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Conflicting scenarios

O Resolving traffic problems in conflict zones has significant social
and commercial benefits.
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Tendency and challenges

O Tendency: Virtual platooning is a promising technique in
coordinating connected and automated vehicles (CAVS) in
conflicting scenarios.

O Challenge 1: How to make efficient use of scarce communication
resources to enhance the performance of vehicular ad hoc
network (VANET)?

O Challenge 2: How to ensure the stability of the multi-vehicle
system subject to real-world uncertainties?

\
o gﬁetﬁq ~
7 ) =
mu— L "‘@‘2&, x3
_________ A, T em
D o - i | @ 0
X4
ﬁ .

Two-dimensional (2D) conflicting scenario One-dimensional (1D) virtual platoon



Proposed solution

O Contribution 1: The study adopts the event-triggered control (ETC)
mechanism and develops a novel triggering condition which
considers the uncertainty of the boundary information.

O Contribution 2: Based on contribution 1, the study further proposes
a distributed robust controller for multi-vehicle cooperation in
conflicting scenarios.
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1) Vehicle model and triggering condition

O The third-order nonlinear longitudinal dynamical model is used to
build the multi-vehicle system.

O The triggering condition suggests that the transmission only takes
place when the state deviation exceeds the threshold.

Vehicle dynamics
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2) Robust control design

O The proposed control has an analytical form and can be
calculated efficiently in real-world implementation.

O The storage unit reserves the information in the latest
transmission. Parameters in the form of (-) use the values in the
storage unit.
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Simulation results

O Results validate that vehicles approaching the intersection can
negotiate safely and efficiently with the proposed control.

O An average of 77 sampled data packets are transmitted via the
VANET within the cooperation area under the ETC mechanism.

The number would be 200 under conventional time-triggered
control.
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Experimental setup

O The proposed ETC is validated in Expo Park in Qingdao, China,
using two autonomous tractor trucks at the intersection. The test
vehicles are JH6 trucks communicating via ultra-wide bandwidth
(UWB).
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Fig. 5 Experimental setup: (a) virtual platoon; (b) on-board hardware and software of test vehicles. UWB:

ultra-wide bandwidth; GPS: Global Positioning System; CAN: controller area network. References to color
refer to the online version of this figure




Experimental results

O The tracking performance shown in Figs. 6b and 6c verifies the
effectiveness of the proposed method.

O Considering that vehicles approaching the conflicting scenario
tend to drive steadily at a relatively low speed, the proposed
method is ready for practical implementation.
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Conclusions

1. The proposed event-triggered control can significantly reduce the use
of communication resources compared with TTC methods, and hence
Improves the communication performance.

2. The triggering condition in the proposed method fuses the state error
with parametric uncertainty, which has not been proposed or explored in
existing ETC studies.

3. The effectiveness of the proposed method is validated in the
simulations and experiments. The results indicate that it is readily
applicable.
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