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Abstract

This paper presents the development of an automatlcp\a‘% which @ itself from
MIDI(Musical Instrument Digital Interface) file. We ormat file in
music data files or play data files. Piano tone is e om t file and the sync
time is judged and decided from the extracted piang - pe so th nc time can be sent
to master CPU. These data are sent to slavesCPU and the sound board and
solenoid driving circuits. We research and @ sound software and sound trace
board. This is one of the key technologf d|g| iaho keyboard. It transmits the
extracted data to the key motion % | dey |ch makes the piano playing
automatically. Due to the large so sh memory is used to handle the
data. Because the read/write is very po ant main memory is required to be
designed as a very fast str it to fit the length of the PCB pattern
address line. Because we expec Iarg al current, SMPS(Switching Mode Power
Supply) should be desi n@t low vo nd weight with high power efficiency. We add
a regulator to the olré(o supply the constant voltage for the circuit to prevent possible
damages. Regulat 5V regulator is for MCU and 24V regulator is for
solenoid. We the optl kéy-scan circuit for controlling the 88 keyboards and
designed tt@ contro the reduced number of wires. The self-playing piano has
high growt ntial i ior educational effectiveness and a variety of usability. This
technology is also li e applied to a medical device as music therapy.

Keywords race board, MIDI, Sync Time, PCB, Solenoid

layer piano is self-playing piano in accordance with tone signals. Commonly,
al player piano consist of music file entry system, music file output system and
module. The piano module controls the movement of the keyboards. The digital
player piano uses solenoids and music files. The solenoids are in the piano module. We
can find the necessary data in the music file.

Core technology of the digital player piano is to implement the auto-play function. In
detail, the operation of the 88 keyboards corresponds to the multi-instrument voices to be
input to the instrument. It needs a technique to control simultaneous, sequential and
continuous control. The sound source matches the multi-keyboard (operating time, speed,
intensity) for quick and accurate outputs.

Sound tracking technology finds the piano tones. The source tracking technology uses
a variety of instruments (GM 128 different instrument) but finds only the piano tones in
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music production file. It tracks the piano tones while playing the music file. The piano
tones note number, velocity values, note on time and note off time are in the music file.
Trace board uses high-performance (32bit) microprocessor to apply tracking algorithm.

We develop driving circuit for the accurate and reliable operation of the variable speed
electronic solenoid and power supply circuit. We design the filter circuit for driving the
solenoid, the optimum key-scan circuit for controlling the 88 keyboards, the serial control
for reduced wires and control circuit of response speed with less than 100ms.

2. Development of Piano Sound Trace Board

Trace board analyzes music files. In the music file, the trace board looks for MIDI file
to extract the tone of piano. That determines sync time from piano tones. While tracking
the sync time to synchronize with the beat of the music, the trace board sends note
number, velocity value, the length of the sound and note on/off time to ke ti
controller and sound chip. Figure 1 illustrates the flowchart of trace board functi&
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Figure 2. MIDI File Format

MIDI (Musical Instrument Digital Interface) is a technical standard that describes a
synthesizer, sequencer, computer and connectors and allows a wide variety of electronic
musical instruments, computers and other related devices to connect and communicate
with one another. MIDI is a sound source input device for converting a digital signal, so
that the music instruments can be accessed in digital communication. It provides
compatibility with the input and output of the music instruments to handle between the
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instrument and the instrument or between instruments and computers to digital signals. It
is a standard specification for hardware and data structures. MIDI file consist of a header
part and track part. The header section of the MIDI file includes HT,q4, header data length,
track number, unit time and format files. The track section of the MIDI file includes MT,
track data length and track data, as illustrated in Figure 2. The track data are real music
data which includes delta time, MIDI messages, sync messages and meta messages. The
track data is analyzed by piano sound trace software.

2.2. Piano Sound Extraction Algorithm Design and Sync Time Judgment

We develop software for MIDI file to extract the tone of piano and keyboards motion.
The developed algorithms are for sound synchronization. Trace board receives sound data
from the sound board. The trace board analyzes the MIDI file in the received da;a. The0

board can extract the tone of piano from MIDI file. The sync time judges and determqi
from the tone of piano. We design the H/W and S/W. Running data of ke %are
transmitted to the key motion controller, as illustrated in Figure 3. é
Sound da -
Tracer Board transmissi ;
- MIDI File analysis
- Piano data extraction
- Sync Time judgments
and decisions . ync
- H/W, S/W design N <
@ ’% Sound Board
Key motion
Controller
gure 3. Software Algorithm Overview
An acpu ti(ﬁo needs to tune the strings by expert periodically. Tuning for
conventi igital piano is not easy even if velocity value is changed due to contact

func IS implemented in our digital piano. User will read the resistance value of the

%ﬁa keyboard sensor by using the buttons. The self-tuning keyboard function is
a atically available after calculating the contact resistance compared to the default
value of the initial production.

Figure 4 illustrates the flowchart of mode selection with tuning mode. If the digital
piano starts, we can select a mode by using a hidden key. Input of the hidden key execute
tuning mode. The tuning mode starts with the keyboard scan and the keyboard input
check. Depending on the check status, another scan is performed or passed to the next
steps. If the tuning mode is finished or the hidden key is not entered, the digital piano will
execute playing the piano mode.

resis@ hange or a foreign object of the sensor keyboard. The self-tuning keyboard
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Figure 5 illustrates the flowchart of sync time. We check MIDI file from the sound
data. If there are not MIDI files in the sound data, the files will be sent back to sound
board. The program message is displayed when sound data has MIDI files. Trace board
extracts the tones of piano from MIDI file. If MIDI file has not tone of piano, it will be
sent to sound board. Sync time is defined as the tone of piano. The sync time is able to

send from the tracer board to the sound board and solenoid driving circuits.
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2.3 Tracer Board Circuit Design (H/W)

NAND flash memory is used to store the data, because the read/write speed is very
important, main memory is designed as a fast structure. Data line (16Bit) is considered to
be designed in the same direction and the same length. We avoid as much as possible via
in the design. We design a GND layer and a separate VCC layer structure with four or
more layers. We use to different width of the ground plane and power plane. We will
illustrate PCB pattern, design drawing of tracer board circuit and block diagram of tracer
board circuit in Figure 6-9.
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Figure 6. PCB Pattern ence Dr by Sound Chip Dream Company
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Figure 7. Design Drawing of Tracer Board Circuit (Master)
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Figure 9. Block Diagram of Tracer Board

3. Development of Solenoid Driving Circuit

We develop driving circuit for the accurate and reliable operation of the variable speed
electronic solenoid. We also develop power supply circuit. A separate power supply is
designed for a stable power supply. SMPS is designed in low volume and weight with
high power efficiency. We add a regulator to the circuit to supply the constant voltage for
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the circuit to prevent possible damages. Regulators are 5V and 24V. 5V regulator is for
MCU and 24V regulator is for solenoid. We design a multi-output circuit for reduce noise
due to the voltage difference between the control unit and the drive unit. Block diagram,
schematic and design criteria are shown in Figure 10-12 and Table 1.
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power
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Figure 12. Solenoid Circuit
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Table 1. Design Criteria

Baseline
Maximum Output Voltage 5.3V or less
Minimum Output Voltage 4.7V or over

Maximum Operating Temperature 50 °C or less

Minimum Operating Temperature

-10 °C or over

We design the filter circuit for driving the solenoid, the optimum key-scan circuit for
controlling the 88 keyboards and designed the serial control for reduce wires. We design it
considering the high current of PCB pattern. The selection of the MOSFET«js fore
switching solenoids and MCU selection to control signals. We design control @i f
response speed with less than 100ms, as illustrated in Figure 13-14. %
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Figure 14. The Control Keyboard 2

4. Applications
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If the auto-play function implemented in the digital piano, it will have high growth
potential in superior educational effectiveness and a variety of usability. The music
academy or school also can use this piano mainly for educational purposes. There also are
cases purchasing an electronic piano for entertainment as well as education.

This technology can be applied to many musical instruments such as synthesizers,
MIDI keyboards, guitars and drums. Users can leverage the interlocking of digital pianos
and smart terminal. Users are capable of high-level composition without professional
composer equipment. Users can more easily play to use the smart terminal. Conventional
player piano was designed to play an expensive acoustic piano. The piano is a large,
heavy and instrumental library is expensive. This digital automatic player module
complements these disadvantages. We can apply the module to a conventional piano. This
technology is also likely applied to a medical device for music therapy. The patients can
choice to the music. Patients enjoy the treatment with the help of the robot begcause,
patients can listen to music therapy and play the digital piano.

This technology is capable of spreading to the entire electronic mua@ ent

industry and another industry. * @
sund data fr he sound board.
od data. a‘x\g\bﬁard can extract the
t

dges and ines from the tone of

5. Conclusion

We design the S/W and H/W. Trace board recef
The trace board analyzes the MIDI file in the re
tone of piano from MIDI file. The sync tlm j
piano. Running data of keyboard are trans the k’ ion controller. The digital
piano has tuning mode and playing pian f the plano starts, we can select a
mode by using a hidden key. We d drivip |t for the accurate and reliable
operation of the variable speed eIe solen@d SMPS. SMPS is designed in low
volume and weight with high o efficien used two regulators to the circuit to
supply the constant voltage fer the circuit nt possible damages. 5V regulator is for

MCU and 24V regulator or solenoi sign it considering the high current of PCB

pattern and control CI respon es with less than 100ms. The self-playing piano
has high growth a in sup educational effectiveness and a variety of usability.
This technology ker a medical device for music therapy.
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