
International Journal of Innovative Research in Science 

 Engineering and Technology (IJIRSET) 

(A Monthly, Peer Reviewed, Refereed, Scholarly Indexed, Open Access Journal) 

 

         Impact Factor: 8.699 Volume 14, Issue 4, April 2025 

 

 



 

      |www.ijirset.com |A Monthly, Peer Reviewed & Refereed Journal| e-ISSN: 2319-8753| p-ISSN: 2347-6710| 

                                         Volume 14, Issue 4, April 2025 

                                              |DOI: 10.15680/IJIRSET.2025.1404286| 

 
IJIRSET©2025                                                          |     An ISO 9001:2008 Certified Journal   |                                                 7860 

Design and Implementation 0f an Esp32-Based 

Iot Bioimpedance Device for Real-Time 

Health Monitoring 
 

KM Brajesh1 , Abha Kumari2, Kirti Pal3, Munna Khan4 

Senior Research Fellow, Department of Electrical Engineering, Gautam Buddha University Greater Noida,U.P., India1 

Assistant Professor, Department of Electrical Engineering, MIT Muzaffarpur, Bihar, India2 

Associate Professor, Department of Electrical Engineering, Gautam Buddha University Greater Noida,U.P., India3 

Professor, Department of Electrical Engineering, JMI Central University New Delhi, India4 

 

ABSTRACT:  The authors propose a new IoT-enabled bio-impedance device using the ESP32 microcontroller to 

facilitate real-time health monitoring. Bioimpedance analysis is a non-invasive method to assess various physiological 

parameters, including body composition, hydration status, and tissue health. By integrating bio-impedance analysis 

with IoT capabilities, the proposed device enables continuous data acquisition and remote monitoring, thereby 

enhancing personalized healthcare management. The ESP32's low-power consumption and built-in Wi-Fi and 

Bluetooth functionalities make it an ideal platform for this application. The device transmits bioimpedance 

measurements to a cloud-based platform, where data is stored and analyzed, providing healthcare professionals and 

users with accessible, real-time health information. The proposed device demonstrates accurate impedance 

measurements and reliable data transmission, highlighting the potential of IoT-based bioimpedance devices in 

advancing remote health monitoring solutions.  
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I. INTRODUCTION 

 

The integration of the Internet of Things (IoT) into healthcare has led to significant advancements in patient monitoring 

and personalized care[1]. A key component of this evolution is bioimpedance analysis (BIA), a non-invasive technique 

that measures the electrical impedance of biological tissues to evaluate parameters such as body composition, hydration 

status, and cellular health. By applying an alternating current to the body, BIA provides insights into tissue 

characteristics, aiding in the diagnosis and management of various health conditions [2].  

 

 Traditional bioimpedance devices often face challenges related to portability, real-time data processing, and 

connectivity, which limit their effectiveness in dynamic healthcare environments[3]. Addressing these challenges, this 

research focuses on the design and implementation of an IoT-enabled bioimpedance device based on the ESP32 

microcontroller. The ESP32 is a low-cost, low-power system-on-chip (SoC) with integrated Wi-Fi and Bluetooth 

capabilities, making it ideal for wearable health monitoring applications[4]  

 

 The proposed device aims to seamlessly integrate bioimpedance measurement with IoT functionalities, 

enabling continuous health monitoring and real-time data transmission to cloud-based platforms[6]. This integration 

facilitates proactive health management by providing users and healthcare professionals with timely access to critical 

health metrics[7]. In the following sections, we present the system architecture, hardware and software 

implementations, and evaluate the device's performance in terms of accuracy, reliability, and user feedback. The 

outcomes of this research contribute to the development of efficient, IoT-enabled health monitoring solutions, paving 

the way for more responsive and personalized healthcare services[8]. 
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II. LITERATURE SURVEY 

 

BIA is a non-invasive, cost-effective technique widely used to assess body composition and monitor clinical conditions 

[9]. It measures the resistance of biological tissues to an applied electrical current, providing insights into parameters 

such as body fat percentage, muscle mass, and hydration status. BIA's applications span from evaluating nutritional 

status to monitoring disease progression[10]   

 

 Hamim et al. [27] present an IoT-based The convergence of IoT technologies with health monitoring systems 

has led to the development of devices capable of real-time data collection and transmission. For instance, IoT-based 

systems utilizing the ESP32 microcontroller have been employed to monitor vital signs, capturing data through sensors 

and transmitting it to cloud platforms via Wi-Fi. This setup enables continuous health monitoring and timely medical 

interventions [11].  

 

 The ESP32 microcontroller's features make it suitable for bioimpedance applications. Its integrated Wi-Fi and 

Bluetooth capabilities facilitate data transmission, while its processing power supports real-time analysis [12]. For 

example, an ESP32-based impedance analyzer has been developed to assess the resonance of LC networks, 

demonstrating the microcontroller's versatility in handling impedance measurements [13]. 

 

Beyond traditional BIA, advanced techniques like bioimpedance spectroscopy (BIS) offer frequency-dependent 

analysis, providing more detailed information about tissue composition and health status[14]. BIS has been utilized in 

various applications, from monitoring mammalian cell cultures to assessing human health parameters[15]  

 

 Islam et al. [25] developed an intelligent monitoring Bioimpedance measurements have proven valuable in 

diagnosing and monitoring conditions such as knee osteoarthritis, where impedance data, when analyzed with deep 

learning models, can aid in early detection and management[16] . The integration of IoT-enabled bioimpedance devices 

holds promise for enhancing personalized healthcare by providing continuous, real-time monitoring and facilitating 

proactive health management[18]. 

 

 Wu et al.'s wearable gadget [24] tracks physiological indicators like heart rate (HR), electrocardiogram (ECG), 

and body temperature (BT). Blood pressure (BP) can be estimated by measuring ECG and PPG using Pulse Arrival 

Time (PAT). Because all components are built in a strict structure, human-remote monitoring program interaction is 

easy [19]. Furthermore, the gadgets have minimal power consumption and wireless communication capabilities, 

enabling customized assessments for particular physiological signals [20]. 

 

 Tiwari et al.'s study [31] focuses on leveraging NodeMCU and the Arduino IDE to create an Internet of 

Things-based remote healthcare monitoring system. The IoT platform covered in this manuscript is called Ubidots. The 

proper work of Ubidots, the open-source IoT application, is necessary [21]. Additionally, it's an application 

programming interface (API) that allows users to connect to a local network or the Internet, shop, and obtain data via 

the HTTP and MQTT protocols [22]. 

 

 To investigate practical wireless techniques for short-distance data transmission, researchers [3] tallied the 

wireless applications currently in use in connected healthcare institutions. This study presents the family mobile 

medical care system design and implementation. The system consists of a server, data transfer, and an Android mobile 

client [23,24]. Theoretically, wireless data transfer could be feasible. Here is an illustration of the effectiveness of the 

mobile healthcare system. First, sensors on medical devices are used to gather sign features of family members [25]. 

 

  The fusion of bioimpedance analysis with IoT technologies, through ESP32 microcontroller, represents a 

significant advancement in health monitoring systems [26]. This integration offers the potential for continuous, non-

invasive assessment of health parameters, contributing to improved clinical outcomes and personalized care[27]. 

 

III.  METHODOLOGY 

 

The development of an ESP32-based IoT bioimpedance device for real-time health monitoring involves a 

comprehensive approach encompassing system design, hardware and software implementation, and performance 

evaluation [28-33]. 
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I) Design of Proposed System 

The system is structured into three primary components: 

 

 
 

Fig. 1 Circuit design of ESP32-Based IoT Bioimpedance Device 

 

1. Bioimpedance Measurement Module: Utilizes the AD5933 impedance converter in conjunction with a custom 

analog front-end (AFE) to accurately measure bioimpedance across a frequency range of 10 Hz to 100 kHz[2]. 

2. Processing and Communication Unit: Employs the ESP32 microcontroller to process measurement data and 

facilitate communication via Wi-Fi or Bluetooth to cloud-based platforms for real-time monitoring [3]. 

3. User Interface: Provides a web-based or mobile interface for users and healthcare providers to access and interpret 

health data remotely [4]. 

 

ii) Hardware Implementation 

1. Bioimpedance Sensor: The sensor comprises the AD5933 impedance converter, configured to operate in a four-

electrode setup to minimize measurement errors due to electrode-skin interface impedance. This configuration 

enhances measurement accuracy, particularly in embedded applications[21]. 

2. Analog Front-End (AFE): Incorporates operational amplifiers and instrumentation amplifiers to condition the 

impedance signal, ensuring compatibility with the AD5933 input requirements. The AFE is designed to handle the 

expected impedance range of 1 Ω to 120 Ω, as observed in upper arm measurements[24]. 

3. ESP32 Microcontroller: Serves as the central processing unit, handling data acquisition, processing, and 

communication tasks. Its integrated Wi-Fi and Bluetooth capabilities enable seamless data transmission to cloud 

services and mobile applications[29]. 

4. Power Supply: Employs a low-dropout regulator and rechargeable battery to ensure stable operation with minimal 

power consumption, supporting continuous monitoring. 

 

 
 

Fig. 2 Block Diagram of ESP32-Based IoT Bioimpedance Device 
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Fig. 3 Interfacing Diagram ESP32-Based IoT Bioimpedance Device for Real-Time Health Monitoring 

 

iii) Embedded Firmware: Developed using the ESP-IDF framework, the firmware manages sensor interfacing, data 

acquisition, signal processing, and communication protocols. It includes algorithms for impedance data calibration and 

noise reduction. 

1. Cloud Integration: Utilizes MQTT protocol to transmit data to cloud platforms such as AWS IoT or Google 

Firebase. Data is stored securely and made accessible through web dashboards or mobile applications for real-time 

monitoring and analysis. 

2. User Interface: Developed using React Native for cross-platform compatibility, the mobile application provides 

users with health data visualization, alerts, and historical trends. 

3. Accuracy Testing: Conducted using a saline phantom to simulate human tissue, comparing measurements against 

a reference impedance analyzer. The device demonstrated an average measurement error of less than 5%. 

4. Data Transmission Reliability: Assessed by measuring data packet loss and latency during transmission over Wi-

Fi and Bluetooth. Both modes achieved reliability rates exceeding 98%. 

5. User Feedback: Collected through surveys from a pilot group of users, indicating high satisfaction with device 

comfort, ease of use, and perceived utility in health monitoring. 

This methodology outlines the comprehensive approach taken to develop a functional and reliable IoT-enabled 

bioimpedance device, integrating advanced hardware and software components to facilitate real-time health 

monitoring[30]. 

 

IV. EXPERIMENTAL RESULTS 

 

The development and evaluation of the ESP32-based IoT bioimpedance device involved comprehensive experimental 

procedures to assess its performance in real-time health monitoring applications. 

 

1. Calibration and Accuracy Assessment 

Calibration was performed using a 790 Ω, 153 Ω, 208 Ω, 50 Ω resistors, with the system configured for a start 

frequency of 10 kHz and 255 frequency steps, each incrementing by 280 Hz. The calibration process involved 
calculating the magnitude, gain factor, phase, and applying these to determine the real and imaginary components 

of impedance. This methodology ensured accurate impedance measurements across the device's operating 

frequency range.  

2. Performance Evaluation 

To evaluate the device's sensitivity and accuracy, measurements were taken using a series combination of a 100 Ω 
resistor and a 100 nF capacitor, simulating human body impedance. The percentage error between theoretical and 
measured impedance values was calculated, revealing an average measurement error of less than 5%. This 

indicates a high degree of accuracy in the device's impedance measurements.  

3. Data Transmission Reliability 

The device's capability to transmit data reliably was assessed by measuring packet loss and latency during data 

transmission over both Wi-Fi and Bluetooth connections. The results demonstrated a packet loss rate of less than 
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2% and an average latency of approximately 150 ms, ensuring timely and reliable data communication for real-
time monitoring applications. 

 

 A pilot group of users participated in usability testing, providing feedback on the device's comfort, ease of use, 

and perceived utility. The majority of participants reported high satisfaction, noting the device's non-intrusive design 

and the usefulness of real-time health data monitoring. This positive feedback supports the device's potential for 

widespread adoption in health monitoring scenarios. 

 

These experimental results validate the effectiveness of the ESP32-based IoT bioimpedance device in providing 

accurate, reliable, and user-friendly real-time health monitoring solutions. 

 

  
    

   (a) Resistance 153 ohms vs Impedance 152.50  ohms     (b) ) Resistance 790 ohms vs Impedance 781.82  ohms 

 

  
 

      (c) Resistance 208 ohms vs Impedance 200  ohms       (d) ) Resistance 50 ohms vs Impedance 49.50.  ohms 

 

Fig. 4 Validation of Resistors Vs Impedance 

 

   
 

                          (a) Capacitor 1000 micro farad                                               (b) Capacitor 10 nano farad 

 

Fig. 5 Validation of Capacitors 
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V. CONCLUSION 

 

The authors designed and implemented an ESP32-based IoT bioimpedance device for real-time health monitoring. The 

proposed device integrates advanced hardware components, including the AD5933 impedance converter, an analog 

front-end (AFE), and the ESP32 microcontroller, alongside sophisticated software for data acquisition, signal 

processing, and cloud integration. 

 

 The proposed device is a robust, scalable solution for continuous health monitoring. It demonstrates the 

potential of IoT in enhancing personal healthcare. The successful integration of cloud platforms such as AWS IoT and 

Google Firebase allows secure data storage and remote access, ensured healthcare providers and users can track and 

manage health metrics efficiently. 

 

 Future work may include further optimization of the device's power consumption, improving its form factor 

for broader applicability, and exploring the integration of additional bioimpedance parameters for a more 

comprehensive health assessment. Ultimately, the ESP32-based bioimpedance device represents a significant step 

toward the development of affordable, accessible, and reliable IoT-enabled healthcare solutions 
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