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Observation and potential exploration for people with severe

disabilities using vision technology

Guang Yang ', Mamoru Iwabuchi', Kenryu Nakamura ",
Syoudai Sano ", Kimihiko Taniguchi'* and Takamitsu Aoki

Abstract - In this study, we explored how the computer vision technology with a consumer depth sensor can assist
the observation and access for the people with severe and multiple disabilities. Specifically, the proposed method
named “Motion History” in this paper could be used for observing the users’ motion pattern and capturing the
subtle movements, in order to discover the users’ potential motor and cognitive capabilities through the visual and
auditory feedbacks. In addition, the methods called “Air Switch” and “Face Switch” could allow the users to
activate the external device more easily in a new way. The use and effectiveness of the proposed method were
discussed through some case studies at a special school and a hospital.

Keywords: Observation and access, severe disabilities, computer vision, depth sensor, potential exploration

1. Introduction

The general characteristics of people with severe and multiple
disabilities include the limited communication ability,
difficulty with basic physical mobility, need for support in
main life activities, etc. Hence, for these disabled people, it is
quite meaningful to extract the conscious local movements
such as finger movement or blink, for operating the home
appliance or learning about the cause and effect relationship
through visual and sound feedback. Specially, for children
with motor and cognitive limitations, a device could be a
means to communicate effectively with others and discover
new ways for affecting the outside world.

However, in some situations, it is difficult for supporters to
locate the conscious subtle local movements of people with
severe and multiple disabilities (especially children) in a short
period. Therefore, in this paper, the method called “Motion
History” and the auto-save function for video clips are put
forward to assist the helpers to discover the potential
capability of the people with severe disabilities, and help the
people with intellectual disabilities to be aware of their own
motions.

In addition, currently, the conventional specialized switches,
such as the single-switch access, are commonly used.
However, the traditional way to activate the switches has some
space and shape limitation, as well as the extensive assistance

requires. In this work, the methods called “Air Switch” and

*1: Research Center for Advanced Science and Technology, the
University of Tokyo

*2: Takamatsu Special Education School

*3: Inariyama Special Education School
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“Face Switch” are exactly based on the consideration to allow
the users to activate the switches for external device more
easily and independently.

Since the proposed methods are realized just by using an
ordinary PC and a Kinect sensor, the cost is much lower than
the conventional special equipment in the field of assistive
technology. In the following, the proposed various methods

and examples are described in details.

2. Methodologies and Methods

The Kinect sensor introduced by Microsoft is used to obtain
the color information as well as the depth information, which
is based upon the structured light technique!” to generate the
real-time depth images. It's worth noting that, the existing
algorithms in Kinect for Windows SDK work best when
capturing large, full-body actions for users. However, in this
work, the main concern is to extract the subtle and local

motions for people with serious movement disorders.

2.1 Motion History

Generally, it is difficult for supporters to locate the
conscious tiny local movements of people with severe and
multiple disabilities (especially children) in a short period. In
this case, the “Motion History” could be used to observe the
complete motion log and possible local motion of people with
severe and multiple disabilities for supporters. In details, first,
the foreground segmentation is conducted for the raw depth
image to remove the unnecessary background. Then, the
gray-change detection of each pixel is conducted over time,
and the corresponding active pixel's color is converted from

purple, blue to red, which is based on the time of changes



within a given period. As shown in Fig. 1, the tiny local

movements of the fingers could be observed clearly.

Fig. 1 The tiny local movements (the index finger) can be
observed from the motion history.

Furthermore, based on the image obtained from the “Motion
History” and some common method to find the contours, the

most active local motions can be located automatically.

2.2 Air Switch

There are many people with severe physical or cognitive
disabilities who are using one or more switches to access the
external devices. However, the conventional single switches
are difficult to set and fit for different types of movements,
and the conventional switches also require other people's
assistance. Therefore, it is not convenient to use these switches
in many situations. Meanwhile, the existing technologies are
difficult to capture the very subtle motions of people with
severe disabilities. To enable the users to activate the switches
optionally and independently, the users could apply the
proposed “Air Switch” to draw multiple appropriate switches
with the shape of rectangle or polygon in the air freely, and
then reset the locations and sizes of these switches optionally.
When the users “touch” these invisible switches, some home
appliance or toy could be turned on or off.

In detail, for the “Air Switch - Depth Mode”, the depth
information (3D surface) of the switch is saved as the default
background at the moment that the switch is drawn by the user.
Afterwards, the depth information of the switch is compared
with the initial 3D surface at each frame to estimate if the
switch is touched through counting the changed pixels.
Besides, a function to track the user's body center has been
proposed, hence, by using this function the distance between
user's body and the switch remains the same. Fig. 2 shows an
instance of depth air switch with the shape of polygon, as
shown in the figure, when the subject roll his head to the right,
the switch is activated.

On the other hand, the “Air Switch — Color Mode” is based

on analyzing the color information (gray information) instead

108

of the depth information in a similar way, in other words, the
gray-change of the switch is calculated to estimate whether the
switch is triggered or not by comparing with a set threshold.
The “Air Switch — Color Mode” could be sufficiently sensitive
to detect some undetectable motions when using the

traditional methods.

Fig. 2 An instance of “Air Switch - Depth Mode”. The left
figure shows the condition that the switch is non-activated,
and the right denotes the condition that the switch is activated.

2.3 Face Switch

The “Face Switch” is designed to detect some small local
movements on the face, for instance, to detect the. blink
movement, mouth movement as well as the face orientation.
This method provides an alternative way for activating the
switches for people who retain mobility of the head, mouth or
eyes, such as the people with very high injury to their spinal
column. Besides, the “Face Switch” cannot be influenced by
the motions of the other parts of the body, which could filter
out the shaky movements well and make the users hold their
postures as they like.

In details, the real-time face tracking is conducted by using
the Face Tracking SDK for Kinect for windows at first, which
is based on the active appearance model (AAM)?). Then,
through applying the obtained 3D head pose and facial feature
points, the regions of interest for eyes and mouth are
determined. Finally, the blink, mouth and tongue movements
are detected by analyzing the corresponding local depth and
color information under different lighting conditions for
people with different skin colors.

In addition, the existed technology is adopted to learn and
send the infrared signal to the specific home appliance for
operating. Due to the fact that lots of children with severe and
multiple disabilities need help to connect their behavior to
some outcome, and it is also necessary to keep the outcome
interesting and motivating to enable the children to stay
engaged with the activity, some battery operated toys, visual
effects and sound outputs are used as the feedback in the
research. Furthermore, the proposed methods also have an
auto-save feature for the video clip when the switch is
triggered, consequently, the keepers are able to browse the

users' motion logs in a long-term afterwards.
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Fig. 3 Examples of the “Motion History” images captured every 10 seconds.

3. Experiment and Discussion

In this section, the experimental results obtained from the case
studies at a special school and a hospital for the people with

neuromuscular diseases are shown.

3.1 Experimental results for the “Motion History”

First of all, for the “Motion History” feature, to observe the
variation trend of the movements, the images of “Motion
History” were saved every 10 seconds in the experiment. The
subject is a young man aged 14 years old with cerebral palsy,
and in the experiment, he was trying to use his head to control
the PowerPoint during the class. Fig. 3 shows some examples
of the “Motion History” images captured every 10 seconds.
These “Motion History” images are not only for detecting the
active motions, but also for the subjects to understand their
own movement patterns. By observing Fig. 3, we can see that
the color of the region of subject’s head was becoming
red/orange gradually, meanwhile, the two arms and hands
were quite shaky due to the disability during this time.

Furthermore, based on the images obtained from “Motion
History”, the region of the most active motions could be
located automatically. Fig. 4 shows some examples based on
this detection method. Herein, the figures in the last column
are the processed images indicating the most active local
movements. In the first two cases, the motions of fingers were
captured successfully. Besides, in the third case, a tubular
object connected to a switch was used, surprisingly, this object
was recognized as the target object instead of the left hand
finally, and in fact it was quite successful for the subject to
activate. Hence, we realized that it is not necessary for the
helpers to focus the subject’s body part always when they set
the location of the switch, since the object connected to the
body part could magnify the subtle motion of the people with

severe disabilities because of the connected effect. Based on
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the proposed method, the most objective active region could
be found automatically and this region could be more sensitive

than using the conventional setting method.

3.2 Experimental results of the comparison of switches

Second, in order to compare the conventional switches that
the subjects are using in the daily life and the proposed
methods, two subjects with the muscular dystrophy or spinal
muscular atrophy in the experiment were asked to input the 26
English alphabets from A to Z, here, the subjects were using
the so-called “One Key Mouse™™ or “Finger Mouse”® to
manipulate the cursor direction. The basic information of the
subjects, the numbers of input errors, time spent for the whole
task and the subjective rating scales about the usability for

each method are shown in Table 1.

Table 1 The basic information for the subjects and the

experimental results to input the 26 English alphabets.

Subject 1 2
Gender Male Female
Age 41~50 11~20
Disability | Muscular dystrophy Sp 1n:gr(r)r;’1;f;ula1'
Trial A B C A B C
Errors 0 1 0 0 0 0
Time/sec | 992 | 80.1 | 704 | 24.8 | 324 | 23.6
Scale 80 90 100 100 120 130

Here, in the trial A, the subjects used the conventional
switches. On the other hand, in the trial B, the subjects applied
the proposed “Air Switch”; and in the trial C, the subjects used
the “Motion History” feature to set the switches automatically.
As can be seen from the results, in the both two cases, there
were few input errors. However, the time spent for inputting
the 26 alphabets changed. When the subjects were using the
“Motion History” feature to set the switches (in the trial C), it
was fastest to fulfill the specified task. The switches set by the
“Motion History” feature just cover the most active region (e.g.

the edges of hands/fingers) instead of the whole region around



(c) Subject3

Fig. 4 The examples of the automatic detection method for finding the most active local movements.

The circles in the figures in the third column indicate the detected most active motions.

the object of interest, therefore, the method applied in the trial
C was more sensitive than that in the trial B. In addition, the
subjects could activate the proposed intangible switches more
effortlessly than using the physical switches before. Moreover,
based on the subjective assessments, the proposed methods

outperformed the conventional one as well in this experiment.

4. Conclusion

In the study, several novel and effective methods to assist
observation, potential exploration and access for people with
severe and multiple disabilities have been proposed. Herein,
the computer vision technology based on a consumer depth
sensor (Kinect) was skillfully applied in the field of assistive
technology in an economical way. Some case studies at the
special education schools and hospitals have shown the
effectiveness and potential of the proposed methods. For
future topics, we would like to investigate in applying the
proposed methods for more case studies and activities, and
adopting the “Motion History” to create more vivid visual
feedback for the people (especially children) with intellectual

disabilities to understand their own movements well.
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Abstract - For conducting the switch fitting for people with severe disabilities more conveniently and robustly,
this study proposes a method named “Automatic Switch” for capturing the subtle movements and setting the
switch automatically based on the motion history. The effectiveness of the proposed method is discussed and
compared with the conventional method (micro light switch) through some case studies at a national hospital.
Based on the proposed method, the switch fitting became convenient and effective, and the subjects could also

activate the switch with a good operability.

Keywords: Automatic switch fitting, physical disabilities, computer vision, depth sensor

1. Introduction

For people with severe disabilities, it is quite meaningful to
extract the conscious subtle motions such as finger or mouth
movements, in order to activate different kinds of switches.
However, in many situations, it is difficult for supporters to
find and locate the subtle movements for people with severe
physical disabilities. Moreover, the effect of switch setting
also depends on the supporters, for instance, a professional
occupational therapist could fit the switch quite well, however
a student or a family member usually are not able to conduct
the switch setting effectively. In this paper, a switch fitting
method called “Automatic Switch” based on “Motion History”
using vision technology is put forward to assist the helpers to
discover the potential capability of the people with severe
disabilities, and set the location and shape of the switch on the
image automatically with a good operability. In addition, the
traditional way to activate the switches has some space and
shape limitations, however the proposed method could allow
the users to set and activate the switch much more freely.
Since the proposed method is realized just using an ordinary

PC and a Kinect sensor, the cost is quite moderate.

2. Methodologies and Methods

First, the Kinect sensor introduced by Microsoft is used to

obtain the color and depth information!!]. Then, the proposed

*1: Research Center for Advanced Science and Technology, the
University of Tokyo

“Automatic Switch” fitting method is based on the “Motion
History”, which could be used to observe the motion log of
people with severe disabilities. In details, the foreground
segmentation is conducted for the raw depth image to remove
the unnecessary background. Then, the gray-change detection
of each pixel is conducted over time, and the corresponding
active pixel's color is converted from purple to red based on
the number of times of change within a given period. Fig. 1
shows the examples of the “Motion History” images captured
every 10 seconds. The subject is a young man aged 14 years
old with cerebral palsy, and he was trying to use his head to

control the PowerPoint during the class.

£33 (bi (e
| ® % T
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Fig. 1 The examples of the “Motion History” images.

Furthermore, based on the image obtained from the “Motion
History”, the most active regions with the color of red/orange
could be extracted by using a common method for locating the
contours. Finally, the location as well as shape of “Automatic
Switch” would be set around the most active local motions on
the image automatically. Afterwards, when there is some
obvious color change in the “Automatic Switch” region, this

intangible switch would be activated.



3. Experimental Results

In this section, the experimental results obtained from the case
studies for two patients with neuromuscular diseases at a
national hospital are shown. Fig. 2 shows two examples based
on the proposed “Automatic Switch” method. Herein, the
figures in the last column are the processed images, and the
circles indicate the detected most active motions. In the both

of two cases, the finger motions were captured successfully.

Fig. 2 Two examples of the “Automatic Switch” setting.

Furthermore, in order to compare the conventional switch
that the subjects are using in the daily life (micro light switch)
and the proposed method, two subjects participated in the
experiment using the developed experimental system, as
shown in the Fig. 3. The purpose of this experiment is to
measure the average reaction time when the subjects using
different methods. The two subjects were asked to activate the
switch after the interface changing to an orange block with the
“Click” sign as soon as possible, and the timing of the
appearance of “Click” sign is changing at each time. The two
subjects conducted the experiment (100 clicks in one trial) for
two days, and the “Automatic Switch” and the micro light
switch were set by a graduate student who majored in the
ICT-based assistive technology. Here, the micro light switch

was set at the same location in the hand for two days.

Fig. 3 The interfaces before and after the “Click” sign appears.

The basic information of the subjects and the experimental
results are shown in Table 1. Here, the RT indicts the average
reaction time of 100 clicks and the unit is millisecond, and the
SD is the standard deviation of the reaction time of 100 clicks

in one trial.

Table 1 The basic information of the subjects and the

experimental results.

Subject 1 2

Gender Male Female
Disability Muscular dystrophy Spinal muscular atrophy

Switch Iﬁ;{f Atsltomatic I\I/flg%rto Automatic

switch witch switch Switch

RT (Dayl) 328.76 413.45 408.98 370.91
SD (Day1) 40.30 171.76 129.37 113.83
RT (Day2) 489.89 418.36 480.26 375.93
SD (Day2) 146.06 166.52 196.35 145.13

As can be seen from the results, the difference of the
average reaction time between two methods is not obvious. In
addition, an ANOVA was performed on the response time with
the following factors: switch (conventional switch, automatic
switch) x disability x day (dayl, day2). The interaction effect
of method and day was significant (F(1, 198)=28.56, p <
0.001), and for the conventional switch, the simple effect of
day was significant (F(1, 198)=68.45, p < 0.001). We could
see that the effect of switch fitting of the conventional switch
were totally different during two days, since the conditions of
the switch fitting changed a little bit (e.g. the posture of hand,
the angle of switch) during the two days. On the other hand,
for the proposed “Automatic Switch”, since the fitting is
simple and robust, the simple effect of day was not significant.
Therefore, the proposed method is more robust and convenient
for switch setting, especially for the supporters without the
knowledge and experience of switch fitting. Moreover, based
on the subjective assessments from the two subjects, the
subjects could activate the proposed intangible switch more

effortlessly than using the physical switch used in this study.

4. Conclusion

In this study, a convenient and robust method to assist switch
fitting and access for people with severe disabilities has been
proposed. The computer vision technology with a depth sensor
was skillfully applied. The case studies at a hospital have
shown the potential benefit of the proposed method. For future
topics, we would like to investigate in applying the proposed

method for more case studies and activities.
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ABSTRACT

In Japan, many of the major assistive devices for persons with
disabilities have been provided by the public support system.
The systems are “Daily living equipment” and “Prosthetic
appliance”. Communication aids (CA) for persons with
disabilities also speech and language, have been provided by
these systems, too.

There are two input methods for CA. One is direct input
method as keyboard typing (as Daily living equipment). Another
method is selecting to auto-scan cursor on screen keyboard with
single switch (Japanese scanning CA (JS-CA) as prosthetic
appliance). In order to select the method, it is depends on the
evaluation of residual function of the upper limb (hands/fingers).

But, recent CA is not limited to a single function. PC-based
equipment multifunctional has been the mainstream. Therefore,
the Rehabilitation society of JAPAN (RESJA) has created the
appropriate guideline of selecting JS-CA. [1]

However, under the current system, there is opinion that PC is
not match the definition of assistive devices, because PC is a
general-purpose or universal design product. Therefore, we
propose the construction of a new system based the social model
in current situation (living needs assessment) not only the
medical model (physical function evaluation). [2]

Problem cases

(Case.1) “Talking-aid for iPad”

“Talking-aid for iPad” is an application that has been recently
commercialized. The main frame is a iPad. But the function is
equivalent to VOCA (conventional portable CA) by adding the
application. And, by adding the external interface and switch,
the function is equivalent to JS-CA.

(Case.2) Communication aids by eye gaze input method.

CA by eye gaze input method, as the “MyTobii” and “Spring”
will be compatible with the Japanese, are distribution in
Japanese market. However, there are opinions this method is not
match the requirements of prosthetic appliance because it does
not directly attached to the body.

(Case.3) Non-contact input device by image recognition.

One of Non-contact input method using by image recognition
appreciation as “OAK (Observation and Access with Kinect)” is
commercialized. [3] If simple camera into be built to the PC, this
kind of input method will be also increase. However, it is
required that idea different from the conventional input device is
required, because it is not worn on the body directly.
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Figure 1. Relation CA and Public support system in Japan
Issue

It is changing that the public support system about assistive
devices, has changed along with the changes in society. But the
system about CA has not kept pace with the development of IT.
Therefore, a good product even though the new appearance, it
takes time before it can respond to.

It is not necessary to stick to the benefits, such as in the
conventional device, such as a PC or All-in-one machine. It is
important that the reconstruction through communication, to
achieve the purpose of the expansion of social participation.

It will be required as assistive technology of a new era, for the
achieving the expansion of activities and participation through
rehabilitation of communication. So, we consider and propose
the improvement and ingenuity of general-purpose machine,
including that it is that combination of a variety of technologies
that exist in society, by “Health and Labour Sciences Research
Grants 2013-2015: Comprehensive Research on Disability
Health and Welfare”.
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Development of Eyelink-Type Transparent Kana Board Communication

System*
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Table 3 Reults of histogram.
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