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Abstract: One of the main shortcomings of Received Signal Strength based indoor localisation techniques is the labour and time
cost involved in acquiring labelled ‘ground-truth’ training data. This training data is often obtained through fingerprinting, which
involves the user visiting all prescribed locations to capture sensor observations throughout the environment. These prescribed
sites must be annotated with reference coordinates which correspond to a known floor plan. In this work, we present ‘H4LO’
(Helmet for Localisation Optimisation): a low-cost robotic system designed to cut down on the labour by utilising an off-the-shelf
Light Detection and Ranging device. This system allows for Simultaneous Localisation and Mapping, providing the human user
with an accurate pose estimation and a corresponding map of the environment. The high resolution location estimation can then
be used to train a positioning model, where Received Signal Strength data is acquired from a human-worn wearable device. The
method is evaluated using live measurements, recorded within a residential property in Bristol. We compare the ground-truth
location labels generated automatically by the H4LO system with a camera-based fingerprinting technique from previous work.
We find that the system remains comparable in performance to the less-efficient camera-based method, whilst removing the need
for time-consuming labour associated with registering the user’s location.

1 Introduction

Fingerprinting is a well established family of model training meth-
ods in wireless indoor localisation literature [1, 2]. The usual
pipeline of 2-dimensional fingerprint training follows the discreti-
sation of evaluation space into x and y locations, or reference points
[1]. A transmitting device must visit each reference point and a num-
ber of receivers will capture RF information at that time, typically in
the form of Received Signal Strength (RSS) [3]. This process is then
repeated for each pre-defined location until a labelled fingerprint for
the space is obtained [1, 4].

The labelling of each reference point in the fingerprint is an
arduous task which takes a significant amount of time. A floor
plan is often necessary, in order to derive a list of training refer-
ence locations which have to be manually annotated in space. Then,
depending on the use case, a tailored method is devised to accurately
denote when the participant visits these predefined locations [4, 5].

Another major shortcoming of this technique is that it suffers
from performance deterioration over time and requires periodical re-
training [6]. This can happen due to changes in the layout of the
space [7], or through deliberate hostile action [8]. It is therefore in
the best interest of the system for the fingerprinting method to be
as simple and efficient as possible, in order to be easily performed
when required.

In addition to the above issues, it is also important to consider
each user’s propagation characteristics. A model trained on a specific
user is unlikely to perform well when generalised for other users [5].
This further complicates the problem, especially for cases when
training with non-technical participants who are unfamiliar with the
technologies involved [9, 10]. A chosen fingerprinting paradigm has
to therefore be easy to understand and utilise by users of various
technical experience.

The aim of the proposed system is to address all of the above con-
cerns, by utilising a Light Detection and Ranging (LiDAR) device
to obtain the human user’s pose in space. This will generate ground-
truth coordinate labels without requiring any a-priori knowledge of
the environment. These labels will then be directly related to RSS
signatures captured during fingerprint training. We utilise Simul-
taneous Localisation and Mapping (SLAM) and pervasive indoor
localisation techniques, and propose a novel method of associat-
ing the two through the help of a robotic platform designed for
efficiency.

In this paper we present the hardware used, recent experimental
findings, and show the viability of this method as compared to pre-
vious work. The proposed H4LO fingerprinting training method is
evaluated using measured RSS data that was obtained from a wrist-
worn wearable device where participants occupied a residential two
story property in Bristol. This domicile was fully furnished, pho-
tographs are shown in Figure 1. The dataset used is available to the
community. The main contributions of this paper therefore are:

1. We outline the proposed hardware for ‘on-the-cheap’ LiDAR
scan acquisition, utilising popular ‘off-the-shelf’ devices.
2. We then present the exhaustive ‘free-living’ and fingerprinting
experiments gathered to prove its viability and upon publication, the
dataset used will be released for public access.
3. Finally, we compare the performance of this method to our
previous work where floor tags were used to provide location
labels [4].

We first provide the current overview of the literature in Section
2. In Section 3 we outline all of the methods which are utilised by
our system. Section 4 will detail the pipeline of the system, from
the hardware setup to map generation and localisation. In Section 5
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