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Advanced Driver Assistance Systems require a huge amount of sensor information. Infor-
mation sensed by the vehicle’s on-board sensors is often not sufficient due to physical lim-
itations, thus, vehicles exchange information with each other to enhance their knowledge.
However, both local and remote measurements are only a noisy view on the environment.
If a vehicle receives faulty information about its environment, its decision-making may
perform wrong actions. In this paper, we focus on the accuracy of information w. r. t. the
correctness of the provided information. To increase the accuracy, we use a data represen-
tation that depicts every measurement as a probability vector. This representation contains
all available information and tracks accuracy while aggregating and fusing information. To
incorporate measurements sensed at different times and locations, we model the environ-
mental changes. As information expires after a certain time, we combine a Markov model
with an aging model to keep the aggregated information stable even after message expira-
tion. We achieve this by reducing the impact of information with increasing age. Our ex-
tensive evaluation shows that our novel approach outperforms state-of-the-art approaches
significantly.
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1. Introduction As wrong measurements can result in wrong or un-

precise actions taken by the system, vehicles aggregate in-

Advanced Driver Assistance Systems (ADASs) increase
the convenience and safety of drivers [1]. These systems
heavily rely on high-quality information collected by lo-
cal sensors. Due to physical limitations, vehicles need to
exchange information with each other to increase their
awareness beyond their local perception. However, sensors
only a noisy observation of the environment, which de-
pends on the quality of the available sensors. In the ve-
hicular context, the vehicles are heterogeneous in terms of
available sensors and the quality of their measurements.
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formation to increase the accuracy of the provided infor-
mation. The varying quality of the sensor measurements
is an important meta-information for the aggregation pro-
cess. Based on the quality, a measurement’s weight in the
aggregation process is higher or lower.

The accuracy of a measurement can be increased by ag-
gregating multiple independent sensor measurements. In-
formation aggregation and fusion have been extensively in-
vestigated in the field of Wireless Sensor Networks (WSN).
According to Durrant-Whyte [2], information fusion can
be divided into three categories: complementary, redundant
and cooperative fusion. In this work, we focus on redundant
aggregation. The idea of redundant aggregation is to aggre-
gate similar or almost similar messages to reduce network
load while increasing accuracy and reliability [3]. The
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Fig. 1. In-Network aggregation process. The bars in the plots represent
the probability of the variable being in a certain state. The states are
numbered from 1 on the left to 5 on the right.

processing and aggregation of messages can be performed
by intermediate vehicles [4].

Considering the usecase of temperature measurements
as an example, calculating the average of the sensed val-
ues leads to more reliable results in most cases. However,
as vehicles are equipped with sensors of different quality,
the sensor accuracy is not the same for all retrieved values.
Thus, we can enhance the quality of the aggregate further
by taking the sensor accuracy into account. Therefore, each
sensor does not only measure the exact value but provides
a distribution vector based on the sensor properties like
the sensor context and the sensor accuracy. This distribu-
tion vector can be produced by performing multiple mea-
surements in a certain time interval or by using knowledge
of the sensor accuracy. In the case of temperature sen-
sors, the distribution vector will be based on a Gaussian
distribution. Hence, a probability vector per measurement
can be created using a Gaussian distribution with the mea-
sured value and the sensor deviation. The resulting vector
can be aggregated with other measurements to increase
accuracy.

Fig. 1 depicts an example scenario of information ex-
change in the vehicular scenario. In this example, the ob-
served variable has five possible values named states. Ve-
hicle 1 is deployed with a sensor of moderate accuracy. To
allow the succeeding vehicles to enhance their view on the
variable, vehicle 1 shares its measurement. Using only the
measurements of its onboard sensors, vehicle 2 would not
be able to decide in which state the observed variable is, as
the probabilities for state 2 and 3 are equal. However, us-
ing the information provided by vehicle 1, vehicle 2 is able
to decide about the state of the observed variable cooper-
atively. Simultaneously, it increases the accuracy compared
to the measurement of vehicle 1. Vehicle 2 shares the mea-
surements it received together with its own measurement
with vehicle 3. Vehicle 3 by itself would even have derived
the wrong value, as the probability for state 1 is higher
than the probability for state 2, but state 1 has been barred
from vehicle 1 and 2. As vehicle 3 receives the information
from vehicle 2, it can correct its inaccurate measurement.

Our contribution is the modeling of the measurement
process including the spatio-temporal influences on mea-
surements. Compared to our approach in previous work[5],
we reduce the impact of old information to ensure a re-

silient aggregation result even at information expiration.
To achieve this, we combine our prediction-based aggre-
gation approach with our information-aging approach [6].
For this adaptation, our information-aging approach needs
to be adapted to work appropriately for vector-based mea-
surements with multiple states and consider the known
spatio-temporal dependency between measurements. The
additional knowledge provided with the spatio-temporal
information behavior and the exact measurement distri-
bution increases the performance of our information-aging
approach by up to 50% in terms of used optimization po-
tential.

The remainder of this paper structures as follows: In
Section 2, we provide an overview over the state-of-the-
art approaches. After this, we describe our data model in
Section 3, the spatio-temporal changes in Section 4 and
our extension, the Quality-of-Information (Qol)-aware ag-
gregation approach, in Section 5. After that, we describe
our accuracy measure in Section 6. Subsequent, we eval-
uate our developed approaches in Section 7 and conclude
our paper in Section 8.

2. Related work

Data aggregation is a pivotal technique in resource con-
straint networks to improve their performance [7]. Perfor-
mance of a distributed system can be measured in en-
ergy consumption, produced data traffic, or achieved data
quality. For many applications, like the vehicular appli-
cation, the location of the measurements should not be
omited [8]. In vehicular systems, vehicles are equipped
with a variety of sensors like Global Navigation Satellite
Systems (GNSSs), Light Detection and Rangings (LIDARs),
and cameras [9]. Using local processing capabilities, ve-
hicles can derive information based on these measure-
ments. In distributed systems, information is measured by
multiple sensors at different locations and different times.
While most measurements are considered to be a single
value without accuracy information, Boulis et al. [10] in-
troduced an aggregation algorithm based on a probability
distribution, which provided a tradeoff between energy ef-
ficiency and accuracy. The idea is to keep meta-information
of the aggregation to improve future aggregations. That
meta-information is shared with neighbor nodes instead
of only the final result. By utilizing that meta-information,
the neighbors were able to aggregate information in a de-
centralized manner. However, due to the different mea-
surement times and locations, simple aggregation methods
are generally not suitable.

This issue has been investigated extensively in the re-
search of Wireless Sensor Networks (WSNs). For wireless
sensor networks, the spatio-temporal correlation between
sensor measurements is an important information for effi-
cient communication protocols. This correlation has been
modeled and used for aggregation in WSNs to support
efficient communication protocols [11,12]. They developed
multi models for measuring the spatio-temporal correla-
tion between measurements. If the correlation between
two measurements is high, one of them can likely be
omited to reduce the energy consumption of the network.
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