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Background

- Human factors, broadly speaking, are most often regarded as the main cause of 

traffic crashes

- The introduction of Automated Vehicles (AV) is supposed to remove these factors 

and, by such, improve road safety

But, as shown from in-depth accident analysis:

- “Human factors” are twofold, they involve :

- 1/ Human operating functions from perception to action

- 2/ Human variable influencing these operating functions (state of alertness, 

attention, motivation, etc.)

- Even not being affected by #2, the automat will still have to correctly fulfil #1
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Road user: component of the system / regulator of the system

Direct factors

HUMAN (H)

• Vigilance

• Attention

• Experience

• …

ENVIRONNEMENT (E )

• Infrastructure

• Driving conditions

• Weather

• …

VEHICLE (V)

• State

• Equipement

• Ergonomics

• …

DRIVING 
OPERATIVE 
FUNCTIONS

• Perception

• Diagnosis

• Prognosis

• Decision

• Action

FUNCTIONAL 
FAILURE

Indirect factors

STATE OF THE 

H-V-E SYSTEM
OPERATOR 

ACTIVITY
RESULT

DRIVING 
AJUSTEMENT

SOCIAL and 

ORGANISATIONAL 

CONTEXT of the 

ACTIVITY

• Human errors are the failures of the functions that usually allow to drive (=“functional failures”)

• Human factors are part of the factors that lead to driving functional failures
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Human errors (“functional failures”) / Human factors of errors
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1. Physical / physiological state (impairment, 

medical condition)

2. Psycho-physiological condition (substances 

taken, emotional state, fatigue, stress, panic, etc.)

3. Internal condition of performing the task

(excessive confidence, trivialization of the situation,

proprietary feeling, time constraint, etc.)

4. Risk taking (inappropriate speed, vehicle 

positioning, traffic control, excess of caution, 

atypical behavior, etc.)

5. Experience (lack of experience / over-

experience of the vehicle, route, maneuver)

6. Attention (inattention, distraction, attention 

competition)



An evolution of research questions linked to the evolution of technology

1980’s

Definition of drivers 

needs for assistance
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2000’s

Evaluation of driving 

assistance 

appropriateness 

Analysis of interactions 

between drivers and 

automated vehicles

2020’s
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TESLA MOUNTAIN VIEW ACCIDENT (2018): PHASES

Crash Area Approach #1

Tesla travels

on this lane
Exit lane 

to SH 85

Crash Area Approach #2 (closer)

Start of 

separation 

area

Poor quality 

road markings

A few seconds before crash, the Tesla was travelling on the left

lane of the highway, with autopilot cruise control set on a head

vehicle travelling in the same lane.

Because of the low quality of the road markings, the Tesla’s

lane keeping feature mistook the left-hand side marking of the

separation zone for the actual left lane marking and caused the

vehicle to steer left accordingly. In doing so, cruise control lost

the head vehicle and had the Tesla accelerate.
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TESLA MOUNTAIN VIEW ACCIDENT (2018): PHASES
Crash Area Approach #3 (even closer) Crash Scene

The Tesla accelerated over the separation area

and approached the highways lane separator at

great speed (est. 114 km/h)

Tesla 

followed this 

marking

Finally, the Tesla crashed into the separator that had been damaged from a

previous crash weeks before. Two other vehicles were involved in a secondary

collision with the Tesla. The Tesla’s driver died at the hospital.
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TESLA MOUNTAIN VIEW ACCIDENT (2018): EXPLANATIONS

Jan. 2019

The entire Human/Vehicle/Environment system contributed 

to creating the crash:

• Road markings were of a poor quality and dated back from at least

ten years
➢ (After the crash, they were repainted…)

• The vehicle sensors misinterpreted its environment and sent

inconsistent instructions to the actuators governing its lateral (then

longitudinal) motion.

➢ In charge of the driving task, the vehicle underperformed as compared to

the thousands of human drivers travelling through the place daily.

• In the instants preceding the crash, the driver was hands off the wheel and

probably also eyes off the road, since he made no effort to avoid the crash

when he had 7 (*) seconds to react to the vehicle leaving its intended course

➢ A new kind of human failure, where overtrust in the capacities of on-

board technology plays a major role.

(*) Estimate by NTSB based on on-board event recorder
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New technology, new challenges, new models needed 

- Define a grid for Automated Driving Functional Failure (ADFF) 

by starting from the existing Human Functional Failures (HFF) 

grid

- checking which categories would disappear altogether or just be 

rephrased and which would be needed as new AV-specifics

- Update the HFF grid to account for new interactions between 

driver and AV 

- Due to the driving task sharing

- In the context of e.g., more complex HMI
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Evolution of the Human Function Failures grid
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A Perception - Detection
A1 Failure to detect due to poor visibility (poor access to information)

A2 Focus on part of the driving scene

A3 Cursory or hasty gathering of information

A4 Momentary interruption of information gathering

A5 Careless gathering of information

B Diagnosis
B1 Incorrect assessment of specific difficulty related to road layout

B2 Incorrect assessment of gap in traffic

B3 Incorrect understanding of infrastructure layout

B4 Incorrect understanding of another road user's maneuver

B5 Incorrect understanding of activation state of ADAS

C Prognosis
C1 Unexpected maneuver by other road user

C2 Expected corrective action by other road user

C3 Own lane expected to be clear of obstacles

C4 Active expectation that ADAS manage maneuvers / trajectories when they are not intended or capable to do so

D Decision
D1 Disregard of safety rule induced by situation characteristics

D2 Deliberate violation of safety rule

D2.8 Driver stops performing the driving task

D2.9 Driver abandons the driver's seat

D3 Disregard of safety rule by mistake

D4 Disconnecting ADAS or disregarding ADAS warnings

D5 Voluntary tricking ADAS in order to free oneself of the driving task

New items

E Execution
E1 Poor controlability of vehicle when facing external disturbance

E2 Poor control of vehicle without external disturbance

E2.5 Driver involuntarily operates on vehicle's controls

E2.6 Driver involuntarily operates causing an exit from the ODD (Operational Design Domain)

F Overall failure
F1 Loss of psycho-physiological abilities

F2 Impairment of sensorimotor and cognitive abilities

F3 Cognitive abilities are overwhelmed



Present status of the ADFF grid
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E Execution
AD.E3 Incorrect control of the vehicle due to the operation of one of the systems 

F Overall failure
AD.F2 Impairment of sensorimotor abilities

AD.F2.1 Vehicle is unable to manage his own trajectory

AD.F2.2 Vehicle is unable to maintain a trajectory

AD.F2.88 Impairment of sensorimotor abilities - Other

AD.F2.99 Impairment of sensorimotor abilities - NFI

AD.F3 Impairment of situation analysis abilities

AD.F3.1 Exceeding processing capacity when interacting with traffic

AD.F3.2 Vehicle performs unrelevant driving maneuvers

AD.F3.3 Vehicle adopts inadequate driving strategy

AD.F3.88 Impairment of situation analysis abilities - Other

AD.F3.99 Impairment of situation analysis abilities NFI

A Detection
AD.A1 Detection failure related to difficult access to information by the vehicle's perception system

AD.A6 Detection failure related to the capabilities of the vehicle's perception system

AD.A7 Partial detection related to difficult access to information by the vehicle's perception system

AD.A8 Partial detection related to the capabilities of the vehicle's perception system

B Diagnosis
AD.B3 Incorrect understanding of infrastructure layout

AD.B6 Incorrect evaluation of driver state or driver action 

AD.B7 Incorrect evaluation of Environement

AD.B8 Incorrect identification of another road user or an obstacle

AD.B9 Incorrect understanding of other road users behavior

C Pronostic 
AD.C1 Not reacting to unexpected maneuver by other road user

AD.C2 Expected corrective action by other road user

D Decision
AD.D3 Disregard of safety rule by mistake

AD.D6 Inappropriate action when faced with hazard

New items

Rephrased  items from HFF



Updating the ADFF grid – Example #1
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In both cases,

obstacles were

not identified as

such by the on-

board ADAS.

AD.B8 Incorrect identification of another road user or obstacle SAE Level

AD.B8.1 Incorrect identification of a pedestrian L1

AD.B8.2 Incorrect identification of an animal L1

AD.B8.3 Incorrect identification of a non-motorized vehicle (e.g., bicycle, scooter …) L1

AD.B8.4 Incorrect identification of a motorized vehicle (including mPMD) L1

AD.B8.5 Incorrect identification of a mobile obstacle L1

AD.B8.6 Incorrect identification of a non mobile obstacle L1

AD.B8.88 Incorrect identification of another road user or obstacle - Other L1

AD.B8.99 Incorrect identification of another road user or obstacle - NFI L1



Creating the ADFF grid – Example #3
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AD.A1 Detection failure related to poor access to information by the vehicle's perception system SAE Level

AD.A1.7 Detection failure related to impairment of  the vehicle's perception system by light conditions L1

AD.A1.8 Detection failure related to impairment of  the vehicle's perception system by infrastructure or traffic L1

AD.A1.11 Detection failure related to no information available to the vehicle's perception system L1

AD.A1.88 Detection failure related to poor access to information by the vehicle's perception system - Other L1

AD.A1.99 Detection failure related to poor access to information by the vehicle's perception system - NFI L1

AD.A6 Detection failure related to the capabilities of the vehicle's perception system SAE Level

AD.A6.1 Detection failure related to the operation range (including vehicle speed) of the vehicle's perception system L1

AD.A6.2 Detection failure related to malfunction of the vehicle's data collection system L1

AD.A6.88 Detection failure related to the capabilities of the perception system - Other L1

AD.A6.99 Detection failure related to the capabilities of the perception system - NFI L1

These are examples from an actual

car owner’s manual (quoted by

ETSC) of faulty detections that could

lead to a crash…

Left: detection when no

actual obstacle;

Right : no detection of

vehicles with high or low

clearance.



Conclusions – Next steps
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Ongoing: the grids of explanatory elements

First applications of the classification grids are underway 

- A national project on Automated mobility experimentations (SAM) 

- A collection of AV crashes or near-crashes (ADSCENE)

Purpose is not to guess what the future will be              

but to define the conditions under which it could be better

A specific contribution to highlight the problems linked to driving automation

• Based on the analysis of real-world accidents by a multidisciplinary team

• Aimed at showing:

- The lacks in the functions’ efficiency

- The potential adverse effects

- The conditions for improving their effectiveness
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