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Figure 1: The Living Looper.

Abstract
The Living Looper is a neural audio synthesis looper system
for live input. It combines online learning with pre-trained neu-
ral network models to resynthesize incoming audio into “living
loops” that transform over time. This paper describes new fea-
tures of the Living Looper and musician perspectives on its use.
A new graphical interface facilitates use of the instrument by
non-programmers and visualizes each loop to aid performers in
tracking which loop is making which sound. We also describe a
new living loop algorithm including incremental learning with
partial least squares regression. Finally, we report on an artistic
project using the Looper and lessons learned, resulting in an
increased importance of training data and a developing sense of
relationality.
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1 Introduction
The Living Looper [12] is a software NIME which borrows the
interface of a multichannel looper, but re-imagines the musical
loop as a predictive machine learning model. The instrument con-
sists of multiple living loops which are interacted with via audio
input and a bank of footswitches. While holding a footswitch, an
autoregressive predictive model is fit to the sound. Once released,
the learned model extrapolates the sound. An encoder-decoder
model is incorporated to define the timbral space of a living
looper instance, and make it tractable to fit models in real time.
Each living loop can include the state of each other loop as a
feature in its predictive model, allowing a network of causal
relationships between loops to develop as the player improvises.

Living loops are imagined as minimal models of machinic
agency, living in a tiny world of latent trajectories which cor-
respond to sounds. As a musical instrument, the Living Looper
becomes a sonic interface for thinking machine agency through
performance.
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This paper reports on recent developments in the Living Looper
project along three dimensions. In section 2, we introduce a new
graphical interface for the instrument. In section 3, we describe
various enhancements to the core living loop algorithm. Section
4 is an account of an extended encounter of an artist with the in-
strument, and in section 5 we discuss its impact on the direction
of the project. Additional media relating to the Living Looper
can be found on the project page.1

2 User Interface
The Living Looper now features a graphical user interface. Like
the core audio-only version, it is built in SuperCollider [14],
with the dual goal to be modular and hackable for SuperCol-
lider users, while also making the instrument fully usable by
non-programmers.

2.1 Graphical Controls
The upper part of the graphical interface includes basic con-
trols for the SuperCollider server, a model picker which can load
TorchScript files or automatically download official models, and
global input and output options. Audio output can be either mono,
stereo, or one channel per living loop.

Each loop has a visualization (described in section 2.2) and
conventional mute, solo and pan controls. Erasing and recording
functions appear as buttons. There is ‘MIDI learn’ functionality
which can be used to map most GUI elements to a controller
without writing any code; MIDI maps can be stored and loaded
as files.

2.2 Tentacle Pendula
In response to user comments in our previous study about the
difficulty of keeping track of which loop was making which
sound, we developed a visualization for living loops.

Wewanted this visualization to supply the playerwith an ambi-
ent, intuitive sense of loop content, which can be subconsciously
connected to the sound, without inviting detailed interpretation.
We also wanted the visualization to give a unique visual identity
to the instrument, but not to be so interesting to look at that it
would interfere with listening to the sounds.

We take advantage of the RAVE [5] encoder features already
used in living loops for visualization, which has the extra effect of
giving each model a subtly different visual identity. RAVE latent
dimensions are ordered by importance, and the first dimension
often corresponds to loudness. We use sign normalization [10]
so that polarity of the loudness dimension can be presumed.
This lets us use the first dimension as an overall scale for the
visualization, so that very quiet sounds shrink to nothing while
loud sounds appear large.

We then take inspiration from a multi-jointed pendulum to
draw the RAVE latents in order of importance. Each latent dimen-
sion becomes the angular displacement of a pendulum segment.
Each segment is smaller than the last, and its final position de-
pends on the previous segments, so the earlier dimensions have
greater visual importance. Nevertheless, movement in any di-
mension contributes to the overall pattern of motion.

The values of each latent dimension also determine the hue of
each segment, ensuring that when different vectorsmap to similar
positions, their appearances are still distinct. Previous frames of
the visualization fade out gradually so that quick changes appear
visible as multiple arms.
1https://iil.is/research/livinglooper

We refined the multiple pendulum from a prototype with rect-
angular segments to the current version with tapering segments
smoothly linked by circles, which gives a coral- or tentacle-like
appearance. These tentacle pendula are complemented by ordi-
nary power spectra drawn beneath, which helps to differentiate
different timbres moving with similar rhythms.

2.3 Software Interoperability
Any nn� [2] model which follows the same encoder-decoder API
as RAVE can be packaged into a Living Looper instance using
the Python CLI2, which can be installed from PyPI.

Living Looper instances are now themselves nn� models, al-
lowing the core functions to be loaded in Pure Data and Max, and
allowing us to build the graphical SuperCollider version on top
of NN.ar [7]. The SuperCollider-based graphical Living Looper3
can be installed as a SuperCollider extension.

3 Living Loop Algorithm
This section describes some enhancements to the living loop
algorithm. Models are now fit incrementally to each new data
point, removing restrictions on recording length (section 3.1).
The ordinary least squares objective used in prior work has been
replaced with partial least squares (section 3.2) which is less
prone to overfitting. Improvements to the model feature (section
3.3) and a new parameterization of the encoded latents (section
3.4) are also described.

3.1 Incremental Fitting
In the living looper prototype, each loop was fit by recording into
a buffer and fitting the model at the end of recording. Because of
this, model fitting took place within a single processing block of
audio, yet the cost to fit was proportional to the length of record-
ing. Longer loop recordings had to be cut short or subsampled,
and the total computational power available for model fitting
was limited.

We replaced this ‘all at once’ fitting with incremental learning
algorithms which distribute the computation across audio frames,
processing each data point as it becomes available. This removes
any limit on how long of a loop can be processed, and potentially
allows more computational resources to be brought to bear on
each loop.

3.2 Partial Least Squares
Living loops often need to be fit to very small datasets; consider
a RAVE encoder with 16 latent dimensions, producing features at
24 Hz. A half-second loop recording might include only 12 data
points, less even than the number of target dimensions. Worse, to
capture temporal structure, the feature vector needs to be larger
than the target vector, and it also needs to include the other loops
in the looper. A 1 second time window feature in a looper with
4 loops would result in 24 � 16 � 4 = 1536 feature dimensions.
With so many more dimensions than data points, some features
would likely contain noise which maps spuriously to the targets
in the training dataset. The model would use these dimensions
to minimize error when fit, but when extrapolating the loop,
they might not reproduce any meaningful structure. That is, least
squares regression is prone to overfitting.

Partial least squares regression (PLSR) [11] provides a solu-
tion to this problem. It fits a projection from the large feature
2https://github.com/victor-shepardson/living-looper
3https://github.com/victor-shepardson/living-looper-sc
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