EE105: Introduction to Electrical Engineering

Module 5: Optical Communication with LiFi

Objective:

In this lab, we’ll learn about LiFi Module and how to transfer data wirelessly over this module.

o Li-Fi (Light Fidelity) Technology: Li-Fi technology is a form of free-space communication that transmits
data using visible light; typically through LEDs as transmitters and photodetectors as receivers.

e Free Space Communication: This means the communication happens without any physical medium like
cables or waveguides; instead, it relies on light traveling through the air.

Apparatus

Arduino Nano 33 BLE
e Acts as the microcontroller to process the transmitting and received data from the LiFi system.
LED (Light Emitting Diode):
e Functions as the transmitter (Ty module).
e It emits light that is modulated (turned on and off rapidly) with the Arduino to encode the data.
e The modulation happens so quickly that the human eye cannot detect the blinking
PD (Photodiode):
e Functions as the receiver (Ry module).
e The Photodiode (PD) is used to detect changes in light intensity caused by the transmitting LED.
e The PD converts these light changes back into electrical signals, which are then received as data by the
Arduino.
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Figure 1: Block diagram of the free-space optical digital communication system used in this lab. An information source (text,
audio, video, etc.) is converted by the encoder into a binary message signal, which drives the LED transmitter (Tx). The
modulated light propagates through free space to the photodiode receiver (Rx), whose raw analog output is sampled and
quantized by the decoder to recover the binary signal and reconstruct the original output data.



Task 1

L.

2.

3.

Form pairs and position your boards next to each other so that the photodiode (PD) and LED face each
other.
Run the devboard sketch code from the Task 1 folder. Open Serial Monitor from Tools >
Serial Monitor or by pressing the B icon.

a. Sender: Type 1ifi tx to transmit data

b. Receiver: Type 1ifi rx to receive data.
If you align the two boards correctly, you should see the message: ""This is a test transmission."

Transmission Process (1ifi_tx and send byte)

The 1ifi_tx function transmits data (e.g., a text string) by modulating the light emitted from an LED.
The input string (e.g., "This is a test transmission!") is split into individual characters.
Each character is converted into its 8-bit binary representation.
The send_byte function modulates the LED's brightness to represent each bit:
o HIGH (LED ON): represents 1.
o LOW (LED OFF): represents 0.
A short delay is inserted after each byte so the receiver can distinguish between consecutive bytes.

Each byte is transmitted bit by bit, with the LED switching ON or OFF according to the bit value.

Reception Process (Lifi rx,get byte, read pd)

The 1ifi rx function receives the modulated light signal via the photodiode (PD) and decodes the
transmitted data.

The photodiode detects changes in light intensity produced by the transmitting LED.

The read pd function reads the PD value and classifies it as a HIGH (1) or LOW (0) bit based on a
threshold (THRESHOLD).

Each reconstructed byte is converted back into its character form and displayed using the print_byte

function.

Example — LiFi in Action: Sending "Hi"

The string "Hi" is encoded as:

'H' — 72 — 01001000
1'— 105 — 01101001

At the receiver:

The photodiode detects the corresponding light changes.
The Arduino decodes the binary stream back into the characters 'H' and 'i'.

Conversion Process:

Text characters are converted into numeric ASCII codes.
ASCII codes are transmitted as binary sequences.



Theory:
Transmission:

e Data from the information source (Figure 1) is converted to a binary bit sequence by the encoder
block.

o This bit sequence is sent from the Arduino to the LED as the message signal, which modulates the
emitted light (the carrier signal). The carrier’s amplitude, phase or frequency is controlled by the
message signal via modulation.

e Modulation is performed using two schemes in this lab:

o 1-bit Amplitude Shift Keying (ASK) — the message is transmitted as 1-bit symbols,
modulating the carrier between two intensity levels.

o 2-bit ASK — the message is transmitted as 2-bit symbols, modulating the carrier between four
intensity levels.

Receiver:

e The photodiode (PD) detects variations in the received light intensity and sends the raw analog signal
to the Arduino.
e The decoder block “samples” and “quantizes” the analog signal:
o 2 quantization levels for 1-bit ASK.
o 4 quantization levels for 2-bit ASK.
e The quantized signal is converted back into a binary bit sequence and then into the received output
data.
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Figure 2: Amplitude Shift Keying (ASK) modulation, showing the message signal (red) modulating the amplitude of the carrier
signal (black). (a) 1-bit ASK encodes one bit per symbol using two amplitude levels. (b) 2-bit ASK encodes two bits per symbol
using four amplitude levels, doubling data throughput at the cost of reduced noise margin between levels.



Some Common Digital Communication Metrics

Bit Error Rate (BER)

The bit error rate (BER) is the ratio of the number of bits received in error to the total number of bits
transmitted over a communication channel:

Number of erroneous bits

BER =
Total number of transmitted bits

It is a dimensionless figure of merit (often expressed as a probability or in scientific notation, e.g., 107°)
that quantifies the reliability of a digital communication link. A lower BER indicates better signal integrity,
and it is influenced by factors such as noise, interference, attenuation, and timing jitter in the channel.
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Figure 3: Eye diagrams illustrating signal quality in amplitude-shift-keyed optical communication. (a) A 1-bit (two-
level) ASK eye diagram, annotated with key performance metrics: the one and zero levels, eye amplitude, eye width,
extinction ratio, cross percentage, and jitter. A wide, open eye indicates a high signal-to-noise ratio and low BER. (b)
A 2-bit (four-level) ASK eye diagram showing the four distinct amplitude levels required to encode two bits per
symbol. The reduced vertical spacing between adjacent levels lowers the noise margin, making higher-order ASK
more susceptible to bit errors than its 1-bit counterpart.



Task-2:

In the uploaded Task2 folder, you will find a file named message_small.txt. Your task is to transmit this
message from one development board to another.

Folder Structure:

6.

Goal:

/devboard sketch receiver: contains the Arduino code for the receiver
/devboard sketch sender: contains the Arduino code for the sender
Sender. ipynb: Python notebook for communicating with the sender Arduino

Receiver. ipynb: Python notebook for communicating with the receiver Arduino

message _small v2.txt: Message file for transmitting over Arduino

Upload the Arduino code to each board (sender and receiver) using the provided sketches. Note the
value of interval. The receiver interval should be a factor of the sender interval for proper sampling of
the received carrier signal.

On the Receiver. ipynb notebook, run all the cells UNTIL the
“00 3. capture raw ADC data from serial port — RUN THIS CELL TO RECEIVE &J&)”
cell.

On the Sender . ipynb notebook, run all the cells UNTIL the “transmit” cell— “3a. Transmit
(1-bit)” or “3b. Transmit (2-bit)”.

Run the "3. Capture raw ADC data from serial port” from the Receiver.ipynb
notebook. At the same time, (or just slightly later) run the “3a. Transmit (1-bit)”/ “3b.
Transmit (2-bit)” cell in Sender. ipynb notebook.

Note the value of T_symbol ms from the sender notebook. Use this value as the value of T _send
in cell 2a or 2b in the receiver notebook

Run the blocks from 1a to 6a (or 1b to 6b) in the receiver notebook.

In the task, you will observe the two metrics (BER and Eye Diagrams) discussed above and identify
how they are influenced by the following

1. Sampling interval of the receiver

2. Data modulation scheme.



