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Tatum-Level Drum Transcription Based on a
Convolutional Recurrent Neural Network with
Language Model-Based Regularized Training

Ryoto Ishizuka, Ryo Nishikimi, Eita Nakamura, and Kazuyoshi Yoshii
Graduate School of Informatics, Kyoto University, Kyoto, Japan
E-mail: {ishizuka, nishikimi, enakamura, yoshii} @sap.ist.i.kyoto-u.ac.jp

Abstract—This paper describes a neural drum transcription
method that detects from music signals the onset times of drums
at the tatum level, where tatum times are assumed to be estimated
in advance. In conventional studies on drum transcription, deep
neural networks (DNNs) have often been used to take a music
spectrogram as input and estimate the onset times of drums at the
frame level. The major problem with such frame-to-frame DNNs,
however, is that the estimated onset times do not often conform
with the typical tatum-level patterns appearing in symbolic drum
scores because the long-term musically meaningful structures of
those patterns are difficult to learn at the frame level. To solve this
problem, we propose a regularized training method for a frame-
to-tatum DNN. In the proposed method, a tatum-level proba-
bilistic language model (gated recurrent unit (GRU) network or
repetition-aware bi-gram model) is trained from an extensive
collection of drum scores. Given that the musical naturalness
of tatum-level onset times can be evaluated by the language
model, the frame-to-tatum DNN is trained with a regularizer
based on the i model. The il results

Fig. 1. Supervised training of a neural drum transcription model with musical
oul

demonstrate the effectiveness of the proposed r ized training
method.

tput reg based on a pretrained language model.
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During his undergraduate years, he was engaged in
research on "digital watermarking,” which hides
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Faculty of Integrated Human Studies, Kyoto
University. In his senior year, he studied abroad in
Vietnam for four months to learn about
international business. Since returning to Japan, he
has been engaged in research on music
information processing using Al for "ear-
synchronization" at the Graduate School of
Informatics, Kyoto University, and has authored
several international papers and journals.

) 1O 0 <

EI=E 1N

RBREFHOWVWEOHL

Al DI EVE

ATHT7VDEMZT L



CHAPTER 2

i%#gwb\inb\b 27/38
AHERORN

MIEMEDIER
BHAZEED 3 AICERERSE B @
AFRXDOERETERT BETXXEEZES TExOEASEERYT ABICEBZFIvY
<MBRTRIBOFE Ao MIZEoRBET . TBLE
SHLOHITBLERDOF FTIRAAETHIEES (EREDBEL 3EXH H Al FEETIRBOFE Ao 4F
TIRFRDIET: - IREED IR £, COLETAINEIRL P TEETAIDESIEZIZT ICHRX TH T3 EMIMIE
BICRIZTEI B L DA HHE TWESHHEAREITEC DEFRD FH THDIESEITIR ICIF§8VVT 9, IHICAFER
BEESTLEVET, HEDSEROET BN | | BRTRELTIEEA. BRENEINTLSES
ELIREES 2 RHL L HHBDORCEICIIAR
WS ZzDITE 7, BFTVIDNYBETT,
BC2EN REFBVOWFTHL AlX DFSEVE ATHLT7VOERE T L




CHAPTER 2

£ %’*L%’G)L\ﬂiim‘b 255

BAEES B4 £ REEEE
k=L NN Bl3&ES Hello “Hello”

IEFERER - 2 SENDEER - A B S D A BEICEDDDOH S

(B 2 - https://moshimodogu.com/item/honyaku-konnyaku)
EI=E 1N REFHOWVWELHL Al DI EVE ATHLTVDEBET L




CHAPTER 1 CHAPTER 2
HZ2En REBZVOWVE-OHL

CHAPTER 3 CHAPTER 4
AlEDIIEISVA FITCHT7UDER 2T L




CHAPTER 3

AI t@ﬁti"ﬁ’l’\ﬁ 30/38

AlICTZ AL
1. REEZETE-TERE) 2 AMHBICER 9 & (BER

ANCTEIEWV L

1. fHV=aT Y ZADRHSED

2. TAESLE I ORE

3. AENEREVREADIIIE
4. BEEEXIEER (1T EE) NDRIG

TANEIDRBEZESBEIER>IIERVICHS

EI=E 1N HEFEOWVWEFOHL AlZDHFEEVE ATHT7VDEMZT L




CHAPTER 2

AlEDIZFEVA e
1 @H V=27 ADRHED .

BAE&D ST 5T —MIITEEEAD?

TFTBITEET ! (CPADDIDT W)

TS iTEER9 ! I'l go if I can!

BIMDEREE—% .
,  I'll come if | can!
I'll be there when | can!

If I can, | will!

» ) 101 P <

EI=E 1N HEFEOWVWEFOHL AlZDIHFEIEVE ATHT7VDEMZT L




CHAPTER 2

AI t@‘ﬁf‘fﬁ’b\jﬁ 32/38
2. TABEISLE 1 DFERIE _

%ﬁé‘:ﬁ‘TB%OTC' **o

BIZE IR0, Look forward.

AIDERFE—ES :
, | Face forward.
Look ahead.

Look forward to it.

i) ) 10 (P £

EI=E 1N HEFEOWVWEFOHL AlEDHFEIEVE ATHT7VDEMZT L




CHAPTER 2
AI ta)1q3éb\ﬁ 33/38

S PICEEREVIA DXy -

CORTHIEHLVWRN(BETEMZEFELHS)

bRTEMZFETIIVITEEA.

BIETEMZEFETIIWITEE A Do not use the bridge to pull the plates
together.
) ) 101D P <2

EI=E 1N HEFEOWVWEFOHL AlEDIFEEVE ATHT7VDEMZT L




CHAPTER 2

34/38

.,l-t—\ _

CDRRESH78?

URABRXTIBA

URAABITIEB A Beyond Pien, Paon.

» | BIDFREE—5 :
Beyond Pien, Pion.

Beyond Pien, Pao.

() ) 101 P L

ot
o
4

BOWELHL AlZDFEIEVE ATHT7VDEMZT L

EI=E 1N




CHAPTER 2

AI t@ﬁti"ﬁ’l’\ﬁ 35/38
ABICLHOTEIHWCEICFANTS

1. TRLEW TRHFEI A F—T—RK
@ HATHEEZDIDDHARESLE (BRETEE)
o =SULEHEL / EFMEEVZETIEY S8E
o HLLWEEZHKHIIEIFAT S8

2. 7F+0OJ TEh3IER

@ RTA—IVFT—C[|RTA—ZYF

o XIFOHM /TEIDEEWNT (Fik or #2#]) %V
3. THLIDEWA

o LERIIETHD

EI=E 1N

o

BOWELHL AlZDHFEEVE ATHT7VDEMZT L

B
o
4




CHAPTER 2-3

itth‘yt'—'y 36/38

1. HRZEROBFETELDD
2. AADEESZEEEAL &S
3. TAUCTELRWIEITERT B S ovhTA—LICH L ED

FEDIBICCNIEFIIHT PO THITEWVWEBEST3
L. ANNCEKQTHGAT (BECERRICED D)

2. REOEHZILITS (W ONNIBT BRITRO>THREY)

3. 2EFCAIFTT YRSV B (RN /F0Y / SNSOFIA)

,»

(B 2 - https://moshimodogu.com/item/honyaku-konnyaku)
EI=E 1N REFHOWVWELHL AlZDHFEEVE ATHLTVDEBET L




I FRRDOEE

CHAPTER 1 CHAPTER 2
HoEan REBZVOWVE-OHL

CHAPTER 3 CHAPTER 4
AlEDIIEEVA ATHTFUDERZ21T L




CHAPTER4
ﬁ[f‘%?')@gﬁ:ﬂa’fh 38/38

AYICAICET 3EMTHOKTY!

[ RF—TARXZADILNE? 1D
TRARICEERHDET 1D THAENL,

BTADOAICENNIFERBWVWETODT
ER[BRICOAANLTLIESLY,

EEFESISKVISEIIE

N TFOTwittern 704 T
BRIVEHELIESLY,

,@beginaid https://academ-aid.com/portfolio/

BB HEFEOWVWEFOHL Al DFEIEVE AITH7VDEMY1 L




