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Abstract

Large-scale manual labeling process is error-prone and time-consuming, whereby it is not a work to be done
by one person. The present paper describes the development of a collaborative labeling protocol with the
objective of generating manual annotations of polyphonic audios for the task of sound event detection. The
audio recordings correspond to 1039 files each of 5 minutes of recording, which were collected over a period
of one year (2019-2020) in three urban wetlands in the city of Valdivia, Chile. In this context of collaborative
work, it is necessary to create a set of definitions that allow understanding and sharing concepts. Moreover, we
propose a taxonomy that fits the audio data. Specifically, to carry out the labeling work, the open-source web tool
called Label-Studio will be used. To understand the dataset based on the taxonomy proposed, it is expected to
study the label distributions according to their: a) temporal information, such as hour, day, season; b) spatial, for
example, geographic location and urbanization gradient; and c) origin of the sound source, in particular, biophone,
anthropophone and geophone. The experience described here provides a contribution to collaborative research in
the task of sound event detection. Also, it is expected to contribute to highlighting the importance of the urban
wetland soundscapes for collective well-being.

Keywords: Bioacoustics / Acoustical signal processing in biological systems: mathematical methods and
algorithms.
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1. BACKGROUND AND AIMS

Natural-urban hybrid habitats are defined as
those natural landscapes that are close to an ur-
ban context. Around cities, natural wetlands pro-
vide not only essential wildlife habitat, but also
diverse multi-functionalities such as groundwa-
ter recharge, flood control, water quality purifi-
cation, soil erosion control, air purification and
cooling [1], and also offer citizens the possibility
of being in touch with nature on a daily basis,
a citizen’s sense of belonging to this landscape,
and particularly, offer a sonic heritage [2].

The main motivation of the present work is that
as we explore ever more subtle sonic events in a
natural-urban wetland through polyphonic audio
field recordings, we must look toward efficiently
acquiring increasing amounts of audio data, and
making the best use of the existing sonic infor-
mation. Another motivation arises from the im-
portance of having correctly labeled polyphonic
datasets created specifically with natural sounds
from urban wetlands [3, 4].

Polyphonic audio labeling is the process of rec-
ognizing the presence of multiple overlapping
sonic events which may be occurring simulta-
neously, assigning them a class label as well as
locating their onset and offset times within the
recording [5]. However, labeling demands (hu-
man) expert time, is susceptible to human bias
and error, and is fraught with variability both
within the labeling of one expert and between ex-
perts [6]. Therefore, finding ways of alleviating
the labeling process is essential both for ensuring
the effective use of the audio data available and
improving the quality of final dataset.

To overcome these drawbacks, and due to the
ambiguity between the class labels created by an
expert, an approach named Collaborative Label-
ing [7], engages a team of different nonexpert
raters in an interactive process to participatively
label by consensus the audio recordings [8]. The
collaborative protocol presented is based on the
concept model, classically named AdaBoost, that
combining a set of "weak labelers" must have
both a lower probability of labeling error, and
form a “strong labeler" [9].

The collaborative nature of the approach makes
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use of the collective intelligence to resolve am-
biguities that exist in the audio data, and gives
rise to superior intelligence through interaction
among team members resulting from the differ-
ent views [10]. Collaborative labeling has been
widely used in various applications. Specifically,
in solar image classification [11], in multiview
based learning [12], for the creation of medical
image datasets [13], for web page recommenda-
tion [14], and in collaborative filtering for rec-
ommending emotion-aware music [15].

During the labeling process, each member of the
team listens to various sound clips recorded in
numerous different contexts and situations of the
wetlands, via headphones, annotating the poly-
phonic scene composition. The collaboration
maximizes the potential of the team. Based on
an established taxonomy of the natural wetlands,
the team generates the ground-truth class labels
at the frame level of the audio dataset [16].

The current success of deep learning methods for
polyphonic sound event detection (PSED) bene-
fits from the availability of this type of correctly
labeld audio datasets [17]. Confronted with mul-
tiple audio field recordings, PSED faces a scal-
ability challenge, as for instance five weeks of
audio analysis store a large number of frames
(more than 13 millions given a sampling rate of
44100 Hz and recordings of five minutes of audio
each day), which can quickly overwhelm existing
data mining teams and machine learning-based
techniques [18].

Therefore, in this work considerable attention
has been paid to how to design and implement
a reliable high-quality annotation strategie and
an adapted protocol for collaborative labeling
of polyphonic audio recordings. To label au-
dio recordings in a team of multiple labelers,
who may be working individually and asyn-
chronously, a tool is needed and an open-source
web platform is an effective alternative.

In this paper we describe the development of this
collaborative labeling protocol. The key contri-
butions of our work are as follows:

1. We formulate a reliable and high-quality
strategy for collaborative labeling in which
we provide definitions of fundamental con-
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cepts that are mentioned throughout a proto-
col for audio labeling. These concepts form
the basis for the task of polyphonic sound
event detection from soundscape recordings
in urban wetlands. Specifically, event, class,
onset time, offset time, single-event, multi-
event and label are defined.

2. We propose a novel taxonomy for Valdivian
urban wetlands, Chile, that establishes the
total number of existing class labels to be
investigated, which are ordered according
to their origin or type of source.

1.1 Survey of existing open source-web tools

This survey provides a brief overview of avail-
able of open source data labeling platforms used
for labeling audio clips, and briefly describing
the platform that has been selected to serve as the
reference tool for implementing our collaborative
labeling.

Audio-annotator [19] is an open-source tool used
to accurately and rapidly obtain crowdsourced
audio annotations. The tool is developed using
JavaScript, HTML, Web-Audio API, and the Ma-
terialize CSS framework. The source code of
Audio-annotator is freely available on the collab-
orative platform Git-Hub [20].

EchoML [21] is an interactive web platform used
to visualize audio waveforms, play, and label
audio recordings for machine learning models
[21]. As described in the website EchoML is
built using HTML and Java Script language.

Audino [22] i1s a collaborative and flexible web
tool for labeling audio and speech datasets. This
tool provides a broad set of features required for
annotation of datasets while focusing on collabo-
rative labeling, project management and acces-
sibility. Audino allows to be freely used and
employes mainly JavaScript and Python [23].

Universal Data Tool [24] provides another open-
source web tool and library for labeling datasets,
especially for computer vision, natural language
processing and audio, text, and video in an open
data format. The tool is built using JavaScript
and HTML.

Label-Studio [25] is an open-source web tool
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used specifically for speeding up the annotators’
labeling task. Label-Studio allows to label a
variety of datasets, for instance, audio, text, im-
ages, and videos and export to various model
formats. The tool is used to prepare raw dataset
or improve existing datasets to get more accurate
machine learning models [26]. This was born
as a tool aimed at working with images, but the
user community suggested adding other types of
tools, specifically text and video.

In this work, we decided to use the Label-Studio
tool because it is novel in three main respects:
the treatment of graphs to depict the complex
relationships that exist among labels, sonic event
overlaps and time waveform; the efficient and
accurate manipulations of onsets and offsets; the
community of Label-Studio that allows to every-
body to participate and help to improve through
various channels such as Slack, webinars, and
permanent announcements. Label-Studio also
is constantly uploading new updates that extend
the scope of the tool.

2. MATERIAL AND METHODS
2.1 Area of Study

Valdivia is a medium-sized city in the south of
Chile, rich in urban wetlands (see Figure 1) [27].
Periodic 5-minute stereo field recordings were
carried out every hour during a year (2019-2020)
in three wetlands of the city. The polyphonic
audio recordings took place at three urban wet-
lands in Valdivia: Angachilla, Miraflores, and El
Bosque, as seen the Figure.

The Angachilla wetland is the farthest habitat
from the city center. It is located in an urban
sector with patches of green areas with presence
of small mammals as well as a significant num-
ber of birds of prey. On the other hand, the Mi-
raflores wetland is located in a mixed residential
and industrial area, with factories surrounding it,
such as shipyards and woodchippers that operate
continuously 24 hours a day, seven days a week.
This wetland has muddy substrates, character-
ized by its calm waters, protected from the wind
and with urban swamps grazed by local horses.
The El Bosque wetland is located in an urban
residential area of the city with a prevalence of
hospital, school, and commercial activities. It
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Figure 1: Map of Valdivia with the locations of the
Angachilla, Miraflores, and El Bosque wetlands.

is characterized by surrounding shallow waters,
with little streams and shadowy areas given its
high vegetation, which constitute an excellent
refuge habitat, especially for groups of birds.

2.2 Dataset, protocol and taxonomy

The total amount of audio field recordings used to
carry out our analysis of sonic events were 1039
files, two-channeled (stereo), stored in .wav for-
mat. These audio files were recorded at three nat-
ural-urban habitats synchronously. The dataset
analyses partially the different seasons of the
year between October 2019 and October 2020.
During the study period, there was a transfor-
mation of the urban soundscape due to both
human mobility restriction for coronavirus dis-
ease (COVID-19) containment, and the Chilean
protests of the social outburst that engaged broad
sectors of the city of Valdivia, affecting mainly
the urban vehicular traffic and that most of the
schools of the city remained closed during this
period.

We carried out collaborative labeling between
six different nonexpert labelers. We employed
Label-Studio tool in order to obtain a ground
truth for the dataset. We used this tool for an-
notating the reference events and the onset and
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offset time information from a novel three-level
sonic taxonomy as seen in Figure 2.

The collected field recordings include a variety
of sound sources that defining the nature of the
sound generated in the soundscapes of the three
wetlands. The proposed taxonomy is explained
in Figure 2. As can be seen, the taxonomy is
divided into three levels or categories.

Firstly, in terms of biophony (sounds of biolog-
ical origin), geophony (natural sounds abiotic)
and anthropophony (sonic events generated by
human activities) [28].

Secondly, we selected within each type of na-
ture sound source, the most representative event
types for this context. Thus, biophony considers
amphibians and birds; anthropophony includes
dogs (domestic dogs), motors, social signals and
others anthropophony (speech and music); and
geophony comprimes rain and wind.

Thridly, within each type, the most typical
sounds presented in this context were selected.
Thus, we identified three amphibian species: Ba-
trachyla leptopus [29], Batrachyla taeniata [30],
and Pleurodema thaul [31]. Similarly, we identi-
fied three common bird species Vanellus chilen-
sis [32], Theristicus caudatus [33], and Milvago
chimango [34]. For both amphibian and bird
types, those sonic events in which we were sure
that they corresponded to amphibians or birds,
but were not from any of the aforementioned
species, then we labeled them as "others". We
based on the book [35] in order to decide the
species of birds and amphibians that would be-
come part of our sonic taxonomy. The selected
species have characteristic songs, different from
each other, and are habitual inhabitants of the
wetlands in the south of Chile.

In the case of anthropogenic activity, for the so-
cial signals, we divided them according to if they
were different classes of horns (such as from
cars, trucks and buses); different classes of sirens
(siren at noon every day, and emergency siren),
and different classes of alarm sounds (home secu-
rity alarm, and security alarm from vehicles). For
the case of geophony, we selected different inten-
sities of rain and type of pitch of the wind. Thus,
for the rain class we included drip, medium, and
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strong, and for the class wind, we considered
blown (at low frequencies) and whistle (at high
frequencies).

Moreover, we created for the team of labelers, a
set of definitions to be able to share a consensus
of concepts. The concepts defined here were: (1)
Sonic event: Sound or sequence of sounds that
are part of a soundscape; (2) Class: Corresponds
to the category for the classification task; (3)
Start or Onset: Instant of time where the event
starts; (4) End or Offset: Instant of time where
the event ends; (5) Single-event: Macro-category
of classes where there is the presence of only one
single event; (6) Multi-event: Macro-category of
classes where two or more events are present
simultaneously; (7) Label: Class of sonic event
associated with an instant of time with a defined
beginning and end.

Also, we created on the collaborative platform
Git-Hub (see Figure 3), a repository for tracking
the changes in the codes and files; for receiv-
ing all the information that comes from Label-
Studio; for processing and exploring for a further
analysis, the labeled audio data by using Jupyter
Notebook files; for keeping updated information
of the number of audio recordings, for instance
if today we have 1000 audios and tomorrow we
have 2000 audios, the codes must will work re-
gardless of the number of class labels or audio
files we give it.

We created an audio library because none of the
team annotators were experts in differentiating
sound events, for instance sonic events from am-
phibians or birds. It was necessary to generate a
library to support us with which sonic events to
compare when there were doubts.

Prior to labeling, a discussion of the textonomy
was made to unify ideas, and criteria. For ex-
ample, if the listened sonic events were hardly
noticeable, then they are not labeled by consen-
sus. Also, regarding long-term events such as
wind, it could be a single label of several minutes,
as if it were background noise.

Because it is easily identified anthropophony and
geophony, but not biophony, we decided to in-
clude the class label named "others" because spe-
cially in the urban wetlands there is a very di-
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verse presence of birds and amphibians, but as
we are not experts, we focus on three species that
are the most representative and this class label
"other birds" means that could be presence of
other unkown birds are present.
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Figure 2: Three-level taxonomy and their depth levels.

The aim of the installation manual for supporting
to each member of the team in order to install
Label-Studio on their own computer. The ver-
sions of the libraries were carefuly selected so
that each member of the team could run Label-
Studio on their own machine without problems.

We proposed simple instructions for the use and a
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standard of labeling was followed so that the use
of the tool is more friendly. The instructions can
be followed correctly and with good practices
for the purpose that we need. In order for the
whole team to follow the same path. Thanks to
this it was possible to include new labelers in the
team with existing support already written in as a
protocol. Also, the use of the tool is independent
of the labeler. It doesn’t matter which label rater,
they should do it in the same way.

After completing the labeling stage, the results
were sorted in a table indicating the name of the
audio file along with the label and their start and
end times, respectively. This process is done
through of a Python code, in which the labels
are extracted into a file of JSON extension and
converts to a TXT extension file.

Figure 3: A scheme to characterize the sequence of
stages implemented in the Git-Hub repository.

3. RESULTS

The results suggest that there exit a strong class
unbalance in the actual dataset which could be-
come a problem in the polyphonic event detec-
tion task due to the unbalanced nature of the
events (see Figure 4). As can be seen in the
figure, in general terms, for instance, the social
signals class label showed the lowest number
registered events. Whereas, for the case of the
wind class label, blown turned out to be the most
present label.

Our premise of having separated the bird class
labels was fulfilled, since the three bird species
selected in the present paper turned out to be the
most present species in the three wetlands. In
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Figure 4: Class labels versus amount of frames.

particular, by summing the three bird labelings,
the total amount of frames is many times greater
than the "other bird" class label (see Figure 4).

Figure 5: Proportions of amount of frames by wetlands.

Although the Angachilla wetland, compared to
the El Bosque and Miraflores wetlands, is the
wetland farthest from the main urban core of the
city of Valdivia (see Figure (1)), in this wetland
we found more anthropogenic sonic events com-
pared to the other two wetlands that are closer to
the main urban core. As can be seen in Figure 5,
the proportions of frames mainly for for the class
labels of dog, motor, alarm and anthropophonic
others, were higher than for the cases of the El
Bosque and Miraflores wetlands. This may be
due to both various agricultural activities and the
high presence of dogs in the area. In contrast, the
class label of social signals in particular, siren
and horn, showed a fewer number of frames in
comparison with the other two wetlands, which
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may tend to show a condition of urbanization
gradient.

Figure 6: Sonic events in the wetlands: anthropophony,
biophony, and geophony.

Another result of more general interest result was
observed at the first taxonomic level in that the
anthropogenic sonic events decreased in com-
parison to biophony and geophony (see Figure
6). As seen in the figure, this may be due to the
COVID-19 pandemic effect, as a consequence
of the city lockdown. Inherently, the figure also
shows that the anthropogenic events exhibited
a peak at noon. This may be due to that in this
period of the day people are engaged in activi-
ties such as shopping or driving. Additionally,
dogs barking can occur to any hour whether they
have a reason to bark or not, due to mainly sonic
events such as motors or social signals.

Figure 7: Activity distributions during the day.

The results also indicate that the amphibian
events, showed comparatively less activity at

Collaborative labeling protocol for polyphonic audio recordings from urban wetlands 7

noon in opposition to the social signal events,
as seen in Figure 7. Similarly, as seen in the
figure, the events that exhibited the highest activ-
ity levels at noon were other birds. Wind sonic
events, on the other hand, especially wind-blown,
showed homogeneous presence during the day
(see Figure 7).

The results also indicated that there were day-
of-the-week variations (see Figure 8). The am-
phibian Batrachyla taeniata exhibited a homo-
geneous activity in comparison to Batrachyla
leptopus, Pleurodema thaul, and other amphib-
ians. As see in the figure, Batrachyla leptopus
showed a minimum of activity the day Thursday.
Similarly, other amphibians showed minimum
activity the day Tuesday but maximum activity
the day Friday, that coincided with a decrease in
anthropogenic activity on Friday.

Figure 8: Sonic event variations for day of the week.

Figure 9: Dynamics of biophony, geophony, and
anthropophony.
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The results of the dynamic of biophony,
geophony, and anthropophony en the three urban
wetlands is show in Figure 9. As seen in the
figure, there exist a clear presence of bird sonic
events characterized during the week, regardless
of the urban wetland. Similarly, anthropophony
showed a minimum activity at the middle of the
week, and more activity at the begining and at
the end of the week. Geophony activity was
homogeneous regardless of what day of the
week it is.

4. CONCLUSIONS

In the present paper, a new taxonomy from the
urban wetlands of Valdivia, Chile, evolved pro-
gressively with the key component of a collab-
orative labeling in which each of different poly-
phonic sonic events was discussed and labeled
by consensus between the members of the team.
We tested a protocol that allowed noticeable im-
provement in the quality of the labeling process
of audio field recordings in comparison with a
labeling process performed by only one labeler.
This was due to a collaborative effort, conceptu-
alization of terms and good practice of commu-
nication and computer programming inside the
team.

We conclude that the collaborative labeling of-
fers a robust alternative that under the guidance
of team members with advanced knowledge in
certain areas, such as computer programming,
and knowledge of species-specific of amphibians
and birds, increased the confidence and the secu-
rity of the labelers. We compared the individual
performance of one labeler in a previous study,
but without the use of the tool Label-Studio, ver-
sus in this paper, using collaborative labeling
and Label-Studio. In a similar time extension
(2 and a half months), for a given taxonomy of
only five class labels and a dataset total of 720
audio recordings, the single labeler required ap-
proximately 35 minutes for labeling one audio
recording of 5 minutes. Whereas by using Label-
Studio and collaborative labeling, with a given
taxonomy of 19 class labels and a dataset with
1039 audio recordings, the average time of a
labeler was 20 minutes. With this result, we vali-
date the use of Label-Studio as a successful tool
for the collaborative labeling process in a task of
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sound event detection. Also, it is a contribution
to highlighting the importance of the wetlands
in the city and their soundscapes for collective
well-being. The authors consider that there exist
multiple aspects of improving as well as future
lines of research.
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