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Figure 1: The Lagu Hantu installation.

Abstract

Lagu Hantu is a large-scale interactive instrument inspired by
the Indonesian gamelan tradition, which invites people to create
sound in collaboration with both each other and past participants
by using distributed tactile interfaces. When the instrument is
played, a program summons fragments of past participants’ per-
formances by recalling how people accompanied similar gestures
in the past. We describe the design and technical implementation
of the instrument, the underlying system that allows participants
to collaborate across time, and the instrument’s use in a public
installation.
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1 Introduction

Music in Indonesia has long served as a bridge across temporal
boundaries, enabling communities to maintain ancestral rela-
tionships, connections with past performances, and collective
memory [14]. Rich practices of sound-making and craft underpin
the Indonesian gamelan tradition, where music-making is insep-
arable from broader spiritual and social structures. Fundamental
to these traditions are a cyclical conception of time and persisting
relationships between the living and spirits of the past, both of
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which manifest throughout daily life [21], ritual and language
[3], and musical practice [20].

This temporal dimension of music-making becomes partic-
ularly salient in the gamelan practice, where musical meaning
emerges from accumulated gestures, inherited patterns, and the
cyclical interplay of past and present performers [5, 14]. Tech-
nology offers an opportunity to both embody and extend these
traditions, building on the material forms and interactive prac-
tices of gamelan as well as culturally-imbued temporal and re-
lational principles. This perspective offers a fruitful lens for the
development of NIMEs—not only for its cultural and sociological
depth, but also because it inspires us to explore how musical
instruments might facilitate communities across time, allowing
participants who never intentionally coincide to have the ex-
perience of performing together. Digital technology offers new
possibilities for embodying these cross-temporal relationships in
musical interfaces and experiences.

Here, we present Lagu Hantu (Bahasa Indonesia: “ghost
song”) (Figure 1), a large-scale interactive musical instrument
installation that enables participants to form asynchronous
ensembles across time. As the instrument is engaged with,
it accumulates a growing archive of past interactions. When
new interactions occur, the system retrieves past ensemble
performances based on gesture similarity, inviting participants
into collective musical moments that unfolded long before their
arrival.

2 Background
2.1 Related Systems

Interactive sound installations have long offered a fertile context
for the development of new musical interfaces, including many
examples from within the NIME community [12]. In this spirit,
the Lagu Hantu installation inspired the development of a
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system that explores the interplay between three themes: musical
collaboration across time, excitation of physical objects as an
intuitive interface for digital instruments, and the Indonesian
gamelan tradition. Although the specific intersection of these
three ideas has not been well-explored, significant bodies of work
have focused on them independently. We briefly review past work
surrounding each.

Digital technology has become a widely-used tool in instru-
ments and installations to connect people across space and time.
Systems built to connect people across distances use computer
networks [9, 17], virtual reality [29], and predictive modeling
[15, 24] to unlock the experience of live co-located collabora-
tion even when other participants are not physically present.
Although less-explored in NIMEs, there are also many systems
that use technology to invite people to connect across time, such
as installations that embody current participants beside past
participants (e.g. [19]). The MirrorFugue project explored one
realization of this concept in a musical instrument, combining
a player piano with projected video to conjure the image and
sound of a particular past performance [33, 34]. On a surface
level, many recording and sample-based systems for music also
enable asynchronous musical collaboration, from multitrack tape
to live looping and sample remixing systems [2, 11]. However,
most musical systems that facilitate more interactive and imme-
diate collaboration across time often do so incidentally rather
than explicitly targeting the sensation of engaging with other
participants whose interactions exist in the past. Many of these
systems respond to events in the present by invoking and recom-
bining prior performances. Systems for machine improvisation
like OMax Brothers [1] and the Continuator [26] construct mod-
els of previous performances and recombine them to accompany
live performers, effectively allowing past performances to partic-
ipate in current musical interactions. In event-triggering systems
like Antescofo, stored performances or compositional structures
condition the timing and behavior of live musical processes [8].
More recently, Al systems trained on datasets of past perfor-
mances extend these ideas by learning representations of cor-
pora to generate new material in real-time [6, 7]. Although these
systems are rarely framed as time-spanning collaborations, they
nonetheless mediate interactions between present and past per-
formers, positioning historical material as an active participant
in live performance.

Physical objects augmented with acoustic sensing have proven
to be a powerful interaction modality for new musical instru-
ments, as they are able to intimately capture nuances of a per-
former’s touch, strike, and movement [25]. Instruments like the
BladeAxe [22], Mogees [23], and hybrid acoustic-digital instru-
ments [10, 28] combine digital signal processing with material
affordances to create responsive, intuitive interfaces.

Little engineering attention has been dedicated to NIMEs based
on gamelan, so we review a handful of documented examples.
The Gamelan Elektrika is a full set of seven MIDI instruments
modeled after a Balinese Gong Kebyar that use a combination
of force-sensitive resistors, piezos, and capacitive sensing to
capture instrument interactions [27]. The Gamelan Elektrika,
as well as the portable Gamelan Sampul interface [32], aim to
both extend the sonic capabilities of gamelan-style interfaces and
make them more accessible. The Gamelatron [13] is a robotic
gamelan ensemble that uses solenoid actuators to excite gongs,
and the Robotic Reyong [16] uses a similar approach to actuate
a reyong instrument. Much of this prior work is built around
the gamelan instruments themselves, with less attention given
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Figure 2: Detail of one panel from the Lagu Hantu interface,
featuring a relief carving of a parang batik pattern.

to extending the ritual and temporal contexts that shape how
the music is situated socially and culturally in Indonesia. Lagu
Hantu explores a new instrument created to surface relationships
with non-linear, cyclical notions of time and mediate connections
between living participants and past presences.

2.2 Gamelan Traditions and Temporal
Frameworks

In many Indonesian regions, life is understood as a cyclical
unfolding—a continuous, circular stage where individuals grow
into predestined roles [21]. Ritual practice reinforces this tem-
poral orientation—ceremonies like Langen Bronto are performed
through cyclic repetition, often without clear demarcations be-
tween beginning and ending, embodying an experience of time
that loops upon itself [3]. This worldview appears even in linguis-
tic structure, as Balinese, Javanese, and Indonesian are tenseless
languages with no inherently implied indications of time [3].
Musical structures in gamelan similarly manifest this through
their colotomic forms that return to a central gong cycle, creating
patterns of recurrence [5, 20].

Underlying this cyclical worldview is the thin veil between
the living and ancestral spirits. In Javanese culture, the boundary
between past and present remains permeable and maintained
through ritual and artistic practice [31]. Gamelan performance
itself, often accompanying a wayang (shadow puppet) perfor-
mance, functions as a medium for connecting with ancestral
spirits [31], with instruments often regarded as sacred objects
housing spiritual power [4]. Music meaning-making in Javanese
culture, then, extends beyond individual expression and into an
act of temporal communion, where present performers join in
dialogue with those who came before.

Lagu Hantu is grounded in these cultural principles by
exploring new ways to protect and celebrate these permeable
boundaries. We honor the Indonesian traditions that inspire this
work while exploring how new interfaces might materialize
relationships with the past beyond static history and into
persisting communion.
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Figure 3: The Lagu Hantu system architecture, consisting of the sound production interface (left) and the computational

model (right).

3 Lagu Hantu

The Lagu Hantu system (Figure 3) consists of two high-level
components: the sound production interface and the computa-
tional model. The sound production interface consists of a set of
wooden panels whose vibrations are sensed, preprocessed, and
convolved with impulse responses to render sound in real-time.
The computational model consists of a system that analyzes in-
teractions with the panels and records both the audio samples
and their features to a database, along with a program that uses
the extracted features of current interactions to retrieve and play
back accordant accompanying performances from the past.

3.1 Sound Production Interface

The physical interface consists of five hardwood panels arranged
in a wide semicircle, such that participants walk from one panel to
another to interact with the instrument. The installation is never
silent: a continuous background soundbed plays throughout the
space through a distributed array of loudspeakers.

Piezo sensors are built into the reverse side of each panel.
When a participant interacts with a panel, the piezo records
the resulting vibration and wires the signal through an audio
interface to a central computer in a neighboring room. The
recorded signals are preprocessed using a bank of bandpass
filters and an envelope-controlled transient shaper to isolate
participants’ interactions from incidental noise. The resulting
signals are then convolved with various impulse responses of
gamelan gongs, with each panel being mapped to a different
pitch.

The instrument is designed such that no participant ever
plays unaccompanied. When multiple participants interact with
different panels simultaneously, the system both records their
concurrent sounds as a linked ensemble snapshot and sonifies
their interactions in real time. When a single participant interacts
with a panel, the system retrieves a past ensemble that included
a prior participant who made a similar gesture on that panel,
and plays those past sounds back through the speaker system
alongside the live interaction. In this way, a solitary participant is
always accompanied by an ensemble from the past. Crucially, past
ensemble records are only played back when a single participant
is active; when multiple participants are present and playing

together, the live ensemble takes precedence and no archival
playback is triggered.

The impulse responses are tuned according to the pelog scale,
one of two principal tuning systems used in Indonesian gamelan
music. The complete pelog scale consists of seven tones with
unequal intervals. In practice, many compositions use pelog
selisir, a five-tone subset from the available seven [30]. Lagu
Hantu uses one such five-tone subset, tuned to approximately
F#, G, A, C#, and D (i.e. roughly corresponding to scale degrees
1-b2-b3-5-b6 in Western notation, though these representations
do not authentically capture the non-tempered intervals of pelog
tuning [14, 30]).

Note that unlike in similar digital percussion instruments that
synthesize sound by convolving contact microphone outputs
with impulse responses (e.g. [28]), we do not process the input
signal to remove resonances of the original physical object, since
the panels themselves were intentionally formed to have specific
timbral qualities.

The panels feature different combinations of carvings and il-
lustrations to invite a diversity of physical gestures—participants
are encouraged to explore a variety of interactions, including tap-
ping, rubbing, striking, and tracing the wooden surfaces. They
are carved and gold-leafed in parang (Figure 2), a traditional
batik pattern from ancient wax-resist textile dyeing practices.
In Indonesian craft traditions, batik is not only decorative; its
motifs carry symbolic meaning. The ancient parang form, one
of the oldest batik motifs in the region, signifies continuity and
unbroken flow, resonating with the cyclical temporalities that
shape gamelan music and broader communal life [18]. To create
the reliefs, the parang pattern was hand-traced and transformed
into a 3D model, which was used to machine the custom wood
panels using a CNC router.

3.2 Computational Model

The live signals recorded from the piezos built into each panel
are continuously recorded and each segmented into three-second
samples. A Python program extracts audio features from each
sample in real-time to produce a corresponding vector embedding
representation. This embedding consists of four scalar features
for each interaction:

e Loudness: root mean square (RMS) energy of the sample.
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e Loudness flatness: ratio of the geometric mean to the
arithmetic mean of RMS loudness of windowed frames of
the sample.

e Spectral centroid: intensity-weighted average frequency
of the sample’s frequency-domain spectrum.

e Spectral flatness: ratio of the geometric mean to the
arithmetic mean of the sample’s frequency-domain spec-
trum.

Each sample’s feature vector is written to a database along
with pointers to the coincident audio samples that were recorded
from the other panels during the same three-second time window.
This links each feature vector associated with an interaction at a
moment in time to a multichannel sound snapshot of an ensemble
moment.

When someone interacts with a panel, the system calculates
audio features from the interaction in real-time, which are
then compared to all existing sample embeddings from that
same panel to find the nearest neighbor in feature space. For
each past interaction, we compute its similarity to the current
interaction in the audio feature embedding space using weighted
Euclidean distance with hand-tuned weights for each feature
dimension. We identify the entry with the smallest distance to
the current interaction, which is interpreted as the most similar
past interaction with that panel.

Once the most similar past interaction is identified, the system
retrieves the sounds that were being played concurrently on the
other panels at the time of that past interaction. These retrieved
samples are routed through the same convolution process as the
live signal to render it into tonal sound and played back alongside
the participant’s live interaction, allowing the participant to be
accompanied by an accordant ensemble from the past.

We implemented the nearest-neighbor sample retrieval from
the database using simple linear search, which still offers sub-
millisecond latency per query for a database of several thousand
samples.

To avoid conflicts between real-time collaborative performance
and playback of past performances, samples of past performances
are only audible when just a single panel is being interacted with.
Because the system plays back sounds that accompany a simi-
lar past interaction—rather than the interaction’s own sound—
recording and feature extraction occur only when multiple panels
are active simultaneously as these are the moments that would
yield audible accompanying sounds. Interaction activity is de-
tected using loudness thresholds on the input from each panel.

Note that because we are explicitly targeting the experience of
playing in an ensemble alongside past performers, we intention-
ally avoid extensive recombination of prior performances or the
creation of a generative model to accompany participants’ inter-
actions. Our goal is not to produce new material, but to faithfully
echo past interactions to encourage co-performance across time.
We do not attempt to evaluate or discriminate the musicality
or intentionality of different participants’ interactions; all past
performances (any detected interactions with the instrument)
are treated as being equally worthy of future playback.

4 Discussion
4.1 Public Installation

Lagu Hantu was installed in a public gallery space, where visitors
were invited to freely listen to, approach, and interact with the
instrument (Figure 4). The installation was presented alongside
brief suggestions of various interactions they might use to explore
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Figure 4: People interacting with the Lagu Hantu installa-
tion interface.

the interface, and audio was spatialized using a multichannel
speaker system. In addition to the sounds produced by the
instrument itself, a background soundbed was played throughout
the evening. We cataloged installation participants’ behaviors
through naturalistic observation as an informal but valuable
exploration of the interactions and experiences that emerged in
situ.

Interaction behaviors varied considerably across participants,
and people made a wide variety of sounds (Figure 4). Some
approached the panels cautiously, lightly tapping or brushing
the surfaces as they tested their responsiveness. Others quickly
adopted more percussive or gestural interactions, exploring
dynamic variation in rhythm and texture. Interaction times also
spanned a wide spectrum: while some participants explored
brief touches lasting under a minute, others sustained deep
engagement over extended minutes-long periods.

We especially observed that many participants, upon becom-
ing familiar with how the instrument synthesized and retrieved
sounds in real-time, oscillated between periods of sustained in-
teraction and active listening to the instrument’s output.

Although there was no prescribed symbolism or ceremony
built into the installation, several participants noted aspects of
ritual, describing their experiences as feeling “religious,” “divine,”
“giving peace,” and “ancient.

4.2 Future Work

The Lagu Hantu system remains in active development. In future
iterations, we plan to expand both the physical interface and the
computational model that mediates sonic collaboration across
time. High-quality audiovisual documentation of the installation
is currently being compiled, which we hope to release publicly
in the near future.

The sound production interface could be extended to enable
control over additional sonic axes like pitch, allowing for deeper—
though also more demanding—participant interactions with the
instrument. Expanding the scale and number of interactive
panels might also open up opportunities to capture richer inter-
participant dynamics.

The computational model could also be extended to encompass
other notions of similarity beyond timbre like rhythm, or even
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Figure 5: Distribution of interface interaction samples
from one installation session, visualized in audio feature
space (three randomly-selected audio feature dimensions
plotted). Each point represents one 3-second sample.

inferred higher-level features like energy or narrative. Beyond
the current algorithm that searches for past accompaniments of
similar gestures, the system could intentionally favor contrasting
gestures—for example, pairing high pitches with low pitches,
or dense textures with sparse ones. Future instantiations could
also explore ways of connecting participants to not only past
performances, but also directly to past participants through
contextual metadata or participant-generated annotations. As
the installation grows to contain interconnected performances
and collaborations across times and geographic regions, it will
become an incrementally deeper repository of collective sonic
memory.

This work situates itself within a broader line of inquiry
into how musical interfaces can connect people across time.
Beyond current focuses in the literature on using complex
generative models trained on large datasets to accompany live
performances, we hope to suggest an alternative perspective
for live computationally-generated accompaniment where the
source material is explicit and foregrounded.

5 Conclusion

Lagu Hantu is a system that uses a novel musical interface to
not only invite intuitive sound-making interactions, but also
to facilitate tangible connections across time. By grounding the
interface in rich ancient tradition, the work celebrates technology
as a medium for new ritual, connection, and meaning-making.
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