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synchroni)ed, all control messages are automatically aligned
to the live 5erformance.

!.# S%ore *o++owing 0sing s0i2i
Various automated score follo9ing strategies have been used
over the 5ast 20 years.  =he 9or> of Vercoe ?11A, Buc>ette ?6A,
Dannenburg ?1A, and more recently of Bardo and Birmingham
?FA, and of Grio and Sch9ar) ?10A 5rovides a 9ide range of
o5tions and a55roaches, yet the tas> of achieving accurate and
reliable score follo9ing in live 5erformance situations remains
a significant challenge.  Ihile one a55roach 9or>s 9ell for a
certain 5erformance situation or music, the same a55roach may
fail miserably in a different 5erformance situation or 9hen
follo9ing a different >ind of score.

Jn the current im5lementation of the Jntegrated Jnteractive
Music Berformance Lnvironment, score follo9ing using the
MaMNMSB obOects suivi.score and suivi.scoreP ?8A develo5ed
at JRCTM are being tested.  Ihile this stage of develo5ment i s
not yet com5lete, the results so far are very 5romising.  T
standard midi file generated by UoteTbilityBro is im5orted
into the suivi.score obOect and becomes that obOectVs basic
internal score re5resentation.  Bitch trac>ing is 5erformed on
the live 5erformer Weither in MaMNMSB or using a Bitch to MJDJ
converterX. =he detected 5itches are 5assed to the suivi.score
obOect 9hich sends a synchroni)ation message to
UoteTbilityBro through an inter-a55lication or net9or>
message. UoteTbilityBro, usually running on a se5arate
com5uter, receives this message and adOusts its score 5laybac>
so that it is 9ill be synchroni)ed to a beat location Oust ahead
of the beat location detected by suivi.score.

!.! S3ra3egies 5or syn%7roni8a3ion
=he com5leMities of score follo9ing in live 5erformance
situations have been 9ell documented ?ZA, and this
environment falls 5rey to the same 5roblems that all such
systems must deal 9ith.  Blayers ma>e mista>es, 5itch trac>ing
is sometimes inaccurate, and there are latency issues that must
be accommodated.  Ts 9ell, the com5oser needs to ensure that
the entire com5osition does not brea> do9n because an error i s
made by the 5erformer or a miscalculation is 5roduced by the
score follo9ing soft9are.  

=he basic strategy for aligning UoteTbilityBroVs 5laybac> to
the events trac>ed by the score follo9ing soft9are is to ma>e
adOustments to UoteTbilityBroVs tem5o in order that the t9o
scores are more closely synchroni)ed at future events.
Currently, there are three modes of synchroni)ation su55orted
by UoteTbilityBro[ \luid, Close, and =ight.  Lssentially, these
three modes control ho9 far in the future the actual
synchroni)ation 5oint is.  =he closer the 5oint of
synchroni)ation is in time, the more eMtreme the tem5o
changes of the UoteTbilityBro 5erformance are li>ely to be.
Ihen tight synchroni)ation is desired, the score 5laybac>
tem5o is adOusted so that synchroni)ation occurs at the beat
location a fraction of a beat ahead of the score follo9ing beat
location. Ihen loose synchroni)ation is desired, less radical
tem5o adOustments are made and the synchroni)ation 5oint i s
further in future.  Ihen 5laying UoteTbility scores that
mostly contain control messages, tight synchroni)ation >ee5s
the t9o score closely aligned.  Ho9ever, 9hen 5laying scores
9hich include MJDJ trac>s or other note events, loose
synchroni)ation W9hich result in less eMtreme tem5o
adOustmentsX 5roduces more aesthetically 5leasing results.

Jn order to synchroni)e the suivi score and the UoteTbilityBro
score, a ne9 5laybac> tem5o is generated for a short duration,
after 9hich the 5laybac> tem5o is reset to the current tem5o.  Jf
UoteTbilityBro is running behind the suivi score, the
5laybac> tem5o is increased, sometimes very dramatically, for
a short 5eriod of time.  Jf UoteTbilityBro is running ahead of
the suivi score, the 5laybac> tem5o is slo9ed to allo9 the
suivi score to catch u5.  =he current 5erformance tem5o is also
u5dated^ it is calculated from the timing of recent
synchroni)ation 5oints.  =he figure belo9 5rovides a cou5le of
sim5le eMam5les of tem5o adOustments 9here the
synchroni)ation 5oint is 0.F beats ahead of the beat 5ositions
trac>ed in the suivi score.

Suivi sync
TI+E 2TI+E 1

! ! !
TI+E 0

sync

!
NA3ro

TE+36 fast     reset

! !
slow reset

! !
*ig0re #. Tem;o ad=0s3men3s wi37 syn% ;oin3 >?.@ bea3s

!.@ S3reng37s and Limi3a3ions
Jt might be argued this a55roach to score synchroni)ation i s
fla9ed since the tem5o of the 5laybac> score is al9ays in fluM.
=here are, ho9ever, some 5ractical advantages to this a55roach,
es5ecially for scores having an abundance of control messages
rather than timed musical events.  \irst, the fact that the score
continues to 5lay Wand can never be com5letely 5aused or
Oum5 to another location in the scoreX accommodates
situations 9here the suivi gets lost or suggests a score
location that it outside a reasonable time hori)on _ the score
9ill continues to 5lay at the 5reset tem5o until 9e are bac> on
trac> or until a cue 5oint in the score is reached.  Second, since
UoteTbilityBro is able to send messages to MaMNMSB at any
time, it is easy to 5rogrammatically disable score follo9ing for
musical 5assages 9here reliable trac>ing has 5roven to be too
difficult We.g. in music containing eMtended techni`ues or
9here heavy noise com5onents are 5roduced by the
instruments, or 9here aleatoric or im5rovisatory 5assages are
desiredX.  During these 5assages, the 5laybac> score sends a
message to the score follo9er to sto5 listening and then later
to restart score follo9ing.  =he timing and score locations of
these control messages can easily be changed during rehearsal.  

Currently, the methods used to 5erform tem5o adOustments to
the 5laybac> score are very sim5le.  Ie 5lan to investigate
a55roaches that are able to antici5ate tem5o traOectories in a
5erformance.  Ie also 9ant to test the a55licability of dynamic
time 9ar5ing ?8A to the synchroni)ation of the t9o scores.

@. TCE INTEGRATED SCORE
Gne of the 5ositive results of the develo5ing an interactive
com5uter music com5osition using this environment is that
the score contains a much more com5lete re5resentation of a
com5osition.  =y5ically, a score created using the Jntegrated
Jnteractive Music Berformance Lnvironment 9ould include the
instrumental 5arts W9hich can be eMtracted and given to the
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