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Abstract—As a step towards fully autonomous driving, Ad-
vanced Driver Assistance Systems provide convenience- and
safety-related functions to drivers. In addition to data gathered
by local sensors, these systems rely on events generated by
other vehicles that need to be disseminated to a potentially
large audience. Today, this geocast-functionality relies either on
subscriptions covering certain areas (e.g., cities) or on individual
route-based subscriptions. While the former exhibits suboptimal
precision in filtering, the latter introduces significant complexity
and assume that routes are known in advance. We propose a
prediction-based assessment of the relevance of events without
requiring prior route knowledge. Relevance is modeled based
on the street network and spatio-temporal characteristics of
events. We evaluate our approach in a realistic city setting,
relying on the SUMO vehicular mobility simulator. Our first
results show that relevance-aware information dissemination
reduces the communication overhead by 68%, while at the
same time achieving near perfect recall compared to route-based
subscriptions.

Index Terms—information dissemination, vehicular networks,
information quality, relevance assessment

I. INTRODUCTION

Advanced Driver Assistance Systems (ADAS) provide features
to increase the convenience and safety of drivers [1]. These
systems heavily rely on information collected by local sensors.
However, as the range of local sensors is limited, vehicles
exchange detected events with each other to increase their
awareness beyond their local perception. Examples for such
events are updates on road conditions and information about
blocked lanes due to jams or accidents. Disseminating the
respective events efficiently is a challenging task, involving
the decision to which vehicles a specific event should be
disseminated. This decision is influenced by several factors,
such as the location and type of the vehicle and the expected
temporal validity of the event.

In the literature, vehicles distribute events in a vehicular
network using geocast-based approaches [2], relying on ei-
ther area-based or route-based approaches. If the geocast is
area-based, a fixed area is defined, in which the event is
considered relevant. The size of this area considers event-
specific parameters like the event lifetime. However, properties
of the vehicles and current traffic conditions are not considered
in such approaches. Consequently, events may be distributed
to vehicles that will never pass the event location, leading

to unnecessary data traffic. On the other hand, route-based
geocast considers the future routes of vehicles to distribute
information to concerned vehicles. Besides adding significant
complexity to the system, the assumption that each vehicle is
fully aware of its future route does not hold. Even considering
autonomous driving, we still expect to have mixed traffic with
both human-driven and autonomous vehicles [3]. For human-
driven vehicles, the vehicle may not know its future route.
This limits the applicability of the route-based approach for
information dissemination.

In this work, we propose assessing the relevance of an event
for an efficient event dissemination. Thereby, we limit the
dissemination of events to the vehicles that are concerned
the most, e. g. by using a threshold. This threshold can
be determined using the information-specific properties like
accuracy, which we investigated on in our previous work [4].

II. SCENARIO OVERVIEW

In this paper, we focus on the dissemination of information in
the form of events in the vehicular context. These events are
gathered using the on-board sensors of vehicles driving on the
streets. We assume that the sensed events are located on one
of the road segments within our street network. These road
segments are taken from map databases like OpenStreetMap
and are derived by vehicles from their current location. To
support the driving efficiency of other vehicles, the vehicles
share their detected events with interested vehicles.

However, a detected event on a given road segment is usually
not relevant to all vehicles in the network. Current approaches
distribute events to all vehicles in a specific area using geocast
with or without central infrastructure. This dissemination
method only depends on the type of the distributed event
and does not take the relevance of the event for the respective
vehicle into account. This relevance considers vehicle specific
properties like the future route. In this work, we focus on
reducing the number of unnecessarily notified vehicles while
preserving the correctly notified vehicles. For the distribution
of events, we extend the existing Publish/Subscribe (Pub/Sub)
system Bypass.KOM [5] to distribute events based on a
relevance value.978-1-5386-4725-7/18/$31.00 ©2018 IEEE
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Fig. 1: Processing of an incoming event at the broker.

A. The Publish/Subscribe System

We use an attribute-based Publish/Subscribe (Pub/Sub)
system with a central broker entity to distribute incoming
events. This broker entity is a pure forward-based broker, i. e.,
the broker has no storage capabilities for a delayed distribution
of events. Once a vehicle senses an event, it sends the event
to the broker for further distribution. The broker then decides
which vehicles need to be notified. As our scalable information
dissemination system distributes events based on the location
of the subscribers, the broker requires location information of
all vehicles in the system. To this end, the broker monitors the
location of those vehicles via the cellular network.

B. Relevance-Aware Filtering

Compared to distribution approaches from the literature,
we do not distribute events in a fixed area or over a certain
amount of road segments, but use the temporal and geographical
relevance of an event to distribute it. This relevance value is
not binary 0 or 1 like in existing Pub/Sub systems, but may
be any value between 0 and 1. We will explain the relevance
assessment in section III.

Once a message arrives at the broker, the broker selects
the concerned vehicles as shown in Figure 1. First, the broker
requests the current subscribers of that message based on the
message content. The returned list of subscribers contains all
subscribers regardless of their distance to the event. In the
second step, the broker performs additional filtering of the
subscribers based on their relevance. This relevance considers
location of the vehicle and event-specific properties. As the
relevance value is not binary, the broker needs to decide on the
concerned vehicles based on fuzzy logic. Simple approaches
to that issue are probabilistic and threshold-based approaches.
The usage of the relevance limits the dissemination area and
protects the network from getting overloaded. In the last step,
the broker distributes the event to the selected subscribers.

III. INFORMATION RELEVANCE ASSESSMENT

In our system, a central broker calculates the relevance of
events for the vehicles in the network. The relevance of the
event for a close vehicle is generally high, while decreasing
with increasing distance. The event is most important for the
next vehicle arriving at the event’s location, as this vehicle will
not receive any updates of the event state from other vehicles
anymore. However, due to the lack of route knowledge, the next
vehicle cannot be determined with certainty in most situations.
Thus, we utilize knowledge about traffic flows to predict the
future movement of the vehicles.

Consequently, our goal is to ensure that every vehicle
receives an event only once and has received it before entering
the route segment the event is located. To achieve this goal of
receiving every event only once per vehicle, we calculate the
probability that the vehicle will be the next vehicle at the event
location. There are two factors influencing this probability. The
first factor is the path probability of the vehicle encountering
the event. The second factor is the temporal validity of an
event.

a) Path Probability: If the route of a vehicle is known,
the probability of the vehicle encountering the event is either
0 or 1. However, most commonly the broker will have no
information about the vehicles’ routes. In this case, the broker
predicts the routes considering the general traffic flow. The
knowledge about the traffic flow can be obtained using methods
proposed in the literature, e. g. the method of Xue et al. [6].
In our work, we predict the path using a Markov chain of
order 1, using the road segments of the scenario as states of
the Markov chain.

b) Temporal Probability: Events typically have limited
lifetime. In order to prevent unnecessary event distribution, the
broker should not distribute events to distant vehicles, which
will possibly reach the location of the event after the expiration
of the lifetime of the event. In a real-world scenario, the exact
lifetime of an event cannot be ascertained and is subject to
further research. However, the broker can estimate the lifetime
of some event by observing past events of the same type.
Mostly, the lifetime of an event is not static, but varies even
for events of the same type. We model the different lifetimes of
events using a lifetime function. This lifetime function f(t) has
a value range between 1 and 0 and states the probability that
an event is still valid after the time t. Using this function and
the expected travel duration, we can estimate the probability
that the event is still valid once a vehicle at a certain position
arrives at the event location.

c) Information Relevance: In this section, the route
probability and the temporal probability are combined to
calculate the relevance of an event for each vehicle. As we only
inform the next vehicle arriving at the event location, we need
to determine the probability that a specific vehicle reaches the
event location next. Moreover, the event needs to be valid at
this time. For our relevance assessment method, we require all
possible routes of all vehicles and the lifetime function of the
event as input and determines the relevance value between 0
and 1 for each vehicle. We prune all routes with a probability
≤ 0.1% due to computational complexity. Thus, we limit the
computational complexity of the problem to be solved.

We calculate the relevance of an event for a vehicle driving
along the investigated route by combining the temporal and
geographical properties of the route. The geographical relevance
is the probability that a vehicle arrives first at the location of the
event based on the current traffic environment. The temporal
relevance is the probability that the event is still valid once the
vehicle arrives at the event location. As the exact event lifetime
and the vehicle route are not known, the temporal relevance is
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Fig. 2: Produced cellular traffic and achieved distribution quality without local
communication. Our approaches use significantly less network resources.

calculated for each route individually and combined using the
respective route probabilities.

IV. PRELIMINARY RESULTS AND DISCUSSION

We implement our scenario in the event-based Simonstrator
framework [7], as it enables evaluation of communication sce-
narios using cellular and ad-hoc communication technologies
and supports the Publish/Subscribe paradigm. We added a
connection to SUMO [8] using the Traffic Control Interface
(TraCI) to study our system under realistic vehicular movement.
To this end, we use the TAPAS cologne scenario [9] being one
of the largest freely available datasets. We investigate an area
of 2km × 2km for one hour, executing every setup with 20
different random seeds. To allow the system to gather historical
data for the prediction, we do not produce any events during the
first 30 minutes. After that time, an event is spawned randomly
on one of the road segments in every time interval. The size
of this interval is chosen dependent on the event lifetime.

To evaluate the performance of our relevance assessment
method, we developed a threshold-based approach, which
distributes events to all vehicles exceeding a certain relevance
threshold. To assess the benefits of our approach, we compared
it to a simple geocast mechanism as a baseline.

Figure 2 displays the performance of our algorithm. We
added multiple simulation runs with different parameter to
this plot, classifying them by their produced traffic. On the
x-axis, the produced traffic is displayed, while the y-axis
displays the achieved distribution quality. For both the baseline
approach and our approach, the distribution quality decreases
with decreasing traffic. However, our approach outperforms the
baseline significantly. For runs with similar mobile traffic, our
approach achieves on average a 35% higher quality. Similarly,
for similar quality, our approach uses on average 68% less
mobile traffic to achieve this quality level. However, the slope
of the derivate function decreases for both approaches with
increasing traffic, i. e. the cost for additional quality is much
less if the current quality is low. This is an issue for both
approaches, resulting from the forward-only Pub/Sub. In order
to resolve this issue, we will analyze the impact of storing
some events at the server in future work.

V. CONCLUSION

In this paper, we present a context-aware information dissem-
ination approach for vehicular networks. Compared to the
state-of-the-art dissemination approaches, our approach does
not require a fixed area in which events need to be distributed. It
uses the relevance of an event to distribute the event efficiently.
Our relevance assessment approach is based on several event-
specific and vehicle-specific properties. The considered event-
specific properties are the temporal validity, and the vehicle-
specific properties are the location of the vehicles. Unlike many
interest-based approaches from the literature, our relevance
assessment approach does not require the availability of route
knowledge. For vehicles without route knowledge, we predict
the possible future routes and consider these routes with their
respective probability. If a vehicle is considered the first at
the event location, the event is distributed to this vehicle.
However, the continuity of the relevance compounds the
transmission decision. We developed a treshold-based approach
to incorporate the relevance in the distribution process. The
evaluation shows that our developed approach achieves similar
performance as geocast in terms of distribution quality, while
simultaneously producing significantly less traffic compared to
geocast-based approaches.

In future work, we will investigate on other methods to
incorporate the relevance in the distribution process and
possible improvements when storing events at the server.
Moreover, we will further improve our results using direct
Vehicle-to-Vehicle (V2V) communication.
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