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A belt-like assistive device for visually impaired
people: Toward a more collaborative approach

Erick Javier Argiiello Prada®* and Lina Maria Santacruz Forero®

Abstract: There is a large body of work focused on the development of mobility
assistive devices for visually impaired (VI) people. However, none of them seems to
satisfy the needs of VI people, which might suggest that these requirements have not
been considered during the development process. In this sense, this study aimed to
develop a novel assistive system based on the opinions provided by a group of VI
persons who also participated in the performance assessment stage. Two ultrasonic
sensors and one infrared sensor were combined to estimate the proximity and height
of an obstacle in front of the user who acquired that information via audio messages
and vibrating alerts. The proposed system was tested by twelve VI participants, who
were asked to provide suggestions for improvement. Our prototype performed well
indoors and achieved overall positive feedback when detecting obstacles at different
heights, although it was unable to provide directional information. Future research
endeavors in this field might be benefited from more collaborative participation
between end-users, researchers, and institutes for VI people.

Subjects: Intelligent Systems; Systems & Controls; Circuits & Devices; Assistive Technology

Keywords: Visually impairment; electronic assistive system; obstacle detection; wearable

device

ABOUT THE AUTHOR

As biomedical engineers, we are constantly
interested in developing practical solutions to
real-world problems by integrating multiple aca-
demic disciplines. As researchers, we have found
countless contributions, many of which are
remarkable and provide promising results. On the
other hand, we have also observed that only

a few may have an actual (and positive) impact
on the less favored social sectors, which confirms
the existence of a gap between academia and
society. This gap seems to become more evident
in countries with developing economies. Based
on that, this study aims to contribute to closing
that gap by highlighting the importance of
including end-users opinions in the development
of a system that is conceived to facilitate their
lives. We truly expect that this work may encou-
rage other researchers to include end-users in
development processes, even from the design
stage.

PUBLIC INTEREST STATEMENT

Recent surveys exploring the perception of VI
people on current electronic traveling aids have
found that none of them can satisfy their
requirements . A possible explanation is that VI
people’s opinions have rarely been considered in
the development process, and their participation,
when possible, has usually been limited to the
performance assessment stage. In an attempt to
address this issue , this work aimed to develop
an electronic traveling aid based on the opinions
provided by a group of VI persons who also par-
ticipated in the performance evaluation stage.
Results show that it is feasible to estimate the
proximity and height of an obstacle by properly
combining ultrasonic and infrared sensors.
Moreover, the proposed system achieved overall
positive feedback from the group of VI partici-
pants. Ultimately, more collaborative participa-
tion between end-users, researchers, and
institutes for VI people is crucial to develop more
useful and reliable solutions.
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1. Introduction

It is estimated that at least 2.2 billion people worldwide suffer from any moderate/severe visual
disability (World Health Organization (WHO), 2021). In Colombia, the most frequent impairment
among people with disabilities is the visual one (Arias-Uribe et al., 2018), and the highest propor-
tion of VI people (13.2%) can be found in Valle del Cauca, whose capital is Santiago de Cali.

Blind or visually impaired (VI) people cope with many difficulties when performing daily activ-
ities, such as moving or traveling independently from one place to another (Lakde & Prasad, 2015;
Zeng, 2015). Despite their simplicity and affordability, trained dogs and the white cane cannot
provide VI people with all the necessary information for safe mobility. This need for more reliable
navigation and orientation approaches has motivated researchers to use technology for develop-
ing VI-dedicated assistive systems. A visual assistive device may fall into one of three categories
(Dakopoulos & Bourbakis, 2009; Elmannai & Elleithy, 2017): 1) the one including devices mainly
focused on obstacle avoidance, 2) the one including devices that implement several orientation
strategies such as spatial models and/or surface mapping, and 3) the one including devices based
on geo-spatial positioning technologies such as GPS.

As pointed out by several authors (Khan et al., 2018; Manduchi & Coughlan, 2012; Tapu et al., 2020),
any assistive device designed to facilitate the life and inclusion of any person with a disability should
account for the needs and wishes of end-users. In turn, the current literature reports a plethora of
electronic traveling aids (for a review see: Elmannai & Elleithy, 2017; Khan et al., 2018; Tapu et al.,
2020), many of which offer promising results. However, none of them seems to satisfy the needs of VI
people, which might suggest that these requirements have not been taken into account during the
development process. Some researchers (Dakopoulos & Bourbakis, 2009; Tapu et al., 2020) have
interviewed several groups of VI users in their studies. On the other hand, the information collected
was used not as a part of a development process but rather as a criterion to provide a comparative
overview of the state-of-the-art systems. In this sense, this study aimed to develop a novel assistive
system based on the opinions provided by a group of VI persons who also participated in the
performance assessment stage. This work was conducted with the collaboration of the Institute for
Blind and Deaf Children in Santiago de Cali, Colombia.

2. Wearable assistive devices for VI people: a brief state-of-the-art overview

As previously pointed out, there exists a large body of work focused on introducing novel and
reliable mobility assistive devices for VI people. According to (Tapu et al., 2020), electronic travel-
ing aids can be active or passive. Active traveling aids collect environmental information and
translate it into a form that can be perceived by the VI user through another sense (e.g., hearing
or touching). On the other hand, passive traveling aids include different types of cameras and high-
complexity algorithms designed to increase the mobility of VI users. But as important as more
detailed and accurate information about the environment is the attribute of being easy to carry
(Dakopoulos & Bourbakis, 2009; Tapu et al., 2020). Portable devices are usually compact and
lightweight, although they may require constant hand interaction (e.g., an electronic cane).
Conversely, wearable devices allow hands-free interaction or, at least, demand minimum hand
interaction since they can be worn. Body locations considered for the development of visual
assistive devices include head, chest, waist, hands, wrist and feet (Veldzquez, 2010).

2.1. Head-mounted assistive devices

People frequently use head motion to collect information about their surroundings, so, not surpris-
ingly, devices like headsets, glasses, and headbands are the most popular kind of visual assistive
devices. In (Bhatlawande et al., 2012), the authors introduced a microprocessor-based prototype
consisting of five ultrasonic sensors distributed on a pair of eyeglasses and a waist belt. Results
showed that training is one of the most important factors for increasing users’ confidence when using
the device. Nevertheless, the prototype was tested only indoors, and it could not detect ground-level
obstacles. Based on the argument that the human brain is powerful enough to process complex
auditory information, Meijer developed the vOICe system, which uses a single camera as an input
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source (Meijer, 1992). A portable computer transforms visual information into sounds that, then, are
delivered to the VI user via headphones. The vOICe system is currently a mature commercial product
(see: http://www.seeingwithsound.com). Still, it requires extensive training due to the complicated
sound patterns. At the beginning of the 2000 decade, several authors began to include two video
cameras to overcome limitations posed by assistive systems based on monocular cameras (e.g.,
depth information). For instance, the system proposed in (Schwarze et al., 2015) can differentiate
foreground objects from the background by combining visual odometry and a Stochastic Cloning
Kalman filter. More recently, Islam and coworkers developed a spectacle prototype for detecting
obstacles in three different directions (left, front, and right) and path holes (Islam et al., 2020). The
system proved to be more accurate, lightweight, and affordable than similar traveling aids. However,
both approaches fail to determine the category or level of danger associated with each obstacle.

2.2. Vests and belts

Several traveling aids for VI people include processing boards and batteries whose size makes
them unsuitable for wearing on the head. In this sense, vest-like assistive devices could be
a valuable contribution. For instance, a prototype of navigation assistance for visually impaired
(NAVI) people, developed in the University Malaysia Sabah, uses a vest to hold a single-board
processing system and rechargeable batteries (Sainarayanan et al., 2007). The prototype employs
a fuzzy learning vector quantization (LVQ) neural network to classify pixels into either background
or objects. During the testing phase, users could identify stationary and even slow-moving obsta-
cles in real-time, although they did not receive information about the distances of objects. Some
other authors adopt a vest-like design to attach various vibration actuators providing haptic
feedback to the VI user (Jones et al., 2006; Van Veen & Van Erp, 2003). On the one hand, only
the user receives the information (i.e., discretion is a valuable asset). On the other hand, tactile
vest displays usually require physical contact, so the user may consider them invasive.

One of the first belt-like assistive devices for VI people is the NavBelt (Shoval et al., 1998). This
electronic travel aid provides the VI user with acoustical feedback from an array of ultrasonic sensors
attached to a belt but without including a mounted-head sensing module, as done in (Bhatlawande
et al,, 2012). Years later, Tsukada and Yasumura proposed the ActiveBelt (Tsukada & Yasumura,
2004), which consists of a GPS module, a geomagnetic sensor, and eight vibrators equally distributed
around the torso. This system provides the user with GPS-mapped directional information by increas-
ing or decreasing the actuators’ vibration frequency, which ranges from 33 to 77 Hz. In a more recent
study, Katzschmann and colleagues introduced ALVU (Array of Lidars and Vibrotactile Units), which
allows VI users to detect low-height and high-hanging obstacles, as well as ascending and descend-
ing upstairs (Katzschmann et al., 2018). Still, the experiments did not account for moving objects, and
they only covered a limited range of shapes of objects and boundaries.

2.3. Gloves and shoes

Various visual assistive devices that exploit touch as the substitution sense include vibrotactile
arrays for the palm and fingertips. The stereo camera-based system developed by researchers
from the University of Guelph in Canada includes a tactile unit consisting of a glove with five
piezoelectric buzzers on each fingertip (Audette et al., 2000). The authors use a standard stereo-
vision algorithm to create a depth map which, in turn, is divided into five directions. Each direction
corresponds to a piezoelectric element, so if a pixel in an area exceeds the threshold distance, then
the corresponding vibration element is activated to warn the VI user about an obstacle in that
direction. Another example of the adoption of vibrotactile gloves for developing visual assistive
devices is the navigational assistant proposed in (Mancini et al,, 2018). This system aimed to
facilitate jogging or running activities by detecting lines or lanes on the runway. But as occurs with
tactile vest displays, this and similar approaches are considered invasive by the users. Moreover,
some authors suggest that visual assistive devices should be hands-free to allow VI people to use
primary traveling aids, such as the white cane. In an attempt to fulfil this requirement, various
researchers who included haptic feedback in their designs started considering other body parts.
A research group from Universidad Panamericana in Mexico developed a shoe-integrated
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Figure 1. Flowchart of the
development process.

vibrotactile display with a two-fold purpose: i) to study how people acquire directional information
through their feet, and ii) to assess whether, or not, this process is reliable enough to be exploited
for traveling assistance of VI people (Veldzquez et al, 2009). Results suggest that vibrating
information on the foot is appropriate for directional navigation but not for precise recognition
of a shape. Another shoe-like prototype for visual assistive guidance is presented in (Rahman et al,,
2019). This system, known as BlindShoe, can detect obstacles in front and back of the user, as well
as the presence of water on the ground surface. However, the prototype cannot provide informa-
tion related to the obstacle’s height and, given that the water sensor needs to be in contact with
the liquid to send a signal, it does not prevent VI users from walking on a wet surface.

3. Methods
Figure 1 outlines the design and development process of the proposed system. The subsections
below provide details of each stage.

3.1. Design requirements for the proposed system

The system proposed in this study should be able to detect any obstacle in front of the user as well
as potentially dangerous drop-offs (e.g., descending stairs). Whenever an obstacle is detected,
information related to its proximity and height is delivered to the user via audio messages and
vibrating alerts. Regarding the obstacle height, three vertical levels were considered: foot level,
trunk level, and head level. Furthermore, the system should also include the following features:

 Real-time operation
+ Hands-free
« Rechargeable battery operation

« Lightweight and inexpensive

To achieve more active participation of end-users in the development process, a 3-item survey
was used to collect their opinions (see, Table 1). Fifteen VI subjects with ages ranging from 20 to
60 years participated in the survey. Answers were collected via phone call to minimize risks
associated with the COVID-19 pandemic spreading.

3.2. Sensor and actuator selection

Obstacle detection is achieved by three sensors: two HC-SRO4 ultrasonic sensors (Multicomp, USA)
and one GP2YOAO2YKOF infrared sensor (Sharp, Japan). Ultrasonic sensors are frequently used
because of their high precision within short distances and their robustness to electromagnetic
interference. Specifically, the HC-SR04 consists of a transmitter and a receiver of high-frequency
ultrasonic pulses which are constantly propagating through the air when the sensor is active. The
distance between the sensor and the obstacle can be estimated by measuring the time taken by

assessment
* Developers’ e System ¢ Indoors
views operation and testing
e \/l users’ views programming e Qutdoors
e Sensor and e Circuit testing
actuator construction e \/l users’
selection ¢ System case feedback
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Figure 2. Arrangement of the
sensors used for the proposed
system. Gray-shaded areas
represent the sensors’ sensing
fields.

Table 1. Survey 1—Needs assessment

Item Question

#1 Do you know any electronic assistance device for VI
people? Please name it/them

#2 Which features do you consider that an electronic
assistance device should include?

#3 If the system was wearable, how would you like to use
it?

the ultrasonic pulses to return to the sensor and multiplying it by the sound velocity in the air. This
sensor provides an accuracy of 3 mm and its cost is relatively low. Due to its detection range and
viewing angle (2-400 cm and 15°, respectively), it is possible to combine two sensors to detect
obstacles within 4 meters in front of the user, either at the head or the trunk level. The infrared
sensor is used to detect obstacles at the foot level and drop-offs. Like their ultrasonic counterparts,
infrared sensors are also robust to electromagnetic interference. However, their performance
might be affected by environmental light conditions and reflective surfaces. Still, these sensors
are also frequently used for developing electronic aid systems for VI people because of their high
directional sensitivity and low cost. The arrangement of the two ultrasonic sensors and the infrared
sensor used for this study is shown in Figure 2.

An ATmega328 microcontroller (Microchip Technology Inc., USA), which is embedded in an
Arduino Nano board (Arduino LLC, USA), processes the signals provided by the sensors and controls
the electronics for auditory and vibrotactile alarms. An ISD1760 audio recording/playback module
(Winbond Electronics Corporation, China) is used to deliver voice messages related to the proximity
and dimensions of the obstacle. Vibrating alerts are generated by a 1027 flat vibration motor
(Jinlong Machinery & Electronics Co., Ltd., China), which encodes the distance between the user
and the obstacle through the vibration intensity.

3.3. System operation and programming

Figure 3 shows the operation of the proposed system, which is controlled by a code written in C++
programming language by using the Arduino open-source environment. After parameters initiali-
zation, distance values provided by each sensor are recorded sequentially and continuously. The
HC-SRO4 sensors are triggered with a 100 ms delay among them to avoid any interference
between ultrasonic pulses. While the proximity to the obstacle is estimated by comparing the
recorded distance value against a threshold value, the obstacle height is estimated by the number

Head-level
ultrasonic sensor

"'gso Trunk-level
’ m ultrasonic sensor

Drop-off infrared |
sensor
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Figure 3. Flowchart of the pro- @
posed system operation.

Thresholds for detecting obsta-

cles at the head, trunk and foot Parameters’
level are denoted as “thr_H”, i

“thr_T”, and “thr_F”, respec-
tively. The threshold for drop-
off detection is denoted as
“thr_D".

Activate Timer

Reset Timer lapsed time > 100 ms?
“Head” NO “Trunk’ 1 » i
Head” distance < thr, - & :
@r ON? sensor ON? AND - A“"‘;ate ”veimcal
«Trunk” distance < thr-T e onillset
YES YES
Activate “Trunk
obstacle” alarm [
Deactivate Deactivate
“Head” sensor “Trunk” sensor
“Head” distance < thr_| ead” distance
OR g
“Trunk” distance < thr_T “Trunk” distance?
Activate Activate
Trunk” sensor Head” sensor Activate “Head
obstacle” alarm
Head” distance > thr_| . « 5
Read “Trunk” Read “Head” AND B i
distance distance <Trunk” distance > thr_T2
i 4 - NO YES i & =
e Bropofr st =
thr_D?
“Drop-off” distance < YES Actlvate" et
obstacle” alarm
Deactivate “Foot
obstacle” alarm

of sensors reporting a distance value lower than that threshold. As shown in Figure 3, if the
distance value provided by both ultrasonic sensors is lower than the threshold, then a voice
message telling the user about a “vertical obstacle ahead” (e.g., a wall or door) will be delivered
to the user. Conversely, if the distance value provided by only one ultrasonic sensor is lower than
the threshold, the voice message delivered to the user will depend on which sensor reported the
lower distance. For instance, if the lower distance is reported by the ultrasonic sensor placed at the
top (see, Figure 2), a voice message telling the user about an "obstacle at the head level” will be
delivered. The shorter the distance value, the higher the vibration intensity of the flat motor.

Regarding drop-offs, both a high-intensity vibrating alert and a voice message are generated if
the distance value provided by the infrared sensor is greater than the drop-off threshold. This
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Figure 4. Electric diagram of
the circuit for the proposed
system.

Table 2. Threshold values for obstacle detection and identification

Obstacle location Threshold (cm)
Head-level obstacle 267.3
Trunk-level obstacle 242.3
Foot-level obstacle 255.4
Drop-off 110.0
+5V
GP2Y0AO02YKOF
’ SCLK
vee VSO 1SD1760 EARPHONES
GROUND MOSI module SP+
YOUT | Ss | SP— |
= |p13 \ 7/ D12
D11 +5V +5V
+5V A0 D10 A A
D9
b8 HC-SR04 HC-SR04
D7
5V
| D5

G
ARDUINO
Nano board

VIN
LM2596

+5V

O
0

2N3904

threshold was set after measuring the change of distance reported by the infrared sensor while
walking on the ground toward descending stairs. The distance reported by the sensor was around
110 cm on flat surfaces, but it increased dramatically (more than 450 cm) when the distance
between the sensor and descending stairs was lesser than 2 m. Conversely, the distance reported
by the infrared sensor diminished when an obstacle at the foot level was found, so a corresponding
alarm was also included in the system. Table 2 shows the thresholds used in this study, not only to
detect an obstacle but also to estimate its height.

3.4. System circuit and case

Details about the connection between the electronic components of the system are shown in
Figure 4. The voltage provided by a 9 VDC NiMH rechargeable battery is converted to 5 VDC by an
LM2596 step-down switching regulator (Texas Instruments, USA). Thus, the proposed system is
powered by 5 VDC. An on/off switch is integrated into the system to preserve the battery life, and
the whole circuit was embedded into a single printed circuit board (PCB).
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The system case was designed in SolidWorks 2020 software with ergonomic considerations (see,
Figure 5) and then 3D printed using a polylactic acid (PLA) filament with a precision of 1.75 mm.
According to the results provided by the first survey (see, Table 1), the device was adapted to a belt
for wearing it on the hip.

3.5. Performance assessment

We conducted a series of tests to analyze the performance of the proposed system. Written consent
was obtained before involvement in the study, and all the experiments were supervised by the trained
staff of the Institute for Blind and Deaf Children in Santiago de Cali, Colombia. Twelve VI users
volunteered to participate in the tests, and two different navigation scenarios were chosen to
simulate several real-world conditions. For the first test, which was conducted indoors, VI users
were asked to walk in a straight line until reaching a wall. Three obstacles, one at the head level,
one at the trunk level, and one at the foot level, were placed alternatively between starting and
ending points (see, Figure 6a). Once the obstacle was detected, the participant had to report its height
based on the voice message delivered by the system. A trained staff member provided the VI user
with assistance on where to turn when an obstacle was detected. The second test was similar to the
previous one, with the difference that this test was conducted outdoors and subjects had to avoid
a drop-off before reaching the ending point (see, Figure 6b). We allowed the VI volunteers to use the
white cane during the performance assessment stage. In addition, a YouTube channel was created by
the authors to provide visual evidence of the experiments conducted in this study (link: https://www.
youtube.com/channel/UC7iNtgZstFS2GcK10h8wGXg)

After completing both tests, participants were asked to complete a second survey and provide
suggestions for improvement. This survey (see, Table 3) contained three questions to be responded
on a 5-point Likert-type scale (totally agree, partially agree, indifferent, partially disagree, and
totally disagree). Questions were chosen based on the responses provided by the participants
during the first survey.

4. Results

The final appearance of the proposed system (16.5 X 14.5 X 6 cm) is illustrated in Figure 7, and
Table 4 summarizes the distribution of answers for the first survey (see, Table 1). Most of the
participants (73%) responded negatively when asked whether they knew any electronic assistance
device for VI people (question 1). For the second question (“Which features do you consider that an
electronic assistance device should include?”), the features considered as most relevant by VI
respondents were comfort, easy-to-use, and obstacle detection alarms. When participants were
asked how they would like to use an electronic assistance device (question 3), the majority
preferred to wear it on the waist, like a belt.

Tables 5 and 6 show the results from tests #1 and #2, respectively. While obstacles at the head,
trunk, and foot level were correctly detected and identified during the first test, the foot-level
obstacle was not detected in four out of twelve trials for the second test. Conversely, the proposed
system was able to detect all drop-offs for this latter scenario. Results from the performance
assessment are provided in Table 7.

Table 3. Survey 2—Performance assessment

Item Statement

#1 The system is comfortable

#2 The system is easy to use

#3 The alarms provided by the system are intelligible and
reliable
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Figure 5. The external appear-
ance of the proposed system.
Values are expressed in
centimeters.

Figure 6. Scenarios for the first
(a) and the second navigation
test (b). The empty and filled
circles denote the starting and
ending points, respectively.
Distances between obstacles
were more than 5 meters.
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Table 4. Results of the first survey: VI users’ opinions (n = 15)

Item Question Total answers
#1 Do you know any Yes 4
electronic assistance No 11
device for VI people?
#2 Which features do you Obstacle detection alarms 7
consider that an
. . Easy to use 7
electronic assistance
device should include? Comfortable 6
Affordable 4
Aesthetically pleasant 2
#3 If the system was Like a hat 1
vyearab[e, hpw would you Like a belt 11
like to use it?
Like a vest 3

Figure 7. Front view (a) and
back view (b) of the proposed
system.

Trun k-’Ie;wei

US sensor |

5. Discussion

One of the novelties of this work is the inclusion of VI persons’ opinions in the very design stage. In
turn, the features identified in this study are in line with those that better represent developers’ and
end users’ views on traveling assistive devices (Dakopoulos & Bourbakis, 2009; Tapu et al., 2020). To
the best of our knowledge, no previous research has reported the use of VI people’s opinions to
develop a belt-like assistive device (see, Table 8). In contrast, the participation of end-users (when
possible) has usually been limited to the performance assessment stage. As highlighted by previous
research (Manduchi & Coughlan, 2012), it is important to involve VI users in the different phases of
assistive device development. This kind of participation may contribute to developing more robust
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Table 7. Results of the second survey: VI users’ opinions (n = 12)

StatementLevel The system is The system is easy to | The alarms provided
ofagreement comfortable use by the system are
intelligible and
reliable

Totally agree 100.0% 83.3% 66.7%
Partially agree 0.0% 16.7% 33.3%
Indifferent 0.0% 0.0% 0.0%
Partially disagree 0.0% 0.0% 0.0%

Totally disagree 0.0% 0.0% 0.0%

Table 8. Our system compared with similar studies (NR: not reported)

Reference Did researchers @ Does the device | Does the device Cost (USD $)
involve users provide users provide users
during the with directional with obstacle
development information? height
process? information?
Shoval et al,, 1998 | No Yes No NR
Tsukada & No Yes No NR
Yasumura, 2004
Bhatlawande et al., | No Yes Yes 280,00
2012
Katzschmann et al.,, | No Yes Yes 1450,00
2018
This study Yes No Yes 250,00

and reliable solutions as the advantages and disadvantages of existing technologies can be identified.
However, a recent survey (Tapu et al,, 2020) has pointed out that only a few assistive systems can
satisfy the main needs of VI people, which in turn may suggest that VI people’s opinions have rarely
been considered in the development process. This systematic exclusion may partially explain why,
despite many years of research and some remarkable efforts, none of the state-of-the-art devices
have been adopted by the VI community so far. Moreover, while the reluctance to novel technologies
may hamper their progress, the lack of awareness of such advances may also limit their adoption,
especially in low-middle income countries (Okonji & Ogwezzy, 2019; Uslan, 1992). As shown in
Table 4, most of the surveyed subjects responded that they did not know any electronic assistance
device for VI people. In this regard, the institutes for blind and VI people should contribute to
communicating the existence and benefits of this kind of technology. Thus, more active participation
of the VI community in the development of assistive systems could be achieved, and, therefore, more
useful solutions might be developed.

The proposed system successfully detected the foot-level obstacle when tests were conducted
indoors (Table 5), but it failed in four out of twelve trials when tests were conducted outdoors
(Table 6). A possible explanation is that the performance of the infrared sensor was affected by
environmental light conditions (e.g., sunlight). Several authors have pointed out that high sensitivity
to environmental light is one major drawback of infrared-based detection systems (Katzschmann
etal, 2018; Pyun et al,, 2013; Wahab et al., 2011). An alternative to address this issue is to replace the
GP2YOAO2YKOF infrared sensor with another one with adjustable sensitivity. Thus, data acquired from
a luminance sensor might be used to make foot-level obstacle detection more reliable. Nevertheless,
it could increase the computational burden, power consumption and economic cost. Another option
is to replace the infrared sensor with another ultrasonic sensor, which could also prevent false drop-
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off detections because of reflective surfaces (Pyun et al,, 2013). However, detection errors might
increase due to the wide sensing field resulting from several front view-aligned ultrasonic sensors.
Conversely, infrared sensors have a narrower sensing range, so they may perform well when their
orientation is carefully chosen (Nada et al., 2015).

From Table 7, it can be seen that, despite the overall positive feedback provided by the VI users,
one-third of the total surveyed population partially agreed on the intelligibility and reliability of the
alarms delivered by the system. When asked for an explanation, VI participants responded that,
while the intensity of vibration was useful to estimate the proximity of the obstacle, audio
messages interfered with their ability to listen to warning sounds from the environment. This is
another major limitation that has also been identified by previous research (Dakopoulos &
Bourbakis, 2009; Tapu et al., 2020). On the other hand, some VI persons who volunteered to
participate in this study also underlined the importance of hearing an audio message with
information about the obstacle height. White cane users cannot detect head-level obstacles, so
various visual assistive devices include multiple sensors to provide the VI user with full coverage in
the vertical plane (Bhatlawande et al., 2012; Katzschmann et al., 2018; Pyun et al., 2013). Previous
studies report that auditory feedback has been extensively used in assistive devices for VI people
when combined with vibration alarms (Khan et al., 2018). Advantages of auditory alarms include
more detailed information of the surroundings and advice on optimal navigation routes
(Kammoun et al., 2012). Still, developers need to be cautious about the quantity and duration of
the pre-recorded messages that assistive devices can deliver, especially if playing messages
interferes with obstacle detection. Speech instructions delivered by our system last from 1.2 to
1.5 seconds. Future work may include combining audio messages with other forms of auditory
feedback, such as beeping sequences (Manduchi, 2012), musical sounds (Balakrishnan et al., 2007),
and binaural acoustic (Schwarze et al.,, 2015). Further training for VI users on how to interpret
these forms of feedback also needs to be provided.

During the performance assessment stage, we allowed the VI volunteers to use the white cane.
Surprisingly, most of the participants did not employ it. When asked for an explanation, VI users
responded that they wanted to be capable of traveling from one place to another while using an
inconspicuous and visually unnoticeable device. Discretion is also a desirable feature for traveling
assistive aids for VI people, so several researchers have taken it into account when implementing
their approaches (Katzschmann et al., 2018; Veldzquez et al., 2009). But unlike some other authors
(Katzschmann et al., 2018), we did not intend to replace the white cane but allowed VI people to make
their own choice. Hence the importance of developing hands-free traveling assistive devices for VI
people.

Compared with similar state-of-the-art assistive systems, the proposed device reflects VI users’
opinions, it is easy to use, and it has a relatively low cost (see, Table 8). In addition, the battery
operation time is about sixteen hours. However, this kind of comparison should be cautiously inter-
preted because traveling assistive devices for VI people are as diverse as the technology behind them
and the functionalities they had (Velazquez, 2010). For instance, some authors (Islam et al., 2020;
Rahman et al., 2020) have compared the accuracy achieved by the system proposed in each with
those reported by other approaches. Nonetheless, those comparisons could be biased and inaccurate
because all those devices were assessed in different scenarios. Thus, we highlight the necessity of
providing researchers with a standardized set of tests and scenarios to compare the performance of
different visual assistive systems. To achieve this goal is necessary to understand that not all
solutions share the same functionalities (Dakopoulos & Bourbakis, 2009; Elmannai & Elleithy, 2017).
Like VI people’s participation during design/development stages, a more standardized way to assess
the performance of novel approaches may contribute to identifying their advantages and disadvan-
tages, which in turn may help researchers to develop more robust and reliable solutions.

A limitation of the proposed system is the inability to provide the VI user with directional informa-
tion. Despite being capable of detecting what is directly in front of the user at three different heights,

Page 14 of 17



Arguello Prada & Santacruz Forero, Cogent Engineering (2022), 9: 2048440
https://doi.org/10.1080/23311916.2022.2048440

<X cogent.-engineering

our prototype does not deliver information regarding the user’s surroundings. The ability to provide
directional and navigational messages is one of the main functionalities that an assistive device
dedicated to VI people should satisfy (Tapu et al., 2020). This kind of information may help the user to
reach a specific destination or to identify the safest route. Nevertheless, VI users usually walk forward,
and they are less interested in lateral obstacles that are further away (Katzschmann et al., 2018). For
a VI user, it is essential to detect what is directly in front of him or her at all heights, especially if the
obstacle can cause a fall or injury (e.g., drop-offs, tree branches). Therefore, we decided to tackle one
problem at a time and focus on developing a prototype able to detect obstacles at three different
heights. Other limitations of this study include the reduced number of scenarios used during the
performance assessment phase. Moreover, the sample size was also too small. Yet, this work could
contribute to encouraging other researchers to include end-users in the development process, even
from the design stage. This, in turn, might contribute to the VI people’s integration into society, which
has been the ultimate goal in this field.

6. Conclusion

In an attempt to reduce the difficulties faced by VI people when moving from one place to
another, a novel electronic assistive system was developed. Based on the experience we gained
through this work, the proximity and height of an obstacle can be estimated by properly combining
ultrasonic and infrared sensors. Moreover, the proposed system achieved overall positive feedback
from a select group of VI users. Future work aims to enhance the prototype with the ability to
provide directional information, possibly by including additional sensors. Ultimately, more colla-
borative participation between end-users, researchers, and institutes for VI people, as well as
a standardized set of tests to compare the performance of different approaches, is needed to
provide more useful and reliable solutions.
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