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Construction of Score-following System
Reflecting Gaze Information on Cost of DP Matching
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Abstract: The goal of our study is to build a score-following system employing keying information and gaze
information. A score-following system, which estimates the user’s current playing position on a musical score,
is one of the fundamental technologies of real-time computer accompaniment. Conventional score-following
systems have estimated the current performance position based only on keying information. However, this
is difficult to do with a high degree of accuracy in the case where the player starts playing from a point on
the score which is different from the previous playing position, and performs from a score including repeated
phrases. In such cases errors and delays occur in score-following. Therefore, the proposed system solves this
problem by using not only keying information but also gaze information, which the expresses the player’s
thought. Noise is reduced by creating a model (gaze model) that predicts gaze movement. Also, we realize
score-following which is not affected by errors, by reflecting the gaze likelihood calculated from the gaze
model in the cost of DP matching. We compared the case of score-following using gaze information and not
using gaze information. Consequently, the accuracy rate increased from 1.2 times, the average estimated
time was reduced to 0.7 times.
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Fig. 1 Example of difficult score—followmg in a musical score

including repeated phrases.
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Fig. 2 System configuration.
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Table 1 Instructions for performance.

[\ % HEANOFER
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ATEE (8 M)
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BB (4 [\, MUEEORELES W)
BEL (34 x5 U E—1)

un

Tl

DD U R W N =

® 2 KEBIEHEINLRITEO G5

Table 2 The number of uncertain factors included in each per-

formance.
No. | IEFT#E | BRFTH  BhEE  #RkL
1 564 14 10 12
2 599 54 7 31
3 492 69 8 27
4 552 21 9 11
5 505 31 8 17
6 644 30 12 20
7 550 25 11 16
MARH L7, ZokE, B c (3.3 H) 1306 Z%E

L7,

4.2 BREEE

4.2.1 IERFER & T ERE O FFE

& 3 IIRFET L L HEB T OIERER L P HEERER O
W ERY. HEBRDREM 2 HA R OIEE LTV DD
A B 720|258 3 HICHEE RS 2R L7, HERRER =R
1 OEEDPHG SN T2 O TS5 L TORTHIE FIZ
BURAEIE L - OS5 Th 5. HESZINEE ] IZ 5

T MR OTHL 66.1%TH O, HEEHTHEPIZHE
xR TWAIEWGhsb. T2, HELRPNCHM % EA
T 5L EMENIH 1268 (7127%h 5 85.2%) LAT42
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% 3 IRTFHLHBFHRICBU 2 EfE &P g R R O g
Table 3 Accuracy rate and average estimation time of score-
following in the comparison method and the proposed

method.

No. PARRERREE (%) | IEMREE (%) | FHHEwreR (7))
|’E W | RBE i
1 73.0 90.3 78.4 | 1.05 1.46
2 72.8 81.4 66.7 | 0.89 1.52
3 38.1 84.1 64.8 | 1.07 1.71
4 70.5 86.4 75.2 | 0.68 1.14
5 83.4 81.1 73.5 | 1.01 1.22
6 68.6 89.4 759 | 0.8 1.25
7 86.3 84.7 76.8 | 1.06 1.27
] 66.1 85.2 72.7 | 0.94 1.37
e 14.5 3.3 48 | 0.1 0.2
100 O
90
80 ae © c % 80
87 o Ooh .6) o ’
= o 0O © °L 0
%‘&1 50 o %°
40 o o
629 30
20 (o) o
10 )
0 e °
70 75 80 85.. 90. . 95 . 100

IEFTHR(%)

8 FRETFU LTI BT 2 BURERAERER & IESTHITS 3 5
IEfFROZES. WDOKE SRZOEGERT
Fig. 8 Difference in accuracy rate between the proposed and

comparison method.

LA EOFEEM WO ERRITONT
AT, A EAKMERM 1%1238v T Welch @ t H%E
AR L7 A, HELENSRD SN (4(40) = 7.31,
p<.01). F7z, THPEEERIIZH 0.7 45 (L3755 0.94
) ICEMEND I ENSn s, RIS ERR 1D
WTHBEKERE 1%I12381F %5 Welch @ t BE % @M L 72
LB, HERAENDED LI (£(40) = —5.56, p < .01).
ZOZEDPLEIERICHEEEEAT LI L TL Y EET
B R BB ER DS RE IS e o 72 b WV R B,
4.2.2 ﬁﬁ%ﬂ%tEﬂ%guﬁvémﬁﬁwiﬁwﬂﬁ
COMREFEL ST 72010, HEREER L FiTH#
TN B IEHRDE] ‘ow’(%%ﬂ“% X 8 IZHHHRFR
WA L IEITHARII T 2 IEBR OB R, X8 o
MOBERRETELHETHEOEREDELZRT. OF
D, REWHTH 213 EHEBIHRIC L o TEFLBERRE A
MELTWwS, §XRTOERET—FICBWTIHETELY
RETHEOEMRRDE - 72, R L EMERoB%
/W L7012, ET7Y CoOMBEa i EIToE 2 A, ED
MO (r=.52, p<.01). 2F 1, A
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x4 8 MDIRWALDRET N BT B IR & P g R
Table 4 Correct keying rate and the average estimated time
of the data represented by red circles in Figure 8 in

the proposed method.

EfER (%) FEIEERR (1)

a 90.5 0.83
88.3 0.85
85.1 0.67

x5 FRITEICBT HHBEI OHEE I L 72T
Table 5 The number of notes to estimated the performance

position in each uncertain factor.

ST O R’E g
Py RERE | P BEREAE
FRF T 2.0 2.1 2.6 2.8
ki 2.5 1.9 4.7 3.6
Rl L 2.1 1.4 2.7 2.0

ERBWITLE, EfEOE (RIS —k 2 ) HREL
o7,

B 8 HIZHRWHTRLZZL ) IZ, HERREIFEHL
L, o, EFTEEN QOB T T, EEEOESTD 10%LL
TOF—=80H b, T, HEII X o TEILBREO
M ERHEN)AONLG o722 EE2RT. TNEDHRWVA
DTF—5 %[5 L, HEGRO A0S T5IHEEHTEET
HHEMBEF R ED 1END 2 SREOBEIMHE L Tw»
oo Fo, RAWRTEBY, TNHOTF— % OIEMERIT
FHLETH B, DF D, BIHLERE R8I BRRSEH 12 Ok
EE4 L ThH, DP ¥ v F ¥ 7 DA T4 7% 55386 ks 5
PEOLNTWV D720, BIRIERIC & 2 BEEHEYRREE D2
HE VAN,

4.2.3 BITHEIPBERICH T B HERREOFME

RIZ, BITEOMH Z L\ LA E 2 T 5. &R 5
12, BITEDSFALTHS Y AT AN L EEMPT & i
ETAHFTICELAEENFEERT. 20L&, RiTHOM
BT L DEME DT 272012, ROBITRIFAT S
TIZ, EEMEHEZELCHEE LGB AEORERE LT,
R 505, WEFETIIRENRE LL &, MhoRiTH#
CHE L THEE IS 2 B 2 2 DA RLA. 2
RAE SN2 BEANOKEDS S EGEN, HEEP OHEED
W22 5727200 TH D, — T, REFHETILILETE
LD EITHOMH L OEIVNS W20, BITHOE N
IR EAEEASN L WERRBIRSEH ST A, iR
FHEERETFICBIT BRI FA L7 & & OEERPTO
HEFBICE L SR EILERT 2 L, T Tld 475
FTHDI LT, METHETII25HFTHELTEY, 2.2
TRCHEELTWD, ZOEICOWTHBEKEmH 1%
BIF2 Welch D t g @A L7 22, AREGENRS
N7 (6(96) = 3.92, p<.01). 2F 0, HEBETHETIIE
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Af3 - - +F

9 REFEICBVTEIBYD ) T CEITEL 2l
Fig. 9 Case in which the proposed method fails.

ENDLHEHOHRNIEE L VA, RETFECEIESNDHE
DR DBER ol b VR B,

F7o, K5 FORITEHEMELIZEDIZ06 HFETHY,
BT REREDNRON R o7, 2F 0, HiTHE
BRI IR L CIIBIRIS SR & 2 3B o LA £ )k
EL VI EERT. LAL, £5 Cldlk L CRITE
WEHELI2L 2R, &5 RITEIHA L TIE L EZEERT
DHEE SN D AT RO FITHDFEA L 25813 L Tw»
H., FDo, F5OFEIPSBIENHEITONVWTIE
MREE L T2z,

4.2.4 BEFEFIECEELAD - 2RT

2RI OHEE AV L A o 72 BITH O MLBLG) % 1 25 T
A~ (E9). M9DLHI, SN FHOER CTHFA
RERESNSEY, 1HHORKBEENDLER (a) 127 v F
Y7 LTLE) &, HEFmITT1IRHORE S NS H
o (a) R L-LE, 2HHORESNS 7L —X (b) &
XvF I TLTLEY)GENH o7 KIFFEICBIT 5 DP
YT TIE1IELS 2EOHBIZIOVWTHIDTE 512
A, IR LICOWTS DP Yy F v ZOHDHEHEEDE
WESEBME R O N DAY HH. TDLH I, B
DL DP ~yF I PEHENEVLEEIEIDP vy F
TOREREEEL, TOFFFAHALLV. 22T, £EO
BRHBOAFX Yy TEHFHEL TS, L2L, M9 IRLZ
Bl L HIZ, A%y TOFFIZL o T, HHHHRE S
25 LIE L BT OHEE AT E 55546 T b HMRIE#RD
BEHBPE RIS T, REFEDS) FCEEL W
Yiendh b, COMELZRRT L2012, AFy TEITE
THEMMENELTHE, DP Y v F ¥ 7 OMRIEH
TERI250hb5 T, PGz B PRE R RO S
FTLFV, FHBHROBEMET T2 MREErH 5. =
DX, FTHRIGH L BBIEMOBLIEIE N L — P47
DEBRICH Y, —EIERIEMN ZPET 5 2 LI L v,
Ltk TOBRIEMNORECRVME I EPEETH 5.

RETEDN) TLEEL > 720EUTO X ) 2ihé
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. EHS R i
N 7
I | |
|
ERROREER RS NIRRT

® 10 EHS OREIZLY), BEFEOMWMIIvyF 7L TLE
PELE
Fig. 10 Phenomena matching several notes ahead of the per-

formance position because of EHS.

Thb. REFLETIE, FTRIEHD S B0 N L GBS
ROBREEESM & &, BEFEE PR R BRI e o &
W50, EBEOEEGH L b RROFEmMEN T~ v T
LTLE) L HEP RSN, DP vy F v 7id#E
DEHMEDT Yy F U T LEVWTIVI) AL THEZD
Mo TCREDEET Ty F 7 LT LT oA, ;?WE
BHROEELSEE L. ZOFERKRE LT, HEZDOEE O
i AIWE (EHS . Eye-Hand-Span) OREZENEZ 2 5N 5,
HEBIIPGEELSE L ANER513E, EHS A& %

% [15]. L2 L, RFEFHEIIMEAD EHS D@V EE L
TWwi Wiz, BEHS OKEWHEEORAEICIE, FEEOHE
ZEFT L ) D RKOEEETE O~ v F v I L, %
FBMMEES TS o TCLE) I ENEZLNS (I 10).
Z 2T, EHS # %8 L7235 2 2Bl 2 7201213, T8
BHDPGEEC T DS FEL ﬂﬁtfﬁﬁ%rwwn7
A= ZRETHIEDPLETHL., TIT/INTA=FL
LT, ODEFEEVICEINLENOME, FHLTW

HFHOE LT ) IPMOBE > TRHT LBOER
NhENEZLNDL (3.2 Hi).

5. bW

AR TIPSR LISHIe T4 & LIRS N D&
ORI E R E T O E Wi L § 572012, DP
Xy F DI A MBI RO S 72 R E B 2 A
TAERRFEL. BEEL LT, B0/ A XOEFR B
T SO S & 2 FHEOBEDSH ), HMM 12 & o THHE
O EZTHTHHEBMET NV EMEL, HITMERZHEL
EELTDP Yy F oy 7OaX MIEITEbLEL L T
%Lt.%mLM BV TOHBIEROGME L RT 720

, BUREMR A EA L 72856 LB A L e WA TREEE B

DN REFML 72 2 A, EFRIT 128 (12.7%0 5
85.2%) 12 2%, “FIHEEIERIZ 0.7 B (137 #)5 0.94
) L otz F7o, RITROMBAT L IZEL CHHE
BT EHEET A2 S ICE LS REMGEE L, HEiEms
S & 8 72 BEREB RS KIE 2 BREE IS B W THRITH H 2 &
%?Lf:.

S5 IZHEFEB R O PR

I E &5 7-02HZEE O EHS
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DEBHFEZ LN L. HELZ 2k 5T EHS &
&éﬂﬂ.L#L,ﬁ&f@%@%%&Ab%tEHS%

ZELTWhWwzn, EHS O K E WHZEE D38 % 4
L7, EBREFTOWEMILEIVNES {20, HEkB R
DOEREMET T 52 kﬁ%xf‘ohé %2 T, EHS %%
L 78R E I 2 2 5 72121, THEE OHGERL L

DG ﬂftfﬁﬁ%7w®A7X Y EBETH
EPPEETHDL, TITHNIT A=Y ELTIE, OEFLFE

WCEENLEHFOME, FHLTV2EFOFTL TS
MBOBE 12> TRBEITABOELR ) R EPEZLND
(3.2 fi).

F 7o, ITHRIERE HREROBEE N L - N 7Ol
FRIZH Y, —BEIZERIEMNZRET LI EREELVD
BESENANT DO FREIZHLY M.

BE IR OWTHEY AT FNA 2% LTLHEES
7B THEE (BTIF TP TERERTF) &SV L
i?.ﬁﬁniJ$ﬁﬂﬁ§Jmﬂﬂ%m,wmeﬂ9
DM EZ T 7-b DT,
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