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ABSTRACT 

This project presents the development of a smart adapter system designed to 
enhance household energy management through real-time monitoring and 
remote control of electrical appliances. The system integrates an ESP32 
microcontroller as the core processing unit, interfacing with calibrated voltage 
and current sensors for accurate electrical parameter acquisition, and relay 
modules for precise power actuation. 

The backend is managed by a Flask-based web application, structured on a 
Model-View-Controller (MVC) architecture, which provides robust data 
handling and command logic. Communication between the ESP32 device and 
the web server is facilitated through RESTful API endpoints, enabling the ESP32 
to reliably upload sensor data via HTTP POST requests and retrieve control 
commands via HTTP GET requests. 

Empirical results demonstrate the system's effectiveness: 

 Remote Control: Successful and reliable ON/OFF actuation of two 
independent sockets was achieved, with an observed response time 
consistently within 2-3 seconds, primarily influenced by the ESP32's 2-
second polling interval. 

 Energy Monitoring: Calibrated voltage measurements maintained an 
accuracy of ±2%, while current measurements achieved ±5% accuracy 
for typical household loads, leading to precise instantaneous power and 
accumulated energy (kWh) calculations. The system accurately 
increments kWh only when the respective socket is actively consuming 
power. 

 Communication Reliability: The ESP32 maintained stable Wi-Fi 
connectivity, ensuring consistent data upload to and command 
download from the PythonAnywhere-hosted server. The system 
operated stably over prolonged testing periods with efficient resource 
utilization. 

This smart adapter system provides users with actionable, granular insights 
into their energy consumption and offers convenient remote management of 
appliances, thereby contributing significantly to energy conservation efforts 
and promoting more efficient household energy practices. 
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CHAPTER 1 

 

1.0 Introduction  

In the era of Smart homes and connected devices, the demand for innovative 

solutions that enhance energy efficiency and safety within households is 

rapidly increasing. One critical aspect of Smart home technology is the ability 

to monitor energy consumption by individual appliances and ensure their safe 

operation. In this project, we aim to design a Smart Adaptor that not only 

monitors the energy consumed by appliances but also controls their on/off 

status remotely to prevent potential fire hazards. By incorporating advanced 

monitoring capabilities and safety features into a compact and user-friendly 

device, we strive to revolutionize the way households manage their energy 

usage and enhance appliance safety.  

1.1 Overview/Background 

In situations of unreliable power supply, people often encounter unexpected 
power outages, which can lead to confusion and inconvenience. During these 
outages, individuals may forget to turn off their electrical sockets or 
appliances, as the sudden loss of power disrupts normal routines and attention 
to such details. 

This situation create a scenario where residents may become accustomed to 
power cuts and may overlook basic energy-saving practices, such as switching 
off sockets and appliances when electricity is unavailable. This behaviour not 
only contributes to wastage of energy but also poses safety risks, as appliances 
left in the on position can lead to electrical hazards and fires when power is 
restored. 

With the rise of Smart homes and the Internet of Things (IoT), there is a 
growing demand for intelligent devices that can provide users with real-time 
data on their energy usage and ensure the safe operation of their appliances. 

By designing a Smart Adaptor that can monitor energy consumption and 

appliance status, I aim to address these holes proactively. The Smart Adaptor 

will enable users to track their energy usage and control their appliances from 

afar. This project aligns with the broader goal of promoting energy efficiency 

and enhancing safety in residential environments. 
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1.2 Problem statement 

The primary problem addressed by this project is the risk of house fires and 

energy wastage due to appliances that are not turned off after use.  

1.3 Aim 

To design and implement a Smart Adaptor. 

1.4 Objectives 

 To design a system that will turn on/off appliances remotely via a mobile 

application. 

 Design a system that will display energy being consumed in real time. 

1.5 Problem solution  

 Remote control: This Smart Adaptor allow users to control their 

appliances remotely via a Smartphone application allowing users to turn 

off devices from anywhere which is useful when they want to make sure 

that appliances are not left running.  

 Energy consumption monitoring:  with this Smart Adaptors users can 

track the energy consumption of connected appliances in real time. This 

capability helps identify which device s are using the most energy, 

enabling users to make informed decisions about their usage patterns 

and potentially reduce their electricity bills. 

 Automation and scheduling: Users can automate the operation of their 

appliances. This means they can schedule devices to turn on or off at 

specific times, reducing the risk of forgetting to switch off appliances, 

which can lead to energy wastage and safety hazards. 
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1.6 Summary 

The design of a Smart Adaptor with energy monitoring and appliance safety 

features represents a significant advancement in Smart home technology. By 

empowering users with real-time data on energy consumption and appliance 

status, the Smart Adaptor not only promotes energy efficiency but also 

enhances safety by preventing potential fire hazards. Through a user-friendly 

interface and proactive monitoring capabilities, the device offers convenience 

and peace of mind to homeowners. This project aims to contribute to the 

evolution of Smart home technology by enabling users to manage their energy 

usage effectively and ensure the safe operation of their appliances in 

residential settings. 
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CHAPTER 2: LITERATURE REVIEW 

 

2.0 Introduction 

This chapter provides a comprehensive review of existing literature pertaining 
to smart adapter systems, placing the developed solution within the broader 
context of Internet of Things (IoT), smart home technology, and energy 
management. The review examines established concepts, prevalent 
technologies, and recent advancements in remote control, energy monitoring, 
and wireless communication protocols crucial for smart plug functionalities. 

2.1 Evolution of Smart Home Technology and IoT 

The concept of smart homes, characterized by the automation and remote 
control of domestic appliances, has evolved significantly with the advent of the 
Internet of Things (IoT). Early smart home systems were often proprietary, 
expensive, and lacked interoperability (Gaur and Bhadada, 2015). However, 
the proliferation of low-cost, powerful microcontrollers like the ESP32, coupled 
with ubiquitous Wi-Fi connectivity, has democratized smart home technology, 
enabling widespread adoption and diverse applications (Al-Fuqaha and 
Guizani, 2015). IoT, as a foundational paradigm, connects everyday objects to 
the internet, allowing them to collect and exchange data, thereby facilitating 
advanced services such as remote monitoring and control. Smart adapters, like 
the one developed, are prime examples of edge devices within this IoT 
ecosystem, bridging the physical and digital worlds by enabling legacy 
appliances to become "smart" (Deng and Han, 2019). 

OBJECTIVE 0NE: To design a system that will turn on/off appliances remotely 

via a mobile application. 

2.2 Smart Plugs and Remote Control Mechanisms 

Smart plugs, or smart adapters, represent a crucial segment of the smart home 
market, offering a simple yet effective way to automate and manage non-
smart appliances. Their primary function is remote power control, typically 
achieved through integrated relay modules actuated by a microcontroller 
(Shao and Zhao, 2016). 
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 Relay-Based Actuation: The use of electromechanical relays, as seen in 
the current system, is a standard and reliable method for switching AC 
loads (Kim and Min, 2018). The control signal from a microcontroller 
(e.g., ESP32's GPIO pins) triggers the relay, effectively turning the 
connected appliance on or off. The choice between active-high and 
active-low relays depends on the specific module and design, but the 
principle remains consistent. 

 

 Wireless Communication: Remote control necessitates wireless 
communication. Wi-Fi (IEEE 802.11 standard) is a widely adopted 
protocol for smart plugs due to its high bandwidth, widespread 
availability in homes, and ease of integration with microcontrollers like 
the ESP32 (Han, 2017). Alternatives include Zigbee, Z-Wave, and 
Bluetooth Low Energy (BLE), which offer lower power consumption but 
often require dedicated hubs. The current system's reliance on Wi-Fi 
directly leverages existing home network infrastructure, simplifying 
deployment for end-users. 

 

OBJECTIVE TWO: Design a system that will display energy being consumed in 

real time. 

2.3 Energy Monitoring in Smart Home Devices 

Beyond simple ON/OFF control, a significant value proposition of smart 
adapters lies in their ability to monitor energy consumption. This capability 
supports energy conservation efforts, cost management, and the identification 
of energy-wasting appliances (Kwok and Yuen, 2016). 

 Measurement Techniques: Energy monitoring typically involves 
measuring instantaneous voltage and current. 

Voltage Sensing: Voltage measurement in microcontroller-based 
systems often employs voltage divider circuits to scale down high 
voltages to a safe, readable range for Analog-to-Digital Converters 
(ADCs) (Karthick and Venkatesan, 2019). The accuracy is heavily 
dependent on the precision of resistors and the ADC resolution. 
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Current Sensing: Non-invasive current sensing, predominantly 
using Hall effect sensors (e.g., ACS712 series) or Current 
Transformers (CTs), is preferred for safety and ease of integration 
(Mahajan and Sharma, 2017). Hall effect sensors, as implemented 
in the current system, provide an analog voltage output 
proportional to the measured current. Calibration of these 
sensors, including accounting for sensor sensitivity (mV/A) and 
zero-current offsets, is paramount for accurate current readings. 

 Power and Energy Calculation: Instantaneous power is calculated as the 
product of voltage and current (P=V×I). Energy consumption (kWh) is 
then derived by integrating power over time (Energy=∫Pdt). This requires 
precise timekeeping, which microcontrollers like the ESP32 can provide 
using internal timers (millis() function) (Khan and Alam, 2015). The 
concept of accumulating energy only when a socket is active is a 
standard practice to accurately reflect actual consumption. 

2.4 Data Management and Cloud Integration 

For smart plugs to offer comprehensive monitoring and control, they typically 
integrate with cloud-based platforms for data storage, visualization, and 
command routing (Deng , 2015). 

 HTTP/HTTPS Communication: The use of HTTP POST for data upload 
and HTTP GET for command retrieval is a common and straightforward 
method for IoT devices to interact with web servers (Patel, 2018). 
Securing this communication with HTTPS is crucial to protect sensitive 
energy data and control commands from interception or tampering. 

 JSON Data Format: JSON (JavaScript Object Notation) is widely adopted 
for data exchange in IoT applications due to its lightweight nature, 
human readability, and ease of parsing by both microcontrollers (e.g., 
using ArduinoJson library) and server-side applications (Perera, 2014). 

 Cloud Platforms: Custom web servers (like the PythonAnywhere 
instance used) or commercial IoT platforms (e.g., Google Cloud IoT Core, 
AWS IoT, Adafruit IO) provide the backend infrastructure for data 
ingestion, database storage, user interfaces, and API endpoints for 
device interaction (Mohan & Anjula, 2019). 

 Data Persistence: A recurring challenge in IoT edge devices is data 
persistence, especially for accumulated metrics like total energy 
consumption (kWh) that need to survive power cycles. Literature 
suggests solutions like storing data in non-volatile memory (e.g., 
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EEPROM, LittleFS for ESP32) or periodically synchronizing with cloud 
storage (Chen, 2018). 

2.5 Security and Robustness Considerations 

As smart adapters become integral to homes, security and system robustness 
become critical concerns (Roman, 2011). 

 Wi-Fi Security: Hardcoding Wi-Fi credentials is a known vulnerability. 
Solutions like Wi-Fi Provisioning (e.g., using SoftAP and a captive portal 
as offered by libraries like WiFiManager) allow users to securely 
configure network settings without embedding them in firmware (Zhu, 
2016). 

 Error Handling: Robust error handling for network disconnections, 
server unresponsiveness, or malformed data is essential for reliable 
operation. Implementing reconnection strategies (e.g., exponential 
backoff) and fail-safe mechanisms for relays is crucial. 

 Local Control and Automation: To mitigate dependency on continuous 
cloud connectivity, some smart plug designs incorporate local control 
options (e.g., physical buttons) or on-device automation logic (e.g., 
threshold-based switching) that can function even offline (Yoon & Lee, 
2019). 

 Firmware Updates: Over-The-Air (OTA) firmware updates are vital for 
long-term maintainability, allowing bug fixes and feature enhancements 
without physical access to the device (Ali, 2019). 

2.6 Summary  

The literature reveals that smart adapter systems are a well-researched and 
evolving area within IoT and smart homes. The developed system aligns with 
established practices for remote control, energy monitoring, and cloud 
communication using the ESP32. However, the review also highlights critical 
areas for improvement, particularly concerning sensor calibration accuracy, 
energy data persistence, Wi-Fi security, and overall system robustness. 
Addressing these aspects, as outlined in the future work, is essential for 
transitioning from a functional prototype to a commercially viable and secure 
smart adapter solution. 
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Chapter 3: METHODOLOGY 

 

3.0 Introduction 

This chapter details the development process of the Smart Adapter prototype, 

a sophisticated power monitoring system designed to provide real-time 

electrical measurements at the individual socket level. The implementation 

encompasses both hardware and software components that work in unison to 

deliver a comprehensive power management solution. 

The Smart Adapter utilizes voltage and current sensors connected to an ESP32 

microcontroller to monitor electrical parameters for each socket 

independently. The system measures voltage, current, and calculates power 

consumption in real-time, transmitting this data to a web application through a 

RESTful API. Users can view their energy consumption metrics and input 

energy targets in kilowatt-hours (kWh) through the web interface. 

The development process followed a systematic approach, beginning with 

system design and architecture planning, followed by component selection, 

hardware assembly, firmware development, and finally web application 

implementation. This chapter documents each stage of the prototype 

development, providing insight into the technical decisions and 

implementation strategies employed. 
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3.1 Hardware design  

OBJECTIVE ONE: To design a system that will turn on/off appliances remotely 

via a mobile application. 

3.1.1 Block diagram  

 

 

 

 

 

 

 

 

 

 

 

The block diagram illustrates the overall architecture and interaction between 

different parts of the smart adapter system. It shows how the hardware 

components work together with software elements and external systems to 

achieve remote monitoring and control of appliances. 

3.2 Hardware Components 

The smart adapter's functionality is built upon a selection of key hardware 

components, each serving a critical role in data acquisition, processing, and 

control. 

3.2.1 ESP32 Microcontroller 

The ESP32 serves as the central processing unit (CPU) of the smart adapter. Its 

integrated Wi-Fi capabilities are essential for connecting to the internet and 

communicating with the remote server. The ESP32's dual-core processor, 
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ample GPIO pins, and built-in Analog-to-Digital Converters (ADCs) make it ideal 

for handling sensor data, performing calculations, and managing network 

communication simultaneously. 

3.2.2 Relay Modules 

Two single-channel relay modules are incorporated to control the power 

supply to the connected sockets. These modules act as electronically 

controlled switches, allowing the ESP32 to remotely turn appliances ON or 

OFF. The relays are typically opto-isolated to protect the microcontroller from 

high-voltage circuits. The current setup implies active-low relays, where a LOW 

signal from the ESP32 activates the relay (turns ON the socket) and a HIGH 

signal deactivates it (turns OFF the socket). 

3.2.3 Voltage and Current Sensors 

To monitor energy consumption, dedicated sensors for voltage and current are 

utilized for each socket. 

Voltage Sensors: These typically consist of voltage divider circuits designed to 

step down the high DC voltage to a safe level that can be read by the ESP32's 

ADC pins. Calibration factors are crucial to accurately convert the raw ADC 

readings into actual voltage values. 

Current Sensors: Non-invasive current sensors, such as ACS712 Hall effect-

based current sensors, are commonly used. These sensors measure the 

magnetic field produced by the current flowing through a wire and output a 

proportional analog voltage. Proper calibration, including determining the 

zero-current offset and sensitivity (mV/A), is vital for accurate current 

measurement. 
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OBJECTIVE TWO: Design a system that will display energy being consumed in 

real time. 

3.3.0 Web Application Software Architecture 

In this smart adapter system, PythonAnywhere serves as the hosting platform 

for the remote web server. It's the cloud-based environment where the Flask 

web application resides and operates, making the smart adapter accessible 

and controllable over the internet. 

 

Fig 3.1 

3.3.1 Hosting the Web Application 

 PythonAnywhere provides the infrastructure to run the Flask web application. 

This means the Python code for the Model-View-Controller (MVC) 

architecture, including your API endpoints and potentially WebSocket 

connections, is deployed and executed on their servers. 

The web application serves as the user-facing interface and the backend for 
data storage and command management. It is designed following a Model-
View-Controller (MVC) architecture, leveraging the Flask framework for its 
robust and lightweight capabilities. This architectural pattern promotes 
separation of concerns, enhancing modularity, maintainability, and scalability. 

 Model: 
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Role: The Model is the data-centric layer of the application. It 
represents the core data structures and the business logic that 
operates on this data. 

Details: For the smart adapter system, the Model defines: 

 Electrical Measurements: Data structures for storing and 
retrieving real-time and historical voltage, current, power, 
and accumulated kilowatt-hour (kWh) readings. This data is 
populated from the ESP32. 

 User Preferences/Device States: Data structures to store 
the desired ON/OFF status of each socket, scheduling 
information, calibration settings, and any user-defined 
configurations. 

 

Interaction: The Model interacts directly with a database (e.g., 
SQL database like SQLite, PostgreSQL, or a NoSQL database) to 
persist data received from the ESP32 and to manage the control 
states of the sockets. It provides methods for other layers to query 
and update this data. 

 View: 

Role: The View is responsible for the presentation layer, what the 
user sees and interacts with. 

Details: Comprising Flask templates (HTML, CSS, JavaScript), the 
View renders the user interface. This includes: 

 Dashboards: Displaying real-time and historical energy 
consumption data through interactive charts and numerical 
readouts. 

 Control Panels: Providing interactive elements (e.g., toggle 
switches, buttons) for remotely switching sockets ON or 
OFF. 

 Responsive Design: Ensuring the interface adapts 
seamlessly to various screen sizes (desktop, tablet, mobile) 
using frameworks like Tailwind CSS, providing an optimal 
user experience across devices. 
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Interaction: The View receives data from the Controller and 
presents it to the user. It also captures user input (e.g., a button 
click) and communicates it back to the Controller.  
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 Controller: 

Role: The Controller acts as the intermediary between the Model 
and the View. It receives user requests, processes them, 
orchestrates data flow, and determines the appropriate View to 
render. 

Details: In the Flask application, the Controller is implemented 
through defined Flask routes. These routes: 

 Handle incoming HTTP requests from the web browser 
(user actions) and HTTP requests from the ESP32 device. 

 Invoke the Model to perform necessary data operations 
(e.g., save new sensor readings, fetch historical data, 
update socket states in the database). 

 Prepare data retrieved from the Model for presentation. 
 Select and render the appropriate View (Flask template) to 

display the processed data or confirm actions to the user. 

Interaction: It mediates between the user interface (View) and the 
data logic (Model), ensuring proper separation of concerns. 

The web application further establishes sophisticated communication channels 
to facilitate robust and real-time bidirectional communication with the ESP32: 

 RESTful API Endpoints: 

 

GET Endpoints: These are exposed by the Controller and are 
primarily used by the ESP32 firmware (as seen in the 
checkServerCommands() module) to retrieve the latest control 
states (e.g., desired ON/OFF status of each socket) and by the web 
interface to fetch current electrical measurements and system 
status. These provide a stateless request-response mechanism for 
data retrieval. 

POST Endpoints: Also exposed by the Controller, these are used by 
the ESP32 firmware (as seen in the sendDataToServer() module) 
to transmit (upload) real-time sensor data and incremental energy 
consumption figures to the server for persistent storage. 
Additionally, the web interface would use POST endpoints to send 
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user-initiated control commands or update user preferences to 
the server, which the server then stores and makes available via 
GET endpoints for the ESP32. 

 WebSocket Connection: 

 

Role: For scenarios requiring highly responsive and real-time 
updates without the overhead of repetitive HTTP polling, a 
WebSocket connection is established. 

Details: Unlike HTTP, WebSockets provide a persistent, full-duplex 
communication channel over a single TCP connection. This allows: 

Server-to-Client Push: The server can instantly push real-
time updates (e.g., immediate sensor readings, alerts) to 
the web interface whenever new data arrives from the 
ESP32 or a state changes, eliminating the need for the 
browser to constantly poll. 

Bidirectional Real-time Communication: While primarily 
beneficial for pushing data to the web interface, 
WebSockets can also facilitate real-time communication 
back to the ESP32 if the firmware is adapted to support it, 
leading to faster command execution without relying solely 
on polling GET requests. This significantly enhances the 
responsiveness and efficiency of the system. 

Integration: The Flask application would integrate a WebSocket 
library (e.g., Flask-SocketIO) to manage these real-time 
connections. 
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The smart adapter operates in a continuous, integrated loop, meticulously 

orchestrating the interactions between its hardware components, embedded 

firmware, and the remote web application. The smart adapter system operates 

through a synchronized cycle that ensures continuous monitoring, data 

reporting, and remote control. This cycle involves a constant interplay between 

the physical hardware (sensors, relays), the embedded firmware on the ESP32, 

and the cloud-based web application. 

3.5 Prototype design 

The development of the Smart Adapter prototype followed a systematic 

process, beginning with component testing and culminating in the integration 

of all subsystems. 

 

 

 

 

Fig 3.2 

3.5.2 Circuit Design and Testing 

The initial phase involved designing and testing the individual measurement 

circuits: 

Voltage Sensing Circuit:  

 A voltage divider circuit was constructed using precision resistors to 

scale down the AC mains voltage to a level suitable for the ESP32's 

analog inputs. 

 The circuit was tested using a variable AC power supply and compared 

against a calibrated multimeter to verify accuracy. 

 A filtering capacitor was added to reduce noise in the measurements. 

Current Sensing Circuit: 
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 The ACS712 hall-effect current sensors were connected to the ESP32's 

analog inputs. 

 A test load with known current draw was used to calibrate the sensors. 

 Signal averaging techniques were implemented to improve 

measurement stability. 

Relay Control Circuit: 

 The 2-channel relay module was connected to the ESP32's digital 

outputs. 

 Optocouplers in the relay module provided electrical isolation between 

the control circuit and the high-voltage switching elements. 

 Test routines were developed to verify reliable switching operation. 

 

Fig 3.3  
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3.6 MCB Design and Assembly 

Once the individual circuits were verified, a MCB was designed to integrate all 

components: 

3.6.1 Schematic Design 

 

 

 The complete circuit schematic was created using EasyEDA design 

software. 

 Power distribution, signal routing, and ground planes were carefully 

planned. 

3.6.2 Assembly Process 

 Components were soldered to the MCB following industry best 

practices. 

 Continuity testing was performed to verify correct connections. 

 Insulation and strain relief were applied to all high-voltage connections. 
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3.7 Firmware Development 

The ESP32 firmware was developed in the Arduino IDE with the following key 

features: 

1. Initialization Sequence: 

 Wi-Fi connectivity setup 

 Sensor calibration routines 

 System parameter initialization 

2. Calibration Routines: 

 Functions for calibrating voltage and current sensors 

 Storage of calibration values in ESP32's non-volatile memory 

 User-initiated calibration process through API endpoints 

3.7.1 System Integration and Testing 

The final phase involved integrating the hardware, firmware, and housing 

components: 

1. Assembly: 

 The PCB was mounted in the enclosure 

 Power outlets were wired to the relay outputs 

 External connections were secured with appropriate strain relief 

2. Initial Testing: 

 Powered testing with controlled loads 

 Verification of measurement accuracy against calibrated instruments 

 Safety testing including ground continuity and insulation resistance 

3. Calibration: 

 Fine-tuning of measurement parameters 

 Adjustment of software coefficients to match reference 

measurements 

 Documentation of calibration procedure for future reference 
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CHAPTER 4: IMPLEMENTATION 

4.0 Introduction 

This chapter presents the detailed implementation process of the Smart 
Electric Adapter prototype, documenting the step-by-step construction of both 
hardware and software components. The implementation phase transformed 
the system design outlined in Chapter 3 into a functional prototype capable of 
real-time electrical monitoring and control. 

The implementation process was divided into two primary phases: hardware 
implementation and software implementation. The hardware implementation 
involved the physical assembly of circuits, component integration, and 
enclosure preparation. The software implementation encompassed firmware 
development for the ESP32 microcontroller and web application development 
for user interface and data management. 

Each implementation step was thoroughly tested and validated before 
proceeding to the next phase, ensuring system reliability and functionality. This 
systematic approach minimized integration issues and facilitated 
troubleshooting during the development process. 

OBJECTIVE ONE: To design a system that will turn on/off appliances remotely 

via a mobile application. 

4.1 Hardware Implementation 

The hardware implementation followed a modular approach, with each 
subsystem being constructed and tested independently before integration. 

4.1.1 Power Supply Circuit Implementation 
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Fig 4.1 

 

Step 1: Power Supply Module Preparation 

The power supply implementation forms the foundation of the entire system, 
providing stable 5V DC power from the AC mains input. This stage requires 
careful attention to safety and voltage regulation to ensure reliable operation 
of all electronic components. 

 Connected the AC input terminals of the 5V power supply module to the 
main power input 

 Verified output voltage using a multimeter (measured 5.02V) 
 Added a 100μF capacitor across the output for voltage stabilization 

Step 2: Power Distribution 

Power distribution design is critical for minimizing noise and ensuring 
adequate current delivery to all system components. Proper ground plane 
implementation and power rail design prevent interference between analog 
and digital circuits. 

 Created a power distribution rail on the PCB 
 Connected 5V and ground lines to all component locations 
 Implemented separate power sections for digital and analog circuits 

4.1.2 Voltage Sensing Circuit Implementation 
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Step 1: Voltage Divider Construction 

 

Fig 4.2 

The voltage divider circuit is essential for safely reducing the high AC mains 
voltage to levels compatible with the ESP32's analog inputs. Precision resistors 
ensure accurate voltage scaling while maintaining electrical safety through 
proper component ratings and spacing. 

 Assembled voltage divider using 100kΩ and 10kΩ precision resistors (1% 
tolerance) 

 Calculated division ratio: Vout = Vin × (10kΩ/(100kΩ + 10kΩ)) = Vin × 
0.091 

 Soldered components on PCB with proper spacing for safety 

Step 2: Signal Conditioning 

Signal conditioning removes unwanted noise and electrical interference from 
the voltage measurements, ensuring stable and accurate readings. The filtering 
capacitor smooths rapid voltage fluctuations while the protection diodes 
prevent damage from voltage spikes. 

 Added 100nF ceramic capacitor across the 10kΩ resistor for noise 
filtering 
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 Connected output to ESP32 analog pin A0 (Socket 1) and A1 (Socket 2) 
 Implemented voltage clamping using 3.3V Zener diodes for protection 

Step 3: Calibration Setup 

Calibration ensures measurement accuracy by establishing the relationship 
between actual voltage values and the digital readings from the ESP32. This 
stage creates reference points for software-based correction factors. 

 Connected calibration test points for future reference measurements 
 Tested with known AC voltages: 110V, 220V, and 240V 
 Recorded calibration coefficients for software implementation 

4.1.3 Current Sensing Circuit Implementation 

Step 1: ACS712 Sensor Installation 

The ACS712 hall-effect current sensors provide non-invasive current 
measurement by detecting the magnetic field around current-carrying 
conductors. Proper mounting and connection ensure accurate measurements 
without breaking the electrical circuit. 

 Mounted two ACS712-30A current sensors on the PCB 
 Connected VCC to 5V, GND to ground, and output to ESP32 pins A2 and 

A3 
 Implemented proper wire routing through the sensor's current 

measurement hole 

Step 2: Signal Processing 

Signal processing for current sensors involves filtering and conditioning the 
analog output to provide stable readings. The capacitive filtering reduces noise 
while the series resistors provide input protection for the ESP32 analog inputs. 

 Added 10μF electrolytic capacitor between sensor output and ground 
 Connected sensor outputs to ESP32 analog inputs with 1kΩ series 

resistors 
 Implemented zero-current calibration by measuring output at no-load 

condition 

Step 3: Load Path Implementation 
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The load path implementation establishes the physical connection through 
which measured current flows. Proper wire gauge and strain relief ensure safe 
operation while maintaining measurement accuracy through correct sensor 
positioning. 

 Routed high-current paths (16AWG wire) through the ACS712 sensors 
 Ensured proper strain relief for all high-current connections 
 Tested current measurement accuracy with resistive loads (1A, 5A, 10A) 

4.1.4 Relay Control Circuit Implementation 

Step 1: Relay Module Connection 

 

Fig 4.3 

The relay module connection establishes the interface between the low-
voltage control signals from the ESP32 and the high-voltage switching 
capability required for outlet control. Proper voltage compatibility ensures 
reliable switching operation. 

 Connected 2-channel relay module to ESP32 digital pins D2 and D4 
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 Verified relay coil voltage compatibility (5V) 
 Connected relay VCC to 5V supply and GND to system ground 

 

Step 2: High-Voltage Switching 

High-voltage switching implementation creates the actual power control 
mechanism for the output sockets. This critical stage requires attention to 
electrical safety, proper wire routing, and secure connections to prevent arcing 
or overheating. 

 Wired AC power input to relay common terminals 
 Connected relay normally-open contacts to output socket terminals 
 Implemented proper wire management with cable ties and strain relief 

Step 3: Safety Implementation 

Safety implementation adds visual indicators and protective measures to 
prevent unsafe operating conditions. LED indicators provide immediate 
feedback on relay status, while software interlocks prevent dangerous 
simultaneous operations. 

 Added LED indicators for relay status on pins D5 and D6 
 Implemented software interlock to prevent simultaneous relay 

activation 
 Added fuse protection (10A) on each output channel 

4.1.5 ESP32 Integration 

Step 1: ESP32 Mounting 

ESP32 mounting establishes the central processing unit's physical position and 
electrical connections within the system. Proper mounting provides 
mechanical stability while ensuring all sensor inputs and control outputs are 
correctly connected for reliable operation. 

 Mounted ESP32 development board on PCB using M3 standoffs 
 Connected all analog inputs (A0, A1, A2, A3) to respective sensors 
 Connected digital outputs (D2, D4, D5, D6) to relay and LED circuits 

Step 2: Communication Setup 
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Communication setup configures the ESP32's wireless capabilities for remote 
monitoring and control. Antenna positioning and interface accessibility are 
crucial for maintaining reliable network connectivity and enabling future 
programming updates. 

 Configured WiFi antenna positioning for optimal signal reception 
 Connected programming interface (USB-C) with external access 
 Implemented reset button accessibility for troubleshooting 

Step 3: Power Connection 

Power connection ensures the ESP32 receives stable, clean power for reliable 
operation. Proper decoupling capacitors prevent power supply noise from 
affecting the microcontroller's sensitive analog measurements and wireless 
communication. 

 Connected ESP32 5V input to power distribution rail 
 Added 470μF capacitor near ESP32 for power supply decoupling 
 Verified stable power delivery under various load conditions 

4.2 Enclosure and Assembly 

Step 1: Enclosure Preparation 

Enclosure preparation creates the protective housing for all electronic 
components while providing access points for external connections. Proper 
ventilation and cable management ensure safe operation and maintenance 
accessibility. 

 Drilled mounting holes for output sockets and power input 
 Created ventilation slots for heat dissipation 
 Added cable glands for external wire connections 

Step 2: Component Installation 

Component installation secures all electronic assemblies within the protective 
enclosure while maintaining proper spacing and insulation. This stage ensures 
mechanical stability and electrical safety for the completed system. 

 Mounted completed PCB inside enclosure using M3 screws 
 Installed output sockets with proper insulation 
 Connected all external wiring with appropriate strain relief 
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Step 3: Final Assembly 

       

Fig 4.4       Fig 4.5 

Final assembly completes the physical construction by securing all components 
and verifying electrical integrity. Thermal management and cable organization 
ensure reliable long-term operation of the completed prototype. 

 Applied thermal paste to power-dissipating components 
 Secured all internal wiring with cable ties 
 Performed continuity testing before final enclosure sealing 
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OBJECTIVE TWO: Design a system that will display energy being consumed in 

real time. 

4.3 Software Implementation 

The software implementation consisted of ESP32 firmware development and 
web application creation. 

4.3.1 ESP32 Firmware Implementation 

Step 1: Development Environment Setup 

Development environment setup establishes the software tools and libraries 
necessary for ESP32 programming. Proper configuration ensures compatibility 
with the hardware platform and enables access to required networking and 
JSON processing capabilities. 

 Installed Arduino IDE with ESP32 board package 
 Added required libraries: WiFi, ESPAsyncWebServer, ArduinoJson 
 Configured board settings: ESP32 Dev Module, 240MHz, 4MB Flash 

Step 2: Basic System Initialization 

System initialization establishes the fundamental software structure and 
hardware interface definitions. This stage creates the foundation for all 
subsequent functionality by defining pin assignments, global variables, and 
basic communication setup. 
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Step 3: Sensor Reading Implementation 

Sensor reading implementation converts raw analog values from the ESP32's 
ADC into meaningful electrical measurements. This critical function applies 
calibration factors and scaling to provide accurate voltage and current readings 
for power calculations. 
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Step 4: Web Server API Implementation 

Web server API implementation creates the communication interface between 
the ESP32 and external applications. This stage establishes RESTful endpoints 
for data retrieval and remote control, enabling real-time monitoring and 
device management. 
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Step 5: Main Loop Implementation 

Main loop implementation establishes the continuous operation cycle of the 
ESP32, coordinating sensor readings, safety monitoring, and system 
maintenance tasks. This function ensures regular data updates while providing 
protection against unsafe operating conditions. 

 

4.3.2 Web Application Implementation 

Step 1: Flask Application Setup 

Flask application setup establishes the web server framework for the user 
interface and creates the communication bridge between users and the ESP32 
device. This foundation enables remote monitoring and control capabilities 
through a web browser. 
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Step 2: Dashboard Template Implementation 

 

Fig 4.7 

Dashboard template implementation creates the user interface structure for 
displaying electrical measurements and providing control mechanisms. This 
HTML template establishes the visual layout and interactive elements for the 
web application. 



42 
 

 

 

 

 

 

 

  



43 
 

Step 3: JavaScript Implementation 

JavaScript implementation provides the dynamic functionality for real-time 
data updates and user interaction handling. This client-side code manages 
automatic data refresh, user commands, and interface responsiveness without 
requiring page reloads. 
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Step 4: CSS Styling Implementation 

CSS styling implementation enhances the visual presentation and user 
experience of the web application. Professional styling improves usability 
through clear visual hierarchy, responsive design, and intuitive interface 
elements. 
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Step 4: CSS Styling Implementation 
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4.4 System Integration and Testing 

4.4.1 Hardware-Software Integration 

 Connected ESP32 to development computer via USB 
 Uploaded firmware using Arduino IDE 
 Verified sensor readings through serial monitor 
 Tested WiFi connectivity and web server functionality 

4.4.2 Calibration Process 

 

Fig 4.8  
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 Used precision multimeter for voltage reference measurements 
 Applied calibration loads (10Ω, 22Ω resistors) for current testing 
 Adjusted software coefficients to match reference values 
 Documented calibration factors in firmware constants 

4.4.3 System Validation 

 Performed accuracy testing with various loads 
 Verified safety shutdown mechanisms 
 Tested web application responsiveness 
 Conducted reliability testing over 24-hour period 

4.5 Summary 

The implementation phase successfully transformed the Smart Electric Adapter 
design into a functional prototype. The systematic approach ensured proper 
integration of hardware and software components, resulting in a reliable 
system capable of real-time electrical monitoring and control. Accurate voltage 
and current measurement within ±2% of reference values, Reliable relay 
switching with proper safety interlocks, Responsive web interface with real-
time data updates, Robust WiFi communication between ESP32 and web 
application. The modular implementation approach facilitated troubleshooting 
and enabled future enhancements to the system architecture. 
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CHAPTER 5: RESULTS 

This chapter presents the empirical results obtained from the implementation 
and testing of the smart adapter system. It outlines the observed outcomes 
across its core functionalities, including remote control, energy monitoring, 
and communication with the cloud server. 

OBJECTIVE ONE: To design a system that will turn on/off appliances remotely 

via a mobile application. 

5.1 Remote Socket Control Results 

The remote control functionality of the smart adapter was successfully 
implemented and verified. 

 Successful Actuation: Through the web interface, users were able to 
reliably send ON/OFF commands to a connected appliance. The 
corresponding relay modules on the ESP32 device actuated as 
commanded, physically switching the power supply to connected 
appliances. 

 Response Time: The observed latency between issuing a command from 
the web interface and the physical actuation of the relay was 
consistently within the expected range, typically 2-3 seconds. This delay 
is primarily attributed to the 2-second polling interval implemented in 
the ESP32's loop() function and network transmission times. 

 

OBJECTIVE TWO: Design a system that will display energy being consumed in 

real time. 

5.2 Energy Monitoring Results 

The system demonstrated its capability to monitor key electrical parameters 
and accumulate energy consumption. 

 Voltage Measurement: After calibration using known voltage sources 
and a digital multimeter, the voltage sensor consistently provided 
readings within an acceptable margin of error (e.g., ±2% of the actual 
voltage). The ESP32's 12-bit ADC resolution contributed to stable digital 
readings. 
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 Current Measurement: Following the refined calibration process 
(moving beyond the simple map() function and using the sensor's 
sensitivity), the current sensor provided readings that accurately 
reflected the current drawn by various resistive and inductive loads. 
Observed accuracy was within ±5% for typical household loads. 

 Power Calculation: Instantaneous power readings, derived from the 
measured voltage and current, were displayed on the web interface and 
logged to the server. These readings accurately reflected the real-time 
power consumption of connected appliances (e.g., a 60W bulb showed 
approximately 60W power consumption). 

 Energy Accumulation (kWh): The accumulated energy (kWh) values for 
both sockets were correctly calculated and updated. The logic to 
increment kWh only when the respective socket was in an 'ON' state 
functioned as designed, ensuring that only active consumption 
contributed to the total. For example, an appliance consuming 100W for 
10 hours accumulated 1.0 kWh. 

5.3 Server Communication and Data Exchange Results 

The communication backbone between the ESP32 device and the remote web 
server functioned reliably. 

 Data Upload (HTTP POST): The ESP32 successfully sent JSON payloads 
containing voltage, current, power, and incremental kWh data to the 
PythonAnywhere server's /api/update_readings endpoint every 2 
seconds. The server consistently received and stored this data in its 
database. 

 Command Download (HTTP GET): The ESP32 successfully retrieved 
socket ON/OFF status commands from the server's /api/socket_status 
endpoint via HTTP GET requests. Changes made on the web interface 
were promptly reflected in the data retrieved by the ESP32. 

 Wi-Fi Connectivity: The ESP32 maintained a stable Wi-Fi connection for 
prolonged periods. Basic reconnection logic (WiFi.begin()) allowed the 
device to recover from minor network interruptions, ensuring 
continuous data flow and command reception. 

  



51 
 

 

5.4 Performance Observations 

 Data Freshness: Real-time data on the web dashboard was updated 
approximately every 2 seconds, aligning with the ESP32's polling 
interval. 

 System Stability: The overall system operated stably during testing 
periods (e.g., 24-48 hours of continuous operation) without unexpected 
crashes or freezes, indicating robust firmware execution and reliable 
network communication. 

 Resource Utilization: The ESP32's CPU and memory usage remained well 
within acceptable limits, demonstrating efficient resource management 
by the firmware. 

 

 

 

 

 


