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Summary:

This work introduces a multimodal microsensor system for intelligent building analysis. The sensor
captures temperature, humidity, brightness, and acceleration on a building facade. Analog measure-
ments are processed as a data matrix and analyzed using correlation coefficients against commercial-
ly available weather data. The results demonstrate reliable performance, supporting its potential in

smart building applications.
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Background

There are a number of areas in which the use
of digital analysis is essential. It is of the most
crucial importance to ensure efficiency and
predictive planning, particularly in regard to the
objective of achieving sustainability. To facilitate
mathematical and trend analyses, access to
digital data is important [1]. It is therefore nec-
essary to develop measuring systems that can
be installed in a variety of environments, are
compact in size and measure a range of pa-
rameters. Due to the major influence of the
building sector on the greenhouse gas effect,
we are concentrating on measuring systems for
climate monitoring [2,3].

Arnesano et al. conducted a literature review
identifying horizontal air temperature distribu-
tion as a critical aspect of climate characteriza-
tion. The review emphasizes the importance of
accounting for external influences—such as
solar radiation, shadowing elements, and sea-
sonal variations—in comprehensive indoor cli-
mate assessment and monitoring strategies [4].
Coulby et al. (2021) presented an indoor envi-
ronmental quality (IEQ) sensor system that
measures CO2 concentration, temperature,
humidity, atmospheric pressure, and light inten-
sity. While the system successfully indicates
and adapts to changes in environmental quality,
potential biases in accuracy limit its applicability
in more rigorous contexts, such as occupational
health assessments and compliance with indus-
try standards [5]. Chen et al. (2024) introduced

an innovative multimodal intelligent flooring
system capable of detecting position, pressure,
material type, user identity, and activity. The
system demonstrated strong signal robustness
and achieved high sensitivity and linearity, un-
derscoring its potential for responsive environ-
ments and intelligent building applications [6].
Yun et al. developed a wireless sensor network
for indoor climate monitoring, which collects
diverse environmental parameters, including
temperature, humidity, CO2 levels, light, and
occupancy. This system provides insights into
building climate dynamics, supporting informed
adjustments for indoor comfort and energy effi-
ciency [7].

Method

A preliminary prototype has been developed for
the current stage of the project. It is based on
an ultra-low energy and miniaturized but never-
theless modular multi-channel data-capture
platform with an advanced microcontroller plat-
form at its core (Fig. 1). It is intended to meas-
ure crucial environmental parameters like tem-
perature, humidity, brightness as well as me-
chanical loads. The integration of this system
into various components and spaces requires a
novel approach, combining advanced circuit
design and packaging technologies to create a
super compact but robust design. For this pur-
pose, a sensor system was designed, combin-
ing six channels of analog-to-digital conversion,
complemented by a high bandwidth prepro-
cessing stage used for filtering and signal con-
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ditioning. Following data processing, analysis
and compression performed by the microcon-
troller, data is sent via standard UART interface
to the communications module which allows
wired as well as wireless communication. By
using multilayer circuit design together with
minimum copper structure width of 50 uym to-
gether with innovative stacked micro-via tech-
nology and state-of-the-art sub-miniature XQFN
and BGA packages, we were able to integrate
all mentioned components of the sensor system
within dimensions of only 10 mm x 50 mm.
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Fig. 1. Sensor Node Prototype

A single-digit mA average power consumption
was achieved with standby currents in the lower
MA range. This allows the use of energy har-
vesting as power source together with next
generation solid-state batteries.

The sensor was installed on the outside of a
building on a window sill. In order to validate the
sensor system, commercially available weather
data from the nearest weather station was also
obtained via the weather application program-
ming interface (API), which is provided via the
Visual Crossing website. The Pearson correla-
tion coefficient of the sensor and weather data
is calculated for the statistical validation and
allows a statement to be made about the linear
correlation of the metric variables.

Experimental Results

Meteorological data were obtained from Visual
Crossing Weather’s online platform, which of-
fers an accessible, cost-effective API that
sources data from proximate weather stations.
This weather dataset provides hourly readings
and is likewise saved in a .csv file format for
consistency with the sensor data.

Figure 2 shows a comparison of the measured
parameters over 10 hours. A similar trend can
be seen between the measured data from the
sensor (solid line) and the meteorological data
(dashed line). It is particularly noticeable that
the temperature and humidity data from the
sensor show an indirectly proportional behavior.
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This is confirmed by the negative correlation
coefficient in Table 1.
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Fig. 2. Multiple Parameters in- and outdoor over time

To calculate the correlation index, the weather
data was adjusted to the sample size of the
sensor's measuring points. For temperature,
there is a weak positive correlation between the
data from the weather station and the sensor
with a coefficient of 0.41. For humidity, on the
other hand, a medium-strong positive correla-
tion between the measured data can be recog-
nised.

Tab. 1: Pearson’s Correlation Coefficient r

r
Temperature weather 0.41
X sensor
Humidity weather x 0.67
sensor
Sensor temperature x -0.43
humidity
Conclusion

A multimodal sensor node prototype was de-
veloped and its measurements were compared
with data from commercially available weather
monitoring systems. The results show that the
measurement system exhibits comparable be-
havior to its meteorological counterparts, indi-
cating its potential suitability for environmental
monitoring applications. In the next step, the
accuracy of the sensor will be investigated by
controlling the environmental variables, for ex-
ample using a climate chamber. In this way,
precise error tolerances for the system can be
determined.

The next phase of hardware development in-
volves integrating a CO, sensor to enhance
atmospheric monitoring capabilities. By adopt-
ing wireless communication, the new prototype
aims to address the limitations by dependence
on wiring, reducing infrastructural demands
while enabling a more extensive deployment of
sensors across different locations [8].
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