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We have all seen driverless cars in sci-
ence fiction and James Bond movies. But 
it is not fiction anymore; it is science now. 
In the last decades, and especially over the 
last few years, developments have been 
rapid, and driverless cars – autonomous 
vehicles (AVs) – are now a reality!

In this introductory article on AVs, the 
authors highlight how AVs will impact our 
future thinking regarding transportation 
planning. In order to fully understand 
the strengths and weaknesses of AVs, 
we should not only look at the technical 
science, but also at the associated financial 
and economic aspects, legal and ethical 
issues, and social and cultural implications.

AV INNOVATION IS REALITY
The concept of autonomous transport 
has in fact been a reality for some time 
already. For example, you get into a cap-
sule, press a button, the doors close, and it 
brings you to a next floor – the elevator is 
an invention of the mid-19th century.

From the mid-20th century onwards, 
some airports and leisure parks have 
introduced monorails – driverless and 
fully automated. Some 25 years ago the 
first automated public transport (PT) 
rail corridors were opened, including 
VAL in Lille, Docklands Rail in London, 
Vancouver Sky Train, and the Singapore 
MRT. However, these are still transporta-
tion systems on dedicated infrastructure, 
with little interference from outside.

The next step was road-based autono-
mous PT systems. The first AV bus has 
been running since 1999 (Park Shuttle, 
Rotterdam), although on semi-dedicated 
infrastructure, but with little interfer-
ence from the outside world (there have, 

however, been incidences of a bus coming 
to a standstill because it responded to a 
rabbit on the track). Now AV PT buses 
are actually being tested on public roads 
in the Netherlands, and also in Australia 
(Intellibus).

Over the last few decades, AV sys-
tems for private cars were tested under 
controlled conditions on closed sections 
of freeways, but AV cars are now tested 
in ‘uncontrolled’ environments in North 
America, Europe and Australia, not only 
by the traditional automotive industry, 
but mainly by ‘disruptive innovators’ like 
Tesla, Google (now Waymo) and Uber.

WHAT IS AV TECHNOLOGY?
There are different levels of (partly) AVs 
classified, as shown in Table 1 on page 14.

On levels 0 to 2 (Table 1) many applica-
tions are already commercially available:

 N Route-finding apps, like GPS, TomTom, 
Garmin and apps on mobile phones, 
guide drivers to their destinations.

 N Warning systems, like forward- 
collision warning, reverse-sensor 
warning and blind-spot monitoring 
alert drivers to potential vehicle 
damage.

 N Driver assistance systems, like cruise 
control, lane guidance and parking as-
sistance relieve drivers of some driving 
tasks, for example by allowing them to 
take their hands off the steering wheel, 
and/or foot off the pedal, for some 
time. However, the driver is still fully 
engaged and responsible.

From Level 3 onwards, the vehicle can 
drive itself most of the time, combining 
the enhanced applications as mentioned 
above. The driver can do other tasks, but 

should be on stand-by to take over con-
trol. The Tesla Autopilot is an example of 
Level 3 automation, and is mainly suited 
for freeways.

At Level 4, if the driver does not 
respond appropriately to the request for 
assistance, the system will take adequate 
measures, such as coming to a standstill 
in a safe spot.

With artificial intelligence, these 
systems can be self-learning – and can 
also learn from the experience of other 
AVs – and hence will continually improve 
their decision-making capabilities. In no 
time such systems will be able to function 
at Level 5, where the vehicle can perform 
all the critical driving functions safely for 
an entire trip, and where there is no need 
for a driver (or even an occupant). Level 5 
vehicles can be designed without a steering 
wheel and without pedals. The Intellibus is 
an example of Level 5 automation, as is the 
Google/Waymo self-driving car.
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TRAFFIC SAFETY
One of the most important arguments 
for introducing AVs is traffic safety. 
Worldwide there are about 1.2 million 
traffic casualties per annum (OECD 2016), 
with South Africa scoring as one of the 
worst countries – some 13 000 casualties 
annually (drivers, passengers and pedes-
trians) caused by vehicles.

It is said that the vast majority of 
traffic accidents (over 90%) are caused by 
human failure. Driving tasks being taken 
over by technical systems could therefore 
dramatically improve traffic safety. Some 
specialists believe a reduction of at least 
90% in casualties is possible.

So far the current AV test vehicles 
have experienced very few minor ac-
cidents (mostly caused by other car 
drivers), and one casualty. The latter was 
an unfortunate accident where neither the 
Tesla Autopliot mode (Level 3), nor the 
stand-by test driver, noticed a white truck 
in bright sunlight. It was the first casualty 
after more than 200 million test kilome-
tres. That is a far better score than with 
the traditional human-driven car, but the 
finger of blame was quickly pointed to the 
technical system.

TRUST – A PSYCHOLOGICAL ISSUE
Fully autonomous systems, however small 
the fault risk, raise the question: How 
small a risk can we accept? Safety is a very 
subjective aspect, and is highly influenced 
by the media. If something goes wrong 
with an AV, it hits the headlines, whereas 
the dozens of traffic casualties per day are 
like footnotes in the news.

We do not like the idea of putting 
our lives in the hands of a machine. But 
we do trust humans, and therefore we 
accept human failure? We do put our 
lives in the hands of others – we are pas-
sengers when our partners or friends are 
driving, and we are passengers in buses, 
trains and planes. We trust ourselves 
even more, possibly unrightfully so – 
psychologically this points to the need 
to ‘be in control’. However, while we 
would possibly have been able to avoid 
the once-in-a-million fault made by an 

AV system, that AV system has in the 
meantime avoided all the other mistakes 
we could have made.

Trust is a process which we have to 
grow through. Did we trust the first train 
or car? Even the first elevators had a lift-
boy. After a while, however, we got used 
to them, and now we almost blindly trust 
these technologies.

LIABILITY – A LEGAL ETHICAL ISSUE
As stated above, AV systems will be much 
safer than human judgement. But what 
if – in the rare occasion – an accident 
happens; who will be liable: the driver, 
the car manufacturer or the developer of 
the software?

Even with improved systems and 
software, an AV can still make a 
misjudgement, or an accident can happen 
because of an unpredicted impact from 
outside. When a collision is unavoidable, 
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SAE 
level Name Narrative Definition

Execution of 
Steering and 
Acceleration/ 
Deceleration

Monitoring 
of Driving 

Environment

Fallback 
Performance 
of Dynamic 

Driving Task

System 
Capability 

(Driving 
Modes)

Human driver monitors the driving environment

0 no 
Automation

the full-time performance by the human driver of all 
aspects of the dynamic driving task, even when enhanced 
by warning or intervention systems

Human driver Human driver Human driver n/a

1 Driver 
Assistance

the driving mode-specific execution by a driver assistance 
system of either steering or acceleration/deceleration using 
information about the driving environment and with the 
expectation that the human driver perform all remaining 
aspects of the dynamic driving task

Human driver 
and system

Human driver Human driver
Some driving 

modes

2 Partial 
Automation

the driving mode-specific execution by one or more driver 
assistance systems of both steering and acceleration/
deceleration using information about the driving 
environment and with the expectation that the human 
driver perform all remaining aspects of the dynamic driving 
task

System Human driver Human driver
Some driving 

modes

Automated driving system (“system”) monitors the driving environment

3 conditional 
Automation

the driving mode-specific performance by an automated 
driving system of all aspects of the dynamic driving task 
with the expectation that the human driver will respond 
appropriately to a request to intervene

System System Human driver
Some driving 

modes

4 high 
Automation

the driving mode-specific performance by an automated 
driving system of all aspects of the dynamic driving task, 
even if a human driver does not respond appropriately to a 
request to intervene

System System System Some driving 
modes

5 full 
Automation

the full-time performance by an automated driving system 
of all aspects of the dynamic driving task under all roadway 
and environmental conditions that can be managed by a 
human driver

System System System
All driving 

modes

Contact: 	 	 	 	 	 	 	 	

Table 1: The different levels of autonomous vehicles (SAE 2014)

One of the most important arguments for introducing AVs is traffic 

safety. Worldwide there are about 1.2 million traffic casualties per 

annum, with South Africa scoring as one of the worst countries – 

some 13 000 casualties annually caused by vehicles.
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what will the system’s software choose: 
protect the driver (steer left towards the 
pavement, and kill three pedestrians), 
or minimise the total impact (steer 
right towards a tree, and kill the driver)? 
Some car manufacturers and software 
developers have already declared 
unequivocally that it is the driver who 
should be protected. But then, who will 
be liable for casualties caused by this 
AV – the manufacturer, or the owner 
for choosing this specific brand with 
‘potentially lethal’ software? These are 
interesting thoughts for lawyers and 
philosophers.

MAINTAINING THE 
CONVENIENT CAR SYSTEM
The current car system is a very con-
venient transportation system, but due to 
its success, it has created its own disad-
vantages by, for example, causing conges-
tion and therefore becoming less reliable. 
Driving yourself can also be stressful. AVs 
will reduce these disadvantages, as their 
use will result in more road capacity, and 
less driver stress.

DRAMATICALLY DIMINISHING 
CONGESTION
In heavy traffic, congestion mostly results 
from slow human reflexes. By substituting 
humans with technology, much of this 
congestion may go away (O’Toole 2014). 
If AVs could then drive in platoons with 
close following distances, congestion 
would diminish, or disappear altogether. 
The practical capacity of a traditional 
freeway lane is some 2 000 vehicles per 
hour per lane. Even with only a small 
percentage of AVs on the road, and the 

rest being traditional cars, road capacity 
can increase to 2 500–3 000, and up to 
4 000 with half the vehicles being AVs. 
Once all the cars on the freeways are AVs, 
theoretical road capacity is estimated to 
increase to 10 000 (SMEC Australia 2016 
citing Tientrakool 2011), and the road 
infrastructure can be re-built to optimally 
cater for AVs, requiring less space.

Parking facilities can also be designed 
differently, with drop-off / pick-up 
zones and parking depots at strategic 
locations. An AV can therefore be ready 

Figure 1: Increased road capacity with autonomous vehicles (Tientrakool 2011)
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for use within minutes. Such AV depots 
can be designed more economically, 
as parking an AV requires much less 
space than parking a person-driven car 
(with its imperfect manoeuvring and 
opening doors).

REPLACING OTHER 
TRANSPORTATION SYSTEMS
Disruptive technologies certainly change 
the position of current systems, and 
then partly ‘take over’. For example, the 
introduction of Uber has caused huge 
stress with the traditional metered-taxi 
industry, as they are experiencing a loss 
of customers due to their competitor’s 
better service and reduced trip costs. 
(In our opinion, the metered-taxi 
industry should adapt and improve their 
service, rather than protest, but that is 
another discussion.)

The next step would be driverless 
Ubers (in the USA, the first ones are on 
the road already), where the costs for a 
trip would reduce significantly. It has 
even been stated that AV Ubers could be a 
future alternative for car ownership. You 
would not need to own a car anymore, 
as you could order one when you need it 
(the term ‘Mobility-as-a-Service’ is used). 
Now, that will definitely change the way 
we plan our traffic and urban spaces! Such 
implementation, it is hypothesised, would 
make public transport obsolete.

TRANSPORT FOR ALL
AVs open up opportunities for everybody 
to be mobile, as one would not need a 
driver’s licence, and one would not need 
to be fit to drive. Elderly and disabled per-
sons could therefore travel independently. 
Parents could use an AV to send their 
children to child care or school. AVs could 
be sent out unmanned to collect groceries 
or to deliver parcels. All these possibili-
ties would not only be a plus for people’s 
social and economic development, but 
would also introduce many new transpor-
tation approaches with associated impacts 
on road capacity.

THERE WILL ALWAYS 
BE CONGESTION
It is a fairy tale that congestion will disap-
pear completely. First of all, with improved 
AV systems, mobility will increase. As 
transportation becomes cheaper and more 
convenient, and saves time, people will 
travel more and farther. Secondly, there 
will also be more empty mileage with AVs 

moving between pick-up points, or being 
parked at parking depots.

However, congestion is mainly inherent 
to our activity patterns. As long as peak ac-
tivities induce peak transportation, one has 
to decide to what extent the infrastructure 
should accommodate these peaks. Even 
when AVs require less capacity, we cannot 
provide unlimited infrastructure; we will 
always have to make considered decisions 
regarding optimum capacity.

NOT FOR THE DEVELOPING WORLD?
An argument often heard is that AVs 
seem applicable in developed countries 
only, where people behave ‘normally’ and 
road infrastructure is well maintained. 
Some of us cannot see this happening in 
developing countries, not even in South 
Africa, where most drivers (‘others’, not 
you!) behave completely unpredictably in 
traffic, and where there are stray animals 
on the road and potholes all over.

Obviously, a technical solution to 
facilitate AVs would be to fix all the 
potholes, and fence off roads to keep stray 
animals at bay, but this is not realistic.

For software system developers, 
however, unpredictable creatures are 
not a problem (merely a challenge), and 
additional ‘conflict avoidance’ decision 
rules can be developed. Here again, the 
software can be better than human judge-
ment. Once such systems are connected 
‘in the cloud’, the knowledge on potholes 
and hotspots for stray animals or pedes-
trians can be shared. An AV can easily 
calculate how to miss a pothole, even 
when it is discovered at the last minute.

In fact, with such huge levels of road 
unsafety in developing countries, AV 
systems would have great benefits – 90% 
less traffic casualties in South Africa, for 
example, would be almost 12 000 lives 
saved every year!

When introduced, AV cars will be more 
expensive than traditional cars, and not 
everybody would be able to afford them. 
But even with only 10% of such vehicles 
on our roads, society would start reaping 
some of the mentioned benefits. Once fully 
developed there would be hardly any price 
difference, and AVs would then be afford-
able in developing countries, too.

In the South African context, however, 
we would need to apply our minds seri-
ously to the impact AVs would have on 
employment. With the introduction of 
driverless public transport, metered taxis, 
trucks and delivery services, millions of 

jobs would be at stake, which is a social-
ethical issue with a cost to society.

CONCLUSION
If it is true what the developers of AVs say, 
that AVs will be introduced commercially 
in the next few years, and will be fully 
noticeable in the next few decades, then 
we should be prepared. Government 
should start developing a policy frame-
work where legal and socio-economic 
issues must be discussed and dealt with. 
The current gut-reaction on disruptive 
technologies is to ignore, forbid or over-
regulate these innovations (as in the 
current Uber discussion). It is, however, 
better to adapt and be prepared.

Transportation planners will have to 
start planning our transportation systems 
differently. We are not suggesting that 
traditional transportation planning, and 
building of railway lines, BRT corridors, 
freeways or parking facilities should be 
stopped as these would be obsolete within 
decades, but we have to be aware of new 
developments and plan accordingly.

We urge the National Department of 
Transport, and all road authorities, to 
start thinking about these innovations 
that are coming our way. 
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The authors are planning to write 
follow-up articles to discuss the impact 
of autonomous vehicles on road capa-
city, public transport and logistics.


