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In
this

im
plem

entation
w

e
use

an
autocorrelation

pitch
follow

erim
plem

ented
in

SuperC
olliders

P
i
t
c
h

U
G

en.A
s

noted
by

R
oads,

autocorrelation
is

m
ost

efficient
at

m
id

and
low

frequencies.
Thus

ithas
been

popular
in

speech
recognition

applications
w

here
the

pitch
range

is
lim

ited.
[7].W

orking
w

ith
vocalm

aterialofa
relatively

shortlength,
autocorrelation

w
asable

to
resolve

the
pitch

contentofthe
singer.

The
firstm

eans
of

providing
im

m
ediate

feedback
is

the
generation

of
a

realtim
e

score.
To

accom
plish

this
the

bach
library

[8]in
M

axM
SP

environm
entisem

ployed.U
s-

ing
O

penSoundC
ontrolthe

m
idinote

value
ofthe

detected
pitch

is
sentfrom

SuperC
ollider

to
the

M
axM

SP
environ-

m
ent

w
here

the
b
a
c
h
.
t
r
a
n
s
c
r
i
b
e

object
is

utilized
to

form
at

the
incom

ing
inform

ation
and

present
it

via
a

b
a
c
h
.
r
o
l
l.

This
im

m
ediate

presentation
enables

the
com

poser
to

quickly
judge

the
accuracy

and
usefulness

of
the

translation
and

if
need

be,
alter

the
param

eters
of

P
i
t
c
h

U
G

en.To
furtherjudge

the
effectiveness,the

tran-
scription

can
be

played
back

w
ith

a
sim

ple
m

idi
instru-

m
entw

hile
sim

ultaneously
playing

the
audio

source.Ifthe
translation

is
judged

suitable
the

bach
library

enables
the

quantization
of

the
b
a
c
h
.
r
o
l
l

into
b
a
c
h
.
s
c
o
r
e

ob-
ject.H

aving
both

the
raw

spacialnotation
and

a
quantized

version
side

by
side

for
both

visual
and

auditory
review

m
eans

the
optim

altranslation
can

be
quickly

determ
ined

w
ith

a
few

alterationsofquantization
settings.O

nce
quan-

tized
the

inform
ation

is
outputas

a
m
u
s
i
c
x
m
l

file
w

hich
is

broughtinto
Finale

and
the

textis
set.

The
othercontrolthatw

asutilized
in

the
rendering

trans-
lations

w
as

the
dynam

ic
control

of
the

rate
at

w
hich

the
pitch

analysis
is

perform
ed

in
SuperC

ollider.The
analysis

routine
utilizes

a
trigger

for
the

rate
atw

hich
pitches

are
reported.

In
previous

versions
ofthe

translation
process

it
w

as
optim

alto
setthe

triggerto
rapidly

reportnotes.This
notonly

rendersallofthe
slightvariationsin

pitch
butalso

helps
to

show
m

ore
precisely

w
here

a
change

in
pitch

oc-
curs.The

dow
nside

to
this

approach
is

thatthere
is

an
ex-

cess
of

inform
ation

thatthe
com

poser
m

ustreduce.
The

addition
of

dynam
ic

control
m

eans
that

through
focused

listening
and

severalrehearsals,the
com

posercan
control

the
reporting

rate
to

approxim
ate

the
ideal

rate
per

each
section

ofthe
sound

file.

3.2.2
TextSetting

O
nce

these
translations

w
ere

com
pleted,they

w
ere

sentto
the

perform
er.

The
perform

er
took

the
original

text
and

resetit,m
aking

m
inoredits

to
m

elody,rhythm
,and

textas
needed.In

som
e

cases,rhythm
s

w
ere

adjusted
forpurpose

ofsyllable
stressand

syllabification.In
othercases,certain

w
ords

in
the

phrase
w

ere
extended

to
becom

e
m

elism
atic,

w
hich

supported
the

original
integrity

of
the

translation.
These

rew
orked

m
elodies

w
ere

recorded
and

sent
to

the
com

poser.
The

recorded
m

elodiesserve
asa

sonic
pointofdeparture

forthe
com

poserin
creating

the
finalw

orks.The
m

elodies
are

setw
ith

a
fixed

electronic
accom

panim
ent.

The
goal

of
these

settings
is

to
create

a
series

of
unique

songs
that

explore
the

ideasthatthe
collaboratorsdiscussed

w
ith

each
text.

Each
m

elodic
phrase

w
as

approached
differently,of-

ten
using

excess
m

aterialfrom
the

initialtranslations
and

aim
s

to
create

songs
w

hich
can

stand
on

their
ow

n
and

w
ork

in
the

largerpiece.The
finalcom

positionalstage
w

as
the

creation
ofconnective

sonic
m

aterialbetw
een

the
suc-

cessive
songs.

This
m

aterialtook
the

form
of

brief
fixed

electronic
w

orks.

4.
C

O
N

C
LU

SIO
N

S

The
creation

of
cm

etq
w

as
m

otivated
by

the
authors’

in-
terestin

etiquette
and

its
relationship

to
technology.

Itis
based

to
tw

o
sim

ultaneous
conversations.

First,
the

dis-
cussion

around
the

developm
entofthe

textw
hich

explores
etiquette

and
com

m
unication

technology,w
hile

using
var-

ious
socialm

edia
channels

to
m

aintain
thatconversation.

Second
is

the
developm

entof
the

sonic
m

aterialw
ith

the
com

poser
and

perform
er

com
m

unicating
through

record-
ings.Each

ofthe
conversations

is
supplem

ented
w

ith
con-

versationsvia
telephone

and
video

chat.The
form

aldesign
and

w
orkflow

of
cm

etq
w

ere
directly

influenced
by

both
conversationsand

resultsin
a

unique
perform

ance
piece.It

isthrough
conversation,in

m
ultiple

m
odalitiesthatw

e
dis-

covered
the

optim
alform

of
the

piece
and

how
to

ideally
articulate

ideas
in

sound.

A
cknow

ledgm
ents

A
significant

and
heroic

effort
w

as
put

forw
ard

by
A

le-
jandro

C
asaziin

realizing
the

visualaspects
of

this
w

ork.
cm

etq
isable

to
function

on
stage

asa
resultofhisbrilliant

w
ork.W

e
also

indebted
to

the
G

rantW
ood

A
rtC

olony
and

the
U

niversity
of

W
isconsin

O
shkosh

M
usic

D
epartm

ent
fortheirsupportofthis

w
ork.
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This paper describes the concepts, im
plem

entation and 
context of Tectonic: R

odinia, for four realtim
e com

poser-
conductors and ensem

ble. In this w
ork, an addition to the 

repertoire of the D
ecibel Scoreplayer, iPads are net-

w
orked together using the bonjour protocol to m

anage 
connectivity over the netw

ork. U
nlike previous Score-

player w
orks, Rodinia com

bines “conductor view
” con-

trol interfaces, “perform
er view

” notation interfaces and 
an “audience view

” overview
 interface, separately iden-

tified by m
anual connection and yet m

utually interactive. 
N

otation is com
m

unicated to an ensem
ble via scores in-

dependently generated in realtim
e in each “perform

er 
view

” and am
algam

ated schem
atically in the “audience 

view
” 

interface. 
Interaction 

in 
the 

w
ork 

is 
enacted 

through a collision avoidant algorithm
 that m

odifies the 
choices of each conductor by deflecting the stream

s of 
notation according to evaluation of their “M

ass” and 
proxim

ity to other stream
s, reflecting the concept of shift-

ing Tectonic plates that crush and reform
 each other’s 

placem
ent. 

1. IN
T

R
O

D
U

C
T

IO
N

 
TEC

TO
N

IC
: Rodinia is a w

ork for four realtim
e com

pos-
er-conductors and ensem

ble. In geology R
odinia is the 

nam
e of a supercontinent that contained m

ost of Earth's 
landm

ass betw
een 1.1 billion and 750 m

illion years ago. 
Tectonic can m

ean both ‘the study of the earth's structural 
features’ and ‘the art of construction’ and this w

orks re-
flects both aspects of the w

ord’s m
eaning. The concept of 

slow
ly shifting plates that crush and reform

 each other’s 
placem

ent is the central paradigm
 of the w

ork.  
Rodinia is the second in a series that began w

ith Tecton-
ic: 

Vaalbara 
[2008]. 

In 
Vaalbara 

five 
instrum

ental 
stream

s are perform
ed independently, using com

puter 
generated m

etronom
e pulses to m

anipulate the tem
po of 

each stream
, allow

ing the blocks of m
usical m

aterial to 
slide, grate and collide w

ith one another like tectonic 
plates. 

In Rodinia four com
poser/conductors control separate 

stream
s of graphical notation and audio (com

prising live 
instrum

ents reading the notation and their processed au-
dio com

ponents) that interact through the algorithm
ically 

evaluated M
ass and proxim

ity of each stream
. The w

ork 
is perform

ed using the D
ecibel Scoreplayer on m

ultiple 
iPads via a m

anually connected netw
ork allow

ing for 
each participant conductor or perform

er to identify inde-
pendently on the netw

ork [1]. The m
anually connected 

netw
ork w

as first used in Laura Low
thers’ w

ork for the 
D

ecibel ensem
ble, Loaded [2015]. Previous scores had 

prioritized synchronization betw
een m

ultiple iPads in 
order to present uniform

 representation of fixed scores for 
all perform

ers. It is m
ade possible by the adoption of the 

bonjour protocol to m
anage connectivity over the net-

w
ork. The use of the bonjour protocol also allow

s con-
nectivity via O

SC
 to stream

 data to other devices. In 
Rodinia this is used to stream

 generative data to a dedi-
cated com

puter using W
ave Terrain synthesis to process 

and spatialise the audio from
 the ensem

ble. 

2. IM
PL

E
M

E
N

T
A

T
IO

N
 

Rodinia em
ploys generative scores for each of the four 

stream
s directed by the com

poser-conductors. U
nlike 

previous generative notation w
orks by V

ickery such as 
Lyrebird [2] and The Sem

antics of Redaction [3] Rodinia 
does not use the analysis of a pre-existing audio artifact 
to generate notation. 

 
Figure 1. Rodinia conductor controller interface 

C
opyright: ©

 2016 Lindsay Vickery et al. This is an open-access article 
dis- tributed under the term

s 
of the C

reative C
om

m
ons Attribution 

License 3.0 U
nported, w

hich perm
its unrestricted use, distribution, and 

reproduction in any m
edium
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credited 
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Each com
poser/conductor in Rodinia uses an iPad inter-

face, the “C
onductor V

iew
”, to generate notation for their 

group (Fig 1.). The controller interface is operated by tw
o 

hands (the iPad perm
its 11 sim

ultaneous m
ulti-touch 

points) [4] allow
ing param

eters to be specified sim
ul-

teneously by the Left hand (play/hold, articulation, dura-
tion type) and R

ight hand (duration, pitch, dynam
ic, rate 

and com
pass). The variables C

onductor V
iew

 interface 
are:  
• 

Players – defines the num
ber of perform

ers in each 
stream

 and generates a part of varied shade for each 
perform

er; 
• 

State – saves a particular configuration of param
eters 

that can be accessed at a later point; 
• 

Play/H
old -  stops and starts the generation of new

 
notation;  

• 
A

rticulation type – defines the graphical shape of the 
notation events;  

• 
D

uration type – generates alters the m
orphology of the 

notation events (line, curve up/dow
n and trem

olo); 
• 

D
uration – generates events of statistically  longer or 

shorter duration;  
• 

Pitch – designates the central pitch of the notation; 
• 

D
ynam

ic – generates larger/louder or sm
aller/softer 

notation events; and 
• 

C
om

pass – designates the statistical range that nota-
tion events fall w

ithin. 
These param

eters define the boundaries of stochastically 
generated graphical events w

hich are distributed to the all 
of the iPads belonging to the sam

e stream
 on the netw

ork.  
Like m

any w
orks for the D

ecibel Scoreplayer, the nota-
tion for the perform

ers is scrolled right to left across the 
iPad screen: in Rodinia this is designated the “Perform

er 
V

iew
” (Fig. 2). The scroll tim

e, the duration betw
een the 

notation’s appearance on the right of the screen and its 
arrival at the “playhead”, is 12 seconds. The playhead is  
- a black line of the left of the screen at w

hich the per-
form

er’s execute the notation [5]. This produces a scroll-
rate of betw

een 1.1 and 1.8 cm
/s depending on the iPad 

m
odel, falling below

 the m
axim

al eye-hand span of the 
average sight-reader (less than 1.9 cm

) [6][7] . Therefore, 
the m

usicians do not perform
 the notational event until it 

arrives – 12 seconds after specification by the conductor.  
This allow

s for the perform
ers to com

fortably “look 
ahead” at on-com

ing notation and for the conductors to 
evaluate strategies to avoid (or seek) collision w

ith the 
other 3 stream

s. 
Rodinia also am

algam
ates the notation from

 each stream
 

into a single score, the “A
udience V

iew
”, to be show

n on 
a large screen behind the perform

ers for both the audi-
ence and the conductors. U

nlike the perform
er view

, au-
dience view

 show
s the stream

s of notation approaching 
from

 four directions (left, right, top and bottom
) (Fig. 3). 

The notation “w
raps” around each tim

e it com
pletes the 

crossing from
 one side of the score to the other. A

s nota-
tion does not appear until the m

om
ent at w

hich it is exe-
cuted by the perform

ers, the audience see it at the m
o-

m
ent that it is heard. 

 The use of an audience view
 w

as first em
ployed for the 

D
ecibel Scoreplayer in V

ickery’s w
ork w

ith Jon R
ose 

U
bahn c. 1985: the Rosenberg Variations  [2012]. For 

this and other rhizom
atic w

orks [8] the projected A
udi-

ence V
iew

 provides an overview
 of the current position 

of each player and graphically illum
inates the choices 

taken in each stream
. 

Rodinia em
ploys a collision avoidant algorithm

 w
hich 

m
ay m

odify the choices of each conductor. A
s notational 

stream
s approach one another they are pushed upw

ard or 
dow

nw
ard according to their evaluated m

ass. M
ass is 

defined as the density (duration, dynam
ic and com

pass) 
m

ultiplied by the w
eight (articulation type and proxim

ity) 
of each stream

. N
otation stream

s w
ith a higher force de-

flect those of a low
er force proportionally, spatially high-

 
Figure 2. Rodinia Scoreplayer “Perform

er view
” of 

Stream
 1.  

 
Figure 3. Rodinia Scoreplayer “A

udience view
”  

 
Figure 4. C

ollision avoidant using force evaluation: a.  
strong(L)/w

eak(R
) interaction, b.  w

eak(L)/w
eak(R

) in-
teraction, c. m

edium
(L)/w

eak(L) interaction, and d. 
spatially higher stream

 deflects low
er stream

 dow
n-

w
ards. 

a. 
b. 

c. 
d. 
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er stream
s deflect upw

ards and low
er stream

 dow
nw

ards, 
if the stream

s are of equal height and m
ass the direction 

of their deflection is chosen random
ly (Fig. 4). 

This approach is sim
ilar to that adopted in C

happell’s 
“self-avoiding” 

curve 
draw

ings 
[9], 

and 
G

reenfield’s 
“A

voidance D
raw

ings” [10]. C
happell describes his pro-

cess in the follow
ing w

ay: 
To generate a self-avoiding curve, I place “anten-
nae” on the m

oving point that sense w
hen the path 

is about to be crossed. . . . If the left antenna crosses 
the path, then the point executes a 180◦ reversing 
turn to the right [11]. 
 

 
Figure 5. a. exam

ple of a point in the plane perform
ing 

a self-avoiding random
 w

alk using C
happell’s m

odel. b. 
G

reenfield’s “avoidance draw
ing” (2015). 

The key difference in Rodinia is that since m
usic is a 

tim
e-based m

edium
, it can never “double-back” on itself 

and therefore in a generative score the deflection can 
never be greater than 90º. 
Early studies conducted in Jitter, by V

ickery for testing 
“collision avoidant lines” explored this paradigm

, explor-
ing “proxim

ity only” avoidance (all lines w
ere of equal 

density) to illustrate the kinds of pathw
ays generated by 

this strategy (Fig. 6). 

 
Figure 6. V

ickery “collision avoidant lines” study for 
Tectonic: Rodinia (2013): first, second, and tw

elfth 
passes. 

In R
odinia, a m

ass is calculated for each stream
, 𝑀𝑀𝑀𝑀

! , 
based on its cum

ulative density: that is, based on the posi-
tions of the right-hand param

eter sliders selected in the 
conductor view

. This is based on both horizontal and ver-
tical density as pictured in the score view

. 
The deflection angle of each stream

, 𝜃𝜃𝜃𝜃, is based both on 
the current m

ass of each stream
 calculated individually, 

as w
ell as the total m

ass. If the distance betw
een the lead-

ing point of each stream
 is below

 175px the deflection 
angle rises from

 0º to 90º exponentially in inverse of the 
proxim

ity, as the proxim
ity approaches 0px, such that: 

 𝜃𝜃𝜃𝜃
=

!"
! !!
!
!

 
 

 
 

 
(1) 

 w
here 𝜃𝜃𝜃𝜃 is the new

 angle calculated individually for each 
stream

, 𝑀𝑀𝑀𝑀
!  is the m

ass of the sam
e stream

, 𝑀𝑀𝑀𝑀
!  is the total 

m
ass, 𝜃𝜃𝜃𝜃!  is the angle scalar, and 𝛽𝛽𝛽𝛽 is a positive or nega-

tive scalar determ
ining a turn in direction either left or 

right of the current direction of each stream
. The height 

param
eter is used to calculate w

hether an interaction re-
sults in an upw

ard or dow
nw

ard deflection. The total 
m

ass, 𝑀𝑀𝑀𝑀
! ,  is the sum

 of all stream
 m

asses such that: 
 𝑀𝑀𝑀𝑀
! =

𝑀𝑀𝑀𝑀
! +

𝑀𝑀𝑀𝑀
! +

𝑀𝑀𝑀𝑀
! +

𝑀𝑀𝑀𝑀
!  

 
 

(2) 

3. N
O

T
A

T
IO

N
A

L
 C

O
N

V
E

N
T

IO
N

S 
The notational paradigm

, sem
antic spatial notation, em

-
ployed by Rodinia has been developed over a num

ber of 
projects by com

posers w
orking w

ith the D
ecibel Score-

player - in particular the approach to presenting notation-
al events used in the generation of scores from

 John 
C

age’s Variations I and II by D
ecibel [12] Fig. 7.  

 
Figure 7. D

ecibel’s scrolling, proportionally notated 
screen-score for C

age’s Variations I.  
The notation draw

s on conventions established in w
orks 

by C
age and his colleagues Earle B

row
n and C

hristian 
W

olfe [13], chiefly proportional notation in w
hich the 

vertical height of the notational event signifies relative 
pitch (relative to the range of the instrum

ent), horizontal 
length its (absolute) duration and thickness its dynam

ic.  
U

nlike D
ecibel’s scores for Variations I and II, in Rodin-

ia tim
bre is indicated by the shape of the notational event 

rather than the shade. Perform
ers are expected to m

atch 
the qualities of tim

bral notational types (such as “norm
al” 

tone (rich harm
onic sounds), “ghost” tone (harm

onically 
poor 

sounds) 
and 

“noise” 
tone 

(inharm
onic 

dense 
sounds)) w

ithin each stream
. Each conductor controls a 

group of instrum
ents of sim

ilar range so that register 
choices by the conductors are m

irrored in the ensem
ble. 

The stream
s, and individual parts w

ithin a stream
 are dif-

ferentiated using shades of four principal colours orange, 
red, green and blue. G

reen-A
rm

ytage claim
s that 26 col-

ours should “be regarded as a provisional lim
it – the larg-

est num
ber of different colours that can be used before 

colour coding breaks dow
n” [14]. Rodinia is conceived 

for an ensem
ble of 16 perform

ers (4 per stream
) falling 

w
ithin the lim

its that of colour differentiation. 

4. A
U

D
IO

 PR
O

C
E

SSIN
G

 A
PPR

O
A

C
H

 
The audio of the live instrum

entalists is captured and 
processed digitally in M

ax/M
SP on a standalone com

put-
er that is also netw

orked via the bonjour protocol w
ith the 

a. 
b. 
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iPad scores. This processing is inform
ed by the m

ove-
m

ents of the four user controlled stream
s in order to gen-

erate and gradually deform
 a tw

o-dim
ensional terrain 

m
ap [15]. 

The terrain is initially generated by a m
ethod of perlin 

noise functions and undergoes both spatial deform
ation 

using a 2D
 spatial lookup process and 2D

 am
plitude 

m
odulation. 

The 
2D

 
spatial 

lookup 
process 

involves 
translating four separate planes from

 a point of origin 
𝑥𝑥𝑥𝑥! ,𝑦𝑦𝑦𝑦!

,𝑥𝑥𝑥𝑥! ,𝑦𝑦𝑦𝑦!
,𝑥𝑥𝑥𝑥! ,𝑦𝑦𝑦𝑦!

,(𝑥𝑥𝑥𝑥! ,𝑦𝑦𝑦𝑦! ) 
translated 

by 
the 

m
ovem

ent 
of 

four 
separate 

stream
s 

𝑥𝑥𝑥𝑥! ,𝑦𝑦𝑦𝑦!
,𝑥𝑥𝑥𝑥! ,𝑦𝑦𝑦𝑦!

,𝑥𝑥𝑥𝑥! ,𝑦𝑦𝑦𝑦!
,(𝑥𝑥𝑥𝑥! ,𝑦𝑦𝑦𝑦! ). 

The surface is also m
odulated by the relative direction 

and interactions of these four stream
s. A

 2D
 terrain sur-

face is generated iteratively based on the relative direc-
tion and distances betw

een the four stream
s. Equation 3 

describes this process for just tw
o different stream

s 
𝑥𝑥𝑥𝑥! ,𝑦𝑦𝑦𝑦!

 and 𝑥𝑥𝑥𝑥! ,𝑦𝑦𝑦𝑦!
. If the change in direction betw

een 
these stream

s brings them
 closer together, an additive 

function is applied: 

f
x,y
(

) '=
f
x,y
(

) +

x2 +x4
2

(
) x+

y2 +y4
2

(
) y+

x−
x2 +x4
2

(
)

(
) 2+

y−
y2 +y4
2

(
)

(
) 2

⎛⎝ ⎜⎜

⎞⎠ ⎟⎟

1100

2
x−

x2 +x4
2

(
)

(
) 2+

y−
y2 +y4
2

(
)

(
) 2

 (3) 
w

here 𝑓𝑓𝑓𝑓(𝑥𝑥𝑥𝑥,𝑦𝑦𝑦𝑦)′ is the new
 2D

 function, and 𝑓𝑓𝑓𝑓(𝑥𝑥𝑥𝑥,𝑦𝑦𝑦𝑦) is the 
previous 2D

 function. The iterative process is also ap-
plied subtractively for stream

s that are m
oving aw

ay from
 

each other. 
The terrain surface that is generated is then used to con-
trol the audio processing by using W

ave Terrain Synthe-
sis to control com

plex sound synthesis [16]. Sim
ilar tech-

niques have been explored using W
ave Terrain Synthesis 

as a fram
ew

ork for controlling tim
bre spatialisation in the 

frequency dom
ain [17]. H

ow
ever, in this project, this 

approach it is used for controlling both granular synthesis 
and spectral spatialisation [18]. 
 a. 

 

b.

 
Figure 8 a. A

 trajectory of w
hite noise reading values 

off the terrain after 1 second. b. A
 trajectory of w

hite 
noise reading values off the terrain after 10 seconds. 

The audio-rate trajectory that is used to read inform
ation 

from
 the terrain is a random

 2D
 signal (w

hite noise, as 
show

n in Fig. 8), a curve that is considered to have effec-
tive space-filling properties. This m

eans that details of 
the contour can be m

apped to spatial details of the pro-
cessing w

ith great precision and resolution. The control 
inform

ation generated, in the w
ay of 8192 individual pa-

ram
eters, those being 352,800 param

eters generated per 

second, are used to control the relative distribution of 
grains and spectra across 8 loudspeakers. 
C

ontrolling granular synthesis via such an interface m
ay 

take grain tim
e or grain size into consideration. In order 

to control 1000 sim
ultaneous grains, param

eters w
ould be 

updated at 44.1H
z. D

epending on the im
plem

entation of 
the synthesis m

odel, param
eter assignm

ents are m
ultifar-

ious. For exam
ple 2D

 data could determ
ine the grain pan 

and grain length of individual grains. 
Sw

arm
-based spatialisation is also used w

here 2D
 data is 

m
apped to the spatial position of individual grains. In this 

case the space-filling properties of the 2D
 trajectory sig-

nal w
ill also correlate w

ith the level of im
m

ersion of the 
resulting sound spatialisation. 
Spectral spatialisation is also explored in R

odinia. Each 
spectral bin is assigned an independent spatial trajectory. 
1024 sim

ultaneous frequency bands are updated at low
er-

dim
ensional audio rates, that is, at approxim

ately 43H
z. 

This is used to create com
plex im

m
ersive effects that 

w
ould otherw

ise be m
ore cum

bersom
e if using standard 

control-rate m
ethods. 

5.  C
O

N
T

E
X

T
 

Preistly defines generative m
usic as 

indeterm
inate m

usic played through interaction be-
tw

een one or m
ore persons and a m

ore or less prede-
term

ined system
, such that the players control som

e 
—

 but not all —
 perform

ance param
eters, and relin-

quish choices w
ithin a selected range to the system

 
[19]. 

Tectonic: Rodinia conform
s to this broadest definition of 

generative art w
ork, through its use of algorithm

ically 
determ

ined m
odification of the intentions of hum

an con-
ductors. The term

 m
ost specifically refers here, how

ever 
to the use of generative “em

ergent: non-repeatable” [20] 
m

usic notation, a category of the em
erging genre of ani-

m
ated notation [21].  

It is an interactive form
 of generation that has gam

e-like 
aspects to the conductors’ interactions w

ith the algorith-
m

ic m
odifications: a dynam

ic obstacle gam
e. In this 

sense it resem
bles “4-w

ay-confusion (4 agents)” gam
es 

structure in w
hich “four agents traveling in four opposing 

directions, m
eeting  at nearly the sam

e tim
e [22] or (form

 
the individual conductors perspective) a “Frogger”-like 
structure in w

hich “one agent encounters m
any perpen-

dicular crossing agents” [23].  
The gam

e analogy is perhaps am
plified by the inclusion 

of an A
udience V

iew
, allow

ing the audience both to hear 
and view

 the interactions of the stream
s, and the conduc-

tors' attem
pts to m

aintain control under conditions in 
w

hich their choices are underm
ined and their ability to 

utilise the algorithm
ic m

odifications to subvert the con-
trol of the other conductors. 
M

usically, the w
ork is som

ething of a concerto for con-
ductors them

selves are silent but create sound through 
their gestures. The R

odinia environm
ent gives significant 

freedom
 of choice to the conductors, w

hich is curtailed 
only by the interactions betw

een their choices. 
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6. C
O

N
C

L
U

SIO
N

S 
Tectonic: Rodinia adds a series of new

 capabilities to the 
D

ecibel Scoreplayer. M
any of these advances have been 

dependent upon the adoption of the B
onjour netw

ork 
protocol and the subsequent ability to stream

 data be-
tw

een a variety of devices. 
There is arguably som

e value in engaging the audience  
w

ith a visual representation of the sound they are hearing, 
but the requirem

ents of the perform
er are quite different 

to those of the listener and displaying the perform
er’s 

score to the audience and allow
ing them

 to “see w
hat is 

com
ing” m

ay reduce the effectiveness the m
usical dis-

course w
hen it is actually heard. D

elaying the audience 
score until the m

om
ent of its execution by the perform

ers 
goes som

e w
ay to alleviating the issue. 

R
odinia is som

ew
hat unusual in its com

bination of gener-
ative and interactive qualities in the context of notated 
m

usic for live instrum
entalists. A

lthough the “tectonic” 
concept is distinct, the im

plem
entation of this w

ork pro-
vides a fram

ew
ork capable of accom

m
odating a w

ide 
range of generative and interactive/generative w

orks em
-

ploying varied conceptual approaches.  
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AVA
:A

G
raphicalU

ser
Interface

for
Autom

atic
V

ibrato
and

Portam
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D
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and
A

nalysis
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eiYang

1
K

halid
Z.R
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2
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C
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1

1
C
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M
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U
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2
A
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&
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G
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ueen
M
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U
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ofLondon
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.
y
a
n
g
,

k
.
r
a
j
a
b
,

e
l
a
i
n
e
.
c
h
e
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q
m
u
l
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a
c
.
u
k

A
BSTR

AC
T

M
usicians

are
able

to
create

different
expressive

perfor-
m

ances
ofthe

sam
e

piece
ofm

usic
by

varying
expressive

features.
It

is
challenging

to
m

athem
atically

m
odel

and
represent

m
usical

expressivity
in

a
general

m
anner.

Vi-
brato

and
portam

ento
are

tw
o

im
portant

expressive
fea-

tures
in

singing,as
w

ellas
in

string,w
oodw

ind,and
brass

instrum
entalplaying.

W
e

presentAVA,an
off-line

system
forautom

atic
vibrato

and
portam

ento
analysis.The

system
detects

vibratos
and

extracts
their

param
eters

from
audio

inputusing
a

Filter
D

iagonalization
M

ethod,then
detects

portam
entiusing

a
H

idden
M

arkov
M

odeland
presentsthe

param
eters

ofthe
bestfitLogistic

M
odelfor

each
porta-

m
ento.

A
graphicaluser

interface
(G

U
I),im

plem
ented

in
M

ATLAB,allow
s

the
user

to
interact

w
ith

the
system

,
to

visualise
and

hear
the

detected
vibratos

and
portam

enti
and

their
analysis

results,and
to

identify
m

issing
vibratos

or
portam

entiand
rem

ove
spurious

detection
results.

The
G

U
I

provides
an

intuitive
w

ay
to

see
vibratos

and
porta-

m
enti

in
m

usic
audio

and
their

characteristics,
and

has
potentialfor

use
as

a
pedagogicaland

expression
analy-

sis
tool.

1.
IN

TR
O

D
U

C
TIO

N

M
usiciansintroduce

a
high

degree
ofacoustic

variationsin
perform

ance,above
and

beyond
the

categoricalpitchesand
durationsindicated

in
the

m
usicalscore

[1].The
sourcesof

these
acoustic

variations
include

dynam
ic

shaping,tem
po

variation,
vibrato,

portam
ento,

staccato,
and

legato
play-

ing.
W

hile
som

e
expressions

have
been

notated
in

the
score

(e.g.
tem

po
and

dynam
ics),

m
usicians

som
etim

es
alter

the
instructions

to
create

their
ow

n
expressions

[2].
W

e
callthese

devices
expressive

features
as

they
are

usu-
ally

notdenoted
in

the
com

position
butadopted

in
perfor-

m
ance.

These
devices

resultin
unique

perform
ance

styles
thatdifferentiate

one
m

usician
from

another.
W

e
focus

on
tw

o
expressive

features:
vibrato

and
por-

tam
ento.

V
ibrato

is
a

periodic
m

odulation
of

frequency,
am

plitude,and
even

spectrum
[3].

Portam
ento

is
the

note
transition

thatallow
s

m
usicians

to
adjustthe

pitch
contin-

uously
from

one
note

to
the

next[4].
V

ibrato
and

porta-
m

ento
characteristics

can
be

used
to

revealdifferences
in

C
opyright:
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softhe

C
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U
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perform
ance

styles,and
perform

ance
variation

am
ong

dif-
ferentm

usicians
[4,5,6,7,8].

This
paper

presents
an

off-line
system

,AVA
,w

hich
ac-

cepts
raw

audio
and

autom
atically

tracks
the

vibrato
and

portam
ento

to
display

their
expressive

param
eters

for
in-

spection
and

further
statistical

analysis.
W

e
em

ploy
the

FilterD
iagonalization

M
ethod

(FD
M

)to
detectvibrato

[9].
The

FD
M

decom
poses

the
local

fundam
ental

frequency
into

sinusoidsand
returnstheirfrequenciesand

am
plitudes,

w
hich

the
system

uses
to

determ
ine

vibrato
presence

and
vibrato

param
eter

values.
A

fully
connected

three-state
H

idden
M

arkov
M

odel(H
M

M
)is

applied
to

identify
por-

tam
ento.The

resulting
portam

entiare
m

odeled
asLogistic

Functions
w

hich
are

w
ellsuited

to
displaying

the
charac-

teristics
of

a
portam

ento
[4].

The
AVA

system
has

been
im

plem
ented

in
M

ATLA
B

and
consistsofa

graphicaluser
interface

(G
U

I)and
allrelevantfunctions

1.
The

structure
ofthe

paperisasfollow
s:Section

2
presents

the
vibrato

and
portam

ento
feature

detection
and

analysis
m

odules.Section
3

introduces
AVA’s

M
ATLA

B
interface,

and
Section

4
presents

discussions
and

conclusions.

2.
FEATU

R
E

D
ETEC

TIO
N

A
N

D
A

N
A

LY
SIS

The
basic

architecture
ofthe

AVA
system

is
show

n
in

Fig-
ure

1.
Taking

the
audio

as
input,the

pitch
curve

(funda-
m

entalfrequency)isextracted
using

the
pY

IN
m

ethod
[10],

a
probabilisitic

version
ofthe

originalY
in

m
ethod[11].The

resulting
pitch

curve
is

sentto
the

vibrato
detection

m
od-

ule,w
hich

identifiesvibrato
existence

using
an

FD
M

-based
m

ethod.
The

detected
vibratos

are
forw

arded
to

the
m

od-
ule

for
vibrato

analysis,w
hich

outputs
the

vibrato
statis-

tics.To
ensure

the
bestpossible

portam
ento

detection
per-

form
ance,w

e
flatten

the
detected

vibratosusing
the

built-in
M

ATLA
B

‘sm
ooth’function

asthe
oscillating

shape
ofthe

vibrato
degrades

portam
ento

detection.
The

H
M

M
-based

portam
ento

detection
m

odule
uses

this
vibrato-free

pitch
curve

to
identify

potentialportam
enti.

A
Logistic

M
odel

is
fitted

to
the

detected
portam

entos
forquantitative

analy-
sis.M

oreover,ifthere
are

errors
in

detection,the
interface

allow
s

the
user

to
indicate

m
issing

vibratos
or

portam
enti

and
rem

ove
spurious

results.

2.1
V

ibrato
D

etection
and

A
nalysis

There
existtw

o
kinds

ofvibrato
detection

m
ethods:

note-
w

ise
and

fram
e-w

ise
m

ethods.N
ote-w

ise
m

ethods
require

1The
beta

version
of

AVA
is

available
at

l
u
w
e
i
y
a
n
g
.
c
o
m
/

r
e
s
e
a
r
c
h
/
a
v
a
-
p
r
o
j
e
c
t.
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