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Concepts & Terms (1): Definitions & Questions
An Automated equipment / process / system  “uses technology to fully or partially operate 
with minimal or reduced human intervention.” 

Listed Automated Vehicles “are in SofS’s opinion designed or adapted to be capable, in at 
least some circumstances or situations, of safely driving themselves.” [draft Bill]

An Autonomous system is “able to make its own decisions and to act on its own, and to do 
both without direct human intervention.”

Who is Legally and Ethically accountable 
for the decisions and actions of 

Autonomous Systems ?

What does “Safe” include for 
Autonomous Systems ?

e.g. ethical, legal, resistant to 
hostile attack, resistant to 

foreseeable misuse ?

Should we ban some types 
of Autonomous Systems 

(e.g. Weapons)?

Will introducing Autonomous 
Systems change the way 

people behave ?
Will the Law have to be 

changed to cover 
Autonomous Systems ?

How Safe must we make our 
Autonomous Systems ?

How can we show that an 
Autonomous System is 

“Safe enough” ?

How should Autonomous 
Systems be regulated ?



AUTOMATED

Concepts & Terms (2): Automatic, Automated, Autonomous

No No No

AUTOMATIC

Yes

(RULE-BASED) 
AUTOMATED / 
AUTONOMOUS

Yes

(GOAL-BASED) 
AUTOMATED / 
AUTONOMOUS

Yes

MANNED

Yes

REMOTELY 
CONTROLLED

No

Yes

NB 1.  A single system may have multiple modes of operation, with 
different degrees of automation.

NB 2.  Humans might be present as “cargo” in a fully autonomous 
vehicle, with no ability to intervene, but at risk in an accident.

NB 3.  Rules / Goals may embed Human Value Judgements.

NB 4.  Can  the Rules “guarantee” Safety ?  Who “owns” them ?

Human 
Directed ?

Potentially 
Unpredictable 
Goal-Oriented 

Behaviour ?

Predictable  
Rule-Based 
Behaviour ?

Simple 
Stimulus-
Response 

Behaviour?

Human 
Director  

Present ?



Concepts & Terms (3): Degrees of Autonomy / Automation
Degree of Autonomy Role of the Human SAE Automation Levels for Self-driving Cars (2014)

NO AUTONOMY

PARTIAL AUTONOMY

FULL AUTONOMY

HUMAN CONTROLLED

HUMAN IN THE LOOP

HUMAN ON THE LOOP

HUMAN OUT OF THE LOOP

Level 0:  No autonomous vehicle controls: human driver does all the 
driving, possibly enhanced by warning systems like blind spot 
indicators.

Level 1: Human driver controls critical driving tasks , may get minor 
technological assistance such as Stability Control or Lane Keeping.

Level 2:  Vehicle can take over both steering and acceleration / 
deceleration in fixed scenarios: driver still in control at all times.  e.g. 
self-park, Tesla Enhanced Autopilot or Volvo Pilot Assist II.

Level 3:  Cars safely control all aspects of driving in a mapped 
environment: human drivers must be on board monitoring & managing 
changes in road environments or unforeseen scenarios.  

Level 4:  No driver interaction needed: car can stop itself if systems fail.  
Cars able to drive A to B in most scenarios, but will include functional 
driving controls (e.g. pedals, steering wheel) so humans can drive in 
other scenarios (e.g. off-road) or when they desire to.

Level 5:  Cars are completely autonomous and have no requirements
for human monitoring or provision for human control (e.g. pedals, 
steering wheel).

NB.  Different Competence 
requirements

NB.  Time & ability for 
Human to intervene ?



Generic Processes / Functions of Autonomous Systems
(Independent of Architecture)

Analyse / 
Understand

Sense / 
Perceive

Predict / 
Decide

Act / 
Manipulate

Environment, 
Infrastructure & 

other Actors,
own position,

own condition etc.

Interpretation Rules,
Exemplars, 

Assumptions, 
Data, Maps
& Models

Decision Rules
&/or Goals,

Scoring scheme, 
Algorithms
Plan Library

Actuate,
Move, Operate,

Reconfigure,
Change Mode,

aim for Safe State etc.

Record, Analyse, Learn & Adapt



Legislation and Regulation for Autonomous Systems

• [International]  Geneva / Vienna Conventions on Road Traffic (1949) (1968)

• [International]  UNECE Agreement and Regulations

• [EU]  Whole Vehicle Type Approval for Cars (EU WVTS)

• [US]  September 2017: DOT and NHTSA issued a new Automated Driving 
Systems (ADS) guidance "A Vision for Safety 2.0" (Federal Automated 
Vehicles Policy, FAVP 2.0)

• [US]  2017/2018 (on-going): House Self Drive Act 2017 / Senate AV-START 
Act 2017 

• [GB]  Automated & Electric Vehicles Bill (currently at Committee stage)

• [GB]  HSG43: Industrial Robot Safety

• [Europe] EASA/NATS Automation Policy



Safety Standards for Autonomous Systems

• Not really for autonomous applications, but used as there is nothing else
• ISO 26262 (Safety of road vehicles)

• IEC 61508 (Basic Safety Standard - General E/E/PE systems)

• ISO 13849-1 (Safety of machinery)

• IEC 62061 (Safety of machinery)

• IEC 61511 (Process safety) 

• More directly addressing automation 
• Safety Of the Intended Functionality (SOTIF) DPAS 21448

• ISO 10218-2:2011 Robots and robotic devices -- Safety requirements for 
industrial robots


