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Abstract—The use of free software in motion analyses in the
medical and healthcare fields could contribute to the collection
of improved data through rehabilitation and daily health
management. The possibility of gait analyses using moving
images is examined using the free software, MediaPipe. As a
preliminary experiment for applying this software in the
rehabilitation field, we attempt a timed up-and-go test and
obtain detailed ankle trajectories. Additionally, considering the
limitations of the camera installation during measurement, we
examine the differences in the camera position when capturing
the gait characteristics. Consequently, the characteristics
captured were almost similar, although some discrepancies
were observed between the data from the front and oblique
directions. The detection of the ankle angle was possible.
However, a motion analysis using the gait velocity will be
required for the correct placement of objects. We analyzed the
data obtained from the application of the Orthobot, a gait aid
device, for the measurement of gait. The detection of the
differences in gait before and after the application of the
Orthobot would significantly contribute to the gait assessment.
The data were compared with those obtained using ORPHE
ANALYTICS. Because MediaPipe only provides relative
coordinate values for 33 different target body parts, data
interpretation requires correction. However, it proved to be a
tool that provided a lot of information by allowing researchers
to incorporate the necessary formulas.

Keywords-Gait analysis; MediaPipe; detection of ankle
angle; health care; walking aid device.

l. INTRODUCTION

The measurement of the lower limb function is useful in
assisting the prevention of falls. To date, medical and
welfare professionals such as rehabilitation and nursing care
staff have been responsible for providing support to prevent

falls. In recent years, devices for measuring the lower limb
function have become widespread. However, the equipment
used in rehabilitation medicine and sports requires detailed

data and specialized knowledge of the equipment operations.

Decisions related to health conditions in daily life are
difficult to make. Lower limb dysfunction can lead to
serious accidents, such as falls. Stumbling and falling
accidents are common social issues [1]-[8].

Wearable devices are now applied in daily life. They can
collect various information, such as a runner's running route
and speed, as well as their pulse rate. This information can
be used as management records by connecting it to the
Internet. Daily health-related data managed by servers can
be very useful for the elderly. Internet of Things (loT)
devices have been developed for many applications. An loT
device can help prevent falls and stumbling by measuring
the ankle joint data. Previously, we measured the gait of
hemodialysis patients; however, the analysis required

specialized knowledge of machine learning [9]-[12].

MediaPipe is a free software from Google. Numerical
data related to faces can be obtained using this software,
which specializes in facial data and poses corresponding to
the entire body. It is also possible to display three-
dimensional (3D) skeletons from two-dimensional (2D)
detection on a screen. The ability to see images of the
skeleton as it is projected onto the physique can be easily
implemented in rehabilitation facilities [13]-[17].

This software provides 3D coordinates that increase its
effectiveness. Specifically, if the ankle angles can be
obtained from images, it could be a promising alternative
for determining physical condition changes based on the
experience of physical and occupational therapists. Long-
term ankle angle data would also be useful for the early

2023, © Copyright by authors, Published under agreement with IARIA - www.iaria.org

44



detection of physical condition changes due to illness or
other causes.

Image-based video analyses have long been used in
rehabilitation and other medical and healthcare fields, such
as the joint research field. Despite the ongoing research, it is
impossible to state that image analysis is applied in daily
rehabilitation support for patients. The demonstration of the
application of video analysis in rehabilitation at a low cost,
would cause many people to use it [18]-[22].

Therefore, we examined the possibility of gait analysis by
video using MediaPipe. Motion analysis using free software
could lead to the rapid spread of video analysis in the
medical and healthcare fields.

We adopted this software to conduct a basic analysis of
how gait changes using Orthobot®, an assistive device for
walking that was not considered previously, to determine
the extent to which it can be applied in the field of
rehabilitation [23].

If the range of motion of the ankle joint is narrow, even in
the lower limbs, the toes do not rise, making it is easy to
stumble and fall. We inferred that walking involved not only
the lower limb functions but also the entire body.

Considering the gait from an inverted pendulum model,
an initial experiment was conducted to determine how the
effect of wearing the assistive device would manifest and
whether the effect would be sustained by examining the
change in the neck angle from the direction perpendicular to
the center of the body [24][25].

This research was approved by the Ethics Committee of
Teikyo University of Science.

Il.  EXPERIMENTS

The subjects were two men in their 60s and 70s,
respectively. The two gait events differed in terms of the
ankle restrictions. The supporter restricted the ankle joint
motion. For the elderly patient experience set, the subject
wore glasses that did not restrict the ankle joint motion.

The corresponding locations of the 33 landmark data
locations on the body output by MediaPipe are listed in
Table I.

We used arrays with previously reported pressure
sensors to compare the accuracy of the comma-separated
value (CSV) data obtained from MediaPipe skeletal
certification. The resistance of the pressure sensors changed
depending on the pressure, ranging from 100 to 1 MQ. A 1
kQ resistor was connected in series with this sensor, and the
voltage change of the resistor was used as the input signal.
Each sensor measured the voltage at 1 kHz. Eight sensors
were arranged parallel to the travel direction. The pressure
sensor data were transferred to an Arduino Mega 2560 R3
connected to a personal computer. The connection between
the sensors and the Arduino is shown in Figure 1.
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TABLE I. Pose Landmark of MediaPipe.

Pose Landmark

0. nose

1. left_eye_inner 4. right_eye_inner

2. left_eye 5. right_eye

3. left_eye_outer 6. right_eye_outer

7. left_ear 8. right_ear

9. mouth_left 10. mouth_right
11. left_shoulder 12. right_shoulder
13. left_elbow 14. right_elbow
15. left_wrist 16. right_wrist
17. left_pinky 18. right_pinky
19. left_index 20. right_index

21. left_thumb 22. right_thumb

23. left_hip 24._right_hip
25. left_knee 26. right_knee
27. left_ankle 28. right_ankle
29. left_heel 30. right_heel

31. left_foot_index 32. right_foot_index

The output signals of sensor numbers AO-A7 and the
distance between each sensor were used to calculate the
walking speed.

Mega2560

L +5V
r A0

Sensor : PO

1kQ L A7

Figure 1. Connection of sensors and Arduino.

A Accuracy check of CSV data outputed by MediaPipe

We evaluated the possibility of using CSV data output
by MediaPipe to perform gait analysis considering the
elderly patient experience set. This measurement indicates
the accuracy of the quantification of the ankle position.
Because the assessment was performed during gait, we used
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images from the timed up-and-go measurement, which is
used as a basis for the evaluation of falls experienced by the
elderly, to conduct the analysis in MediaPipe.

Figure 2 shows the trajectory of the timed up-and-go
measurements. The trajectory was similar to that of the left
ankle movement, which was assumed from being seated in
the chair to approximately 3 m away and being seated in the
chair again. A detailed ankle trajectory was obtained. The
video analysis of the timed up-and-go test confirmed the
maintenance of the integrity of the specifications [24]-[28].

Z axis

Returning
point

: \// " xaxis

Figure 2. Trajectory of timed up-and-go analyzed by MediaPipe.

B Results from the front angle

Gait videos taken from the front under two different
conditions, without motion restriction and with motion
restricted by a knee supporter, were analyzed using
MediaPipe. Figure 3 shows the skeleton analysis of the
motion without/with restrictions using a video from the
front.

Figure 3. Skeleton analysis of motion (a) without and (b) with restrictions
using video from front.

The values of z in Figure 4, which represent the heights
of the left and right ankle joints, were plotted against the
presence and absence of motion restriction, respectively.
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It can be deduced that the time that the heel is on the

floor is short because the average of the integrated values of
the z values of the foot that applies the restriction is large.
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Figure 4. Values of z that represent the ankle height.

C Results from an oblique upward angle

In this analysis, the image was obtained from an oblique
upward angle to enhance the z-axis length ratio. Peaks
corresponding to the left and right toes were also observed.
Differences owing to the angle of filming were analyzed
from the images obtained from the front and diagonally
above the angles.

Figure 5 shows the image without/with restrictions
using the video from an oblique angle. The sheet on the
floor consisted of the pressure sensors described in Figure 1.

The separately conducted results of the ankle angle
measurements indicate that the subjects’ left and right feet
have different flexibilities. The results are presented in
Table Il. The left ankle joint was more restricted than the
right ankle joint, but there was no significant left-right
difference. Therefore, we considered the ankle-to-knee and
ankle-to-toe lines as vectors and obtained the angle between
them from the inner product. The images were captured in
two different ways while the subjects were walking and then
analyzed.
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Figure 5. Skeleton analysis of motion (a) without and (b) with restrictions
using video from oblique upward angle.
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Figure 6. Results of ankle angle from the front and oblique upward angle

Based on these results, the ankle angles that significantly
affected gait were determined. The results of this analysis
are shown in Figure 6. The changes in the left and right
ankle angles were almost identical with and without motion
restriction. However, in both cases, the change in the right
ankle angle was smaller. It is unclear whether this was a
feature of the subject's gait or a software problem. Further
studies with different subjects are necessary to determine
the cause.

D Gait speed

The gait speed was examined. Because the coordinates
are those of the projection from the camera, correction was
required [31]-[34]. Although it is best to correct the
coordinates from a 3D viewpoint, in this case, the correction
is based on the walking trajectory. Therefore, we compared
the walking speeds based on measurements for which
specific lengths were known.

For the gait speed, we compared the data from the
camera with the data from the pressure sensor and
determined the points that should be analyzed to obtain
accurate results based on the software. We inferred that it
would be difficult to determine the walking speed when
shooting from an oblique direction because the screen was
moved in an oblique direction. However, data could be
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obtained for comparison if the same conditions were used.
The problem with the images captured from the front was
that the size of the subject varied depending on the
measurement data point.

Therefore, we considered the part of the image that
moved as slightly as possible on the screen, which was the
shoulder area, because it was close to the central part.
Figure 7 shows the plot of the right shoulder, which had the
largest slope. The obtained value was approximately 0.17,
and this value was equal to 0.67 km/h.
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Figure 7. Right shoulder position as a function of time.

Figure 8 shows a 3D display of the trajectory of the
right shoulder position. Because the slope of the change in
the right shoulder position is approximately 45° it was
deduced that using the correction value for the direction of
motion on the screen, a walking speed of 1.4 km/h, which is
almost the same as the 1.3 km/h obtained from the mat,
could be obtained.

Figure 8. 3D display of the trajectory of the right shoulder position.
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E Orthobot

The Orthobot employed in this study is a gait-assist
device that supports walking by estimating the gait phase
from the thigh posture and generating torque. The Orthobot
can be attached to a conventional knee-ankle-foot orthosis
to control an individual's knee.
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©
Figure 10. Results of calculated knee angle from MediaPipe.
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It automatically assists in the flexion and extension of the
knee joint at the appropriate time. The motion state of the
leg wearing the aid was measured using drone measurement
technology by considering the wearer's swing phase as a
pendulum. The torque generated was calculated by
estimating the gait phase from the thigh posture to assist
walking. Figure 9 shows a photograph of the attached
Orthobot.

Orthobots can be attached to general walking aids and
are considered highly versatile. The driving device is
located in the knee portion, and signals from a controller
attached to the back portion of the device move the assistive
device, allowing the paralyzed person to experience walking
maotion, thereby restoring the function.

Figures 10(a)-(c) show the changes in the knee joint
during walking before, during, and 5 min after wearing the
Orthobot, respectively. The change in the angle of nearly
100° is due to the change in direction. The view of the knee
joint angle is not significant during walking, and the
machine assists with the swing of the knee. Five minutes
after use, the change in the knee joint decreases.

F  Neck tilt angle for the subject wearing the walking
assist device

Walking affects the entire body and not just the lower
extremities. In this section, we focus on the head and neck
parts of the body. We used an inverted pendulum model for
walking. We calculated how much the neck part was tilted
from the axis of the center of the torso during walking,
based on the coordinate information obtained from
MediaPipe. As shown in Figure 11, the angle of the neck
was defined as the angle between the line connecting the
coordinates of the midpoints of the left and right shoulders
and the coordinates of the midpoints of the left and right
hips, and the line connecting the coordinates of the
midpoints of the left and right shoulders and the tip of the
nose, calculated using the formula for the interior angle of a
vector.

The analysis software ORPHE ANALYTICS®
manufactured by ORPHE was also used to obtain the neck
tilt angle, which was used for confirmation. The neck angle
obtained from this software depends on the direction of gait;
therefore, absolute values are used because they are positive
or negative depending on the gait.
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Figure 11. Neck angle definition.

Figure 12 shows the results of the analysis when walking
without an aid. It also shows changes in the left and right
ankles. The angle of the neck corresponds to the left-side
axis, whereas the angles of the left and right heels
correspond to the right axis. The measurement started before
the movement from the starting point; hence, the walk
began facing left approximately 2 s later. At approximately
10 s, the direction changed 180° to a rightward walk. The
data started with a leftward walk. At approximately 10 s, the
data shows a 180-degree turn around and a rightward walk.
Neck movement during walking is in the form of a slowly
changing wave with a higher-frequency component. The
orange line in the figure shows the left heel change, whereas
the gray line shows the right heel. The values are larger at
farther distances from the camera. The vertical movement of
the heel changed in response to the neck tilt angle signal.

NeckExt [deg]
P

Heel Height [arb. Unit]

Time [s]

Figure 12. Results of the analysis when walking without aid.
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Figure 13. Results obtained when a walking aid was used.
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Figure 14. Results obtained approximately 5 min after using aid.

Figure 13 shows the results obtained when a walking aid
was used. The tilt angle of the neck is also indicated by the
blue line.

Figure 14 shows the measurement taken approximately
5 min after the aids were removed. This is a short time
measurement because MediaPipe could not continuously
capture the arm movements during this measurement, and
the data stopped at 20 s.

edge_video
NeckExt/FlexAngle[deg]
58.8
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Figure 15. Change in neck tilt obtained using ORPHE ANALYTICS.
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Figure 16. Absolute values of neck tilt before Orthobot use.
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Figure 17. Absolute values of neck tilt during Orthobot use.
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Figure 18. Absolute values of neck tilt 5 min after Orthobot use.

Figure 15 shows the change in the neck tilt obtained
using the ORPHE ANALYTICS. This measurement was
performed before the use of the Orthobot.

Figure 16 plots the absolute values for comparison with
MediaPipe. This measurement was also conducted before
the use of the Orthobot. Figure 17 shows the tilt of the neck
while using the Orthobot. Figure 18 shows the measured
neck tilt approximately 5 min after using the Orthobot. In
Figure 16, the high-frequency signal with a relatively small
amplitude is superimposed on the low-frequency signal as in
the calculation with MediaPipe. For assisted aids, the high
frequencies with large amplitudes have a noticeable number
component. This trend is also observed in Figure 18, which
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shows results of approximately 5 min after the
supplementation with the Orthobot, with large amplitude
high-frequency components.

G Discrete Fourier-transformation analysis for stride

variability

The risk of falling is closely related to stride variability.
Therefore, we focused on the variability and examined the
frequency intensity using discrete Fourier-transformation
(DFT) analysis. Figures 19-22 show the analysis results
from the MediaPipe software, and Figures 23-25 show those
from the ORPHE ANALYTICS. The DFT spectra were
measured before, during, and 5 min after wearing the
Orthobot walking assist device. Only 22 s of signal were
used for the DFT evaluation, until the MediaPipe lost sight
of a landmark point and stopped working properly when
measured 5 min after removing the Orthobot.

The spectra of the neck angle changes before, during,
and after using the assistive device obtained from ORPHE
ANALYTICS are shown in Figures 23-25, with large peaks
obtained in the low-frequency region below 0.5 Hz. The
low-frequency peaks were particularly strong in the case of
Figure 23 without the assistive device. The peak at
approximately 1.6
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Figure 19. Spectrum before using Orthobot.
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Figure 20. Spectrum when using Orthobot.
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Figure 23. Spectrum before using Orthobot analyzed data obtained by
ORPHE ANALYTICS.
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Figure 24. Spectrum when using Orthobot analyzed data obtained by
ORPHE ANALYTICS.
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Figure 25. Spectrum of heel using the Orthobot analyzed data obtained by
ORPHE ANALYTICS.

Hz decreased after the use of the assistive device, which
may be due to the characteristics of the subject's gait.

I1l.  DiscussION

A Accuracy check of CSV data outputed by MediaPipe

The analysis using MediaPipe reproduced the left ankle
trajectory in the timed up-and-go measurements, as shown
in Figure 2. The z-axis values corresponding to the vertical
motion are small owing to the screen settings; therefore, the
z-axis values are emphasized. Consequently, it is necessary
to make a prior reference measurement and correction for an
accurate evaluation. Detailed ankle trajectories were
obtained. Video analysis of the timed up-and-go test
confirmed that the specifications remained consistent.

B Skeleton analysis of without/with restrictions using
video from front and oblique upward angle

As shown in Figures 4 and 6, it was possible to
determine the ankle angle as gait condition data, although
we did not calculate this timed up-and-go measurement.
Comparing the independently measured range-of-motion
angle data of the ankle joint and comparative ankle joint
range-of-motion angles obtained from the video, slight
differences were observed owing to the camera angles. The
angular change in the right foot was almost the same,
regardless of the camera angle. In contrast, the angular
change in the left leg tended to be smaller. For the subject’s
gait, another measurement showed that the joint change in
the left foot was smaller than that in the right foot. Further
investigation is required in another experiment with a
different subject.

C Gait speed

We considered the parts of the image that were
considered to move as slightly as possible on the screen. In
this image, the shoulders were close to the center of the
image, so this was considered. In the walking speeds
obtained by walking on the mat, differences of
approximately 2.1 km/h and 1.3 km/h were obtained with
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and without the motion restriction, respectively. The values
obtained from MediaPipe, however, were approximately an
order of magnitude lower.

Although it is desirable to correct the coordinates from
a three-dimensional perspective, in this case, the correction
was based on the gait trajectory. Therefore, we compared
the walking speeds based on measurements with known
specific lengths. We examined the points that could be
analyzed to obtain accurate results based on software
principles. We inferred that it would be difficult to
determine the gait speed when shooting from an oblique
direction because the screen is moved in an oblique
direction. However, we believe that, under the same
conditions, we could obtain data for comparison. Obviously,
the images taken from the front had a problem in that the
size of the subject differed from one measurement data point
to another.

Figure 8 shows a three-dimensional display of the
trajectory of the right shoulder position. Because the slope
of the change in the right shoulder position is approximately
45°, it was found that using the correction value for the
direction of motion on the screen, a walking speed of 1.4
km/h was obtained, which was almost the same as the 1.3
km/h obtained from the mat.

Because the walking speed can be corrected by the
choice of the detection point, it is necessary to be creative
when capturing videos, for example, by shooting parallel to
the direction of motion.

D Tiltangle of neck calculated by Mediapipe and
ORPHE ANALYTICS

As shown in Figure 12, the tilt angle of the neck,
indicated by the blue line, does not show a gradual change
compared to the case without the aid, and a higher-
frequency component can be observed. The change in the
heel shape corresponded to the change in the vertical
movement of the heel.

As shown in Figure 13, the tilt angle of the neck does
not exhibit a gradual change compared with the case without
the aid. A higher-frequency component can be observed in
the change in the shape of the heel corresponding to the
vertical movement of the heel.

Figure 14 shows a measurement taken approximately 5
min after the aids were removed. Although long-period
waves were observed, high-frequency waves corresponding
to the same up-and-down heel movements as when the
assistive device was used were also observed, suggesting
that the effect of the assistive device was still present.

In Figure 16, a high-frequency signal of a relatively
small amplitude is superimposed on a low-frequency signal,
as in the calculations with MediaPipe. In the assisted case,
high species with large amplitudes have a noticeable
number of components. This trend is also observed in
Figure 19, which shows approximately 5 min after Orthobot
replenishment and includes a high-frequency component of
a large amplitude.

2023, © Copyright by authors, Published under agreement with IARIA - www.iaria.org

52



E  DFT analysis for stride variability

In the spectrum before mounting shown in Figure 19,
the peak change was gradual, as observed in the waveform,
and the peak spectra were observed at 0.3, 0.6, and
approximately 1 Hz. A small peak was also observed at
approximately 1.7 Hz. Many fine peaks were observed in
the knee joint flexion and extension movements when the
subject wore the walking assist device because of the
assisted movement. A peak at approximately 0.8 Hz was
observed, although it was not a clear peak compared to the
peak before the assist device was attached. A peak at
approximately 1.6 Hz was also observed. Five minutes after
the assist device was removed, not only a peak at
approximately 0.8 Hz but also 0.9 Hz was observed,
whereas a peak at approximately 1.6 Hz was observed,;
however, its amplitude was smaller. Figure 22 shows the
results of the spectral analysis of the right heel of the right
foot while wearing the assistive device, with peaks at
approximately 0.4 Hz and 0.8 Hz. This suggests that these
two peaks were caused by leg motion.

F  Advantages and disadvantages of software
implementation

Because this software can be installed on tablets and
smartphones, we believe that the skeleton analysis screen
can be effective as a simple check tool at rehabilitation sites.
In the case of a detailed numerical analysis, there are
differences in the numerical values obtained owing to
differences in the camera angles, necessitating the use of a
camera with a sufficiently wide angle at the time of
measurement or having the camera fixed to eliminate
shaking of the camera during movement. The current
experiment only shows the results of the analysis of one
subject with and without pseudo limitations of movement.
Data from two subjects of different ages and genders
measured simultaneously are currently being analyzed.
Based on the above, we believe that the conditions
necessary for using this software in the field can be
determined by accumulating more data and adapting it to
subjects with gait disorders.

IV. CONCLUSION AND FUTURE WORK

With the widespread use of smartphones, it is very easy
to record videos of a person’s walking condition and to ask
for a diagnosis from a medical professional. The ability to
obtain skeletal displays and numerical data, similar to this
software, is expected to rapidly improve the potential of
video analysis in the medical insurance field.

However, the limitations of shooting conditions when
introducing this software should be considered. For example,
the shooting angle and location on which the analysis
should be focused are important. In the future, we will
improve the optimization of the video shooting conditions
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and correction methods for all shooting angles. In addition,
these corrections will be made and adapted for each subject.

We compared the foot movements of the Orthobot, an
assistive device, before, during, and after 5 min of using
MediaPipe and ORPHE ANYTICS. It was deduced that
MediaPipe could obtain data over a considerable area.
However, there are many areas where it is difficult to obtain
the desired data through programming and to interpret the
data; therefore, it is necessary to clarify the purpose of data
collection for use in the field.
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