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Figure 1: Exploring echolocation interfaces in VR through audio-driven navigation and a sonar-based environmental probe.

Abstract
Virtual reality (VR) systems often rely only on continuous visual
rendering. This standard can create functional barriers and limit al-
ternative interactive paradigms. We present a VR game designed to
explore how an echolocation interface can be designed to deliver an
accessible gaming experience for everyone. The game restricts con-
tinuous visual output and casts the player as a superhero navigating
via spatial audio and a triggered radar action. This work prompts
critical questions regarding the development of better echolocation
interfaces to advance inclusive design in VR.

CCS Concepts
• Human-centered computing→ Accessibility technologies;
Virtual reality; User interface design; Auditory feedback.
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1 Introduction
Virtual Reality (VR) systems primarily focus on visual interfaces.
This dependency creates navigation barriers for Blind and Low
Vision (BLV) players.

Many gaming interfaces often consider accessibility as secondary
or an afterthought, which is likely to disconnect immersion in the
gaming experience [1]. Yet, previous works have made attempts to
design a game interface for BLV players by exploring audio as the
primary interface. A paper showed that an action role-playing game
can be made fully playable through audio cues without compromis-
ing its core loop [5]. A player agency for BLV gamers in VR could
be achieved by allowing them to actively probe their surroundings
through a thumbstick-driven audio survey and improve mental-
map accuracy over menu-based descriptions [3, 6]. The navigation
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in VR could also use a hardware solution such as a haptic cane con-
troller that combines physical resistance, vibrotactile feedback, and
3D spatial audio to simulate white cane interactions [7]; the design
space of auditory representations of objects and behaviours in VR
[4]; and simulated reflections in virtual space to support mental
maps [2].

We present a game prototype that removes default visual output
to explore potential options for the accessible VR gaming interface.
The motivation for this design is to raise awareness among game de-
signers regarding the importance of accessible interfaces and their
benefits. Forcing players to navigate without continuous vision can
highlight the practical need for robust echolocation tools. Conse-
quently, this work was initiated to answer the following research
question in the future: How do cross-modal audiovisual mechanics,
designed primarily for entertainment engagement, function as univer-
sal design elements to lower navigation barriers for low vision players
in VR?

Our work aims to explore multi-modality to promote an acces-
sible VR gaming interface through the design of embedded audio-
driven navigation, and to ask whether the same techniques can
serve as universal game design elements.

2 System Overview
The system is built in Unity for a head-mounted display with stereo
headphones and two tracked controllers, optimized for the Meta
Quest 3. Continuous geometry, lighting, and texture are suppressed
in the headset view, so players cannot rely on sustained visual
rendering. Navigation instead happens through a continuous spatial
audio layer, supplemented by a player-triggered sonar pulse that
briefly exposes nearby geometry. The two channels are coupled to
the same scene representation so that what the player hears and
what the sonar reveals refer to the same underlying objects.

Each interactive object, non-player character, and environmen-
tal hazard carries a spatialized audio source. Sources are rendered
through a head-related transfer function so that direction and el-
evation are encoded binaurally, and distance is encoded through
attenuation and low-pass filtering. Surfaces between the player
and a source apply additional occlusion filtering, so a sound heard
through a wall reads differently from the same sound heard through
an open doorway. The cue set distinguishes object categories: idle
ambient loops mark fixed features such as doorways and corri-
dors, repeating event sounds mark interactive items, and dynamic
sources mark moving agents. Hazards use a distinct low-frequency
motif that intensifies as the player approaches, allowing avoidance
to be driven by sound alone. Falloff curves are tuned per category so
that hazards remain audible at longer ranges than ambient features,
and category-specific timbre keeps simultaneous sources separable
when several are active in the same room.

Players navigate by listening and turning. Head rotation rebal-
ances binaural cues in real time, allowing a player to localize a
source by orienting toward it until the cue is centred between the
ears. Locomotion uses thumbstick movement with snap turning,
and approach is verified by attenuation change rather than vision: a
source that grows louder and brighter in its high-frequency content
indicates the player is closing distance, while a source that dims
and dulls indicates drift. Interactive objects respond to controller

proximity with a localized confirmation cue, so action does not
require visual acquisition. Successful interactions trigger a short
positive-toned response, while invalid actions produce a flatter cue,
giving the player feedback on the outcome of an attempt without
breaking the audio-first interaction loop.

The sonar pulse complements this layer for moments where
audio alone is ambiguous, such as resolving a corner, confirming
the layout of a cluttered room, or distinguishing two sources that
overlap in direction. The pulse is modelled as an expanding radial
scan from the player’s head position. When the player activates the
radar action, the scan radius increases over time according to:

𝑅(𝑡) =min(𝑣𝑠𝑡, 𝑅max) (1)

where 𝑅(𝑡) is the current sonar pulse radius, 𝑣𝑠 is the scan speed,
and 𝑅max is the maximum scan distance.

In our implementation, 𝑣𝑠 = 12 units per second and 𝑅max = 25
units. As the wavefront expands, any scene geometry it intersects
is temporarily rendered as a wireframe outline, with edges drawn
at the moment of intersection rather than all at once, so the player
perceives the room being filled in directionally as the pulse travels
outward. After reaching its maximum range, the pulse remains
briefly visible for an afterglow period before fading out, creating
a temporary spatial impression of the surrounding environment.
A synchronized audio sweep travels with the wavefront, so the
pulse remains informative when the player is facing away from a
reflecting surface, and the sweep is also panned binaurally so that
off-axis returns can be heard from the correct direction. A cooldown
prevents the trigger from being held to keep the world continuously
visible, which preserves the audio layer as the primary channel
and frames the sonar as a deliberate sensing action rather than a
substitute for vision. The cooldown duration was tuned so that the
player has enough uninterrupted listening time between pulses to
update their mental model from the audio cues, rather than treating
the sonar as a continuous flashlight.

3 Future Work
Future work will evaluate this game with players and game de-
signers as a demonstration tool. We will organize user study ses-
sions to assess how this constrained interface impacts the design
methodologies and the player experience. Exposing creators to
these cross-modal mechanics aims to stimulate direct discourse
regarding the importance of accessible gaming. The primary ob-
jective is to equip game designers with practical frameworks to
implement echolocation interfaces and prioritize universal design
in future VR games.
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