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SUMMARY Visually impaired people are typically at a high risk of
accidents such as collisions while walking. To reduce these risks, smart
canes that use sensors to detect obstacles have been developed. However,
redundant notifications may interfere with their walking even if the notifi-
cations include valuable information. Generally, visually impaired people
feel psychological stress when they fail to understand their physical sur-
roundings. This stress is manifested through various biological changes in
the body, such as increased heart rate. In this study, we estimated the stress
experienced by visually impaired individuals by measuring their biometric
information using multiple smart wearable devices. We also evaluated the
effectiveness of estimating stress using various vital biological changes in
the body under different situations.
key words: Wearable device, biological information, psychological factor,
stress estimation, visually impaired people

1. Introduction

Visually impaired people are exposed to various accident
risks during walking, such as collisions with obstacles and
people [1]. Smart canes have been developed to reduce such
risks [2]–[5], which use sensors to detect obstacles such as
stairs and send a range of notifications to the user. Con-
ventionally, visually impaired people would typically avoid
obstacles independently using a standard white cane. We
consider that a user with a smart cane device that provided
redundant or complex notifications might tend to ignore the
feedback even if the notification included some useful infor-
mation. As a result, it might confuse cane users by interfering
with their independent walking. Hence, sufficient essential
notifications are required for actual risky situations.

To identify the risks in the daily lives of visually im-
paired people, the psychological stress caused by anxiety
about their surroundings needs to be considered [6]. Gen-
erally, visually impaired individuals feel stressed when they
cannot understand their physical surroundings. In general,
stress responses are linked to vital reactions such as accel-
erating heart rate [7]–[9], increased blood pressure [10],
and sweating [11]. Recently, various easy wearable de-
vices that can record these biological changes, such as smart
wristbands [12], [13], smart headbands [14], [15], and smart
clothing [16], have been developed. Hence, the stress expe-
rienced by a visually impaired individual due to uncertainty
about the surroundings can be estimated with such devices.
Additionally, the accuracy of stress estimation can be im-
proved by using several such devices simultaneously.
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This study estimates the stress experienced by visually
impaired individuals by measuring their biometric changes
using multiple wearable smart devices. Furthermore, this
study analyzes the effectiveness of stress estimation using
vital biological changes depending on situations towards the
walking support of visually impaired people respects their
independence.

2. Related Work

A previous method [9] realized stress estimation with high
accuracy based on heart rate variability (HRV) from an elec-
trocardiogram (ECG). However, subjects were not evalu-
ated while they were walking or moving; rather, the authors
only evaluated subjects in the resting state. A brain stress
observation system [10] was developed to estimate mental
stress by analyzing changes in the total hemoglobin concen-
tration (HbT) in the brain using near-infrared spectroscopy
(NIRS). This study indicated the HbT changes in the right
side of the brain changes depending on the stress level. How-
ever, as the NIRS sensor cannot measure deep brain activity,
it might be difficult to detect minute stress using only the
NIRS sensor.

3. Stress Estimation by Wearable Devices

3.1 Wearable devices and stress estimation

Wearable devices can easily measure the body’s biometric
information in real time without interfering with a user’s
daily activities. This real-time biometric information can
then be used to estimate a user’s level of stress. Herein,
we focused on three types of biometric information: HRV
obtained using an ECG sensor, HbT in user’s brain obtained
using an NIRS sensor, and galvanic skin response (GSR) of
the user’s hand using a GSR sensor. All of these wearable
devices were connected to a smartphone via Bluetooth.

3.2 Estimation methods using wearable devices

This section describes the stress estimation methods using
wearable devices. Many previous studies estimated stress
by acquiring a single type of biometric information using
medical instruments. Recently, it has become possible to
acquire information related to biological changes by making
the person wear multiple wearable devices simultaneously.
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Therefore, we focus on the simultaneous use of multiple
wearable devices to acquire multiple types of biometric in-
formation for estimating the various stress depending on
situations. The estimation methods and wearable devices
are described as follows and in Fig. 1, respectively.
Stress estimation based on HRV. HRV is calculated from
ECG measured using the hitoe wear [16]. This is a clothing-
type wearable device that can measure the ECG reading by
simply wearing it as different from existing medical instru-
ments. In addition, the hitoe wear can be used while exer-
cising because it is moisture resistant. This clothing wear
measures ECG at 5 ms intervals, and then extracts the peaks
of ECG implying the heartbeat called R waves. Next, the
changes of the R-R interval (RRI) are calculated using the
time differences of R waves. RRI varies depending on the
various conditions of the user. Especially, the low-frequency
(LF) component is mainly affected from the respiration and
the high-frequency (HF) component is mainly affected from
the blood pressure changes, respectively. This analysis per-
forms time-frequency analysis using the wavelet transform to
extract the LF (0.05–0.15 Hz) and HF (0.15 –0.40 Hz) com-
ponents. The wavelet transform is applied to the RRI for
the previous 180 s at every 20 s interval. In general, the
HF component represents the activation of the parasympa-
thetic nervous system, and the LF component represents the
activation of the sympathetic and parasympathetic nervous
systems. The sympathetic nerves are activated during stress
and the parasympathetic nerves during relaxation, and hence
the stress can be estimated from LF/HF.
Estimation based on HbT change. Changes in HbT were
obtained from an NIRS sensor called a HOT-1000 [15]. This
is a headband-type wearable device that can measure changes
in blood flow related to brain activity using an NIR light.
The HOT-1000 can measure brain activity while worn on
the head and does not interfere with the wearer’s activities.
In the NIRS system, the NIR light is irradiated on to the
measurement site, and the reflected light is measured. The
NIR light that passes through the brain is partially absorbed
by hemoglobin in the blood, after which the hemoglobin
concentration is determined using the NIRS based on the
NIR light reflected after absorption in the blood. The HbT
data obtained from the HOT-1000 at 100 ms intervals were
used for the estimation. In general, stress increases HbT as
the metabolism in the brain is activated and the blood supply
to the brain is increased. Thus, stress can be estimated based
on changes in HbT. Similarly, we estimated stress from the
average value of the measured data every 20 s.
Estimation based on GSR change. GSR change was ob-

hitoe wear HOT-1000 Shimmer3 GSR+
Fig. 1 Wearable devices used in our experiments.

tained from a GSR sensor called a Shimmer3 GSR+ [13].
This is a wristband-type wearable device used to measure
skin resistance. It can measure the conductivity of the skin
via electrodes attached to the index and middle fingers of one
hand. The GSRs obtained from the device at 20 ms intervals
were used for the estimation. Under the influence of stress,
the sympathetic nervous system is activated and the muscles
tense, which causes the limbs to sweat. Since sweating de-
creases the electrical resistance on the skin, the stress can
be estimated based on these changes. As in the above two
cases, stress was estimated using the average value of the
data measured every 20 s.

4. Experiment on Stress Estimation

We conducted experiments to estimate various types of stress
using wearable devices in different situations.

To examine stress estimation using these three types
of biometric information, we conducted experiments in four
different situations, including a single applied situation.We
considered the following stimuli: (1) construction noise as
an external environmental factor, (2) the Uchida-Kraepelin
performance test as an internal psychological factor, and (3)
gripping ice as a physical stimulus. The Uchida-Kraepelin
test can evaluate personality and occupational aptitude based
on the number of calculations performed and the percentage
of correct answers provided per minute in one-digit addition
after 15 min. To measure the subject’s biometric informa-
tion, the subjects were asked to wear the Hitoe wear, HOT-
1000, and Shimmer3 GSR+ devices. In this experiment, we
continuously measured biometric information in a sequence
including periods of 10 min of rest, 10 min of work, and
10 min of rest. Additionally, for the applied situation, we
conducted an experiment in which participants simulated a
visual impairment while walking with a conventional cane
in a corridor of a building on our campus. Sighted partici-
pants wore a blindfold to simulate a visual impairment while
walking in unfamiliar surroundings. We experimented an
empty corridor for safety purposes. In this experiment, we
continuously measured biological information in a sequence
of 5 min of rest, 5 min of walking, and 5 min of rest.

4.1 Discussion of stress caused by noise

Fig. 2 shows the results of stress response to noise. Fig. 2(a)
indicates that there were no changes in the LF/HF of all
subjects. Additionally, the ranges in which their vital signs
fluctuated were smaller than those of the other situations,
as described below. Fig. 2(b) indicates that the HbTs for
A, B, and D did not show significant changes, whereas C’s
HbT continuously decreased. Hence, the stress caused by
noise might not have been estimated adequately based on the
changes in HbT. Fig. 2(c) indicates that all subjects’ GSR
decreased from immediately after the start of the experiment
until the moment they began to hear a noise; however, A, C,
and D’s GSR decreased immediately after hearing the noise.
Hence, the subjects might have experienced some stress due
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Fig. 2 Experiment 1: Experimental results when hearing noise.

Stress RelaxRelax

1.12

1.14

1.16

1.18

1.2

1.22

0 300 600 900 1200 1500 1800

L
F

/H
F

Time (s)

A B C D

(a) LF/HF

Stress RelaxRelax

-3

-2

-1

0

1

2

3

0 300 600 900 1200 1500 1800

H
b
T

 (
m

M
m

m
)

Time (s)

A B C D

(b) HbT

Stress RelaxRelax

0

200

400

600

800

0 300 600 900 1200 1500 1800

G
S

R
 (

k
Ω

)

Time (s)

A B C D

(c) GSR
Fig. 3 Experiment 2: Experimental results when doing repetitive calculation task.

Stress RelaxRelax

1.14

1.18

1.22

1.26

1.3

0 300 600 900 1200 1500 1800

L
F

/H
F

Time (s)

A B C D

(a) LF/HF

Stress RelaxRelax

-4

-2

0

2

4

0 300 600 900 1200 1500 1800

H
b
T

 (
m

M
m

m
)

Time (s)

A B C D

(b) HbT

Stress RelaxRelax

0

200

400

600

800

1000

0 300 600 900 1200 1500 1800

G
S

R
 (

k
Ω

)

Time (s)

A B C D

(c) GSR
Fig. 4 Experiment 3: Experimental results when gripping ice.

to the experiment itself. Therefore, the noise stimuli might
have been insufficient to estimate stress in a noisy situation,
or the participants’ vital reactions were not have been suf-
ficiently large to be measured by the devices. In contrast,
visually impaired people might experience significant stress
from an unexpected noise, as they tend to rely more on their
hearing in realistic situations.

4.2 Discussion of stress caused by calculation

Fig. 3 shows the results of a repetitive calculation task.
Fig. 3(a) indicates that A, B, and D’s LF/HF slightly in-
creased after a certain period from the beginning of the
calculation task. Therefore, the effect of stress in LF/HF
appeared with delays after experiencing the source of stress.
Fig. 3(b) indicates that A and D’s HbT increased imme-
diately after the start of the calculation. Meanwhile, their
HbT decreased during the calculation. We consider that the
subjects’ psychological responses to the repetition of simple
calculation tasks depended on whether they were each ac-
customed to such tasks. Therefore, the relationship between
stress induced by such calculation tasks and more more con-
crete stresses should be examined and defined. Fig. 3(c)
indicates that A and D’s GSR decreased almost simultane-
ously with the start of the calculations. B and C’s GSR re-

peatedly increased and decreased even after the start of task,
which cannot be regarded as a response to stress. There
were few clear vital reactions, which can be attributed to the
fact that the effect of calculation tasks on GSR was small, or
the stress intensity from the repetitive calculation tasks was
insufficient, which is comparable to the experiment with the
noisy situation.

4.3 Discussion of stress caused by physical stimulation

Fig. 4 shows the results of estimating the stress caused by the
physical stimulation of gripping ice. Fig. 4(a) shows that C
and D’s LF/HF increase at the end of the task of gripping ice.
This occurred because the vital reaction was delayed in re-
sponse to the onset of the load. Fig. 4(b) shows that C and D’s
HbT increase immediately after gripping the ice. Therefore,
their reactions rapidly appeared in the presence of physical
stimulation, though there were individual differences in the
the extent of reactivity in terms of changes in HbT. Fig. 4(c)
shows that B and C’s GSR decrease immediately after grip-
ping the ice as a vital reaction to the physical stimulus. A and
B’s GSR significantly decreased with a delay after gripping
the ice. Hence, individual differences in vital reactions were
evident in terms of the the beginning, timing, and delay of
their reactions. In contrast, A and C’s GSR decreased at the
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Fig. 5 Experiment 4: Experimental results when walking while wearing a blindfold.

same time after gripping the ice. Therefore, the end of the
physical stress might be detected in some cases.

4.4 Discussion of stress caused by walking with blindfold

Fig. 5 shows the results of the experiment with walking while
wearing a blindfold. Fig. 5(a) shows that A and D’s LF/HF
increase almost immediately after they start walking, C’s
LF/HF increases after approximately 40 s from the start of
walking, and B’s LF/HF increases after approximately 140 s
from the start of walking. This shows that the vital reaction
were evident in subjects’ ECG readings, although the timing
of the psychological reactions differed among subjects. A
and C’s LF/HF were large, while that of B and D were rel-
atively small. This occurred because A and C felt a strong
sense of stress due to walking in an unfamiliar situation, or
their vital reactions were larger in a term of LF/HF in this
situation. Fig. 5(b) shows that A and B’s HbT increased or
decreased depending on the presence of the stress. In con-
trast, A and C’s HbT temporarily increased after they finished
walking. However, it was difficult to determine whether this
was an effect of stress. D’s HbT irregularly increase and
decrease from the start to the end of the experiment, which
means that determining the effect of stress might be difficult
in D’s case. Fig. 5(c) shows that all subjects’ GSR decrease
almost simultaneously when they begin walking, and there
are no significant changes after they stop walking. However,
based on these results, changes in GSR might be suitable to
detect the start of stress in case of walking in unfamiliar sit-
uations. Furthermore, most subjects might remain stressed
in terms of their LF/HF and GSR even after changing their
status from walking to resting. In contrast, the vital reaction
of A and B in terms of changes in HbT appeared when their
status changed from resting to walking. Thus, The changes
in HbT can be useful to estimate the stress caused by walk-
ing in unfamiliar situations, although individual differences
in HbT changes may be expected.

5. Conclusion

In this study, we analyzed various types of stress based on sit-
uational factors using biological information obtained from
multiple wearable devices to estimate the stress of visually
impaired people in real time. Large-scale experiments in-
volving visually impaired people must be conducted in fu-
ture researach to accurately assess the approach used in the

present work. Additionally, a real-time stress estimation
method based on various biometric data should be devel-
oped.
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