CHAPTER FOUR
IMPLEMENTATION AND TESTING
4.1 SYSTEM OVERVIEW
This chapter presents how the proposed energy meter monitoring system was practically implemented. After several design iterations, simulations, and planning sessions, the actual construction and development began. The goal was to create a functional prototype that could accurately monitor energy usage, process the data, send it wirelessly to the cloud, and allow users to track everything conveniently on their mobile phones.
To achieve this, the system was built around three key components:
-A measurement unit, responsible for gathering raw voltage and current data;
- A processing and communication unit, which interprets the data and transmits it online via Wi-Fi;
- A monitoring unit, which includes a mobile application for real-time visualization and tracking.
These units were assembled and integrated carefully to ensure smooth 
operation, responsiveness, and data reliability throughout the system.
4.2 HARDWARE IMPLEMENTATION
4.2.1 Materials Used
The hardware section involved selecting and connecting electronic components that could effectively monitor energy consumption and work well together. Each item was chosen for its accuracy, reliability, and compatibility with the microcontroller.
	S/N
	Component
	Specification
	Quantity
	Function

	1
	NodeMCU ESP8266
	32-bit, Wi-Fi enabled
	1
	Central processor and communication interface

	2
	ACS712 Current Sensor
	30A module
	1
	Measures current drawn by the load

	3
	Voltage Divider Network
	Scales 220V to ≤3.3V
	1
	Reduces supply voltage for ADC input

	4
	16x2 LCD Display (I2C)
	5V logic
	1
	Displays real-time values

	5
	Relay Module
	5V, single-channel
	1
	Optional control for load isolation

	6
	Firebase Realtime Database
	Cloud-based
	1
	Stores and streams energy data

	7
	Android Phone (for testing)
	Android 8.0+
	1
	Hosts the monitoring application

	8
	Prototype Board & Jumpers
	Assorted
	–
	Used for wiring and testing the circuit

	9
	DC Adapter
	5V/2A
	1
	Powers the entire system

	10
	Capacitors and Resistors
	10µF, 1kΩ, 10kΩ
	–
	Used for signal filtering and voltage scaling


4.2.2 Circuit Design and Construction
The circuit design began with simulations in Proteus 8.11 Professional. The NodeMCU ESP8266 was configured to read analog signals from both the current sensor (ACS712) and the voltage divider network. These inputs were connected to the NodeMCU’s A0 analog pin.
To ensure safety, high-voltage sections were isolated from the microcontroller using opto-isolators and fuse protection. Once the simulated design was verified, the physical setup was built on a prototype board and carefully soldered. Each connection was tested for stability and continuity.
To enhance system durability, capacitors were added to smooth power fluctuations, and headers were used to make parts replaceable during testing or faults.
4.3	SOFTWARE IMPLEMENTATION
The software aspect of the system involved programming the microcontroller (NodeMCU) and developing the Android mobile app that would allow users to monitor readings remotely.
4.3.1	Embedded Firmware Development
The NodeMCU was programmed using Arduino IDE in C++. The firmware handles the following tasks:
- Reading analog signals from the current and voltage sensors;
- Calculating power in real-time using the formula: P(t) = V(t) × I(t);
- Sending the readings to Firebase using Wi-Fi;
- Displaying voltage, current, and power values on the LCD screen via I2C.
Key libraries used include:
- ESP8266WiFi.h – for connecting to the internet;
- FirebaseESP8266.h – for sending data to Firebase;
- LiquidCrystal_I2C.h – for controlling the LCD;
- Wire.h – for I2C communication.
The firmware was uploaded using a USB cable. During testing, minor issues like sensor misreading and buffer overflows were resolved through debugging and calibration.

4.3.2 Android Application Development
The Android app was developed using Android Studio with Java. It was designed to:
- Connect to the Firebase database;
- Retrieve and display voltage, current, and power readings in real-time;
- Store historical data with time stamps;
- Present the data in both text and graphical formats;
- Provide a simple and clean interface.
User interface elements were created using XML, while data was pulled from Firebase using RESTful APIs via the Firebase SDK. The app was tested on physical and virtual devices running Android API level 26 and above.
4.4	Integration of Hardware and Software
After verifying the hardware and software separately, the final step was integration. This ensured that the entire system worked together seamlessly. The NodeMCU served as the bridge between the sensors and the Firebase cloud, while the mobile app completed the loop by receiving the data and displaying it to the user.
Integration Process:
1. When the system is powered, the NodeMCU automatically connects to a pre-set Wi-Fi network and Firebase.
2. Every 2 seconds, it reads values from the sensors, computes power, and sends updates to Firebase.
3. The Android app, using real-time listeners, instantly picks up any new data and updates the interface.
4. The LCD on the hardware also displays live readings, offering both local and remote visibility.
All modules were enclosed in a safe plastic casing to prevent hazards and present a neat final look.

Table 4.4: Component Integration Mapping
	Component
	Input Source
	Output Destination
	Connection Type

	ACS712 Current Sensor
	AC Load (Live Wire)
	NodeMCU (Analog Pin A0)
	Analog Signal

	Voltage Divider
	AC Supply
	NodeMCU (Analog Pin A0)
	Scaled Analog Input

	NodeMCU
	Sensor Values
	Firebase Cloud
	Wi-Fi HTTP POST

	Android App
	Firebase
	User Mobile Interface
	Real-time Firebase Listener

	LCD Display
	NodeMCU I2C
	Physical Readout
	I2C Serial Communication


4.5	Testing and Results
4.5.1	Testing Procedures
To verify system performance, the following tests were carried out:
- Sensor Accuracy Test: Compared sensor output with readings from a digital multimeter;
- Data Transmission Test: Measured the reliability of Wi-Fi communication and Firebase updates;
- App Response Test: Evaluated how fast the mobile app reflected real-time data;
- Power Usage Test: Measured total energy consumed by the system itself;
- Stress Test: Observed system stability over continuous operation under varying loads.





4.5.2 Experimental Results
Table 4.5: Summary of Testing Results
	Parameter
	Expected Result
	Measured Result
	Status

	Voltage Sensor Accuracy
	±2% error margin
	±1.6% deviation
	Passed

	Current Sensor Accuracy
	±5% error margin
	±4.2% deviation
	Passed

	App Refresh Time
	≤ 2 seconds
	1.8 seconds average
	Passed

	Wi-Fi Uptime (3-hour window)
	≥98%
	99.2% uptime
	Passed

	System Power Consumption
	≤5W
	4.5W measured
	Passed

	Overload Handling (15A)
	Detect and notify
	14.96A captured
	Passed


4.6 Challenges Encountered
Several challenges arose during implementation and testing, which were addressed as follows:
1. Sensor Calibration:
The ACS712 sensor occasionally produced unstable readings due to electromagnetic interference from nearby equipment. This was resolved using shielded cables and filtering capacitors to clean the signal.
2. Cloud Connectivity Issues:
In areas with weak internet connectivity, the Firebase server sometimes failed to update. As a potential future solution, logging data locally on an SD card can provide a backup until cloud sync is restored.
3. Power Instability:
During early testing, power fluctuations caused the NodeMCU to reset. This was corrected by using a stable 5V adapter and adding a capacitor-based voltage stabilizer to smooth out spikes.
4. App Crashes:
The Android app initially crashed when it tried to display null data from Firebase. This was fixed by setting default values and checking for null responses before attempting to display the data.
