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Abstract. As home-based care continues to expand after hospital dis-
charge, there is an increasing need for indoor tracking, so assistive robots
know where the person to be served is. However, current smart home
datasets fail to reflect realistic home environments for training multi-
room tracking and transitions. To address this gap, we introduce the
Robot House IoT Dataset (RH-IoT-1), a real-world, multi-sensor smart
home dataset to support research on room-level human presence detec-
tion for healthcare and robotics. The dataset consists of 68 heterogeneous
sensors, including Passive Infrared (PIR) motion sensors, door contacts,
appliance monitors, light sensors, and seat occupancy sensors, from a
fully instrumented domestic environment. To demonstrate the utility
of this dataset, we further present a baseline evaluation for room-level
presence detection using a Random Forest (RF) classifier, achieving up
to 99.15% accuracy under controlled conditions and above 91% on un-
seen data. These results demonstrate that accurate room-level presence
detection is achievable relying solely on ambient sensor data. RH-IoT-
1 provides a realistic benchmark for developing privacy-aware localisa-
tion methods in smart homes and supports future research in assistive
robotics, Ambient Assisted Living (AAL), and hospital-at-home environ-
ments.
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1 Introduction

With a global shift towards an increasingly older population [1], the demand
for healthcare models that support safe and independent living at home is also
accelerating. The growth of diagnoses in chronic diseases, specifically in older
populations [2], has further intensified this need [3]. In such settings, people can
benefit from the advantages of their own home [4], while being professionally
cared for and supported by ambient technologies or assistive robots [5,6]. Recent
research consistently shows that for such systems to operate safely, they require
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a key component: continuous awareness of the resident’s location and context
within the house [7,8,9,10]. Continuous awareness of location enables detection
of prolonged inactivity, risk monitoring, safe and meaningful robot assistance,
and coordination with care providers [11].

As a part of this approach, assistive robots have received increasing attention
as they are physically capable of delivering medication, helping with activities
of daily living, and proactively approaching users, for example, to remind them
of appointments [12]. For these robots to interact efficiently, they need a strong
awareness of their surroundings and where the person is [13]. Recent research in
social robotics suggests that assistive robots should determine when assistance
is appropriate rather than jumping to help inappropriately at the wrong loca-
tions and times. To support such decisions, robots require reliable contextual
information about where the person is within the home. Room-level localisation
provides this context; e.g. prolonged bathroom presence may indicate a potential
problem, whereas extended time in a living room may reflect normal behaviour.

Assistive robots can localise people in their home using WiFi, Bluetooth,
and vision-based technologies [14]; however, these approaches often raise pri-
vacy concerns or require significant computational power to process. Ambient
sensor-based presence detection and localisation offer a privacy-aware and low-
cost alternative [15]. Ambient sensing enables continuous, unobtrusive moni-
toring in the background, without asking people to wear devices or deal with
intrusive data collection. This makes it especially well-suited for private spaces
like bedrooms and bathrooms, where comfort and dignity really matter. Yet
despite growing interest in smart-home healthcare systems [16], only a limited
number of datasets support privacy-preserving and affordable room-level pres-
ence detection. Existing datasets in this domain often focus on activity recog-
nition only, rather than including spatial localisation and fully labelled room
transitions [3,17,18,19,17,20|. Critically, the majority of these datasets are not
collected in realistic home environments. Instead, they are mostly scripted and
collected on artificial testbeds that do not sufficiently resemble real homes. In
addition, only a small number of existing datasets [21] are designed to support
localisation tasks required by assistive robots, as most of them mainly focus on
recognising activities and do not include clear location information or continu-
ous tracking of rooms. To address these limitations, we collected a new dataset,
Robot House IoT Dataset (RH-IoT-1), in the University of Hertfordshire’s Robot
House (RH), a typical British home in a residential area that has been adopted
for Human-Robot Interaction (HRI) research. This dataset is specifically de-
signed to support room-level human presence and context awareness for robot
assistance and thereby helps to connect basic sensing with higher-level reason-
ing. It allows robots to base decisions about offering help on real environmental
and behavioural evidence.

This paper provides two key contributions for the social robotics commu-
nity, aimed at supporting the development of assistive robotics and Ambient
Assisted Living (AAL). First, we present RH-IoT-1, a novel, real-world mul-
tivariate smart home dataset, consisting of 68 sensor inputs containing 63,480



RH-IoT-1 3

time-stamped samples. It consists of data covering a variety of commonly avail-
able ambient sensors, including Passive Infrared (PIR) motion sensors, contact
sensors, pressure mats, temperature monitoring sensors, brightness sensors and
appliance sensors, collected over five days with a single person. Each observation
is labelled manually using the video-recorded data to provide a reliable ground
truth. The provided annotations ensure that room transitions are accurately
reflected to support precise room-level presence detection, i.e. that when a per-
son moves from one room to another, this transition is explicitly represented.
These labels capture changes that often occur within a few seconds. This dis-
tinction is important because the models trained on accurately labelled room
data help assistive robots to understand the surroundings first, before deciding
on the assistance. Second, we provide an initial baseline analysis demonstrating
the feasibility of presence detection using ambient sensors. We used a Random
Forest (RF) model as a baseline, and it achieved over 99.15% accuracy on the
held-out test set, using an 80,/20 train—test split. When evaluated on unseen data
(not used during training and testing), performance remains above 91%. These
results demonstrate the usefulness of RH-IoT-1 in AAL applications and attest
to its strong potential to be used for decision-making in assistive robots.

The remainder of this paper is organised as follows. Section 2 reviews exist-
ing datasets and identifies limitations for application in assisted living scenarios
with interactive robots. Section 3 introduces our proposed dataset RH-IoT-1,
describing its characteristics and collection process. Section 4 presents a com-
parison of relevant benchmark datasets for comparison purposes. Section 5 shows
a baseline model and experimental setup used to confirm the dataset’s general
usefulness. Section 6 discusses potential applications of our dataset in assisted
living scenarios, and Section 7 shows the limitations of the proposed dataset.
Finally, Section 8 concludes the paper and outlines directions for future work.

2 Related Work

Human presence detection and localisation within domestic environments play
a central role in AAL and assistive robotics. AAL and assistive robots often rely
on knowing where a person is inside the home in order to provide meaningful
support. For example, [22] presents a system in which a mobile robot monitors
residents, navigates through the home, and enables communication with care-
givers. For these tasks, the robot needs to determine the user’s location so it
can move to the correct place and provide assistance when needed. Similarly,
the MoveCare project described in [23] explores long-term deployment of an as-
sistive robot in domestic environments to support monitoring, interaction, and
daily assistance for elderly users. In such settings, localisation provides impor-
tant context, allowing the system to identify where help may be required or
where the user can be found. More broadly, smart home environments designed
for assistive technologies, such as those discussed in [24], combine sensing and
robotic systems to support residents across different areas of the home.
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Several techniques have been studied for indoor human presence detection
and localisation. These techniques include WiFi signals, Bluetooth, smartphones,
and radiofrequency signals [25,26,27]. However, the majority of these require
additional hardware apart from pre-installed sensors in smart homes and may
introduce privacy concerns and deployment complexity. In contrast, purely am-
bient sensors based room level localisation remains comparatively less explored,
while being more a ordable and more privacy-preserving. The majority of ambi-
ent sensing-based existing smart home datasets, such as CASAS [3], ARAS [18],
TUM Kitchen [19], Kasteren [17], KU-HAR [20], and UniMiB SHAR [28], are
not well-suited for developing localisation-based assistive applications, as they
primarily focus on activity recognition only. Only limited work has explored am-
bient sensing datasets that combine room-level presence detection with explicit
spatial ground truth to support robotic assistance. The lack of explicit room-
level ground truth limits progress in context-aware assistive robotics. Without
spatial information, systems struggle to move beyond basic activity recognition.

It becomes harder to understand where events are taking place inside the home.
Consequently, there remains a need for datasets that enable privacy-preserving
localisation in real domestic environments. The RH-10T-1 dataset introduced in
Section 3 is developed to address this gap directly. By providing reliable room-
level annotations on ambient sensor data, it supports research that integrates
spatial and behavioural understanding.

3 RH-loT-1 Dataset

As outlined in Section 2, no available dataset provides detailed information for
room-level human presence detection with precise transition labels. Here, we
describe the RH-10T-1 datase® with fully labelled transitions under real-world
conditions, starting with characterising the environment and sensor placement
strategy used for obtaining the dataset. We will then provide further information
on data acquisition, annotation, and other preprocessing steps applied to the raw
data to allow for the collection of compatible datasets by other researchers.

3.1 Dataset Environment

This dataset consists of sensory data from the University of Hertfordshire's
Robot House (RH)*, a four-bedroom British residential home. The ground oor

of the RH is adapted to conduct research and studies in AAL scenarios for HRI
and social assistive robotics solutions. As an o -campus facility, the environ-
ment re ects realistic home settings, where participants could move freely, as if
they were living in their own home, with opportunities for sleeping, cooking, do-
ing dishes, laundry, watching TV, etc., in appropriate places like the bedroom,
kitchen, bathroom, living area, and dining area. Figure 1 shows the layout of

% Request access: https://robothouse-dev.herts.ac.uk/datasets/RH-10T/1/
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