designed separately 

and work well on their own. But 

when they are combined together, 

they aren’t perfect. It is artificial 

intelligence that will make the 

systems self-adaptive, giving them 

the capability to think and learn 

from their own experiences. It is 

only through the use of artificial 

intelligence that the carmakers will  

be able to bridge the gap, linking 

Level 4 to level 5 capability.”

That adds up to a lot of work still  

to be done, says Fallah. “By 2025 

governments and OEMs would like 

to see Level 4 autonomous cars 

introduced. By 2050, there could be 

fully autonomous cars on the road, and 

by 2075 the entire transport system 

could be fully autonomous. This is the 

road-map – but it is ambitious.”
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“By 2050, there could be fully autonomous cars on the 
road, and by 2075 the entire transport system could 
be fully autonomous.”
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The hype cycle: when expectation 
begins to fade

The length of time it will take to develop the technologies 

necessary to achieve Level 5 autonomy is creating a 

certain amount of expectation fatigue around autonomous 

vehicles. This was detailed in the Gartner’s Hype Cycle for 

Emerging Technologies report (6) which provides a pan-

industry perspective on technologies and trends. The 

hype cycle comprises five distinct segments – innovation 

trigger, peak of inflated expectations, trough of disillusionment, 

slope of enlightenment and plateau of productivity. 

In the 2018 Hype Cycle for Connected Vehicles and Smart 

Mobility update, Gartner positioned autonomous vehicles 

at a point halfway down the trough of disillusionment – 

the part of the cycle that immediately follows a phase of 

über-hype and sky-high expectations - suggesting that 

the ultimate endgame represented by the plateau of 

productivity is still more than ten years away.

According to Mike Ramsey, lead author of the report, the 

positioning of autonomous vehicles on the trough of 

disillusionment is an inevitable reflection of the buzz fading in 

the face of commercialisation or implementation efforts. In 

a recent blog published on the Forbes.com website (7), 

Ramsey argues that this is actually a good thing: it represents 

a much-needed injection of realism around autonomous 

vehicles, which is likely to lead to a consolidation of suppliers 

as venture funders getting more selective about investments.

“Hype is still relatively strong, but it isn’t the same as 2015 

when the timetable for companies developing autonomous 

vehicles seemed reasonable and the impact enormous,” 

says Ramsey in his blog. “That was when Gartner put the 

technology at the peak of inflated expectations. Now,  

the planned launch schedules for autonomous vehicles  

are beginning to feel uncomfortably close.”

Ramsey says the technology must go forward through  

the hype cycle, and that technological set-backs will prove 

inevitable. “I expect that if it follows form, there will be 

more delays and struggles to commercialise the technology, 

but that will not diminish its importance. In a few years, it 

will be climbing up the slope of enlightenment and into the 

plateau of productivity. By then, it won’t be hyped nearly as 

much, but it will be a lot more useful,” he concludes.

https://www.gartner.com/en/research/methodologies/gartner-hype-cycle
https://www.gartner.com/en/research/methodologies/gartner-hype-cycle
https://www.forbes.com/sites/enroute/2018/08/14/autonomous-vehicles-fall-into-the-trough-of-disillusionment-but-thats-good/#3514f1f7b5a7
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Where now? Consolidation  
seems certain

Bearing in mind the size of the technological challenge 

outlined, and the length of the timelines predicted,  

it would seem likely that the autonomous vehicle sector  

is about to undergo a marked period of consolidation. 

If the Gartner hype curve is to be believed, and the 

autonomous driving sector is now encountering a dose  

of realism as it moves through the trough of disillusionment, 

then it would make sense to assume that some kind of 

shake-out is about to occur. 

There’s a couple of reasons for that. Firstly, the initial 

goldrush of finance - characterised by a flood of  

venture capital backing for high-potential start-ups 

– is likely to slow as investors are forced to become  

more pragmatic about the speed of commercialisation.  

As a result, only the strongest will survive.

Secondly, those technology companies that have 

established themselves in the market are likely to  

find themselves coveted by bigger and better-funded 

rivals as the supply chain begins to mature and contract. 

Traditionally, automotive OEMs have tried to mitigate the 

cost of overcoming the challenges of reaching Level 4  

and 5 autonomous vehicles mass production by tapping 

into the skills of external organisations with specialist  

skills in keys areas such as sensors and software. But  

GM’s acquisition of San Francisco-based Cruise, which  

at the time had just 40 employees, was a reminder that 

the OEMs are increasingly prepared to spend a lot of 

money if the technology is deemed the perfect fit. 

Looking further forward, the second wave of development 

activity within the autonomous driving market could be 

driven by the need for rationalisation, as the major players 

look to pool resources to achieve their aims. This could 

result in greater platform standardisations and cooperative 

problem solving as the automotive sector looks to deliver 

on its promises without breaking the bank.
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Conclusion – the long and winding  
road to full autonomy

In conclusion, then, the autonomous driving industry has 

faced something of a reality-check over the course of 

2018. Overly ambitious predictions for the arrival of Level 

4 and 5 have been corrected and pushed back, as the size 

of the task of safely navigating the full range of conditions 

encountered in urban environments has become ever 

more apparent. There have been clear signs that sceptical 

consumers have begun to tire of exaggerated claims, and 

the adoption of a more realistic tone could prove to be a 

more sensible long-term approach.

Two identifiable go-to-market strategies have emerged. 

These comprise incremental approaches to Level 2 to level 

5 progression, with functionalities to enhance autonomy 

of mass-produced passenger and commercial vehicles; 

and robo-taxi, with unique services based on Level 4 

capabilities in dense geo-fenced areas and high-volume 

routes. Both vision-based and map-first solutions to 

these approaches require further advancement in sensor 

development and data fusion, in combination with the 

adoption of artificial intelligence systems.

Ultimately, the journey to full autonomy stretches far into 

the distance. And the industry is sure to face numerous 

pitstops along that long and winding road.
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