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ABSTRACT

This paper presents an exploration platform for locative
sonification based on audio feature vectors extracted from
urban spaces. Our locative sonification research is part
of a larger project called Citygram[17]. Citygram focuses
on geospatial research that is concerend with automati-
cally collecting, visualizing, analyzing, and mapping non-
ocular energies from urban environments. The acoustic
data is captured via off-the-shelf poly-sensory Android-
based remote sensing devices (RSD). Audio feature vec-
tors are streamed to and stored in the Citygram database
which can then be used for sonification and visualization.
The first iteration, Citygram One, concentrates on urban
acoustic energies, rendering spatio-acoustic feature vec-
tors with the aim of better understanding our environment,
large cities in particular. This paper focuses on using
the Citygram framework for creative practice via locative
sonification.

1. INTRODUCTION

The advent of GPS and digital mapping systems have rev-
olutionised how users navigate and find their way to a des-
tination, whether in real-time or on the computer at home.
Today, smart-phones with embedded GPS are ubiquitous.
Mobile devices come installed with free apps like Google
Maps that can inform the user about traffic patterns and
help direct them home on the safest and fastest route.
What is next in mapping technology? Imagine if we had
similar data about crowds of people in a city. Imagine
if we could decode affective attributes of spaces, flux
in humidity patterns, and link cyber-physical spatial data
through dynamic, multi-layered and multimodal mapping
systems. These are some of the features that we seek
to realise as part of the Citygram project by setting up
a network of sensors to gather additional meaningful and
dynamic information about our urban environments. This
paper looks at creative application possibilities embracing
big data science while focusing on a method we call
locative sonification.

Sonification is an art form and type of auditory display
technique used to convey information or perceptualize
data through audio signals. The idea of locative sonifi-
cation through Citygram was motivated by our interest

in: (1) exploring musical and creative applications of
Citygram and its collection and streaming mechanism of
non-ocular spatial features and (2) providing a locative
sonification system for the computer music community
and the general public. Our sonification system provides a
hub for exploring and engaging in musical projects driven
by non-ocular spatial data accessible through our open
databases. We envision that our sonification system will
facilitate engagement in location-specific sound projects
in a number of ways. For example, it can potentially be
used in the context of dynamic sound and art installations
that reflect changes of environments. Citygram could
also be useful in cyber-physical based performance situa-
tions including simultaneous and multi-location telematic
“flash-mobs.” Other examples are concert performances
using tempo-spatial variables. Data could also be mapped
onto musical parameters and structures as typically used
in traditional sonification practices.

1.1. Related Work

There are a number of cartographic sound projects includ-
ing BBC’s Save Our Sounds[7] , NoiseTube, WideNoise,
and Locus Stream[6]. Save Our Sounds is perhaps the
simplest one as it gathers crowd-sourced audio snapshots,
archives them, and makes “endangered sounds” sound-
scapes that will go extinct if not saved available on the
Internet. NoiseTube is a project that began in 2008 at
the Sony Computer Science Lab in Paris, France where
personal cell-phones are used to crowd-source and mea-
sure noise pollution and share geolocalized dB(A) mea-
surements. WideNoise is similar to NoiseTube. How-
ever, WideNoise appears to have a larger user-community
which utilizes social media features and similarly mea-
sures dB(A) levels to assess noise levels. The Locus-
tream SoundMap project is based on a concept called
networked “open mic” audio streaming. In this scenario,
site-specific, unmodified audio is broadcast on the Internet
through a mapping interface by “streamers” – persons
who install the Locustream boxes in their apartments and
share “non-spectacular or non-event based quality of the
streams.”



1.2. Paper Overview

This paper describes a framework for creating locative
sonification. Section 2 begins by discussing the Citygram
project. Subsection 2.1 discusses Citygram’s System
Overview including sensor network and feature extrac-
tion. Section 3 introduces locative sonification using the
Citygram framework. The final section is a summary of
accomplishments and outlines future work.

2. THE CITYGRAM PROJECT

Current topological mapping paradigms are typically static
and focus on addressing layouts based on fixed objects
such as buildings, streets, and bridges. This should not
be surprising as visible objects that define spaces (eg.
rivers and roads), and consequently the maps that rep-
resent them, generally remain unchanged for substantial
periods of time. Imagery in Google Earth, for example, is
updated every one to three years[1]. These traditional to-
pographic maps are suitable in coding complex 3D spaces
into 2D/quasi-3D visualization formats that best address
the {static nature of visual objects. However, spaces are
not defined only by static objects, nor are all defining
characteristics visible. Advances in affordable and pow-
erful computing devices, electronic sensors, and wireless
technologies are now facilitating the process of captur-
ing dynamic and invisible dimensions of urban spaces.
Citygram is a large-scale, iterative, and interdisciplinary
project that focuses on interactive mapping research based
on big-data paradigms. The project is divided into a
number of functional modules that renders a real-time
visualization/mapping system with a focus on non-ocular
energies through scale-accurate, non-intrusive, and data-
driven strategies. Two fundamental shortcomings in mod-
ern digital mapping practice motivated us to engage in this
research: (1) the virtual absence of real-time technologies,
and (2) a neglect of addressing non-ocular energies.

Figure 1. Citygram real-time dBRMS visualization

Our first iteration, Citygram One[17] , focuses on
exploring spatio-acoustic energies to reveal meaningful

information including noise pollution, traffic patterns, and
spatial emotion/mood via feature extraction and machine
learning techniques. Figure 1 shows an example of a
Citygram heatmap visualization of spatial acoustic energy
as a Google Maps overlay.

Invisible dynamics between Citygram and other spa-
tial data (eg. census data, crime stats, school performance,
real-estate/stock market trends, social media, etc.) are be-
ing investigated with the aim to automatically analyze and
visualize patterns and render results as mapping layers.
The project’s main goal is to augment and contribute to
next-generation geospatial research by embracing the idea
of real-time, non-ocular, and poly-sensory cartography.
Citygram’s data-driven maps are based on spatial feature
vector data streams processed by remote sensing devices
(RSD) and stored on our server. The RSD-extracted
low-level salient feature vectors are unintelligible and are
virtually noninvertible thereby protecting the privacy of
individuals in public spaces. We hope that Citygram will
ultimately enable richer representation and understand-
ing of our dynamic environment occupied by humans,
machines, and other entities. We are currently limiting
our attention on small, manageable spaces at two college
campuses: New York University in New York City and
California Institute of the Arts in Los Angeles.

2.1. System Overview

This section describes the system overview of Citygram.
As shown in Figure 2, audio features are computed on
RSDs and streamed via WiFi to the Citygram server and
stored in an SQL database. Both visualization and sonifi-
cation algorithms are created by streaming data from the
database to create new music, sound, and visualizations.

Figure 2. System overview of Citygram

2.2. Fixed and Mobile RSDs in Citygram

We are using two types of RSDs: fixed and mobile.
The fixed RSDs are permanently installed and continu-
ally stream feature vectors to the Citygram server. The
mobile RSDs (eg. smartphones) allow for additional,
temporary spatial readings that can be especially useful
in capturing meaningful events that are outside existing
RSD networks. We tested many different scenarios before
settling on the current RSD system. We researched a num-
ber of possible RSD candidates, including Alix system



boards[2], Raspberry Pi[3], Arduino[4]/Basic Stamp[5],
smartphones, and others. At first, alix3d3 boards seemed
to be suitable for our needs as it ran a scaled-down Linux
OS, had multiple I/O capabilities, and came with optional
rugged, weather resistant metal cases. Alix also included
on-board audio I/O, compact flash sockets for adding
WiFi cards (along with its built-in Ethernet ports), and
USB. The problem with Alix was the size and need for
WiFi dongles which in turn affected cost. Raspberry Pi
was also a potential candidate as it was much smaller and
cheaper than the Alix board. However, like the Alix board,
the Raspberry Pi also required optional external hardware
for audio I/O and WiFi.

Figure 3. RSD: The UHost Android mini PC

The Arduino board, like the Parallax Basic Stamp so-
lution, was also considered, as it allowed for add-on WiFi
features through a drop-on plug-and-play “WiFi Shield”
option. However, it also required additional circuitry and
setup for audio input as well as for any additional sensor
types. The ultimate solution was found in ubiquitous
mobile computing devices: Android-based hardware. An-
droid hardware offered the best solution as it provided: (1)
on-board WiFi, (2) on-board poly-sensory capabilities, in-
cluding audio input, (3) rugged casing, (4) efficient power
management, and (5) flexibility related OS. The drawback
to using a regular touchscreen-based device was cost. This
led us to eventually choose Android-based Mini PCs. The
Mini Android PC UHost1, for example, features a built-
in microphone, USB ports, HDMI for visual interfacing,
and WiFi (Figure 3). It comes in a durable case and costs
approximately 30 USD. Furthermore, Android OS is a
very good fit for our purposes as it allows auto-updating
for software applications, addressing the complex issue of
RSD maintance and manual software updates.

2.3. Feature Vectors, Database, and Visualizations

All feature extraction tasks are executed locally on each
RSD. For example, when computing the spatial acoustic
energy levels, each RSD computes its own dBRMS values
and streams the feature vector to the Citygram server
where it is stored in a mySQL database. The aim is
to extract and include a large number of feature sets for
two main purposes: (1) to provide features for sonifica-
tion exploration, (2) to investigate feature vector saliency

Figure 4. Indoor visualizations on CalArts campus

in delivering effective features to our machine learning
modules. The feature set is continually growing and
currently includes RMS energy, spectral centroid, spectral
flux, novelty/event detection, and noisiness level. Figure
5 shows the feature extraction process on the RSDs.

Figure 1 and Figure 6 show two examples of our visu-
alizations where Figure 1 displays a heatmap of acoustic
energy levels. Figure 4 shows indoor spatial visualizations
where we map spectral centroid to colour, dBRMS to stroke
weight, and spectral flux to opacity. Our visualization
strategies provide a means for simultaneously represent-
ing multiple feature vectors while preserving the spaces’
shape.

Figure 5. Feature Extraction Process on the RSD

3. LOCATIVE SONIFICATION

3.1. Locative Media

Locative media, coined by Karlis Kalnins[12], and loca-
tive arts[13] focus on cyber-physical spaces for situated
and spatially associated media production, utilization, and
experiences. Essential to locative media practices are
location-specific information such as GPS data. Exam-
ples of locative media include map-based browsing in-



Figure 6. Indoor spatial visualization: 3D version of
CalArts Campus

terfaces such as [murmur][14]. murmur provides audi-
tory display of location-based oral history recordings to
render a reflection of urban spaces, where the record-
ings themselves are provided by participants. Another
example is Sonic City. In Sonic City[8], participants put
on wearable computers that receive data from sensors
to monitor environmental conditions including light and
temperature, as well as physical properties of participants,
such as heart rate and directionality. The measured data
is used to produce modulated “environmental sounds,”
creating a continuously evolving soundscape that partic-
ipants listen to over headphones as they move through
the city. Other examples include the GPS Beatmap
project where an automobile coupled with GPS and a
Max/MSP patch provide a way to mix audio files and
embraces the “Planet as Control Surface” idea[10]. A
final example is Jason Freeman’s UrbanRemix[9], which
has a key interest in exploring “soundscape composition”
paradigms to reveal the inner sonic life of a particular
place and frame of time. UrbanRemix utilizes mobile-
device applications and web-based tools to facilitate col-
laborative field recording, sound exploration, and creation
of soundscapes. The project allows mobile phone users to
“record and share geo-tagged sounds and images captured
from their environment” and provides web-based tools to
“enable anyone to browse, remix and share the sounds
through an intuitive map-based interface.”

3.2. Locative Sonification and Citygram

Citygram provides a system for locative sonification through
simple data polling from popular computer music soft-
ware like Max/MSP, Pd, ChucK, and Processing. For
example, for Max/MSP we provide custom patches for
easy access to spatial feature vectors stored in the City-
gram database. The Max patches, which will be avail-
able at citygram.calarts.edu, allows users to either receive
(1) a constant stream of selected feature vectors, or (2)
receive feature vectors from a user-selectable window of
time. The former enables the utilization of feature vector
streams that characterize specific locations in real-time.
These feature vectors can then be used to drive custom
sonification designs implemented in Max/MSP or Pd.

Figure 7. Max patch example: “real-time” RMS driving
an oscillator

Figure 7 shows an example where we simply map
the RMS energy level to an oscillator in Max/MSP using
our Citygram data polling patch. The RMS values are
streamed from the RSDs to the server and stored in a
table that contains the vector value and timestamp infor-
mation. The metro object pulls the latest time-stamped
feature vector from the desired RSD. The various RSDs
are selected on a typical Internet browser. Figure 7 shows
a web browser embedded inside the Max/MSP patch.
The latitude-longitude boundary pairs of the selected area
are then used to select the RSDs which are tagged with
location data.

Figure 8. GUI for the Processing Applet

The Processing applet connects to Citygram, allow-
ing users to query directly user-desired datasets. This
increases its extensibility by offering many possibilities
of data extraction from the Citygram database. 8 shows
the main Graphic User Interface (GUI) of the applet. The
main tab informs the users of the availability of RSDs
and their features that can be extracted, and allows user to
setup various modes of data extraction from the Citygram
database. The applet utilizes OSC for communication be-
tween different applications. In another example, ChucK
is used to sonify the data retrieved from the Processing
applet. The number of RSDs selected is mapped to the
number of sound buffers created in ChucK. RMS of each
RSD is mapped to the volume of playback, flux is mapped
to the playback speed, while centroid is mapped to the
cutoff frequency of a resonant filter.

3.3. RSD Deployment and Streaming Strategies

For Citygram’s locative sonification module to be effec-
tive, we need a large number of RSDs. “Massive” deploy-



ment of RSDs is without a doubt a concern. We have,
however, devised a number of strategies to address this
issue as follows: (1) provide Max/MSP and Pd patches
to allow anyone with personal computers, a microphone,
and network connection to serve as a “streamer,” (2) create
free Android apps so that users with smartphones can also
contribute, (3) continue with efforts in working with cities
to deploy RSDs through existing infrastructures such as
payphones, which will become, or already are, function-
ally irrelevant. New York City, for example, is planning
to repurpose the public payphone system. Of the currently
active 11,412 public payphones in the city (Figure 9 shows
some the locations in the city), 49 have recently been
converted to include free WiFi. This infrastructure is ideal
for Citygram RSDs as it would quickly lead to availability
of 11,412 nodes throughout the city.

Figure 9. Current payphone locations in Manhattan

Contributing to Citygram as a “streamer” is also
straightforward. We again provide Max/MSP and Pd
patches to simply push data onto the Citygram database.
Once added to the database, a dynamically changing node
will appear in the Citygram web interface according to the
GPS coordinates.

3.4. Sonification Possibilities via Citygram

There are many locative sonification possibilities in City-
gram without the need for complicated hardware setup.
The simplest setup would be to use a single feature vector
(eg. dBRMS) to drive a sound synthesizer or some kind
of generative music system in real-time. This is akin to
Charles Dodge’s Earth Magnetic Field[11] where annual

magnetic field measurements are used for temporal, pitch,
harmonic, and timbral structures. In Dodge’s work, the
sonification rendered a fixed composition rather than a
continually changing one as is facilitated by Citygram
feature streams. Other possibilities include spatial telem-
atic music. One scenario could entail groups of perform-
ers conitributing to the soundscapes in multiple locations
which will in turn affect their respective RSD measure-
ments. The resulting output stream would immediatey
be available on the Citygram server, which could be used
compositionally at a concert hall, living room, or gallery
setting. Furthermore, a composer could distribute custom
software to users around the world to produce sonic art on
a global scale – a type of global performance.

4. SUMMARY AND DISCUSSION

4.1. Future Work

Citygram is still at the beginning stages of development
when considered within the larger context of its potential
to better understand our environment. We will look at
connections between Citygram data and available crime
stats, Twitter feeds, municipal/census data, and weather
patterns. For sonification purposes, however, we plan to
provide improved interfaces and additional data streams
from machine learning modules that will enable monitor-
ing and visualization of traffic patterns, noise pollution,
and spatial mood/emotion. Other plans include enabling
users to interact with Citygram maps to hear the “texture”
of spaces. We are testing a modified granular synthe-
sis blurring technique to allow the monitoring of spatial
sound objects including speech without compromising
what is being said. For example, this would enable users
to recognize a dog barking or a car passing by without
compromising the contents of conversations in public
spaces.

The massive deployment of RSDs remains the most
challenging problem and the success of Citygram will be
dependent on the widespread deployment of such devices.
Our crowd-sourcing model is already functional and in
place, as anyone with a basic computer, microphone,
and network connection can become a streamer. There
remains, however, much work to be done in creating a
framework where we have reliable and consistent data
streams to our server. For example, we are investigating
methods of auto-calibration using impulse response, filter-
ing, and deconvolution. For Android apps, we are plan-
ning to include software auto-update features to stream-
line deployment of fixed RSDs.

We are also researching mesh networking technologies
where RSDs simultanesouly become receivers, transmit-
ters, and relayers of data stream, expanding the RSD
network WiFi boundaries. We will also freely distribute
mobile apps for crowd-sourcing additional measurements
as part of our community outreach efforts to inspire
citizen/science-collaboration, support information acces-
sibility/openness, and create a hyper-dimensional city ex-
ploration hub.



Another type of information that can potentially be
inferred from sound is environmental emotion/mood. Al-
though this interdisciplinary research is still in its nascent
stages, automatic mood detection has found increasing in-
terest in the field of music[15], speech analysis[18], face-
recognition[16], and natural language processing [19].
Sentiment analysis is concerned with inferring a subject’s
emotional state and is increasingly applied in political and
marketing contexts to assess population level affinities
towards candidates and brands. In lieu of research objec-
tives, practical application examples include finding the
closest “quiet” park ... now, restaurants in the “moodiest”
areas, and visualizing noise pollution via measuring traf-
fic noise, construction activities, and high-level acoustic
events. Future iterations will include exploring other
energies that can be captured by our RSDs (humidity,
magnetic field, brightness, color, etc.).

Ultimately, we hope Citygram will contribute to future
music-making possibilities for the computer music com-
munity.
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