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Abstract: This paper presents the design and implementation of a simplex communication model using high-speed Morse
coding. Morse code is a dot and dash code used from the 19th century and prevails for highly secure applications. The objective
of this paper is to design effective encoder and decoder circuits for the Morse code which draw less power. The model is
implemented by using two microcontrollers – MSP430 for encoding and ATMEGA8 for decoding. The communication
between microcontrollers and the end users are established using Bluetooth. The Morse code is transmitted through an optical
medium as flashes of light. The light is flashed using an LED and detected using a phototransistor that constitute an
optocoupler. The actuator and sensor pair in the optocoupler are varied by using combination of other actuators like IR diode,
Laser and sensors like Photodiode. Each of these combinations have been analysed under the presence and absence of external
light with varying distances and the resulting characteristics are plotted. This model is very effective for communication in
noisy environments and eliminates the necessity of skilled personnel for decoding the message. It enhances the security and
reduces the time required for the overall process. The model has been tested with information of various lengths and it has
proven successful in performing the desired operation and delivering the correct output in all the cases.
Keywords: Simplex Communication, Optical Medium, Morse Coding, MSP430 Micro-controller,
ATMEGA8 Micro-Controller, Bluetooth Communication, Photo-transistor

1. Introduction
Communication is the process of imparting or exchanging
information through a medium. Simplex, Half-Duplex and
Full-Duplex are the various methods of communication.
Simplex communication is basically a one-way
communication with only one sender which transmits the
information. Examples of simplex communication include
radio broadcasting, television broadcasting, communication
between a computer and a printer etc.
The information is passed from the sender to the receiver
via a path called the transmission medium. They can be either
wired or wireless. An Optical medium is a type of wireless
transmission medium through which electromagnetic waves
can propagate. The light forms the electromagnetic carrier
wave which is modulated to carry information. Here, the

sender uses an LED to transmit the modulated signal in the
form of flashes of light of different duration. On the receiving
side a photo-transistor is used to detect the flashes and
decode the data based on their pattern.
Data travelling through various media is susceptible to
access by unwanted third-party receivers. This leads to
misuse of information and may also cause data manipulation.
Encryption is the best way for secure transmission of
confidential or personal data.
Morse Code is one such character encrypting scheme that
encodes standardized text characters as two symbols of different
duration called dots and dashes. It was developed in the early
19th century and was originally transmitted by telegraph. Each
character is mapped to a unique code which is transmitted as a
series of toggling tones, changing brightness levels or ticks [2].
It requires a skilled observer to decode the message. Learning
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the code is difficult and time consuming. Military personnel still
use Morse code to transmit high security information. Hence, we
have devised a circuit that decodes the Morse code by analyzing
the varying brightness levels.

Figure 1. International Morse Code chart. The duration of a dash is three
times that of a dot.

A micro-controller is a compact integrated circuit that
governs a specific operation. There are several microcontrollers available in the market which are provided by
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different vendors. Here we use two of them namely MSP430
from Texas Instruments and ATMEGA8 which is an AVR
family micro-controller.
Key features of MSP430 are:
a. Low to Ultra Low Power consumption
b. Several programmable power saving modes
c. On-Chip emulation and debugging features
d. Key features of ATMEGA8 are:
e. High Performance and low power consumption
f. Easy to handle and design
g. Single clock cycle execution and fully static operation.
As mentioned earlier communication can be wired or wireless.
Bluetooth is a high speed, low power wireless technology
designed to connect phones or other portable equipment together.
Blue-Core 4 employs Radio frequency for communication. It
makes use of frequency modulation to generate radio waves in
the ISM band. Bluetooth networks use a master/slave model to
control when and where the devices can send data.
Here, we use two sets of master/slave models which are:
a. At the sending side, the sender’s device (his mobile
phone) acts as the master and the MSP430 Microcontroller acts as the slave.
b. At the receiving end, ATMEGA8 acts as the master and
the receiver’s device (his mobile phone) acts as the slave.
The Blue-Core 4 (HC-05) module is interfaced with both
the Micro-controllers. This module can be configurered as
either a master or a slave.

Figure 2. 80-Pin PN package of MSP430F5529 (Top View).
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Figure 3. Components MSP430F5529L LaunchPad.

2. Hardware and Software Description

f. Five sleep modes.
g. Operating voltage: 4.5 – 5.5V.

2.1. MSP430 Micro-Controller
The LaunchPad kit is from Texas Instruments
It is an inexpensive, simple micro-controller kit with an
on-board emulation for programming and debugging, as well
as buttons and LED’s for simple user interface [1]. Few
features of it are:
a. USB 2.0-enabled 16-bit MCU.
b. Up to 25 MHz CPU speed.
c. 12KB Flash and 8KB RAM.
d. 12-bit SAR ADC.
e. 40 pin BoosterPack ecosystem.
f. 5V and 3.3V through a efficient DC/DC converter.
g. Serial communication interfaces like UART, I2C, SPI
are available.
Figures 2 and 3 show pin-out diagram and the component
diagram of the MSP430F5529 microcontroller respectively.

Figure 4. ATMEGA8 Micro-controller.

2.2. ATMEGA8 Micro-Controller
In 1996, Advanced Virtual RISC (AVR) Micro-controller
was produced by the “Atmel Corporation”[8]. Its features
are:
a. It has 8Kb of Flash program memory.
b. SPI, USART, TWI.
c. It has an Analog Comparator and a 10-bit ADC.
d. 32 * 8 General Purpose Working Registers.
e. On-Chip 2-cycle Multiplier.
Figure 5. Pin Configuration of ATMEGA8 Micro-controller.
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2.3. Blue-Core4 in HC-05 Bluetooth
HC-05 is a class-2 Bluetooth module which houses BlueCore 4 BC417 chip for wireless communication. Has master
or slave configuration.
It has a range up to <100 meters which depends on the
environment. IEEE 802.15.1 standardized protocol is used
through which one can build wireless Personal Area Network
(PAN). It uses Frequency Hop Spread Spectrum (FHSS)
radio technology to send data over air. [6]
It communicates with Micro-controller using serial port
(USART). Few specifications of the module are:
a. Operating frequency: 2.4GHz ISM Band.
b. Modulation: GFSK Emission power: <4dBm.
c. Security: Authentication and encryption.
d. Power Supply: +3.3V DC 50mA.
e. Speed:
Asynchronous: 2.1 Mbps (max) / 160 Kbps.
Synchronous: 1 Mbps.

Figure 8. Image of the ST1KL3B Photo-transistor.

2.5. Code Composer Studio (CCStudio)
The
MSP430F5529
Micro-controller
has
been
programmed using CCStudio version 8.1.0. It is primarily
designed as for embedded project design and low-level JTAG
based debugging. The highlights of this software are:
a. Single integrated development environment for all TI
processors.
b. Integrates source code editor, debugger, optimizing
C/C++ compiler, code profiler etc.
c. Seamless Host-Target communication using Real Time
Data Exchange..
2.6. Arduino IDE

Figure 6. Blue-Core 4 chip on HC-05 Module.

Figure 7. Pin-out of the HC-05 Bluetooth Module.

Arduino integrated development environment is a crossplatform application written in the programming language
Java. Here we write the C program for the ATMEGA8
Micro-controller. The program is dumped onto the chip by
making ATMEGA8 as ISP. The steps involved in
programming the ATMEGA8 using Arduino IDE are as
follows:
a. Add ATMEGA8 support to Arduino IDE using Board
Manager.
b. Program the Arduino as ISP: Upload the sketch from
the path - File →Examples → 11. Arduino ISP →
Arduino ISP.
c. Burn the Boot-loader as follows:
1. Make the following connections:
2. Go to Tools→Board and select ATMEGA8.
3. Go to Tools→Programmer and select ‘Arduino as
ISP’.
4. In Tools menu select ‘Burn Boot-loader’.
d. Upload the sketch: Press and hold the Reset button and
click on upload. Release the Reset button when it shows
‘Uploading’.

2.4. Photo-transistor (SK1KL3B)
A photo-transistor is a three-layer semiconductor device
with a light sensitive Base region. It detects the flashes of
light and alters the current flowing between its Emitter and
Collector relative to the intensity of light it receives.
The ST1KL3B photo-transistor functions as a sensor at the
receiving end. It is a high sensitivity NPN silicon transistor
mounted in durable, hermetically sealed TO-18 metal can
which can provide years of reliable performance even under
demanding conditions such as outdoor use.
Figure 9. Circuit connections for uploading program to ATMEGA8 Microcontroller.
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3. Implementation
3.1. Software Implementation
The program for the entire project is split into two parts.
The sender i.e. MSP430 Microcontroller is programmed
using CCStduio version 8.1.0 and the receiver i.e. ATMega8
is programmed using Arduino IDE.
The overall functioning of the model is depicted in the
flow chart below.

The program for MSP430 Microcontroller has been
written in Embedded C Language. It consists of the following
parts.
a. Disabling Watchdog Timer
b. Interfacing the Bluetooth module
c. Receiving the input data
d. Converting the data into corresponding Morse code
e. Flashing the Morse code
The main structure of the program is depicted in the flow
chart given below.

Figure 11. Working of Transmitter.

Disabling the Watchdog timer in MSP430 is simple and
straight forward. The below command disables the Watchdog
timer.
WDTCTL = WDTPW | WDTHOLD;
The data is received from the sender’s device via Bluetooth.
The Bluetooth module is interfaced with the MSP430 by
connecting it to the TX and RX pins (P3.3 and P3.4). The data
received is read from the RX pin and stored in the buffer.

Figure 10. Overall functioning.

1. The sending side
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Each character stored in the buffer is converted to its
corresponding Morse code. Let us consider letter ‘a’ as the
input. The corresponding code for ‘a’ is a dot and a dash. It is
converted in the following way:

The delay is generated using the Timer B present in the
MSP430F5529. The capture compare mode helps in the
generation of delay and is implemented as follows.

Figure 12. Working of Receiver.

The LED on which the output Morse code is flashed is
connected to P1.2. If the code contains a dot, the output pin is
held high for 1 time unit and if the code contains a dash the
pin is held high for 3 time units.

2. The Receiving Side
The program for ATMEGA8 Microcontroller is written on
the Arduino IDE and is programmed through ISP. The major
parts of the code are
a. Enable serial communication.
b. Determine whether the incoming symbol is a dot or dash.
c. Translate the symbols to the corresponding text.
d. Send the data to the receiver’s phone.
The flow of execution of the program is depicted in the
following chart:

The serial communication is enabled with a baud rate of
9600. The Bluetooth module uses serial communication.
Serial.begin (9600);
The symbol is determined by measuring the duration for
which the analog input pin to which the sensor (phototransistor) is connected remains high. The duration is
determined by taking the time difference between the on and
off state of the pin. The time has been measured using the
millis () function. A code array is created and updated with a
dot or a dash depending on whether the signal pin is high for
1- or 3-time units respectively.

Similarly, if the signal pin is LOW for a considerable
amount of time, update the code array with a space.
After all the symbols have been received, the code array is
translated into the corresponding text message. An array
containing the mapped Morse data is constructed and used
for this purpose. Each symbol is compared with the value in
the array and the character is determined. If none of the
values match, unknown is printed.

32

Vibha Ravi et al.: Simplex High-Speed Morse Coding with Ultra Low Power MSP430

The mapping array is given as:

Each symbol is compared one at a time. So, each symbol is
copied into a temporary ‘copy’ string as follows:

The symbol is translated as follows:

The Serial.print command writes the parameter on the serial
buffer. The Bluetooth module connected to the serial port
sends the data on the buffer to the receiving device. [3, 7]

3.2. Hardware Implementation
3.2.1. Circuit Diagrams

Figure 13. Circuit of receiver with Photo-transistor.

Figure 14. Schematic of the setup.
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Figure 15. Schematic of ATMEGA8 receiver.

3.2.2. Outputs

methods can be used instead of Blue-Core4. HelloWorld
messages are sent. The character ‘/’ is for indicating start and
end of message flags. At the receiver it converts to
‘Incoming’ message text. As seen in Figure 16.

Figure 17. Morse code received.
Figure 16. Transmitted message from sender device.

Transmitter end, sending the messages to MSP430, other

The Morse codes received at the receiver end or
ATMEGA-8 end. The decoding can be done with the help of
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International Morse code given above. The codes are comma
separated and the code of each letter is separated from each
other. During the decoding process the commas are omitted.
As in Figure 17.

The decoded message in ASCII text is seen in Figure 19.
The Morse codes are then translated to English Alphabets
and transmitted via Blue-Core4 to the reader/ receiver device.
3.2.3. Hardware Setup

Figure 20. Transmitter setup.

Figure 18. “HELLO WORLD” message in morse.

Figure 20 shows the setup at the Transmitter end. It
comprises of MSP430F5529, BlueCore4 module and a laser
diode.

Figure 18. shows the entire received code for the message
“HELLO WORLD”.

Figure 21. Overall Setup of the Experiment.

Figure 22. Receiver circuit with Atmega8 & Phototransistor.
Figure 19. Translated message and received at the device.
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Figure 21 displays one of the variations of the setup where the
MSP430, ATEMGA8 and Blue-Core4 are used. The receiver set
up, houses the Phototransistor as shown in Figure 22.
3.2.4. Test Results
In the setup LED is the transmitter and Photodiode is the
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receiver. Two environments are chosen, with External light of
fluorescent in nature and without External lights. The
analysis shows that the external light slightly helps in the
detection of the data without errors from further distances.
Figure 23.

Figure 23. Voltage characteristics of Photo-diode receiver with LED source and External light.

Figure 24. Voltage characteristics of Photo-diode receiver with LED source and No External light.

The analysis is also done on the intensity or voltage input
to the LED. As the resistance of the transmitting led is
reduced detection of data starts from longer distances. We

observe that at around 10 Ohms we have more voltage at
Photodiode than 330 Ohms at the same distance. Figure 24.

36

Vibha Ravi et al.: Simplex High-Speed Morse Coding with Ultra Low Power MSP430

Figure 25. Voltage characteristics for Photo-diode receiver and IR source.

Setup for Figure 25 analysis includes an IR Diode and a
Photo-diode for transmission and receiving respectively. IR
Diode gives better saturation of voltage towards 3.3v as they
are brought closer. This reduces error in data transmission.

As the resistance of the diode input is reduced the voltage
saturates faster. IR has more field of operation, not requiring
Line of Sight.

Figure 26. Photo-transistor receiver and Laser source, received voltage characteristics.

Figure 26 setup uses a 3.3v Red Laser. The analysis
depicts that the laser’s distance is not a factor for the voltage
at the receiving Photo-transistor. The major disadvantage of
using the laser in air medium is, in the region of high
intensity is focused is very small. Alignment of the receiver

with the laser has to be precise. Phototransistor allows for the
gain improvement, unlike the Photodiode counterpart. This
advantage keeps the intensity of output as the same even as
the laser moves further apart. As distance is not being a factor
it can be used widely.
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Figure 27. Curve for voltage at Photo-diode for Laser source.

In Figure 27 circuit setup is as follows, Laser and
Photodiode as transmitter and receiver respectively. The
external light influences the voltage at the Photodiode from
the laser intensity, but very marginal. This is the boots by

using a Laser, no surrounding light effect unlike using a
LED, also the intensity variation is minimal compared to the
LED.

Figure 28. Curve for voltage at phototransistor with LED as source with external light.

The setup uses Phototransistor at receiver and LED at the
transmitter. As the resistance at the input drops the voltage
saturates quickly even when the transmitter is further away
from the receiver. This setup is analyzed under external light
sources. Figure 28 is the analysis of this setup.

With no external light sources affecting the setup, the
voltage saturation for the intermediate resistance level has
changed. Now it saturates at a further distance from the
receiver unlike in situation with external light sources as in
Figure 29.
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Figure 29. Curve for voltage at phototransistor with LED as source without external light.

Figure 30. Voltage characteristics of phototransistor with IR Diode as source.

In Figure 30 setup, we use a Photo-transistor to receive
instead of Photo-diode. This improves the results as the gains
from the transistor has reduced the distance factor on the
voltage of the received input. For different resistances, at the
input diode the voltage saturates quickly, hence the resistance
also plays an insignificant role.
The power consumption at different resistance levels at the
input is analyzed. Here LED of white spectrum is consuming
lesser power at low resistances compared to an IR Diode, this
is depicted in Figure 31.

Figure 31. Power analysis for varying input resistance.
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Figure 32. Receiver timing analysis curves.

The time axis represents the average time required for
transmitting 100 characters of alphanumeric in Figure 32 &
Figure 33.
The Receiver end is the Atmega 8 ADC. the values is the
time of dot duration and dash duration values in milliseconds.

It has been plotted on a log scale to have better visualization.
The threshold for Dot-Dash is the deciding region whether the
symbol was a dot or dash. Blanking interval is the time during
which no symbol is sent and this is considered as a space
between words. Figure 32 shows the receiver end analysis.

Figure 33. Curves for timing analysis at transmitting end.

The transmitting end is an MSP430 and can generate
stable symbols in Ultra-Low Power. This is plotted in a linear
scale and we can see how the values for faster transmission
of 100 characters drop exponentially. TB0R is the Timer-B
register of MSP, this helps in generation delays without
consuming CPU cycles and power. Figure 33 shows the
transmitter end analysis.

4. Applications
The Indian Navy uses various communication systems like
ACCS (Advanced Composite Communication System) for
exchange of information between two ships or ship and the
shore. These systems have a Morse transmission switch. In
emergency situations, when all other communication systems
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fail or in special situations involving high security,
transmission is switched to Morse manually.
Deep underground mines need communication interface
for smooth work progress. Due to disturbance of radio
signals underground, optical communication via Morse can
be used. The miners can learn it very easily and be supported
with short range RF devices connected to them.
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