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ABSTRACT 

Purpose: The integration of the Internet of Things (IoT) in health monitoring systems represents a 

significant advancement in the medical field, particularly for remote patient health monitoring. By 

connecting sensors to the internet, a patient's vital signs can be measured remotely. This study aimed 

to design a simple, accurate, and low-cost IoT-based system to monitor vital signs such as body 

temperature, pulse rate, oxygen saturation level (SpO2), and room conditions. Materials and 

Methods: The monitoring system comprises two NodeMCU ESP8266 development boards, serving 

as the main microcontrollers with integrated Wi-Fi capabilities. The system utilizes the DS18B20 

sensor for body temperature, the MAX30102 sensor for pulse rate and SpO2, and the DHT11 sensor 

for room conditions. These sensors collect data and transmit it to the NodeMCU ESP8266 for 

processing and forwarding to a web application. The system can log the measured data, display it 

in a historical format, and archive it. The output is accessible on the user's mobile phone, laptop, 

and LCD screen. Additionally, doctors and caregivers can easily access this data via the website. 

Results: The proposed monitoring system was tested on six male patients from Al-Zawia Hospital. 

Its readings were compared to those obtained from hospital devices. The pulse rate readings ranged 

from 76 bpm to 92 bpm, with an average absolute error of 0.4%. SpO2 readings were between 94% 

and 97%, with an average absolute error of 2.2%. Body temperature measurements varied between 

36.38°C end 37°C, with an error rate of 0.4%. Additionally, the average room temperature and 

humidity were recorded at 22.01°C and 37.3%, respectively. Conclusion: Comparative analysis 

between the data obtained from the proposed system and conventional devices showed a success 
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rate of over 95% for almost all measurements. This indicates that the model is effective, accurate, 

easy to use, and capable of remotely measuring and monitoring a patient's health.  

Keywords: Healthcare monitoring system, IoT, NodeMCU ESP8266, Sensors, Vital signs. 
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1. Introduction  

     The rapid development of wireless communication technology has significantly advanced 

medical technology, enhancing electronic healthcare through the design of low-cost, intelligent, and 

lightweight sensors that can be strategically placed on the human body. These sensors collect 

medical data and transmit it via the Internet [1,2]. Remote patient monitoring technology is crucial 

for both doctors and patients. It allows doctors to remotely monitor and treat patients who are not 

in hospitals but require continuous monitoring of their vital signs, particularly those with chronic 

diseases [3,4]. With the rise in chronic diseases and infectious diseases, along with concerns about 

infection transmission in hospitals, the need for devices that can remotely monitor vital signs has 

become an essential component of electronic healthcare systems. IoT technologies have facilitated 

advancements in healthcare, enabling health specialists in clinics to access patients' vital signs on 

computers or mobile devices [5]. IoT-based real-time health monitoring systems can measure, 

monitor, and report health status both online and offline from anywhere, while also establishing 

historical health records for patients [6]. The implementation of IoT in health monitoring systems 

has made life easier for elderly patients, those with chronic diseases, and individuals living in remote 

areas. These patients can obtain their vital signs and share the data with their doctors via the internet. 

In emergencies, IoT-based health monitoring systems can send alert messages to doctors if any 

parameter becomes abnormal [7]. Vital signs are an important element of patient health monitoring, 

serving as indicators of a patient's health status and aiding in the detection of medical problems. 
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Vital signs include measurements of the body's most important functions: body temperature, pulse 

rate, oxygen saturation, respiration rate and blood pressure. Therefore, an integrated device 

designed to monitor patient health using IoT is necessary. This involves connecting computers or 

mobile phones to the internet using microcontrollers and biomedical sensors, such as temperature 

and pulse rate sensors. This technique allows for patient monitoring outside traditional clinical 

setting, enabling doctors to monitor patients' health from anywhere. It is a safe and effective solution 

for patients who cannot visit the doctor, especially during pandemics. 

2. Related Works 

Various designs of patient health monitoring systems have been developed by researchers in line 

with technological advancements. Gregoski et al. proposed a smartphone-based heart rate 

monitoring system that used a mobile light and camera to track blood flow through a fingertip, 

calculating cardiac output based on this flow. This system wirelessly transfers a person’s pulse to a 

computer, enabling heart rate measurement by simply looking at the phone instead of using hands 

each time [8]. A study in [9] designed a wireless monitoring system using Arduino, connected to a 

laptop via Bluetooth to transmit data. This data was sensed through the Heart Rate Grove sensor 

and LM35 temperature sensor. Researchers in [7] also proposed an IoT-based patient monitoring 

system to remotely monitor various vital signs of ICU patients and control medicine dosages. This 

system, created using a NodeMCU, two Arduinos, and sensors, can send alert messages to doctors 

in emergencies if any vital signs become abnormal. Islam et al. developed a healthcare system using 

ESP32 that connected to sensors to capture patient data and environmental factors in the hospital 

room. The data is displayed on an IoT-based website [10]. Abed and Hussein designed a monitoring 

device capable of collecting medical data from patients, such as heart rate, oxygen saturation level, 

and body temperature, and then transmitting the data via the Internet to doctors for health 
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assessment [11]. Khan et al. presented an IoT-based health monitoring system using Arduino, 

particularly for COVID-19 patients. The system measures a patient’s body temperature, heartbeat, 

and SpO2 levels, sending the data to a mobile application via Bluetooth as well as the IoT [12].   

3. Material and Methodology 

The proposed health monitoring system utilizes two NodeMCU ESP8266 modules labelled (A and 

B) connected to specific sensors and LCDs to remotely monitor patient parameters. NodeMCU 

ESP8266 (A) is connected to the DS18B20 sensor and sends data to a 162 LCD. NodeMCU 

ESP8266 (B) is connected to the DHT11 and MAX30102 sensors and sends data to a 204 LCD. 

Both units transmit measured data for remote viewing via a laptop or mobile app. 

The block diagram in (Figure 1), circuit schematic in (Figure 2), and prototype photo in (Figure 3) 

provide a comprehensive overview of the system setup and implementation. The proposed health 

monitoring system integrates two major components: hardware and software.  

 

 
Figure 1. Block diagram of the health monitoring system 
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Fig 2. Schematic circuit of the proposed system 

 

Figure 3. Prototype of the health monitoring system 

3.1. Hardware Equipment  

The main hardware components include:  

i. NodeMCU ESP8266 (Node Micro Controller Unit): An open-source software and hardware 

development environment based on the ESP8266 chip. It integrates microcontroller capabilities and 

Wi-Fi access point functionality on a single board [13,14]. 
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ii. DS18B20 sensor: It is a temperature-measuring sensor with high accuracy and ease of integration 

to the NodeMCU. The temperature measurement ranges of this sensor spans from -55°C to +125°C, 

with an accuracy of ±0.5°C within the range of -10°C to +85°C [15].  

iii. MAX30102 sensor: Monitors heart rate and SpO2 levels. Utilizing infrared and red light LEDs. 

Infrared LED is sufficient to measure the pulse rate, and both LEDs are required to determine SpO2 

level. The sensor operates effectively within a voltage range of 1.8V to 3.3V [16].  

iv. DHT11 sensor: Measures temperature and humidity in the environment. It can measure 

temperatures from 0°C to +50°C with an accuracy of ±1°C and relative humidity levels from 20% 

to 90% RH with an accuracy of ±1% [17]. 

3.2. Software  

The NodeMCU ESP8266 offers the advantage of being programmable in various programming 

languages and with an open-source Integrated Development Environment (IDE). Programming of 

NodeMCU ESP8266 is done in C++ for its robustness and ease of implementation. Data 

visualization and remote access are facilitated through the Cayenne IoT Cloud Platform, offering 

real-time monitoring of patient vital signs. 

3.3. System Design  

The proposed system consists of three tiers: (i) Sensing and Data Processing Tier, (ii) Data 

Storage Tier, and (iii) Output Tier. The sensing and data processing tier refers to the device held 

by the patient, while the data storage tier represents the cloud server, and the output tier includes 

the mobile/computer application and LCD display. Figure 4 illustrates the complete workflow of 

these three tiers. The sensing and data processing tier involves sensors that gather data from the 

patient's body and the room environment. This data is transmitted to the NodeMCU ESP8266 as 

electrical signals for processing and conversion from analogue to digital format. The NodeMCU 
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ESP8266 functions as a server (Wi-Fi module), transmitting the processed data to the cloud server 

via internet connectivity. The Cayenne IoT Cloud Platform stores and visually displays this data. 

Doctors or caretakers can access the Cayenne Platform through a computer or mobile application 

to view the data. Additionally, the LCD display can show measured data from the human body 

and the ambient environment. All information and communication between doctor and patient 

occur via the internet by creating an account on the Cayenne Platform ((my Devices Cayenne 

Platform)). Users must sign in with an ID to view vital data. 

 

Fig 4. Workflow of the designed system 

4. Study Site and Sample Size 

Six male patients of different ages were randomly selected from Al-Zawia Hospital to participate 

in the study, which involved measuring pulse rate, SpO2, body temperature, and environmental 

conditions in the room. Data collection was carried out over two days, January 3 and 4, 2023. 

5. Study Reliability and Validity  

After building the prototype circuit, it was initially tested to ensure proper functionality, data 

reliability, and accuracy. Subsequently, a series of tests were conducted using the proposed 
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system on the patients to assess their pulse rate, SpO2, body temperature, and room environment. 

Figure 5 illustrates some of the tests performed on patients to measure their vital signs, room 

temperature, and humidity. 

 

Figure 5. Testing the system on the patients 

 

6. Experimental Results Analysis  

To verify the performance of the proposed device, we compared its output with that of conventional 

hospital apparatuses. Data from the proposed device were displayed on a laptop application and an 

LCD. Experimental values from the designed device and the actual values from the conventional 

apparatuses were manually recorded. We calculated the percentage error and accuracy using 

equations 1 and 2 [18] to evaluate the effectiveness and performance of the designed system. Graphs 

were created using Microsoft Office Excel 2016.   

100
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6.1. RESULTS 

Tables 1, 2, and 3 present the proposed system data and actual results, including error rates and 

accuracy for pulse rate, SpO2, and body temperature, respectively. Since there was no alternative 

device available for measuring room temperature and humidity, these parameters were solely 

measured using the proposed device, and the data are listed in Table 4. Figures 5a, 5b, and 5c show 

some of the data collected on the web server (Cayenne Platform) for pulse rate, SpO2, body 

temperature, and room temperature/humidity. Figures 6a, 6b, and 6c illustrate the deviation of data 

obtained by the proposed system from actual data for pulse rate, SpO2, and body temperature, 

respectively.  

Table 1. Pulse rate test results 

 

    

 

  

Table 2. SpO2 test results 

 

 

 

 

 

 

 

Patient 

No 

Experimental 

value (bpm) 

Actual value 

(bpm) 

Error 

(%) 

Accuracy 

(%) 

P1 91 90.38 0.68 99.3 

P2 92 93 1.07 98.9 

P3 88 88.09 0.1 99.9 

P4 80 80.64 0.79 99.2 

P5 83 81.87 1.38 98.6 

P6 76 78.85 3.6 96.4 

Average 85 85.4 0.4 99.6 

Patient 

No 

Experimental 

value (%) 

Actual 

value (%) 

Error 

(%) 

Accuracy 

(%) 

P1 94 94 0.0 100 

P2 96 99 3.125 96.8 

P3 95 97 2.06 97.9 

P4 97 99 2.02 97.9 

P5 96 99 3.125 96.8 

P6 96 99 3.125 96.8 

Average 95.6 97.8 2.2 97.8 
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Table 3. Body temperature test results 

 

 

 

 

 

Table 4. Room temperature and humidity test results 

 

 

 

 

 

 

 

 

Figure 5a. Pulse rate/ SpO2 result collected on the web server 

Patient 

No 

Experimental 

value (C) 

Actual 

value (C) 

Error 

(%) 

Accuracy 

(%) 

P1 36.4 36.1 0.8 99.2 

P2 37.06 36.6 1.2 98.8 

P3 36.6 36.3 0.8 99.2 

P4 36.8 36.4 1 99 

P5 36.38 36.1 0.7 99.3 

P6 36.4 36.5 0.2 99.8 

Average 36.5 36.35 0.4 99.6 

Readings 

No 

Room temperature 

(C) 

Room humidity 

(%) 

1 21 40 

2 22.6 37 

3 22.7 37 

4 22.9 34 

5 22.9 34 

6 20 42 

Average 22.01 37.3 
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Figure 5b. Body temperature result collected on the web server 

 

 

Figure 5c. Room temperature/humidity result collected on the web server 

 

 

Fig 6a. Test result of the experimental and actual data of pulse rate 
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Fig 6b. Test result of the experimental and actual data of SpO2  

 

Fig 6c. Test result of the experimental and actual data of body temperature  

7. Discussion  

     By comparing the results, it is evident that there are slight variations between the experimental 

data and the actual data. The pulse rate data from the proposed system ranged from 92 to 76 bpm. 

The highest error rate observed was 3.6%, with the lowest error at 0.1%, resulting in an average 

error rate of 0.4%, and an average accuracy of approximately 99.6%. These variations may be 

attributed to patient movement during examination, leading to sensor displacement on the fingertip. 

The pulse rate was measured by lightly touching the sensor with the index finger, where light passes 

through the fingertip. Additionally, light scattering from other sources also contributes to the 

observed differences. In SpO2 measurement, readings for the six patients ranged from 94% to 97% 

with an average error of 2.2% and an average accuracy of approximately 97.8%. Variation may 
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arise from patient's finger movement, as the same sensor was used for both pulse rate and SpO2 

measurements. The sensor utilizes two LEDs (Red and Infrared) for SpO2 measurement: 

oxygenated haemoglobin absorbs Infrared light and reflects back the Red light, while deoxygenated 

haemoglobin absorbs Red light and reflects back the Infrared light. The sensor analyses these 

different absorption levels to determine SpO2 levels. For body temperatures, six cases were 

evaluated using a sensor placed under the armpit. Recorded temperatures ranged from 36.38°C to 

37.06°C, compared to thermometer results ranging from 36.1°C and 36.6°C. Temperature 

measurements taken with the proposed device closely matched actual thermometer values, with an 

average error rate of less than 0.5% and an accuracy of approximately 99% which is considered 

acceptable. This high accuracy can be attributed to the sensor's precision in measuring body 

temperature. Regarding humidity and room temperature measurements, the first five readings were 

taken in the hospital room, while the sixth reading was in the office of the Medical Engineering 

Department at the College of Medical Technology. Although differences in room temperature and 

humidity measurements were slight, they could be attributed to daily weather changes. 

 

8. Conclusion    

The current study presents the design and implementation of a healthcare monitoring system using 

IoT. The proposed system is able to collect patient's vital signs using various sensors and transmit 

the data to an application via the website. The data is also displayed on an LCD screen, allowing 

patients to monitor their health status promptly. Doctors can access the data through the website. 

Comparison of the system's readings with those of conventional devices shows no significant 

difference in findings, with a success rate exceeding 95%, and an average measurement error of 

0.5%. 
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9. Challenges and Future Work  

Throughout the development process, we encountered several significant challenges. Initially, we 

utilized a single NodeMCU ESP8266 board to connect all sensors and a 204 LCD screen. 

However, this configuration resulted in the LCD screen not displaying all the data and the body 

temperature sensor failing to operate properly. To overcome these issues, we implemented a 

solution using two NodeMCU ESP8266 microcontrollers: one dedicated to the temperature sensor 

and a 162 LCD screen, while the other managed the remaining sensors and a 204 LCD screen.  

In the future, the system could benefit from enhancements and modifications by utilizing a single 

NodeMCU ESP8266 microcontroller instead of two, which would necessitate a high-quality screen 

capable of displaying all sensor data received. Additionally, we plan to integrate new sensors, 

including a blood pressure sensor, an electrocardiogram sensor, and a diabetes level sensor. These 

additions will enable the system to monitor comprehensive vital signs, crucial for assessing a 

patient’s condition effectively. 
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