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Abstract—Guiding visually impaired people autonomously is a
challenging task. One of the major challenges is interfacing with
visually impaired people efficiently. Sighted people are able to
perceive information through their visions. Therefore, most
human-computer interfaces are graphic based. These interfaces
provide no help for visually impaired users. Existing UIs (User
Interface) designed for visually impaired people are inadequate in
terms of efficiency. A typical UI designed for visually impaired
people helps its users using verbal cues. To be more specific,
through a series of descriptive language, all information is passed
to its users sequentially. In some applications, visually impaired
users need to be updated constantly with information of their
surroundings. Descriptive verbal cues might be insufficient when
surroundings of users are constantly changing. In this paper, an
UI using acoustic cues will be introduced. Unlike sequential verbal
cues, acoustic cues can update its users constantly, therefore more
adaptive to changing environments. To demonstrate the
advantage of such acoustic cuing UI, an indoor object localization
system was built. Regardless the complexity of the scenes, the
proposed UI can always update its users in real-time using
acoustic cues. The rules for generating such cues will be presented.
Finally, the effectiveness of the UI will be discussed.

I. INTRODUCTION
Due to their limited or lack of visual perception, visually
impaired people usually have limited awareness of their
surroundings. For example, while navigating, visual perception
can help people gain awareness of their surroundings in four
aspects. The first is locating themselves in any space; the
second is finding the path; the third is reading signs; and the last
is avoiding obstacles. None of this information can be
perceived by visually impaired people easily. Visual
information also helps to find path [1]. When trying to leave a
building sighted people will look for the gates before walking
towards any direction. Moreover, signs and floor plans are also
helpful for navigation. Such information is usually provided for
sighted persons [2], yet not accessible for visually impaired
persons [3].
There are many tools available assisting visually impaired
people. Guide cane is a common tool used for navigating.
While using a guide cane, visually impaired individuals are
able to gain limited information of their surroundings. It can
only provide its user with binary information whether there is
an object or not. Therefore, the information generated by guide

a cane is inadequate in complex scenes. Other than tap
responses from the guide cane, visually impaired people also
rely on sounds to avoid obstacles. Therefore, they are not able
to locate objects that generate no noises.
Computer vision techniques are getting more capable of
understanding the world in terms of object detection and
classification. Especially with more powerful hardware,
computationally heavy algorithms can be carried in real time on
mobile devices. With these tools available [4] [5], it opens the
possibility of building a more intuitive and powerful system
that helps visually impaired people gain awareness of
surrounding environments. With computer vision techniques,
rich information can be extracted from scenes. Yet there is no
effective UI that can deliver this information to visually
impaired users.
In this paper, a novel acoustic cueing UI assisting visually
impaired people will be introduced. With a proper acoustic
based human computer interface, visually impaired people will
be able to see their surroundings with similar richness as
visually healthy people do. The value of such UI will be
explained in the context of indoor navigation. Finally, the
results from experiments will be presented and explained.
II. ACOUSTIC BASED HUMAN COMPUTER INTERFACE
Graphic user interface (GUI) is the most commonly used and
intuitive human computer interface. However, while assisting
visually impaired people, graphic based human computer
interfaces are not helpful. In this section various ways of
assisting visually impaired will be discussed, then the proposed
acoustic based interface will be introduced.
A. Existing Interface for Visually Impaired
Humans have limited options while perceiving their
surroundings. For sighted people, the most efficient and
intuitive way is visual perception. Through visual perception,
spatial awareness can be gained easily.
Most human computer interfaces assisting visually impaired
people are through verbal cue [6] [7] [8]. For example,
Microsoft released Seeing AI, a mobile application that aims at
helping visually impaired people. The mobile app is able to
describe what’s in front of its user by analyzing the video
footage captured by the camera on the user’s smart phone. Once
the video has been analyzed, a computer-generated verbal
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As shown in Figure 1, when visually impaired users are
perceiving scenes through verbal cues, the length of the verbal
cues depends on the complexity of the scene. While sighted
people can perceive a scene through their eyes, the time used
for comprehension, will not be affected by the complexity of
the scene. Therefore, using verbal cues to interpret scenes
cannot be achieved in real time.
There are also studies on using vibration array to indicate the
direction of the path [9]. Such UI is good at specifying
directions, yet, other objects and information in the scene
cannot be passed to the user.
B. Acoustic Based Interface
Human brains are able to determine the location of objects
by the noises they generate. Human brains analyze sounds in
horizontal surface based on the two cues. One is inter-aural
time differences (ITD). The other is inter-aural level
differences (ILD) [10]. ITDs represent the difference in time
within which the same sound signal arrives to both ears. ILD
represents the difference in loudness of a signal picked up by
both ears. By manipulating these two factors, the human brain
can be tricked. For example, surrounding sound techniques
such as DTS (Dedicated to Sound) are able to create immersive
movie experience by mimicking the spatial arrangements of
sound sources in a movie scene. Moreover, with proper training
visually impaired individuals usually develop more sensitive
sense of hearing [11]. Thus, visually impaired people should be
able to capture more detailed information through sound, to be
more specific, the location of sources.
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Figure 1. Moving Object Representation
Verbal Scene Interpretation (Top) vs Visual Perception (Bottom)
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With state of the art computer vision techniques [12] [13],
most of common objects can be detected. In this proposed
system, seven categories have been created to categorize
common objects related to indoor navigation. To represent
these objects using solely acoustic cues, we split a small range
of audible spectrum into seven channels. Each of these
channels is associated to objects in one of seven categories.
As shown in Figure 2, the human audio spectrum covers
between 20Hz to 20000Hz. However, only a small fraction of
the audible spectrum is used to build the acoustic based
interface.
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Man 1 meter to your left 2 meter ahead; man 2 meter head; man 1 meter to
your left 2 meter ahead

III. OBJECT REPRESENTATION USING ACOUSTIC CUES

O

Amplitude

It’s counter intuitive to describe the distance. Moreover, it is
hard for verbal cues to describe when the scene is changing
continuously. However, if an acoustic interface is able to
convert the information from image domain to frequency
domain, then deliver to the users, it is possible to build an
intuitive UI to update user with location of objects using
acoustic cues.
In the following section, the acoustic based UI will be
introduced. The proposed UI is able to provide its users with the
direction, distance and category of multiple objects in their
surroundings using acoustic cues.
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sentence will be read to its user. Though using verbal cues is
widely adopted by various applications serving visually
impaired people. There are three disadvantages in such verbal
cue powered interfaces. First, these interfaces need to construct
a whole sentence to describe one instance. Consequently, when
users are moving continuously verbal cues are not quick
enough to describe the surroundings of users. Second, verbal
cues generated by the speakers are also human voice; this may
interfere with the conversations carried out by its users and
others. Third, descriptive verbal cues cannot provide its user
with spatial information intuitively. More specifically, it’s
relatively easy to describe distance but hard to describe
direction of object using verbal sentences.
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Figure 2. Spectrum Object Representation

A. Location Representation
To locate an object, a user needs to know the distance as well
as the direction of the object. In the proposed acoustic cue
powered UI, distance and direction information will be sent to
either ear of the user. Depending on the location of the object,
the ear closer to the object will be sent with the dominant signal,
which carries the distance information; while the other ear will
be sent with the secondary signal, which carries the directional
information. As illustrated in Figure 4. The direction and
distance representation will be further discussed in the
following two sections.
1) Distance representation
In the proposed system, amplitude is used as an indicator of
distance. Sound attenuates while traveling through air, hence
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sound source further away will appear to be quieter. By the
amplitude of the sound, users are able to estimate the distance.
In the proposed acoustic cuing UI, the distance to an object is
represented by the amplitude of the signal associated to the
object.
As shown in equation (1), the amplitude is associated with
distance between user and object, while the maximum
amplitude and minimum amplitude of signal are shown as
and
respectively.
=

−
1+

user. The distance between user and object is
and the
inclusive angle to the front left of user is . In such case, the
object is to the left of the user, therefore, left ear will be sent
with dominant signal, while right ear be sent with secondary
signal.

(1)

where
∈ [0, +∞)

(2)

In this proposed human computer interface, maximum
is set at 60 decibel and minimum amplitude
amplitude
is set at 30 decibels. The upper limit is chosen by the voice
level of human voice, while the lower limit is chosen by the
volume of background noise. By limiting the minimum
amplitude of acoustic signals to 30 decibels, users are able to
maintain awareness of their surroundings in most environments.
Moreover, by limiting the maximum amplitude of acoustic
signals to 60, users will not be occupied by signals been sent to
them. As shown in equation (1), the amplitude of acoustic
signals is defined using a logistic function. One of the benefits
of using logistic function is that the generated signal increases
quickly while the objects are close enough that requires
immediate action. As shown in Figure 3.

Figure 4. Top-down View of Objects and User

As to the quantitative representation of the inclusive angle ,
the amplitude ′ is determined by the distance as well the
angle . Intuitively, dominant ear should pick up louder signal
due to shorter distance, therefore, the direction indication signal
being sent to the secondary ear should be quieter. As shown in
equation (3), the amplitude of direction indicating signal ′ is a
reduced signal of distance indicating signal .
′ = ( − 30) + 30

(3)

where
=−

Figure 3. Amplitude vs Distance

Such quick increase in amplitude can draw users’ attention
when objects are closer than 5 meters. Hence, the user can be
informed with greater emphasize on objects closer than 5
meters. While when objects are located more than 10 meters
away, they require little attention from the user.
2) Direction Representation
Direction information is required for users to determine the
location of objects. In the proposed acoustic cuing UI, the
interface can describe direction of objects on a 2-dimenssional
plane. Shown as Figure 4, a top-down view of the
2-dimenssional surface, positions of objects are always defined
relative to the user. One object locates at the front left of the

2

+1

(4)

The factor is determined by the inclusive angle between
user and the object, while inclusive angle ∈ [0, ], and factor
∈ [0,1]. When the object is in front of the user, both ears are
generating signals with the same amplitude. Once the object
has been moved to either side of user, will start decreasing
with the increase of inclusive angle . The signal been sent to
the secondary ear will blend in the background noise when
inclusive angle reaches .
B. Multiple Object Representation
As explained in previous sections, the proposed system uses
acoustic signal in different spectrum to differentiate objects in
different categories. However, in a real-world scenario, there
are often multiple objects that appear in the field of view belong
to the same category. Using amplitude alone is not sufficient to
deliver such information to users. Hence spectrum splitting is
required when multiple objects of same category are presented
in the scene.
Sighted people won’t keep track of all objects individually.
Instead, same kind of objects that are close together will be
treated as whole. For example, when crowd of people is
standing in a hall, instead of locating each individual person in
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a crowd, pedestrians will avoid the crowd as whole. Hence
when designing the acoustic cuing UI, objects that belong to the
same category should be presented with varying level of detail
depending on their quantity.
Spectrum splitting for the same kind of objects is defined
based on the number of objects been detected in the same
category. As shown in Figure 5, when n chairs are detected in a
scene, the channel assigned to chair objects will be further
divided into n sub-channels.

800

700

Chair n

Since the chair is located right in front of the camera, the
distance between the chair and both ears is the same. In this
case, the secondary signal has the same amplitude as the
dominant signal (shown as bottom left figure in Figure 6).
Hence the signal been sent to both ears are the same. As shown
in top right picture in Figure 6, the chair is placed in the front
left side of the camera. More specifically, the chair is located
1828.8 mm to the front and 914.4 mm to the left.
Corresponding signal sent to the user is shown in the bottom
right picture in Figure 6. The direction of the chair being
detected is reflected on the signal sent to the right ear. In this
case the chair is located closer to the left ear of the user, hence,
dominant signal carrying distance information is passed to the
left ear while the secondary signal carrying direction
information is passed to the right ear.
An experiment on multiple objects was conducted in similar
conditions. As shown in Figure 7, two chairs are placed in front
of the camera, one is placed right in front of the camera, the
other is placed in the front left side of the camera.

Figure 5. Spectrum splitting for multiple objects

Channel splitting will be performed on signals being sent to
both ears. Hence dominant and secondary signals representing
an object in the scene will still appear on the same frequency on
both ears. By comparing the amplitude between signals
appearing on either ear, users are able to distinguish between
dominant signal and secondary signal and use such information
to locate the object.
IV. EXPERIMENTAL RESULT
To test the system in a practical environment, a series of
experiments are carried in the lab. In this section, the results
from these tests will be presented and discussed.
Figure 7. Two chairs in front of camera

In the case shown in Figure 7, two sinusoid signals are
required to represent each object, as mentioned in III.B. Both
chairs are objects associated to the same channel, hence, the
channel associated to chairs will be further split into 2
sub-channels, each of which will be occupied by one chair. As
shown in Figure 8.
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Figure 6. Chair with Different Locations Detected in Scene (Top Row).
Corresponding Signals Sent to Users (Bottom Row).
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A. Object Detection and Representation
As shown in Figure 6, a chair has been set in front of the
camera with different locations. In the top left figure, the chair
locates 1828.8 mm away from camera. Once detected using the
neural network, the object will be segmented using a
rectangular box.
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Figure 8. Signal generated for two chairs
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In this case the dominant and secondary signals associated to
the chair on the left are being sent to the left ear and right year
respectively. The dominant and secondary signals associated to
the chair in front of the camera are identical, hence, they are
sent to both ears without discrepancy.
V. CONCLUSION
Assisting visually impaired individuals is challenging.
Existing UI designed for visually impaired people are
inefficient while describing complex scene using verbal cues.
To be more specific, the more complex the scene become, the
more time is required for users to comprehend using verbal
cues. With the proposed acoustic cuing UI, users can virtually
see the scene using acoustic signals sent to their ears. Such a
method allows visually impaired users comprehend their
surroundings more intuitively. Moreover, using acoustic cuing
UI, users can be updated with objects and their locations in the
scene regardless of its complexity.
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