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ABSTRACT

In Indian classical music, there are seven fundamental musical
notes known as Swaras. They are namely, “Sa”, “Re”, “Ga”,
“Ma”, “Pa”, “Dha”, “Ni”. In this paper, a digital piano has
been designed using a microcontroller. It comprises of eight
keys for the above notes, along with an eighth note, the upper
“Sa”. It is a minimalistic and easy to use piano interfaced with
an LCD to provide the user with a visual indication of the
Swara being played. Its simplicity and ease of operation,
along with a low-cost factor makes it an ideal instrument for
beginners. The waveforms can be observed on an oscilloscope
and varied for better understanding for the learner. This
instrument can also be developed further to form a robust
system with more notes and waveforms.
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1. INTRODUCTION

In this project, a basic instrument aimed at emulating a piano
has been designed, using microcontroller SST89E516RD (of
the 8051 family). The controller has 8 buttons connected to
one port, and an LCD connected to another. When a button is
pressed, the frequency of the musical note that the button
corresponds to is converted into an appropriate time delay.
This delay is changed to its corresponding hexadecimal value
and loaded into the timer of the controller to produce a
waveform at the output, which is given to a speaker and
amplifier circuit to make the note audible. Simultaneously, on
the display of the LCD the note being played appears.

2. LITERATURE SURVEY

The instruments that have been made previously, that are
analogous to this, include a piano using timer IC 555 [9] and a
piano with LED indicators using PIC microcontroller. In the
case of IC 555, sounds of varying frequencies are produced by
varying the value of the resistance connected to it in the
astable multivibrator mode. The limitation of this
implementation is that the exact value of frequencies in an
octave cannot be obtained due to restrictions on the practical
values of resistors available. Moreover, the waveform of
sound produced at the output will always be a square or
rectangular wave. For a piano that has previously been
implemented using PIC microcontroller, the program to
generate the necessary delay is loaded into the controller,
however, the note being played is indicated simply by the
glowing of an LED placed near each button. Hence this
instrument overcomes the drawbacks of both. It not only
produces the exact frequency required by loading the
corresponding delay into the controller, but also provides a
display to enable interaction of the system with the user by
indicating which note is being played. The quality of sound
produced is the same, as would be for more expensive
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controllers, thus it serves as an effective alternative to those.
Additionally, it is also capable of producing varying sound
due to different waveforms such as saw tooth, sine, triangular.
Since we have interfaced the LCD in 4-bit mode, one port of
the microcontroller is available for the addition of more
buttons, i.e. more musical notes, which is another feature
which enhances the potential for development of this
instrument.

3. SYSTEM ARCHITECTURE
3.1 Proposed System Block Diagram

Power
supply
(5V)

Crystal

Frequency —»‘ 2x16 LCD module (4-bit mode)
11.0392MHZ
Microcontroller ——

(8051)

SSTRYESI6RD

Piano button Speaker
(SA,RE, GA, (8005
MA, PA, DHA, Watt)
NI, SA)

Figure 1: Proposed System Block Diagram

3.2 SST89ES16RD

This microcontroller belongs to the 8051 family. It is a 40 pin
PDIP. It has several applications in embedded system projects
in fields like electronics, medicine, communication, making of
musical instruments to name a few. The features of this
controller that are utilized in this project include its dual block
super flash memory of 72 Kbytes (64 Kbytes of a primary
block + 8 Kbytes of a secondary block) along with 1k byte
internal RAM. It has four I/O ports of 8-bits each. There are
three 16-bit Timers/Counters, in this instrument timer 0 is
used in mode 1. It has standard 12 clocks per cycle and can be
operated at any frequency between 0 to 40 MHz, at a power
supply of 5 volts.

Figure 2: SST89E516RD IC [6]
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Table 1. Pin connections [6]

Pin of 8051 Connected to
P1.0-P17 Buttons

P2.0- P2.2 RS, RW, EN of LCD
P2.4-P2.7 Data pins D4-D7 of LCD
P3.0 Audio amplifier circuit

3.3 Liquid Crystal Display

The LCD used is JHD162A [7], to give information to the
user. It is a 16X2 LCD, with 2 rows and 16 characters per
row. Each character is displayed within a 5X7-pixel matrix.
This is a 16-pin device, constituting 8 data pins and 3
command pins. It has two registers, namely the command
register and data register, used to store commands and data
respectively. They can be selected using the command pin RS.
When RS = 0 the command register is selected and when RS
= 1 the data register is selected. With respect to the data pins,
when the LCD is used in 8-bit mode, all 8 data inputs are
used. It can also be operated in 4-bit mode, which has been
done in this project, where only 4 data pins are used.

RG1602A
Figure 3: LCD 162A [7]
3.4 Amplifier and Speaker

A speaker and amplifier circuit is required to make the
musical note being played audible to the user. Both are
connected at P3.0 of the microcontroller. The output current
obtained at the pins of the microcontroller is not sufficient to
drive the speaker. The specification of the speaker used is 8Q,
0.5 Watt, thus its current requirement is 250mA whereas the
current provided by the controller is 16mA. For this reason, an
amplifier is needed. The amplifier circuit used consists of IC
TBAS810 [8]. It is a 12 pin IC that can be given a supply
voltage of up to 16V. It functions as a class B amplifier and
provides an output power of 7 Watt. It gives high output
current of 3A, high efficiency (75%) and very low harmonic
and crossover distortion. The input signal that is to be
amplified is given at pin 8 of the IC, and the amplified output
is obtained at pin 12. Thus, the speaker is connected between
pin 12 and ground.
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Figure 4 : Audio amplifier and speaker [8]

4. SYSTEM IMPLEMENTATION

4.1 Calculations and working

Buttons are connected to Port 1 of the controller, LCD at Port
2 and speaker at the first pin of Port 3. Each of the eight
buttons correspond to the eight musical notes. When any
button is pressed, that pin of Port 1 gets connected to ground.
Simultaneously, the note is played through the speaker and
displayed on the LCD. This process is implemented using the
calculations explained below.

A crystal oscillator of frequency 11.0592 MHz is connected
between pin 18 and 19 of the microcontroller. To load the
frequency of the notes into the timer of the controller, as an
appropriate hexadecimal value, the following steps are
followed [2].

Crystal oscillator frequency = 11.0592 MHz Frequency of one
machine cycle = F = 11.0592MHz/12 = 921.6 KHz.

Time period of one machine cycle= 1/F= 1.085 ps.
Considering the first musical note, Sa, required frequency=
230Hz. Hence required period T= 1/230 = 4166.66 us. The
delay required in the waveform = T/2 = 2083.33 ps. Now, a
period of 1.085 ps corresponds to 1 count thus the delay of
2083.33 ps will correspond to the desired count. Thus, the
desired count = 2083.33/1.085 = 1920.122 ~ 1920. Count to
be loaded into timer = max. count — desired count +1 = 65535
— 1920 + 1= 63616. The hexadecimal value of this number is
F880.

The SST89E516RD has three Timers/Counters [1]. Each of
these can be used in four different modes of operation. Based
on which mode is to be used, the mode bits M1 and MO are
loaded in the TMOD register, for mode 1 the. This project
uses Timer 0 in mode 1. For this, the bits loaded in the TMOD
register are 00 0 0 1 0 0 1. In mode O the timer is used in the
16-bit mode. The lower and higher bits of the count to be
loaded are placed into the TLO and THO registers respectively,
which are 8 bit each. In the example above, 80 is loaded into
TFO and F8 into THO.

TMOD Register [1]

TIMER 1 TIMER 0

GATE | CIT# | M1 | MO | GATE | CIT# | M1 | MO
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Once the operation of the timer is complete, the timer
overflow flag (TFO), present in the timer control register
(TCON), is set to 1 and an interrupt occurs to stop the
operation of the timer. In this manner, the sound wave is
generated at the first pin of port 3 where the speaker is placed.
The table shows the values that are loaded into the Timer 0
register and have been calculated using the procedure
explained above.

TCON Register [1]
| TF1 |TR1 |TFO |TRO | IE1 |IT1 |IEO |ITO |

Table 2. Musical notes and their corresponding
hexadecimal values loaded into Timer 0

Musical Note Fre(q#;)”cy TLO THO
SA 240 80 F8

RE 270 55 F9

GA 300 00 FA

MA 320 60 FA

PA 360 00 FB
DHA 400 80 FB

NI 450 00 FC

SA 480 40 FC

4.2 Software Implementation

421 Keil

4.2.1.1 Algorithm

Step 1: Start.

Step 2: Load header files for register 51 in Keil.

Step 3: Load header files for LCD module in 4-bit mode.
Step 4: Initialize buzzer at port 3 of microcontroller.

Step 5: Initialize the delay logic for each note, to load
frequencies of the piano in Timer 0 of the microcontroller

Step 6: Initialize the LCD module.

Step 7: Clear LCD module.

Step 8: Give LCD module a delay.

Step 9: Display string “Piano by Akshr” in the first row of

2X16 LCD module.

Step 10: Check if any button is pressed i.e. any port 1 pin is
grounded.

Step 11: If button is pressed go to step 12, else go to step 10.

Step 12: Display note that is being played on second line of
LCD.

Step 13: Change state of speaker at P3.0 and call Delay
routine for loading that frequency into Timer 0

Step 14: Go to step 10.
4.2.1.2 Flowchart

Initialize speaker at P3.0

v

Initialize delay function for each note

‘

Initialize LCD module

v

Display “Piano by Akshr” on first line of LCD

A

».
b

Is any button No
pressed?

Yes

Display note played on second line of LCD

v

Call delay function for corresponding note

!

Sound obtained on speaker by loading frequency
value in Timer0
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z sbit: ba=P3s K Options for Target Target 1 X
S Device | Target Output | Listing | User | C51 A51 | BL51 Locate | BL51 Misc | Debug | Lhilties |
6
: Select Foider for Objects... | Name of Executable: |[Akshr
)
i0 (¢ Create Executable: \Akshr
Z;_ for (3=0:3<1 34+) ¥V Debug Iformation W Browse Information
-z [V Create HEXFle HEX Fomat: |HEX-80 -
is
16 |3
17 (" Create Library: \Akshr.LIB [T Create Batch File
19
20
2; void delayion()
23 {
24 T
25 T
Figure 5: Execution of code on Keil
4.2.2 Proteus generated by Keil was loaded into the microcontroller and the
The code was executed in Keil and then a schematic of the circuit was then simulated to produce the desired output.

circuit was created on Proteus and the Hex. File of the code

PN JHD162A

Piano bw Akshr
SR

=28

LSt

SSTS89ES516RD

Figure 6: Output on Proteus

Digital Oscilloscope

Digital Oscilloscope

o |§ s

SPEAKER

Chaniel ¢

BlamEE 2ii= AR EEIRi= AR =]

Figure 7: Output Waveform of “SA” Figure 8:Output Waveform of “RE”
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Digital Oscilloscope Digital Oscilloscope

Channel ©

Figure 9:Output Waveform of “GA” Figure 13:Output Waveform of “NI”

Digital Oscilloscope Digital Oscilloscope B

Channel D
Position

Ac|
oc

GND)|

Figure 10:0utput Waveform of “MA” Figure 14:Output Waveform of “SA” (Upper)

gl Osiloscope : 4.3 Hardware Implementation

| The circuit has been implemented on a perforated circuit
board. All the individual components which include the
SST89E516RD, with all connections have been soldered on to
the board as per the circuit. A voltage regulator — 7805 has
|-l also been used to give a 5V output to the 8051 since we a 12V
b adapter is used for the input voltage. This circuit is placed into

T m e a metal box on to which the LCD, speaker and buttons- of the
“ :_. press to short type, are fixed and connected to the 8051-circuit
Figure 11:Output Waveform of “PA”

underneath. Hence this is made into a portable and simplistic
Digital Oscilloscope
e sl
i [

user.

instrument with all the connections concealed underneath so
that only the speaker, LCD and buttons are accessible to the

Figure 12:Output Waveform of “DHA” Figure 15: Implementation of piano on PCB
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Figure 16: Testing of piano and LCD on development
board

Figure 17: Final product

5. CONCLUSIONS 7. REFERENCES

Hence, the design and implementation of a simple but [1] The 8051 Microcontroller and Embedded Systems Using

effective instrument for learning and recreational purposes has Assembly and C. Second Edition by Muhammad Ali

been carried out. Previously a similar instrument has been Mazidi, Janice Gillispie Mazidi and Rolin D. McKinlay.

implemen ing anal Vi h | n . . -

no€ve aﬁ tei!dm;rsovgda 3;30?16 r?aess Sggenascr;tgf L[Igi]r’]ga 2 [2] The 8051 Microcontroller Third Edition by Kenneth

microcontroller. Ayala.

This product also has the scope for expansion in the future. [3] Microcontrollers Feature_s and Applications by D.S.

Since there is an empty port remaining on the controller, Yadav and Arun Kumar Singh.

additional musical notes can be added. As of now we only [4] The 8051 Microcontroller based Embedded Systems by

have eight Swaras, further, more number of Swaras along Manish K Patel.

with soft and sharp notes can be included. Moreover, the

sound being generated is due to a square wave. The [5] Cand the 8051 by Thomas W. Schultz.

microcontroller can be programmed to produce sound due to [6] http://Awww.microchip.comwwwproducts/en/SST8IE516

varying waveforms such as sine, sawtooth, triangular to make

it a more advanced and complex instrument. Thus, there is a [7] http://lwww.datasheetspdf.com/datasheet/JHD162A

scope for this product to be developed into a well-equipped [8] http://html.alldatasheet.com/html-

commercial instrument. I y y :
pdf/25016/STMICROELECTRONICS/TBA810/1620/1/

6. ACKNOWLEDGMENTS TBAS10.html

Deshmukh, Professor and Head of Department, EXTC DJSCE
for his invaluable guidance and support throughout the course
of this project.

5557, Technofocus — a journal for budding engineers, pp.
8-10, 2016, (ISSN 2321-0532).

20


http://www.datasheetspdf.com/datasheet/JHD162A

