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Abstract
This  paper  presents  a  new  method  using  open  source
software R [1] and ImageMagick [2] to create an animated
graphic  score  for  a  musical  composition  entitled  “Blue
Mobile” that  features a mobile structure inspired by Earle
Brown's “December 1952”.
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Introduction
Earle Brown’s composition “December 1952” [3] has been
described  as  “an  intriguing  work  of  art”  [4],  “a  work  that
changed  the  course  of  the  history  of  notation,  a  work
without precedent” [5] and “one of the earliest, most elegant
and famous examples of graphic notation” [6]. Earle Brown
noted  that  “Under  the  influence  of  [Alexander]  Calder,  I
considered this kind of thing to be a mobility, which is to say
a score that was mobile - a score that had more than one
potential form and performance realization” [7].  The piece
was composed in December 1952 in a series of works that
were published under the title “Folio” (Brown, 1954). Earle
Brown described this group of compositions as follows:

In highly experimental works from 1952 and 1953, 
collected  and  published  as  “Folio”  and  “Four  
Systems” (subtitled “experiments in notation and  
performance  process”),  the  Alexander  Calder-
inspired “mobility” finally found a practical (for me) 
notational expression. The scores were in different
invented notations of a highly ambiguous graphic 
nature, subject to a number of different - but all  
inherently valid - realizations. [8]

The score for “December 1952” is presented as a series of
randomly generated vertical and horizontal lines of varying
length and thickness on a square piece of paper. In addition
there  is  a  paragraph  of  text  and  a  small  diagram in  the
prefatory notes with  the score.  While it  is  most simple to
view  the  graphical  elements  of  “December  1952”  as
representative  of  musical  duration,  range,  or  dynamic,
Brown  [3]  indicates  that  a  much  wider  interpretation  is
welcome  and  something  he  encourages  in  performance,

saying he aims to “provoke performers to work together and
react  to  their  own  poetics,  their  instantaneous
communication with themselves and with the people around
them” [7]. The work can be conceived as a two-dimensional
projection  of  a  three-dimensional  mobile  (or  even  four-
dimensional  if  this  conceptual  structure  is  moving  over
time). The prefatory notes for the score state that it “may be
performed in  any direction  from any point  in  the  defined
space”  [3].  Additionally,  “In  a  performance  utilizing  only
three dimensions as active (vertical,  horizontal, and time),
the thickness of the event[s] indicate the relative intensity
and/or (where applicable) instrumentally [sic] clusters” and
if  four-dimensions  are  being  considered  ”the  relative
thickness  and length  of  the  events  are functions  of  their
conceptual position on a plane perpendicular to the vertical
and horizontal plane of the score.”

Whether  a  three-dimensional  or  four-dimensional
interpretation  of  the  score  is  utilised  in  performance,  the
most important implication of the notation used by Brown is
that of approaching the same structure from many different
changing perspectives, thus reflecting the mobile structures
created by Alexander Calder. 

A New Compositional Concept
A Reflection on “December 1952”
In composing a new work  for improvisers  in response to
“December  1952”,  a  concept  was  developed  for  a
composition  entitled  “Blue  Mobile”  that  features  a mobile
structure based on a solar system, where there are several
orbits around a central idea. The performers could view this
structure  from  different  angles,  thus  presenting  different
material  across the ensemble when interpreting the outer
orbits with less variation towards the centre of the structure.

From the Universe to an Atom
This visualisation of orbits around a central idea suggested
a  useful  representation  of  compositional  convergence,
where  the  orbits  become  smaller  and  contain  less
information closer to the centre, thus guiding the performers
towards the core of the piece. 

Two  simple  ideas  became  the  building  blocks  of  the
composition: the blues, and the symmetrical division of an
octave.  One of  the  simplest  harmonic  forms for  a  blues
chord progression is I-IV-I-V-I and this lead to the use of
five orbits, reflecting pitch centres of (from the outer orbit)
E, then A, then E again, then B, then finally returning to E
as the central tonality of the work. All possible symmetrical
divisions of the chromatic scale were then applied, with the
scale divided into six parts for the outer orbit (whole tones),
then four parts (minor thirds), three parts (major thirds) and
two parts (tritones). Finally, an intervallic scheme of minor
and major thirds (inspired by the  dichotomy of major and
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minor  tonalities  found  in  many  blues  performances)
alternating for each orbit was applied, thus resulting in the
pitch classes in Figure 1.

Representing a Physical Impossibility
The physical structure of this piece was then imagined as a
hanging mobile structure. Each orbit would be made up of a
large  orbit  with  pairs  of  pitches  attached  and  rotating
around each other (see Figure 2). 

The performer would see the pitches moving towards and
away from view. They could “play what  they see”  and let
their imagination guide their interpretation of the structure.
They may choose  to  focus  on  the  pitches  that  are  most
prominent at any time or they may choose to follow a pair of
pitches  and  vary  the  dynamic  level  or  intensity  as  the
pitches fade from view. They may take rhythmic indications
from  the  distance  between  pitches,  or  their  speed  of
rotation. Many other interpretations are possible.

There  was  some  thought  towards  creating  a  physical
version of this structure, particularly as this would add an
interesting  visual  component  in  performance  and  clearly
demonstrate  the  primary concept  of  the  work.  While  the
note heads themselves could easily be created physically
and the  various  rotating  structures  could  be  constructed,
the necessity for the five lines of musical staff presented a
physical  impossibility.  A  musical  staff  could  be  placed
behind  the mobile  structure  so  that  the pitches  could  be
specified,  but  performers  viewing  the  work  from different
heights would see different pitches, counteracting the pitch
structure of the composition.

From here, it was decided that an animated version of the
score would be effective in conveying the desired structure
to the performers. 

Possible Approaches
In considering what  he calls  computer  generated “screen
scores”, Vickery [9] notes that “Academic discussion of this
approach is, however, quite recent, gaining momentum as
recently  as  2004  with  the  publication  of  research  by
Didkovsky  [10]  and  Winkler  [11]”.  While  many  of  the
techniques developed by Didkovsky and Winkler focus on
realtime generation of  scored material  (and not  animated
scoring  as  such)  Hope  and  Vickery  [12]  outline  the
development  of  their  Decibel  Music  Player  [13]  which
includes  a  “scrolling  score”  component.  This  tool  is  the
most similar to the concept of “Blue Mobile” but given the
complexity of accurately representing pitches moving in and
out of the foreground in a circular fashion Decibel could not
be used in this instance and a customised approach was
required.

Generating an Animated Score
From three dimensions to two
Since  a  physical  three-dimensional  structure  had  been
ruled  out,  it  was  necessary  to  start  considering  how to
represent  the  mobile  structure  in  a  two-dimensional
animation.  Inspired  by  Earle  Brown's  projection  of  a
theoretical  mobile  structure  onto  a  score  for  “December
1952”,  it  was  decided  that  the  animation  could  simulate
viewing the hanging structure from the side. The animation
would also portray depth, with the notes growing larger as
they came into view and disappearing as they recessed into
the background. 

While it would be possible to also simulate the orbits of the
composition  being  nested  within  one  another,  this  could
become  confusing  when  a  performer  tried  to  view,  for
example,  the third  orbit  by looking through the two orbits
outside of it. To solve this problem, a chandelier form (see
Figure 3) was chosen, where each orbit would sit below the
previous, thus allowing for clear viewing. 

Figure 1. Blue Mobile's harmonic scheme.

Figure 2. An orbit.



A Mathematical Solution
In order to plot the positions of each pitch of the structure,
the parametric equations for a circle [14] were used:

x=R cos(T )

y=Rsin (T )

where  R  is  the  radius  of  rotation  and  T is  time.  By
repeatedly  plotting  these  formulas  and  varying  the  time
component,  a  series  of  plots  were  created  which  then
became frames of the animated score.

As a two-dimensional projection of the orbits rotating in a
horizontal plane viewed from the side is being used, the x
axis represents the left and right movement of the pitches,
and  the  y  axis  represents  the  size  of  the  pitches,  thus
reflecting depth in the image.

For  each  pitch,  the  necessary  equations  were  in  fact  a
combination of two circles, the larger orbit and the smaller
rotation with its pair. The equations that were plotted were:

x=R small cos(T )+Rlarge cos(T )

y=R small sin(T )+Rlargesin(T )

Thus for each orbit a different value of Rlarge was used, and
for each  pair  of  pitches attached to the orbits  a different
value  for  Rsmall was  randomly  generated  to  reflect  Earle
Brown's  use  of  random  number  tables  in  creating
“December 1952”. Brown [7] noted that “the elements were
placed and their  thickness and length and horizontality or
verticality  were  fixed  by a  kind  of  program  I  worked  out
based  on  the  use  of  random-sampling  tables...  Working
with nonprejudiced material, one could get a very bland and
consistent kind of result.”

A Computational Method
The basic approach to creating the animation of the mobile
structure  of  the  composition  was  to  generate  all  of  the
frames  of  an  animation  from  plots  of  the  pitches.  The
number of frames required for a smooth animation and the
complexity and quantity of calculations for each pitch would

make  this  task  impossible  without  the  use  of  a
computational method.

While there is a large array of different animation software
available, mathematical software with a highly customisable
graphing  capability  was  most  appropriate  for  this
application due to the accuracy and ease of generating the
positions of the pitches in the mobile structure. In this case,
the open source software R [1] was chosen.

In R, a generalised function was written where any number
of  pairs  of  pitches  could  be  plotted  on  an  orbit  of  any
diameter.  Additional  variables  were  radius,  speed  and
direction  of  rotation  for  the  small  circles.  This  R  code
specifies the number of frames to be created (500 in this
case)  and initiates  a loop which  carries out  the following
steps:

1. The code generates the names of the .png files  
that will be used as the frames of the animation.

2. The function loops through each of the pairs in the 
orbit  (j)  and  calculates  the position  and size  of  
each pitch with the following code:

This  code expresses  the rotation  of  the  pairs  of
pitches  (smallcircle[1,j]  and  smallcircle[2,j])  and
the  rotation  around  the  larger  orbit  (bigcircle[j])
using the x component of the parametric equation
for  a  circle  discussed  earlier.  Adjustments  are
included  for  rotational  direction  and  speed  of
rotation,  both  of  which  are  randomly  generated
prior to input into the function using the following
code: 

Here the code randomly assigns a speed factor for
the small rotations of each of the pairs of pitches.
This is controlled so that there will  be between 5
and 50 rotations while traversing the larger orbit.
Radius  for  the  pairs  is  also  chosen  randomly

Figure 3. Chandelier form.

Orbit 1

         Orbit 2

               Orbit 3

                     Orbit 4

                          Orbit 5

smallcirclespeedfactor=sample(5:50,pairs,replace
=T)

smallcircleradius=sample(2:8,pairs,replace=T)

smallcirclerotationdirection=sample(c(1,-
1),pairs,replace=T)

smallcircle[1,j]=smallcirclerotationdirection[j]*smal
lcircleradius[j]*cos(smallcirclespeedfactor[j]*(i/fra
mes)*2*pi)

smallcircle[2,j]=smallcirclerotationdirection[j]*-
smallcircleradius[j]*cos(smallcirclespeedfactor[j]*(i
/frames)*2*pi)

smalldotradius[1,j]=0.8+0.2*sin(smallcirclespeedf
actor[j]*(i/frames)*2*pi)

smalldotradius[2,j]=0.8-
0.2*sin(smallcirclespeedfactor[j]*(i/frames)*2*pi)

bigcircle[j]=bigcircleradius*cos(noteshift[j]+
(i/frames)*2*pi)

bigdotradius[j]=1+0.5*sin(noteshift[j]+
(i/frames)*2*pi)



between 2 and 8, thus ensuring that their radius is
less than that of the larger orbit (if not there may
be some visual confusion and the image would be
a less  convincing  representation  of  the  physical
concept  of  the  mobile).  Finally  the  rotational
direction  for  the  pairs  of  pitches  is  randomly
assigned. This was not included in the initial code,
but it adds visual interest to the animated score to
have  the  pairs  of  pitches  rotating  in  different
directions  and  ultimately  provides  more  musical
stimulation to the performers.

The y component of the parametric equation for a
circle is then used to calculate the size of the dot
for  each  pitch  in  the  image  (smalldotradius[1,j],
smalldotradius[2,j]  and  bigdotradius[j]),  thus
representing  their  depth in space and giving the
animation the illusion of three dimensions.

3. The function then plots all the pitches in the orbit  
for the frame by combining the equations for the  
small and large rotations and dot radii.

4. The function completes each plot by adding five  
musical staff lines.

5. The function  then  writes  the  plot  to  a  .png  file  
before continuing to loop through each frame. 

Once  the  loop  is  completed  and  a  .png  file  has  been
created for all 500 frames, the R function calls on another
open source piece of software called ImageMagick [2]. This
software's  “convert”  function is  then used to combine the
frames of the animation into a single animated .gif file for
each orbit.

The final line of this code deletes the .png files that were
created for each frame, leaving only the animated .gif file.
This process is repeated for each orbit so that there is one
animation  for  each.  The piece  was  initially  conceived  for
performance where the ensemble would change between
the  orbit  animations  as  the  performance  progressed.
Following workshopping of the “Blue Mobile” with a group of
musicians,  the  chandelier  form  discussed  above  was
developed as a solution to the inconvenience of navigating
between .gif files in performance.

To combine the .gif  files for each orbit into the chandelier
form ImageMagick is once again used, this time applying
the “convert”, “coalesce” and “layers” functions as follows:

This  code  re-sizes  the  first  .gif  file's  canvas  using  the
”repage”  command  and  fills  it  with  blank  space  using
“coalesce”.  The “layers”  command then adds  the  second
.gif  file  with  its  position  determined  by  “geometry”.  This

process was repeated to vertically combine all five orbits of
the composition. An example of one of the frames from the
final animation can be seen in Figure 4.

Performance
Tablets in the Orchestra
While several different file types for the animation would be
possible, .gif files have several strengths – namely that they
are widely used across the internet and as such are likely to
be  playable  on  the  majority  of  modern  devices  such  as
mobile phones and tablets. This is the simplest option for
performance,  where each member of  the ensemble uses
their  own  device  to  view  the  animated  score.  Other
possibilities would be to use one or more projections of the
animation  that  performers  could  read  from  and  the
audience could also view to gain insight into the structure of
the work.

Simulating Different Perspectives
The animated score effectively portrays a moving structure
from  a  single  viewing  position,  and  if  several  musicians
were  to  interpret  the  same  animation  this  would  be  a
representation of the entire group viewing the structure from
the same position. As the aim of the work is to represent
the  many  possible  viewings  of  the  same  structure,  this
needs to be simulated in performance. This is achieved by
offsetting  the  start  of  the  animation  for  every  performer,
thus  ensuring  that  each  is  viewing  a  different  rotational
position of the mobile at all times.

The  chandelier  form  also  assists  with  this  as  once  the
animation  is  started  the  offset  will  remain  in  effect  as

creategif=paste("magick convert *.png -delay 1 -loop 
0 ",outname,".gif",sep="")

system(creategif)

file.remove(list.files(pattern=".png"))

magick convert CScoreBlueMobilePart1.gif -repage 
1000x500 -coalesce null: CScoreBlueMobilePart2.gif 
-geometry +0+250 -layers Composite 
bluemobile1and2.gif

Figure 4. The final form of Blue Mobile.



different orbits are navigated. This issue also highlights the
main strength of using separate personal devices (mobile
phones  or  tablets)  for  each  performer as  a much higher
level  of  variation  of  viewing  angles  can  be  achieved
compared  to  a  performance  using  projectors,  where  the
number of projections is limited in a practical sense due to
their size and expense.

The Future
The techniques of animated scoring and the mathematical
representation of animated musical elements developed in
“Blue Mobile” provide stimulation to further explore this area
in  order  to  achieve  outcomes  that  are  not  possible  with
traditional fixed scores. In particular, continuing to explore
composing in this manner  for improvising ensembles and
incorporating  graphical  notation  (the  Oxford  Dictionary  of
Music [15] defines “graphic scores” as scores that “employ
drawn visual analogues in order to convey the composer's
intentions with regard to the required sounds and textures
… Others  deliberately  omit  any notational  sign  or  music
indication,  seeking  only  to  stimulate  the  performer's
creativity”)  into  this  method  will  open  new  areas  and
outcomes that have not been previously achieved.

Cat Hope from the Decibel new music ensemble (see [16]
for an extensive list  of  Hope's  publications)  has explored
digital notation with a focus on graphic scoring. This work
has led to the development of the Decibel Score Player [13]
for  iPad  and  the  subsequent  composition  of  numerous
works that utilise this technology including Hope's “Wolf at
Harp”  (2011)  and  Lindsay  Vickery's  “Ghosts  of  Departed
Quantities” (2011).
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