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Background: Why is Digitalization Necessary?

e Digital imaging of scores has progressed.
e However, image alone cannot be machine-processed.

Structured data is essential for computational analysis and
to analyze a volume of data beyond human capacity.



Research Objectives

To establish a methodology for digitizing Gagaku scores as structured data.

To attempt statistical analysis based on the digital scores.

® Focus on the usage trends of characters used in the scores.

To build a hub connecting multiple Gagaku-related materials: connecting
multimedia materials such as other scores, videos, and audio, centered

around one score.



Introduction of Gagaku



What is Gagaku?

Ancient Japanese Traditional Music

originating over 1000 years ago.

Performed at imperial ceremonies,
religious events, and as a hobby

of the nobility.

Detached Segment of Illustrated Scroll of Love Affair of Courtier and Girl at
Sumiyoshi (Kamakura period, 13th century), Tokyo National Museum

(EEMEGENE) GRERA, 13itid) RREILIEME
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Instruments in Gagaku




Instruments:the Winds

Hichiriki Ryuteki

() [REHH]




Instruments:the Winds

Hichiriki Ryuteki Sho
EX [FEE] [%E)



Instruments:the Strings

Gakuso [ZE]
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Biwa [



Instruments:the Strings
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Instruments:the Drums
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Instruments:the Drums

Shoko Kakko Taiko

[EFE%] [#mE% ] [NE ]



Types of Performance

¢ Instrumental ensemble
® Music with dances
® Songs



Performance:Instrumental Ensemble




Types of Performance:Instrumental Ensemble

(BEREJLE) CIFKR, 1815), REHFIIRE? , ikE, RRELEMERARFER7—H4TX , —&IMI, hitps://webarchives.tnm.jp



Types of Performance:Dances

FRERBIG GER) BEZ AX8-9 AR AN () RREILEWEERER
https://webarchives.tnm.jp/imgsearch/show/E0049746




Types of Performance:Dances

y

EER £, BE5TE, LMAM £ ENE, ETERREETOH/INLaLYSay, —8II, https:/dl.ndl.go.jp/pid/1885985/1/1



Types of Performance:Dances

E2RK A, 55TEF, LMER £, ZME, EXESREET ALY 3y |, —EINT hitps:/dl.ndl.go.jp/pid/1885985/1/1
EBRERCE, FHFIR? , 559, RREMIEMEMRERER7—h,1IX , —&II, https://webarchives.tnm.jp
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Gagaku Score:the Strings
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Gagaku Score:Components
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Gagaku Score:Components
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Gagaku Score:Components
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Example of Shoga

HREMAF/NRIXKTSEHE BAEE DB (HE) [T IUELE ] https://www.youtube.com/watch?v=A70lzI2igds&t=27s
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Gagaku Score:Components

B o=
wr 70

- 5 Hyoshi [HF]
) ON|*

b % @ Indicate first beat
- yl. .

- _};}%_ ® fFgqulvalent to measure
5 ¢ A big drum is struck at
,_i ™ the large dot.

By

G 2 %2

o Fors

o %>

T Vv %’f

3 IO\
b1l C

2
I




Challenges of Gagaku Scores

e Unique notation system:
0 Vertical writing, expression using kana and kanji.
0 Different notation systems used for each instrument.
® Only expresses a portion of the information necessary for performance.

e The influence of scores on the transmission of music is very limited.






XML-Based Data Structuring

®¢ Inspiration: MusicXML, MEI for Western notation.

e Challenge: Existing schemas insufficient for Gagaku.

©0 Crucial to preserve original notation (characters, not Western
symbols) .

® Solution: Designed a new schema for Gagaku scores.

0 Aligned fuji, shoga and hyoshi are put together in <cell>.

e Interoperability: Adapted MEI's <meiHead> for metadata.

© Aims for future linkage with other music data.



Special Element for Encoding: <cell>

HIRRRE
v



Special Element for Encoding: <cell>
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Basic Structure

music/
L — page/
L 1ine/
— cell/
— fuji
—— shoga
L hyoshi e
L cell/
— fuji
—— shoga

L hyoshi @
[]

SR Y Y




Data Construction Process

e Target: Togaku Chiashokyoku (FEZrh/Mdl )
o 93 pieces, short and mid-length, originated from China.

e Instruments Digitized:Hichiriki [#5£], Ryateki[fE#] and Sho [Z]

e Total: 279 XML files.



Data Input

1. Manual Input: Fuji & Shoga character.
® Current OCR doesn’t work well with vertical text,
handwriting, or special characters, especially in
complicated formats like music scores.

2. Tagging & Structuring:
e Use Python to tag and convert to XML.

3. Final Review: Check overall XML.
®¢ Adding Hyoshi, repetition, etc.
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Preliminary Data Visualization and Analysis

Purpose:

Confirm accuracy of constructed XML data.

Shows with numbers what performers know.

Data Summary :

<cell> <shoga> <fuji> <aitake>

Hichiriki [BEEZE] 26,869 26,854 10,850 —
Ryuteki [FEE] 30,953 31,060 14,686 —
Sho [Z] 14,185 _— _— 15,164



<fuji> and <shoga> Co-occurrence

e Finding:

O

Specific Shoga are indeed used
only with specific Fuji.

e Significance:

O

The analysis provides the
first data-driven evidence of
a clear relationship between
Fuji and Shoga.
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Contributions

e Digital Humanities

@)

Digitizing non-Western music: transforming Japanese traditional
notation into machine-readable formats. It opens new capability

for digitizing and analyzing other traditional music and
historical documents.

e [Computational] Musicology

©)

Empirically validates Gagaku's musical structure with XML
data.
First structured dataset of Gagaku scores publicly available.

Expands the application of computational musicology to
traditional Japanese music.



Future Outlook
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Integration of Image[IIIF] and XML

<gagaku> | | Ho[F .H
<lb n="1"/> <= o 2] 5 S --P
<cell> ¥ 5 | =
<hyoshi "small"/> | ) | e
<shoga "large">F</shoga> TR (2@ B
<fuji "large">7\ </fuji> el - i B ot L (B el R
</cell > T II5%F] ||
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Result of Layout Analysis using Python



Integration of Time-Series Data and XML [with IITIF?]

IlllllIIll\lllllllllIIIIIIIIIIIIIlll

Recording A

XML Score

Recording B



And More.

e Transcribing more Gagaku scores.

¢ Elucidating patterns not intuitively graspable by
humans.

e A web application or interactive database with GUI.



Conclusion

Digitized complex Gagaku scores, making them
machine-processable.

Revealed new insights into Fuji-Shoga
relationships through data.

Contributes to Gagaku, Digital Humanities &
Computational Musicology.
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Shintaro SEKI 4 XML Available on Github

- B shintaro.seki@riken.jp (but, still under construction %)
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zontal Projection

Original Score Image Binarized image (Text Density)
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