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 Synthesising Music in 
Csound with a Javanese 
Gong Ageng 

Abstract 
This paper describes synthesising music in Csound using 
an additive synthesis model of a Javanese Gong Ageng, 
the large gong used in gamelan music to mark the end of 
each gong cycle.  The model produces a tone that is very 
similar to the original, with about a dozen significant 
partials and amplitude modulation as a characteristic 
part of its spectral evolution.  This design also works for 
similar types of gongs, and allows for innovative effects 
such as pitch bend, time stretching, interpolation of hy-
brid timbres and experimental tunings, which are not 
possible on the physical instrument.  Finally, we describe 
considerations, such as Indonesian notation and rhyth-
mic structure, Csound pitch input and tuning methods,  
for using the synthesised Gong Ageng in a musical ex-
ample.   

Introduction 
The Gong Ageng is the large 
bronze gong that marks the 
end of each gong cycle in 
Indonesian music.  Indone-
sian gongs come in many 
sizes, but the Gong Ageng is 
the largest and deepest (see 
Figure 1).  The instrument 
has a very deep, distinctly 
pitched rumble that sounds 
like thunder or the "rolling 
waves of the sea."   Slight 
differences in the opposite 
halves of a gong can create 
beating in the sound.  Peo-
ple have poetic descriptive 
images for different speeds 
of beats, comparing slow 
beats with waves of water 
and faster beats with Bima's 
laughter.  (Bima is one of 
the Pandava brothers from 
the Mahabarata epic.)  The 
gong is considered one of 
the most important instru-

ments in Javanese music, as well as "a floor to put 
the feet on" in Javanese dance.  Even one missed 
gong tone can cause great confusion among the per-
formers (Suryabrata 1987).   

Previous work on modeling pitched percus-
sion instruments has focused on simulating 
Western and Chinese bells (Ma 1981; Rossing 
and Zhou 1989; Kuttner 1990; Rossing 1994; 
Zheng 1994; Horner, Ayers and Law 1997; Hib-
bert 2003), and orchestral gongs originally from 
Turkey and China (Risset 1969; Chowning 1973; 
Harvey 1981).  Our previous work also explored 
the tones of the Woodstock gamelan, a tubulong 
instrument (Horner and Ayers 1998).  Indone-
sian gongs are relatively unexplored by com-
parison, and no one has analyzed a Gong 
Ageng. 

The synthesised design also works for simi-
lar types of gongs, and allows for innovative 
effects such as pitch bend, time stretching, in-
terpolation of hybrid timbres and experimental 
tunings, which are not possible on the physical 
instrument. 

Synthesising the Gong Ageng 

Spectral Properties 
We performed a phase vocoder analysis (Dolson 
1986, Beauchamp 1993) on the Gong Ageng 
from Kyai Parijata, a Javanese gamelan from the 
19th Century (Heins 1969) used in weekly 
performances at the Nusantara Museum in 
Delft, the Netherlands.  Geert Jan van 
Oldenborgh recorded 16-bit 44.1 kHz sample 
tones of the gamelan instruments (van 
Oldenborgh 2002).    Figure 2 shows a plot of 
frequency vs. time for the lower components.    
The dark lines indicate partials with significant 
strength.  The five most significant partials are 

significant partials are the second, first, sixth, 
third and fifth, respectively.  The fourth partial 

Figure 2. Gong Ageng 

Figure 1. Frequency vs. Time Plot for the Lower 
Components of the Tone 
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seems to be insignificant.  The fundamental fre-
quency is 44.5 Hertz, with the second, third and 
sixth partials at 89, 133 and 260 Hertz, respectively.  
Some of the partials are not at strict integer multi-
ples of the fundamental, and some are fairly close 
together in frequency (e.g., components at 275 and 
282 Hertz).  We combined the partials that were 
originally close enough together to beat, and mod-
eled the beating with amplitude and frequency 
modulation.  The modulation may represent the 
swinging motion of the gong. 

Figure 3 shows the amplitude envelopes of 
harmonics graphed by the phase vocoder.  The fun-
damental weakens much more slowly than the 
other harmonics.  As the second partial decays, its 
deep modulation weakens.  The first two harmonics 
together form the "rumble" of the sound.  The sixth 
harmonic produces the "ring" of the sound.  The 

third harmonic increases the "ring," while the other 
harmonics mostly contribute to the attack noise. 

The Csound Synthesis Model 
We constructed a Csound (Vercoe 1992) instrument 
design to model the Gong Ageng.  The model uses 
additive synthesis of nine of the first 14 harmonics.  
Figure 4 shows the reconstructed Gong Ageng am-
plitude envelopes which are very similar to the 

originals shown in Figure 3.  We omitted harmonics 
4 and 8 because they consisted of incidental tran-

sient attack noise that was spread through all har-
monics.  Beyond harmonic 10, the clear ringing of 
harmonic 14 was the only significant component.  
To allow some spectral variation with each gong 
strike, each harmonic's amplitude is randomly 
scaled by ±15%.  Since each harmonic has its own 
amplitude envelope, this technique changes the 
time-varying spectral evolution of the tone.  The 

code includes an optional .06-second release 
that simulates hand damping.  The Csound or-
chestra and score are available at:  
www.cs.ust.hk/~layers/gong/index.html. 

An Indonesian Musical Example 
This section describes Indonesian music nota-
tion and the Csound pitch input and tuning 
methods.  Although the single gong does not 
have the pitch range to play a full Javanese 
gamelan piece, it produces realistic-sounding 
tones within about a perfect fifth above the 
original tone because it has very few significant 
harmonics compared with many other low 
tones.  Tones up to a major third lower than the 
original tone sound a little muffled, but are us-
able.  This range sufficiently simulates the struc-
tural instruments used in an 8-beat gong cycle, 
where "G" represents the Gong Ageng, "N" 
represents the kenong gong and "P" represents 
the kempul gong (Becker 1984): 

  - N P N P N P N 
     G 

Global Frequency Switch 
Setting a global tuning frequency makes it easy 
to tune to the frequency of the original gong or 
retune the whole example in relation to a differ-
ent gong frequency.  In the Csound orchestra, 
instrument 1 sets the global tuning frequency 
for each example. 

;-----------------------------------
--- 
instr 1 ; set global frequency 
gifreq = p4 ; original: 44.5 Hz 
endin 
;-----------------------------------
--- 
The Csound score provides the global tun-

ing frequency for instrument 1.   
;-----------------------------------
--- 
; p1 p2 p3  p4 
; inst start duration gifreq 
i1 0 1  44.5 
;-----------------------------------
--- 

Pitch Notation 
Indonesian gamelan notation normally uses 
numbers from 1 to 7.  This system represents 
Indonesian music more effectively than the 
fixed pitch system of western notation because 
the actual tuning of the pitches in Indonesian 
scales varies significantly (see tuning section 
below).  Pitch 1 is the first note of the scale.  
Figure 6 shows a pentatonic scale in Indonesian 
notation.  Pitch 4 is often considered an "enemy 
tone" that is used infrequently and usually re-
places pitch 3.  If pitch 7 is used, pitch 6 is usu-
ally omitted.  A dot above or below a number 
means that the pitch is in a higher or lower oc-
tave, respectively. 

Figure 3.  Amplitude Envelopes of the Harmonics 

Figure 4. Reconstructed Gong Ageng Amplitude 
Envelopes 

http://www.cs.ust.hk/~layers/gong/index.html.
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Figure 5. Pentatonic Scale in Indonesian Notation 

Colotomic Structure, Rhythm Notation 
Indonesian music typically uses a group of gongs to 
support the other instruments, which play the mel-
ody.  The supporting gongs play in a metric struc-
ture that leads to the strongest beat, played by the 
largest gong.  Units of 4 beats (called gatra), which 
are the opposite of 4/4 measures because the 
strongest beat is last, form the colotomic structure. 

The modeled range of the Gong Ageng is suffi-
cient to simulate the structural gong instruments 
used in a two-gatra, 8-beat gong cycle.  In the fol-
lowing example, we set pitch 1 at the original fre-
quency for the Gong Ageng, pitch 3 for the kenong 
gong and pitch 5 for the kempul gong.  A number 
by itself usually represents one quarter-note beat.  
A 0 on all or part of a beat means a rest. 

| (- N P N | P N P G) | 
| 0 3 5 3 | 5 3 5 1 | 

Pitch Input Method 
It is easy to input pitches using the pitch notation 
system described in the previous section.  We set up 
the Csound score with two pitch parameter fields:  
one handles the pitches, and the other controls the 
octaves.  The following is a Csound score example 
using the Gong Ageng model at several pitch levels 
to create the 8-beat gong cycle described in the pre-
vious section.  

;-------------------------------------- 
; p1 p2 p3 p4 p5 p6 
;inst st dur amp pch oct gong 
i2 1 10 7500 3 1 ; N 
i2 2 10 4000 5 1 ; P 
i2 3 10 9000 3 1 ; N 
i2 4 10 4000 5 1 ; P 
i2 5 10 7500 3 1 ; N 
i2 6 10 4000 5 1 ; P 
i2 7 10 6000 3 1 ; N 
i2 7 20 12000 1 1 ; G 
;-------------------------------------- 

Tuning 
The tuning of the Gong Ageng varies from village 
to village in Indonesia.  Each gamelan is tuned ac-
cording to the taste of the owner or gamelan group 
(and the tuner).  Instruments are usually tuned by 
ear to sound well as a set.  We used pitch 1 for the 
Gong Ageng in our example because we liked it, 
but the Gong Ageng is usually tuned to pitch 2, 3, 5 
or 6, according to the availability of particular in-
struments.  The same Gong Ageng may be used in 
slendro and pelog if it is tuned to the timbuk (the 
pitch that is the same in both tuning systems).  A 
particularly fine large Gong Ageng may be loaned 
to another group for a special performance, as the 
precise frequencies of the very low tones are less 
easy to hear.  

Two function tables control the tuning of the 
pitches.  The example shows function tables for 
just intonation frequency ratios for a slendro 
tuning described by Lou Harrison (1971), 
though Indonesian tuning is not usually in just 
intonation.  Function table 9 finds the index for 
function table 10, which contains the pairs of 
numbers in the just frequency ratios.  The ratio 
10/7 is a placeholder for the infrequently used 
pitch 4, and, if needed, a higher pitch 7 could be 
added in a similar manner at the end of both 
tables.  

;-----------------------------------
--- 
; function tables 
; pitch to choose ratios 
f9 0 16384 �17 0 0 105 1 205 2 305 3 
405 4 505 5 605 6 
 
; Lou Harrison's Slendro tuning ra-
tios 
; pitch  1    2    3   4    5   6 
f10 0 64 �2 1 1  8 7  4 3 10 7 3 2 
12 7 
;-----------------------------------
--- 
The next example shows the same scale us-

ing rational numbers in the function table.  Ra-
tional numbers could more accurately represent 
the tunings of the Indonesian gamelan groups 
shown in McPhee (1966).  

;-----------------------------------
--- 
; Lou Harrison's Slendro tuning ra-
tios 
f10 0 64 �2 1.0 1.1429 1.3333 1.4286
 1.5 1.7143 
;-----------------------------------
--- 
Alternatively, the function table could con-

tain the frequencies, a system that works well 
enough for fixed tunings, such as a composition 
for a particular gamelan.  An advantage of stor-
ing the tuning data in the function table, rather 
than in the instrument design, is that it provides 
flexibility in retuning to suit different gamelan 
groups.  

Pitch Bend 
One beautiful computer effect is bending the 

pitch up or down.  Although few physical gongs 
can bend the pitch (and those that can are more 
likely Chinese than Indonesian), this effect 
works very well with the synthesised design.  
The same synthesised gong can bend to a vari-
ety of pitches within a reasonable range, unlike 
the Chinese pitch-bend gongs, each of which 
bends to a set pitch. 

Finishing Touches 
We wrote a short utility program which 

writes the tempo statement with subtle beat 
scaling to give the beat a more human feeling 
and added reverb for a large occupied hall, 
which works well for this instrument.  
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;-------------------------------------- 
; tempo statement 
t0 59.5  1 61.0  2 59.6  3 60.0  4 61.0 
5 60.4   6 61.2  7 59.6 
;-------------------------------------- 

Conclusion and Future Work 
The Gong Ageng has about a dozen prominent 

exponentially decaying partials.  With appropriate 
amplitude envelopes, we built a model for the Gong 
Ageng that can also produce tones within a range of 
about a perfect fifth above and below the original 
tone.  The model allows composers to synthesise 
the beautiful timbre of the Gong Ageng and use it 
to play other pitches without having a collection of 
gong instruments.  The synthesised design also 
works for similar types of gongs, and allows for 
innovative effects such as pitch bend, time stretch-
ing, interpolation of hybrid timbres and experimen-
tal tunings, which are not possible on the physical 
instrument.  Modifications including changing en-
velopes to manipulate the timbre and changing the 
frequency ratios to control the inharmonicity of the 
sound (for example, setting more inharmonic ratios 
for low tones and less inharmonic ratios for high 
tones).  
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