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Automated Driving - a brief summary
• In 1995 two researchers from Carnegie Mellon drove 2797 

miles in their prototype vehicle RALPH. 
– one camera (440x525 tv-lines)

1/10th of the computing power and 1/20th of the RAM in 
the first generation Apple Watch

• Delphi made a similar, 3400 mile trip 2015, but the Delphi 
vehicle was equipped with:

– six long-range radars, 
– four short-range radars, 
– three vision-based cameras, 
– six LIDARs’, 
– a localization system
– software algorithms and 
– a full suite of Advanced Drive Assistance systems 2



• So what has happened in this 20 year span?

– Not much.

– The HF challenges are all still the same
”When all such signs [road markings, etc] vanish, 
Ralph shakes the wheel and beeps, alerting the human 
driver to take over.” - Port (1995). 

– 20 years later, and the driver is still expected to be 
redundancy for these systems, despite being driven to 
distraction.
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Banks & Stanton (in press)  Analysis of Driver Roles: 

Modelling the changing role of the driver in automated driving systems using EAST. 

Theoretical Issues In Ergonomics Science
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1. Autopilot 

engaged –

Driver 

immediately 

becomes 

“hands free”

2. Visual warning 

appears on HMI 60 

seconds later 

instructing driver to 

“hold the steering 

wheel”. Driver remains 

“hands free”

3. Auditory 

tone issued 

15 seconds 

later. Driver 

remains 

“hands free”

4. Driver places 

hands back onto 

the steering 

wheel 2 seconds 

later following 

prompts from 

safety driver

Banks, Eriksson, O’Donoghue & Stanton (in preparation) A synopsis of the Tesla crash: Could it happen again?



• The participant spent 77 seconds completely “hands free”, 
and missed two separate instructions to be ready to 
‘intervene’ in a ‘first generation autopiloted vehicle (SAE 
Level 2)

• This means we have to explore ways of facilitating the 
transition between control states, by assessing:

– How long does a driver need to respond to a request to 
intervene

– How is driving performance affected by transition time?

– Can we support this transition through HMI solutions?
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• How long does a driver need to respond to a request to 
intervene?

• Most contemporary research has found that it takes 5-7 
seconds on average in urgent situations

– We find this answer unsatisfactory

• Designing for the average driver poses a safety 
hazard

• Most transitions will be in non-urgent situations, 
allowing for a longer time-horizon
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Eriksson, A., & Stanton, N. A. (2017). Take-over time in highly automated vehicles: Transitions to and 
from manual control. Human Factors
Eriksson, et al. (2017). "Transition to Manual: comparing simulator with on-road control transitions." 
Accident Analysis & Prevention 102C: 227-234.
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The relationship between Hollnagel & Woods (2003) control levels and available time and predictability of a situation. 



• Instead we propose driver-paced transitions of control in 
non urgent scenarios. 

– The driver “is receptive to a request to intervene and 
responds by performing dynamic driving task fallback 
in a timely manner”(SAE International, 2016, p. 20)”

– Lead time in certain scenarios such as; disappearing 
lane markings, construction zones, and merging 
motorway will likely be longer in on road use cases. 
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• Why driver-paced control transitions?

– The mean TORlt was 6.37±5.36 seconds, common TOR lead times was 3, 4, 6, and 7 
seconds

10

0

5

10

15

20

25

30

35

1 2 3 4 5 6 7 8 9 12 13 14 15 16 17 18 19 20 21 22 23 24 25

L
ea

d
 t

im
e 

[s
]

Study number



11

Take-over response time



• Why driver-paced control transitions?

– The Take Over response times stay fairly consistent around 2-3.5 seconds in most 
control transitions
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• Twenty-six participants, M = 30.27 with an average 10.57 
years of driving experience 

• Participants drove at 70 mph on a 30 kilometre, three lane 
highway.

• Mode transition requests were issued every 30-45 seconds, 
allowing for approximately 24 control transitions of which 
half were to manual control.
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Z = -4.43, p < 0.01, 

r = 0.86

2.7s

4.5s

6.0s
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– How is driving performance affected by transition time?
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• Can we support this transition through HMI solutions?
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• 25 participants drove with 4 different HMI in two sub-

scenarios
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Information acquisition  - Low
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Information Acquisition - High
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Information Analysis
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Decision Selection



Braking scenario Steering scenario

Success rate Braking rate Success rate Braking rate

Baseline 76.0% 88.0% 96.0% 12.0%

Sphere 75.7% 83.8% 85.3% 32.0%

Carpet 82.7% 94.7% 100.0% 8.0%

Arrow 84.0% 94.7% 98.7% 4.0%

Overall 79.6% 90.3% 95.0% 14.0%
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Braking scenario
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Steering Scenario
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• Van Der Laan technology acceptance scores
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• Too much focus has been on the average driver, rather than 

the larger range of drivers.

– An inclusive design approach is required

• If drivers are able to pace the transition from automated 

driving to manual control, driving performance is virtually 

unaffected

– Thus, time-restricted transition slots should be avoided 

when there is no need

• HMI can be used to support decision making, but makes 

little difference in the control transition process

– Sensor information should be used to convey 

information to the driver, regardless of control mode

Conclusions
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Thank you!
Alexander.eriksson@soton.ac.uk
HTTP://HF-Auto.eu

mailto:Alexander.eriksson@soton.ac.uk

