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ABSTRACT

The aim of this study is to integrate artificial intelligence (AI) into magnetic resonance imaging (MRI) workflows to enhance
patient safety and reduce clinical risks. The STAID (Stretcher and Temperature AI Detection) system was developed as a
Raspberry Pi 5-based model equipped with computer vision and thermal detection technologies to monitor body temperature
and detect the presence of stretchers, for the most part incompatible with the MRI environment. The system was tested on an
image sample, achieving an accuracy of 80.85% in stretcher recognition with an average inference time of 0.1172 seconds.
Results indicate that STAID is easily integrated into clinical workflows, with positive acceptance from healthcare staff and pa-
tients, though some concerns remain regarding privacy and the reduction of human interac-tion. The introduction of STAID
demonstrates Al's potential to improve risk management in MRI, paving the way for further adoption of Al technologies in
clinical settings. Future prospects include deeper inte-gration with hospital systems and the development of training protocols
for personnel, contributing to a safer, more technologically advanced healthcare environment.

INTRODUCTION

Magnetic resonance imaging (MRI) is one of the
most advanced diagnostic techniques in medi-cine,
known for its ability to produce detailed images
without the use of ionizing radiation. How-ever,
the MRI environment carries inherent risks due
to the presence of strong magnetic fields, which
can lead to hazards such as projectile effects
from ferromagnetic objects, with
implanted medical devices, and tissue heating due

interference

to radiofrequency energy absorption. These risks
can be mitigated through a structured workflow and
advanced risk management sys-tems [1]. Recently,
artificial intelligence (AI) and computer vision have
revolutionized radiological practice by integrating
deep learning algorithms to improve diagnostic
accuracy and optimize risk management processes
[2] [3] In 2024, the European Union introduced the
Al Act, which catego-rizes Al applications based on
risk levels, ensuring the safe and responsible use of
advanced technologies in healthcare [4].

This study describes the STAID (Stretcher and
Temperature Al Detection) project, designed to
enhance MRI workflow safety by monitoring body
temperature and detecting the presence of stretchers.
The system was tested in a clinical environment to
assess its accuracy and operational impact.

MATERIALS AND METHODS

The STAID (Stretcher and Temperature Al
Detection) project was designed to enhance safety
in high-risk clinical environments, such as MRI
environments. In clinical practice, patient body
tem-perature and the presence of metallic objects
are two of the main risk factors during MRI exams,
where incompatible objects with magnetic fields
can cause accidents, while a high temperature can
have detrimental effects on febrile patients, pediatric
patients, unconscious patients, or indi-viduals with
impaired thermoregulation, as they may be more
vulnerable to tempera-ture-induced complications
during the scan [5][6].

The STAID system is designed to monitor body
temperature in real-time and automatically detect
the presence of incompatible stretchers using an
Al-based computer vision system. The Rasp-berry
Pi 5 8GB, which serves as the core of the system,
is a compact, low-power, single-board computer
equipped with a quad-core processor and enhanced
memory capacity. It is widely used in embedded
systems and Al applications due to its affordability,
flexibility, and ability to handle computational
tasks efficiently. The project architecture includes
a Raspberry Pi 5 pro-cessor and an MLX90640
thermal camera, which respectively detect images
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and abnormal tem-peratures, signaling potential
issues with an audible alert. This hardware
architecture ensures flexibility and low power
consumption, making STAID a potentially integrable
system within exist-ing workflows.
Since STAID’s hardware components are not MRI-
safe, the system is ideally placed in the con-trolled
area preceding the MRI room. This positioning
allows it to detect incompatible stretchers before
they enter the MRI environment, providing an
additional layer of security to the workflow and
reducing the likelihood of high-risk incidents.

The STAID system also incorporates body

temperature monitoring primarily as a pre-exam

screening tool. Since it is positioned outside the

MRI room, it is not designed for real-time tem-

perature monitoring during scans. Instead, it

helps identify febrile patients before they undergo

MRI, preventing potential adverse effects from

radiofrequency-induced heating. The system em-

ploys an MLX90640 thermal camera, which
captures thermal data at a resolution of 32x24
pixels, processing it in real-time to detect elevated
temperatures. Given its current placement, STAID
provides an initial assessment to ensure patient
safety before MRI procedures commence. Fu-ture
developments could focus on making STAID MRI-
safe, enabling continuous temperature monitoring
during the imaging procedure, which could be
beneficial for high-risk patients or those undergoing

lengthy scans, where thermoregulation plays a

crucial role in patient safety.

The STAID system uses various hardware and

software components, including:

+  Raspberry Pi 5 8GB as the core of the system,
for control and data processing, valued for its
affordability and energy efficiency.

+ USB webcam for video capture to detect
stretcher presence, providing real-time video
feedback compatible with the OpenCV library.

+ MLX90640 thermal camera connected to
the Raspberry Pi through GPIO for accurate
thermal data acquisition.

+ HDMI touchscreen display for real-time
monitoring and data visualization directly on
the system, which allows healthcare staff to
view alerts and data onsite.

+ Lenovo K3 Pro Bluetooth speaker to emit
an audio alert when incompatible objects or
abnormal temperatures are detected.

+  Passive cooling case for thermal regulation of the
Raspberry Pj, crucial for preventing overheating
during continuous operation in clinical settings.

The primary software components include Python

and various libraries such as Keras, for deep learning,

OpenCV for image processing, pygame for audio

management, adafruit_mlx90640, used to interact

with the thermal camera and gpiozero for GPIO
connection control.

For automatic object recognition, STAID uses a
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convolutional neural network (CNN) of the Mo-
bileNetV3 type, optimized for low computational
capacity systems such as the Raspberry Pi. CNNs
are ideal for image processing because of their
ability to extract specific features through multi-
ple convolutional and pooling layers. MobileNetV3
was chosen for its efficiency in real-time ob-
ject recognition and its “separable convolution”
structure, which reduces parameter count and
speeds up processing [7].

Figure 1. Performance evaluation of the Al stretcher detection
model — confusion matrix, me-dian inference time and Cohen’s
Kappa

The MobileNetV3 model was trained on a dataset
of stretcher images taken from the ImageNet dataset
[8]- The network was optimized for fast inference
and high accuracy, ensuring that stretchers are
identified in real-time to reduce the risk of incidents
related to metal presence in the MRI room.

During the testing phase, the STAID system was
experimented on a set of 416 images, collected
from the web, of which 228 contained stretchers of
various models in different settings, while 188 did
not contain any stretchers. The system showed an
overall accuracy of 80.85% for images containing
stretchers and 85.96% for images without stretchers.
Additionally, the average infer-ence time per single
image was 0.1172 seconds, ensuring immediate data
processing and re-al-time response capability.

It is important to note that the object recognition
algorithm is designed to detect only stretchers
and does not identify additional objects that may
be present alongside them, such as oxygen tanks
or multiparameter monitors. A potential future
development could involve training the model to
recognize other common hospital objects that pose
a risk in the magnetic resonance imaging (MRI)
environment.

ResuLrs

STAID demonstrated a high level of reliability,
achieving a Cohen’s Kappa of 0.67, indicating good
agreement between automatic detections and actual
conditions. This accuracy measure is crucial as it
reflects STAID’s capacity to detect critical cases
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accurately without overwhelming staff with false
alarms. Additionally, the choice of Raspberry Pi as
the primary hardware allowed for cost containment,
making the system accessible even for hospitals with
limited resources.

The integration of the STAID system into clinical
workflows was evaluated through surveys ad-
ministered to both healthcare staff and patients. These
surveys were conducted solely for re-search purposes
to assess public interest and opinions regarding Al-
based support systems like STAID. Given that the
general public may have preconceptions about Al in
healthcare, the study also aimed to determine how
their trust in these technologies evolves when they
understand their functionality and observe them
in operation. The results indicate that users who
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experi-enced STAID firsthand developed a higher
level of trust and a more positive perception of
its benefits compared to those who only received
theoretical explanations. Healthcare staff re-sponses
were divided into a control group and those with
firsthand experience using STAID.

When asked, “To what extent do you believe a system
like STAID can support healthcare per-sonnel?”, 14%
of the control group responded “very much”, 79%
responded “quite a bit” and 7% responded “a little”.
In contrast, 56% of those with firsthand experience
of STAID responded “very much,” while 44%
responded “quite a bit” These results indicate that
those who interacted directly with STAID perceived
it as a highly supportive tool for their work.

Figure 2 — Survey answers from healthcare staff, divided into control group (blue) and those who had first hand experience

(orange)

Figure 3 - Survey answers from healthcare staff, divided into control group (blue) and those who had first hand experience

(orange)
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In response to the question, "Do you think STAID can
help reduce the margin of human error?", responses
differed notably between the two groups. Among
the control group, 43% indicated "Yes, significantly,'
50% said "Yes, somewhat," and 7% were uncertain.
Among those with firsthand experience, 67%
responded "Yes, significantly,’ and 33% responded
"Yes, somewhat." This suggests that direct exposure
to STAID reinforces confidence in its potential to
mitigate hu-man error.

Figure 4 — Answers from patient’s survey

Patient surveys reflected a positive perception of
Al’s potential in healthcare. When asked, “In your
opinion, what are the main advantages Al could
bring to healthcare?”, 61% of patients cited “greater
diagnostic accuracy,” 44% noted “reduction of human
error,) and another 44% high-lighted “efficiency
in treatment and response times” Together, these
findings suggest that STAID and similar Al tools
are perceived by both staff and patients as valuable
assets, enhancing accu-racy and supporting safer,
more efficient healthcare operations, especially in
continuous moni-toring and high-risk settings [9].

Discussion

The integration of an Al monitoring system like
STAID in MRI environments has proven both
ef-fective and advantageous. This project has
shown that artificial intelligence can be a valuable
support for healthcare staff, enhancing patient
safety and reducing the risk of incidents associ-
ated with incompatible metallic objects in the MRI
environment [3]. Accuracy tests have con-firmed
that STAID is capable of operating in real-time with
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Figure 6 - The image displays the thermal camera view: in
the top left corner, a "fever[no fever" flag is shown, while in
the bottom left corner, the temperature of the hottest pixel in
the image is displayed.
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