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Chatham, Rick D., Constellations for Wind Ensemble and
Computer Music, Master of Music (Composition), August, 1992,
53 pages, 2 tables, 6 examples.

Constellations is a single movement work that explores
the color between acoustic instruments and computer
generated sounds. It is scored for four flutes (two

doubling on piccolos), two oboes, two bassoons, eight B
clarinets, two B bass clarinets; two alto saxophones, tenor
saxophone, baritone saxophone; four trumpets in Bb; four

horns in F; three trombones, bass trombone; two tubas;
piano; six percussionist; and contrabass. The duration of
the work is nine minutes and twenty-eight seconds.

Mapping of stellar constellations provide the primary
material for all pitch and harmonic progressions throughout
the work. Software synthesis and digital sampling

techniques coalesce to produce the computer music on tape.
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CHAPTER I.

INTRODUCTION

Bright star, would I were steadfast as thou art—

Not in lone splendour hung aloft the night
And watching, with eternal lids apart,

Like nature‘’s patient, sleepless Eremite,
The moving waters at their priestlike task

Of pure ablution round earth’s human shores.

- John Keats

OQverview

Constellations for Wind Ensemble and Computer Music is
a gingle-movement work with a duration of nine minutes and
twenty-eight seconds. The piece is an exploration of color
between accustic instruments and synthetic computer
generated sounds. Mappings of stellar constellations
provide the primary material for all pitch and harmonic
progressions throughout the entire work. Software synthesis
and digital sampling techniques cocalesce to produce the
computer music on tape.

This introduction will provide general information on
the work while each of the following chapters discusses the
compositional and computer music processes in detail. The

appendix contains a listing of each pitch constellation.
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Orchestration

Constellations is scored for a standard wind ensemble
with a few exceptions. The instrumentation is as follows:
four flutes (two doubling on piccolos); two oboes and
bassoons; eight B clarinets; two B bass clarinets; two
altos, one tenor and one baritone saxophone; four trumpets
in B); four horns in F; three trombones and one bass
trombone; two tubas; one piano; six percussionist; and two
contrabasses. No acoustic instrument is to be amplified.

The flute, clarinet and saxophone sections are scored
to half sing, half hum the words "star," "pulsar," and
"galaxy" from sections D to E. This is used to augment the
computer music, sampled voice sounds. The singers use no
vibrato, and the entire section is unaccented.

Six percussionist are required to perform the work.
Extensive scoring of mallet instruments is used throughout
the work. Bowed vibraphones and bowed crotales are scored
in numerous sections. A large and a small bass drum are
called for in section D and sections G through I, used to
equipoise the computer music’s dominance during those
sections. Frequent pitch change, as well as glissandi, is
scored for the timpani, usually doubling with the
contrabasses. The timpani should be positioned next to the

contrabasses to facilitate these continual pitch variations.
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The Score and Performance

The entire score is marked by time-frames in seconds.
There is a natural division every four seconds. Rhythm is
interpreted by relative spatial placement of notes.
Extension lines and single beams are employed to designate
duration of individual notes. There are three different
instances of metered time. Time-framed markings are
continued through these sections so that synchronization
with the tape can be maintained. The computer music is
marked with a single extension line.

Primary cues are designated by white arrows. Cues are
enumerated in each section from one to five. The conductor
is instructed to use one hand to indicate the appropriate
number of cue. Other secondary cues are designated which
can be signaled by either the conductor or a section leader.

The computer music on tape is prerecorded on Digital
Audio Tape (DAT) for high fidelity. Elapsed time from the
DAT player should be displayed for the conductor as well as
the entire ensemble. This can be accomplished with a wvideo
camera with a monitor for the conductor and two or three for
the wind ensemble.

Two loud speakers should be placed at each side of the
ensemble, stage left and right. To enhance the fusion of
the wind ensemble and computer music the speakers should not
extend beyond the group of players. Finally, to enhance the

blending of acoustic instruments and computer music, no
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house lights should be on, and the stage lights should be
dimmed as much as possible without using stand lights. This

will diminish visual distractions allowing the listeners to

focus on sound.

ix



CHAPTER II.

DISCUSSION OF MAPPING AND COMPOSITIONAL TECHNIQUES

Stellar Constellations

In ancient times constellations were confined within
the outlines of the forms that they were supposed to
represent. Stars that fell adjacent to the forms were
called by the Greeks "apop¢wtor, " unformed, and "omopo.deg, "
scattered (Allen 1963). Today, constellations are boundary
lines that contain the ancient figures as well as any other
stars that have been discovered within its confines.

Ptolemy, in the seventh and eighth books of the
Syntaxis, lists forty-eight constellations. These 48
constellations, 12 of the zodiac, 21 northern, and 15
southern, were made from 1028 stars, including 102
"opopomTOL, " unformed. In the early 17th century Johann
Bayer added 12 new southern constellations. He also was the
first to identify stars within a constellation by Greek and
Roman letters. The remaining constellations are generally
acknowledged to have been catalogued by Johann Hewel
(Hevelius) in the Prodromus Astronomiae of 1690 and by Abbé
Nicholas Louis de La Caille in his Mémoires of 1752 and his

Coelum Stelliferum of 1763 (Allen 1963). Today, eighty to



ninety constellations {(eighty-six used for the mapping of
Constellations) are generally acknowledged with millions of

stars found within these boundaries.

Mapping to Pitch Constellations

In Constellations one stellar constellation is directly
mapped to one pitch constellation or pitch set. The piece
then proceeds from one pitch constellation to the next, with
most constellations acting as a antecedent to the following
constellation. Some constellations are juxtaposed, while
others act as break points. With some constellations
containing thousands of distinct stars, it became necessary
to filter the dimmest stars from each constellation. To
achieve this only stars of five or greater magnitude were
employed. Astronomers have long used star magnitudes to
judge starlight brightness in relation to one another. Stars
of the first magnitude are the brightest stars, while stars
of the sixth magnitude are said to be 1/100 as bright as
first magnitude stars. By eliminating sixth magnitude and
dimmer stars, a balanced number of stars was achieved; thus
a desirable number of pitches for each pitch constellation
was devised. The constellations ranged from 49 stars in
Centauras to no stars in Mensa, which was the only
constellation which had no stars of the fifth magnitude or
greater. With the subtraction of Mensa, this left the

composer with 86 pitch constellations.
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Next,

each star was mapped to pitch from its estimated

distance from earth (measured in parsecs or 3.2633 in light

vears) .

Within the wind ensemble’s limited seven octave

range the composer deemed DD to be the lowest pitch and o5

to be the highest in the pitch map.

The nearest star

(excluding the sun) is @ Proxima Centauri at 1.32 parsecs,

TABLE I. Pitch to Star Conversion

- Distanceg ¢ 3.42 | ¢ 10.75| 1 33.73
FLECR (parsec)| 3.77 | b 11.821 cb 37.11
DD 1.32 | D 4.14 | d 13.01| d 40.82
EEb 1.45 | Eb 4.56 | eb 14.31| eb 44.90
EE 1.60 | E 5.01| e 15.74| e 49.39
FF 1.76 | F 5.52 | £ 17.31] f 54.33
FF} 1.93 | F§ 6.07 | £} 19.04| £# 59.76
GG 2.13 | @ 6.67| g 20.95| g 65.74
fele 2.34 | b 7.34 | of 23.04| of 72.31
2AA 2.57 | A 8.08 | a 25.34| a 79.54
BBb 2.83 | Bb 8.88 | bb 27.88| bb 87.50
BB 3.11 | B 9.77 | b 30.67| b 96.25
c2 105.87 | c3 332.27 | ct 1042.79 | &5 3272.73
ch 116.96 | cl 365.49 | ck 1147.07 | ¥ 3600.00
d 128.10 {4 402.04 | @ 1261.78

eb 140.91 | eb 442.25 | eb 1387.96

e 155.00 | e 486.47 | e 1526.75

£ 170.50 | £ 535.12 | £ 1679.43

£4 187.56 | 4 588.63 | £# 1847 .37
g 206.31 | g 647.49 | g 2032.11
gl 226.94 | of 712.24 | of 2235.32
a 249.64 | a 783.47 | a 2458.85
bb 274.60 | bb 861.81 | bb 2704.73
b 302.06 |b 947.99 | b 2975.21
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mapped to DD and the furthest star (fifth magnitude or
greater) is s star in Carina at ~3600 parsecs. An
exponential scale ( nl-1 ) was then used to evenly
distribute the pitches between 1.32 and 3600 parsecs. The
entire pitch to star scale can be viewed in TABLE I. The
selected stars from each constellation were then converted
to pitch according to the described scale. 2An example of a
complete constellation is shown in TABLE II. 1In the
constellation Corona Borealis stars { and tresult in the
same pitch, therefore there will be fewer pitches than there

are stars in many constellations. The resulting pitch

TABLE II. Corona Borealis Specifications and Pitch Map

Star Virtual Distance Pitch
Magnitude (parsec)

a 5793 2.23v 24 ot
B 5747 3.68 18 £
5 5889 4.63 38 chl
£ 5947 4.15 74 gl
¢l 5833 5.0 + 6.0 130 a2
{2 5834 4.7 130 a2
n 5727/8 4.98 14 eb
0 5778 4.14 110 c?
1 5971 4.99 130 a2
x 5901 4.82 33 cl
A 5936 3.84v 64 gl
3 6103 4.85 85 bl
o 6063/4 5.22 21 g
T 6018 4.76 52 £l
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constellation is shown in Figure 1. Appendix A has a

complete listing of each constellation and its pitch set.

0

NG =
EE: =

Figure 1: Corona Borealis Constellation

Constellation Ordering

In star atlases, the scientific delimitation of the
constellations is divided into two hemispheres, the northern
and the southern. This division of the two hemispheres is
achieved by the equinox or either of the two points on the
celestial sphere where the celestial equator intersects the
ecliptic.

Constellations is likewise divided intoc two sections,
although there is no musical interruption. The work begins
in the center or pole of the southern hemisphere in the
constellation Octans. The progression then moves to Volans
and proceeds counterclockwise until it reaches the
constellation Cetus. This corresponds in Constellations to
the beginning through the end of section H. Section I
begins the section of the work with constellation Ursa Minor

in the center of the northern hemisphere. This time the

Xiv



progression moves to Draco and then proceeds clockwise until

it reaches the last constellation Leo.

Intuitive Decisions

Aside from the above mappings, all other compositional
decisions were made intuitively. Much of the rhythm and the
event pacing was a direct result of the computer-generated
sounds. Special attention was paid to voice leading and
common tones between adjacent pitch constellations in order
to create musical coherence. Exact transpositions of
vertical sonorities were used at various points in the work
when pitch constellations were similar.

The entire piece is episodic in nature. There is an
overall arch form to the work with the peak being at the end
of section H. The computer music timbres at the beginning

of the work also end the work.
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CHAPTER III.

DISCUSSION OF COMPUTER MUSIC

Software Synthesis Technigues

In order to achieve cohesion between acoustic
instruments and the computer generated socunds, software
synthesis techniques were highly utilized. FM (frequency
modulation) techniques and additive synthesis provided the
composer a comprehensive array of sounds to assimilate and
augment the wind ensemble'’'s timbres. Because of the
unlimited number of oscillators and generators available in
software synthesis, many complex and desirable timbres were
obtainable. The programs used by the composer—computer
high-level language dependent—furnished the precision
needed to coordinate events between the performers and the
computer generated scunds. A high speed computer
workstation also provided the composer immediate feedback
and experimentation, a creative environment only recently
made available to computer music composers.

The frequency modulation instrument that begins and
ends the work is based on a series of six carrier
oscillators with companion modulating oscillators. Figure 2

diagrams the FM instrument with its large number of
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amplitude envelopes. Straight-line and exponential

envelopes were applied, so that each carrier oscillator
becomes prevalent at different times through the duration of
each note. These envelcopes also aid in the mapping of
acoustic instruments’ attacks and decays. Frequency is
obtained from the fundamental frequency (fc), the deviation

acquired from the modulating oscillator. The frequency is

also slightly altered by adding a detuning factor (DT) to
carrier oscillators two through six. Each carrier
P l‘II!!!E
rand rand rand rand rand rand rand rand
amp freq amp freq amp freq amp freq
i i L P 1
random sead random seed random seed random
1 2 3 4
fc+DT
phase
waveform waveform

Figure 3:

Xix
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oscillator also employs a different waveform and starts at a
different point in the wavetable (phase), thus producing a
sound with little periodicity. The last unit generator of
the instrument is a portamento envelope that is multiplied
to the carrier frequency. The extensive number of
parameters applied to this envelope allowed for precise
portamento for each note with exact freguency control and
delay before the portamento was to proceed.

Figure 3 is a diagram of an additive synthesis
instrument used primarily to generate low frequency sounds.
A guartet of random generators produced a spectrum of white
noise. The particular random generator used reduced the
amount of high-frequency energy in the noise. Lower inputs
of random frequency produced a more stable and desired
result.

All notes generated throughout the work were produced
by three identical instruments. The first instrument
produced the desired freguency, while the frequencies of the
second and third instruments were placed slightly above and
below the desired frequency. This was done to accomplish a

"chorus" effect.

Digital Sampling and Sound Transformation

Other computer music was generated by the use of

sampling technigques. Minutes of spoken voice, both male and



female, were sampled at a high sampling rate through an
analog to digital convertor directly to the computer. Using
a graphic sound editor, small phrases and single words were
extracted. These words included "star, " "sun," "crab
nebula, " "brown dwarf," and "pulsar." Several techniques
were employed to transform the sounds including transposing

and filtering.

A time dilation method was used to manipulate many of
the vocal sounds. Common transposing methods simply add or
subtract samples from the sound. To transpose a scund down
an octave the number of samples are doubled. The duration
of the resulting sound is also doubled. The program used
throughout the work is independent of duration. The sound
is segmented into frames, which are then transposed. A

bevel curve is designated to interpolate between frames.

sec. .01 .02 .03 .04 .05 .06 .07 .08 .09 .10

bevel curve

Figure 4: Time Dilation Method
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This process 1s illustrated in Figure 4. Here, the sound is
being stretched by a factor of two. The resulting
transposition could be either up or down in pitch.

The program automatically selects the number of frames
needed to produce the desired transpostion and duration. By
distorting the frame size and bevel time, a wide range of
effects far remcoved from the original source can be
obtained. By using a looping algorithm, stacking of the
sounds with different transpositions can greatly enhance the

subtle vocal artifacts.

Auditory Localization

All computer-generated sounds and sampled sounds were
generated with no reverberation and were monaural. A room
simulation program was used to produce sterec separation and
reverberation. Through the use of a multiple delay line
filter with low-pass filtering and attenuation, the program
produces an acoustic space for the listener. Sounds are
then passed through a stereo reverberation unit consisting
of randomly-varying comb and all-pass filters (Scott 1989).
The program allows for the moving of the sound anywhere in
designated space. A reflection rate can be specified to the
program to simulate absorption factor of the walls. A
reverberation time is also specified to control the number
of reflection of sounds. 1In the preogram, the room is
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specified by width, length and height, thus creating a
three-dimensional space. Finally, the listener is placed in
the room from which the auditory cues are directed.

Figure 7 illustrates the room simulation for the sound,
"neutron star." Here the perceived sound is slowly moved
around the listeners background. Reverberation time is
long, and reflection rate is a medium value, all these

parameters producing a 'wet" sound.

- 60 feet o

(- - A B EE B B A B BE = e -' A

: 19’ 6 & room size: 60 wide
: i 60 long
: I 70 tall

: X : reflection %: 50%

I I reverb time: 3 sec.

I 1| ©0feet  soundfile: "neutron star"
I | duration: 24 sec.
| |

i |

| 1

1 I .
v 18 o4 | X = listener

-l - - E . HE .- I I aE BN B . 0. v

Figure 7: Room Simulation for Sound, "neutron star"

The "Doppler effect" can be achieved by quickly moving
perceived sounds near the listener. The Doppler shift is the

perceived change in frequency observed when a sound source and
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L = X 40
>
room size: 200 wide reverb time; 2 sec. X = listener
‘_’;g |°::9 soundfile: const.52-56
tal .
duration: 21 sec.
reflection %: 70%

Figure 8: Room Simulation with Doppler Effect

the listener are moving relative to each other. Figure 8
shows an elongated room which aids in the rapid movement of
the sounds. In the simulated room the perceived sound moves
200 feet exponentially in front of the listener in less than

four seconds.
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Master’s Thesis completed at the University of North Texas

In

N RbANNMNEN

[ A2 o5 N S0 SE 0 S S R )

ntation

flutes 1 & 2 (double as piccolo) .

flutes 3 & 4 singers 1
oboes 1 & 2

bassoons 1 & 2

Bb clarinets 1 & 2 g

Bb clarinets 3 & 4 } singers 2
BD bass clarinets

alto saxophones 1 & 2 .

tenor & baritone saxophone } b
trumpets in Bb 1 & 2

trumpets in Bb 3 & 4

hornsinF 1 & 2

hornsinF3 & 4

trombones 1 & 2

trombones 3 & 4 (4th bass trombone)

tubas

computer music on tape
piano

percussion 1. vibraphone

percussion 2. vibraphone, marimba, glockenspiel

percussion 3. xylophone, glockenspiel, marimba, tam tam, 2 susp. cymbals, tom-toms
percussion 4. xylophone, small triangle, bass drum, bell tree

percussion 5. crotales, bass drum, small bass drum, marimba

percussion 6. timpani

contrabass

Instructions

10.

Score is not transposed, except instruments which transpose at the octave (or double
octave), notated at their written pitch.

Singing/Humming: Instrumentalists should sing the pitches indicated in the exact
register. Men may use falsetto, if necessary. No vibrato.

Accidentals apply only to the notes they precede, except when tied or immediately
repeated.

X =no meter. Music is time-framed in seconds. Rhythm is interpreted by the
relative spatial placement of notes.

J ] = duration is determined by length of beam.
g b

£= fl'l'llrjl ; £ =l'.l'l

Lapsed time should be viewed by conductor and ensemble. Three video monitors
should face ensemble to show lapsed time. Video camera should be used to display
DAT’s lapsed time.

V Cues are numbered within a section from one to five. Conductor should use one
hand to indicate number of cue.
Performance: Loud speakers should be placed at each end of ensemble. They
should not extend beyond the players.
Lights: House lights should be entirely dimmed. Stage lights should be dimmed as
much as possible without using stand lights.



constellations

Rick Chatham (1992)

for wind ensemble and computer music

duration is 9.5 minutes
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