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Abstract: This study seeks to demonstrate that a navigation system using stereophonic sound
technology is effective in supporting visually impaired people in public spaces. In the proposed
method, stereophonic sound is produced by a pair of parametric speakers for a person who comes to
a specific position, detected by an RGB-D sensor. The sound is a stereophonic earcon representing the
target facility. The recipient can intuitively understand the direction of the target facility. The sound
is not audible for anyone except for the person being supported and is not noisy. This system is
constructed in a shopping mall, and an experiment is conducted, in which the proposed system
and guidance by a tactile map lead to a designated facility. As a result, it is confirmed, that the
execution time of the proposed method is reduced. It is also confirmed that the proposed method
shows higher performance in terms of the average time required to grasp the direction than the tactile
map approach. In the actual environment where this system is supposed to be used, the correct
answer rate is over 80%. These results suggest that the proposed method can replace the conventional
tactile map as a guidance system.

Keywords: earcon; parametric speaker; visually impaired people; assistive technology; sonification

1. Introduction

As of October 2017, it has been estimated that 130 million people suffer from visual impairment
globally, and this number is expected to rise to more than 550 million by 2050 owing to the
increasing prevalence of disabilities in the growing older population arising from increased lifespan [1].
Despite the large number of people affected by visual impairments, visually impaired people still face
various obstacles in daily life, such as lack of accessibility to information [2]. For example, information
about many architectural environments and traffic is not accessible to the visually impaired, making it
difficult for them to use various facilities in public spaces and in particular creating problems when
using public transportation. This greatly restricts the movement of the visually impaired, so that
they often require assistance with going out. Therefore, the visually impaired need a system that can
smoothly transmit information about the map of their surroundings.

Previously, Braille, speakers, and braille block were used to provide information to the visually
impaired, but these methods have several disadvantages when used as a means of presenting the
surrounding map information. For tactile maps, Braille usage is limited by the fact that only less than
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10% of visually impaired people can read Braille. In addition, it is difficult for people who have recently
become visually impaired to learn Braille. When speakers are used, the audio broadcast by the speaker
can be heard by people other than the person needing support, thus increasing noise. Additionally,
for some cases of the language used, support cannot be provided. Finally, by nature, braille blocks
cannot convey the direction of the facility. Owing to the shortcomings of the existing approaches,
there is a need for a system that can easily provide visually impaired people with information and can
transmit peripheral map information, regardless of the presence or absence of visual impairment or
differences in the language used.

Therefore, in this study, we seek to construct an acoustic navigation system for the use in a
noisy environment based on stereophonic sound technology and earcons with reduced noise for the
environment. The earcon to be presented is information for the direction of the facility relative to the
person needing support (Figure 1).
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Audio spot

←→

SP

Stereophonic
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Figure 1. (a) Head transfer function (HRTF) is measured using a dummy head. A stereophonic sound
can be produced by the convolutional integration of an HRTF to an arbitrary sound source in time
domain. (b) Installation image of the proposed method. Using the stereophonic sound, it is possible to
present an earcon bearing facility information only to a person who needs support among a crowd.
Using the proposed method, the direction of the facility can be grasped intuitively. (c) Image of an
actual experiment in a shopping mall. A parametric speaker and Kinect are installed on the digital
signage. This provides a mechanism for presenting information when a recipient approaches. (d) Using
this system, the range of movement of the visually impaired is extended to areas without a braille block.
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2. Method

2.1. Related Work

A white cane is widely used by people who are visually impaired for independent travel.
Other than that, a braille block is used in some countries(Figure 2). Although it is easy to learn
how to use these tools, they cannot provide textual data such as facility information. Tactile maps are
used to compensate for this, but learning Braille is indispensable for using tactile maps. The acquisition
rate of Braille is less than 10% among visually impaired people [3], and it is clear that many visually
impaired persons cannot use it. For this reason, studies have been conducted to make tactile maps
audible and provide information by voice [4–6]. However, it is necessary to search for the presence of
a tactile map by fumbling, which is a burden for the visually impaired.

Warning block Leading block

Protrusion

Example of the combine use
 with a white cane

Figure 2. There are two types of braille blocks: leading blocks and warning blocks. The leading block
is installed so that a visually impaired people can follow the direction indicated by the protrusion
while checking them with the sole of the foot or a white cane. The warning block is a block indicating
a position to be noted. It is installed in front of stairs, in front of pedestrian crossings, in front of
information boards, in front of obstacles, etc.

Auditory displays can easily provide a large amount of information, as compared to tactile
displays. In recent years, there has been research on indoor localization, route planning, and navigation
using a smartphone or tag. With GPS, it is difficult to estimate self-position in insufficient radio
wave environments such as indoors. For this reason, self-localization using tags installed in the
environment is mainly studied. Tag readers are mainly implemented on smartphones and white papers.
The method is divided according to the type of tag to be installed, and the first is RFID tag [7–11].
The RFID tag can be installed inexpensively, but the readable distance is short, and a large amount
of them should be installed. The IR signal may not be readable by the receiver because of obstacles.
It can also be affected by natural or artificial light [12]. In addition, there is an obstacle problem in
self-localization using the QR code [13,14]. However, there are studies that use Bluetooth [15,16]
or perform indoor LED lighting and visible light communication with smartphones to estimate
self-position [17]. These navigation systems can present information to the user anytime and can
provide detailed guidance to the destination.
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On the other hand, there is conventionally a guidance method using voice from a speaker installed
in the environment. Because there is no need to have a receiver and information can be obtained
just by listening to the sound, there is no burden on the visually impaired and installation can be
found in various places such as stations. For this reason, guidance signs of public facilities have been
standardized internationally [18].

The disadvantages of using a speaker are sound diffusion and a possible mismatch between the
languages of the user and the guidance voice from the speaker. The approaches to these problems are
listed below.

2.1.1. Parametric Speaker

In Miyauchi’s study, a parametric speaker is used, and guidance can be performed on the
opposite bank on a pedestrian crossing without braille blocks [19,20]. However, it is desirable to
guide the visually impaired in multiple directions. Therefore, Aoki et al. showed that multidirectional
presentation is possible by presenting stereophonic sound from parametric speakers [21].

However, these methods have the following problems in stereophonic presentation and guide
speech. For stereophonic sound presentation, it was pointed out that the direction of the sound image
depends on the shape of the head and the auricle, and the effectiveness of this approach has been
verified in a noiseless environment, but not in a noisy environment where the system must actually be
used. As mentioned above, if the language of the guidance voice is different from that of the person
needing support, the person cannot receive the necessary guidance.

2.1.2. Auditory Display

The term auditory display refers to the presentation of information through the auditory sense.
Users do not have to move their bodies to receive information and do not have to focus their visual
attention. It is also easy to attract the user’s attention. Transmitting some events by sound has
been studied using a computer interface since the 1980’s, and several representative examples are
described below.

1. Auditory icons
Auditory Icons are sounds associated with objects in a non-natural language. Gaver first proposed
the use of auditory icons as a computer interface in 1986 [22–25]. The sound of scrapping
wastepaper heard when a file is dropped into the trash is an example of an auditory icon, in which
the sound can be intuitively associated with an object without being remembered.

2. Earcons
Earcons were proposed by Blattner et al. in 1989 [26]. Each sound represents a different
event. For example, file deletion is indicated by a sequence of a file and an erase command.
Western music is adopted in this approach to express the information with the hierarchical sound
structure. Earcons have been proposed as a non-GUI interface for navigational cues in the menu
hierarchy [27,28] and mobile phones [29,30].

Vice versa, a guidance method that uses earcons does not rely on the knowledge of a specific
language. However, currently, there is no unified standard for earcons, so it is necessary to memorize
earcons for each facility. Therefore, by creating a unified standard for earcon generation, the burden of
memorizing the earcons can be reduced.

2.2. Proposed Method

2.2.1. System Overview

The proposed system consists of an RGB-D sensor (Kinect), a parametric speaker, and a PC
(Figure 3). When the person needing support reaches a specific position, a stereophonic earcon is
presented to both ears. The RGB-D sensor (Kinect) detects that the recipient is in a specific position,
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and stereophonic sound is generated by a parametric speaker. The presented sound signal is called an
earcon, and is a stereophonic sound signal containing map information, where each sound signal is a
melody with a short phrase. The acoustic signal is stereophonic, and the recipient perceives the earcon
from multiple directions. Thus, the map information is presented only to the person needing support,
and the direction of the destination can be recognized by simply listening to the sound generated by
stereophonic sound presentation, so that the problems of noise, the direction of the facility, and the
language of the presentation voice can be solved. The next section describes the creation of parametric
speakers, stereophonic sound, and design indicators for earcons.

PC

Color & IR 
imageDepth mapping 

&
 Face detection

Face tracking

Face distance 
= 2.5±0.5 [m]

Parametric
 speaker

RGB-D camera 
(Kinect)

Stereophonic 
earcons

Yes

No

Map
information

Face image

*
Sound icons

HRTF

Visually impaired person

Figure 3. Block diagram of the proposed method: Face recognition is performed using images from
an RGB-D camera. When a face approaches a certain distance, a stereophonic sound including map
information is presented by a parametric speaker.

2.2.2. Parametric Speaker

A traditional loudspeaker emits an audible sound that diffuses and propagates through diffraction.
However, parametric speakers emit ultrasonic waves as carrier waves. Ultrasound is an inaudible
sound with high directivity and a frequency of greater than 20 kHz. The ultrasonic wave radiated
from the parametric speaker is demodulated into audible sound by the nonlinearity of the medium,
and the language problem of the presentation voice can be solved.

2.2.3. Stereophonic Sound

Humans perceive the sound direction from a sound source when it reaches the eardrum after it is
reflected and diffracted on the floor, shoulder, head, pinna, etc. [31]. Physical characteristics including
differences in the sound volume, time, and frequency from the sound source to the eardrum are called
the head-related transfer function (HRTF). The HRTF mimics the shape of a human head, and is
measured using a device called a dummy head with a microphone in the ear canal or by inserting
a microphone into the human ear canal. By convolving the HRTFs of the right and left ears in time
domain measured as shown in Figure 4 into an audio signal and then playing back the respective
sounds in the left and right ears, the audio signal can be localized. However, because individual
HRTFs are different, the use of a commercially available dummy head, voice recorded with another
person’s head, or convolutional voice of the HRTF measured with the dummy head may lead to the
user hearing the voice in a direction that deviates from the original audio signal direction. Therefore,
Perrott et al. proposed the use of dynamic binaural signals in the presentation of stereo sound
images [32]. The dynamic binaural signal is an audio signal that convolves the HRTF in time domain
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following the direction of the head of the listener. Dynamic binaural signals increase the information
content of the sound image, making it easier to sense the direction. However, the dynamic binaural
signal must be listened only using wearable sound devices (earphone and headphone), and it must be
appropriately measured in front of the listener by attaching the sensor to the listener’s head. In this
study, we implemented a recording method using a dummy head, in which a dynamic binaural signal
can be received without using a headphone.

Dummy Head

Sound Source

Listener
Headphones

Processing Device

Listener

Parametric
Speakers

 Listening Environment Listening Environment

Recording Environment

Sound Image Sound Image

Direct recording Our method

Processing Device

Listener
Headphones

 Listening Environment

Sound Image

Sound Source: s(t)

s(t)*hL(t) s(t)*hL(t)s(t)*hR(t) s(t)*hR(t)

hL(t), hR(t)

Impulse responce 
convolution

Sound Source: s(t)

hL(t), hR(t)
Head-Related
Impulse Response:

Head-Related
Impulse Response:

Figure 4. Method for providing localization to a sound image.

In our proposed system, information about facilities is transmitted by earcons. Auditory icons are
superior mobile service notifications, as compared to earcons [33]. However, it is difficult to create
sounds that can intuitively remind the user of the facility, so that sound icons are not intuitively
symbolic, but abstract. Therefore, the sounds used in our system are classified as earcons. The user
must remember the facilities associated with sounds, but can learn quickly [34]. Moreover, the recall
rates of earcons are affected by learning techniques [34]. Various studies have been conducted on
the design index of earcons [35,36]. The original developers of earcon proponent, Blattner et al.,
have proposed that earcons should have common features based on similar characteristics of the
objects that they are referring to [26]. This study adopts this proposal, and earcons are generated
according to a unified standard. By unifying the design rules of earcons, the burden on the user is
reduced because the user does not have to memorize the earcons repeatedly. It is also possible to create
new earcons by combining the features of the existing earcons.

In addition, the design index of earcons is described. Earcons must be designed so as not to give
an unpleasant feeling when listening. Roberts’s subjective experiments showed that, among the major,
minor, diminished, and augmented chords, major chords were identified as the most harmonious
sounds [37]. Therefore, all earcons in this work were created with melodies using major chords.
The facilities that are audibly represented by the earcons in our work are often located in public spaces;
more specifically, we focus on elevators, escalators, stairs, and toilets. Each earcon represents the
facility using the difference in the tone color, and is designed based on the constraint that expresses
the attribute of the facility by the changes in the tone, such as up and down. Objects that are related
conceptually to the directions of up and down had earcons with the common feature of the melody
going up and down on the scale(Figure 5). The musical scale of the men’s room is lowered by an
octave, and that of the women’s room is raised by an octave. Figure 6 shows the score of the created
earcons. As described in the next section, using the earcons designed based on the design index above,
we verify that the proposed method can guide visually impaired and sighted people to the desired
destination in a noisy environment.
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Figure 5. Design indicator of the earcons.
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Figure 6. Notes for each earcon: each facility has its own tone color, with the scale going up and down.
For the toilet, the musical scale changes according to the gender.

2.3. Contribution

In this paper, we propose a nonwearable stereophonic presentation system for visually impaired
people that can be used for map presentation. Presentation of stereophonic sound consists of a pair
of stereo parametric speakers, and by delivering stereophonic sound only to the user, it is possible
to present a sound image centered on the user’s position regardless of the position of the speaker.
Intuitive understanding is encouraged. In the next section, we describe experiments, whose results
confirm that the proposed method can be a substitute for conventional tactile maps, which need to be
touched, and map presentation by announcement that provides the user with surrounding information
in natural language.

3. Experiment

3.1. Overview

It was verified that the proposed method can guide the user to the destination in a noisy
environment. The proposed method was compared experimentally to the guidance to the destination
using a tactile map. Experiments were carried out by installing parametric speakers, tactile maps,
and braille blocks around the digital signage in a shopping mall. The warning block of the braille block
was set to be the point where the stereophonic sound could be heard (Figure 7).
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In addition to the proposed method, a tactile map was installed around the bifurcation point of the
braille block, and similar experiments were conducted (Figure 7). Also, we conducted a questionnaire
about the proposed system.

3.2. Environment

The experiment was conducted in a section of a shopping mall (AEON Mall Tsukuba). In the
experiment, a braille block sheet was placed around the digital signage. There are two types of braille
blocks: leading and warning blocks. The leading block is installed so that visually impaired people
can follow the direction indicated by the protrusion while checking them with the sole of the foot or a
white cane. The warning block is a block indicating a position to be noted. It is installed in front of
stairs, pedestrian crossings, information boards, obstacles, etc.

For the braille block, a leading block and a warning block of 0.3 m per side were used. Additionally,
a parametric speaker (Holosonics AS-16B) was installed on the digital signage (Figure 7). When a
subject reaches a branch point (warning block) on the braille block, a stereophonic acoustic signal
including map information is transmitted.

The noise level (A-weighted sound pressure level (A-weighting is a frequency dependent curve
which reflects the response of the human ear to noise.)) of the environment was measured by a noise
meter(RION NL-31). Measured for 5 min. The average A-weighted sound pressure level was as
follows: Lpa = 73.4 dB.

3.3. Procedure

The subjects walked to the warning block located at a distance of 2.4 m from the starting point,
where they were guided by the proposed method. The results obtained using the new approach were
compared to those obtained using the tactile map method.

In the experiment, the subjects were instructed to go to the directed destination depending on the
presented map information. First, the subjects walked on the leading block from the starting point to the
warning block. They could not access the map before reaching the warning block. Second, the subjects
stopped there, and a stereophonic sound was generated by a parametric speaker. After obtaining the
map information, the subjects were asked to head in the direction of the target facility.

The destination point was located either forward, backward, right, or left relative to the direction
of the travel. The subjects were required to respond as soon as they could after listening to the sounds.

Next, an experiment using a tactile map (Figure 8) was carried out in a similar manner. A tactile
map was placed near the warning block, and then the subjects were asked to read the tactile map
and head in the direction of the target facility. The visually impaired performed the operations of the
proposed method and the tactile map twice. In the aforementioned experiments, the sighted people
were blinded by wearing an eye mask. The presented map information was different from the actual
map information, it was not possible to know the answer. After each measurement, an interview
questionnaire was conducted for the visually impaired. The contents of the questionnaire were
as follows.

• Impression, feeling, and suggestions for improving the proposed system and the tactile map.

3.4. Subjects

The subjects were 35 people (27 males and 8 females) aged from 19 to 42 years old. Among the
subjects, there were 18 people with clear vision (13 males and 4 females) and 17 people with visual
impairment (14 males and 4 females). The subjects understand how to use braille blocks. All visually
impaired subjects have a disability certificate and can read Braille. Also, all sighted subjects cannot
read Braille.
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3.5. Evaluate Function

The time taken by the subjects to understand the direction and the direction of the travel (front and
back, right and left) was recorded and analyzed. The time taken to grasp the direction is given as the
time from the moment when the sound starts to emanate from the parametric speaker to the moment
when the subject actually starts walking in some direction. To determine if there was a significant
difference between the experimental results, Student’s t-test was performed. The significance level
was p < 0.01. Similarly, for a tactile map, the time is measured from the moment when the tactile map
is touched. Additionally, the hearing questionnaire after the experiment was used as a reference for
the evaluation of the system.

2.0 m 

PC

Parametric speakers

Subject

Kinect

2.4 m 

Audio spot
(a)

(b)

Kinect

Starting

(c) Leading block

Warning block

Figure 7. Experiment overview: (a) Subject walks from the beginning of the braille block. (b) When the
subject reaches the warning block, a stereophonic sound is generated by a parametric speaker. (c) After
hearing the sound, the subject moves in the direction of the target facility indicated by the earcon.

Desk

Tactile map

(b)

Location on the map

Subject

2.4 m 

(a)

Starting

(c)

Figure 8. Experiment overview: (a) Subject walks from the beginning of the braille block. (b) The
tactile map on the desk is read. (c) Subject moves in the direction of the target facility.
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4. Results

4.1. Elapsed Time

Figure 9 shows the times taken to grasp the direction for the sighted and the visually impaired
subjects. First, the results obtained for the sighted subjects are described. The average time taken to
grasp the direction decreased, but there was no statistically significant difference. Next, the results for
the visually impaired, there was no significant difference between the average time using the proposed
method and the tactile map. Large differences were observed in the results and population maps,
and the sighted subjects required much more time for using the tactile map than the visually impaired
subjects. By contrast, for the proposed method, there was no significant difference between the time
required for the sighted and the visually impaired subjects.

4.2. Accuracy

Figure 10 shows the percentages of the correct answers for the sighted and visually impaired
subjects. First, the results for the sighted subjects are described. The accuracy of the proposed method
was higher than that of the tactile map method, but there was no statistically significant difference.
In addition, it was reduced for the sighted subjects compared to that obtained using the tactile map.
In the proposed method, there was no significant difference between the results obtained with or
without a blindfold. The accuracy of the proposed method with the blindfold was as low as that of the
tactile map.

Next, the results for the visually impaired, the accuracy using the tactile map was 100%. Thus,
the accuracy of the proposed method was lower than that of the tactile map, but there was no
statistically significant difference. By comparing the results of the sighted and visually impaired
subjects, it was observed that the accuracy of the sighted subjects without blindness was almost the
same as that of the visually impaired subjects.

50 100 150 200 250

Visually impaired 
people

Time [s]

0

Sighted people
(Blindfold)

Sighted people
(No blindfold)

** **

** : p < 0.01

Proposed
method

Tactile
map

Figure 9. Time taken to determine the direction: 1 Sighted subjects-The average time using the proposed
method was shorter than that for the tactile map. The proposed method took less time with the second
blindfold. 2 Visually impaired subjects-There was no significant difference in the time between the
tactile map and the proposed method.



Multimodal Technol. Interact. 2020, 4, 42 11 of 15

Sighted people
(No blindfold)

Accuracy rate

Visually impaired 
people

0 0.5 1

0.875

0.611

0.833

0.611

1.00

Proposed
method

Tactile
map

Sighted people
(Blindfold)

Figure 10. Accuracy rate: In the proposed method, the accuracy was almost the same between those
without a blindfold and those with visual impairment. For the tactile map, the accuracy of the visually
impaired subjects was 100%, which was different from that of the sighted subjects.

5. Discussion

The accuracy of the proposed method for the sighted subjects did not differ from that of the
tactile map. Then, in the proposed method, an experiment was carried out without blindfolding a
sighted person. As a result, the percentage of the correct answers for the sighted subjects without
a blindfold increased significantly (Figure 10). This is attributed to the fact that the sighted subjects
performed the task after the visual information was not available, unlike in the usual case. In the
previous experiment, a sighted person walked to the warning block blindfolded. Compared with
the visually impaired, the sighted are not used for walking relying on the braille block. As a result,
they could not walk straight, and they heard the presentation sound at a location slightly away from
the audio spot. Therefore, we considered that the stereophonic sense of the stereophonic sound was
impaired, and the accuracy rate deteriorated.

Based on our previous study, we investigated the extent to which dislodgement from the front of
the speaker impaired the orientation.

We experimentally confirmed that auditory localization can be maintained when moving 0.4 m in
parallel from 2.0 m in front of a parametric speaker (Figure 11). The localization angle of the sound
image was randomly changed, and the sound image was presented and answered to each of three
subjects 40 times for each sound source. As a result, the sense of localization was impaired instead of
hearing sounds in front of the parametric speaker (Figure 12). Based on this experiment, we considered
that the correct answer rate deteriorated in the experiments owing to a loss of orientation sensation
due to the displacements in the opposite directions. Moreover, we confirmed the following from the
experimental results.

Moreover, we confirmed the following from the experimental results.

1. The elapsed time was reduced using the proposed method for the sighted, which was
approximately the same as that of the visually impaired.

2. There was no significant difference in the accuracy rate between the visually impaired and the
sighted without blindfolding for the proposed method.

3. There was no significant difference in the accuracy rate between the proposed method and the
touch map method for the visually impaired.

From 1 and 2, it is suggested that the proposed method is useful for people who cannot read
tactile maps or Braille (less than 10% of visually impaired people can read Braille [3]).

From 3, it is suggested that the proposed method can be used as a substitute for tactile maps
even for those who can read Braille. Thus, it was confirmed that the peripheral map information
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could be presented to the recipient regardless of the existence of the visual impairment in a noisy
environment(the average of A-weighted Sound Pressure Level : Lpa = 73.4 dB). In particular, it can be
said that the proposed method is effective for the visually impaired who cannot read Braille.

Sound Source: s(t)
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Parametric Loudspeaker Subject

2m

A

B

C

0.4m0.4ms(t)*hL(t)
s(t)*hR(t)

 hR(t),hL(t)
Head-Related
Impulse Response:

Figure 11. Experimental process: Subjects listened to a stereophonic sound at A, B and C. We then
asked from which direction the sound was heard.
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Figure 12. Results: The subjects listened to a stereophonic sound and answered from which direction
the sound was heard. A, B and C are the same as in Figure 11.

From the descriptive questionnaire, about the earcons

• I think it would be better to make the icons easier to remember.
• It is difficult to understand because it sounds on the same scale.

Almost all of the visually impaired subjects said that the earcons were difficult to understand.
Thus far, all earcons are generated at the same scale, making it difficult to understand the result.
One of the subjects suggested changing the elevator earcon into a motor sound, using the sound
actually emitted by the subject as an earcon. It is necessary to improve the design index of earcons
for perception.

6. Future Work and Application

Our proposed system uses parametric speakers to present the location information of the facility
to the recipient using stereophonic sound. This system has two main improvements.
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The first is a speaker. Currently, the supported person needs to stop at a specific position in
order to perceive the sound. When the position is shifted, a sense of localization may not be obtained.
Therefore, in the next study, it is necessary to be able to provide the supported person with stereophonic
presentation even if he/she is not at the specific position. For that purpose, it is necessary to change the
direction of the directivity according to the position of the face of the supported person. It is believed
that this can be achieved by controlling the direction of the speaker or by implementing the spatial
acoustic technology using an ultrasonic phased array [38]. By utilizing this technology, we considered
that the supported person can make a system capable of presenting information in real time even
when walking without standing still.

The second is a detection system. Currently, Kinect (RGB-D sensor) is used to detect the face of the
supported recipient and measure the distance to the speaker. We considered that by combining this with
image recognition, it is possible to select the target person automatically to perform sound presentation.

It is believed that the improvement in these two points will make it possible to identify the
supported person automatically by image recognition in the future, and to present the sound
automatically to the walking target. For example, a system is proposed in which only a pedestrian
with a white cane is detected and map information is dynamically presented according to the
walking position.

7. Conclusions

This study sought to demonstrate that a navigation system using stereophonic sound technology
is effective for the support of the visual impaired in a noisy environment. Pinpoint presentation of
stereophonic sound consists of a pair of stereo parametric speakers, and by delivering stereophonic
sound only to the user, it is possible to present a sound image centered on the user’s position regardless
of the position of the speaker. The presented sound is an earcon representing the target facility that
was created in accordance with the design index. The recipient can intuitively understand the direction
of the target facility by listening to the earcon with a stereophonic sound. The sound is presented by a
parametric speaker, and the sound is not noisy and is not audible for everyone except for the user.

This system was constructed in a shopping mall, and an experiment was carried out in which
the proposed system and guidance by a tactile map lead to a target facility. The subjects included the
visually impaired and sighted with a blindfold. The system was evaluated using the time required to
grasp the direction and the accuracy rate.

As a result, it was confirmed that the time using the proposed method was reduced for the visually
impaired and sighted. It was confirmed that the percentage of the correct answers decreased because
the sighted were blindfolded. This is because the sighted subjects deviated from the audible region of
the stereophonic sound while walking on a braille block when blindfolded.

On the one hand, the accuracy of the sighted subjects without a blindfold was almost the same as
that of the visually impaired subjects. Therefore, the proposed method presented map information
regardless of the presence or absence of visual impairment in a noisy environment. Moreover, in the
actual environment where this system is supposed to be used, the correct answer rate was over 80%.
These results suggest that non-wearable stereophonic presentation for the visually impaired can be
used for map presentation and can replace the conventional tactile map, which require touch, and the
map presentation which cannot confirm the languages of the user.

However, some of the subjects complained that the sound localization was poor, and it was
difficult to distinguish the difference between the earcons. Therefore, the following problems are raised
as the future work: Our method must obtain a stable localization sensation of the sound and improve
the design index of the earcons in order to make it easy to distinguish under noise.
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