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Abstract

European cities are adapting soundscape-based urban
planning to create better living spaces for residents
[1]. Auralization acts as one of the possible tools that
provides immersive auditory experiences for urban
planners, architects and the community to participate
in the design process without acoustical expert [2]. Ex-
isting auralization tools is computationally expensive
[3]. This paper explores using surrogate background
sound generators. By combining Text-to-Audio mod-
els (TTA) and Binaural Room Impulse Response-
based models, the paper highlights the potential of
surrogate audio renderers to support more percep-
tually grounded, design-oriented decision-making in
urban environments.

Keywords: auralization, urban planning, synthetic sound-
scape, soundscape composition

1. Introduction

The word Soundscape stems from the early sonography
works [4], [5], where the authors define soundscape
as “the acoustic (somewhat) equivalent to the land-
scape” which contains heard events. Soundscape acted
as an instrument for preservation of Acoustic Ecol-
ogy and History. Modern acousticians have adapted
the concept of soundscape and further elaborated the
definition to "an acoustic environment as perceived
or experienced and/or understood by a person or
people, in context” [6] and ”a perceptual construct
based on physical places with the sound sources of the
acoustic environment heard in real time” [7], which
shifts toward human perception and built environ-
ment. Soundscape is increasingly used as a carrier
and assessment criteria for urban planning.
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There were researches on synthesizing soundscapes,
with/without the use of generative AL For instance,
soundscape can be composed using machine-generated
audios [8], generated based on textual spatial contexts
[9], or based on geo-spatial and weather context [10],
or relying on GPT models to synthesize audio param-
eters for downstream granular synths from contextual
inputs [11]. These researches largely matches the
framework given in [12]:

1. Specify an environmental context
2. Sound file retrieval

3. Synthesize / Extract representative audios from
recordings

4. Mix and sequence

Despite the attempts in synthesize perceptually realis-
tic soundscape, there are only a few works that model
physical effects of sound propagation. Work in [13], for
instance, attenuates audio samples with respect to the
synthesized source distance and sound propagation
effects. The effect of diffraction and reflection from
the surrounding geometry is not explicitly considered.
On the other side of spectrum, some attempted to
generic synthetic sounds. State-of-the-art Text-To-
Audio (TTA) models is capable of generating realistic
sound effects, usually under 5 minute. More generic
models such as [14], [15] is capable of generating mul-
tiple sequential, realistic sound effects. [16], [17] pro-
vides spatialization support, but lacks the interface of
inputting the geometrical and environmental context.
The common issue with these TTA model is, the in-
ference time is heavily reliant on the GPU hardware,
and would take more than 2-3 minutes in generating
single clip,which hence failing the purpose of rapid
soundscape generation.

In this paper, we aim to fill the gap between previ-
ous synthetic soundscape works, and state-of-the-art,
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full-scale heavy-duty acoustic solvers. We propose a
framework for synthesizing background sounds, which
composes sounds based on geo-spatial contexts and
physically-based sound propagation effects, via surro-
gate Binaural Room-Impulse-Response (BRIR) mod-
els. This methodology would allow urban planners
and architects to rapidly generate relevant sound for
efficient soundscape evaluation.

2. Methodology

A brief breakdown schematic diagram is shown at Fig.
1. The framework largely follows the layout from [12],
namely context specification, sound file retrieval, and
mizing. We intentionally skipped the sound synthesis
step, as we are using the sound clips from the datasets
as-is. Instead, we propose to add the spatial mixing
stage that could increase the immersive-ness of gener-
ated background soundscape. The stages will be each
elaborated in details in the following.

2.1. Environmental context

A Point of Interest (POI) is a term used in cartogra-
phy to represent a particular feature in a given area
[18]. This is helpful in associating geo-spatial context
with different sound objects. A Rhino plugin has been
developed that allows user to select any area on a
map. The POlIs, for instance, post office and restau-
rants, are subsequently extracted from the downloaded
OpenStreetMap (OSM) data.

2.2. Sound file retrieval
2.2.1. Urban Sound Datasets

While multiple previous works ([12], [19]) source
sound samples from Freesound [20], we adapt the
audio samples from UrbanSound8K [21] which is a
labeled, 4-second datasets stemming from Freesound
and SONYC [22] (which contains recordings of sound-
scapes in New York cities classified in 23 categories)
and [23], composed of 5-second-long recordings orga-
nized into 50 semantical classes.

2.2.2. Audio-Text Embedding in Vector Database

While previous attempts make use of table-based
databases that associates each sound file with its title,
in this paper we experiment with storing Urban Sound
data in ChromaDB, which is a vector database that
stores the LAION-CLAP embedding [24]. This allows
to retrieve files based on the similarities between latent
representations of given query (prompt) and audio.

2.2.8. String List Chopping Experiment (SLiCE)

We use the SLiCE method [12] to regularize the query
prompts from Section 2.1. The SLiCE method allows
audio file searches recursively based on the search
results. In the event that embedding distance between
query and search result is too large, sublists are used
to generate sub-queries, until the point where enough
results are returned to include all word-features (or
soundscape features).

2.3. Mixing

2.3.1. BRIR Fine-Tuning for Outdoor Scenarios

In this experiment we build our surrogate BRIR model
based on works from [25], [26], due to its capability of
handling material data (scattering and absorption co-
efficients) via latent graphical representation. To start
with, 10 neighborhoods are selected within Stuttgart
based on urban typologies. We then extract the geome-
tries via Blender and Blosm, subsequently generate
the datasets for fine-tuning via outdoor sound prop-
agation simulations in [27]. The output datasets is
hosted at [28].

2.3.2. ONNX Convolution

The model produced in Section 2.3.1 is subsequently
converted to Open Neural Network Exchange (ONNX)
format, that allows interoperability in different plat-
forms. To cover our use case as indicated in Sec-
tion 1 for urban planners in Rhino, we integrated the
Microsoft.ML.OnnxRuntime with plugins developed
in the RhinoCommon framework.

2.3.3. Temporal Sequencing

We use the open-source framework in [29] to knit the
input contexts, selected audio background and fore-
ground files after BRIR convolution together. Each
foreground sound effect are treated as independent
probabilistic events. We derive the probabilities based
on the raw recordings from datasets on [29] and [30].

3. Discussions, Limitations & Future
Works

In this paper we described a framework that aims to
synthesize efficiently plausible audios, that can digest
general geo-spatial contexts and text prompts. Via
revisiting some methodologies from the acoustic ecol-
ogy community, we are able to produce high-quality
sound and address the issue of lack of semantic under-
standing in the state-of-the-art auralizations as well
as TTA models.

However, there are still a few limitations regarding the
usage of this sound generator. Firstly, the uncertain-
ties borne from the environment seriously affects the
plausibility and applicability, for instance, a building
with different type of concrete could make a difference.
Besides, there is a lack of benchmarks that can vet
the plausibility of given synthesized audio.

For future works, it is intuitive to extend the syn-
thesizer frameworks to further automatize the sound
generation flow to reduce user friction. Lightweight
generative audio models can be adapted to generate
different sound effects tracks. The integration of this
framework into architects” workflow and its effective-
ness for designing better outdoor soundscapes should
also be further investigated.
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Figure 1: Functional Blocks with Inputs and Outputs

You are a sound design assistant for ambient soundscapes.

Based on the POI type and any provided mood, action, atmosphere, distance, or location context,
describe the typical continuous background sound floor of the place.

Return exactly 5 descriptors total, one for each category:

mood, setting, sound_type, intensity, character.

Choose concise, accurate, audible, and varied descriptors.

Prefer specific terms over generic ones.

Avoid repeating common fallback words unless clearly justified.

Only describe realistic continuous ambience, not isolated foreground events or one-shot SFX.

If uncertain, choose a broader but plausible descriptor.

If distance data is provided, prioritize nearer POIs.

Use location context to adapt to urban, suburban, rural, industrial, residential, coastal, or similar settings.
Output exactly this JSON format:

{"sounds": [

{"category": "mood", "value\": "..."},
{"category": "setting", "value": "..."},
{"category": "sound_type", "value": "..."},
{"category": "intensity", "value": "..."},
{"category": "character", "value": "..."}
1.

Figure 2: Sample prompt for generating POIs
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