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Abstract: Dance video game is one of the typical popular games that has a wide range of fans. In order to
make music video game enjoyable to many people, it is necessary to provide many lower-difficulty charts for
the beginners. To make lower-difficulty charts, the easy rhythm without losing the point of the song should
be covered. In dance video game, each song has multiple charts for varied difficulty levels. In this paper, we
propose time-series deep learning model that learns the relation between the lower and higher difficulty charts
for the same song. By inputting the higher-difficulty chart into the trained model, it estimates rhythms for
lower-difficulty charts; our proposed method adapts the difficulty of the chart. Through the experiments
for step placement task, the proposed method achieves an F-score of 0.693 which is about 1.8 times higher
than the existing method. For step selection task, the value for the correlation coefficient between generated
charts and handmade lowest-difficulty charts is 0.972 in 2-gram frequency; it was confirmed that the proposed
method generated the lower-difficulty charts reflecting the characteristic of handmade lower-difficulty charts.
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Fig. 1 The concept of the beat layer and beat ID. Notes should

belong to the lowest layer. For example, the last note in
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Table 2 The relation between Challenge and Beginner charts
in the Fraxtil dataset.
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Fig. 2 The step frequency in each beat layer.
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Fig. 4 Comparison of the existing model (a) and the proposed

model (b). (a) is made with reference to the paper by

Donahue et al. [2].
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(NA, BCy4, BCs, BCy2, BC16, BC24, BC32, BCother, BP),

ELTZ9RILONRZ M LT,

B 52, #mr—2 200N REHMEOHZRT.
t =758 DHE WL B L, HDORNDBIAAET 5
72O NA =1, HRONH RS TOINEZ 16 S5
LN H D72 BCg =1 &7%1 (0,0,0,1,0,0,0), *t
ZOWELNE 3/NHIHNO 2 = 0.1875 ORLEIAFAET 5 72
& BP = 0188 8 Z N ENEL I, ATJXRT ML vy sg 1
(1,0,0,0,1,0,0,0,0.188) L FKH &N 5.

B 4 OHF)IE S sigmoid BIELTH D, (0,1) DffefiE z &
b, ZOWMIEIEEEG ¢ \Z AT v THOEAET B TSR SP(t)
2RT. BT XTORINIONWT, AT v THIE
RSP #IEETHZ LT, BRYIFT—% SP ZHERT
L., SPHOWMKHEEZRT tICAT v THRET 5.

5. FHfiEER
FATRIZEIC e BV, KF—F by NNO%ERE -1 1

DEET, FEF—5 - WiAET—4 - TAMNT—=FD3 A

© 2018 Information Processing Society of Japan

Va —_ —
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\—Y—J
. Az & one-hot : X
VAN file.
0 REEfEs 1 OPONE
3/8 v INERANLIE © 316 DAL E
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5/8 -
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] — —— t=8.68 vas:=(0,0, 1,0, 0, 0, 0, 0, 0.875)
4 s = =
oy S t=8.88 vsse=(1, 1, 0, 0, 0, 0, 0, 0, 0.000)

5 FEHT—2 555N 5 N EE
Fig. 5 The features extracted from chart data.
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5.1 BEZIRTE 7 )L O

RETLEYRETT IV 2 LT ORE CTHE S8 7.

e Challenge #%1H % AJJ, Beginner #%1H % [Eff7— %
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R 5 BHIYSET 7OV RS 5

Table 5 The results for step placement experiments.

x6 1PHVDORXT v T

Table 6 The average and variance of steps per second.

T=%tv N AERESE T F-score¢ F-score™ Dy,

Fraxtil Beginner DDA 0.693 0.693 F=%tv b HEHRE Tk En Vin D
Fraxtil Beginner DDC 0.389 (HERL) Fraxtil Beginner Original | 0.673  0.012 0.669
ITG Beginner DDA 0.755 0.747 Fraxtil Beginner DDA 0.654 0.036 0.645
Fraxtil Medium DDA 0.756 0.748 Fraxtil Beginner DDC 0.824 0.356 0.875
ITG Medium DDA 0.625 0.626 ITG Beginner Original | 0.629  0.009 0.627
Fraxtil (+R7Q) DDC 0.681 0.756 ITG Beginner DDA 0.625 0.007 0.623
ITG (Fx7) DDC 0.697 0.721 ITG Beginner DDC 1.215  0.550 1.203
Fraxtil Medium Original | 2.793  0.501 2.802
T, Challenge ST |2 DWW T D F-score® DADETH - Fraxtil Medium DDA 3.904 0.773 4.020
P, HMOMEOBAETET B, T, BEE L TR Fraxtil Med%um DDC 2.726  0.162 2.702
GCHE SN 5 EOBBET < TIEDWTO Fl o g orenel| 2R 020 2
COWVTHEHT 5. ITG Medium  DDC 3283 1938 3.248

Fraxtil 77— % & v b - Beginner FEHIZDOWT, ETF
FREBEFLEOBB L7 1.8 5D F-score® D3RR S 7z,
ITG 7— %+ v b - Beginner ZEMIZDW T, 0.7 i
2% FAEDHERR SN, ZEFED Fraxtil 7—% £ v b -
Beginner FEH 2D\ T D F-score % I [A] 5 fEAHERR S 11

7z. f%%?‘ﬁ:@%%@ 9%, ITG 7—%+t >y b - Medium
2DV, %l 2 & DBEFRTIAHT0.514, HBEP
ﬂWJ‘ 0.884 tﬁawﬁ‘ﬁfﬁf—&; CHAKIRIRNMEZ R L, F
fEAMB & B L TIWEZ 7R L7z, AWK I
BT = HICHET ATy TRICHNTE VAT v 7
RAEHEE L TVE I L EEZLNL, BEVIEAERIIFER
ENGpolzbon, 512 HIZFHEMEZHZRTHLAT Y 7
DIRERE Z & D3R R /NN DALE N D W T DT 5
FHESFED ) X 2 OFENEDI 531 B S 723 E#EK
ENEBEINDL, —T, FHEOMEDLSBOREL
LT RETHY), ZOMEIIOWTE, Hhdh
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W 2R ERET L 2L CRRENDLEEZ S,
5.1.2 F—2ty b EREFEEREERDORET R

FBFEHRET VT AT =% % AT LIRS N7 A ik
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TIRAR7ARER 4~6 (2D S LT OftaHRIE 2 Hili L 7.
(a) 1 BdH72YDRT v T%

(b) AT v THAFIET B HIBERE DR
(c) /NEINLIE D53 Ai

ARGEE L T — 5 v POSFHAHERE S BT 52 LT,
B ENZER ST — 72y FOWEEIEL < LT
LhEER L. AELZBEDI B, (a) TETILAD
ATV T W2 WEETH Y, Z OFREEA A BGE T
ETF—% kv PETHEWHEEZ RS, REETIVIET—F
Yy FoBYEE %“ié%thLTkéT%%k%z%
5. (b) & (c) &, RAPETTV~D AT BCL, B
LU'BP LEL, IO OIREFERGERE T—5 2y
METHEITIE, ZNEFNTILT 5 AT FREASETH O #
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GERBEETFVNDATE L TEYTHLENR S,
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£ 612, B, Vi, DEZNEIURT. THEOFIH [ Orig-
inal] &£ TWAEIDIL, b EholzT—% vy M
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DI, RETTIVDAER LIS O WTE LERT
HY, [DDCJ] > TWwEHDIE, TAMTF—=FIZIED
SNl ESELETEOT Y I4 FETICAN LE
LNZRHEIZ O WTHB L72HRTH 5.

Mj 7 — % & v b ® Beginner %&55’# IOoWT, RETHE
DBEEFELIN D, TF—F 1y MIEWE,, V, BXU
D DfExfz. 72, ZEFHE, 75—ty FBIU
REFELHBEL TRHWGRV,, Rz, I, &%
F4: T Beginner #2119 5B, ADFHICL > TR
Ty TRIZESOENRH L VD MBS H Y, BRETFE
EINEMRTEIZZ LA BERT S, —J7T, Medium %
BEIZOWTIE, %%&@E BLO D oM, =—EF
HELIDHILT—%ty MIEWEEZ/RL, Donahue 5 Dt

HRIDEBYHAEVEHNNIESEFHEOEED LS5

*T http://deepx.ucsd.edu/ddc (RAMEEH : 2017 411 7 29 H)
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0% 20% 40% 60% 80% 100%
Original Beginner

DDA Beginner

Original Medium

DDA Medium

Original Challenge
(as input)

W47 mgs W12%> WM16%) 2445 W32 MIZ D

M6 AMEEBLOTT -5y hOMEE L DAT v THER
Fig. 6 The step frequency for each beat layer: comparison of

the generated and handmade charts.

CEDHER SNz, REF P THER L 72 Medium FETHNIE,
E,BXUODOHEIPIET—%ty bEDLEL, 5.1.13H
TlRR7ZZEBYVIERT =5 LV EBOAT v 7RI LT
W5 ZEAERRE L.

5.1.2.2 X7 v 7HEET ZAEE OB

BEFHEOF VA4 Y FETH N ENLERT— ¥ 121F
ks B X VN OB GE TN TR nizw, RETF
BT —r 1y FCTHB L. ERHEIR 32 8T o
AR 5 OfEEE F—D hikx L o7z, B 612, LT —
Yy b BICREFEICL 2AEBLEEZ NN KM
BeE 2 7 v THEAEHRE /RS, 22T, Original 13707 — %
v b OIBEE AL, DDA 33 R TR Rk o 41
@Rt % 2N 1R . Beginner, Medium, Challenge
EZENEFNOESELZRT. X6 H, i FEO Original
Challenge (&, $2%5E 7 VIZAJJ L7z Challenge #ETH O
R TH 5.

Original Beginner-DDA Beginner [ OAHBERHIE 0.999,
Original Medium-DDA Medium [ O AR EIE 0.957 &
%Y, MEESEICBWTHRWIEOMBEZR L2, 72, AN
L 7z Challenge FEHICIE, 8 3D AT v 7o) 31%, 16 43
DAT v THH 2% G E N T W52, AR S 1172 Beginner
FE 21X 847, 1647& B2 1 DB HFAERT, Medium 7%
IZEINDL 16 0DAT Y T3 0.22% ThH o7z, Lizho
T, WBEFHEEZ, TF— 5ty FOWBERERIICHES T
8RR 16 T DAT v TaHlKS 5 LT, MBI
HAEEITRETH D I LIRS, 2Ly, T
WAND AN E L CTHRE BOL % F\V: % 27 4 A 7RI
SNz, Lo L, Medium iBHIZDOWTIE, T7—% 1 v
k ® Medium [ & HE L T 843 A T v 7 DIFAERHE
MRER L7z, BT T SN ARERI2 5 —FBD 8 43 A
7 v TR EYICHIRITRE & 2, 5.1.1 TR A
KOMESARFSN, LY ILT—F £y MOEWHEE O
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Fig. 7 The steps distribution in measure: the comparison of

the generated and handmade Beginner charts.
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B 8 AERFEES L OTT =% 1y b ONEHNES T (Medium
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Fig. 8 The steps distribution in measure: the comparison of

the generated and handmade Medium charts.
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3.2 i TAT o 721RER 6 DWGE L [Al— Dz & o 72,
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IR E0E 0.971, Original Medium-DDA Medium [ ®#H
BIfR%1320.939 L2 ), WEESEICBWTIEOMEZRL
7. MBREBOED? S, REFEDSAT 2 MO/
WLESA, BT =%ty s ONFHHMESARIHED 2 &
DWHERR SN2, L2 L&A 5, Beginner R ICDWT, JT
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R 7 l-gram HBUHEE 677 1
Table 7 The top seven steps of 1-gram frequency.

Original Generated

All Beginner Easy Medium Beginner Medium
Step Count Step Count  Step  Count Step Count | Step Count Step Count,
I76,275 — 4205 — 9352 b 14,339 - 372 — 2,280
T 73910 - 4180 - 9,250 113841 - 345 - 2273
69,192 T 3,607 L9217 12,967 t 343 12161
— 68,482 L3537 T 8,955 - 12,853 i 327 2,077
= 6,653 746 - 1162 <= 1515 | < 13 1 hold 25
1t 3762 1 128 it a4 4t 847 | 4t 1 | hold 15
Jhold 3,029 < 14 < hold 277 | 564 | L 1 1 release 13

XN INEY, EFUANDOANEE U CORNGNAE
BP #0252 Liz2o0nT, HALREORYHIEZH L LD
D, FEBPF—5+ty "HOEHT -7 I2KRE IKEFEL,
PRT = L E N WD 2R T BERE > T b
REMEDS R STz, FEPART G TH o 72T — 5122
WU, NERE E AT L2 WEEE R, Moo KR & Al
B BN L7258 2 EOTRICE D HICTREE £ 2 5.

5.2 [AE:ERE T IO

[A] % HRE 7V X Donahue & L [F—DETIVEFH L
TWwa 720, 7 IVOMERRHENI D W TIIEITAIZE 2] 2
ZRENTv, TAMNTF =5 2R BFAETVICAT LE
B ENFEA RS N ARENE, LT =%ty bbb
ONBFRIZ KL, ¥BEFERS Ty PoMEE L
ORI L T2 xR L7z, BATHIZECAT v 7L
ENTWAD 256381 DAT v I*SENZho i BHE % 4
FFL lgram & L, kg3 52 X7 v 7OMELTIZONT
I¥ 2-gram & L CHERFL -,

RTIZ, TT—Y Ly NNOFER & FEFAETIVIC
Lo THERSNIZERZNENIZBIT S, 1-gram B
JEDEN AL T D AT v TR IRT. FH D Original 1370
T—7 Yy POEFHEREEL, Generated |37 EHFEATE
TOVHERL L 73S ORISR 228, £72, AL 5 M
DG FET N TR LR L 72K 2 L, Beginner, Easy,
Medium (& Z NG54 5 HEGE OREHE O A% HEaF L7z
MREZRT. RO Step MICBVT, 2 DDREIFIEA
TWb5 L0032 FMEREICHEGZE 2R TLAT Y
7, hold 3 Z DR & FA Al 5 2 L 2 HRTH AT v
7, release (ZFFI % By AT 72 IREED ST 2 L 2 FEKT R
T TOCTHL. R8I, F—Fty NNOKEESERM,
BLOTF—% vy VOKESE L ARG IZOWTO
l-gram MBBHEOMBEMREZRT. £8 Lk, 7—
5ty NANOKEES B OMABREATID 0.98 R 1
TBY, MOIEOHBEERLZ. Uk, FET7—5F0
1-gram ARERIZEHSAZICL > TRELEDbL W & %

xR 8 l-gram #E5 FEHAHBIFRE
Table 8 The correlation coefficient matrix among difficulty

levels for 1-gram frequency.

Original
All Beginner Easy  Medium Hard  Challenge

Beginner 0.989 1.000

Easy 0.998 0.996  1.000 — — —
Original Medium 1.000 0.990  0.998 1.000 —— —

Hard 0.999 0.984  0.995 0.999  1.000

Challenge | 1.000 0.986  0.997 0.999  1.000 1.000

Beginner 0.994 0.995  0.997 0.993  0.990 0.992
Generated

Medium 0.994 0.994  0.997 0.993  0.990 0.993

=9 2-gram MBI LA 7 1

Table 9 The top seven step combinations of 2-gram frequency.

B, T, b, A) AFEEOEHENEICOWT (B, BEn
v, BABT TV A, BRI 7ORED SHET) o 4 B
BT S, LE3NT05,

O PEREGTERODL YA I T OIEMS T — L OFlICE T
VRV, ZORT Y THR D LI, HSRE SR L % b
LT kwl, BafiITd kv
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Original Generated
All Beginner Easy Medium Beginner Medium
1 2 Coumt 1 2 Count 1 2 Count 1 2 Count |1 2 Count 1 2 Count
Lot 20481 > < 1613 1 L 3277 | 5524 | > < 121 > - 738
Tl 20180 < o~ 1587 ) 1 3265 5511 | 1 115 < - 697
-« 22445 1 | 1318 <« — 3224 — <« 4227 |« — 1mo 4 1 695
< o211 L1 1316~ <« 3169 < 4209 [ | 9t | 663
— 1 18443 <~ | 812 boo2179 «— ) 3364 | < < 90 1 - 600
- 1 1773 - - 810 < 4 2147 L~ 3230 |~ | 87— | 561
Lo 17643« « 805 L — 2115 —~ |, 3197 |} t 87 «— | 554

F+ 10 2-gram #HE5) I FAHBIFREL
Table 10 The correlation coefficient matrix among difficulty

levels for 2-gram frequency.

Original

All Beginner Easy  Medium Hard  Challenge

Beginner 0.954 1.000
Easy 0.987 0.986  1.000 _ — —_—
Original Medium 1.000 0.959  0.989 1.000 — —
Hard 0.998 0.936  0.976 0.997  1.000 _—
Challenge | 0.997 0.932  0.975 0.995  0.997 1.000
Generated Beginner | 0.922 0.972  0.965 0.927  0.904 0.896
Medium 0.966 0.976  0.987 0.968  0.954 0.951

HRT 5. 20720, ARGEEH-7—% £y PNOFEHY
JEROMEIIZ DWW TS, Genarated Beginner, Generated
Medium & b 12, =%ty FNADTXTOHEFE L 0.99
YL EoOsRGIEOME % /R L 7.

RO, TF =%ty PNOEEEFHERETIVIC
Lo THER S N/-FEMIZBIT 5 2-gram HIBEEE 2SSV EAZ
THORT v TEZNEFIURT. PO 1, 2 OHFlL 2-gram
DHEIRL, LOAT Y TORIZ2DAT v Thkb I L%
EWT L, R®101Z, F—Fty NADOKESER, BLO
T =5ty b OKHSE & ERGRERIZOWTO, 2-gram
B OMBEREERT. K8 LE 10 kKT 5 &,
Original Beginner—Original Challenge 7 &, #5 5 258
NTW 5 MEEOHEREIE, 1-gram & AT 2-gram D
TN Z EGnh,. INEY, HEEOEKICE T
1-gram O MBUMHEEICK & 2721323, 2-gram O 1
FEIZIZED D D DR TE L, ERGEmHE 7%+
N N O FEE I OFIBIFR B2 T, Generated Beginner (&
Orignal Beginner & #ix b 5\ M % 7R3 — 5T, Original
Challenge &£ i b §9 WM ZRLTWE., 2O &nb,
FEETIVIE, Beginner REIH 72 &S EE ORAFER T X <
RONDATy TMFZFEL, BHTETWHEERD
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b, L2 L7%&W5, Original Medium—Original Beginner
M OHHE L, Original Challenge—Original Medium [ D4H
B DEIWICH 22 53, Generated Medium—Original
Beginner [ ® & Generated Medium—Original Chal-
lenge il &L 0 bRWIEREZR L7, $4abb, Bl
Medium i1, =%+t MO Medium 3L Y b,
LD EHEAEROBES L ENTZbDTHL EVZ,
NS BROBETIRETH 5.

AT, 2-gram £ TOMEIZ M L72A, LhEW3-
gram, 4-gram 7% EIZOWTHETT 5 2 L TS HICHES R
TEORHuSI D EVEZ LN L. LD IR THY) Y
JEREEZEHT L7020, LOVEBEDAT v 7D n-gram |2
DWTHFLE - BHEEZHED T

6. REFEDIRMEICET HER

5 BOFHMIEE T, AL MO ITRKE ED
HLMEETER T, HHE L RIRIINT S & 5 3E
W LBBORABRM G#ERPEONDL L 2R L. 2
DABTOMETEEZ D LT, AEHOMSEE L
DRBRICHET LELRRTE L EEZ L. ZOB, ¥
Bty ZoRuzRae L THEE LY, REAHGETE
HLUTEBOFEER ALY 52T, HIRD 5
B S S SIS WERETOHES R RE & 2
Le#Ezonb, 72& 2L, Beginner iEH % IEfET— %
L L7727 —%&, Basy aiix L7 —% & LizT7—% %
1:1OFETHEL, MULFEHFICFEIEL L, Wi
Beginner & Easy DL I3 5 2 LA HIFES
Nb. ZOEIBAMDNT—=INODTIROELL, Fhic
L BVEREZALRCRHIC DOV TDEERL, ABOFEE T 5.

HERO O kS B RE & A T & 5 Donahue 5 O
FHhie, WSR2 SRS R 2 T & B IR
FHhEEHAT 2L T, BMOBERFT»OEEDOWS L
DOFEMA AT REIC 2 A & #E 2 4. LA L, Donahue 5
DFETHH END &> AFERICIE, 7R i L, &
RFEANDOATE L TREREHRFEEN TRV, —F
T, Mz EoEENRERT FEE T OHUGT 5 TS
FTTIRESNTEY [15], [16], 15 DHFl% Donahue
S5OFHFICEMATIUL, RETENOANELTHVSE
I PIFTTRE L 72 5.

T2, E5RBIBMELT, ¥ AT — DA OFHEr —
L, BXOESRERAOFEMANOBHANEZ oD, HEM
FEUN=ATHHREFHEDON — )V — 2 |T0F§ % BEALRT
ELT, FET-YOHETENIRA—MED L < ITHD
MHEDET IV, MOFHEF — L5 EIHFATE 50808
HIFHN5E, RETIRE LIZEZEE T IV THILL,

O RBEDEAT ) = ZR/RIA b R PE—R=Y — NUF A F L
ALY =74 A MAAH A b, http://taiko-ch.net (F#%
BIBEH : 201841 A 11 H)
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ThbbHELWY) ALEHELT 25 A71%, £ 0%
F—2L0, HHVITEBROERICHETLHETHL. £
DIz, B DERET — L TORLIE T T IV OFEFERDS,
M DFEHES — K R ERRDOHEZROREH 1 BT 5 S LR 2
bFIATE WM D 5.

7. BbHYIC

AEETIEY Y A7 =@ e L, MRS\ CEETH &
BRI R A, S ESRCEER & W) &3 B IRERY
WEFHETIVIZE T, ¥ AREOMSE % BB
3 % T Dance Dance Adaptation % &% L7, EEIFHIM
FEEBRIZEY, HHEMUCFERMEZ LN $T55 A 71280,
REFHRRBMFEFELI DO BBORARVWHTRET R L.

SESEE LT, T—F -ty FNOLHT — ¥~k
WX B B EEA R SN, S OBEICT L, AEF
B Lok - AN E ORGSR MRET B L L I,
BEERR E - M ET R T AUEEIEZ LN
b, SRBREIINL OB EZED I WEEZTWE, 72,
[ XEIRET IOV, Donahue 5OET NV EFDF
FHAAL TS, 5.2 BiDERZE L THRLAAE S LI,
AHBRIITHELDERIZOVWTHIRFI LAV EEZTVED,

SBOELE LT, AMNBLULEMRT— % OMBEHE
CEEFLCET VR S, XDl hdy s
FEHIED, 612, MET TNV EFEHERD, ¥V A
=AW DOERES — AR EBEOERIZSIEHATE 5 1R
HEIZOWTHIEE T 5.

#MEE AWIZEE, —E, FHTEE T B#16K21482 D)
Bob EfTbhz, L CHEZRT.
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