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Automatic creation of score in vertical line notation
and piano fingering for beginner player from SMF

Sato Riku1,†1 Nakamura Eita2 Saito Yasuyuki1,a) Agata Suguru3 Yuu IGARASHI3

Sagayama Shigeki4

Abstract: The current mainstream of music score employs staff notation. Not limited within piano, staff
notation is used for many types of instruments as it can contain a large amount of information. It is, however,
often hard to read staff notation for novice players who are not familiar with it because of its complexity. On
the other hand, Agata proposed vertical line notation (VLN) which is a new type of notation. It is simple,
intuitively designed and thus easy to understand. In this study, we examined a method of creating music
scores on VLN including piano fingering for beginner player automatically from standard MIDI files (SMF),
furthermore, a method of regulating upper and lower limits of displaying scale.
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ཁ͕͋Δ͕ɼϐΞϊԋͷॳ৺ऀͷଟ͘௨ৗͷޒઢේΛ

ಡΉ͜ͱ͍͠ɽ͜Εॳ৺ऀ͕ϐΞϊԋͷ࿅शΛ͢

Δʹ͋ͨͬͯେ͖ͳোͱͳΔɽλςઢේओʹ͜ͷΑ͏

ͳϐΞϊԋͷॳ৺ऀ͕༻͢ΔͨΊʹѨํʹΑͬͯ 1985

ʹߟҊ͞Εɼ2010 ͔ΒতԻָେֶͰͦͷޮՌʹͭ

ΛॏͶ͍ͯΔݧ࣮ূ࣮͍ͯ [1], [2]ɽ

खͯ͠༺ιϑτΣΞͳͲΛࢉܭɼλςઢේදࡏݱ

ಈͰ࡞͞Ε͍ͯΔɽͦͷͨΊɼ࡞ʹ͔͔Δखؒͱؒ࣌

͕େ͖͍ɽ͜ΕΛվળ͢ΔͨΊɼຊڀݚͰɼطଘͷ SMF

ʢstandard MIDI fileʣ͔Βλςઢේ͓ΑͼϐΞϊॳ৺ऀ

͚ͷӡࢦΛࣗಈతʹੜ͢ΔιϑτΣΞΛߏங͢Δɽ
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ਤ 3 ઢේʹΑΔʮνϡʔϦοϓʯޒ

2. λςઢේ

λςઢේɼओʹϐΞϊԋͷॳ৺ऀ͕ಡΉͨΊʹߟҊ

͞Εͨɽਤ 1 ʹλςઢේͷࣜܗΛࣔ͢ɽॎํ͕ؒ࣌ͷਐ

Λࣔ͢ɽλςઢේʹԻ֊Λද͢͞ߴԻͷ͕Λɼԣํߦ

ʮઅʯͱɼԻͷ͞Λද͢ʮࢬʯͷ 2 ͭͷཁૉ͕ԻූΛද

͍ͯ͠Δɽ·ͨɼઅͷ෦ʹӡࢦ൪߸ʢਤ 2 রʣ͕ࣔࢀ

͞Ε͍ͯΔɽͦͷͨΊɼઅͷҐஔͷݤΛӡࢦ൪߸ͷ௨Γʹ

ଧ͍ͯ͘͠ݤͱɼਖ਼͍͠ӡࢦͰϐΞϊΛԋͰ͖Δɽྫͱ

ͯ͠ɼਤ 3 ʹʮνϡʔϦοϓʯͷޒઢේΛɼਤ 4 ʹλςઢ

ේʹΑΔͷΛࣔ͢ɽ

ͨͱ͑ɼਤ 5 ͷΑ͏ͳޒઢේɼͻͱͭͷখઅʢָේ

Λ۠Δ୯Ґʣ͋ͨΓͷใྔ͕ଟ͘ɼԻූͷه߸؍

తͰͳ͘ɼಡΈํΛΒͳ͍ਓ͕ಡΉͷ͍͠ɽҰํɼ

ਤ 6 Ͱɼઅ࣮ࡍͷԻߴʹҐஔ͍ͯ͠ΔͨΊɼಡΈؒҧ

͏͜ͱগͳ͍ʢͨͱ͑ɼC ͱ F Λؒҧ͏߹͕͋Δ

͕ɼ͜Εʹ͍ͭͯ 7 ষͰ͢ٴݴΔʣɽ

ਤ 4 λςઢේʹΑΔʮνϡʔϦοϓʯʢखಈ࡞൛ʣ

Test 1
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�
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F#       F         F#       F           F#        (C)       (D)        C#

ਤ 5 ॻ͖ҟ໊ಉԻʣɽހઢේʢԻ໊ͷׅޒΛؚΉ߸ه࣌ྟ

1

ਤ 6 ਤ 5 ͱՁͳλςઢේʢݤࠇʹରԠ͢ΔઅࠇͰදݱʣ

͋ΔԻූͱͦͷ࣍ͷԻූͷؒʹڬ͕ූٳ·Ε͍ͯͳ͍

߹ɼͦͷԻූͷࢬͱ࣍ͷԻූͷઅ͕ͭͳ͕ΔɽϐΞϊͷ

൫ͷݤͱϐΞϊͷ͞ߴΕ͓ͯΓɼԻූͷԻͷ͞ࡌه൫͕ݤ

ҐஔҰக͍ͯ͠Δɽ·ͨɼҹ࣌ʹ֦େɼॖখΛௐ͢

Δ͜ͱͰλςઢේ্ͷݤ൫ͷ෯ͱϐΞϊͷݤ൫ͷ෯͕Ұக

͢ΔͷͰɼͦͷΑ͏ͳλςઢේΛϐΞϊͷݤ൫ͷԞʹஔ

͢ΕɼઅͷਅԼʹଧ͢ݤ͖ݤΛஔͰ͖ΔͷͰɼ͞Β

ʹԋ͘͢͠ͳΔɽ͜ͷ͜ͱʹΑΓɼϐΞϊԋ͓Αͼ

ָේΛಡΉॳ৺ऀͰɼָේΛݟͳ͕ΒԋͰ͖ɼָේ্

ʹ͍͠ه߸͕ແ͍ͨΊɼඞཁͱͳΔࣝগͳͯ͘ࡁΉɽ
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ਤ 7 ീԻූΛؚΜָͩේͷྫ

h1
h2

ਤ 8 ਤ 7 ͷλςઢේදهʢखಈ࡞൛ʣɽ

3. અͷҐஔ

ιϑτΣΞʹΑͬͯࣗಈͰઅΛஔ͢Δ߹ɼਤ 4 ͷ

Α͏ͳઅͷஔํ๏ʹ͕͋Δɽਤ 4 ͷஔํ๏ɼ

અ͕খઅ۠ΓઢͱॏͳΒͳ͍Α͏ʹɼখઅ۠Γઢͱͦ

ͷ࣍ͷখઅ۠ΓઢͷؒͷଆʹઅΛஔ͍ͯ͠Δɽ͜ͷ

Α͏ͳઅͷஔํ๏Ͱɼখઅͷޙ࠷ͷࢬຊདྷͷ͞

ΑΓ͘ͳΔɽָේͷྫΛਤ 7 ʹɼਤ 7 ͷָේΛैདྷͷ

λςઢේͰදͨ͠هͷΛਤ 8 ʹࣔ͢ɽਤ 7 ͷָේͰͷ

8 ԻූɼैདྷͷλςઢේͰද͢هΔͱ h1 ͱ h2 ͷ͞

͕ҟͳ͍ͬͯΔɽ͜ͷΛղܾ͢ΔͨΊɼઅͷ৽ͨͳ

ஔํ๏ΛఏҊ͢Δɽ

ਤ 7 ͷָේΛɼઅͷ৽ͨͳஔํ๏Λ༻ͨ͠λςઢේ

Ͱදͨ͠هͷΛਤ 9 ʹࣔ͢ɽਤ 9 ͷஔํ๏Ͱɼখઅ

۠ΓઢʹઅΛॏͶΔͷͱ͠ɼ͋Δখઅ۠Γઢ͔Βͦ

ͷ࣍ͷখઅ۠Γઢ·ͰΛͪΐ͏Ͳ 1 খઅͷඳըൣғͱ͠

ͨɽ͜ͷํ๏Ͱ͋Εɼখઅޙ࠷ͷԻූͷࢬͷ͕͞௨ৗ

ΑΓҟͳΔͱ͍͏ΛղܾͰ͖Δɽ

SMF ͰɼϊʔτΦϯͱϊʔτΦϑͷࠁ࣌ใؚ͕·

Ε͍ͯΔ͕ɼখઅഥͷใతʹؚ·Ε͍ͯͳ͍ɽ

ͦͷͨΊɼSMF ͔ΒλςઢේΛ࡞͢ΔʹɼͦΕΒͷ

ใΛٻΊΔඞཁ͕͋Δɽָۂ 4
4 ഥࢠͰɼऑىͳ͍ͷ

ͱ͢Δɼ͜ΒΒͷ݅ʹ͓͍ͯɼS ΛϊʔτΦϯͷࠁ࣌ɼ

E ΛϊʔτΦϑͷࠁ࣌ͱ͠ɼD ΛλΠϜϕʔεͱ͢Δͱɼ

Իූ l ࣜ (1) Ͱٻ·Δɽ

l = (E − S) / (D × 4) (1)

h1
h2

ਤ 9 અͷ৽ͨͳஔํ๏ɽ

͜͜ͰɼD × 4  1 খઅͷ͞ʹ͍͠ɽ

খઅͷ࢝·Γ͔ΒͷԻූͷҐஔ P ɼࣜ (2) Ͱٻ·Γɼ

খઅ൪߸M ࣜ (3) Ͱٻ·Δɽ

P = S mod (D × 4) (2)

M = [S / (D × 4)] + 1 (3)

͜͜Ͱɼ“mod” ༨ࢉܭΛද͠ɼ“[ ]” চؔΛද͢ɽ

ਤ 10 ʹ l, P , M Λࣔ͢ɽ͜ΕΒͷύϥϝʔλɼλςઢ

ේͰͷઅͷதԝͷ y ඪ࠲ ynode ͷࢉग़ʹ༻͍ΒΕΔɽ

ynode = hm + hp + hb M + hn (4)

͜͜Ͱɼhm, hp, hb λςઢේͷ্༨നɼϐΞϊྖҬɼখ

અͷ͞ߴΛࣔ͠ɼhn খઅઢ͔Βઅ·ͰͷڑΛࣔ͠ɼ

hn = hb P (5)

Ͱٻ·Δʢਤ 11ʣɽͳ͓ɼP Ͱ͋Δɽhl λςઢේ

্ͰͷԻූΛද͠ɼࣜ (6) Ͱٻ·Δɽ

hl = l hb. (6)

SMF ԻූͷԻߴใͦͷͷΛؚΜͰ͍ΔͷͰɼઅ

ͷԣํͷ࠲ඪ༰қʹٻ·Δɽnlowest Λλςઢේ্Ͱ

ͷ࠷ԻͷԻߴͱ͢Δͱɼͦͷϊʔτ൪߸ vlowest ද 1

ͷ࠷ԻʹରԠ͢Δɽઅͷதԝͷ x ඪ࠲ xnode ɼnnode

Λઅͷϊʔτ൪߸ͱ͢Δͱɼࣜ (7) Ͱٻ·Δɽ

xnode = wm +
wkey

2
+ (nnode − nlowest)

wkey

2
(7)

͜͜Ͱɼwm λςઢේͰͷࠨ༨നΛࣔ͠ɼwkey λς

ઢේ্ͷݤͷ෯Λࣔ͢ɽͳ͓ɼxnode Ի୯ҐͳͷͰɼ

wkey Λ 2 ͰׂͬͨΛ༻͍͍ͯΔɽ

λςઢේ্Ͱͷߴ࠷Իɼද 2 ͔ΒٻΊΔɽͨͱ͑ɼ

ਤ 11 ͷ߹ɼ࠷Իͷ C4 ͕ vlowest ʹରԠ͚ΒΕΔɽ

͕ͨͬͯ͠ɼnlowest ʹ C4 ͷϊʔτ൪߸ͷ 64 ͕ೖ͞

ΕΔɽ·ͨɼ͜ͷָۂͷߴ࠷Իɼ࠷Իͷ C4 ͔Β 1

ΦΫλʔϒҎͳͷͰɼvhighest ʹ C5 ͕ೖ͞ΕΔɽ
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M P

l
ਤ 10 খઅ൪߸ MɼԻූҐஔ PɼԻූ l

1

hm hp

hn

hl

hb

wm

wkey

ਤ 11 અͷ x ͓Αͼ y ΊΔ্Ͱ༻͍Δ֤छύϥϝʔλٻඪΛ࠲

ද 1 λςઢේͷ࠷Իɽָۂͷ࠷ԻͷԻ໊͕ plowest ͷͱ

͖ɼλςઢේͷදهʹ͓͚Δ࠷Իͷݤʹ vlowest ׂ͕Γͯ

ΒΕΔɽ
plowest vlowest

C, D, E C

F, G, A, H F

ද 2 λςઢේͷߴ࠷Իɽָۂͷ࠷Իͱߴ࠷Իͷ͕ࠩ prange

ͷͱ͖ɼλςઢේͷදهʹ͓͚Δߴ࠷Իͷݤʹ vhighest ׂ͕

ΓͯΒΕΔɽ
prange vhighest

1 ΦΫλʔϒҎ Իͷ࠷ͷۂָ 1 ΦΫλʔϒ্ͷԻߴ

1 ΦΫλʔϒ Իߴ࠷ͷۂָ

4. ϐΞϊॳ৺ऀͷͨΊͷࣗಈӡܾࢦఆํ๏

લষʹࣔͨ͠Α͏ʹɼλςઢේ SMF ͔Βࣗಈతʹੜ

Ͱ͖Δ͕ɼ֤ અʹϐΞϊӡࢦ൪߸Λ༩͢Δඞཁ͕͋Δɽ

ӡࢦ൪߸ϐΞϊԋऀʹͱͬͯॏཁͰ͋Δ͕ɼͦͷܾఆ

༰қͰͳ͍ɽຊষͰɼࣗಈϐΞϊӡܾࢦఆʹ͍ͭͯ

ड़Δɽ

ࣗಈϐΞϊӡܾࢦఆʹऔΓΜͰ͍Δઌڀݚߦʢͨͱ͑

ɼจݙ [3], [4], [5], [6]ʣ͕͋Δ͕ɼզʑ hidden Markov

modelʢHMMʣʹํ͍ͨͮج๏Λݕ౼͍ͯ͠Δ [7]ɽ

ָේ্ͷ n ͷԻූݸ pn ʹӡࢦ൪߸ΛৼΔ͜ͱΛ͑ߟ

1

2
3 4

5

ਤ 12 HMM ϞσϧࢦϐΞϊӡ͍ͨͮجʹ

Δɽ͜͜Ͱɼn = 1, . . . , N ͰɼN Իූͷ૯ʹ͍͠ɽ

ͨͩ͠ɼ͜͜Ͱɼ͍ԻΛԋ͢Δͱ͖ͷࢦͷೖΕସ͑

ʢଧޙͨ͠ݤʹɼผͷࢦͰͦΕΛԡ͑͞Δʣྀ͠ߟͳ͍ɽ

·ͣɼԻߴͷྻ p1:N = (pn)Nn=1 ͕༩͑ΒΕͨͱ͖ʹӡࢦ

ͷॱং f1:N = (fn)Nn=1 ͱͳΔ֬Λ P (f1:N |p1:N ) ͱද͢

͜ͱʹ͢ΔɽҎԼͰड़ΔΑ͏ʹɼӡܾࢦఆͷͨΊͷΞϧ

ΰϦζϜɼ࠷ਪఆͷʹؼண͢Δɽ

f̂1:N = argmax
f1:N

P (f1:N |p1:N ) (8)

ɼָේ্ͰԕํͷԻූΑΓۙͷԻࢦʑͷԻූͷӡݸ

ූʹӨ͞ڹΕɼྡ ͢ΔԻූؒͷґଘੑ͕࠷ॏཁͰ͋Δɽ

͢ͳΘͪɼ͜ͷΈɼϚϧίϑϞσϧͱͯ͠ѻ͏͜ͱ

͕Ͱ͖Δɽ͜Εɼ֬ͷ࠷େԽ͓ΑͼϞσϧύϥϝʔλ

ͷઃఆͷޮͷ໘Ͱ༏Ε͍ͯΔɽͳ͓ɼӡࢦͷ֬Իූ

ؒͷΦϯηοτؒؒ ʢִinter-onset intervalʣʹ ґଘ͠͏Δ

͕ɼ͜͜ͰͦͷґଘੑྀͣͤߟʹΛ؆ུԽ͢Δɽ

ָේͷԻූͷԻɼࢦͷҠಈͱଧݤʹΑͬͯੜ͞ΕΔ

ͱԾఆ͢ΔͱɼͦΕΒͷ֬ɼ͋Δࢦ fn−1 Λ༻͍ͨޙ

ʹผͷࢦ fn ΘΕΔ͕֬ P (fn|fn−1) ͱɼͦΕΒ 2 ຊ

ͷࢦʹΑͬͯ͋ΔԻߴ pn−1 ͓Αͼ pn ͕࿈ଓͯ͠ԋ͞

ΕΔ֬ P (pn|pn−1, fn−1, fn) ʹΑͬͯٻ·Δʢਤ 12ʣɽ

લऀঢ়ଶભҠ֬ɼऀޙग़ྗ֬ͱݺΕΔɽ͜ΕΒ

ͷ֬ͷݟ͔ΒɼԻූͱࢦͷ֬ɼࣜ (9) Ͱද͞ΕΔɽ

P (p1:N , f1:N ) =
N∏

n=1

P (pn|pn−1, fn−1, fn)P (fn|fn−1)

(9)

͜͜Ͱɼॳ֬ظ P (f1|f0) ≡ P (f1) ͓Αͼ

P (p1|p0, f0, f1) ≡ P (p1|f1) ͱද͞ΕɼͦΕʹԠͯ͡
P (f1:N |p1:N ) ͕༩͑ΒΕΔɽ

ޮΑ͘ϞσϧΛߏங͢ΔͨΊɼύϥϝʔλʹઃఆʹࡍ

͍͔ͯͭ͘͠ͷ੍Λઃ͚Δ͜ͱʹ͢Δɽ·ͣɼ֬ɼ

൫Λݤ 2 ͷݤΕΔ͞ݤͱ͖ʹɼଧͨ͠ݱͱͯ͠දࢠ֨ݩ࣍

ԿֶతҐஔͷΈʹґଘ͢ΔͱԾఆ͢Δɽ·ͨɼxز ʹํ

͓͚Δฒਐରশੑͱɼग़ྗ֬ͷؒ࣌సରশੑԾఆ͢

Δɽݤ൫্ͷ࠲ඪΛ ℓ(p) = (ℓx(p), ℓy(p)) Ͱද͢ͱ͢Δͱɼ

લड़ͷԾఆΑΓɼग़ྗ֬

P (p′|p, f, f ′) = F (ℓx(p
′)− ℓx(p), ℓy(p

′)− ℓy(p); f, f
′)

(10)
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Ͱ͋Γɼ͜Ε

F (ℓx(p
′)− ℓx(p), ℓy(p

′)− ℓy(p); f, f
′) =

F (ℓx(p)− ℓx(p
′), ℓy(p)− ℓy(p

′); f ′, f) (11)

Λຬͨ͢ɽ͜ΕΑΓɼखͷ֤ʑͷϞσϧɼ

Fη(ℓx(p
′)− ℓx(p), ℓy(p

′)− ℓy(p); f, f
′) (12)

ͱද͞ΕΔɽ͜͜Ͱɼη ࠨӈͷखʢL ·ͨ RʣΛࣔ͢ɽ

͞Βʹɼ͜ΕΒͷ͕֬ x Δ͋ʹରশͷ͍ؔͯͭʹํ

ͱԾఆ͢Εɼ

FL(ℓx(p
′)− ℓx(p), ℓy(p

′)− ℓy(p); f, f
′) =

FR(ℓx(p
′)− ℓx(p), ℓy(p

′)− ℓy(p); f, f
′) (13)

͕ಘΒΕΔɽݱঢ়ͷϞσϧɼԻΛΞϧϖδΦͷΑ͏ʹ

ѻ͍ɼ͢ͳΘͪɼଟͷύοηʔδΛ୯ટʹม͢Δ͜

ͱͰɼԻΛؚΉύοηʔδʹదԠ͢ΔΑ͏ʹ֦ு͞Εͯ

͍Δ [5]. ͜ͷͱ͖ɼԻͷԻූ͍Ի͔ߴΒ͍ߴԻߴͷ

ॱʹฒΒΕΔɽ

͜ͷϞσϧΛ༻͍ͯ༩͑ΒΕͨϐΞϊේʹର͢Δ࠷దͳ

ӡࢦΛಘΔͨΊʹɼP (f1:N |p1:N ) Λ࠷େԽ͢Δඞཁ͕͋

Δɽ͜ͷɼಈతܭը๏ͷҰछͰ͋ΔϏλϏΞϧΰϦ

ζϜʹΑͬͯޮΑ͘ղ͚Δ [8]. ·ͨɼ্هͷϞσϧͷ྆

खͷ֦ுɼจݙ [9] Ͱݕ౼͞Ε͓ΓɼSMF ͷࠨӈͷ

खͷύʔτΛ໌ࣔతʹִ͚ͯΔ͜ͱͳ͠ʹɼ࠷దͳӡࢦ

Λࠨӈͷखͷ֤ʑʹ͍ͭͯಉ࣌ʹਪఆͰ͖Δɽ

ঢ়ଶભҠ֬ͱग़ྗ֬ͷύϥϝʔλઌڀݚߦ [9]

ͰಘΒΕ͍ͯΔͷͷɼͦͷσʔληοτϐΞϊ্ऀڃ

Ͱͳ͍ɽͨͱ͚Ͱ͋Γɼඞͣ͠ॳ৺ऀ͍ࢦͷ͚

͑ɼಉԻ࿈ଧʹ͓͍ͯɼϐΞϊ্ऀڃԁʹԋͨ͠

Γ͖ڹΛྑͨ͘͠Γ͢ΔͨΊʹࢦΛม͑ͯଧ͢ݤΔ͕ɼͦ

ΕϐΞϊॳ৺ऀʹͱͬͯ༰қͰͳ͍ɽຊڀݚͰɼ

͜ͷΛղܾ͢ΔͨΊɼࣗݾભҠ֬ΛߴΊʹઃఆ͢Δ

͜ͱͰɼಉԻ࿈ଧʹ͓͍ͯಉ͡ࢦΛ༻͍ΔΑ͏ʹϞσϧύ

ϥϝʔλΛௐઅͨ͠ɽ

5. ιϑτΣΞͷ༷

ຊڀݚͰɼࡏݱɼೖྗϑΝΠϧ SMF ͷΈʹରԠ͠

͍ͯΔɽSMF ͓ͯ͠ٴී͘Γɼ·ͨɼSMF ΛฤूՄ

ͳιϑτΣΞ͕ଟଘ͠ࡏɼϓϩάϥϛϯά༻ͷϥΠ

ϒϥϦॆ࣮͍ͯ͠ΔɽSMF Λ࡞͢ΔιϑτΣΞʹ

ΑͬͯɼԻූͱԻූͷؒʹඍখͳڬ͕ූٳ·Ε͍ͯΔ͜

ͱ͕͋Δɽ͜ͷ߹ɼࢬͱઅΛ͛ܨΔ͖͔ͷఆͷ͛

ʹͳΔɽͦͷӨڹΛͳͨ͘͢Ίɼ16 ԻූҎԼͷඍখͳ

Δ͜ͱʹ͢ΔɽᮢΛ͢ࢹແූٳ 16 Իූͱͨ͠ͷɼ

ϐΞϊָේʢಛʹॳ৺ऀ͚ʣʹ 16 ԻූΑΓ͍Իූ

ΕΔ͜ͱ΄ͱΜͲແ͍ͨΊͰ͋Δɽݱ͕

SMF ͷಡΈࠐΈʹ C++ ༻ϥΠϒϥϦͷMidifile [10]

Λ༻͍ͨɽ·ͨɼBoost [11] Λಋೖ͠ɼԻූͱɼখઅͰ

ͷԻූͷҐஔͷදʹݱ༻ͨ͠ɽͨͱ͑ɼԻූͷ͕͞

4 ԻූͳΒͷ 1
4ɼશԻූͳΒ 1 ͰදݱͰ͖Δɽ

λςઢේͷඳը͓Αͼ PDF ग़ྗʹ Qt [12] Λ༻͍ͨɽ

Qt  GUI Λ࡞͢ΔͨΊͷϑϨʔϜϫʔΫͰ͋Γɼ1 ͭ

ͷιʔεπϦʔ͚ͩͰWindowsɼOS XɼLinuxɼAndroid

ͳͲʹରԠͨ͠ΞϓϦέʔγϣϯΛ࡞Ͱ͖ΔɽຊڀݚͰ

ɼQt ͷػͷ 1 ͭͰ͋Δ QGraphicsScene ΫϥεΛ༻

͍ͯඳըͨ͠ɽ·ͨɼQPrinterΫϥεΛ༻ͯ͠ QGraph-

icsScene ʹඳըͨ͠ਤܗσʔλΛ PDF ʹग़ྗͰ͖Δɽͳ

͓ɼࢦ൪߸Λ͢هϑΝΠϧͷϑΥʔϚοτɼࢦ൪߸Λه

͢͝ͱʹվ͢ߦΔͷͱͨ͠ɽ

6. Ռ݁ݧ࣮

ͨ͠ιϑτΣΞɼSMF࡞ ͓Αͼӡࢦ൪߸ͷใ

ΛಡΈࠐΜͰɼλςઢේΛੜͰ͖Δ͜ͱΛ֬ೝͨ͠ɽ

·ͨɼߋߴઐͷϐΞϊॳ৺ऀͷֶੜ 10 ໊Λରͱ

͠ɼλςઢේΛ༻͍࣮ͯݧΛͨͬߦɽ·ͣɼਤ 4ͷʮνϡʔ

ϦοϓʯΛ࿅श͠ɼλςઢේͷಡΈํͱϐΞϊԋʹ׳Ε

ͯΒͬͨɽ࣍ʹɼνϟΠίϑεΩʔۂ࡞ʮ͘ΔΈׂΓਓ

ʯͷ಄ͷۂਐߦʯΑΓʮܗ 2 খઅʢਤ 13ʣͷλςઢේ

Λ࡞͠ɼॳ৺ऀ͚ͷӡࢦʢਤ 14ʣͱ্͚ऀڃͷӡ

ʢਤࢦ 15ʣΛ༻͍ͯɼ͜ͷ 2 খઅΛ࠷ॳ͔Βޙ࠷·Ͱӡࢦ

ΛؚΊͯؒҧ͑ͣʹԋͰ͖Δ·Ͱɼ෮ԋͯ͠Βͬ

ͨɽͦͷΞϯέʔτ݁ՌΛද 3 ʹࣔ͢ɽ͍ͣΕͷඃऀݧ

ઢේ͕ಡΊͣɼϐΞϊͷຊ֨తͳϨοεϯड͚͍ͯͳޒ

͍͕ɼλςઢේ͢Β͢Βɼͳ͍͠ɼԿͱ͔ಡΊͨͱ͍͏

ճΛಘͨɽ·ͨɼॳ৺ऀ͚ͷӡࢦͷλςઢේɼ্ڃ

ͷͷΑΓ༰қʹԋͰ͖͍ͯΔɽ͚ऀ

7. ·ͱΊ

ैདྷͷλςઢේදࢉܭιϑτΛ༻ͯ͠खಈͰ࡞͞

Ε͍ͯΔ͕ɼຊڀݚͰɼ͜ΕΛ༰қʹ࡞Ͱ͖ΔΑ͏ʹ

͢Δ͜ͱΛతʹɼλςઢේΛࣗಈͰੜ͢ΔιϑτΣ

ΞΛ࡞ͨ͠ɽSMF ΛಡΈࠐΈɼϐΞϊॳ৺ऀ͚ͷӡࢦ

൪߸Λࣗಈతʹܾఆ͠ɼλςઢේΛܗͰ͖ɼ·ͨɼPDF

ͱͯ͠ग़ྗͰ͖ΔɽϐΞϊॳ৺ऀΛରʹ࣮ͨ͠ݧͱ͜

Ζɼॳ৺ऀ͚ͷӡࢦʹΑΔλςઢේ্͚ऀڃͷӡࢦ

ʹൺͯ༰қʹԋͰ͖Δ͜ͱ͕֬ೝͰ͖ͨɽ

ɼGUIޙࠓ ্ͰखಈʹΑΔӡࢦ൪߸ͷઃఆɼλςઢ

ේʹλΠτϧͷՃͳͲͷػΛՃ͢Δ͜ͱͷ΄͔ɼC

 F ͷݤͷҟͳΔ৭ͷ༩ɼԻූͷΑΓ໌֬ͳදݱͳ

Ͳɼλςઢේͦͷͷͷվྑݕ౼͢Δɽ͞Βʹɼॳ৺ऀ

ࢦͷӡ࣌ԉιϑτΣΞͱͯ͠ɼԋࢧͷϐΞϊ࿅श͚

ͷਖ਼͠͞ΛࣗಈతʹධՁ͢ΔγεςϜٕྔʹԠͨ͡ӡࢦ

ͷੜʢͨͱ͑ʮ͙͘ࢦΓʯͷ༗ແʣɼए͚ͷಋೖ

ங͢Δ༧ఆͰ͋Δɽ·ͨɼʮ୭Ͱߏҭͱͯ͠ͷήʔϜΛڭ

ಡΊΔʯͱ͍͏λςઢේͷಛΛ͔͠׆ɼϦϋϏϦςʔ
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ਤ 13 νϟΠίϑεΩʔۂ࡞ʮ͘ΔΈׂΓਓܗʯΑΓʮߦਐۂʯͷ

಄ͷޒઢේ

1
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3

1
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1

ਤ 14 ʮߦਐۂʯͷॳ৺ऀ͚ͷλςઢේ

γϣϯԻָྍ๏Ͱͷద༻͕ظ͞ΕɼҰ෦͢ͰʹऔΓ

ΜͰ͍Δ͕ [13]ɼ͜ΕΛ͞Βʹൃలɾ֦ு͍ͯ͘͠ɽ
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Sörensen, K.: Generating fingerings for polyphonic pi-
ano music with a tabu search algorithm, Proc. MCM,
pp.149–160 (2015).

[7] Yonebayashi, Y., Kameoka, H. and Sagayama, S.: Auto-
matic decision of piano fingering based on hidden Markov

1

3
2
1

2

1

3

1

2

1

ਤ 15 ʮߦਐۂʯͷ্͚ऀڃͷλςઢේ

ද 3 λςઢේΛ༻͍ͨԋͷΞϯέʔτ݁ՌʢA: excellent, B:

good, C: poorʣɽTɼMbgnɼMadv ɼνϡʔϦοϓɼߦਐۂ
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