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For visually impaired people, walking is very important in daily life because it provides
independence and mobility. Visually impaired people typically use a white cane to assist them
when walking, but it is difficult to detect low obstacles using a white cane. Therefore, many
walking assistive devices for obstacle detection have been developed for visually impaired
people. However, the gait characteristics of users have not been considered enough. Shoe-
type walking assistive devices have the advantage of detecting low obstacles and providing
gait balance; however, no such devices have been developed yet. In this study, we developed
obstacle detection shoes for visually impaired people, which can detect obstacles based on the
foot angle. These obstacle detection shoes included infrared sensors, six-axis sensors, buzzers,
and battery packs. The infrared sensors and six-axis sensors were attached to the upper part
of the shoes to detect the distance of obstacles and the direction of the shoes. Additionally,
the buzzers were placed on nearby ears to provide an alarm. All subjects were asked to walk
along a corridor under two conditions: walking with a white cane and walking with the obstacle
detection shoes. To evaluate the effectiveness of the developed device, the required time to
pass, number of collisions, plantar pressure distribution, and lower limb muscle activity were
analyzed during walking. We found that the required time to pass increased, while the number
of collisions, peak pressure, and muscle activity decreased significantly when walking with
the obstacle detection shoes. Consequently, we suggest that this device could be helpful in
providing safety and supporting the stable walking of visually impaired people.

1. Introduction
Walking is a basic social activity that can improve physical and psychological health as well

as life satisfaction."? Individuals with visual impairment can only acquire nonvisual spatial
information during walking.®) Accordingly, visually impaired people with limited information
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may have more difficulty walking up and down stairs or negotiating complicated structures
than other people.(4)

Independent ambulation plays a crucial role in the self-determination and gives confidence
for individuals with visual impairment. Walking assistive devices have been used to avoid
collision with unexpected obstacles during walking. The white cane is the most common
assistive device owing to its advantages, such as reliability, simplicity, and low cost.>%
However, the white cane also has several disadvantages including frequent collisions with
physical objects for obstacle detection,™® difficulty in detection of obstacles located at low
positions on the ground, and a lack of fall prevention caused by unnatural hand motion.”) In
particular, visually impaired people tend to lose balance in even relatively small collisions
and need more time to stand after collisions.!%!) Although walking with a guide dog is the
preferred way to solve these problems, there are also some problems related to the high cost of
training guide dogs and their limited use in indoor environments.?

Many walking assistive devices with improved functionality for obstacle detection and the
latest navigation systems have been developed for visually impaired people.!*™1> These devices
can be classified into two different types: electronic canes and wearable walking assistive
devices. Electronic canes, which are similar in usage to the conventional white cane, can
provide a familiar method of use and comfort to blind persons. They can provide information
such as the shape, dimension, and color of obstacles using specific sensors including an infrared
laser and an ultrasonic sensor. Glasses or jackets are representative wearable walking assistive
devices. They can be utilized to alert others to the fall of a user and detect a particular type
of obstacle during walking. These types of devices are more efficient in minimizing dangers
associated with falls than electronic canes. However, despite the advances in the technology of
walking assistive devices providing accurate information, many devices are being developed
without considering the gait pattern of users. To improve the accuracy of data from sensors
attached to walking assistive devices, it is necessary to consider the walking direction of the
user and the detection range of the sensor. Furthermore, the quantitative assessment of changes
in biomechanical features characterizing gait is also essential when manufacturing walking
assistive devices for individuals with visual impairment.

Therefore, the purpose of this study was to develop a new type of walking assistive device
that can deliver accurate information by considering the walking direction and detection range
of the sensor for obstacle detection. In addition, the required time to pass, number of collisions,
plantar pressure distribution, and muscle activity in the lower limbs were compared to evaluate
the effect of the developed device on the gait characteristics of visually impaired people during
walking.

2. Methods
2.1 Device design

As shown in Fig. 1, the proposed walking assistive device, named as obstacle detection
shoes, was composed of shoes, infrared distance sensors, Arduino 101 boards, buzzers, and
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Fig. 1. (Color online) Obstacle detection shoes.

battery packs. The infrared sensors, Arduino 101 boards, and battery packs were all attached
to the upper part of the shoes to detect the distance of obstacles while the buzzers were attached
near the ear of the user to provide an alarm.

An ultrasound sensor, infrared sensor, and camera sensor have been most commonly used
in previous walking assistive devices for visually impaired people to detect obstacles. An
ultrasound sensor is able to minimize collisions by detecting over a wide range, while it is
difficult to accurately determine the direction of obstacles. In contrast, when using an infrared
sensor, it is possible to recognize an obstacle intuitively, while it has a narrow detection range.
The camera sensor needs a high-performance microcontroller unit because of the large amount
of data. In this study, an infrared sensor was utilized to distinguish obstacle locations intuitively
using the foot angle during walking. To adjust the detection range of the sensor according to the
walking direction, Arduino 101 boards, which contain Bluetooth, a six-axis accelerometer, and
a gyrometer, were utilized. The direction of the infrared sensor was controlled with the six-axis
data from the board, which corresponded to the foot angles during walking. The piezoelectric
buzzer, which can make a beeping noise, was used to alert the user to the presence of obstacles
as they walk along a corridor. It was designed to provide a dynamic alert sound to the user
when there are obstacles within 60 cm.

2.2 Subjects

Twelve adult men with visual impairment participated in this study. They were selected
from the Visually Impaired Welfare Center in Jeonju, Republic of Korea. The mean age,
height, and body weight of the subjects were 63.5 + 4.2 years, 164.2 + 3.0 cm, and 63.4 + 4.3 kg,
respectively. Subjects who had visual acuity of less than 0.04 were included in this study.
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Exclusion criteria were a history of injury in the musculoskeletal system, low-back pain, and
gait abnormalities. All participants were given a full explanation of the protocol and provided
written consent prior to their participation. This study was approved by the Institutional
Review Board of Jeonbuk National University.

2.3 Experimental setup

All subjects were asked to walk along a corridor of 8 m length and 1.1 m width. This
corridor was designed to have S-shaped and obstacle sections. All obstacles were made of
plywood. As shown in Fig. 2, in the S-shaped section, obstacles were placed on the floor,
forcing subjects to walk in an S-shaped trajectory. In the obstacle section, 12 obstacles were
randomly placed on the floor. Experiments were divided into two conditions: (1) walking
with a basic white cane with the obstacle detection shoes turned off and (2) walking with the
obstacle detection shoes turned on without a white cane. The experiments were repeated three
times each under the two conditions for each individual. In order to measure the effect of the
walking assistive devices on the walking, the subjects performed each experiment wearing the
same shoes. The required time to pass the obstacles, number of collisions, plantar pressure
distribution, and muscle activity in the lower limbs were measured to determine the effect of the
obstacle detection shoes on gait characteristics.

2.4 Data analysis

The required time to pass and number of collisions were assessed using LabVIEW 2010
software (National Instrument Corp, Texas, USA). A Pedar-X system (Novel GmbH, Munich,
Germany) was used to measure the plantar pressure distribution during walking. Each
insole of this system was composed of 99 capacitive sensors (sample rate 50 Hz) and data
were transmitted to a computer using a Bluetooth connection. All plantar pressure data were
analyzed for peak pressure, which was divided into four regions: whole foot (WF), forefoot (FF),

Fig. 2. (Color online) S-shaped and obstacle sections.
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midfoot (MF), and rearfoot (RF) regions. The surface electromyography (EMG) was recorded
by utilizing a Noraxson Desktop DTS system (Noraxson Inc, Scottsdale, USA). The surface
electrodes were attached to the vastas lateralis (VL), biceps femoris (BF), tibialis anterior
(TA), and lateral gastrocnemius (LG) muscles on both sides. All EMG signals were amplified,
bandpass-filtered (passband 20—450 Hz), and notch-filtered at 60 Hz, with a sampling rate of
1000 Hz. Data were expressed as a percentage relative to the reference voluntary contraction
(RVC).

Statistical analysis was performed using SPSS 12.0 (IBM Corp., Chicago, USA). A
normality Shapiro—Wilk test was conducted to determine the normality of all variables.
Differences in the plantar pressure distribution and muscle activity between the left and right
sides were compared by the Wilcoxon signed-rank test. In addition, the differences in all
variables between walking with the white cane and walking with the obstacle detection shoes
were analyzed through the Mann—Whitney U test. The significance level was set as p < 0.05
and p <0.01.

3. Results
3.1 Required time to pass and number of collisions

Figures 3(a) and 3(b) respectively present the results of the average required time to pass
and number of collisions in the S-shaped and obstacle sections. The required time to pass
increased for both the S-shaped and obstacle sections when walking with the obstacle detection
shoes compared with walking with the white cane. The number of collisions decreased in both
sections when the obstacle detection shoes were used but the differences were not significant.

3.2 Plantar pressure distribution

Figure 4 shows the results of the plantar pressure distribution during walking. In the
S-shaped section, the high peak pressure in all foot regions on both sides decreased significantly
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Fig. 3.  (a) Required time to pass. (b) Number of collisions.
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Fig. 4. Results of the plantar pressure distribution.

when walking with the obstacle detection shoes. On the left side, the peak pressure was reduced
significantly by 11.52% (p = 0.000), 27.99% (p = 0.000), and 16.55% (p = 0.000) in the WF,
FF, and MF, respectively. On the right side, it was reduced significantly by 11.21% (p = 0.000),
31.02% (p = 0.000), and 14.9% (p = 0.000) in the WF, FF, and MF, respectively. Similar to the
results in the S-shaped section, in the obstacle section, the high peak pressure in all foot regions
on both sides also decreased significantly when walking with the obstacle detection shoes. On
the left side, the peak pressure was reduced significantly by 5.85% (p = 0.000), 17.16% (p = 0.003),
11.17% (p = 0.000), and 7.45% (p = 0.007) in the WF, FF, MF, and RF, respectively. On the
right side, it was reduced significantly by 6.8% (p = 0.007), 28.05% (p = 0.000), and 9.35%
(p = 0.003) in the WF, FF, and RF, respectively. However, there were no significant differences
in the peak pressure between the left and right sides under all experimental conditions.

3.3 Muscle activity

The results of the muscle activity are presented in Fig. 5. In the S-shaped section, all muscle
activity was lower when walking with the obstacle detection shoes than when walking with the
white cane. However, there was only a significant decrease in the activity of the TA muscle on
the left side (p = 0.029). In addition, a significant difference in the muscle activity between the
left and right sides was shown in the TA muscle when walking with the white cane (p = 0.032).
In the obstacle section, the activity of all muscles decreased significantly when walking with
the obstacle detection shoes. On the left side, it was reduced significantly by 15.08% (p = 0.005),
13.43% (p = 0.004), and 19.11% (p = 0.000) in the BF, LG, and TA muscles, respectively. On
the right side, it was reduced significantly by 9.92% (p = 0.029), 18.79% (p = 0.001), 15.72%
(p =0.000), and 14.50% (p = 0.001) in the VL, BF, LG, and TA muscles, respectively.

4. Discussion

The walking assistive device proposed in this study was designed to improve detection
accuracy for obstacles located at a low position on the ground by considering the sensing range
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Fig. 5. Results of the muscle activity.

of the sensor and the user’s walking direction. To evaluate the obstacle detection performance
of the developed shoes, the required time to pass and the number of collisions were measured.
In addition, plantar pressure distribution and lower limb muscle activity were measured to
evaluate the effect on gait characteristics. The measured data were compared with those
obtained when using a white cane, which is the most commonly used walking assistive device
for visually impaired people. When comparing the results of all measured variables between
the two experimental conditions, the required time to pass increased, while the number of
collisions, plantar pressure distribution, and muscle activity all decreased when walking with
the obstacle detection shoes.

The white cane is a simple walking assistive device that extends the tactile sensation of the
user. Visually impaired people can acquire information about the location of the obstacle as
well as the obstacle distance by direct contact during walking. In this study, a nondirect contact
method was applied to the obstacle detection shoes to improve detection accuracy for obstacles
located at a low position on the ground. It usually takes time for users to adapt to new types
of walking assistive devices with sensors. Accordingly, the increased required time to pass
when walking with the obstacle detection shoes may be due to the decreased gait speed because
the subjects have not adapted enough to the device in our experiments. In the case of visually
impaired people, the number of collisions may be associated with falls, causing various types
of injury. In particular, decreasing the frequency of collisions is very important for elderly
visually impaired people.!®) Therefore, the result of this study, which shows a decrease in the
number of collisions, is meaningful for developing walking assistive devices to prevent injuries
of visually impaired people.

With respect to the plantar pressure distribution, the high peak pressure in all foot regions,
including the WF, FF, MF, and RF, was reduced when walking with the obstacle detection
shoes. The high peak pressure may be caused by the gait characteristic of visually impaired
people, which has more forward propulsion than normal during walking while detecting
obstacles. Previous research found that the reduction of plantar pressure is a critical component
and key factor in the pathogenesis of plantar wounds in the elderly.!” This means that the
use of the obstacle detection shoes should promote injury prevention by decreasing the peak

pressure of elderly visually impaired people,(18—20)
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There was decreased muscle activity when walking with the obstacle detection shoes. In
particular, the decreased activity of all muscles in the lower limb when walking with the
obstacle detection shoes may be correlated with the decreased gait speed indicated by the
increased required time to pass.(zl) Low muscle activity may be related to the decreased muscle
fatigue and improved walking condition of visually impaired people, which could reduce
postural imbalance as well as prevent falls.??

Several walking assistive devices for visually impaired people were developed by utilizing
useful technologies such as various types of sensors, information fusion, RFID, and AL
However, visually impaired people may not be able to buy devices because of their relatively
low average income and the high price of the devices; the minimum price of walking assistive
devices is currently roughly $500. To solve this problem, our new walking assistive device for
visually impaired people has a simple structure and a light weight, and it should be possible
to manufacture it at a low cost. However, it has some technical limits of accuracy in distance
detection. Therefore, in future research, it is necessary to improve system performance by

combining navigation and RFID technology.(24*26)

5. Conclusions

In this study, we have developed a new type of walking assistive device that can provide
improved obstacle detection accuracy and an efficient walking strategy for visually impaired
people. The developed obstacle detection shoes have the following advantages: (1) decreased
plantar pressure and lower limb muscle activity, reducing user fatigue when walking, (2)
decreased imbalance between left and right in lower limbs when walking (it is considered that
the imbalance of the body will be reduced by the smaller difference between the left and right
during long-time use), and (3) improved low-obstacle detection performance. In the case of
using a white cane, large obstacles such as pillars and walls are easy to detect, but low obstacles
of less than 30 cm height are difficult to detect. However, most blind people are easily knocked
down and injured by these low obstacles; thus, the obstacles used in our experiment were
low obstacles of less than 30 cm height. To simplify the structure and reduce the cost of the
proposed walking assistive device, we used only infrared distance sensors, Arduino 101 boards,
buzzers, and battery packs when manufacturing the device, which achieved higher detection
performance than a white cane in our experiments, enabling safe walking.
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