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ABSTRACT 
Urban traffic congestion remains a major obstacle to emergency medical services, often leading to delays in critical care. This project introduces an IoT-enabled smart ambulance system that combines real-time traffic management, hospital communication, and advanced patient monitoring. Using sensors like LM35, MAX30100, and a pulse sensor, the system monitors key health parameters such as temperature, heart rate, blood pressure, and SpO₂. Patient details including name, age, blood group, and blood pressure are entered via a web interface hosted on the ESP8266 microcontroller and transmitted to the hospital, where they are displayed along with sensor readings on the Blynk dashboard. The system also features accident detection using the MPU6050 accelerometer, which triggers buzzer alerts and emergency SMS notifications. Additionally, a push button is used to send SMS alerts to traffic control systems for clearing signals and prioritizing ambulance movement. The system proved successful in real-time data display, cloud integration, and emergency alerting, both on the LCD and the Blynk platform. With its modular, cost-effective, and scalable design, it is suitable even for resource-constrained settings. This IoT-based solution improves pre-hospital care, speeds up emergency response, and enhances coordination between hospitals, ambulances, and traffic management authorities.
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1.  INTRODUCTION 
In today’s rapidly urbanizing world, providing timely emergency medical care has become increasingly challenging due to rising traffic congestion and a lack of real-time communication between ambulances, hospitals, and traffic control systems. Emergency Medical Services (EMS) are critical in saving lives during urgent situations, yet existing systems often face delays that may lead to overcrowded emergency departments and even preventable fatalities. To address these issues, this project titled “IoT-Based Advanced Health Services System to Enhance Emergency Medical Services Integrated with Intelligent Traffic Control, Patient Monitoring, and Effective Hospital Communication” introduces a smart ambulance solution that leverages IoT to streamline emergency response processes. The system integrates real-time health monitoring, cloud-based data transmission, accident detection, and intelligent traffic clearance to enhance pre-hospital care and minimize delays.
Upon patient admission into the ambulance, a push button is pressed to activate the emergency response system. This triggers the ESP8266 microcontroller to send an SMS alert to traffic management authorities, enabling them to grant green signal priority for the ambulance route. Simultaneously, basic patient details—such as name, age, blood group, and blood pressure—are entered into a web interface hosted on the ESP8266. This information is transmitted to a hospital-side cloud dashboard, where medical personnel can prepare for the patient’s arrival. To monitor vital signs, the system uses the LM35 sensor for body temperature, pulse sensor for heart rate, and MAX30100 for SpO₂ levels. These values are continuously uploaded in real-time via the Blynk IoT platform, where hospital staff can monitor the patient's condition through the Blynk dashboard before the ambulance arrives.
Beyond health monitoring and traffic management, the system includes an accident detection module using the MPU6050 accelerometer sensor. When a sudden impact or abnormal motion is detected, the system triggers a buzzer alert within the ambulance and sends an emergency SMS to the hospital to indicate a possible accident. This feature ensures a secondary layer of preparedness in the event of an ambulance crash. All transmitted data is protected using encryption, and the dual communication channels—HTTP for cloud updates and SMS for alerts—add redundancy and reliability to the system.

This IoT-based solution is built around the cost-effective and scalable ESP8266 microcontroller, making it highly adaptable even in resource-constrained environments. By combining intelligent traffic control, real-time health tracking, and seamless hospital communication, the system significantly improves EMS coordination. It reduces treatment delays, boosts hospital readiness, and ultimately increases survival rates by enabling early medical intervention. This project highlights how IoT and embedded systems can transform traditional ambulances into intelligent life-saving platforms, contributing to a smarter and more responsive urban healthcare infrastructure.

2. METHODOLOGY
The methodology for developing the IoT-Based Advanced Health Services System follows a structured approach comprising system design, hardware-software integration, testing, and evaluation. The process begins with defining the architecture, identifying core components such as the ESP8266 microcontroller, health sensors (LM35, Pulse Sensor, MAX30100, MPU6050), and cloud platforms like Blynk. After selecting and assembling components, sensors are integrated and calibrated using suitable libraries to ensure accurate readings. The Arduino IDE is used to develop firmware that enables Wi-Fi connectivity, sensor data acquisition, Blynk dashboard communication, and a web server for patient data entry. The system also incorporates an SMS alert function triggered by accident detection using the MPU6050 sensor. Once integrated, extensive testing is conducted, including sensor accuracy checks, data transmission validation, and simulations under emergency scenarios. Real-time feedback is gathered during controlled deployment to evaluate performance and reliability. Finally, comprehensive documentation is created to summarize design, implementation, and results, ensuring the system is ready for future enhancements and real-world application in improving emergency medical services. 
2.1 HARDWARE COMPONENTS
 ESP8266 Microcontroller 
The ESP8266 is an inexpensive Wi-Fi enabled microcontroller used in IoT applications for its compact size, integrated TCP/IP stack and reliable performance. The device is ideal for real surveillance systems as it establishes a connection to the internet and allows data to be exchanged wirelessly. In this project, the ESP8266 acts as a core controller, sensor data recording, web server hosting, Blynk-Cloud communication, and SMS-based warning functions. With compatibility with the Arduino IDE and support for several libraries, it can be easily programmed and integrated into a variety of sensors. This makes it a cheap solution for intelligent healthcare systems.
 Arduino UNO
 The Arduino Uno is an open-source microcontroller board based on the ATmega328P, widely used for prototyping electronic projects. In this system, it collects data from sensors like LM35, MAX30100, and the pulse sensor, then communicates with the ESP8266, making it a key component in patient health monitoring.
 LM35 temperature sensor
The LM35 is a precision analog temperature sensor that directly provides the output voltage directly to temperatures in degrees Celsius. Known for accuracy, cheap cost and user friendly. In this project, the LM35 is used to monitor patient temperature in real time and measurements processed by the Arduino via ESP8266 are transferred to both the LCD-Bord and Blynk fitting boards. Simple calibration and reliable performance make it ideal for continuous health monitoring in medical emergency applications.
Pulse sensor
The Pulse Sensor is an optical heart rate sensor that measures the heartbeat by detecting changes in blood volume through light absorption. It is compact, easy to use, and connects directly to a microcontroller like the Arduino. In this project, the pulse sensor continuously monitors the patient’s heart rate, providing real-time BPM (beats per minute) data. This information is sent to the ESP8266 and displayed on both the LCD screen inside the ambulance and the Blynk IoT dashboard for remote monitoring. Its accurate and responsive readings make it a vital component for emergency patient care. 
MAX30100
The MAX30100 is an integrated impulse oximeter and heart rate sensor that combines two LEDs (red and infrared), photodetectors and signal processing circuits in the compact module. Both SPOS (blood oxygen saturation) and heart rate are measured noninvasively by analyzing light absorbed by the blood at different wavelengths. The MAX30100 is used in this project to continuously monitor the patient's oxygen content and pulse rate. The data is read by the Arduino and transferred to the ESP8266, and is displayed in real time on both the LCD and the Blynk dashboard. This allows for remote surveillance and timely medical intervention.

MPU6050
The MPU6050 is a six-axis movement inheritance sensor that combines a three-axis acceleration meter and a three-axis gyroscope into a single module. It is often used to identify movement, direction, and sudden effects. In this project, the MPU6050 is used for accident recognition by monitoring sudden changes in acceleration. When a collision or abnormal movement is determined, the system will cause a summer alarm and send an emergency-M to hospital authorities via ESP8266. This function improves security by ensuring immediate response in the event that the ambulance reaches an emergency.
16X2 LCD display
The 16x2 LCD display is a widely used alphanumeric screen that can show 16 characters per line across 2 lines. It is easy to interface with microcontrollers like Arduino and is ideal for displaying real-time data. In this project, the 16x2 LCD displays vital patient information such as body temperature, heart rate, and SpO₂ levels inside the ambulance. This allows paramedics to continuously monitor the patient’s condition without needing external devices or internet connectivity. Its simplicity and reliability make it a practical component for emergency healthcare applications.
Buzzer 
The buzzer is a simple electronic component that produces an audible alert when activated. In this project, it is used as an alarm system triggered by the MPU6050 accelerometer in case of an accident or sudden impact. When abnormal motion is detected, the buzzer sounds to alert paramedics inside the ambulance. This immediate audible warning ensures quick awareness and response to emergency situations, enhancing overall safety during patient transport.
Push button
The push button in this project serves as a manual trigger to initiate the emergency response system. When pressed, it signals the ESP8266 microcontroller to send an SMS alert to traffic authorities, requesting priority signal clearance for the ambulance. This helps reduce delays caused by traffic congestion and ensures faster, uninterrupted transit to the hospital. The push button provides a simple yet effective way to activate critical functions in real-time.

2.2 SOFTWARE CONFIGURATION
 Arduino IDE
 The Arduino IDE (Integrated Development Environment) is an open-source platform used to write, compile, and upload code to Arduino-compatible microcontrollers like the Arduino Uno and ESP8266. It supports programming in C/C++ and provides a user-friendly interface with built-in libraries and examples for quick development. In this project, the Arduino IDE is used to develop the firmware that connects sensors, manages Wi-Fi communication, and integrates with the Blynk platform. It also includes functions for web server hosting, sensor data processing, and SMS alert triggers. Its simplicity and versatility make it ideal for rapid prototyping and IoT-based system development.
 Blynk IoT Platform
The Blynk IoT platform is a powerful tool that makes it easy to create and manage connected devices. This allows real-time data monitoring, remote control and visualization via customizable dashboards that can be accessed via mobile devices or via web apps. This project uses Blynk to display patient health parameters such as temperature, heart rate, SPO2 and personal information from the ESP8266 microcontroller. Hospital employees can see this data live, allowing for better preparation and faster medical responses. Blynk simplifies IoT development through seamless communication with cloud storage, virtual pens and devices in the cloud.
Web browser Interface
The Web Browser Interface in this project serves as a simple, user-friendly platform for entering patient information such as name, age, blood group, and blood pressure. Hosted by the ESP8266 microcontroller, the interface is accessible via a local IP address on any device connected to the same network. When the form is submitted, the data is processed and transmitted to the Blynk dashboard, allowing hospital staff to access it in real time. This feature ensures quick and secure entry of patient details without the need for external applications, enhancing communication between ambulance and hospital during emergencies.
ESP8266 Web server Library
The ESP8266 Web Server Library is a powerful tool that enables the ESP8266 microcontroller to host a web server, making it ideal for IoT applications like the one in this project. It allows the ESP8266 to serve real-time data, such as patient health information, through a web-based interface, which can be accessed by medical professionals and traffic authorities. By handling HTTP requests, the library facilitates seamless communication between the ambulance and the hospital's cloud system, ensuring that health data is transmitted securely and efficiently. This functionality supports real-time monitoring, patient tracking, and the integration of critical services, thereby enhancing the overall effectiveness of the emergency medical system.
ArduinoJson Library 
The ArduinoJson Library is a lightweight and efficient tool for handling JSON (JavaScript Object Notation) data in Arduino-based projects. It enables the parsing, creation, and manipulation of JSON data, making it easy to exchange information between 
IoT devices and web servers. The library is optimized for memory-constrained devices, offering efficient memory management while maintaining fast data processing. It is commonly used in applications like web APIs, cloud data exchange, and real-time sensor data transmission, making it ideal for projects like your IoT-based smart ambulance system. The library simplifies working with JSON, enabling seamless communication in IoT and embedded systems.

3. RESULTS AND DISCUSSION
The IoT-Based Advanced Health Services System was successfully implemented and tested to monitor patient health, transmit data to hospitals, detect accidents, and support emergency response. The LM35, pulse sensor, and MAX30100 accurately measured body temperature, heart rate, and SpO₂, displayed on a 16x2 LCD inside the ambulance for paramedics. Simultaneously, data was transmitted via the ESP8266 to the Blynk IoT platform for real-time monitoring by hospital staff. The web interface allowed efficient input of patient details. The MPU6050 accelerometer detected accidents, triggering alarms and SMS alerts. Additionally, traffic control authorities received SMS alerts for signal clearance, ensuring efficient emergency response.
Traffic signal clearance alert
This section shows the system's ability to notify traffic control authorities when sending ambulances, primarily due to overloaded areas. If a print button is installed, the ESP8266 will be sent with an SMS alarm automated with HTTP-API. This message provides the transportation system or emergency vehicle on the road near the control staff, allowing traffic signals to be adjusted manually or automatically green on the ambulance route. This function plays a key role in minimizing delays due to traffic, timely arrivals to hospitals, and potential rescue of living in critical emergencies.
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Figure 1: SMS received for controlling traffic

Web Interface for patient data entry
The system provides a lightweight web interface hosted on the ESP8266, which acts as a local server. Paramedics can connect a device to the same Wi-Fi network and access a web page to enter patient details such as name, age, blood group, and blood pressure. This data is submitted via HTTP POST and processed by the ESP8266, which updates virtual pins on the Blynk IoT platform. These details are instantly reflected on the Blynk dashboard, allowing hospital staff to view patient information in real time. This ensures efficient, seamless communication between ambulance paramedics and hospital authorities during emergencies.
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Figure 2: Web server Interface for entering patient details
Sensor Data monitoring
The system incorporates three biomedical sensors to continuously monitor vital signs such as temperature, heart rate, and SpO₂ during ambulance transit. These sensors interface with an Arduino board, which reads and processes the data. The processed information is then transmitted to the ESP8266 via serial communication. The ESP8266 uploads the sensor values to the Blynk IoT platform using virtual pins assigned to each parameter. Hospital staff can access and monitor these real-time readings through the Blynk mobile or web dashboard for timely medical response.
1)LM35 temperature sensor
The LM35 is an analogue temperature sensor that provides an output voltage linearly proportional to the ambient temperature in Celsius. It is connected to an analogue input pin of the Arduino, which reads the voltage and converts it to a temperature value using a simple formula. The data is then sent to the ESP8266 and displayed on the Blynk dashboard through a virtual pin (e.g., V2). The result can be visualized using a value display or a gauge widget showing the patient’s real-time body temperature.      
2)Pulse sensor
The pulse sensor is an optical heart rate sensor that detects changes in blood volume through light absorption. It is connected to the Arduino’s analogue pin and calculates the patient’s beats per minute (BPM). The Arduino processes the pulse rate and sends it to the ESP8266, which updates the Blynk dashboard via a virtual pin (e.g., V0). The real-time BPM data is shown using a gauge or graph widget, allowing hospital staff to track heart rate trends during transit.
3)Max30100 sensor
The MAX30100 is a combined SpO₂ (oxygen saturation) and heart rate sensor that uses red and infrared LEDs to measure the oxygen level in the blood. It communicates with the Arduino via the I²C protocol. The Arduino processes both SpO₂ and pulse data and forwards the values to the ESP8266. The ESP8266 then uploads them to virtual pins on the Blynk platform (e.g., V4 for SpO₂, V0 or V1 for heart rate if not already used by pulse sensor). These values are displayed on the Blynk dashboard using gauge or value widgets.

Blynk Dashboard
The Blynk dashboard successfully displayed all the sensor readings in real time during testing. The temperature, heart rate, and SpO₂ values updated continuously, ensuring that hospital authorities could monitor the patient's condition live. Each widget on the Blynk app was linked to its corresponding virtual pin, and changes in patient vitals were reflected instantly with minimal delay. This real-time visibility significantly improves emergency preparedness by allowing medical teams to evaluate the patient’s condition before arrival, ensuring timely medical intervention

LCD display
A 16x2 LCD display inside the ambulance shows real-time patient vitals including temperature, heart rate, and SpO₂ levels. It is connected to an Arduino that collects and processes data from sensors. This allows paramedics to monitor the patient’s condition effectively, even without internet, ensuring timely decisions during emergencies.
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                                                   Figure 3: LCD displaying the real time output from sensors

Blynk dashboard visualization
The Blynk dashboard provides a cloud-based interface for real-time monitoring of patient health data during ambulance transit. Sensor readings such as body temperature, heart rate, and SpO₂ levels are transmitted via the ESP8266 microcontroller to the Blynk platform using virtual pins. These are visualized through gauges, value displays, and labeled widgets, along with patient details like name, age, blood group, and blood pressure. This live dashboard helps hospital staff monitor the patient’s condition remotely, enabling timely preparation, quick medical response, and efficient resource allocation.
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Figure 4: Hospital Dashboard displaying the output


Accident detection and emergency alert system
The accident detection and emergency alert system uses the MPU6050 accelerometer to monitor the ambulance's motion. When a sudden impact or abnormal acceleration is detected, the Arduino triggers a buzzer and alerts the ESP8266, which sends an emergency SMS via a cloud API. This ensures hospitals are immediately notified, enabling timely backup support and preparation for potential casualties.
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          Figure 5: Emergency SMS alert received in case of an accident 



System Integration and final assembly
The system integration and final assembly phase marked the culmination of the hardware and software development process, bringing together all individual modules into a cohesive, working prototype. This involved careful planning to physically assemble and logically coordinate the flow of data between components. The Arduino Uno was assigned the role of collecting real-time health data from biomedical sensors such as the LM35 temperature sensor, Pulse Sensor, and MAX30100 SpO₂ and heart rate sensor. These sensors were precisely connected to the Arduino's analog and I²C pins, with code written to process and structure the data before sending it to the ESP8266 microcontroller through serial communication.

[image: ]












[bookmark: _Hlk196071990]Figure 6: Integrated Ambulance System prototype

The ESP8266 microcontroller acted as the central communication hub, responsible for establishing Wi-Fi connectivity, handling web server hosting, and transmitting data to the Blynk IoT platform. It received sensor data from the Arduino, updated the Blynk dashboard in real time, and displayed patient information such as temperature, heart rate, and SpO₂ levels for hospital staff to access remotely. In addition, the ESP8266 hosted a web interface that allowed paramedics to enter the patient’s name, age, blood group, and blood pressure, which were then sent to the hospital’s monitoring system via the cloud. The microcontroller also managed the SMS alert system, sending emergency messages to traffic control and hospital authorities whenever the push button or accident detection mechanism was triggered.
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Figure 7: Final Implemented System in various angles

The MPU6050 accelerometer was integrated to detect any unusual acceleration or impact that could indicate an accident involving the ambulance. When such motion was detected, the system automatically activated a buzzer alarm to alert the onboard medical team and simultaneously sent an emergency SMS to the hospital. A 16x2 LCD display was mounted inside the ambulance to provide live visualization of the patient’s vitals, enabling paramedics to continuously monitor critical information even without internet connectivity. All hardware components were securely mounted on a breadboard or custom PCB, and powered by a regulated power supply to ensure stability during operation.
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Figure 8: Aerial and Front view of the system


Extra attention was given to minimizing electrical noise and interference, ensuring reliable communication between modules and consistent data readings. Once assembled, the complete system was thoroughly tested in a controlled environment simulating emergency scenarios. Testing included verifying sensor accuracy, checking Blynk dashboard updates, validating the reliability of web form submissions, and confirming the functionality of the SMS alert features. The final prototype operated successfully, demonstrating its potential as a real-world solution for improving emergency medical services through seamless integration of IoT, communication, and health monitoring technologies.

4. CONCLUSION
The IoT-based Advanced Health Services system developed in this project provides comprehensive and practical solutions to key health emergency services challenges, including patient monitoring, hospital coordination, and intelligent traffic management. Integrates cheap biomedical sensors such as the Arduino LM35, Impulse sensor, MAX30100, and an ESP8266 microcontroller to continuously collect patient columns such as body temperature, heart rate, and SPO values. These measurements are transferred in real time to the Blynk-IoT platform via ESP8266, allowing hospital staff to monitor patient status during ambulance remote movement. A local 16x2-LCD display in the ambulance allows paramedics to instantly access patient data even in areas that are not connected to the Internet. The system also has a web interface hosted on the ESP8266, which captures the occurrence of patient details such as name, age, blood type, and blood pressure reflected in the Blynk dashboard. The accident recognition function using the MPU6050 sensor triggers a warning when it recognizes abnormal movements and sends an emergency SMS to hospital authorities. Additionally, an SMS-based traffic warning mechanism notifies you of traffic control for route releases. The system has been successfully implemented and tested, proved to be inexpensive, reliable and scalable. It demonstrates great possibilities for improving real-time communication, accelerated treatment and use in intelligent health infrastructure.
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Ambulance Departed :

The Emergency rescue vehicle with patient
departed from this nearby location. Please
control the traffic immediately !

Track the location of the ambulance.
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Ambulance Departed :
The Emergency rescue vehicle with patient
departed from this nearby location. Please

control the traffic immediately !

Track the location of the ambulance.
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Ambulance Departed

The Emergency rescue vehicle with patient departed
from this nearby location. Please control the traffic

immediately !

Track the location of the ambulance.
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