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Highway network

Ring-road of Antwerp, Belgium: Tt © 3

e Europe’s second largest port St

* Significant congestion

* 119 km of road

* 27 centroids Stk gy

(origin/destination points)
e 208 sections
* 117 intersections
* No traffic lights

Each scenario simulates 3 hours of traffic: Low
demand to load the network with minimum traffic,
rush hour traffic, low demand to unload the
network
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Driving behaviour models

Manually driven vehicles: Operated by human 40 1.25 S
drivers, callbratgd using regl-worlc{ datg = o £ 20 . ‘g 0.2
* IDM Car following model, Simple Discretionary lane = %‘ = ' E
changing model. Calibrated on real data - 2 15 = 075 7 o0
* Aimsun Mandatory Lane changing = S S 9
ACC vehicles: Low-level automation with % —20 S 10 % 0.50 - 0
behaviour aligned to current ADAS 2 = g 5 0.4
* Linear Car following model, literature parameters E — s 05 $ ' ©
* Discretionary lane changing models as manual ;_60 s 3 0.00 E —0.6
* Aimsun Mandatory Lane changing I # e S o
AV vehicles: High-level automation modelled "~ _s0 E’ < -025 3 0
based on assumptions due to the lack of real-world ~0.5 2 -10
data
* Linear Car following model, with additions.
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AV behaviour and parameter settings

AV basic: The basic characteristics AV Low reaction time: Reaction time of
needed for AV. Traffic awareness, no need

e ) 0.5 s, assuming even better
for controllability be human driver D SRR -
e 0.9 time gap (1.2 s for ACC) predication/anticipation capabilities

* 0.9 s reaction time (1.1 s for ACC)

. g
« Multianticipation AV Speed compliance: 100% mandatory

compliance to the speed limit

AV Connectivity: Connectivity AV stable: Using model parameters to
applications expected reduce phantom traffic jams

* 2 vehicle platoons for HDV

* 5 km downstream speed information AV full: all different capabilities
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Scenarios
Scenarios with 100% Scenarios with mixed Scenarios with
penetration rate: traffic: Increased demand to
- Manually driven vehicles « Manually driven vehicles + traffic:
- ACC systems vl 100% AV basic and
« ACC systems + AV full . 0 asic an
« AVs basic +10% demand during
. Connectivity Parameter mixes applied the rush hour
- Lower reaction time inzsg;ps of ﬁog/(‘;o/ , « 100% AV full and +10%
) L : . o type o type demand during the rush
Speed limit compliance . 40% type 1 60% type 2 our

- Stable parameters
« AV full

60% type 1 40% type 2
80% type 1 20% type 2
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Traffic flow results

The three main scenarios highlight traffic
conditions across different cases
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« ACC systems: With increased time gaps and
string-unstable parameters, these systems
reduce the network's capacity.
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Homogeneous traffic
== Manually driven
m— ACC

= AV basic

(%))
o

* AV basic: Show a clear benefit, increasing the
network’s capacity. The harmonic average speed
is higher compared to manually driven and ACC

. . . .y 25 50 75 100 125 150 17
scenarios, even during peak traffic conditions. Time (min)

Harmonic average speed (km/h)
I
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AV cases

* Speed compliance: Slower speed in the uncongested
condition. Less pronounced speed drop

* Stable parameters: large improvement in the traffic
conditions

* Connectivity and low reaction time demonstrate important
benefits for improving system performance.

* AV full achieves the best results, maintaining an average
speed above 80 km/h.

)] ~ co [{e]
o o o o

Harmonic average speed (km/h)
(8]
o

)] ~ (0] (o)
o o o o

Harmonic average speed (km/h)
(8]
o

Homogeneous traffic \\\\I ’I
== = Manually driven L 7
== = AV basic \ .
= AV sp lim \/
=== AV stable \Y4

25

50 75 100 125 150 175
Time (min)

Homogeneous traffic \ \\ ,I Il
== = Manually driven . v
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e AV C \ 7
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Mixed traffic

« Manually driven vehicles and AV full: The
average speed in the network is improving
substantially even for small rates. At around 40%
congestion phenomena are diminished.

 ACC and AV full: Congestion phenomena
persist until 60% rate of AV full, as ACC systems
induce them.

The results highlight the importance of the

behaviour of the rest of the traffic in which the AVs
are introduced, and not just the AVSs.
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Mixed traffic
Manual and AV full

- AV full

== = Manually driven
— 80% AV full \ /
— 60% AV full \ /
e 40% AV full \\ /
— 20% AV full 7

25 50 75 100 125 150 175
Time (min)

Mixed traffic
ACC and AV full

— = AV full

- = ACC

— 20% AV full
— 40% AV full
' 60% AV full \\ /
—— 80% AV full <.’
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Increased demand cases

The three main scenarios highlight traffic
conditions across different cases

10 % increase of the vehicles during the rush hour

* For the AV basic the traffic conditions
deteriorate, and the situation gets slightly worse
than the baseline. The recovery time is improved

 For the AV full, the conditions are still a bit
better than the base line, but there is congestion
phenomena emerging.
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Energy consumption results

130 Prototype Configuration Enhanced Sensor Configuration

Sensing and onboard

calculations for ACC and :
manual vehicles is minimal, |
compared to AVs. |
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Propulsion energy
decreases across all AV
scenarios. Unstable ACC
systems lead to an increase
in the overall propulsion
energy demand

130 Vision-Only Configuration Advanced Technology Optimisation
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Energy consumption results

Prototyp Configuration Enhanced Sensor Configuration

Prototype Configuration leads to

increased energy demand across the
board

ATO configuration provides the II I III I 0
better results, but still some AV cases .
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lead a marginal increase in energy = AR RN L N

Consumptlon Vision-Only Configuration Advanced Technology Optimisation
) ) ) . 7.43 % e (ATO)

The automation kit must be optimized 6 .

and automated driving systems need
fo be designed to improve traffic
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Energy consumption results

130 Prototype Configuration Enhanced Sensor Configuration

Sensing and onboard
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manual vehicles is minimal, - - —
compared to AVs. I I
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Propulsion energy
decreases across all AV
scenarios. Unstable ACC
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Mixed traffic: Manual and AV full

Prototype Configuration Enhanced Sensor Configuration

AV full vehicles improve e
traffic conditions gii: gi'i:
Manually driven vehicles ©.. e
require less energy for their
operation el e
Advanced Technology Optimisation
This trade-off appears in all - o
cases, with the best mix 1m0
being around 40%, even for £ £
Prototype Configuration. : B -
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Main points

Traffic aware systems: Only systems
designed to improve traffic flow can have
positive impacts

Small penetration rates even in mixed
traffic can bring substantial benefits

Improve flow: AVs can decrease delay, or
accommodate more trips with no additional
delay or infrastructure, compared to the base
line

Existing vehicle behaviour is crucial for
mixed traffic

Energy optimisation is required to
decrease the energy consumption
substantially

Increased traffic demand can be
accommodated for the same infrastructure,
but this increases the overall energy
consumption

Positive externalities coming from traffic
aware, energy-intensive AVs may be realized
by the system but not the user. Potential for
the use of incentives
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