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Abstract: The number of elderly people with declined physical function has increased, and
supporting independent living for them is important. This study focuses on sit-to-stand motion
since it is an important daily activity. The assistive robot is needed to assist the elderly’s sit-
to-stand motion without interference in the motion. Meanwhile, the physical therapists improve
muscle activity of hemiplegic patient by teaching the patient the timing of motions. Thus, this
study proposes the assistive chair using skills of the physical therapist for the sit-to-stand motion
to support. The seat of the chair rises when the user starts bending forward and stimulates the
hip muscles. The three healthy elderly people were measured with and without the assist by the
chair. Here we show that the assistive chair was able to estimate the timing when the upper body
of subjects started to bend forward. Furthermore, we found that the assistive chair intervention
reduced the amount of forward displacement of the elderly’s center of mass. These results imply
that the assistive chair teaches the timing of switching the center of mass from forward to

upward without pushing too much and improves the sit-to-stand motion of the elderly.
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1. INTRODUCTION

Recently, the aging society has been a big problem around
the world. United Nations (2017) reported that the pro-
portion of the world population aged 60 or over will exceed
20% in 2050. This research focuses on sit-to-stand motion
since it is an important activity in daily life. Gross et al.
(1998) found that elderly people have half the strength of
their lower extremities than younger people. The declined
physical ability makes it more difficult for elderly people
to perform the sit-to-stand motion. Furthermore, that may
cause staying in bed which leads to a further decrease in
muscle strength. Thus it is needed to support the sit-to-
stand motion of elderly people to maintain quality of life.
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Various devices have been developed to support the sit-
to-stand motion of elderly people. Tsukahara et al. (2010)
assisted the sit-to-stand motion using an exoskeleton robot
that compensated the joint torque of the lower limbs.
Shiraishi et al. (2016) and Hiyama et al. (2017) developed
a chair-type support device that assists the motion by
pushing the buttocks on the seat. Furthermore, Chugo
et al. (2006) developed a device composed of a support bar
and bed system that can move up and down to support
the remaining muscles of elderly people. It is important to
understand the mechanism of the sit-to-stand motion to
support the elderly without disturbing their movement.

We investigated the sit-to-stand motion of hemiplegic
stroke patient and the improvement of their motion by
rehabilitation. Kogami et al. (2018) found that a physical
therapist pinched the buttocks and stimulated the gluteus
maximus muscles to promote the extension of the hip
joint at the instant of the seat-off. As a result, the



muscle activity contributing to hip rising ameliorated and
the motor function of the patient improved. Thus, for
those who are not able to properly adjust the timing
of muscle activity despite sufficient muscle strength, a
physical therapist teaches the timing of the movement
corresponding to lift-off from the chair.

The objective of this research is developing an assistive
device for sit-to-stand motion with the skills of the physical
therapist. We aim to design a chair type device in order for
the elderly to use them in daily life. In addition, we discuss
the effect of using the assistive device by conducting the
evaluation experiment with elderly people.

2. DEVELOPMENT OF ASSISTIVE CHAIR
2.1 Function of Assistive Chair

The physical therapist stimulates the muscles in the but-
tocks of the hemiplegic patient when the upper body of the
patient begins to bend forward. Since the physical thera-
pist feels the center of pressure (COP) shifting forward
of the patient by his or her hand, the assistive chair is
designed to detect the user’s upper body tilt. To use the
assistive chair in a daily life, it is desirable not to attach
sensors on the user’s body. Therefore, the pressure sensor
is placed under the seat to estimate the start of the upper
body to tilt. The center of the seat pressure moves forward
when the upper body bends forward. The pressure sensor
under the seat can identify the time when the upper body
of the user starts to bend forward.

The physical therapist taught the timing of leaving the
seat by lifting the patient’s hip. In other words, the timing
to switch the center of mass movement from the forward
direction to upward direction is taught by the physical
therapist. In the assistive chair, the surface that contacts
the hip rises and teaches the timing of leaving the seat.

2.2 Design of assistive chair

We developed an assistive chair as shown in Fig. 1. Six
pressure sensors are located under the surface of the seat.
These sensors detect when the subject’s upper body bends
forward. The surface that contacts the gluteus maximus
muscles is elevated by two gas cylinders up to 160 mm in
2 seconds to push the user’s hips. The support surface is
stabilized when the user is at rest, and it starts moving
upward when users start bending forward.

2.8 Control of rising timing

The pressure sensor estimates the forward movement of
COP of the seat when the user’s upper body starts to
bend forward. The longitudinal of COP, d is calculated by
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where F;(i = 1,...,n) indicates the value of the pressure
sensor S; whose coordinate is x; as shown in Fig. 2.
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Fig. 1. Assistive Chair. support surface lifts user’s but-
tocks.

Back

Pressure Value: F,

Pressure Sensor: S,

Forward

Fig. 2. Definition of the longituidinal of COP. n pressure
sensors are arranged on the chair seat.

To estimate the timing of hip rising, the variance of d of
the user at rest is used. The average value of d at rest is
d, the standard deviation is o, and the threshold value is
d + ao as shown in Fig. 3. Start of sit-to-stand motion is
determined to time ¢ty when d exceeds the threshold. When
the assistive chair detects the timing, it starts pushing
upward.

3. EXPERIMENT FOR EVALUATING ASSISTIVE
CHAIR

3.1 Ewvaluation Indices

This experiment investigated whether the support surface
could start pushing the hip of the user similar to that of
the physical therapist pushing the hips of the hemiplegic
patient. Using the motion capture system (Motion Anal-
ysis. Corp.), this study compared the movements of the
great trochanter of subjects and the support surface in
order to verify if the assistive chair could push the user in
appropriate timing.

Furthermore, this experiment measured the physical move-
ment of subjects and investigated the center of mass
(CoM) and joint angles. The hemiplegic patient tends to
move their CoM more forward than healthy people in the
sit-to-stand motion. However, the patient did not bend the
upper body deeply and the CoM trajectory of the patient
turns upward owing to the intervention by the physical
therapist [Kogami et al. (2018)]. Therefore, this study
investigates how the CoM trajectory of subjects changes
and whether subjects bend the upper body deeply when
they are supported by the assistive chair.

The body movement during the sit-to-stand motion of
subjects was measured by the motion capture system.
Twenty two points were measured at 100 Hz based on
the Hellen-Hayes marker set designed for measurement of
lower extremity movements. The marker data were low
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Fig. 3. Definition of t3. The timing when d exceeds the
threshold is defined as tg.
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Fig. 4. Definition of joint angle. The lumbar, hip, knee and
foot angle are considered.

pass filtered with a cut-off frequency of 6 Hz. Joint angle
data and CoM trajectory were calculated using SIMM
(Musculographics, Inc.). Four degrees of freedom of the
hip joint and the joints on the right side of the hip, knee,
and foot were investigated, and the angle was defined as
shown in Fig. 4.

3.2 Subject and genral setup

Three elderly people (two male and one female, 67.3
+ 1.7 years old) participated in our experiment. The
informed consent was obtained from all the subjects. This
experiment was conducted with approval by the Institute
Review Board of The University of Tokyo.

Subjects were instructed to perform sit-to-stand motion
without using their arms. There were ten trials in which
subjects stood up on their own and ten trials in which
they were assisted by the assistive chair. Some measured
trials were due to signal noises and failure to perform the
sit-to-stand motion. In all the trials, the period between
1.0 s before and 2.0 s after the instant of hip rising was
analyzed.

4. RESULTS AND DISCUSSIONS

The parameter, «, to determine start time of the move-
ment in Eq. (1) was set to be 10 by trial and error. In all
the three users, the threshold of COP displacement from
the rest position to hip rising was about 10 mm.

Figure 5 shows one subject’s average velocity of the
vertical direction of the support surface and the subject’s
great trochanter. The blue dashed line shows the vertical
velocity of the great trochanter when subjects were not
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Fig. 5. Vertical velocity. The support surface followed the
speed of the great trochanter before the hip rising.
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Fig. 6. CoM trajectory. This shows that the CoM trajec-
tory became more upward with the support of the
assistive chair.

supported by the assistive chair and the red solid line
represents the trial when subjects were supported. The
green solid line represents the vertical velocity of the
support surface. It was found that the support surface
followed the speed of the subject’s great trochanter until
the instant of hip rising. However, the speed of the support
surface was slow after that. Furthermore, the maximum
vertical velocity of the great trochanter is smaller with
intervention than without that.

The average trajectory of the one subject’s CoM in the
sagittal plane is shown in Fig. 6. The dashed and solid
lines respectively show the trajectory of the CoM without
and with support by the assistive chair. The zero point
of the CoM was the start position of the subject’s ankle.
The figure shows that the amount of forward displacement
of CoM decreased when subjects were supported by the
assistive chair.

The average joint angles of lumbar, right hip, knee and
ankle from one subject are respectively shown in Fig. 7.
The blue dashed and the red solid line indicates the cases
without and with support by the assistive chair, and the
black dashed line indicates the instant of hip rising. To
investigate changes in the angle of the forward bending,
all the subject’s average value of the minimum angle of
each trial for the hip joint was 86.2 + 4.1 deg without
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Fig. 7. Average joint angle. The intervention of the assis-
tive chair reduced the anteflexion of the upper body
but the extension was prolonged.

the support of the assistive chair and 85.4 + 8.7 deg with
the support. The minimum angle of the hip joint became
smaller in the case with the support than without it, but
there was no significant difference because of a result of
the t-test, ¢(32) = 0.43, p = 2.0 > 0.05. In other words,
it was found that subjects bent their body more forward
when the developed system assisted them. Moreover, the
changes in the all joint angle became slow. This means
that the duration of body extension became longer in the
case with the assist by the chair than without it. This may
cause the subject’s further bending forward.

The assistive chair was able to estimate the timing when
the subject’s upper body bent forward, and the assistive
chair pushed the subject’s buttocks slightly. However,
the support of the assistive chair did not reduce the
subject’s upper body flexion before the instant of hip
rising. Moreover, the time to upstand after the instant of
hip rising was longer with the intervention of the assistive
chair than without that. It is suggested that the rising
speed of the support surface of the assistive chair is slow
as the cause of the time to extend the whole body. The
subject may have adjusted to the speed of his or her hip
rising to one of the support surface of the assistive chair.

As a result, the speed of hip rising may have slowed down
and subjects bent their upper body deep. To confirm this
interpretation, it is necessary to increase the rising speed
of the support surface or change the method to push the
subject’s hip. It is needed to improve the assistive chair to
reproduce the skill of the physical therapist.

To need further improvement of the assistive chair devel-
oped by this research was confirmed by performing the
experiment for the elderly people with declined physical
function compared to the young. The rising speed of the
support surface needs to be adjustable to the individual
person, and it needs to be verified whether the muscle
activity of the user is improved accordingly.

5. CONCLUSION

This study developed the assistive chair to support the
sit-to-stand motion of elderly people. The assistive chair
pushes up the buttocks of users according to their motion
without the sensors attached to the body. We conducted
an experiment to evaluate the effect of the assistive chair.
Here we have shown that the elderly people performed
the sit-to-stand motion with bending forward marginally
deeply owing to the assistive chair and the skills of ther-
apists were not replicated. Future work will be needed
to address the improvement of the rising speed of the
support surface and the evaluation by electromyogram of
the muscles related to the sit-to-stand motion.
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