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ABSTRACT

This thesis is about researching and developing. Studying the structure of
equal 7 tone musical system use by Thai traditional musical bands and how to setup
tuning functions in electric musical instruments. Using electric musical instruments in a
Thai traditional musical band for performance was the objective. The results of this study
are as follows:

1. The format of Thai equal 7 tone system that is divided by equal 7
intervals in an octave. It uses 5 tones to create the Thai musical scale. It can modulate to
another scale in the equal 7 tone system when being performed.

2. Setup the frequency of the notes by using the Micro tuning function in
electric instruments, such as keyboards or synthesizers, to tune the frequency of notes

when performing with Thai traditional instruments.
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CHAPTER1
INTRODUCTION

1.1 Significance and statement of the objective of study

Thai classical music is one of the cultural heritages of Thailand. It has
developed form and function of songs and bands from each era and knowledge has
been passed on to the next generation for many years. It can be categorized from the
periods of the history of Thailand. The oldest evidence of Thai music was found
during the King Ram Khamhaeng era. During this period, knowledge of Thai classical
music was passed on orally in a group or family without transcription. The musical
transcription was not found until later on, during the Rattanakosin era. At present,
ancient melodies can be found even though they were not transcribed.

Nowadays, Thai classical music has developed into many musical styles. It
has been categorized into contemporary music. Thai contemporary music has been
adapted for the modern life style of Thai people. Thai contemporary bands combine a
variety of musical instruments, such as the synthesizer or electric guitar, with
traditional Thai instruments. They have been greatly influenced by Western music. The
resulting groups are called Thai contemporary bands.

Since Western music, such as rock music or pop music, was introduced to
Thai people, it has become popular and has influenced the style of Thai music. Thai
composers or musicians try to combine Western instruments with Thai traditional
instruments in Thai contemporary bands. Electric musical instruments such as the
electric guitar, synthesizer or acoustic instruments such as the piano, violin or drum kit
have become famous instruments in Thailand too. This has developed the format of

songs and bands in Thailand.
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From observation and study of researcher, the significance of Thai
classical music can be identified by two characteristics; the musical scale system and
the characteristics of the songs.

Thai classical songs can be categorized according to the band which
performs it. Thai classical bands have been categorized according to which events they
perform at and which instruments are used, such as Mahori or Piphat. Songs
performed by Mahori were used to help the King sleep and Piphat songs are performed
for ceremonies.

At present, songs performed by Thai contemporary bands can come from
the original classic songs and are then rearranged into new versions or newly
composed. From observation of researcher, most of the songs that have been
composed in the last ten years have a structure that references western music.

Another characteristic that can be identified is the Thai musical scale
system. Researcher has found that the Thai musical scale system is different from
Western music. Unfortunately, at present, the frequency of each note that appears in
the Thai musical scale system can not be identified because there is no standard of
frequency for each pitch. There are a variety of frequencies in different locations in
Thailand. Tuning of instruments in modern Thai contemporary bands has been
influenced by the Western musical scale system. Thai musicians try to tune the pitch of
their instruments to the Western musical scale system when they perform with western
instruments. However; tuning Western instruments to the Thai musical scale has not
been noted. Characters of Thai classical music are one of the cultural heritages of
Thailand. Unfortunately, significant characters of Thai classical music have
disappeared because of above reason.

If there were methods to develop Thai classical music for modern Thai
contemporary bands that follow Thai musical theories, such as song structure or Thai
musical scale system, it would be beneficial for Thai music. It would keep the
characteristics of Thai traditional music and develop them into a modern style with the

unique characteristic of Thai classical music. This is the reason of significance and
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statement of the objective of this thesis. Synthesizing the Thai classical music tuning
for function tuning setting used in contemporary electronic musical instruments has

become the objective of research.

1.2 Objective of the research

1.2.1 To study the Thai musical system that has been used in Thai culture
from past to present in Piphat.

1.2.2 To synthesize function of tuning setting used in electronic musical

instruments into the Thai musical scale system.

1.3 Hypothesis
1.3.1 The appearance of structure and format of Thai musical scale system.
1.3.2 How to setup tuning function in electric instruments following the

Thai musical scale system for performing with Thai instruments on Thai songs.

1.4 Benefit of research

1.4.1 The results of research can be a standard of tuning pitch for Thai
instruments and electronic instruments for Thai contemporary music.

1.4.2 To have a standard method to tune the pitch in Thai contemporary
bands.

1.5 Scope and delimitation of research

1.5.1 The musical scale system used in this research will be followed by
the musical scale system that is used in Thai traditional bands called Piphat.

1.5.2 Development of the tuning system used by musical software to setup

the tuning function and generate the sound of electric instruments for research.
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1.6 Preliminary agreement

1.6.1 The sound of Thai traditional instruments recorded by Thai

instruments used in Piphat.

1.6.2 Identify the pitch of notes by letters C, D, E, F, G, A and B followed

by Fied do solfege.

1.7 Definition of terms

Equal temperament scale system refersto ~ Musical temperament that is a system
of tuning, in which an octave is
separated to 12 tones. Every pair of
adjacent pitches was divided into
equal ratio or intervals.

Equal 7 tone scale system refersto  Musical temperament is a system of
tuning, in which an octave was
separated to 7 tones. Every pair of
adjacent pitches was divided into
equal ratio or intervals.

Tuning refers to  The process of adjusting the pitch or
tone of musical instruments to the
reference pitch or frequency.

Contemporary Music refersto A musical style. The concept of
following modern ideas or fashion.

Cent refersto A unit of measurement of intervals of

adjacent pitch.
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Sampler

MIDI

Synthesizer

DAW

Keyboard controller

Audio Plug-ins

Audio Interface

Audio frequency

Sampling

refers to

refers to

refers to

refers to

refers to

refers to

refers to

refers to

refers to
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A Machine or software that is able to
record, store and playback sound.

The initials of the Musical Instrument
Digital Interface, a protocol that is
used by electronic instruments to
communicate with other instruments.
An electric musical instrument that
can generate sound by electric signals
in a verity of methods.

Initials of the Digital Audio
Workstation, a musical sequencing
program that can be used for many
functions, such as composing,
recording, editing and mixing.

The piano style interface used to
control the software program by
sending MIDI commands over a USB
or MIDI cable.

A software component that is used to
add a specific feature in DAWs.

An interface for a computer that is
used to convert analog signal to digital
signal and digital to analog or
generate sound. It is also called a
sound card.

The period of vibration, it produces
sound via frequency of vibration from
the sound source.

The method of converting analog

signals into digital signal format.
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VSTi

Octave

refers to

refers to

Introduction / 6

The initials of Virtual Studio
Technology instruments. It is a virtual
musical instrument run on DAW.

Interval between pitches, it is double
or half of the frequency of the initial

pitch.
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CHAPTER 11

LITERATURE REVIEW

2.1 Theory and Concept
This research has followed the concepts and theories of Thai classical

music. It uses modern musical technology to develop the Thai musical scale system.

2.1.1 Structure of The Equal temperament scale system

The Equal temperament scale system is used in Western musical culture. It
divided the octave into 12 pitches; C, C#, D, D#, E, F, F#, G, G#, A, A#, B. It has
equal intervals of adjacent pitch, with has 100 cents to each note, all equal to each
other. Alternatively, it can be called 1 semitone or half step.

The structure of cent, as it appears in the equal temperament scale system,

that is displayed in the picture below to identify the distance between pitches.

Equal Temperament

C C# D D# E F F# G G# A A# B C
0 | 2 3 4 5 6 7 8 9 10 I 12

- IOOj 100 - 100 —— 100 —— 100 — 100 —— 100 —— 100 —— 100 —— 100 —— 100 —— 100 —

[— 100
200

300
400
500

600

700

800

900

1000

1100

1200

Figure 2.1 Structure of equal temperament
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Example of the structural scale system, that uses pitches in the equal

temperament system, to create other musical scales that have been used in tonal music

of Western musical theory is as follows.

C Major Scale

2 semi . 2 semi | semi 2 semi : 2 semi ) 2 semi Isemi
[ 200 T 200 T 100 T 200 T 200 T 200 ] 100 ]
C D E F G A B C
200
400
500
700
900
1100
1200
Figure 2.2 Structure of Major scale
A Natural minor Scale
2 semi | semi 2 semi 2 semi | semi 2 semi 2 semi
r 200 T 100 —l 200 T 200 T 100 | 200 T 200 ]
A B C D E F G A
200
300
500
700
800
1000
1200

Figure 2.3 Structure of natural minor scale
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900

1100

2 semi | semi 2 semi 2 semi | semi 3 semi | semi
| 200 [ 100 ] 200 [ 200 T 100 | 300 | 100 —|
E F# G A B C D# E
200
300
500
700
800
1100
1200
Figure 2.4 Structure of harmonic minor scale
E Melodic minor Scale (Ascending)
2 semi | semi 2 semi 2 semi 2 semi 2 semi | semi
r 200 T 100 ] 200 T 200 T 200 T 200 I 100 |
E F# G A B C# D# E
200
300
500
700

1200

Figure 2.5 Structure of melodic minor scale
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2.1.2 Cent theory

Cent theory was invented by Mr.Alexander J. Ellis. It can be used for
comparing and representing intervals or pitches that appear in different musical scales
around the world. In mathematics, it is called logarithm. The formula of cent is as
follows.

Cent = K.log2@1"t2)
log2

K = 1200 (Constant number of intervals in an octave, based on the equal

temperament scale system.)

2.1.3 Theory of the concept of the Thai equal 7 tone musical system

The concept of the Thai musical scale, that is known for dividing the
octave into 7 tones, has been around since 1884. The oldest evidence comes from
documents of the study of the Thai musical scale system by Mr.Alfred James Hipkins
and Mr.Alexander J. Ellis. The King of Thailand sent a Thai classical band to perform
at the London Inventions Exhibition in 1885. Mr.Sugree Charoensook (1997.p7)
said,“a study of the Thai musical scale system, from a Thai classical band that
included nineteen musicians, who performed in London, England in 1885. At this
time, the sound of Thai instruments was recorded at Albert hall or another place.” It
was recorded on the document called “On the Musical Scales of Various Nations.” It
was established in the Journal of the Society of Arts on March 27, 1885. This book has
become a reference for a book called ‘On the Sensations of Tone’, that was written by
Mr.Hermann Helmholtz. It was published in 1954, by Dover Publications (1954.p556).
The book is quoted “The King of Siam sent over his Court Band, with their
instruments, to the London Inventions Exhibition 1885, and the Siamese minister
obligingly allowed Mr. Hipkins and myself to determine the musical scale. Prince
Prisdang told us that the intention was to divide the octaves into 7 equal intervals, each

of which would then have 171.43 cents.”
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According to the quote above, this is oldest evidence that mentioned the
structure of the equal 7 tones of Thai musical scale system. Results of study were not
the same as the concept of the Thai musical scale system that mentioned the equal
intervals of adjacent pitch as 171.43 cents. At the same time, intervals of the pitch on
each instrument were not equal when compared to the other instruments. Instruments
have determined the musical scale that was recorded on a document as follows.
1. Ranad Ek (The bars made from wood slabs)
The results of the study are displayed in cent as follows.
Ist Octave : 0, 208, 326, 537, 698, 883, 1048, 1208
2nd Octave : 0, 200, 359, 537, 711, 883, 1057, 1222
3rd Octave : 0, 193, 347, 549, 698

2. Ranad Thong Leng (The bars made from brass slabs)

The results of the study are displayed in cent as follows.
0, 200, 340, 537, 699, 881, 1043, 1207

3. Ranad Lek (The bars made from metal slabs)

The results of the study are displayed in cent as follows.
Ist Octave : 0, 327,519, 679, 856, 1075, 1202
2nd Octave : 0, 150, 299, 447, 614, 743, 960, 1179
3rd Octave : 0, 90, 222, 430, 609

4. Chakhe

The results of study are displayed on cent as follows.
0, 198, 362, 528, 720, 890, 1080, 1250

From the results of the study of Thai instruments, it was reported that some
instruments are out of tune, because the tuning lumps had fallen from the bar.

The oldest Thai document to mention the Thai musical scale was found
while researching in 2016, in an article called ‘The Story of Music’ edited by Prince
Mahisara Rajaharudaya. It was published in a book called ‘Wachirayanwisaek’ in
1890. A significant quote from the book is “Pitches of Thai instruments can be
divided into only 7 tones. The pitch of the eight note degree is similar to the first note

in octave and the ninth note degree is similar to the second note degree, it was always
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a parallel interval like this till the end” (Sugree Charoensook 1997.p 23)

In 1932, Mr. Paul J. Seelig, published a book called ‘Siamese Music’. It
included 150 pieces of Thai music. He mentioned the equal 7 tones of the Thai
musical scale as follows.

“It was a problem when trying to do transcriptions of Thai music, because
Thai musical scale has a different structure of the musical scale from Western music.
Character of the Thai musical scale is diatonic scale. Ratio of interval is 1:7 by 1:12

when compared with Western music.” (Seelig, P. J. 1932.p1)

] | i i i i }
I i 1 I

1
1 i i
C ek TP BEYF IR OG-V A B C

Paul J. Seelig

Figure 2.6 Picture from Siamese Music

In 1938, a quote from a document of Thai musical narration, written by
Mr. Montree Tramod as follows

“The principle of science of playing Thai musical instruments, included
only 7 pitches in order. The sequence of pitch in 7 tones all have equal intervals of
adjacent pitch until the eight pitch, which was similar pitch to first pitch. As the
principle of Western music includes 7 tones as Thai music but interval of each pitch
was not equal. Also it can divide an octave into equal 12 pitches” (p. 15)

In 1950, the Fine arts Department of Thailand published a musical notation
of evening prelude. They were a consigned publishing company called J. Thibouville-
Lamy & Co. in England. It was in form of notation score, that included description in
Thai and English, by Phra Chenduriyang. It has one section that mentions the equal 7
tones of the Thai musical scale system as follows

“The Thai Musical scale is equally divided within its octave into seven

degrees of seven full tones equidistant as regards the different pitches. Had it any
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semitones, it would have fourteen but such is not the case.” This is merely mentioned
here for the purpose of comparison with the Western Chromatic Scale of twelve
semitones to the octave.

The Western Chromatic Scale is, by the equal temperament scale system,
divided within its octave into twelve semitones. A comparison between the two scales

will prove the difference by examining the following diagram” (p. 20).

- -“
vulaiaualne

- “
vulniaoamna

¥
“y

Figure 2.7 Picture form The Fine Arts Department

In 1968, from the book ‘Thai Culture New Series No.15’, on the subject
matter of Thai Music that was edited by Phra Chenduriyang, it mentioned the equal 7
tones Thai musical scale as follows

“As already stated, the Thai diatonic scale is composed of seven full tones
when in an octave. These are evenly distributed in equidistant steps and there are no
semitones between any of these full tone-steps” (Bangkok Thailand: The Fine Arts
Department.p 9)

In 1971, The King Bhumibol Adulyadej permitted The Fine Arts
Department of Thailand to publish the ‘Thai Classical Music Book No.1.” It has one

paragraph that mentions the Thai musical scale as follows
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“The Thai musical scale is equally divided within its octave into seven
degrees of seven full tones equidistant as regards to the different pitches. Had it any
semitones, it would have fourteen, but such is not the case. This is merely mentioned
here for the purpose of comparison with the Western Chromatic Scale of twelve
semitones to the octave.”

In 1974, from the book that was distributed at the funeral of Mr.Tevaphasit
Pattayakoson, on the subject of the project of Thai musical research, it was edited by
Pisud Satapornpurisuk. On pages 124-125 it mentioned the Thai musical scale system
as follows

“From the Thai musical theory of the Thai musical scale system, an octave
is equally divided into 7 pitches” (Chulalongkorn, 1999, p.68)

In 1976, Mr. David Morton came to Thailand to study Thai music for his
research for his doctor’s degree from the University of California. He recorded the
results of his research in a book called ‘The Traditional Music of Thailand.” This book

is famous overseas for people who want to study Thai classical music in English.
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Chart 1. Comparlson of Thai and Western tuning systems.

Figure 2.8 Diagram from The Traditional music of Thailand
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From the diagram, the comparison of the Western musical scale and the
Thai musical scale by Mr. David Morton (Morton, D 1976) shows a structure of cents
of adjacent pitches between the two scales.

From the information above, the conclusion was to equally divide the Thai

musical scale system into 7 pitches in an octave.

2.1.4 Digital recording system
Nowadays, the recording system has changed, from analog to digital
format, and from recording on tape machine, to recording on hard disk. Benefits of
working with a digital recording system include powerful editing, playback and
mixing sound data without loss of quality. When sound has been recorded to digital
format, it gives the opportunity to synthesize sound data for creating a new sound with
a computer or laptop, it is called sound design.
Equipments used in digital recording systems that record the sound source
to digital format as follows
2.1.4.1 Microphones
The principle of the microphone is to convert a signal from
acoustic to electric. Microphones can be categorized as condenser microphones,
dynamic microphones and ribbon microphones. Using different microphones to record
one sound source has a different effect on the sound quality. To achieve the highest
sound quality while recording, consider which microphone to use, depending on the
character of the sound source, frequency response and polar pattern of the microphone.
This is because each microphone has a different frequency response and polar pattern.
2.1.4.2 Audio Interface
Audio Interface or sound card is an important piece of
electronic equipment for the digital recording system. It is used to record sound into
the computer for playback or editing. It includes internal and external audio interfaces
depending on the application of the user. Audio Interface works to convert an electric

signal or analog signal received from the microphone or other sound source, into the
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hard disk in the computer. Alternatively, it can be used to convert a digital signal to

analog or electric signal for playback on speakers or headphones.

2.1.5 Sampler

A sampler is an electric musical instrument that it used to record sound
into a machine to play back again or to reload sound from a hard disk. It can not
generate sound by itself like a synthesizer. Some sampler machines are controlled by
an external keyboard or midi commands. Some benefits of the sampler are, it is
convenient to record, store and playback sound. It gives an opportunity to play the
sound of many musical instruments on a keyboard controller or pad, such as a drum kit
or woodwind instruments. It is useful for people who can not play many musical
instruments or can not afford other musical instruments for performing or recording.

Samplers are available in hardware and software versions.

Picture from www.soundonsound.com

Figure 2.9 AKAI sampler machine Hardware
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Picture from www.vintagesynth.com
Figure 2.10 Sampler plugin in Reason 4

2.1.6 Synthesizer

The synthesizer is an electronic musical instrument that can generate
sound from an electronic signal from an oscillator. The oscillator can generate a
variety of waveforms, such as sine wave and sawtooth waveform. It can imitate the
sound of other existing instruments or sounds, or generate new sounds by combining

waveforms that are generated from the oscillator, to a variety of filter effects.

Sine

Square

Triangle

Sawtooth

Picture form http://10rem.net/blog/2011
Figure 2.11 Waveform generated from oscillator
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The synthesizers that do not include keyboards are called sound modules.
They can be controlled by an external midi controller or other instruments such as the

guitar synthesizer. Nowadays, synthesizers include software and hardware.

Picture from www.3quarksdaily.com
Figure 2.12 Hardware synthesizer

Picture from http://fr.audiofanzine.com

Figure 2.13 Software synthesizer


http://www.3quarksdaily.com/.a/6a00d8341c562c53ef0176154731c0970c-popup
http://www.3quarksdaily.com/.a/6a00d8341c562c53ef0176154731c0970c-popup
http://fr.audiofanzine.com/
http://fr.audiofanzine.com/
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CHAPTER III
METHODS OF RESEARCH

Method of this research began from the study of Thai musical theories and
the history of Thailand in each period. Research includes interviews with Thai
musicians and professors of Thai classical music. Researcher has recorded the sound
of Thai instruments that are used in Piphat. Afterwards, all data was synthesised by

computer program as follows.

3.1 Study to context of the Thai musical scale system

Following the hypothesis, Researcher has studied the context of the equal
7 tones of the Thai musical scale system that is used by Thai Piphat musicians, from
the past to present. Researcher has studied documents and research, from many
languages, related to the equal 7 tones of the Thai musical scale system. As well as
interviews with professors of Thai classical music or Thai musicians that had been

accepted by people who work in Thai classical music.

3.2 Study for how to set tuning function used in electric instruments
This research used musical software to study how to set the tuning

function in electric instruments, such as synthesizers. The instrument software is called

Softsynth. The study was to the limits of the tuning functions that were used to set the

frequency of pitch that is used in Softsynth.
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3.3 Collection of Data

Data from documents of the Thai musical scale system and Thai musical

theories have been collected from a variety of resources as follows

3.3.1 Documents data

Following the first order of hypothesis, Researcher has methods of
collecting data of Thai musical scale system from different resources as follows
Data from documents of the Thai musical scale system and Thai musical theories have
been collected from a variety of resources as follows

- Jiew Bangsue Music library, Mahidol University

- H.R.H. Princess Mahachakri Sirindhorn Music library, Mahido
University

- Musical websites as follows, Library Music Source, IPA Source, Music
Online Reference Package, Naxos Music Library, Oxford Bibliographies online,
Oxford Music Online, RILM Abstracts of Music Literature

Data has been collected from research including ‘The Sound Frequency of
the Notes Used in the Thai Musical Scale’ by Churalongkorn University, ‘Sound and
Musical Scale of Thai Classical Music’ by Mr.Sugree Charoensook, ‘Sound
Adjustment of Thai Classical Music’ by Mr. Somchai Rutsamee and ‘Research of the
Traditional Music of Thailand’ by Mr.David Morton.

Books that have mentioned the Thai musical scale system include, ‘On the
Sensations of Tone’ by Hermann Helmbholtz, ‘Analysis of Thai Classical Music’ by
Mr.Manop Wisudtipad, ‘Thai Score’ published by The fine arts department of
Thailand, ‘Siamese Music’ by Mr.Paul J. Seelig and ‘Thai music’ by Phra
Chenduriyang.

3.3.2 Interview data
Interview data has been collected from professors and musicians who are
experts in Thai music as follows

- Assoc. Prof. Narongchai Pidokrajt, Mahidol University.
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- Assist. Prof. Dr.Anak Charanyananda, Mahidol University.
- Prof. Dach Koneam, Nakhon Sawan Rajabhat University.
- Mr.saharat Chancheleum, Mahidol University.

- Mr.Paitoon Choeicharoen

* Quantity of reviewers depended on the situation of fieldwork*

3.3.3 Sound of Thai musical instruments

Study of the structural musical scale system used by Thai musical
instruments by recording sounds in fieldwork included Ranad Ek, Ranad Tum and
Kong Wong Yai. Instruments have been recorded into a digital recording system by
Protools software. After that, it was analyzed by computer software and tune pitches
into the Thai musical scale system following results from study of the Thai musical
structure. Next, sound map with sampler software to programing synthesizer software.
Thai musical instruments were recorded at College of music, Mahidol University

Thailand. Instruments for recording were selected according to the condition of each.

3.3.4 Method of Thai instruments recording

All Thai instruments have been recorded into a digital recording system by
Protools software pitch by pitch. Each pitch has been recorded in four different levels,
from soft to loud. Using three or four microphones to record each instrument, pitches
of the Thai musical instruments have been recorded as follows

- Ranad Ek consists of 22 pitches.

- Kong Wong Yai consists of 16 pitches.

- Ranad Tum Lek consists of 17 pitches.

All Thai instruments have been recorded by Mr.Songpone Ledgobgul, who
is a musician and instructor in the Thai music department at College of music,

Mahidol University Thailand.

3.3.5 Photo Data

All photos have been taken by camera phone to show recording
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equipment, Thai instruments, steps of recording Thai musical instruments, and Thai

musicians.

3.4 Data management
All data has been collected from a variety of methods including
documents, interviews, and sound of Thai instruments. The data management methods

used are as follows

3.3.1 Document data
Documented data was categorized into a database. It was then used to

reference information for tuning the pitch into the Thai musical scale system.

3.3.2 Interview data
Interview data was used to correct and support an information that was

taken from documents.

3.3.3 Sound data of Thai instrument

The sound samples of Thai instruments were used to tune the frequency
that resulted from the study of the Thai musical scale system. After that, it was used
for mapping with a sampler plugin to be a reference to set tuning function in

Softsynth.

3.5 Data analysis
The method to analyze data that has been collected from a variety of

resources, is as follows
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3.5.1 Data analysis follow first order of hypothesis
The principle used to analyze the context of equal 7 tone of the Thai
musical scale system, is an analysis of opinion from an interview with evidence from

the Thai musical scale system.

3.5.2 Data analysis following second order of hypothesis
Using information from a study of the Thai musical scale system to
synthesize a standard frequency of pitches in equal 7 tones of the Thai musical scale
system in electric instruments and set function tuning in electronic instruments to the
Thai musical scale system. The steps of the process are as follows
3.3.2.1 Synthesize frequency of pitches of the Thai musical
scale by computer software following the Thai musical scale structure.
3.3.2.2 Tune the pitch of Thai instruments sound data into the
reference frequency from synthesize following the Thai musical scale structure.
3.3.2.3 Set the frequency of pitch in electric instruments into
the Thai musical scale system by using the tuning function.
3.3.2.1 Program Thai song by midi on DAW and run sampler

plugin for Thai instruments and softsynth together for the experiment.

3.6 Research presentation

Researcher presented all data that has been studied following the
hypothesis as follows.

- Chapter 4 Study of the structure and format of the Thai musical scale
system.

- Chapter 5 Synthesize function of the tuning setting used in electronic

musical instruments.
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3.7 Research regulation
This research has a regulation that is used for reference of the frequency of
C note from the equal temperament scale system, it is 261.63Hz. The value of cent is

equal to 171.42 cents of pitch in the scale.
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CHAPTER 1V
STUDY OF STRUCTURE AND FORMAT OF THE THAI
MUSICAL SCALE SYSTEM

4.1 Structure of the Thai musical scale

According to information that was found in documents on the Thai
musical scale system, an octave contains 7 pitches that have equal intervals for each
pitch. The eight pitch is similar to the first pitch but has double the frequency. The
method that was used in the past to tune the frequency of pitch in an octave of Thai
musical scale system is as follows. First, using the initial pitch to tune the next pitch to
the octave (The sound frequency of the notes used in the Thai musical scale (1999). p.

8.)

Octave

Figure 4.1 Octave interval

From the picture, intervals of notes are an octave. After that, find the next
pitch by tuning the pitch into perfect fifth interval from the first note. This pitch is the
fifth pitch in the scale. It is a perfect fifth interval from the first note and a perfect
fourth from the octave of the first note. This is G note, the fifth note degree in the

scale.

P5 P4

I S

—TTN

Figure 4.2 Perfect 5™ and Perfect 4 intervals
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Next, is E note, the third note degree in the scale. It has Major third

interval between C note and G note.

Ut -

o) |
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Figure 4.3 Major 3™ and Perfect 4™ intervals

The next notes are D and F, thy are the second and fourth note degrees on
the scale. They are found in the middle, D is between C and E notes and F is between

E and G notes. Both of them have Major Second interval.

T [ T | R

I
I
1o y 2
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[ 4 T
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C,E;S;D
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Figure 4.4 Major 2" and Perfect 4" intervals

Last, are notes A and B, the sixth and seventh note degrees in the scale.

Both of them have Major Second intervals.

(i e e | e | e [

A I | |
("4 1 1 1
| i 1 1 5| 2 y i
ey ] g r i ol {
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Figure 4.5 Major 2" intervals

From the method above, it is concluded that the equal 7 tone scale consists
of C, D, E, F, G, A and B notes. Each note has equal intervals that are Major second
interval or 2 semitones. This method was used to tune Thai instruments in the Thai
musical scale in the past.

It was recorded, in a study by Chulalongkorn University, that the creation
of sound of the 7 tone system came from Thai classical music. They experimented to
create sound by using many kinds of Thai duct flute, called Khlui. The way to
experiment is to play one note with different forces of air. The result of the study is as

follows.
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Playing one note with different forces of air can produce four different
pitches, including initial note, Perfect eight (Octave), Perfect fifth and Major third, in
that order. Next, the process was repeated again, but the initial pitch was changed to
the perfect fifth that was created by the first note. Continue the process until all 7 notes
used by Thai classical bands are found. The process is as follows.

Starting on C note, create a new pitch that has perfect fifth interval from C

note, G note is the fifth note scale degree.

=

Second, Change the initial pitch to G note. It will produce D note. It is the

fifth interval of G note, it is the second note scale degree.

> (o)

Third, change the initial pitch to D note. It will produce A note. It is the

fifth interval of D note, the sixth note scale degree.

o) =

When the steps of the process are continued, it will produce all notes used

in Thai classical music.

| l

o l
© @ O © W ©)
A ] | |

A |

Figure 4.6 Picture of step of pitch produced in Thai classical music
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4.2 Method of tuning used in Piphat

From the study of the method of tuning used in Piphat in the past, they
tuned the pitch by using woodwind instruments, such as Khlui, to tune the pitch for the
other instruments in the band. The tuning of other instruments was done by ear. The
reason Khlui is used to tune the pitch of the other instruments is because it is difficult
to tune the pitch of Khlui. Considering the use of an instrument as reference to tune
another instrument, it is difficult to adjust the pitch of the instrument. The Thai
woodwind instruments have an unadjustable pitch, that is why they are used to tune
other instruments. The Pi-nai is the woodwind instrument that it used to tune other
instruments in Piphat.

In the Phrabat Somdat Phra Pinklao Chaoyuhua (Rama 4) era, new
instruments, called Ranad Ek Lek and Ranad Tum Lek, were built to use in Piphat
(The sound frequency of the notes used in the Thai musical scale (1999). p7). Both of
them were difficult to adjust the pitch because of the process of building those
instruments. It was difficult to build Thai woodwinds and bar sticks made from iron.
As a result, Thai woodwinds were no longer used to tune instruments in Piphat. Ranad
Ek Lek and Ranad Tum Lek are used as a reference for tuning instruments in Piphat

instead.

4.3 Thai musical notation

Thai music did not have notation in the past. They transmitted orally from
teacher to student. They had to identify the pitch by imitating the sound of instruments
such as Ting, Nong or Noin. The study from fieldwork found that different places in
Thailand used different words to imitate the sound of instruments.

Nowadays, the identity of pitches in Thai classical music has been
influenced by Western music. The Thai letter that it used to identify the pitches has

been translated from the English letter and consists of C (@), D (5), E (W), F (W), G

(%), A (8) and B (M) in equal the 7 tones of the Thai musical scale system. There is no

evidence of using accidentals, such as sharp ( ) or flat ( b ), in Thai musical notation.
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K T B A ---a|l-mas|-a-n|-a-5[-9-aq
-W-5|-a-n|- -N-a|l-5das|-n-a|l-5-a|-n-9
RL B IR I -n-al-gds|-a-n|[-a-5|-W-aqa
-W-5|-a-n|- -N-a|l-5-N|-9-n|--5a|na-3

Figure 4.7 Thai musical notation

In the period of Prince Damrong Rajanubhab, the prince took the position
of prime minister of The Royal Society of Siam, which started to record Thai classical
notation in the way Western music notation is done. It was the first time musical staff
was used for Thai musical notation in Thailand. It started in the throne room in the
Varadis Palace on February 19, 1930 (Tham Kwan (1994). p6). The supervisor was
H.S.H. Pattanayu Diskul and Phra Chenduriyang was the director. Thai musical
teachers gave example songs to Western musicians to make the musical notation in a

Western musical notation style.

1@adu Choed Jin

" | wizsrAuslwia: Phra Pradit-phairawh
@mite Section 1 “ P

—_

2SR ASge N

Tt e e T

Figure 4.8 Thai classical song notation
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4.4 Format of the Thai musical scale system

From the study of the structure of the Thai musical scale system, the Thai

musical scale system equally divided an octave into seven tones, so that all pitches
have equal intervals. When the study continued to look for a standard of frequency of
each pitch used in the Thai musical scale, none could be identified. From the
information on the frequency of Thai music, researched by H.M. the King and
undertaken by the Faculty of Engineering of Chulalongkorn University (The sound
frequency of the notes use in the Thai musical scale(1999).p 29), the result of the study
of frequency of the pitch on Ranad Tum Lek, shows that in different places the
frequency of the pitch on Ranad Tum Lek, was different from other places when
compared.

The researcher has attempted to identify a frequency of pitch in the Thai

musical scale system that it used by the Piphat method as follows

4.5 Finding a frequency of pitch by Cent

The method of finding a frequency of pitch used Cent to identify the
structure of the Thai musical scale system first. After that, use the results of Cent to
find the frequency of pitch in the Thai musical scale system. First, the researcher has

attempted to identify the structure of equal temperament by Cent as follows.

4.5.1 Structure of Cent of Equal Temperament

Equal temperament is an octave divided into 12 pitches. The octave
intervals is equal to 1200 Cents. Use a mathematic equation of Cent to calculate each
interval adjacent of pitch in the equal temperament scale system. A mathematic

equation by Alexander J. Ellis is as follows

— Cent = 1200 x Log2 ©1L2)
Log2

Factors from the equation are as follows
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K = 1200 (Interval of the octave that is fixed for equal
temperament scale system)
L1/L2 = 212 = Ratio of frequency or length of equal

temperament scale system.

Ratio of frequency or length of equal temperament scale system is as

follows.

C €, Wi 0 D¥ E F F# G G* A A# B C

200112)  2(112) 212) (312) (412) (SN12) (eN2) 12 E12) (12)  (1012)  (11112)  2(12/12)

Figure 4.9 Ratio of frequency of equal temperament scale system

The researcher has represented all factors in the equation for the study of

structure of cent in the equal temperament scale system. The result is as follows.

Cent of C and C°

- Cent= 1200 x Log2 ("12)
Log2

- Cent=1200 xﬁ Log2

Log2
- Cent=100

The result proves the cent interval of C and C*® is 100 Cents

The researcher continued to calculate the cent intervals of each pitch in the

equal temperament scale system. The result of study is as follows
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Equal Temperament
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Figure 4.10 Structure of Cent in Equal temperament scale system

4.5.2 Structure of Cent of Thai musical scale system.
From the method that was used to find the structure of Cent in the equal
temperament scale system, the researcher has followed this method to find the

structure of cent of the Thai musical scale system as follows.

Cent = 1200 x Log2 (/")
Log2

K = 1200 (Interval of Octave that is referenced by the equal
temperament scale system)
L1/L2 = 2(/D = Ratio of frequency or length of the Thai

musical scale system.

Ratio of frequency or length of the Thai musical scale system is as

follows.
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c D E F G A B c

| | | | | | | |
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(
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Figure 4.11 Picture of ratio of Thai musical scale system

Centof Cand D

- Cent = 1200 x Log2 (/D
Log2

7
Log2

- Cent = 1200 x L Log2

- Cent=171.428

Centof Cand E

- Cent = 1200 x Log2 @7
Log2

7
Log2

- Cent = 1200 x 2 Log2

- Cent=342.857

Centof Cand F

- Cent = 1200 x Log2 @¢/7
Log2
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- Cent = 1200 x %LogZ

Log2

- Cent=514.285

Centof Cand G

- Cent= 1200 x Log2 “¢/)
Log2

- Cent=1200 x 3 Log?

Log2
- Cent=685.714
Cent of C and A

- Cent= 1200 x Log2 6/
Log2

- Cent = 1200 x %LogZ

Log2
- Cent=2857.142

Cent of C and B

- Cent = 1200 x Log2 ¢
Log2
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- Cent = 1200 x% Log?

Log2
- Cent=1028.571

All the results of cent have been arranged in order and displayed as a

picture to show the structure of the Thai musical scale system on cent as follows.

2 sem| 2 sem| 2 sem| 2 sem| 2 sem| 2 sem| 2 sem|

| 171.43 I 171.43 | 171.43 171.43 171.43 171.43 171.43
C D E F G A B

171.4

3428

5142

685.7

857.1

1028.5

1200

Figure 4.12 Structure of Thai musical scale system

It has the same result as the structure of Thai musical scale system when

compared with the picture from a document by Mr.David Morton as follows.
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THAL

SYSTEM

WESTENN
SYSTEM

Chart 1. Comparison of Thai and Western tuning systems.

Figure 4.13 Picture from The Traditional music of Thailand book

In conclusion, the Thai musical scale system has been equally divided into
7 tones in an octave. The interval of each pitch is 171.42 Cents. The researcher has
arranged the results of the study to compare the intervals in cent between the Thai

musical scale system and the equal temperament scale system into the table as follows.

Table 4.1 Comparison of Cent

Note Equal Temperament scale Thai musical scale system Deviation
system (Cent) (Cent)

C 0 0 -

D 200 171.4 -28.6
E 400 342.8 -57.2
F 500 514.2 +14.2
G 700 685.7 -14.3
A 900 857.1 -42.9
B 1,100 1028.5 -71.5
C 1,200 1,200 -
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The deviation is on a decimal point that is difficult to use for tuning
electric instruments. The researcher has rounded the decimal of deviation as follows; if
the value is equal to or more than 0.5, it has been rounded up. On other hand, if the
value is less than 0.5, it has been rounded down. The results of rounding the decimal

are displayed on the table as follows.

Table 4.2 The rounding of the deviation

Note Old deviation New deviation

G - .

D -28.6 -29
E -57.2 -57
F +14.2 +14
G -14.3 -14
A -42.9 -43
B -71.5 =72
C - -

4.6 Method of searching for frequency of pitch in musical scale system

This research used the reference frequency pitch from the equal
temperament scale system. The researcher has studied the frequency of pitch that was
used in the equal temperament scale system, and the frequency of pitch of equal

temperament is displayed on the piano keys as follows

Frequencies of Musical Notes base on Equal Temperament system

= 2960.0 Hz

M
&
bS]
I
3t
<

Fi

" "
V|o|lwlu|V[<|a|u[o|w|uw

Figure 4.14 The Frequency of pitch on piano
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From the study of Thai musical notation, the accidentals, sharp( 5 ) or flat
(b ), were not found. The researcher has considered pitch without accidentals only to

experiment a method of calculating a frequency.

4.6.1 Calculation of frequency of pitch in the equal temperament scale
system

Researcher has used the pitch C, D, E, F, G, A and B in an octave. These
notes are used in the equal temperament scale system for calculation. Frequencies of

those pitches are displayed on the table as follows.

Table 4.3 The frequencies and Cents of the equal temperament scale system

Note Frequency (Hz) Cent
C 261.63 0
D 293.66 200
E 329.63 400
F 349.23 500
G 392 700
A 440 900
B 493.88 1,100

To calculate the frequency used in the initial frequency by changing cent
value, use software from website http://www.sengpielaudio.com/calculator-
centsratio.htm. For testing software, Researcher has first calculated to find the
frequency of pitch in the equal temperament scale system. The result of the calculation

of frequency in the equal temperament as follows.


http://www.sengpielaudio.com/calculator-centsratio.htm
http://www.sengpielaudio.com/calculator-centsratio.htm
http://www.sengpielaudio.com/calculator-centsratio.htm
http://www.sengpielaudio.com/calculator-centsratio.htm

Fac. of Grad. Studies, Mahidol Univ. M.A.(Musicology) / 39

Changing of the frequency about a cent value

Initial tone f Hz
Change of pitch J cents
pree | | calelte
New frequency f Hz

(Picture from www.sengpielaudio.com)

Figure 4.15 Changing of the frequency by cent value software

The initial tone of C note that is used in the equal temperament scale
system has a frequency of pitch that is 261.63Hz. Change of pitch parameter has
changed by cent value following the result of study of structure in the equal

temperament scale system.

Frequency of D note
Following the structure of equal temperament, D has cent value of 200
cents or 2 semitones. Enter a representation of cent value to calculate the results as

follows.

Changing of the frequency about a cent value

Initial tone f 261.63 Hz
Change of pitch J 200 cents

Creset || caleulate |

New frequency f 293.669745699183 Hz

(Picture from www.sengpielaudio.com)

Figure 4.16 Frequency of D note by cent value of equal temperament

The result of the calculation, D note has a frequency of pitch that is

293.66Hz.


http://www.sengpielaudio.com
http://www.sengpielaudio.com
http://www.sengpielaudio.com
http://www.sengpielaudio.com

Thassana Asoksiri Study of Structure and Format of the Thai Musical Scale System / 40

Frequency of E note
Following the structure of equal temperament, E has cent value of 400

cents or 4 semitones. Enter a representation of cent value to calculate the results as

follows.

Changing of the frequency about a cent value

Initial tone f 261.63 Hz
Change of pitch J 400 cents

Peay | [

New frequency f 329.633144283999 Hz

(Picture from www.sengpielaudio.com)

Figure 4.17 Frequency of E note by cent value of equal temperament

The result of the calculation, E note has a frequency of pitch that is

293.66Hz.

Frequency of F note
Following the structure of equal temperament, F has cent value of 500

cents or 5 semitones. Enter a representation of cent value to calculate the results as

follows.

Changing of the frequency about a cent value

Initial tone f 261.63 Hz
Change of pitch J 500 cents
_reset |} coluiare |

New frequency f 349.234151046511 Hz

(Picture from www.sengpielaudio.com)

Figure 4.17 Frequency of F note by cent value of equal temperament

The result of the calculation, F note has a frequency of pitch that is

349.23Hz.


http://www.sengpielaudio.com
http://www.sengpielaudio.com
http://www.sengpielaudio.com
http://www.sengpielaudio.com
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Frequency of G note
Following the structure of equal temperament, G has cent value of 700

cents or 7 semitones. Enter a representation of cent value to calculate the results as

follows.

Changing of the frequency about a cent value

Initial tone f 261.63 Hz
Change of pitch J 700 cents

Jreset | L calculate |

New frequency f 392.002080523254 Hz

(Picture from www.sengpielaudio.com)

Figure 4.18 Frequency of G note by cent value of equal temperament

The result of the calculation, G note has a frequency of pitch that is 392Hz.

Frequency of A note

Following the structure of equal temperament, A has cent value of 900
cents or 9 semitones. Enter a representation of cent value to calculate the results as

follows.

Changing of the frequency about a cent value

Initial tone f 261.63 Hz
Change of pitch J 900 cents

Creset || clculate|

New frequency f 440.007458245670 Hz

(Picture from www.sengpielaudio.com)
Figure 4.19 Frequency of A note by cent value of equal temperament

The result of the calculation, A note has a frequency of pitch that is 440Hz.


http://www.sengpielaudio.com
http://www.sengpielaudio.com
http://www.sengpielaudio.com
http://www.sengpielaudio.com
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Frequency of B note

Following the structure of equal temperament, B has cent value of 1,100
cents or 11 semitones. Enter a representation of cent value to calculate the results as

follows.

Changing of the frequency about a cent value

Initial tone f 261.63 Hz
Change of pitch J 1100 cents

[reser| | [csleulate

New frequency f 493.891672853838 Hz

(Picture from www.sengpielaudio.com)
Figure 4.20 Frequency of B note by cent value of equal temperament

The result of the calculation, B note has a frequency of pitch that is

493.89Hz.

Frequency of C note (octave)
Following the structure of equal temperament, C (octave) has cent value

of 1,200 cents or 12 semitones. Enter a represent of cent value to calculate the results

as follows.

Changing of the frequency about a cent value

Initial tone f 261.63 Hz
Change of pitch J 1200 cents

Jreset || calculate |

New frequency f 523.260000000018 Hz

(Picture from www.sengpielaudio.com)

Figure 4.21 Frequency of C note by cent value of equal temperament

The result of the calculation, B note has a frequency of pitch that is

523.26Hz.


http://www.sengpielaudio.com
http://www.sengpielaudio.com
http://www.sengpielaudio.com
http://www.sengpielaudio.com
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The results are then displayed, for all frequencies that were taken from the
calculations of the frequency of pitch in equal temperament, for comparison. The

results are as follows.

Table 4.4 Frequencies from the calculations and equal temperament comparison

Note Equal temperament (Hz) Frequency from calculation (Hz)

C 261.63 261.63
D 293.66 293.67
E 329.62 329.63
F 349.23 349.23
G 392.00 392

A 440.00 440

B 493.88 493.89
C 532.25 532.26

According to the table, when considering a frequency of calculation and
frequency of equal temperament, the results of the comparison were similar to each
other. The frequency of the calculation differed from the frequency of the equal
temperament by only 0.01 Hz. Therefore; method has been proven to find the

frequency of pitch in Thai musical scale system.

4.6.2 Calculation of frequency of pitch in the Thai musical scale
system

According to the study of documents on the Thai musical scale system
used in Piphat, there is no standard frequency of pitch. There are various pitches of
frequency in different places around Thailand. Also researcher has taken the initial
tone from equal temperament for calculation by using C note, with a frequency of

261.63 Hz and uses the cent value form the study of the Thai musical structure.
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The results of the calculation of frequency of the Thai musical scale system is as

follows.

Frequency of D note
Following the structure of the Thai musical scale, D has cent value of

171.42 cents. Enter a representation of cent value to calculate the results as follows.

Changing of the frequency about a cent value

Initial tone f 26163 | Hz
Change of pitch J 171.42 cents
e | e

New frequency f 288.861509290790 Hz

(Picture from www.sengpielaudio.com)
Figure 4.22 Frequency of D note by cent value of Thai musical scale

The result of the calculation, D note has a frequency of pitch that is

288.86Hz.

Frequency of E note
Following the structure of the Thai musical scale, E has cent value of

342.84 cents. Enter a representation of cent value to calculate the results as follows.

Changing of the frequency about a cent value

Initial tone f 261.63 Hz
Change of pitch J 342.84 cents

yﬁ| ) calculate

New frequency f 318.927384282205 Hz

(Picture from www.sengpielaudio.com)

Figure 4.23 Frequency of E note by cent value of Thai musical scale

The result of the calculation, E note has a frequency of pitch that is

318.92Hz.
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Frequency of F note
Following the structure of the Thai musical scale, F has cent value of

514.26 cents. Enter a representation of cent value to calculate the results as follows.

Changing of the frequency about a cent value

Initial tone f 261.63 Hz
Change of pitch J 514.26 cents

New frequency f 352.122637227847 Hz

(Picture from www.sengpielaudio.com)

Figure 4.24 Frequency of F note by cent value of Thai musical scale

The result of the calculation, F note has a frequency of pitch that is

352.12Hz.

Frequency of G note
Following the structure of the Thai musical scale, G has cent value of

685.68 cents. Enter a representation of cent value to calculate the results as follows.

Changing of the frequency about a cent value

Initial tone f 261.63 Hz
Change of pitch J 685.68 cents

Crese || calculate |

New frequency f 388.772986450673 Hz

(Picture from www.sengpielaudio.com)

Figure 4.25 Frequency of G note by cent value of Thai musical scale

The result of the calculation, G note has a frequency of pitch that is

388.77Hz.
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Frequency of A note
Following the structure of the Thai musical scale, A has cent value of

685.68 cents. Enter a representation of cent value to calculate the results as follows.

Changing of the frequency about a cent value

Initial tone f 261.63 Hz
Change of pitch J 857.1 cents

e |

New frequency f 429.238052354964 Hz

(Picture from www.sengpielaudio.com)
Figure 4.26 Frequency of A note by cent value of Thai musical scale

The result of the calculation, A note has a frequency of pitch that is

429.23Hz.

Frequency of B note
Following the structure of the Thai musical scale, B has cent value of

685.68 cents. Enter a representation of cent value to calculate the results as follows.

Changing of the frequency about a cent value

Initial tone f 261.63 Hz
Change of pitch J 1028.52 cents

Creset || calculate |

New frequency f 473.914886092170 Hz

(Picture from www.sengpielaudio.com)
Figure 4.27 Frequency of B note by cent value of Thai musical scale

The result of the calculation, B note has frequency of pitch that is

473.91Hz.
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Frequency of C note (octave)
Following the structure of the Thai musical scale, C (octave) has cent
value of 1,200 cents. Enter a representation of cent value to calculate the results as

follows.

Changing of the frequency about a cent value

Initial tone f 261.63 Hz
Change of pitch J 1200 cents

reset Il calculate |

New frequency f 523.260000000018 Hz

(Picture from www.sengpielaudio.com)

Figure 4.28 Frequency of C note by cent value of Thai musical scale

The result of the calculation, C (octave) has a frequency of pitch that is

523.26Hz. In other words, the octave has a double frequency.

The results of the frequencies of the Thai musical scale system are

displayed on the following table.

Table 4.5 The frequencies of the Thai musical scale system

Note Frequency (Hz)
C 261.63
D 288.86
E 318.92
F 352.12
G 388.77
A 429.23
B 473.91
C 523.26
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Comparison of cent and frequency between the Thai musical scale system

and Equal temperament is displayed on the following table.

Table 4.6 The Frequency of the equal temperament and Thai musical scale comparison

chart
Equal Temperament Thai musical scale
Note
Frequency (Hz) Frequency (Hz)

261.63 C 261.63
293.66 D 288.86
329.63 E 318.92
349.23 F 352.12

392 G 388.77

440 A 429.23
493.89 B 473.91
523.26 C 523.26

Table 4.7 Cent value of the equal temperament and Thai musical scale comparison

chart
Equal Temperament Thai musical scale
Note
Cent Cent
0 C 0
200 D 171.42
300 E 342.84
500 F 514.26
700 G 685.68
900 A 857.10
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Equal Temperament

Thai musical scale

Note
Cent Cent
1,100 B 1028.52
1200 C 1200
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CHAPTER V
SYNTHESIZING TUNING FUNCTION IN ELECTRONIC
INSTRUMENTS

Researcher used the results of the study in the previous chapter to

synthesize tuning function in electronic instruments. The method is as follows.

5.1 Synthesizing tuning function in Synthesizer Software

Synthesizer Software, or Soft synth, is a plug-ins that is used with DAW.
It generates sound by an Oscillator. An Oscillator can generate sound from various
waveforms such as sine wave, sawtooth wave or triangle wave. After that, the signal is

sent to filters to adjust the audio effects before going to output.

Square
W

(Picture from http://10rem.net/blog/2011)

Figure 5.1 Basic of waveform

The diagram of the signal flow is displayed for the structure of the sound

generator as follows.
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(Picture from http://beausievers.com)

Figure 5.2 The diagram of the signal flow

From the study of tuning function used in Softsynth or Synthesizer
hardware, in general, Synthesizer Software or Hardware does not have an adjustable
frequency or cent value of the pitch. It can only adjust the value of filters or the value
of the effect Parameter. The waveform can be changed when adjusting with an audio
effect or filter. However; it does not effect the frequency of pitch. The frequency of

pitch is generated following the equal temperament scale system that follows.

Frequencies of Musical Notes base on Equal Temperament system
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Figure 5.3 Frequencies of Equal temperament scale system

This is why, when a synthesizer or keyboard is played in Thai
contemporary bands the sound does not go well with Thai instruments. When using a
synthesizer software or hardware to perform with Thai instruments, it must be set the
tuning function in the Synthesizer software or hardware, because the Thai musical

scale system has a different cent value or frequency of notes. This is called the micro

tuning function.
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5.1.1 Micro tuning Function

The micro tuning function is designed to tune a different frequency of each
note into other musical scale systems. This gives the opportunity to use a keyboard or
synthesizer to perform with other instruments that do not use the equal temperament
scale system. A preset or template can be saved depending on the software or

hardware. Functions can be adjusted by cent value or frequency.

(Picture from http://www.moogmusic.com)

Figure 5.4 Synthesizer Hardware

In this picture is the synthesizer hardware from Moog called Slim Phatty.
This is the one of the synthesizers that has the micro tuning function. It connects to
PC, Mac computer or laptop, in order to adjust the function and save it into preset. It

can adjust any pitch by cent value or frequency.
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Figure 5.5 Phatty Tuner software for PC

5.1.2 Absynth 5 softsynth
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(Picture from http://www.native-instruments.com)

Figure 5.6 Abysnth 5 softsynth
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The Absynth was developed by Native Instruments. The latest version of
Absynth is Absynth 5. The program includes 3 Oscillators; A, B and C. The signal is

generated by oscillators, is first sent to a filter module and then to a modulator module

before going to master section.

5.1.2.1 Oscillator Module

220.0000 §99
0.000 89

Figure 5.7 Oscillator Module in Absynth 5

All oscillators can generate different waveforms at the same
time. Each parameter can adjust values independent from each other. It can produce
many sounds by combining sounds generated from 3 oscillators. The researcher
studied the function used in the oscillator module as follows.

5.1.2.2 Waveform

Figure 5.8 Waveform in Absynth 5

Waveforms are categorized into 2 characters; Simple Waves
and Morph Waves. Simple waveforms are a standard waveform, such as Sine,
Triangle, Saw or Square. Morph waveforms are new waveforms that are formed by

combining 2 waveforms into a new waveform.
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Figure 5.9 List of waveform in Absynth 5

5.1.2.3 Frequency menu and frequency control
This function is used to set the frequency that is generated by
oscillators as follows.

Trans

-15.0000 09

Figure 5.10 Trans function in Absynth 5

This function is used to adjust a frequency by step of semitone.
For example, setting to 1.0 will lead to a transposition of 1 tone or 2 semitones
compared with the pitch of the note played.

Ratio

|Ratio_v | 0.4205 900

Figure 5.11 Ratio function in Absynth 5

This function is used to adjust a frequency by frequency ratio.
For example, along with the harmonic sequence: 2 corresponds with a transposition of
12 halftones, 3 with a transposition of 19 halftones, etc (Absynth5 reference manual,

(n.d.), p.47).
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Hz
[EEEd 220.0000 §99

Figure 5.12 Hz function in Absynth 5

This function is used to fix a pitch in Hertz. It is useful for
frequency and ring modulation. In this mode, the oscillator ignores the pitch of the
note played (Absynth5 reference manual,(n.d.), p.47).

Note

[E2Rd  S57.0000 909

Figure 5.13 Note function in Absynth 5

The fixed pitch corresponds to a selected MIDI note. This
mode is similar to the frequency mode Hz, but is more appropriate when you want to
use the oscillator on a note-bound frequency, (Absynth5 reference manual,(n.d.), p.
47).

From the study of the oscillator function in Absynth 5, the oscillator is
flexible, so that the frequency is adjustable. It is useful to adjust the frequency of
Absynth 5 to the frequency of the Thai musical scale system. The researcher has used
Hz function to tune the frequency of Absynth 5 into the frequency of the Thai musical

scale system following the results of the study from the previous chapter.

5.1.3 FM8 Softsynth

nnnnnnnnnn

| Effects | D

Figure 5.14 FM8 Softsynth
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FMS8 softsynth was developed by Native Instrument. It is based on the
synthesizer hardware by Yamaha, called DX7. It is an FM synthesizer (Frequency
Modulation). It was famous in 80s, and has been used by many musicians, especially

in pop music.

(Picture from http://medias.audiofanzine.com)
Figure 5.15 Yamaha synthesizer Model DX7

FMS has a micro tuning function that comes with many different presets of

scale structure. It can adjust frequency of pitch by cent value

Figure 5.16 Micro tuning Function in FM8
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The researcher used the value of cent, from the results of the study of Thai

musical scale system, to fill in the parameters as follows.

C =0 Cent

D =-29 Cents

E =-57 Cents

F =+14 Cents
= - 14 Cents

A =-43 Cents

B =-72 Cents

The result of the parameter, in micro tuning function in FMS, is as follows.

Figure 5.21 Structure of Thai musical scale by cent

Next, researcher used FMS, that was tuned to the Thai musical scale

system, to play Thai music with a Thai sampler.

5.2 Method of collecting sound samples of Thai instruments

In fieldwork, the researcher has recorded the sound of Thai instruments
Ranad Tum Lek, Ranad Ek and Kong Wong Yai. They were recorded pitch by pitch,
into digital recording software called Protools LES8, to make Thai sound samples. Each
pitch has been recorded in 4 dynamics; soft (p), moderately soft (mp), moderately loud
(mf) and loud (f).
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Figure 5.22 Protools LE8 Software

I

5.2.1 Sound samples of Ranad Tum Lek

The researcher has recorded the sound of Ranad Tum Lek, in College of
music, Mahidol University. The method of selecting an instrument is to choose one
according to its condition. The microphones that were used for the recording of Ranad
Tum Lek, were model No.C414 by AKG, for recording sound the from bar sticks and

U89 by Neumann, for recording sound from overhead.

Figure 5.23 Overhead microphone U89 by Neumann
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ol

Figure 5.24 Recording sampling of Ranad Tum Lek
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Figure 5.26 E note of Ranad Tum Lek waveform
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F note

tup_ Window _Help

Figure 5.27 F note of Ranad Tum Lek waveform

G note

tup Window Help

Figure 5.28 G note of Ranad Tum Lek waveform
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Figure 5.29 A note of Ranad Tum Lek waveform

B note

tup  Window  Help.
o

End
Length

»

Figure 5.30 B note of Ranad Tum Lek waveform
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Figure 5.32 D2 note of Ranad Tum Lek waveform
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Figure 5.34 F2 note of Ranad Tum Lek waveform



Fac. of Grad. Studies, Mahidol Univ. M.A.(Musicology) / 67

G2 note

IFr=Eaniles -

e

v INSERTSAE  SENDSAE 1o

T
|

_Nele
NS T v PR

Leladias ] ey

v INSERTSAE  SENDSAE
Tum LEG (LOW)_32

Tum LEG (H) 32]

Tum LEG (DIRECT)_32

Figure 5.36 A2 note of Ranad Tum Lek waveform
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Figure 5.37 B2 note of Ranad Tum Lek waveform

C3 note

tup Window Help

RN = v v WA

AR | ey = e

Figure 5.38 C3 note of Ranad Tum Lek waveform
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Figure 5.39 D3 note of Ranad Tum Lek waveform
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Figure 5.40 E3 note of Ranad Tum Lek waveform
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Figure 5.41 F3 note of Ranad Tum Lek waveform

All pitches of Ranad Tum Lek were recorded. In all, they are 17 pitches

that were recorded in 3 dynamics; soft(p), moderately loud(mf) and lond(f).

5.2.2 Sound samples of Kong Wong Yai

The researcher has recorded the sound of Kong Wong Yai, in College of
music, Mahidol University. The method of selecting an instrument is to choose one
according to its condition. The microphones that were used to record the samples of
Kong Wong Yai were model No.C414 by AKG, to record sound from the gongs and

overhead.

\

Figure 5.42 C414 by AKG
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Figure 5.43 Recording samples of Kong Wong Yai

Kong Wong Yai was recorded in 4 dynamics; soft(p), moderately soft(mp),
moderately loud(mf) and loud(f).
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Figure 5.44 D note of Kong Wong Yai waveform
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E note

Figure 5.45 E note of Kong Wong Yai waveform

F note

Figure 5.46 F note of Kong Wong Yai waveform
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Figure 5.48 A note of Kong Wong Yai waveform
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Figure 5.50 C2 note of Kong Wong Yai waveform
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Figure 5.51 D2 note of Kong Wong Yai waveform
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Figure 5.52 E2 note of Kong Wong Yai waveform
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Figure 5.53 F2 note of Kong Wong Yai waveform
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Figure 5.54 G2 note of Kong Wong Yai waveform
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Figure 5.56 B2 note of Kong Wong Yai waveform
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Figure 5.57 C3 note of Kong Wong Yai waveform

D3 note
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Figure 5.58 D3 note of Kong Wong Yai waveform
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Figure 5.59 E3 note of Kong Wong Yai waveform

In all, 17 pitches were recorded from Kong Wong Yai.

5.2.3 Sound samples of Ranad Ek

The researcher has recorded the sound of Ranad Ek in College of music,
Mahidol University. The method of selecting an instrument is to choose one according
to its condition. The microphones that were used to record Ranad Ek were model
No.MD421 by Sennheiser, for recording the sound from bar sticks and U89 by

Neumann, for recording sound from overhead.

Figure 5.60 Recording samples of Ranad Ek
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Figure 5.61 Recording samples of Ranad Ek
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Figure 5.62 F note of Ranad Ek waveform
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Figure 5.63 G note of Ranad Ek waveform
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Figure 5.64 A note of Ranad Ek waveform
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Figure 5.65 B note of Ranad Ek waveform
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Figure 5.66 C2 note of Ranad Ek waveform
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Figure 5.67 D2 note of Ranad Ek waveform
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Figure 5.68 E2 note of Ranad Ek waveform
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Figure 5.69 F2 note of Ranad Ek waveform
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Figure 5.70 G2 note of Ranad Ek waveform
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Figure 5.72 B2 note of Ranad Ek waveform
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Figure 5.73 C3 note of Ranad Ek waveform
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Figure 5.74 D3 note of Ranad Ek waveform
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Figure 5.76 F3 note of Ranad Ek waveform
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Figure 5.77 G3 note of Ranad Ek waveform
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Figure 5.78 A3 note of Ranad Ek waveform
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Figure 5.79 B3 note of Ranad Ek waveform
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Figure 5.80 C4 note of Ranad Ek waveform
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D4 note

Figure 5.81 D4 note of Ranad Ek waveform
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Figure 5.82 E4 note of Ranad Ek waveform
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Figure 5.83 F4 note of Ranad Ek waveform

In all, 22 pitches were recorded from Ranad Ek.

The results of recording Thai instruments sound samples as follows.

- Ranad Tum Lek has D - F3 notes, totaling 17 pitches.

- Ranad Ek has F - F4 notes, totaling 22 pitches.

- Kong Wong Yai has D - E3 notes, totaling 16 pitches

After that, a computer program was used to adjust the frequency of all
pitches into the frequency of the Thai musical scale system by cent value. The adjusted
frequency method has the following process.

- Adjust all pitches of Thai instruments sound samples into equal
temperaments to use as a reference frequency.

- After the sound sample is tuned into the equal temperament scale system,
it will have an adjusted frequency the same as in the results of the study of the Thai

musical scale system.
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5.3 Adjustment of all pitches of Thai instruments sound samples into
the equal temperament scale system to use as a reference
frequency

Because there was no standard frequency of pitch in the Thai musical scale
system, all pitches of the Thai instruments sound samples have been tuned into the
equal temperament scale system. The frequency of the sound samples has been
adjusted into the equal temperament scale system as a reference for the Thai sound
samples. The method to adjust the Thai sound samples into the equal temperament is

as follows.

5.3.1 Adjustment of a frequency of Thai sound samples into the Equal
Temperament by VST Plug-in

The researcher has used VST Plug-ins (Virtual Studio Technology) to
adjust frequency of the Thai sound samples into the equal temperament system. There
are many kinds of VST plug-ins on the market nowadays, some of them can imitate

the effect processor hardware that has been used in recording studios.

o o A ...
METER .

IN

COMPRESSOR

o o el ¥

SOm
ATTACK RATIO RELEASE RELEASE

TONE

LOUD

- MED

& NORM

THRUST

API 2500 Compressor Plug-in
Figure 5.84 Effect Processor Plug-in
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(Picture from http://www.sweetwater.com)

Figure 5.85 API 2500 Compressor Hardware

This research used a Plug-in called Auto-Tune Evo, by Antares to adjust

the Thai sound samples. The process of adjustment is as follows.

Auto-Tune Plug-in

anspose  Throat Length Formant Correction Mode Options

antares ©®

AUTO-TUN
Pitch Correction R 00 s
Control

Create Vibrato
Shape

Retune Speed Humarize

@ 0"

Natural Vibrato Targeting

LJ

Ignores Vibrato

Max.

MIDI
Leam Scale Target Notes. Octave

C] [ ereid e

n From MIDI Via MIDI

ULLLICHLELILLLIEL
ARARRARARARRARRRERE

Figure 5.86 Auto-Tune Plug-in

Auto-Tune Plug-in can be used to tune the frequency of instruments by

selecting ‘instrument’ for the input type.

Input Type Tracking Select Pitch Ref.

= NT—

" |
R
°  Alto/Tenor

Low Male
Instrument

et |

Figure 5.87 Input type in Auto-Tune Plug-in
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From the study of the Auto-Tune Evo manual, there are 2 modes of tuning

methods; Automatic mode and Graphic mode. In Automatic mode, the pitch is tuned
by selecting the musical scale, such as A major, B minor etc. The Graphical mode, has

more flexible and accurate tuning than the Automatic mode.

Track:
RanardEak(SoftBtr) &

Auto-Tune Evo

MIDI Node: ATEm RTAS 1

antares ®
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Sample Rate Keyboard Mo
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Figure 5.88 Automatic Mode
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Figure 5.89 Graphic Mode

The researcher has used Graphic Mode to adjust the frequency of the Thai

sound samples into the equal temperament scale system.
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5.3.2 Adjustment of Ranad Ek sound samples

From the sound samples of Ranad Ek there are 22 pitches, from F-F4.

F note

5—::

~ antares®

Figure 5.90 F note adjustment of Ranad Ek by Auto-Tune Plug-in

01 F1 Ranard Eak (Auto-Tune)

Figure 5.91 F note after adjustment of Ranad Ek waveform
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G note
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Figure 5.92 G note adjustment of Ranad Ek by Auto-Tune Plug-in

02 G1 Ranard Eak (Auto-Tune

Figure 5.93 G note after adjustment of Ranad Ek waveform
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A note
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Figure 5.94 A note adjustment of Ranad Ek by Auto-Tune Plug-in

03 A1 Ranard Eak (Auto-Tune)

Figure 5.95 A note after adjustment of Ranad Ek waveform



Thassana Asoksiri Synthesizing Tuning Function In Electronic Instruments / 98

B note

Auto

tory default> = BYPASS

COWPARE] SAFE  RTAS

Transpose  Throat Length Formant Mode Optons
o= O [ -LE~U

antares ®

Select Pitch Ref. Key Scale Detune
8 R
=] |

Figure 5.96 B note adjustment of Ranad Ek by Auto-Tune Plug-in

04 B1 Ranard Eak (Auto-Tune)

Figure 5.97 B note after adjustment of Ranad Ek waveform



Fac. of Grad. Studies, Mahidol Univ. M.A.(Musicology) / 99

C2 note
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Figure 5.98 C2 note adjustment of Ranad Ek by Auto-Tune Plug-in

05 C2 Ranard Eak (Auto-Tune)

Figure 5.99 C2 note after adjustment of Ranad Ek waveform
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D2 note
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Figure 5.100 D2 note adjustment of Ranad Ek by Auto-Tune Plug-in

06 D2 Ranard Eak (Auto-Tune)

Figure 5.101 D2 note after adjustment of Ranad Ek waveform
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E2 note
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Figure 5.102 E2 note adjustment of Ranad Ek by Auto-Tune Plug-in

07 E2 Ranard Eak (Auto-Tune)

Figure 5.103 E2 note after adjustment of Ranad Ek waveform
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Figure 5.104 F2 note adjustment of Ranad Ek by Auto-Tune Plug-in

08) F2 Ranard Eak (Auto-Tune)

Figure 5.105 F2 note after adjustment of Ranad Ek waveform
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Flgure 5.106 G2 note adjustment of Ranad Ek by Auto-Tune Plug-in

09 G2 Ranard Eak (Auto-Tune)

Figure 5.107 G2 note after adjustment of Ranad Ek waveform



Thassana Asoksiri Synthesizing Tuning Function In Electronic Instruments / 104

A2 note

Track: resef Auto

RanardEsk(SoftBtr) & =W BYPAss

Auto-Tune Evo -y SAFE  RTAS

MIDI Node: ATEm RTAS 1

Input Type  Tracking _ Select PifchRef.  Key Transpose  Throat Length Formant Correction Mode Optons

Scale Scale Detune ti
QW 1 | QKD (R () L
Relaxed. Choosy === R = £ = +

antares o
= g
X
- N .
1 J
" - f / o
N r
]
=

Clock Reset Source Sample Rate Track Make Import Make Number of Note Retune Speed Adjust Vibrato Output
o A A L o, -
Bosion et 1 | i | cove Ao W I [

Figure 5.108 A2 note adjustment of Ranad Ek by Auto-Tune Plug-in

10 A2 Ranard Eak (Auto-Tune)

Figure 5.109 A2 note after adjustment of Ranad Ek waveform
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Figure 5.110 B2 note adjustment of Ranad Ek by Auto-Tune Plug-in

11 B2 Ranard Eak (Auto-Tune)

Figure 5.111 B2 note after adjustment of Ranad Ek waveform



Thassana Asoksiri Synthesizing Tuning Function In Electronic Instruments / 106

C3 note

BYPASS
GOMPARE) SAFE  RTAS

i Select Pitch Ref. Transpose  Throat Length Formant Correction Mode Options.
Auto] Graph.
o= o= O -tm-T

Figure 5.112 C3note adjustment of Ranad Ek by Auto-Tune Plug-in

Figure 5.113 C3 note after adjustment of Ranad Ek waveform
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D3 note

Figure 5.115 D3 note after adjustment of Ranad Ek waveform
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Figure 5.116 D3 note adjustment of Ranad Ek by Auto-Tune Plug-in
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Figure 5.117 E3 note after adjustment of Ranad Ek waveform
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Figure 5.119 F3 note after adjustment of Ranad Ek waveform
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G3 note
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Figure 5.120 G3 note adjustment of Ranad Ek by Auto-Tune Plug-in

Figure 5.121 G3 note after adjustment of Ranad Ek waveform
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Figure 5.122 A3 note adjustment of Ranad Ek by Auto-Tune Plug-in

Figure 5.123 A3 note after adjustment of Ranad Ek waveform
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B3 note
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Figure 5.125 B3 note after adjustment of Ranad Ek waveform
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C4 note
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Figure 5.127 C4 note after adjustment of Ranad Ek waveform



Thassana Asoksiri Synthesizing Tuning Function In Electronic Instruments / 114

D4 note

Tm-pul Throat Len Formant Correction Mode Options
=0 - B
antares ®

‘ 7-!7 \-!7 -7

Figure 5.128 D4 note adjustment of Ranad Ek by Auto-Tune Plug-in

Figure 5.129 D4 note after adjustment of Ranad Ek waveform
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Figure 5.130 E4 note adjustment of Ranad Ek by Auto-Tune Plug-in
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21 E4 Ranard Eak (Auto-Tune

Figure 5.131 E4 note after adjustment of Ranad Ek waveform
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F4 note
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Figure 5.133 F4 note after adjustment of Ranad Ek waveform
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5.3.3 Adjustment of Ranad Tum Lek sound samples

Form the sound samples of Ranad Tum Lek there are 17 pitches, from D-

F3.

ac Key Scale Scale Detune Transpose  Throat Length Forma Mode Options.
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Figure 5.134 D note adjustment of Ranad Tum Lek by Auto-Tune Plug-in
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Figure 5.135 D note after adjustment of Ranad Tum Lek waveform
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Figure 5. 136 E note adjustment of Ranad Tum Lek by Auto-Tune Plug-in

02 E1 Ranard Tum LEG (LOW) Auto-Tune |}
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Figure 5.137 E note after adjustment of Ranad Tum Lek waveform
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Figure 5.138 F note adjustment of Ranad Tum Lek by Auto-Tune Plug-in

03 F1 Ranard Tum LEG (Direct) Auto-Tune

Figure 5.139 F note after adjustment of Ranad Tum Lek waveform
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Figure 5.140 G note adjustment of Ranad Tum Lek by Auto-Tune Plug-in

Figure 5.141 G note after adjustment of Ranad Tum Lek waveform
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Figure 5.142 A note adjustment of Ranad Tum Lek by Auto-Tune Plug-in

05 A1 Ranard Tum LEG (LOW) Auto-Tune

05 A1 Ranard Tum LEG (Direct) Auto-Tune

Figure 5.143 A note after adjustment of Ranad Tum Lek waveform
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B note
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Figure 5.144 B note adjustment of Ranad Tum Lek by Auto-Tune Plug-in

06 B1 Ranard Tum LEG (LOW) Auto-Tune

06 B1 Ranard Tum LEG (Direct) Auto-Tune

Figure 5.145 B note after adjustment of Ranad Tum Lek waveform
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Figure 5.146 C2 note adjustment of Ranad Tum Lek by Auto-Tune Plug-in

07 C2 Ranard Tum LEG (Direct) Auto-Tune

Figure 5.147 C2 note after adjustment of Ranad Tum Lek waveform
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Figure 5.148 D2 note adjustment of Ranad Tum Lek by Auto-Tune Plug-in

08 D2 Ranard Tum LEG (LOW) Auto-Tune JID

08 D2 Ranard Tum LEG (Direct) Auto-Tune

Figure 5.149 D2 note after adjustment of Ranad Tum Lek waveform
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E2 note

InputType  Tracking  SelectPichRef.  Key  Scale Scale Detune Transpose  Throat Length Formant Correction Mode Options

O e R G (L

antares®

- - 2 s =i

Clock  Reset Source Retune Speed___ Adust Vixao —
Bl S S g vt o L Pich

Position _ intemal - - o B4 i I "':.:' I-PMA

Figure 5.150 E2 note adjustment of Ranad Tum Lek by Auto-Tune Plug-in

09 E2 Ranard Tum LEG (LOW) Auto-Tune

09 E2 Ranard Tum LEG (Direct) Auto-Tune

Figure 5.151 E2 note after adjustment of Ranad Tum Lek waveform
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F2 note

Track
ReedTLEG(DIRECT) ol BYPASS
WPARE) SAFE  RWAS

Transpose  Throat Length Formant Correction Mode Options

|WWD1“@WD

antares®

Clock  Reset Source Sample Rate me Make Import Make Number of Note gjust Vibrato -
sy o o
i-"“m 00 0 g | et ) o e

Figure 5.152 F2 note adjustment of Ranad Tum Lek by Auto-Tune Plug-in

10 F2 Ranard Tum LEG (Direct) Auto-Tune

Figure 5.153 F2 note after adjustment of Ranad Tum Lek waveform
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G2 note

Track

RedTLEGDIRECT) | ‘s fu BYPASS

Transpose  Throat Length Formant Correction Mode

o= m-wm—ugnmlmmw

antares ®

Clock  Reset Source Sample Rate| Track | Make Import Make Numberof Noi
R
I-Beam To Adjust

';:-a-;a i B L Nu-a-
Pich | Cuve Auto Notes \E'Mswn w"w" I O I.-Pw-/

Figure 5.154 G2 note adjustment of Ranad Tum Lek by Auto-Tune Plug-in

11 G2 Ranard Tum LEG (Direct) Auto-Tune

Figure 5.155 G2 note after adjustment of Ranad Tum Lek waveform
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A2 note

Transpose  Throat Length Formant Correction Mode Optons
O G I ST
— antares ®

Clock Reset Source Sample Rate| Track M: W -gi:?.m
[ L= S S
Figure 5.156 A2 note adjustment of Ranad Tum Lek by Auto-Tune Plug-in

12 A2 Ranard Tum LEG (LOW) Auto-Tune

12 A2 Ranard Tum LEG (Direct) Auto-Tune

Figure 5.157 A2 note after adjustment of Ranad Tum Lek waveform
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B2 note

Track Proset Auto

RrdTLEGDIRECT) | a <actory defauit> =W eveass

Auto-Tune Evo W (CONPARE) sAFE  RTAS

MIDI Node: ATEm RTAS 2

Tracking sm Pitch Ref. Kay Scal Transpose  Throat Length Formant ~Correction Mode Options

O G G G E

antares ®

|

a2

2 ke e ke
Clock  Reset Source Sample Rate| Track | Make |mpcn Make Number of Note Retune Speed _ Acjust Vio @ -P
itch
22200 -
o et
@ J I "= T —c

000 e
Figure 5.158 B2 note adjustment of Ranad Tum Lek by Auto-Tune Plug-in

Position IHost Pich | Curve Auto N u'"“_.d

13 B2 Ranard Tum LEG (LOW) Auto-Tune

13 B2 Ranard Tum LEG (Hi) Auto-Tune """"“""""""""

13 B2 Ranard Tum LEG (Direct) Auto-Tune

Figure 5.159 B2 note after adjustment of Ranad Tum Lek waveform



Thassana Asoksiri Synthesizing Tuning Function In Electronic Instruments / 130

C3 note

BYPASS

Ka-y Scal Transpose  Throat Length Formant Correction Mode Optons

—-gm\gno- = - )

antares ©®

Make Import Make Number of Note just Vibrato

gg E_Er..,mfl é“, ,,.W.,JI - = B .-m/

Figure 5.160 C3 note adjustment of Ranad Tum Lek by Auto-Tune Plug-in

14 C3 Ranard Tum LEG (LOW) Auto-Tune |

14 C3 Ranard Tum LEG (Hi) Aulo—Tune-

14 C3 Ranard Tum LEG (Direct) Auto-Tune

Figure 5.161 C3 note after adjustment of Ranad Tum Lek waveform
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D3 note

Track reset Auto

RnedTLEGIRECT) | & <factory defauit> =W eveass

VI [COMPARE) SAFE RS

Transpose  Throat Length Formant _Correction Mode
Rt - )

antares L)

| Hortz

C - P .
LAWY 4 SN A\

Figure 5.162 D3 note adjustment of Ranad Tum Lek by Auto-Tune Plug-in

15 D3 Ranard Tum LEG (LOW) Auto-Tune

Figure 5.163 D3 note after adjustment of Ranad Tum Lek waveform
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E3 note

InputType  Tracking sahummnrm wry Scal Transpose  Throat Length Formant Correction

st m“m -.m m @ = |‘~"mwﬂ

antares ®

O

Clock Reset Source Sample Rate den M-lko Import Iﬁp ‘Number of Note
o l-l-zh.—ﬁ] w@ ..m...m. . - Nudge.
- amEs O O O s | e o l L oo B

Figure 5.164 E3 note adjustment of Ranad Tum Lek by Auto-Tune Plug-in

16 E3 Ranard Tum LEG (LOW) Auto-Tune

16 E3 Ranard Tum LEG (Direct) Auto-Tune

Figure 5.165 E3 note after adjustment of Ranad Tum Lek waveform
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F3 note

InputType  Tracking  Select Pitch Ref Throat Length Formant _ Correction Mode

G (W 5 - e
nom

antares ®

Clock  Reset Source Sample Rate

‘ MW[_.ﬁlklmF
Figure 5.166 F3 note adjustment of Ranad Tum Lek by Auto-Tune Plug-in

ka

-
| e 3 1 [

17 F3 Ranard Tum LEG (LOW) Auto-Tune

17 F3 Ranard Tum LEG (

17 F3 Ranard Tum LEG (Direct) Auto-Tune

Figure 5.167 F3 note after adjustment of Ranad Tum Lek waveform
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5.3.4 Adjustment of Kong Wong Yai sound samples

From the sound samples of Kong Wong Yai there are 16 pitches, from D-
E3.

Track

GngWngY(SHBIIOr | b
Auto-Tune Evo

Transpose  Throat Length F

= -

antares ®

oz

cz s

62

5| 130 o

Flgure 5.168 D note adjustment of Kong Wong Yai by Auto-Tune Plug n

01 D1 Gong Wong Yai (Auto-Tune)

Figure 5.169 D note after adjustment of Kong Wong Yai waveform
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E note

Scale Detune. ranspose  Throat Length Formant Correction

& Ows o |-—w|guq-=|--"1~n

antares ®

Figure 5.170 E note adjustment of Kong Wong Yai by Auto-Tune Plug -in

02 E1 Gong Wong Yai (Auto-Tune)

Figure 5.171 E note after adjustment of Kong Wong Yai waveform
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F note

Track
GngWng¥(SHBIIOr b
Auto-Tu

Throat Length Formant Correction Mode Options
O™ LJ~ta--0
antares ®

Retune Speed  Adiust Vibrato

03 F1 Gong Wong Yai (Auto-Tune)

Figure 5.173 F note after adjustment of Kong Wong Yai waveform
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G note

Select Pitch Ref. ranspose  Throat Length Formant Correction

B om & -—-ra!mlca-w-=|~~-"f-*-n

antares®

Figure 5.174 G note adjustment of Kong Wong Yai by Auto-Tune Plug-in

04 G1 Gong Wong Yai (Auto-Tune)

Figure 5.175 G note after adjustment of Kong Wong Yai waveform
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A note

Select Pitch Ref.  Key

05 A1 Gong Wong Yai (Auto-Tune)

Figure 5.177 A note after adjustment of Kong Wong Yai waveform
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B note

Throat Length Formant Correction Mode Options.
o o [
= antares ®

Figure 5.178 B note adjustment of Kong Wong Yai by Auto-Tune Plug-in

06 B1 Gong Wong Yai (Auto-Tune)

Figure 5.179 B note after adjustment of Kong Wong Yai waveform
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C2 note

Select Pitch Ref- Transpose  Throat Length Formant Corre

o= i gn-w\g-annmﬁmn

antares &

Figure 5.180 C2 note adjustment of Kong Wong Yai by Auto-Tune Plug-in

Figure 5.181 C2 note after adjustment of Kong Wong Yai waveform
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D2 note

antares ®

Ref.  Key Scale Scale Detune Transpose  Throat Ler Formant Correction Mode Options.
| - - |mﬁ=|-mma

d Ly 8 I T I I

Figure 5.183 D2 note after adjustment of Kong Wong Yai waveform
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E2 note

BYPASS
CONPARE) S/ RTAS

Scale Detune Transpose  Throat Length Formant  Correction

I 1@ e

antares ®

Make Import Make Ilumberof Note
1101 1 [ ] s

09 E2 Gong Wong Yai (Auto-Tune)

Figure 5.185 E2 note after adjustment of Kong Wong Yai waveform
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F2 note

Scale Scale Detune Transpose  Throat Length Formant Correction Mode Optons

e el - el L IR

antares ®

Rate| Track Make Import Make Number of Note
[ 1 [] [ [] “seiectrange waien

Figure 5.186 F2 note adjustment of Kong Wong Yai by Auto-Tune Plug-in

Figure 5.187 F2 note after adjustment of Kong Wong Yai waveform
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G2 note

CONPARE] SAFE RS

SMPMIR-! Kly Scale Detune Transpose  Throat Ler Formant Correction Mode Options:
Autof « 50 Graph.
w | F E ERem

Figure 5.188 G2 note adjustment of Kong Wong Yai by Auto-Tune Plug -in

11 G2 Gong Wong Yai (Auto-Tune)

Figure 5.189 G2 note after adjustment of Kong Wong Yai waveform
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A2 note

Select Pitch Ref. ~ Key Scale
% 1 | e
=

antares®

=o= o=

N 1

Throat Formant Correction Mode Options:
O™ =5 -E8~10
O

| ]

Figure 5.190 A2 note adjustment of Kong Wong Yai by Auto-Tune Plug-in

12 A2 Gong Wong Yai (Auto-Tune)

Figure 5.191 A2 note after adjustment of Kong Wong Yai waveform
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B2 note

-------------

s
ode:
Ing Tracking Select Pifch Ref. Key Scale Scale Detune: Transpose  Throat Length Formant Correction Mode Options
fnst 4 R o« [ Grepn.
R (R L | e G| (e (e [
Relaxed Choosy = + = - = =
AUTO-TUNE EVO antares ®
] £ Sl I " |

Figure 5.192 B2 note adjustment of Kong Wong Yai by Auto-Tune Plug-in

Figure 5.193 B2 note after adjustment of Kong Wong Yai waveform
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C3 note

Auto
defavic> = BYPASS
CONPARE] SAFE RS

racking  Select Pitch Ref.  Key. Scale Detune Formant _ Correction Mode Options

| i Q)T | R (e - CE -

antares ®

Figure 5.194 C3 note adjustment of Kong Wong Yai by Auto-Tune Plug-in

14 C3 Gong Wong Yai (Auto-Tune)

Figure 5.195 C3 note after adjustment of Kong Wong Yai waveform
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D3 note

Om om0

antares®

Len,
-

Track | Make Import Make Humber of .
T ] (] [ O'selec th n Pitch.
p iore

Figure 5.196 D3 note adjustment of Kong Wong Yai by Auto-Tune Plug-in

Vong Yai (Auto-Tune)

Figure 5.197 D3 note after adjustment of Kong Wong Yai waveform
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E3 note

16 EC3 Gong Wong Yai (Auto-Tune)

Figure 5.199 E3 note after adjustment of Kong Wong Yai waveform
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5.4 Adjustment of all pitches of Thai sound samples into the Thai
musical scale system

All the pitches have been adjusted to that of the Thai sound samples in to
the equal temperament scale system. Next, all pitches have been adjusted again into

the Thai musical scale system by a plug-in called Pitch Shift, from Protools.

O AudioSuite
Selection Preset

Pitch Shift USE IN PLAYLIST <factory default>
create continuous file entire selection T "COMPARE

stereo mode

GAIN S —
COARSE 0 semiton ——
FINE v p ‘
RATIO P g —
CROSSFADE o1

MIN PITCH 200tz

accoracy D

SOUND
TIME CORRECTION X

Reference pitch

NOTE
DETUNE

PITCH SHIFT

Figure 5.200 Pitch Shift Plug-in

This plug-in can adjust the pitch of cent value up or down. Using the fine
parameter for adjustment, it is able to adjust 50 cents up or down. To adjust more then
50 cents, it can be used with the coarse parameter. It can be adjusted by semitone. For
example, to raise the frequency of G up more than 60 cents, change the coarse
parameter to 1 semitone and the fine parameter to -40 cents. G note will have a 60

cents higher frequency than G note in the equal temperament scale system.
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5.4.1 Adjustment of Thai sound samples of Kong Wong Yai into the

Thai musical scale system

D note

The cent value of D note has a value of minus 29 cents of D note of the
equal temperament scale system. The reference pitch has been adjusted to D4 note and

the detune parameter set to minus 29 cents.

0O AudioSuite

Selection Preset

Pitch Shift playlist USE IN PLAYLIST <factory default>

create continuous file entire selection - '+'i5y ' COMPARE

stereo mode

Reference pitch

DIGIRACK

PREVIEW BYPASS

Figure 5.202 D note after adjustment of Kong Wong Yai waveform
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E note

Cent value of E note has a value of minus 57 cents from E note of the
equal temperament scale system. It can be adjusted by changing the coarse parameter
to minus 1 semitone and changing the fine parameter to 43 cents. For a reference

sound, change the reference pitch to D#4 and adjust the detune parameter to 43 cents.

Selection Preset

Pitch Shift playlist USE IN PLAYLIST <factory default>

create continuous file entire selection - '+'l%; | COMPARE

stereo mode

Reference pitch

DIGIRACK

PREVIEW BYPASS

Figure 5.203 E note adjustment of Kong Wong Yai by Pitch Shift Plug-in

02 E1 Gong Wong Yai (Soft Beater) 7 Tones

Figure 5.204 E note after adjustment of Kong Wong Yai waveform
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F note
The cent value of F note is 14 cents more than that of F note from the
equal temperament scale system. The reference pitch has been adjusted to F4 note and

the detune parameter set to 14 cents.

0O AudioSuite

Selection Preset

Pitch Shift playlist USE IN PLAYLIST <factory default>

create continuous file entire selection -'+i5) | COMPARE

stereo mode

Reference pitch

DIGIRACK

PREVIEW BYPASS

Figure 5.205 F note adjustment of Kong Wong Yai by Pitch Shift Plug-in

03 F1 Gong Wong Yai (Soft Beat

Figure 5.206 F note after adjustment of Kong Wong Yai waveform
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G note
The cent value of G note is minus 14 cents of G note from the equal
temperament scale system. The reference pitch has been adjusted to G4 note and the

detune parameter set as minus 14 cents.

Selection Preset

Pitch Shift playlist USE IN PLAYLIST <factory default>

create continuous file entire selection -+ | COMPARE

stereo mode

Reference pitch

DIGIRACK

PREVIEW BYPASS

Figure 5.207 G note adjustment of Kong Wong Yai by Pitch Shift Plug-in

Figure 5.208 G note after adjustment of Kong Wong Yai waveform
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A note
The cent value of A note is minus 43 cents of A note from the equal
temperament scale system. The reference pitch has been adjusted to A4 note and the

detune parameter set as minus 43 cents.

Selection Preset

Piltch Shift playlist USE IN PLAYLIST <factory default>

create continuous file entire selection - '+'l5 | COMPARE

stereo mode

Reference pitch

DIGIRACK

PREVIEW BYPASS

Figure 5.210 A note after adjustment of Kong Wong Yai waveform
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B note

Cent value of B note is minus 72 from the equal temperament scale
system. It can be adjusted by changing the coarse parameter to minus 1 semitone and
changing the fine parameter to 28 cents. For reference sound, change the reference

pitch to A#4 and adjust the detune parameter to 28 cents.

0 AudioSuite
Selection Preset

Pitch Shift playlist USE IN PLAYLIST <factory default>

create continuous flle entire selection - '+'l% ' COMPARE

stereo mode

Reference pitch

DIGIRACK

PREVIEW BYPASS

Figure 5.212 B note after adjustment of Kong Wong Yai waveform
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C2 note

This research used C note from the equal temperament scale system to be
the initial frequency to calculate the Thai musical scale system. The C note in the Thai
musical scale system has the same frequency as the C note in the equal temperament

scale system.

D2 note
The cent value of D note is minus 29 cents of D note from the equal
temperament scale system. The reference pitch has been adjusted to D5 note and the

detune parameter set as minus 43 cents.

0 AudioSuite

Selection Preset

Pitch Shift playlist USE IN PLAYLIST <factory default>

create continuous file entire selection - +'5; | COMPARE

stereo mode

Reference pitch |

DIGIRACK

PREVIEW BYPASS

Figure 5.213 D2 note adjustment of Kong Wong Yai by Pitch Shift Plug-in

Figure 5.214 D2 note after adjustment of Kong Wong Yai waveform
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E2 note

Cent value of E note has a value of minus 57 cents from E note of the
equal temperament scale system. It can be adjusted by changing the coarse parameter
to minus 1 semitone and changing the fine parameter to 43 cents. For a reference
sound, change the reference pitch to D#5 and adjust the detune parameter to 43 cents.

[©) AudioSuite
Selection Preset

Pitch Shift playlist USE INPLAYLIST  <factory default>

create continuous flle entire selection - '+ iy COMPARE

stereo mode

Reference pitch

DIGIRACK

PREVIEW BYPASS

Figure 5.215 E2 note adjustment of Kong Wong Yai by Pitch Shift Plug-in

Figure 5.216 E2 note after adjustment of Kong Wong Yai waveform
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F2 note

The cent value of F note is 14 cents more than that of F note from the
equal temperament scale system. The reference pitch has been adjusted to F5 note and

the detune parameter set to 14 cents.

(6] AudioSuite
Selection Preset

Pitch Shift playlist USEIN PLAYLIST  <factory default>

create continuous file entire selection - '+ | COMPARE

stereo mode

Reference pitch

DIGIRACK

PREVIEW BYPASS

Figure 5.218 F2 note after adjustment of Kong Wong Yai waveform
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G2 note

The cent value of G note is minus 14 cents of G note from the equal

temperament scale system. The reference pitch has been adjusted to G5 note and the

detune parameter set as minus 14 cents.

Selection Preset
Pitch Shift playlist USE IN PLAYLIST <factory default>

create continuous flle entire selection -+ COMPARE

stereo mode

Reference pitch

DIGIRACK

PREVIEW BYPASS

Figure 5.220 G2 note after adjustment of Kong Wong Yai waveform
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A2 note
The cent value of A note is minus 43 cents of A note from the equal
temperament scale system. The reference pitch has been adjusted to A5 note and the

detune parameter set as minus 43 cents.

Selection Preset

Pitch Shift playlist USE IN PLAYLIST <factory default>

create continuous file entire selection - +i5 [COMPARE

stereo mode

Reference pitch

DIGIRACK

PREVIEW BYPASS

Figure 5.222 A2 note after adjustment of Kong Wong Yai waveform
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B2 note

Cent value of B note is minus 72 from the equal temperament scale
system. It can be adjusted by changing the coarse parameter to minus 1 semitone and
changing the fine parameter to 28 cents. For reference sound, changing the reference
pitch to A#5 and adjust the detune parameter to 28 cents.

O AudioSuite
Selection

Preset
Pitch Shift playlist USE IN PLAYLIST <factory default>

create continuous flle entire selection -+ 5 [COMPARE

stereo mode

Reference pitch

DIGIRACK

PREVIEW BYPASS

Figure 5.224 B2 note after adjustment of Kong Wong Yai waveform
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C3 note

This research used C note from the equal temperament scale system to be
the initial frequency to calculate the Thai musical scale system. The C note in the Thai
musical scale system has the same frequency as the C note in the equal temperament

scale system.

D3 note
The cent value of D note is minus 29 cents of A note from the equal
temperament scale system. The reference pitch has been adjusted to D6 note and the

detune parameter set as minus 43 cents.

(o) AudioSuite
Selection Preset

Pitch Shift playlist USE IN PLAYLIST <factory default>

create continuous file entire selection - '+lZy [COMPARE

stereo mode

DIGIRACK

PREVIEW BYPASS

Figure 5.225 D3 note adjustment of Kong Wong Yai by Pitch Shift Plug-in

Figure 5.226 D3 note after adjustment of Kong Wong Yai waveform
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E3 note

Cent value of E note has a value of minus 57 cents from E note of the

equal temperament scale system. It can be adjusted by changing the coarse parameter
to minus 1 semitone and changing the fine parameter to 43 cents. For a reference

sound, change the reference pitch to D#6 and adjust the detune parameter to 43 cents.

Selection Preset

Pitch Shift playlist USEINPLAYLIST  <factory default>

create continuous file entire selection -+ 5 [COMPARE

stereo mode

DIGIRACK

PREVIEW BYPASS

Figure 5.227 E3 note adjustment of Kong Wong Yai by Pitch Shift Plug-in

Figure 5.228 E3 note after adjustment of Kong Wong Yai waveform

The 16 pitches of the Kong Wong Yai sound samples have been adjusted to

the Thai musical scale.
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5.4.2 Adjustment of Thai sound samples of Ranad Tum Lek into the

Thai musical scale system

D note
The cent value of D note has a value of minus 29 cents of D note of the
equal temperament scale system. The reference pitch has been adjusted to D4 note and

the detune parameter set to minus 29 cents.

[©) AudioSuite
Selection Preset

Pitch Shift playlist USE IN PLAYLIST <factory default>

create continuous file entire selection - '+'I5 | COMPARE

stereo mode

L 4 4 4

Referene pitch ‘
y -

Figure 5.229 D note adjustment of Ranad Tum Lek by Pitch Shift Plug-in

01D1 Ranerd Tum LEG (LOW) 7 Tones

01 D1 Ranard Tum LEG (Hi) 7 Tones

01 D1 Ranard Tum LEG (Direct) 7 Tones.

Figure 5.230 D note after adjustment of Ranad Tum Lek waveform
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E note

Cent value of E note has a value of minus 57 cents from E note of the
equal temperament scale system. It can be adjusted by changing the coarse parameter
to minus 1 semitone and changing the fine parameter to 43 cents. For a reference

sound, change the reference pitch to D#4 and adjust the detune parameter to 43 cents

) AudioSuite

Selection

Preset
Pitch Shift playlist USE IN PLAYLIST <factory default>

create continuous file entire selection - '+I2 | COMPARE

stereo mode

Reference pitch |

DIGIRACK

PREVIEW BYPASS

Figure 5.231 E note adjustment of Ranad Tum Lek by Pitch Shift Plug-in

02 E1 Ranard Tum LEG (LOW) 7 Tones

02 E1 Ranard Tum LEG (Hi) 7 Tones

02 E1 Ranard Tum LEG (Direct) 7 Tones

Figure 5.232 E note after adjustment of Ranad Tum Lek waveform
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F note

The cent value of F note is 14 cents more than that of F note from the
equal temperament scale system. The reference pitch has been adjusted to F4 note and
the detune parameter set to 14 cents.

0O AudioSuite
Selection Preset

Pitch Shift playlist USE IN PLAYLIST <factory default>

create continuous flle entire selection - '+ 'COMPARE

stereo mode

DIGIRACK

PREVIEW BYPASS

Figure 5.233 F note adjustment of Ranad Tum Lek by Pitch Shift Plug-in

Figure 5.234 F note after adjustment of Ranad Tum Lek waveform
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G note
The cent value of G note is minus 14 cents of G note from the equal
temperament scale system. The reference pitch has been adjusted to G4 note and the

detune parameter set as minus 14 cents.

0O AudioSuite

Selection Preset

Pitch Shift playlist USE INPLAYLIST  <factory default>

create continuous file entire selection - +i5 [COMPARE

stereo mode

DIGIRACK

PREVIEW BYPASS

Figure 5.235 G note adjustment of Ranad Tum Lek by Pitch Shift Plug-in

Figure 5.236 G note after adjustment of Ranad Tum Lek waveform
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A note
The cent value of A note is minus 43 cents of A note from the equal
temperament scale system. The reference pitch has been adjusted to A4 note and the

detune parameter set as minus 43 cents.

0 AudioSuite
Selection Preset

Pitch Shift playlist USE IN PLAYLIST <factory default>

create continuous file entire selection -+l | COMPARE

stereo mode

DIGIRACK

PREVIEW BYPASS

Figure 5.237 A note adjustment of Ranad Tum Lek by Pitch Shift Plug-in

05 A1 Ranard Tum LEG (LOW) 7 Tones

05 A1 Ranard Tum LEG (Hi) 7 Tones

05 A1 Ranard Tum LEG (Direct) 7 Tones

Figure 5.238 A note after adjustment of Ranad Tum Lek waveform
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B note

Cent value of B note is minus 72 from the equal temperament scale
system. It can be adjusted by changing the coarse parameter to minus 1 semitone and
changing the fine parameter to 28 cents. For a reference sound, changing the reference

pitch to A#4 and adjust the detune parameter to 28 cents.

O AudioSuite
Selection Preset

Pitch Shift playlist USE IN PLAYLIST <factory default>

create continuous flle entire selection - +i5y [COMPARE

stereo mode

PREVIEW BYPASS

Figure 5.239 B note adjustment of Ranad Tum Lek by Pitch Shift Plug-in

Figure 5.240 B note after adjustment of Ranad Tum Lek waveform
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C2 note

This research used C note from the equal temperament scale system to be
the initial frequency to calculate the Thai musical scale system. The C note in the Thai
musical scale system has the same frequency as the C note in the equal temperament

scale system.

D2 note

The cent value of D note is minus 29 cents of D note from the equal
temperament scale system. The reference pitch has been adjusted to D5 note and the

detune parameter set as minus 43 cents.

o) AudioSuite

Selection Preset

Pitch Shift playlist USEINPLAYLIST  <factory default>

create continuous file entire selection - '+ic [ COMPARE

[ Reference pitch ‘

DIGIRACK

PREVIEW BYPASS

Figure 5.241 D2 note adjustment of Ranad Tum Lek by Pitch Shift Plug-in

Figure 5.242 D2 note after adjustment of Ranad Tum Lek waveform
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E2 note

Cent value of E note has a value of minus 57 cents from E note of the
equal temperament scale system. It can be adjusted by changing the coarse parameter
to minus 1 semitone and changing the fine parameter to 43 cents. For a reference

sound, change the reference pitch to D#5 and adjust the detune parameter to 43 cents.

Selection Preset

Pitch Shift playlist USE IN PLAYLIST <factory default>

create continuous file entire selection - +'IZ) | COMPARE

stereo mode

DIGIRACK

PREVIEW BYPASS

Figure 5.243 E2 note adjustment of Ranad Tum Lek by Pitch Shift Plug-in

09 E2 Ranard Tum LEG (LOW) 7 Tones

09 E2 Ranard Tum LEG (Direct) 7 Tones

Figure 5.244 E2 note after adjustment of Ranad Tum Lek waveform
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F2 note
The cent value of F note is 14 cents more than that of F note from the

equal temperament scale system. The reference pitch has been adjusted to F5 note and

the detune parameter set to 14 cents.

] AudioSuite

Selection Preset

Pitch Shift playlist USE IN PLAYLIST <factory default>

create continuous file entire selection - +'i5 [ COMPARE

DIGIRACK

PREVIEW BYPASS

Figure 5.245 F2 note adjustment of Ranad Tum Lek by Pitch Shift Plug-in

10 F2 Ranard Tum LEG (LOW) 7 Tones

10 F2 Ranard Tum LEG (Hi) 7 Tones

10 F2 Ranard Tum LEG (Direct) 7 Tones

Figure 5.246 F2 note after adjustment of Ranad Tum Lek waveform
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G2 note

The cent value of G note is minus 14 cents of G note from the equal

temperament scale system. The reference pitch has been adjusted to G5 note and the

detune parameter set as minus 14 cents.

) AudioSuite
Selection Preset

Pitch Shift playlist USE IN PLAYLIST <factory default>

create continuous file entire selection - '+ COMPARE

stereo mode

DIGIRACK

PREVIEW BYPASS

Figure 5.247 G2 note adjustment of Ranad Tum Lek by Pitch Shift Plug-in

Figure 5.248 G2 note after adjustment of Ranad Tum Lek waveform
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A2 note

The cent value of A note is minus 43 cents of A note from the equal
temperament scale system. The reference pitch has been adjusted to A5 note and the

detune parameter set as minus 43 cents.

Selection Preset

Pitch Shift playlist USE IN PLAYLIST <factory default>

create continuous file entire selection - +'Z [COMPARE

stereo mode

DIGIRACK

PREVIEW BYPASS

Figure 5.249 A2 note adjustment of Ranad Tum Lek by Pitch Shift Plug-in

Figure 5.250 A2 note after adjustment of Ranad Tum Lek waveform
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B2 note

Cent value of B note is minus 72 from B note in the equal temperament
scale system. It can be adjusted by changing the coarse parameter to minus 1 semitone
and changing the fine parameter to 28 cents. For reference sound, change the reference

pitch to A#5 and adjust the detune parameter to 28 cents.

0O AudioSuite

Selection Preset

Pitch Shift playlist USE IN PLAYLIST <factory default>

create continuous fle entire selection - +'lcy "COMPARE

stereo mode

= &0 E LRk

DIGIRACK ‘

PREVIEW BYPASS

Figure 5.252 B2 note after adjustment of Ranad Tum Lek waveform
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C3 note

This research used C note from the equal temperament scale system to be
the initial frequency to calculate the Thai musical scale system. The C note in the Thai
musical scale system has the same frequency as the C note in the equal temperament

scale system.

D3 note
The cent value of D note is minus 29 cents of D note from the equal
temperament scale system. The reference pitch has been adjusted to D6 note and the

detune parameter set as minus 43 cents.

Selection Preset

Pitch Shift playlist USE IN PLAYLIST <factory default>

create continuous file entire selection - '+'i5 [COMPARE

stereo mode

DIGIRACK

PREVIEW BYPASS

Figure 5.253 D3 note adjustment of Ranad Tum Lek by Pitch Shift Plug-in

Figure 5.254 D3 note after adjustment of Ranad Tum Lek waveform
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E3 note

Cent value of E note has a value of minus 57 cents from E note of the

equal temperament scale system. It can be adjusted by changing the coarse parameter
to minus 1 semitone and changing the fine parameter to 43 cents. For a reference

sound, change the reference pitch to D#6 and adjust the detune parameter to 43 cents.

O AudioSuite
Selection

Preset

Pitch Shift playlist USE IN PLAYLIST <factory default>
create continuous file entire selection - '+ [ COMPARE

stereo mode

DIGIRACK

PREVIEW BYPASS

Figure 5.255 E3 note adjustment of Ranad Tum Lek by Pitch Shift Plug-in

Figure 5.256 E3 note after adjustment of Ranad Tum Lek waveform
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F3 note

The cent value of F note is 14 cents more than that of F note from the
equal temperament scale system. The reference pitch has been adjusted to F6 note and
the detune parameter set to 14 cents.

) AudioSuite
Selection Preset

Pitch Shift playlist USE IN PLAYLIST <factory default>

create continuous file entire selection - '+'5y | COMPARE

stereo mode

DIGIRACK

PREVIEW BYPASS

Figure 5.257 F3 note adjustment of Ranad Tum Lek by Pitch Shift Plug-in

Figure 5.258 F3 note after adjustment of Ranad Tum Lek waveform
The 17 pitches of the Kong Wong Yai sound samples have been adjusted to

the Thai musical scale.
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5.4.3 Adjustment of Thai sound samples of Ranad Ek into the Thai

musical scale system
F note

The cent value of F note is 14 cents more than that of F note from the
equal temperament scale system. The reference pitch has been adjusted to F3 note and

the detune parameter set to 14 cents.

(@) AudioSuite
Selection Preset

Pitch Shift playlist USE IN PLAYLIST <factory default>

create continuous flle entire selection - +'I5y COMPARE

stereo mode

DIGIRACK

PREVIEW BYPASS

Figure 5.259 F note adjustment of Ranad Ek by Pitch Shift Plug-in

Figure 5.260 F note after adjustment of Ranad Ek waveform
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G note
The cent value of G note is minus 14 cents of G note from the equal
temperament scale system. The reference pitch has been adjusted to G3 note and the

detune parameter set as minus 14 cents.

Selection Preset

Pitch Shift playlist USE IN PLAYLIST <factory default>

create continuous file entire selection -+ [ COMPARE

stereo mode

Reference pitch

DIGIRACK

PREVIEW BYPASS

Figure 5.261 G note adjustment of Ranad Ek by Pitch Shift Plug-in

02 G1 Ranard Eak (7 Tones)

Figure 5.262 G note after adjustment of Ranad Ek waveform
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A note
The cent value of A note is minus 43 cents of A note from the equal
temperament scale system. The reference pitch has been adjusted to A3 note and the

detune parameter set as minus 43 cents.

0O AudioSuite

Selection Preset

Pitch Shift playlist USE IN PLAYLIST <factory default>

create continuous file entire selection - '+'5 | COMPARE

stereo mode

Reference pitch

DIGIRACK

PREVIEW BYPASS

Figure 5.263 A note adjustment of Ranad Ek by Pitch Shift Plug-in

Figure 5.264 A note after adjustment of Ranad Ek waveform
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B note

Cent value of B note is minus 72 from B note in the equal temperament
scale system. It can be adjusted by changing the coarse parameter to minus 1 semitone
and changing the fine parameter to 28 cents. For reference sound, change the reference

pitch to A#3 and adjust the detune parameter to 28 cents.

(6) AudioSuite
Selection Preset

Pitch Shift playlist USE IN PLAYLIST <factory default>

create continuous file entire selection - +'I5 | COMPARE

stereo mode

Reference pitch

DIGIRACK

PREVIEW BYPASS

Figure 5.265 B note adjustment of Ranad Ek by Pitch Shift Plug-in

Figure 5.266 B note after adjustment of Ranad Ek waveform
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C2 note

This research used C note from the equal temperament scale system to be
the initial frequency to calculate the Thai musical scale system. The C note in the Thai
musical scale system has the same frequency as the C note in the equal temperament

scale system.

D2 note

The cent value of D note is minus 29 cents of D note from the equal
temperament scale system. The reference pitch has been adjusted to D4 note and the

detune parameter set as minus 43 cents.

(6] AudioSuite
Selection Preset

Pitch Shift playlist USE IN PLAYLIST <factory default>

create continuous file entire selection -+ 'COMPARE

stereo mode

DIGIRACK

PREVIEW BYPASS

Figure 5.267 D2 note adjustment of Ranad Ek by Pitch Shift Plug-in

Figure 5.268 D2 note after adjustment of Ranad Ek waveform
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E2 note

Cent value of E note has a value of minus 57 cents from E note of the

equal temperament scale system. It can be adjusted by changing the coarse parameter
to minus 1 semitone and changing the fine parameter to 43 cents. For a reference

sound, change the reference pitch to D#4 and adjust the detune parameter to 43 cents.

0O AudioSuite

Selection Preset

Pitch Shift playlist USE IN PLAYLIST <factory default>
creats continuous file entire selection - +'I5) [COMPARE

stereo mode

Reference pitch

DIGIRACK

PREVIEW BYPASS

Figure 5.270 E2 note after adjustment of Ranad Ek waveform
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F2 note
The cent value of F note is 14 cents more than that of F note from the
equal temperament scale system. The reference pitch has been adjusted to F4 note and

the detune parameter set to 14 cents.

[6) AudioSuite
Selection Preset

Pitch Shift playlist USE IN PLAYLIST <factory default>

create continuous file entire selection -+ 5y [COMPARE

stereo mode

Reference pitch

DIGIRACK

PREVIEW BYPASS

Figure 5.271 F2 note adjustment of Ranad Ek by Pitch Shift Plug-in

Figure 5.272 F2 note after adjustment of Ranad Ek waveform
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G2 note
The cent value of G note is minus 14 cents of G note from the equal
temperament scale system. The reference pitch has been adjusted to G4 note and the

detune parameter set as minus 14 cents.

Selection Preset

Pitch Shift playlist USE IN PLAYLIST <factory default>

create continuous file entire selection - '+'I5) | COMPARE

stereo mode

Reference pitch

DIGIRACK

PREVIEW BYPASS

Figure 5.273 G2 note adjustment of Ranad Ek by Pitch Shift Plug-in

Figure 5.274 G2 note after adjustment of Ranad Ek waveform
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A2 note
The cent value of A note is minus 43 cents of A note from the equal
temperament scale system. The reference pitch has been adjusted to A4 note and the

detune parameter set as minus 43 cents.

(6] AudioSuite

Selection Preset

Pitch Shift playlist USE IN PLAYLIST <factory default>

create continuous file entire selection - '+ & [COMPARE

stereo mode

Reference pitch

DIGIRACK

PREVIEW BYPASS

Figure 5.275 A2 note adjustment of Ranad Ek by Pitch Shift Plug-in

10 A2 Ranard Eak (7 Tones)

Figure 5.276 A2 note after adjustment of Ranad Ek waveform
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B2 note

Cent value of B note is minus 72 from B note in the equal temperament
scale system. It can be adjusted by changing the coarse parameter to minus 1 semitone
and changing the fine parameter to 28 cents. For reference sound, change the reference

pitch to A#4 and adjust the detune parameter to 28 cents.

Selection Preset

Pitch Shift playlist USE IN PLAYLIST <factory default>

create continuous file entire selection - '+[5) | COMPARE

stereo mode

Reference pitch

DIGIRACK

PREVIEW BYPASS

Figure 5.277 B2 note adjustment of Ranad Ek by Pitch Shift Plug-in

Figure 5.278 B2 note after adjustment of Ranad Ek waveform
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C3 note

This research used C note from the equal temperament scale system to be
the initial frequency to calculate the Thai musical scale system. The C note in the Thai
musical scale system has the same frequency as the C note in the equal temperament

scale system.

D3 note
The cent value of D note has minus 29 cents of D note from the equal

temperament scale system. The reference pitch has been adjusted to D5 note and the

detune parameter set as minus 43 cents.

(6] AudioSuite

Pitch Shift playlist USE IN PLAYLIST

create continuous flle entire selection

DIGIRACK

PREVIEW  BYPASS

Figure 5.279 D3 note adjustment of Ranad Ek by Pitch Shift Plug-in

Figure 5.280 D3 note after adjustment of Ranad Ek waveform
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E3 note

Cent value of E note has a value of minus 57 cents from E note of the
equal temperament scale system. It can be adjusted by changing the coarse parameter
to minus 1 semitone and changing the fine parameter to 43 cents. For a reference

sound, change the reference pitch to D#5 and adjust the detune parameter to 43 cents.

0 AudioSuite
Selection

Preset
Pitch Shift playlist USE IN PLAYLIST <factory default>

create continuous file entire selection -+l [ COMPARE

stereo mode

Reference pitch

DIGIRACK

PREVIEW BYPASS

Figure 5.282 E3 note after adjustment of Ranad Ek waveform
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F3 note
The cent value of F note is 14 cents more than that of F note from the
equal temperament scale system. The reference pitch has been adjusted to F5 note and

the detune parameter set to 14 cents.

(6) AudioSuite
Selection Preset

Pitch Shift playlist USE IN PLAYLIST <factory default>

create continuous file entire selection - '+'i5 | COMPARE

stereo mode

Reference pitch

DIGIRACK

PREVIEW BYPASS

Figure 5.283 F3 note adjustment of Ranad Ek by Pitch Shift Plug-in

Figure 5.284 F3 note after adjustment of Ranad Ek waveform
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G3 note
The cent value of G note is minus 14 cents of G note from the equal
temperament scale system. The reference pitch has been adjusted to G5 note and the

detune parameter set as minus 14 cents.

Selection Preset

Pitch Shift playlist USE IN PLAYLIST <factory default>

create continuous file entire selection -+ [COMPARE

stereo mode

Reference pitch

DIGIRACK

PREVIEW BYPASS

Figure 5.285 G3 note adjustment of Ranad Ek by Pitch Shift Plug-in

16 G3 Ranard Eak (7 Tones)

Figure 5.286 G3 note after adjustment of Ranad Ek waveform
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A3 note
The cent value of A note is minus 43 cents of A note from the equal

temperament scale system. The fine parameter has been adjusted as minus 43 cents.

Selection Preset

Pitch Shift playlist USE INPLAYLIST  <factory default>

create continuous file entire selection -+ | COMPARE

stereo mode

Reference pitch

DIGIRACK

PREVIEW BYPASS

Figure 5.288 A3 note after adjustment of Ranad Ek waveform
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B3 note
Cent value of B note is minus 72 from the equal temperament scale
system. It can be adjusted by changing the coarse parameter to minus 1 semitone and

changing the fine parameter to 28 cents.

O AudioSuite
Selection Preset

Pitch Shift playlist USE IN PLAYLIST <factory default>

create continuous file entire selection - +5 [COMPARE

stereo mode

Reference pitch

DIGIRACK

PREVIEW BYPASS

Figure 5.289 B3 note adjustment of Ranad Ek by Pitch Shift Plug-in

Figure 5.290 B3 note after adjustment of Ranad Ek waveform
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C4 note

This research used C note from the equal temperament scale system to be
the initial frequency to calculate the Thai musical scale system. The C note in the Thai

musical scale system has the same frequency as the C note in the equal temperament

scale system.

D4 note

The cent value of D note is minus 29 cents of D note from the equal

temperament scale system. The fine parameter has been adjusted to minus 29 cents.

(6] AudioSuite
Selection Preset

Pitch Shift playlist USE IN PLAYLIST <factory default>

create continuous file entire selection - '+'5 [COMPARE

stereo mode

DIGIRACK

PREVIEW  BYPASS

Figure 5.291 D4 note adjustment of Ranad Ek by Pitch Shift Plug-in

Figure 5.292 D4 note after adjustment of Ranad Ek waveform
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E4 note

Cent value of E note has a value of minus 57 cents from E note of the

equal temperament scale system. It can be adjusted by changing the coarse parameter
to minus 1 semitone and changing the fine parameter to 43 cents. For a reference

sound, change the reference pitch to D#5 and adjust the detune parameter to 43 cents.

Selection Preset

Pitch Shift playlist USE IN PLAYLIST <factory default>

entire selection - +'i5 [COMPARE

DIGIRACK

PREVIEW BYPASS

Figure 5.293 E4 note adjustment of Ranad Ek by Pitch Shift Plug-in

21 E4 Ranard Eak (7 Tones)

Figure 5.294 E4 note after adjustment of Ranad Ek waveform
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F4 note

The cent value of F note is 14 cents more than that of F note from the
equal temperament scale system. The reference pitch has been adjusted to F5 note and
the detune parameter set to 14 cents.

0O AudioSuite

Selection Preset

Pitch Shift playlist USE IN PLAYLIST <factory default>

create continuous file entire selection - '+ 5 ' COMPARE

stereo mode

Reference pitch

DIGIRACK

PREVIEW BYPASS

Figure 5.295 F4 note adjustment of Ranad Ek by Pitch Shift Plug-in

Figure 5.295 F4 note after adjustment of Ranad Ek waveform

The 22 pitches of the Ranad Ek sound samples have been adjusted to the

Thai musical scale.
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5.5 Using Thai sound samples with Thai classical music

After adjusting the pitches of Thai sound samples into the Thai musical
scale system, the researcher programed MIDI note of a Thai classical song into Logic
pro 9 to be an example for using Thai sound samples and electric instruments to be

played together.

5.5.1 The Thai classical song

The song used to program MIDI note is called Tab Nang Cinderella. It is a
score that included all the notations of all the instruments in Piphat. The score was
taken from the Thai music manuscript collection, as transcribed by the Thai music
manuscript committee, between 1930 and 1932 and 1936 to 1942, microfilmed by
David Morton in 1957. It was published by Panya Roongruang and his companies.

The score is as follows.
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The researcher used a sampler plug-in in Logic pro 9, called EXS24.

(legato| smono [EEET voices @) used @ (eunison

Cutoff

Figure 5.331 EXS24 Sampling Plug-in

edit | options |

Mapping all Thai sound samples into a keyboard of EXS24 pitch by pitch

and save sound preset into plug-in.

se0 EX524 Instrument Edtor: Ranard Esk(soft Beater)exs
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Figure 5.332 Thai sound samples Mapping
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After mapping the sound samples, use the plug-in with MIDI note that has
been programed from Tub Nang Cinderella. The Thai instruments used on MIDI note

were Ranad Ek, Kong Wong Yai, Ranad Tum Lek and Ching.

®66 # Tab Nang Cinderella - Arrange

o
O W = =i = B B C-TeR NN EN |
Inspector Prsferences Settigs | AutoZoom Automation Flex © Set Locators Repeat Secion Crop Spit by Playhead knlﬂ—slﬁ{lﬁw

|
Bl
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g
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=l
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©)

= el
F—————]

I@

Figure 5.333 MIDI Tracks of instruments of Thai sampling sound

After that, add more electric instruments by using softsynth as an example
for preforming with electric instruments.

©606 # Tab Nang Cinderella - Arrange =)

= 2 B & B ®E =2 0! 0DaE
= = st sy

Split by Playhead Bounce Regions.

LRl
IRl

5

o'l

v ol

]
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]
————1]

R

Mixer | samplefdior | PanoRoll | Score | HyperEdior |

03:20 000
4 108 89

Figure 5.334 Adding more tracks of electric instruments
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CHAPTER VI
RESULTS, CONCLUSION AND RECOMMENDATION

6.1 Results of study

The results of studying the Thai musical scale system and function setting

used in electronic instruments is presented as follows

6.1.1 Structure of the Thai musical scale system

The Thai musical scale system has been equally divided into 7 pitches in
an octave. It has intervals of 171.42 cents adjacent of each pitch. The table displays a
comparison for all frequencies of pitches used in the Thai musical scale system and the
equal temperament scale system, using the initial frequency as 261.63Hz, or C note in

the equal temperament scale system, to calculate all frequencies.

Table 6.1 Equal temperament scale and Equal 7 tones scale comparison chart

Equal Temperament Scale Equal 7 Tones Scale
Fre((i_}lze)ncy Cents note Fre((i_;lze)ncy Cents
261.63 0 C 261.63 0
293.66 200 D 288.86 171.42
329.63 400 E 318.92 342.84
349.23 500 F 352.12 514.26
392 700 G 388.77 685.68
440 900 A 429.23 857.10
493.89 1,100 B 473.91 1,028.52
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Equal Temperament Scale Equal 7 Tones Scale
Note
Frequency Frequency
(Hz) Cents (Hz) Cents
523.26 1,200 C 523.26 1,200

From the information in this table, the frequencies of the other octaves can

be found. The frequencies of the notes in the other octaves will always be halved or

doubled in frequency. To calculate the next octave, double the frequency of the next

consecutive note if of a higher pitch, or half the frequency if of a lower pitch. The

results of the frequency of Thai notes are displayed on the piano keys as follows.
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Figure 6.1 Comparison of Thai musical scale system frequency and Equal temperament

6.1.2 Format of the Thai musical scale system

Notes used in the Thai musical scale system include 7 pitches in an octave.

The Thai musical scale that uses 5 notes, consisting of C, D, E, G, and A, is similar to

the pentatonic scale that is found in Western music.
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Figure 6.2 Notes used Thai musical scale system

6.1.2 Format of the Thai musical scale system
Notes used in the Thai musical scale system include 7 pitches in an octave.
The Thai musical scale that uses 5 notes, consisting of C, D, E, G, and A, is similar to

the pentatonic scale that is found in Western music.

Figure 6.3 Notes used in Thai musical scale

In addition to the 5 notes that are mainly used in the Thai musical scale for
performing Thai classical songs, the other 2 notes have been used for different accents
in different songs or it can be used to modulate to another scale when performing. The
Thai word used for the musical scale is “Thang”. It consists of 7 musical scales,

ordered as follows.

1.Thang Piang-aw-lang
2. Thang Nai

3. Thang Klang
4.Thang Piang-aw-bon
5. Thang nok

6. Thang Klang hap

7. Thang Chawa

Comparison of the graphics of the 7 Thai musical scales is displayed on

Kong Wong Yai and piano to show all positions of all notes in each Thai musical scale
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as follows.
6.1.2.1 Thang Piang-aw-lang

The first note is on the third gong. It is called Thang Piang-aw-

lang, because it was played with a Thai duct flute, called Piang-aw.

Figure 6.4 Thang Piang-aw-lang on Kong Wong Yai

LLELLLELELLLRLULLELLLLY

D Nt ot N ot ot et N ot Y ot ottt ettt D et D e et e I

Figure 6.5 Thang Piang-aw-lang on Piano

6.1.2.2 Thang Nai
The first note is on the fourth gong. It is called Thang Nai,

because it was played with a Thai reed Oboe, called Pi Nai.

Figure 6.6 Thang Nai on Kong Wong Yai
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Figure 6.7 Thang Nai on Piano

6.1.2.3 Thang Klang
The first note is on the fifth gong. It is called Thang Klang,
because it was played with Thai reed Oboe, called Pi Klang.

Figure 6.8 Thang Klang on Kong Wong Yai
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Figure 6.9 Thang Klang on Piano

6.1.2.4 Thang Piang-aw-bon
The first note is on the sixth gong. It is called Thang Piang-aw-

bon, because it was played with a Thai duct flute, called Piang-aw.
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Figure 6.10 Thang Piang-aw-bon on Kong Wong Yai
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Figure 6.11 Thang Piang-aw-bon on Piano

6.1.2.5 Thang Nok
The first note is on the seventh gong. It is called Thang Nok,
because it was played with a Thai reed Oboe, called Pi Nok.

Figure 6.12 Thang Nok on Kong Wong Yai
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Figure 6.13 Thang Nok on Piano

6.1.2.6 Thang Klang hap
The first note is on the eighth gong. It is called Thang Klang
hap, because it was played with a Thai reed Oboe, called Pi Klang.

Figure 6.14 Thang Klang hap on Kong Wong Yai

(AL MEATRTTMET AT WA

e I e MELETEEL PR PP PP PR PR PP S T ST S

Figure 6.15 Thang Klang hap on Piano

6.1.2.7 Thang Chawa
The first note is on the ninth gong. It is called Thang Chawa,

because it was played with a Thai reed Oboe called, Pi Chawa.
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Figure 6.16 Thang Chawa on Kong Wong Yai
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Figure 6.17 Thang Chawa on Piano

From the results of the study of the Thai musical scale, all Thai musical
scale has the same structure, it consists of 1, 2, 3, 5 and 6 notes degree in the Thai

musical scale system. It is similar to the movable Do Solfege method.

Figure 6.18 Structure of Thai musical scale



Fac. of Grad. Studies, Mahidol Univ. M.A.(Musicology) / 227

6.1.3 Setting tuning function of electric instruments into the Thai
musical scale system

To set the frequency of pitches in electric instruments, such as the
synthesizer or keyboard, into the Thai musical scale, a micro tuning function is used to
adjust the frequency of pitch. For this reason, a frequency used by electric instruments
has been set into equal temperament from a factory. If using electric instruments tuned
in the Thai musical scale when performing with a Thai classical band, the sound will
not be in tune. The micro tuning function can not be found on all electric instruments

or software. Frequency of pitch can be adjusted by cent or by frequency.

(= t:i:l R =

B

| B
Bl seees
B s

| EE3
Bl #reaistor
| S

Figure 6.19 Micro tuning function in FM8 Plug-in

() Pliattydumery M=
Eile Device Tunings Help
Scale # 7 &2 [Tamii vilar RootNote:  C H
Note Frequency Cents from 12TET Ratio Cents from root
C 261.63 Hz +0.000 cents 1
ST 10 90.225
D 290.70 Hz -17.603 cents L1111 182.404 ﬁ
Eb 310.07 Hz -5.872cents 1.18519 294.135 ﬁ
E 327.03 Hz 13,696 cents 125 386.314 E
F 348.83 Hz -1.965 cents 133333 498.045 E
e s
G 387.59 Hz -19.556 cents 148148 680.449 E
Ab 413.43 Hz -7.825 cents 1.58025 792.180 E
A 436.04 Hz ~15.649 cents 166667 884.359 E
B, 465.11 Hz -3.918 cents 177778 996.090 ﬂ
| B 490.55 Hz -11.743 cents 1875 1088.269 E
C 523.25 Hz +0.000 cents 2

Figure 6.20 Micro tuning function by Moog in Phatty model



Thassana Asoksiri Result, Conclusion and Recommendation / 228

The result of using the micro tuning function in electric instruments with
Thai instruments for performing Thai classical music, the audience felt a smooth
sound but if micro tuning function was not used, then they felt a strange sound from
the instruments. The results of the study can be used to tune Thai instruments and
electric instruments, as well as to preserve the specific characteristic of the Thai
classical scale system.

To use other electric instruments such as electric guitar or bass, all frets on
fretboard must be taken off. Because the frets have been setup into the equal
temperament system, it will be hard to use with the Thai musical scale system. Using
fretless instruments to perform with a Thai classical band will work well when playing

Thai classical music.

Figure 6.21 Fretless electric guitar

6.2 Discussion
After the structure of format of the Thai musical scale system and tuning
function in electric instruments have been studied, the results have been discussed as

follows

6.2.1 The frequency of the Thai musical scale system

The results of the frequency of Thai musical scale system have been
calculated by using the initial frequency from C note in the equal temperament scale
system ( C = 261.63 Hz). The frequency of the Thai musical scale system is displayed

in the table as follows.
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Table 6.2 Cent and frequencies of Equal 7 tones scale

Equal 7 Tones Scale
Note
Frequency (Hz) Cent

C 261.63 0

D 288.86 171.42
E 318.92 342.84
F 352.12 514.26
G 388.77 685.68
A 429.23 857.10
B 473.91 1028.52

According to the study, electric instruments work well with Thai
instruments when adjusting the frequency into electric instruments by computer
software and playback over MIDI tracks of a Thai song in Logic pro 9. This will
preserve the characteristic of the Thai classical musical scale system.

After that, the researcher also calculated the frequency of the Thai musical
scale system by changing an initial frequency into other pitches in the equal
temperament scale system, consisting of D, E, F, G, A and B. Using the same method

of calculation to calculate the frequency of pitch, the results are as follows.

Table 6.3 Using D note frequency to be initial frequency of calculation

Initial frequency D = 293.66 Hz

Note Frequency (Hz) Cent
1 293.66 0
2 324.22 171.42
3 357.97 342.84
4 395.23 514.26
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5 436.36 685.68
6 481.78 857.10
7 531.93 1028.52
8 587.32 1200

Table 6.4 Using E note frequency to be initial frequency of calculation

Initial frequency E = 329.63 Hz

Note Frequency (Hz) Cents
1 329.63 0
2 363.93 171.42
3 401.81 342.84
4 443.64 514.26
5 489.81 685.68
6 540.80 857.10
7 597.08 1,028.52
8 659.26 1,200

Table 6.5 Using F note frequency to be initial frequency of calculation

Initial frequency F = 349.23 Hz

Note Frequency (Hz) Cent
1 349.23 0
2 385.57 171.42
3 425.71 342.84
4 470.02 514.26
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5 518.94 685.68
6 572.95 857.10
7 632.59 1,028.52
8 698.46 1,200

Table 6.6 Using G note frequency to be initial frequency of calculation

Initial frequency G =392 Hz

Note Frequency (Hz) Cents
1 592 0
2 432.80 171.42
3 477.84 342.84
4 461.42 514.26
5 582.49 685.68
6 643.12 857.10
7 710.06 1,028.52
8 784 1,200

Table 6.7 Using A note frequency to be initial frequency of calculation

Initial frequency A =440 Hz

Note Frequency (Hz) Cents
1 440 0
2 485.79 171.42
3 536.36 342.84
4 592.18 514.26
5 653.82 685.68
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6 721.87 857.10
7 797.01 1,028.52
8 880 1,200

Table 6.8 Using B note frequency to be initial frequency of calculation

Initial frequency B = 493.88 Hz

Note Frequency (Hz) Cents
1 493.88 0
2 545.28 171.42
3 602.04 342.84
4 664.70 514.26
5 733.88 685.68
6 810.27 857.10
7 894.61 1,028.52
8 987.76 1,200

The results of calculation have been displayed in one table as follows

Table 6.9 The results of calculation of different initial frequencies

Frequency (Hz)
Note
C D E F G A B
1 261.63 | 293.66 | 329.63 | 349.23 392 440 493.88
2 288.86 | 324.22 | 363.93 | 385.57 | 432.80 | 485.79 | 545.28
3 31892 | 357.97 | 401.81 | 425.71 | 477.84 | 536.36 | 602.04
4 352.12 | 395.23 | 443.64 | 470.02 | 461.42 | 592.18 | 664.70
5 388.77 | 436.36 | 489.81 | 518.94 | 582.49 | 653.82 | 733.88
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6 429.23 | 481.78 | 540.80 | 572.95 | 643.12 | 721.87 | 810.27
7 47391 | 531.93 | 597.08 | 632.59 | 710.06 | 797.01 | 894.61
8 523.26 | 587.32 | 659.26 | 698.46 784 880 987.76

The results varied when changing the initial frequency to calculate the

frequency of the Thai musical scale system.

6.2.2 Structure of the Thai equal 7 tone musical scale system

The results of the study of The Thai musical scale system are it has 7
pitches, these are C, D, E, F, G, A and B. They have been arranged into 7 scales,
consisting of Thang Piang-aw-lang, Thang Nai, Thang Klang, Thang Piang-aw-bon,
Thang Nok, Thang Klang-hap and Thang Chawa. The structure of the Thai musical

scales are as follows.

1 Tone 1 Tone 1 Tone 1 Tone 1 Tone 1 Tone 1 Tone
171.42 171.42 171.42 171.42 17142 ——171.42——171.42
r cents cents cents cents cents cents cents _|
Octave
Figure 6.22 Structure of Thai musical scale system
1 Tone 1 Tone 2 Tone 1 Tone 2 Tone
171.42 171.42 342.84 171.42 —— 342.84 —
’7 cents cents cents cents cents

Octave

Figure 6.23 Structure of Thai musical scale
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When considering notes that have been used in the 7 different Thai musical

scales, they all have the same structure of intervals as follows

1 Tone 1 Tone 2 Tone 1 Tone 2 Tone
171.42 171.42 342.84 171.42 342.84 —
’7 cents cents cents cents cents
Octave
Figure 6.24 Thang Piang-aw-lang
1 Tone 1 Tone 2 Tone 1 Tone 2 Tone
171.42 171.42 342.84 171.42 342 .84 —
’/ cents cents cents cents cents
Octave
Figure 6.25 Thang Nai
1 Tone 1 Tone 2 Tone 1 Tone 2 Tone
171.42 171.42 342.84 171.42 342.84 —
cents cents cents cents cents
Octave

Figure 6.26 Thang Klang
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1 Tone 1 Tone 2 Tone 1 Tone 2 Tone
171.42 171.42 342.84 171.42 342.84—
cents cents cents cents cents

Octave

Figure 6.27 Thang Piang-aw-bon

1 Tone 1 Tone 2 Tone 1 Tone 2 Tone
171.42 171.42 342.84 171.42 342.84—
cents cents cents cents cents

Octave

Figure 6.28 Thang Nok

1 Tone 1 Tone 2 Tone 1 Tone 2 Tone
171.42 171.42 342.84 171.42 342.84—
cents cents cents cents cents

Octave

Figure 6.29 Thang Klang-hap

1 Tone 1 Tone 2 Tone 1 Tone 2 Tone
171.42 171.42 342.84 171.42 342.84—
cents cents cents cents cents

Octave

Figure 6.30 Thang Chawa
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From the pictures of the structure of the Thai musical scale, consider the

intervals of Thai musical scale. All scales have the same structure as follows.

1 Tone 1 Tone 2 Tone 1 Tone 2 Tone
171.42 171.42 342.84 171.42 —— 342 .84 —
’7 cents cents cents cents cents

Octave

Figure 6.31 Structure of Thai musical scale

All scales include 5 of the 7 pitches in the Thai musical scale system. The

sequence of pitches is as follows.

1 Tone 1 Tone 2 Tone 1 Tone 2 Tone
171.42 171.42 342.84 171.42 342.84—
’7 cents cents cents cents cents

Ist 2nd 3rd 5th 6th 8th

Octave

Figure 6.32 A sequence of Pitches in scale

The fourth and seventh note degrees have been used in other functions.
They were used to modulate into another scale when performing a song or using for
implied to some national characteristic. In a Thai band, consideration of which Thai

musical scale to use depends on which Thai duct flute, or Khlui, is used.

6.3 Recommendation

6.3.1 Recommendations from the research
The initial frequency to calculate the Thai musical scale system should be
the C note, as in the equal temperament system because Thai musicians use C note as a

reference pitch for tuning.
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6.3.2 General recommendations

1.) The results of the study of the cent value can be used as a reference
frequency for the Thai musical scale system.

2.) The results of the study of the structure and method of the Thai musical
scale can be a reference for studying the Thai musical scale system.

3.) The method of tuning musical instruments used in this research can be
a reference for tuning electric instruments into the Thai musical scale system.

4.) Sound can be generated by a synthesizer, or musical software, to

imitate Thai musical instruments, if Thai sound samples can not be found or recorded.
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