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Abstract. In an era where health concerns deeply, optimizing the use
of medical resources is critical. To address so, our work presents a sys-
tem for monitoring patients’ vital signs, aiming to detect possible clinical
deterioration at an early stage. Our system utilizes body sensors to mea-
sure different vital signs, which are processed and transmitted through
an architecture that provides a real-time visualization platform at last.
The results obtained show how this proposal can significantly improve
hospital care by reducing the duration of hospitalizations and the number
of emergencies attended, as well as advancing towards better monitoring
protocols. This demonstrates a high potential to transform healthcare
and improve clinical outcomes.
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1 Introduction

The continuous monitoring of hospitalized patients represents the cornerstone of
a successful and effective healthcare, being crucial for ensuring patients’ safety as
preventing adverse events to happen. As a consequence, the detection of changes
in vital signs can prompt medical interventions on time. The aim of the set
of techniques and/or protocols utilized to anticipate decisions in this kind of
contexts is to avoid patient deterioration, which is defined as the physiological
phenomenon that occurs when a patient’s condition worsens or when there is a
sudden onset of a severe physiological variance [13]. However, current monitoring
of hospitalized patients protocols rely on intermittent or discrete observations
and measurements of their vital signs on the behalf of the nursing personnel.
These situations may lead to patients remaining unsupervised for a considerable
number of hours, resulting, in some cases, in a worsening of their condition that
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healthcare personnel may not be aware of. In parallel, it must be considered
that the consolidation and interpretation of the information obtained through
the different measurements greatly depend on the judgement and experience of
the medical staff [18].

In this sense, the lack of proper detection of clinical patient deterioration in
general wards leads to adverse events, frequently ending up in unplanned admis-
sions to intensive care units. These cases conform 3-4% of all hospital admissions
and account for 24.2% of intensive care unit admissions and 21.7% of hospital
mortality [7]. Among the diagnosis that can be associated with these situations
are the following: pneumonia, heart attack, chronic obstructive pulmonary dis-
ease and sepsis [4].

Admission to an intensive care unit for a non expected patient is such an
example of an adverse event that can be related to the nursing personnel, spe-
cially, due to a mistaken monitoring from the outset, which represents 46%
of these incidents. Up to this point, it must be highlighted that only 40% of
the documented cases were monitored according to the medical experts’ guide-
lines [8]. This underscores the importance of nursing personnel adhering to pro-
tocols designated by medical professionals, particularly regarding monitoring
frequency and patient treatment based on their clinical condition. Consequently,
the amount of manual tasks required from nursing staff during the measurement
and recording of patients’ vital signs can vary significantly. The extent of theses
tasks depends not only on the available equipment and recording systems but
also on the number of steps and time required for each patient when applying
the local clinical protocol, which details the vital signs of interest to be recorded.

In 2022, the International Council of Nurses, in their report entitled “The
global nursing workforce and the COVID-19 pandemic” [12], estimated a global
shortage of 5.9 million nurses, where 89% was concentrated in low- and lower-
middle-income countries. Meanwhile, in high-income countries there was a grad-
uation rate of 38.7 nurses per 100,000 inhabitants. This highlights the existing
urgency in hospital care scenarios where the need for medical assistance exceeds
historical demand averages, making the implementation of systems and technolo-
gies that support nursing staff imperative, particularly to eliminate manual and
repetitive tasks. Addressing the latter, it must be emphasized that continuous
monitoring provides a positive effect on the clinical outcome of patients and is
associated with a decrease in both the duration of hospitalizations and the occur-
rence of emergencies associated to adverse events in hospitalized patients [3].

Increasingly, technologies and systems that automatically collect and register
patients’ vital signs uninterruptedly represent a great opportunity for the early
identification of patient deterioration in general wards. This enables rapid and
specific treatments, reduces the need for patient transfers to intensive care units,
decreases hospital stay times, and improves survival rates [16].

Consequently, our approach opts for the definition of a complete architecture
that contemplates specific sensors and technologies, moving toward an initial
implementation of a low-cost Internet of Everything (IoE) based system, con-
sisting of physiological sensors, allowing for the monitoring of patient signals
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and their visualization in a dashboard. A quantitative evaluation is performed
to validate the utilized sensors at last.

The document is divided into the following sections. Firstly, a review of
other similar proposals can be found in the Sect. 2. Next, Sect. 3 defines the IoT-
based system for vital signs monitoring. Subsequently, a quantitative evaluation
is carried out with a hospital monitor in Sect.4 and finally the conclusions and
future works are discussed in Sect. 5.

2 Related Works

The healthcare field has been enriched with numerous works that aim to char-
acterize different physical phenomena through the utilization of IoT, commonly
referred to as the Internet of Medical Things (IoMT) in this realm, due to its
capability to enabling communications between devices within a network.

Regarding the topic addressed in this research, different works may be found
that focus on proposing Rapid Response Systems (RRSs) in conjunction with
Early Warning Score (EWS) to enable the detection of patient deterioration at
an early stage. Heller, A. et al. [10] proposed an automated EWS for detecting
patient deterioration in a couple of surgical wards. To do so, data was retrieved
from two spot check monitors and other remote-controlled vital signs monitoring
wearable devices, showing promising results in detecting patient deterioration.
However, the proposed system do not describe neither the sensors utilized nor
the invasive behaviour they present when placed in patients.

In [14], the proposal finds the SNAP40 device as an early detector of patient
deterioration. This sensor incorporates a photoplethysmography (PPG) sensor,
together with temperature and movement sensors. The discussed findings show
how the device could potentially reduce the time required for nurses to detect
patient deterioration, lacking at the same time of a complete description of the
sensors’ models involved.

The aim of reducing nurses’ workloads is also handled in [5]. This approach
demonstrates the feasibility of the SensiumVitals wireless patch. The device,
placed on the patients’ chest, sends data every two minutes to the ward computer
as well as alerts to mobile devices carried by healthcare staff, ensuring they are
aware of any abnormal occurrences. However, the proposal does not address a
centralized framework for patient monitoring, which may derive in the need for
multiple devices and fatigue among healthcare staff as frequent alerts may get
to happen at a time.

As focused on effectiveness and viability, none of these proposals put the
focus on the description of the sensors used in the different revised approaches.
Furthermore, validation is often focused on user satisfaction and response times,
not contemplating a comparison with other commercialized and standardized
hospital monitors.
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3 Proposed Real-Time Vital Signs Monitoring System

The IoT environment for monitoring patients’ vital signs in hospital wards is
defined along this section.

At first, it is important to specify the different phenomena this approach
aims to collect through the utilization of IoT sensors. According to the Ameri-
can Health Association [1], heart rate is defined as the number of times a person’s
heart beats per minute. Similarly, the respiratory rate refers to the number of
breaths a person takes per minute [11]. A formal definition of body temperature
refers to the body’s capacity to produce and dissipate heat [17]. Oxygen satura-
tion is the proportion of hemoglobin bound to oxygen relative to the hemoglobin
that remains unbound [9].

As previously introduced, nursing staff deal with the problem of attend-
ing multiple patients at a time, what may derive in severe consequences in
patients’ well-being, causing in some cases, their deterioration. Therefore, due to
the emerging need for establishing a tool that allows nurses to monitor various
patients at a time, our proposal opts for the utilization of two different types
of sensors that provide crucial experimental results in the context of IoE, as
enabling remote patient monitoring.

3.1 Proposed Sensors

Nowadays, various devices for monitoring vital signs are being commercialized,
allowing for the capability to measure either a single metric or multiple metrics
simultaneously. Although invasive vital sign monitoring is uncommon in normal
patient monitoring scenarios, it is crucial to prioritize the non-invasive nature
of the employed method, together with the cost-benefit ratio of the devices that
implement it. Consequently, to facilitate the placement of the monitor, which
integrates the sensors used, on the patient, the focus has been put on contem-
plating those that employ reflectometry in the photoplethysmography technique.

These kind of sensors are composed, mainly, by two LEDs, a red spectrum
LED and an infrared LED, which work together with a photodetector to measure
changes in light absorption due to blood flow for heart rate measurement. On its
part, the red light emitted is partially absorbed by the blood, and the amount
of light dissipated through the finger allows for the determination of oxygen
saturation levels; the greater proportion of hemoglobin bound to oxygen, the
more light is absorbed.

In this research work, heart rate and oxygen saturation measurements
are done through the commercial sensor MAX30102 manufactured by Analog
Devices [2]. Its optical elements and the integrated low-noise signal processing
circuitry, which filters and amplifies the signals for precise and reliable measure-
ments, enables accurate readings. Further information about the benefits and
specifications of the proposed sensor may be found in Table 1.

Note that to finally obtain the metrics of interest, some processing tasks
need to be carried out over the output sensor data. The heart rate metric may
be obtained after analyzing either the red spectrum LED or the infrared LED,
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Table 1. MAX30102 sensor features and benefits.

Size 5.6mm X 3.3mm X 1.55mm

Sample frecuency Programmable: from 50 sps (samples per second) until 3200sps

Power operation in mobile devices|<1 mW in operating mode; 0.7 pA in shutdown mode

Signal-to-noise ratio High

Operating temperature range -40°C to +85°C
Communication protocol 12C (Inter-Integrated Circuit)
Price 5.41 USD

as both share similar characteristics. To do so, the obtained signal T'S must go
under the Exponential Moving Average technique, aiming to identify general
trends as all undesirable frequencies are eliminated obtaining the PPG signal.
This process allow further employment of a peak detection algorithm, which
leads to measure the signal’s period and estimate the heart rate by averaging
the last 10 measurements at last.

In parallel, due to the utilization of a peak-valley-detection algorithm, it is
possible to determine oxygen saturation, thanks to the calibration curve pro-
posed by Scharf & Rusch [15]. In this case, the average of the last 10 measure-
ments is utilized too, after characterizing peaks and valleys considering minima
and maxima points in both, the red spectrum LED and the infrared LED lines.

In contrast to the method performed for heart rate detection, the respiratory
rate is processed from the peaks present in the original signal, to obtain a new one
that shows the intensity variation induced by the patient’s breathing. Therefore,
another peak detection algorithm!® is employed, as characterized by generating
a square wave signal with a high state during upward transitions (from valley to
peak) and a low state during downward transitions (from peak to valley). These
transitions’ tracking helps to identify the patient’s respiratory rate.

According to temperature measurement, many different commercial devices
exist, however, our proposal opts for the consideration of a sensor which facili-
tates its integration with the PPG sensor described above. In this sense, a 10k
negative temperature coefficient thermistor (NTC) is employed. NTC specifies
the inverse proportional relationship between temperature and a 10k Ohm resis-
tance. The utilized sensor may be placed in any part of the patient’s body. As
the thermistor resistance varies with temperature, the voltage divider formula
is employed to calculate the thermistor resistance. Then, Steinhart-Hart equa-
tion is applied as characterized by defining the relationship between the varying
electrical resistance of a semiconductor and its varying temperatures, therefore
obtaining patient’s body temperature. This kind of sensor is commercialized by
different manufacturers, some of one example model’s specifications [6] are found
below in Table 2.

! https://github.com /leandcesar /PeakDetection.
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Table 2. B57045K 10k NTC thermistor specifications.

Size 18mm x 4.5mm X 4mm

Sample frecuency Programmable

Power operation in mobile devices |0.54mW in operating mode (based on a 3.3V supply and 10 k2 series resistor)
Rated temperature 25°C
Operating temperature range -55°C to +125°C

Humidity conditions tolerance 52 days

Accurate temperature obtaining time[225s (on air) and 45s (on chasis)
Price 2.01 USD

3.2 Architecture of the Proposed System

To monitor patients’ vital signs through the utilization of the proposed system,
it is imperative to establish an architecture for sending and persistently store
data. This architecture is mainly divided in two different layers: the cloud layer
and the local area network layer, as illustrated in Fig. 1.
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PPG sensor

visualization
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Node-RED
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Fig. 1. Architecture of the IoE-based monitoring system

With the objective to retrieve the information streamed from the exposed
sensors, our methodology contemplates the utilization of the AMICA version of
the ESP8266 low-cost microchip. This component of the proposed IoT system
facilitates the implementation of the electronic circuit necessary for data acquisi-
tion and transmission. It has 17 general-purpose input/output pins together with
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an analog pin. The 5 V-power-supply for this component is obtained through a
micro USB port. Additionally, a regulator converts this initial voltage to 3.3V,
which is used to power the PPG sensor and the NTC 10K thermistor. It must
be highlighted that the analog pin is utilized for measuring the voltage from
the 10 k2 resistor, which naturally varies as the thermistor resistance varies due
to changes in the monitored temperature. On the other hand, this component
is responsible for processing the signals from the PPG sensor through the 12C
protocol. All obtained information is transmitted to the computing unit utiliz-
ing the MQTT communication protocol at last. The circuit itself is presented if
Fig. 2.
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Fig. 2. Diagram of the proposed IoT monitor

Therefore, a Raspberry Pi is incorporated as the computing unit of the sys-
tem, as well as serving as the sink of the project where the Mosquitto broker
is installed. It allows for handling all incoming messages and directs them to
the appropriate subscribers. Also, this component handles the subscription to
the sensor topics and manages the insertion and querying of the database; the
data, including temperature, heart rate, oxygen saturation and respiratory rate,
are sent simultaneously every two seconds in a single JSON message. Addition-
ally, the installation of the Node-Red platform permits the presentation of the
collected information on the dashboard (Fig.3 exemplifies heart rate and oxy-
gen saturation data visualization). In this context, a non-relational MongoDB
database is responsible for storing the data transmitted from the ESP8266 board,
allowing for subsequent visualization through the dashboard, both in real-time
and from historical data.

To enable portable measurements within the Wi-Fi network’s coverage range
for communication with the Raspberry Pi, an external battery may be incor-
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Fig. 3. Vital Signs Monitoring Dashboard

porated to power the ESP8266 board. In this case, the selected battery should
provide a 5V output, as the ESP8266 is equipped with an onboard voltage reg-
ulator that allows it to operate at 3.3 V.

4 Validation and Evaluation of the Proposed System

In this section, different case studies are discussed aiming to check the viability
and validity of the IoT-powered vital signs monitoring system proposed in this
work. To do so, different volunteers have taken part in this study, as characterized
to have different physical and health conditions, weight and age. Specifically, case
study (CS) #1 involves a male participant aged 59, whose height is 1.72m and
weight is 77.6 kg; no medical conditions apply. The second CS comprehends a
25-year-old male participant with no medical conditions and a height of 1.66 m
and a weight of 74.84 kg. CS #3 also considers a diabetic male participant aged
41, whose height is 1.72 m and weight is 77 kg. Finally, a female participant aged
61, whose height is 1.50 m and weight is 68.4 kg, suffering from hypertension is
involved in CS #4.
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The different carried out tests were accounted for the utilization of a vital
signs monitor manufactured by Mindray, with the objective to check the mea-
surements involved in this study. Up to this point, it must be highlighted that
the Mindray monitor needs to be connected to the patient by installing the PPG
sensor to its index finger, the temperature sensor on any part of their body, and
the electrocardiogram sensors placed on the four extremities, specifically near
the wrists and ankles. On its part, the IoT monitor proposed in this work is con-
nected by placing the PPG sensor on the index finger and the NTC thermistor
to any part of the body.

Taking the data from the Mindray monitor as a reference, the formula
exposed in Eq. 1 was used to validate the proposed IoT monitor. Average result
for each participant are shown in Table 3, together with the overall performance
of the IoT monitor for each measure. Note that all metrics are measured for every
participant, except for temperature. Due to its slow rate of change, temperature
comparisons are simpler and additional examples would provide redundant eval-
uations.

B %) hospital monitor value — IoT monitor value (1)
ITOr =
0 hospital monitor value

Table 3. Quantitative comparison between the hospital monitor and the IoT monitor

Error Rate (%)
Case Study|Heart Rate Respiratory Rate|Oxygen Saturation Temperature
1 1.99 6.77 0.79 5.8
2 1.92 10.08 3 7.16
3 1.78 13 2.05 NaN
4 1.36 7.15 3.22 NaN
Overall [1.76 9.25 2.27 6.18

A deeper analysis shows that heart rate readings from both the hospital
monitor and the ToT monitor revealed a mean error percentage of 1.76%, with
the sampling error ranging from 0 to 5 beats per minute in most cases. The data
shows that occasional outliers are likely caused by motion artifact (involuntary
patient movements), deriving in the situation where the IoT monitor slightly
differs from the values provided from the hospital one. In parallel, the oxygen
saturation levels show an average error percentage of 2.27%, where the motion
artifact causes the values obtained from the IoT monitor to substantially differ
from the values streamed from the hospital monitor. In this case, differences
generally ranged from 0 to 7 units, although occasional outliers of up to 20 units
were also observed. The respiratory rate data comparison exhibits a higher error
percentage of 9.25% due to the lower baseline values. Nonetheless, in general, the
difference between both monitors was not very high, ranging from 0 to 3 units.
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Finally, temperature measurements taken from two subjects have shown an error
rate percentage of 6.18% on average, with a maximum difference observed of
1.7°C. These results indicate that this metric is relatively consistent by using
the IoT monitor, although the inherent stability of body temperature makes this
parameter less prone to perform significant discrepancies between both monitors.

5 Conclusions and Future Works

The proposed IoT-powered vital signs monitoring system has demonstrated its
significant potential in enhancing hospital care, as characterized by reducing
fatigue in healthcare staff and facilitating early detection of patient deteriora-
tion. The system, conformed by a PPG sensor and a NTC thermistor allow for
monitoring heart rate, temperature, oxygen saturation and respiratory rate. All
retrieved data may be visualized in real-time due to a fully described low-cost
architecture, enabling timely medical interventions, which can reduce the dura-
tion of hospitalizations and the number of emergencies attended. On its part,
a quantitative evaluation has determined the validity of the system. Different
validation tests conducted on various volunteers has shown that the IoT mon-
itor produces similar results when compared to a standard hospital monitor,
with minimal error rates across the different monitored vital signs. As a conse-
quence, it is underscored the system’s capability to improve patient outcomes
and support nursing staff by the reduction of manual and repetitive tasks.
Future work will focus on several key areas to enhance the current system.
Despite the reduction in the number of body areas involved in the monitoring
process compared to the Mindray monitor, further study on the placement of
the PPG sensor is necessary to ensure it does not compromise the patient’s
mobility. In this sense, it is essential to implement noise reduction techniques
and develop a mechanism to encapsulate the sensor, allowing it to be attached
to the patient’s finger without being affected by light disturbances or motion
artifacts. Additionally, the use of artificial intelligence is being considered for
detecting patient deterioration and triggering system alerts in the near future.
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