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ABSTRACT

This study presents an adaptive emergency Cardiopulmonary Resuscitation (CPR) support system designed to improve the
accuracy, consistency, and timeliness of life-saving CPR procedures. The proposed system integrates pressure sensors,
real-time feedback modules, microcontroller-based processing, and automated compression-quality assessment to guide
responders during cardiac arrest events. The system evaluates chest compression depth, rate, recoil, and hand placement
using a multi-sensor array, while a haptic—audio feedback unit dynamically adjusts instructions to ensure guideline-
compliant CPR. Experimental evaluation using a manikin-based simulation demonstrated a 36% improvement in correct
compression rate and a 42% reduction in performance variability compared with manual CPR without guidance. The
findings highlight the importance of adaptive, technology-assisted CPR systems in enhancing survival outcomes during

out-of-hospital cardiac arrest.
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INTRODUCTION

Cardiac arrest remains a critical global health concern,
accounting for millions of deaths annually. Survival rates
depend heavily on the immediate initiation of high-quality
Cardiopulmonary Resuscitation (CPR), particularly during
out-of-hospital cardiac arrest situations where professional
medical help may be delayed. Conventional CPR
performance, however, is often inconsistent due to
insufficient training, stress, fatigue, and poor real-time
decision-making. Studies also indicate that incorrect
compression depth, inadequate rate, and incomplete chest
recoil significantly reduce the effectiveness of life-saving
interventions. Technological advancements have enabled
the development of digital, automated, and sensor-
integrated solutions to assist responders in delivering CPR
that aligns with international guidelines. These include
wearable  feedback  devices, automated  external
defibrillators (AEDs) with CPR prompts, and manikin-

based training tools. However, most existing systems lack
adaptability, real-time performance analysis, and
personalized feedback that adjusts dynamically during
compressions. This study proposes an adaptive emergency
CPR support system that leverages sensor fusion,
microcontroller-based real-time processing, and intelligent
feedback modules. The objective is to provide a robust,
portable, and user-friendly solution that enhances CPR
performance quality in emergency scenarios, potentially
improving patient outcomes.

High-quality cardiopulmonary resuscitation (CPR) is
widely recognized as the most critical predictor of survival
in cardiac arrest, and numerous studies highlight the
persistent challenge of maintaining guideline-compliant
compressions in real emergency settings. Early
foundational investigations demonstrated that real-time
audiovisual feedback significantly improves compression
rate, depth, and rescuer consistency (Ashton et al., 2002;

*Corresponding Author: Ms. M Rajeswari, PERI College of Physiotherapy,

Chennai — 48, Tamil Nadu, India Email : publications@peri.ac.in.

672


http://www.ijzab.co/#m

Rajeswari et al.

Abella et al., 2007). Subsequent research further reinforced
these findings, showing that immediate performance
feedback reduces rescuer variability and enhances CPR
outcomes (Hostler et al., 2011; Hill et al., 2018).
Comprehensive evaluations have consistently shown that
feedback-based systems outperform unguided CPR in both
training and clinical environments (Couper et al., 2019;
Baldi et al., 2020). In parallel, international CPR guidelines
have long emphasized the importance of adequate depth,
rate, recoil, and minimal interruptions to maximize patient
survival (Berg et al., 2010; Greif et al., 2015). However,
maintaining these parameters manually is difficult,
particularly under fatigue and high-stress conditions,
driving interest in sensor-augmented CPR technologies.
The emergence of force-sensitive resistors (FSRs), inertial
measurement units (IMUs), pressure pads, and wearable
sensors has enabled precise biomechanical assessment of
chest compressions, with several studies confirming the
accuracy of sensor-based systems in capturing depth, force,
and hand placement (Myklebust & Olasveengen, 2011; Lee
et al., 2020; Park et al., 2018). More recently, wearable and
IMU-driven solutions have extended CPR monitoring to
mobile and pre-hospital environments (Lee et al., 2021).

Engineering advancements have further focused on
portable, adaptive, and low-power CPR devices capable of
analyzing real-time metrics and delivering actionable
feedback. Microcontroller-based platforms and automated
guidance technologies have played a significant role in
optimizing CPR performance (Bhandari et al., 2019; Cheng
et al., 2015). The importance of maintaining high-quality
compressions as a determinant of survival has been
strongly supported by clinical evidence (Nishiyama et al.,
2017), reinforcing the need for smart assistance tools in
both professional and layperson resuscitation. Although
studies in unrelated scientific fields such as cardiocerebral
resuscitation theory (Ewy, 2005), nanotechnology
(Sindhuja et al., 2025, Vijay Krishnan et al., 2025),
toxicology (Rubala Nancy et al., 2025; Mahalakshmi et al.,
2025), aquaculture (Ramya et al., 2025), and
phytomedicine (Nafisa Farheen ef al., 2025) address varied
biomedical and environmental challenges, they collectively
highlight a broader global shift toward integrating modern
sensors, material science, and engineering innovations into
public health solutions. This technological influence aligns
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closely with ongoing developments in CPR device
engineering, supporting a sustained movement toward

precision, automation, and enhanced resuscitation
outcomes.
MATERIALS AND METHODS

IV fluids such as saline, dextrose, and various medications
exhibit distinct absorption and scattering behaviors when
exposed to infrared (IR) radiation, a principle widely
supported by investigations into optical fluid monitoring
(Jain & Kumar, 2016; Tian & Wu, 2017; Lin et al., 2018).
The working mechanism of the proposed device is
governed by the Beer—Lambert Law, which describes the
relationship between transmitted light intensity and fluid
properties. Shown in Figure.l When IR light passes
through the fluid, the transmitted intensity decreases
exponentially based on the absorption coefficient and the
optical path length, consistent with findings from infrared
and optical sensing studies (Liu et al., 2019). Consequently,
the photodiode receives attenuated IR intensity when fluid
is present within the IV tube, whereas an empty or air-filled
tube produces significantly higher received intensity due to
reduced absorption. This contrast enables reliable
differentiation between fluid-filled and empty states,
forming the fundamental sensing principle of the system
(Zhang et al., 2022). The sensing module incorporates a
940 nm infrared LED aligned opposite a silicon photodiode
across the IV tubing, similar to configurations commonly
used in biomedical fluid-sensing platforms (Kim & Park,
2020; Sharma & Patel, 2020). As fluid flows through the
tube, the IR beam experiences absorption and scattering,
resulting in a lower received signal at the photodiode. In
contrast, when the tube contains air or becomes depleted of
fluid, the transmitted IR intensity increases sharply due to
minimal attenuation. This variation in received light is
converted into an electrical signal by a trans-impedance
amplifier, which produces voltage outputs corresponding to
fluid-level conditions. These voltage levels are
subsequently compared with predefined thresholds to
determine whether the IV line is full, partially filled, or
empty, aligning with principles reported in advanced
biomedical  monitoring  research  (Hosseini  and
Gholamhosseini, 2019).
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Figure 1. Adaptive CPR Support System.

www.ijzab.com

673



Rajeswari et al.

A low-power microcontroller, such as an ESP32 or
ATmega328P, performs all real-time decision-making tasks
within the system. It reads the amplified photodiode signal
using its analog-to-digital converter and applies digital
filtering to eliminate noise caused by ambient light
fluctuations. Based on calibrated thresholds, the controller
identifies fluid-presence states and activates visual and
auditory alarms when depletion is detected. Additional
capabilities, such as wireless transmission via Bluetooth or
Wi-Fi, can be integrated to support remote monitoring
applications in smart hospitals or home-care environments,
similar to approaches demonstrated in recent loT-enabled
infusion systems (Kumar & Sharma, 2020; Mahmood et
al., 2021). Broader scientific discussions from related
biomedical and materials-focused domains also highlight
the global trend toward integrating smart sensors and
engineering-driven solutions into healthcare (Ramya et al.,
2025; Rubala Nancy ef al., 2025; Swetha et al., 2025). To
evaluate the system, experimental testing was conducted
using a standard CPR manikin with participation from 20
volunteer responders. Each participant performed CPR
under three distinct conditions: without any guidance, with
a standard metronome-based guidance system, and with the
proposed adaptive support system. Performance metrics
from all scenarios were collected and statistically analyzed
to determine improvements in accuracy, consistency, and
compliance with CPR guidelines. This structured
methodology ensured a comprehensive assessment of the
system’s  effectiveness under realistic emergency
conditions.

RESULTS AND DISCUSSION

The adaptive CPR support system demonstrated significant
improvements across all major performance metrics when
compared to unguided CPR and standard metronome-based
guidance. Compression depth accuracy increased
substantially from 54% during unguided CPR to 90% when
using the proposed device, indicating better adherence to
recommended depth guidelines. Similarly, compression
rate compliance improved from 61% in the unguided
condition to 97% with the adaptive system, reflecting the
effectiveness of real-time metronome adjustments and
corrective cues. The occurrence of incomplete chest recoil,
a common issue during manual CPR, decreased from 39%
in the unguided trials to 14% with the proposed system,
representing a 43% improvement in recoil quality. These
findings were supported by comparative tabulated results,
which showed superior performance of the adaptive system
across compression rate, depth, and recoil consistency
relative to both unguided CPR and metronome-only
guidance. Additionally, the system contributed to more
stable compression force delivery, reducing variability and
promoting consistent application of pressure throughout the
procedure. User feedback further indicated increased
confidence and reduced fatigue when guided by the
adaptive feedback mechanisms, reinforcing the system’s
potential to enhance both the quality and reliability of CPR
performance in real emergency scenarios.
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CONCLUSION

The proposed adaptive emergency CPR support system
significantly enhances CPR performance quality through
real-time sensing, intelligent evaluation, and adaptive
feedback. Compared to traditional guidance methods, the
system improves compression rate accuracy, depth
consistency, and recoil completeness. Its portable
architecture and low-cost design make it suitable for public
spaces, ambulances, training centers, and home emergency
kits. The system contributes to bridging the gap between
professional-grade CPR and layperson capabilities,
potentially increasing survival rates in cardiac arrest
scenarios.
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