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Infant health monitoring is crucial for early detection of potential health issues. Many existing
solutions, while effective, are often costly and designed for clinical settings, making them less
accessible for home use. Parents require an affordable, easy-to-use solution to monitor their
infant’s vital signs, such as body temperature and pulse, in real time. The rapid development of
wireless communication technologies and microcontroller systems like Programmable System-
on-Chip (PSoC) provides a new opportunity to create effective, low-power, and cost-efficient
health monitoring systems tailored for home use. This study focuses on developing a remote
infant health monitoring system that integrates wireless data transmission to enable real-time
monitoring by parents.

The proposed system consists of three modules: On-Child-Device, Child-Device, and Parent-
Device. The On-Child-Device, worn by the infant, measures vital signs using a thermistor and an
infrared pulse sensor. The data is processed by a PSoC microcontroller and transmitted wirelessly
to the Child-Device, which then forwards the information to the Parent-Device for display. The
Parent-Device provides a user interface where parents can monitor real-time data, including alerts
for abnormal readings. The system’s hardware is built using PSoC technology, offering flexibility
in integrating sensors and communication protocols. Software development was carried out using
the PSoC Designer environment, which allows for real-time data acquisition, error checking, and
wireless communication management.

Initial testing of the system demonstrated reliable performance in measuring and transmitting
vital signs. The wireless communication between the modules showed minimal latency, with real-
time data accurately displayed on the Parent-Device. The use of PSoC technology enabled
efficient power consumption, allowing the system to operate continuously for extended periods
without frequent battery replacements. The system's modular design also proved adaptable,
allowing for potential integration of addition-al sensors in the future. Feedback from users
highlighted the intuitive interface of the Parent-Device, making it accessible for non-technical
users. However, challenges related to signal interference in certain environments were noted,
suggesting the need for further optimization of the communication protocol.

The developed remote infant health monitoring system offers a cost-effective, energy-efficient
solution for home use. By utilizing PSoC technology, the system provides reliable real-time
monitoring of vital signs, ensuring that parents can quickly respond to any health abnormalities.
The wireless transmission and user-friendly interface make the system practical for everyday use,
filling a significant gap in current infant health monitoring technologies. Future improvements
will focus on enhancing the communication robustness and integrating additional health metrics
to provide a more comprehensive monitoring solution.

Keywords: Telemetric data, Parental device, Health monitoring, Temperature sensor, Pulse
measurement, Programmable System on Chip
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Introduction

Infant health monitoring is a critical aspect of modern healthcare, particularly in the
context of early detection and intervention for various health issues. The rapid growth and
development of infants during their first months of life make them particularly vulnerable to
health complications, which can often arise suddenly [1]. Early symptoms, such as slight
changes in temperature, heart rate, or overall behavior, can indicate underlying health concerns,
necessitating continuous monitoring to ensure prompt medical attention when necessary.

While traditional healthcare settings employ sophisticated systems to monitor vital signs,
these solutions are often expensive and may not be feasible for home use. Many parents seek
effective and affordable alternatives that can provide peace of mind by enabling them to track
their infant's health status in real time. The lack of accessible, cost-effective monitoring
solutions highlights a significant gap in the market, leading to in-creased interest in developing
technologies that can facilitate home health monitoring for infants [2-4].

Recent advancements in telehealth and wearable technology have paved the way for
innovative solutions that allow for the remote monitoring of health parameters. The integration
of sensors and wireless communication technologies into compact devices presents an
opportunity to create user-friendly systems that provide essential health data directly to parents
or caregivers. Such systems can empower parents to take an active role in their child's health
management, reducing anxiety and enhancing their ability to respond quickly to potential
issues [5].

This paper describes the development of a remote infant health monitoring system built
on a programmable system-on-chip (PSoC) platform. The proposed system integrates three
interconnected modules: On-Child-Device, which is worn by the infant; the Child-Device,
which processes and transmits data; and the Parent-Device, which displays real-time health
information. By utilizing PSoC technology, the system is designed to be both cost-effective
and efficient, enabling parents to monitor their child's vital signs, such as body temperature and
pulse, from the comfort of their homes.

The objective of this research is to create a robust and reliable monitoring solution that
not only tracks vital signs but also ensures that parents can receive immediate alerts in the
event of any abnormalities. By ad-dressing the challenges faced in traditional monitoring
methods and leveraging modern technological advancements, this system aims to provide a
valuable tool for enhancing infant health management in home set-tings.

Literature review and problem statement

The increasing prevalence of chronic health conditions in infants has prompted a
significant body of re-search focusing on the development of remote monitoring technologies.
Numerous studies have highlighted the importance of continuous monitoring to enable early
detection and timely interventions, which can dramatically improve health outcomes. For
instance, a study discusses the efficacy of wearable devices in tracking vital signs in real time,
emphasizing their potential to reduce hospital admissions through proactive health
management [1-6].

Current health monitoring systems vary widely in their scope and complexity, ranging
from basic wearable devices that measure single parameters to more sophisticated solutions
that integrate multiple sensors and provide comprehensive health profiles. However, many
existing systems are primarily designed for clinical environments, leading to challenges when
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adapting them for home use. Studies have shown that the cost, complexity, and lack of user-
friendly interfaces often discourage parents from utilizing available health monitoring solutions
for their infants [7,8].

The literature also indicates that most systems focus on isolated health parameters, such
as heart rate or temperature, without integrating a holistic approach to infant health monitoring.
For example, while some de-vices excel in measuring temperature, they may lack capabilities
to assess pulse rates or other vital signs, leading to incomplete health assessments [3]. This
highlights a critical gap in the market for comprehensive solutions that can monitor multiple
vital signs simultaneously.

Furthermore, the accessibility of health data is a crucial factor in empowering parents to
make informed decisions regarding their child's health. The development of telehealth
applications has made strides in bridging this gap, but there is still a need for affordable, easy-
to-use devices that enable parents to access and interpret their child's health data without the
need for extensive medical knowledge [6-9].

The problem addressed in this paper is the urgent need for an affordable, efficient, and
user-friendly re-mote monitoring system that integrates multiple vital sign measurements for
infants in a home environment. The proposed system aims to combine temperature and pulse
monitoring capabilities with real-time data transmission to a parental device, ensuring that
caregivers can respond promptly to any concerning changes in their child's health [3].

In summary, while the existing literature emphasizes the potential of remote health
monitoring for infants, there remains a significant opportunity to develop integrated, cost-
effective solutions that can be easily utilized by parents at home. This study seeks to fill that
gap by proposing a novel system based on Programmable System-on-Chip (PSoC) technology
that addresses these challenges while enhancing the overall health monitoring experience for
parents and caregivers [10-12].

System overview

The primary objective of this research is to develop a comprehensive remote health
monitoring sys-tem for infants that utilizes PSoC technology (Fig. 1). The proposed system
aims to provide continuous monitoring of critical health parameters, ensuring that parents can
effectively track their child's well-being from the comfort of their home [10,11].

The specific goals of this study include the following:

1. Design and Implementation of Three Modules: The system will consist of three

interconnected modules:

e On-Child-Device: This module will be worn by the infant and is responsible for
measuring vital signs, such as body temperature and pulse. It will employ a
lightweight and ergonomic design to ensure comfort for the infant (Fig. 2).

e Child-Device: Positioned within close proximity to the infant, this module will
process the data received from the On-Child-Device and convert it into a format
suitable for transmission to the Parent-Device (Fig. 3).

o Parent-Device: This module will provide a user-friendly interface for parents,
displaying real-time data on their child's health, including alerts for any abnormalities
(Fig. 4)
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2. Integration of Multiple Vital Sign Measurements: The system will integrate
capabilities for measuring temperature and pulse. This dual functionality aims to provide a
more comprehensive understanding of the infant's health status compared to existing solutions

that focus on a single parameter.

3. Wireless Data Transmission: The proposed system will utilize low-power wireless
communication protocols to ensure efficient data transmission between the modules. This
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feature will enable parents to monitor their child's health without being physically present in
the same room (Fig. 5).
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Fig. 5. The structure of the data transfer packet

4. User-Friendly Interface Development: The Parent-Device will feature an intuitive
interface that displays health data clearly and concisely. This design consideration aims to
make the system accessible to all parents, regardless of their technical expertise.

5. Performance Evaluation: The system's effectiveness will be tested in real-world
scenarios to evaluate its performance, reliability, and usability. Feedback from parents will be
collected to inform further iterations of the system design.

6. Potential for Future Expansion: The research will also explore opportunities for future
enhancements, such as the integration of additional sensors to monitor other health parameters
(e.g., oxygen saturation or activity levels) and the incorporation of machine learning algorithms
to analyze data trends over time.

Developing methodology

The methodology for developing the remote health monitoring system is structured
around several key components that ensure effective data collection, transmission, and user
interaction. This section outlines the specific steps and techniques employed in the design and
implementation of the system, emphasizing the use of PSoC technology to create an efficient
and robust monitoring solution.

A) Hardware development
The hardware architecture of the monitoring system is built upon three main modules,
each designed to fulfill specific functions:

On-Child-Device:

Sensor Integration: This module integrates sensors for measuring vital signs, such as a
thermistor for temperature and an infrared sensor for pulse. The thermistor provides accurate
temperature readings through its resistance changes, which are converted into digital signals
using the integrated Analog-to-Digital Converter (ADC). Microcontroller Selection: The On-
Child-Device uses a PSoC microcontroller (e.g., CY8C24223), al-lowing for real-time data
processing and minimal power consumption. The PSoC's programmable architecture enables
easy adaptation of the device’s functionalities as needed. Wireless Communication: A low-
power RF transceiver (e.g., CYRF6936) is integrated for data trans-mission to the Child-
Device, facilitating seamless communication without the need for cumbersome wiring (Fig. 6).

Child-Device:

Data Processing: This module acts as an intermediary, receiving data from the On-Child-
Device. It processes the incoming signals and prepares them for transmission to the Parent-
Device. This involves filtering noise from the data and ensuring accuracy.




A. Lukianchuk, H. Klym, T. Tkachuk, I. Rudavskyi 101
ISSN 2224-087X. Electronics and information technologies. 2024. Issue 28

7 GO g7 GE g 7 GOO g7 GOE o
‘o Rio[o]

x
E
[ErEr

7 g
7
Lo
[ ; g
i S
i RN

Fig. 6. Internal structure of PSoC of On-Child-Device module

Communication Protocol: The Child-Device employs a reliable communication protocol
that utilizes Manchester encoding to enhance data integrity during wireless transmission. The
encoding process helps minimize errors that could arise due to interference or signal
degradation (Fig. 7).
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Fig. 7. Internal structure of PSoC of Child-Device module
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Parent-Device:

User Interface: The Parent-Device features an LCD screen to display real-time health data
clearly. The interface is designed with user experience in mind, allowing parents to easily
navigate through the information presented, including temperature readings, pulse rates, and
alerts.

Alert System: An audio alert system is integrated to notify parents of any abnormal
readings or significant changes in their infant's condition. This feature ensures that parents can
respond promptly to potential health issues (Fig. 8).
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Fig. 8. Internal structure of PSoC of Parent-Device module

B. Software Development

The software component of the system plays a critical role in managing data processing,
communica-tion, and user interaction:

PSoC Designer Environment. The system’s firmware is developed using the PSoC
Designer software, which provides a unified plat-form for hardware configuration and software
programming. This environment facilitates easy debugging and implementation of complex
algorithms.

Telemetric Data Processing. The software continuously collects and processes vital sign
measurements from the On-Child-Device. This data is organized into packets for efficient
transmission. The processing algorithms include filtering techniques to enhance the accuracy of
the readings, particularly in a noisy environment.

Communication Management. The software includes a robust error-checking mechanism
that verifies the integrity of the transmitted data. If any discrepancies are detected, the system
can automatically request retransmission of the affected packets.

User Interface Programming. The interface for the Parent-Device is designed to be
intuitive, featuring graphical representations of the infant’s health data. The software enables
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parents to view historical data trends and current readings, facilitating informed decision-
making regarding their child's health.

C. Data Transmission and Monitoring

The system utilizes wireless technology to transmit health data from the On-Child-Device
to the Parent-Device. The methodology includes:

Wireless Transmission. The system employs low-power RF communication to ensure
efficient data transfer over the specified distance. The communication range is optimized to
maintain reliable connectivity between the modules while conserving battery life.

Real-Time Monitoring. The Parent-Device displays real-time data, allowing parents to
monitor their child's health continuously. The software is designed to refresh the displayed
information regularly, providing up-to-date readings.

Alert Mechanisms. The system’s alert features include thresholds for critical health
parameters. If the temperature exceeds or falls below a predefined range, or if the pulse rate
indicates distress, the Parent-Device emits audio alerts and visual cues to draw the parent's
attention.

D. Performance Evaluation

To ensure the system's effectiveness, a series of performance evaluations will be
conducted, including:

Field Testing. The system will undergo real-world testing to assess its performance in
various home environments. This testing will evaluate the reliability of data transmission, the
accuracy of measurements, and the usability of the interface.

User Feedback. Feedback from parents participating in the testing phase will be collected
to identify areas for improvement. This qualitative data will inform future iterations of the
system, ensuring it meets the needs of caregivers effectively.

Data Analysis. The collected data will be analyzed to evaluate the system’s ability to
detect changes in health parameters accurately. Statistical methods will be employed to assess
the correlation between the measured parameters and known health outcomes, ensuring the
system's efficacy in real-life scenarios.

E. Future Work

The methodology outlines a foundation for future enhancements, including:

e Integration of Additional Sensors: Future iterations may include sensors for
monitoring oxygen saturation, respiratory rate, or activity levels, providing a more
comprehensive health profile.

e Machine Learning Algorithms: The potential use of machine learning techniques to
analyze trends in health data over time could further enhance the system’s predictive
capabilities, allowing for proactive health management.

Hardware design and circuit diagrams

This section presents the detailed hardware design of the infant health monitoring system,
including the circuit diagrams for each module: On-Child-Device, Child-Device, and Parent-
Device. Each module is de-signed using PSoC technology to ensure flexibility, energy
efficiency, and real-time data processing. The following subsections provide a comprehensive
description of the electrical schematics and their key components.
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A. On-Child-Device Circuit Diagram

The On-Child-Device is responsible for measuring the infant’s vital signs, including
temperature and pulse, and wirelessly transmitting the data to the Child-Device. The key
components of this module include: thermistor for temperature measurement, pulse sensor
using infrared technology for pulse rate detection, PSoC microcontroller (CY8C24223) for
processing sensor data and converting it into digital form using an integrated ADC, wireless
RF transmitter for data communication. Fig. 9 below shows the detailed circuit diagram of the
On-Child-Device, illustrating the connections between the thermistor, pulse sensor and
microcontroller.
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Fig. 9. Circuit diagram of the On-Child-Device

B. Child-Device Circuit Diagram

The Child-Device acts as an intermediary, receiving data from the On-Child-Device,
processing it, and transmitting it to the Parent-Device. The main components include: PSoC
microcontroller for handling data processing and managing wireless communication, RF
transceiver to receive data from the On-Child-Device and prepare it for transmission to the
Parent-Device, noise filtering circuitry to ensure that the received data is accurate and clean
before transmission. Fig. 10 shows the schematic of the Child-Device, including all key
components and their interactions.

C. Parent-Device Circuit Diagram

The Parent-Device is the interface between the system and the user, providing real-time
information about the infant’s health on a display. The main elements are: LCD screen to
display temperature, pulse, and other data, audio alert system for notifying parents of abnormal
health readings, PSoC microcontroller for managing the display and audio alerts, wireless
receiver to obtain data from the Child-Device. Fig. 11 provides a detailed diagram of the
Parent-Device, highlighting the connections between the LCD, audio system, microcontroller,
and wireless receiver.
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Conclusion

This paper presents the development and implementation of a comprehensive remote
health monitoring system for infants, utilizing PSoC technology. The system consists of three
core modules — On-Child-Device, Child-Device, and Parent-Device — that work together to
continuously monitor vital signs, such as body temperature and pulse, and transmit the data
wirelessly to a parental monitoring device. This real-time monitoring capability allows for the
early detection of potential health issues, ensuring parents can take timely action when
necessary.

The use of PSoC technology provides several key benefits, including flexibility in design,
low power consumption, and the ability to integrate multiple functions into a single chip. These
features make the system cost-effective and energy-efficient, suitable for continuous operation
in a home environment. The system’s wireless communication protocols and user-friendly
interface further enhance its practicality, offering parents an intuitive and reliable means of
tracking their child’s health.

Through the detailed design of the hardware components and the development of robust
software for data processing and transmission, this system addresses critical gaps in existing
infant monitoring solutions. The modular design allows for easy customization and potential
future expansions, such as the addition of new sensors for more comprehensive health
monitoring or the incorporation of machine learning algorithms to predict health trends.

In summary, this project demonstrates the feasibility of creating an affordable and
efficient home-based infant health monitoring system. Future research and development can
focus on enhancing the system's scalability, improving data security, and integrating additional
health metrics, further strengthening the system’s role in infant healthcare.
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CUCTEMA JUCTAHI[IMHOIO MOHITOPUHI'Y CTAHY HEMOBJISIT
HA BA3I PSoC
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MOoOHITOPHHT 3710pOB'Ss HEMOBISIT € KPUTHYHAM IS PaHHBOTO BHSBJICHHS MOTECHIIHHHX
mpobneM 3i 3m0poB'sM. barato icHyrouHX pimieHb, X04a W e(eKTHBHI, 9acTO € JOPOTUMH Ta
PO3pOOIEHUMH sl BUKOPUCTAHHS B KIIHIYHUX YMOBaX, IO POOHMTH 1X MEHII JOCTYIHHMH IS
JOMAIIIHBOTO BHKOPUCTaHHs. BaTh-kaM MOTpiOHE AOCTYIHE Ta MPOCTE Y BUKOPHCTAHHI PillICHHS
JUISl MOHITOPUHTY JXHTTEBO Ba)XJIUBHX ITOKAa3HHUKIB 370pPOB’s HEMOBILIT, TAKUX SIK TEMIIEpaTypa
TiJa Ta MyJbC, y peanbHoMy 4aci. IIIBHAKMI pO3BHTOK 0€3ApOTOBMX TEXHOJOTIH 3B'S3KYy Ta
cucTeM Ha 0a3i MIKpOKOHTpOJepiB, Takux sk Programmable System-on-Chip (PSoC), Binxpusae
HOBI MOXIJMBOCTI JUIi CTBOPEHHS €(eKTUBHHX, EHEPrOOIaJHHX Ta IOCTYHN-HUX CHCTEM
MOHITOPHHTY 3JI0pPOB’Sl, PO3POOJICHUX CIEMiaNbHO JUIi JOMAaIIHBOTO BHKOpHcTaHHA. lLle
JIOCIIJDKEHHST 30CEpPEeDKYEThCSI HAa PO3pPOOLI CHCTEMH JHUCTAHIIHHOTO MOHITOPHHTY 3/I0pOB'S
HEMOBJIAT 3 iH-TErPOBAHOI0 OE€3POTOBOIO Meperavyero JaHUX A 3a0e3Ne4eHHsT MOHITOPHHTY B
peanbHOMY Yaci.
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3amnporoHoBaHa CHUCTEMa CKIanaeThest 3 Tppox moxyuiB: On-Child-Device, Child-Device i
Parent-Device. On-Child-Device, 1o HOCUTh HEMOBIIS, BUMIPIOE )KUTTEBO BAKIJIMBI MMOKa3HUKHU 3a
JIOTIOMOTOI0  TepMicTopa Ta iH(QpPauepBOHOTO JaTYMKa Iynabcy. JlaHi 0OpoOIISIOTECS
Mikpokontponepom PSoC i mepe-matoTbest 6e3apotoBo Ha Child-Device, sikuii fami mepenae
inpopmanito Ha Parent-Device mmst BimoOpaxenus. Parent-Device 3abesmneuye intepdeiic ms
0aTpKiB, 1€ BOHU MOXYTh BiCTEXYBAaTH JaHi B peaJbHOMY 4Yaci, BKIIOUAIOUU CIIOBIILEHHS MPO
aHOMAJIPHI TOKa3HWKU. AmapaTHa YacTHHA CHCTEMH MMoOyJoBa-Ha Ha TexHojorii PSoC, mo
3a0e3nedyye THYYKICTh y IHTErpamii CeHCOpiB Ta IPOTOKOJIB 3B'I3Ky. Po3poOka mporpamHoro
3abe3neyeHHs Oyia BHUKOHaHa 3a jgoromororo cepenosuma PSoC Designer, sike mo3Boisie
OTpPHUMYBATH JaHi B pealbHOMY 4aci, IepeBipsATH IOMIIIKU Ta KepyBaTH 0E3IPOTOBOIO Iepeaucio
JTaHUX.

[louaTtkoBe TecTyBaHHS CHCTEMH NPOICMOHCTPYBAJO HaAiifHy pOOOTY y BHMIpIOBaHHI Ta
mepefavi KUTTEBO BAXIMBHX ITOKA3HUKIB. bBe3lpoToBHil 3B'A30K MK MOAYISAMH IIOKa3aB
MiHIMaNBHy 3aTPUMKy, a JaHi B peaJbHOMY dYaci TO4HO BimoOpaxkamucs Ha Parent-Device.
Bukopucranus Ttexsomorii PSoC  nmo3Bommio  eeKTHBHO BHKOPHCTOBYBAaTH — EHEPTIIO,
3a0e3Meuyoun TpUBAYy poOOTy cUcTeMH Oe3 yacTuX 3aMmiH Oarapeil. MoaynbHa KOHCTPYKILiS
CHCTEMH TaKOXX IOKa3aja CBOIO aJalNTHUBHICTh, IIO JO3BOJSIE B MaWOyTHHOMY IHTErpyBaTH
JIOZIATKOBI CEHCOpPH. 3BOPOTHHUII 3B'I30K BiJl KOPHUCTYBadiB MIIKPECIHB 3pY4YHICTH iHTepdeiicy
Parent-Device, mo poOUTh HOro MOCTYIMHHM sl HeKBalliikoBaHUX KopucTyBadiB. [Ipote Oymu
Bi3HAYCHI TPYAHOLII, MMOB'A3aHI 3 MEPEIIKOJaMH CUTHATY B MEBHUX YMOBaX, IO CBIOYUTH MPO
HEOOX1AHICTh MOJANBIIOI ONITHUMI3aIlil MPOTOKOIY 3B'SI3KY.

Po3pobiena cucrema MUCTaHIIHHOTO MOHITOPUHTY 3II0POB'St HEMOBIIAT MPOTIOHYE TOCTYITHE
Ta eHeproe(eKTHBHE pILICHHS IJIS JOMAIIHbOTO BHKOPHCTAHHS. 3aBASKH BHKOPHCTaHHIO
texHouorii PSoC, cucrema 3abe3nedye HaaidiHUIT MOHITOPHHT XHUTTEBO BAKJIUBHUX ITOKA3HHUKIB Yy
peansHOMY 4Yaci, J03BOJISIFOYM OaThbKaM OMNEPAaTHBHO pearyBaTH Ha Oyab-sKi BIAXWICHHS Yy
3nopoB'i autuHU. be3apoToBa mepenaya JaHUX Ta 3pY4HUH iHTepdelc poONATH cHCTeMy
MPAaKTUYHOIO IS IIOJICHHOTO BHKOPHCTAHHS, 3allOBHIOIOYM 3HA4YHY IPOTAJMHY B HMOTOYHHX
TEXHOJIOTISIX MOHITOPHHTY 3H0pOB’S HEMOBIAT. MaiiOyTHI TONIMIIEHHS 30CepeAsThCs Ha
MiABHIIEHH]I HAAIHHOCTI 3B'A3KYy Ta iHTerpamii JOAAaTKOBHX MOKA3HHKIB 3I0pPOB’S IUIA HaJaHHS
OLITBII KOMIUIEKCHOTO MOHITOPHHTY.

Knrouosi cnosa: Tenemerpuuni nani, [Ipuctpiit mis 6atekiB, MoHiTOpUHT 310p0oB's, CeHcop
TemreparypH, BumiproBanus myinscy, [IporpamoBana cuctema Ha KpUCTali
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