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Abstract—In this paper, we present a semantic mapping
approach with multiple hypothesis tracking for data association.
As semantic information has the potential to overcome ambiguity
in measurements and place recognition, it forms an eminent
modality for autonomous systems. This is particularly evident
in urban scenarios with several similar looking surroundings.
Nevertheless, it requires the handling of a non-Gaussian and
discrete random variable coming from object detectors. Previous
methods facilitate semantic information for global localization
and data association to reduce the instance ambiguity between the
landmarks. However, many of these approaches do not deal with
the creation of complete globally consistent representations of the
environment and typically do not scale well. We utilize multiple
hypothesis trees to derive a probabilistic data association for
semantic measurements by means of position, instance and class
to create a semantic representation. We propose an optimized
mapping method and make use of a pose graph to derive a novel
semantic SLAM solution. Furthermore, we show that semantic
covisibility graphs allow for a precise place recognition in urban
environments. We verify our approach using real-world outdoor
dataset and demonstrate an average drift reduction of 33 % w.r.t.
the raw odometry source. Moreover, our approach produces 55 %
less hypotheses on average than a regular multiple hypotheses
approach.
Index Terms—SLAM, Semantic Scene Understanding, Probability and Statistical Methods

I. I NTRODUCTION
EMANTIC data is a reliable and ubiquitous flow of information in structured and non-structured environments.
Especially for perception systems, semantically annotated data
and higher reasoning about the underlying scene on top of
purely geometric approaches have the potential to increase
the robustness of the estimation [1], [2]. A reliable mapping
is eminently important especially for autonomous, as well
as, augmented reality systems since the recognition of the
surrounding objects and the localization in a globally unknown
environment are crucial factors there.
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Fig. 1: We propose a semantic SLAM system that maintains
multiple hypotheses of the landmark locations structured in
a hypothesis tree (bottom right image). Data association is
done in a semantic framework to create new branches in the
hypothesis tree. Furthermore, we perform a semantic place
recognition method utilizing the object class distribution of a
submap (top left image).

Traditional approaches for localization often rely on specific
low-level visual features such as points and lines which are
inherently ambiguous preventing the approach to scale well to
large environments. In contrast, semantic information features
a promising approach for many robotic applications by allowing more unique local and global descriptors for landmarks
as well as potential viewpoint-invariance. Therefore, this constitutes a crucial factor for the measurement association to
mapped landmarks and thus influences the quality of the
localization. Moreover, semantics are very efficient at dealing
with place recognition as they are less affected by seasonal or
appearance changes as well as large drifts.
In a conventional SLAM setting, the measurement noise is
commonly relaxed to the continuous Gaussian case [1] which
however, does not apply to semantic variables. Uncertainties
in the object detection such as class labels and object instances
typically involve the handling of non-Gaussian discrete variables. How to properly handle such variables is still quite
challenging and remains an open research question [3].
Many existing semantic mapping approaches are primarily
concerned with the creation of an indoor semantic representation with minor illumination and viewpoint changes [4].
In contrast, realistic outdoor applications often come with
severe changes of illumination and viewpoint. This can hamper
loop closure detection since drastic view-point changes might
render scenes completely different when revisiting.
Additionally, local descriptors for place recognition often

