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 Nowadays, there are many human pose estimation systems that extract skeletons or skeleton 
points from depth sensors.  These action identification systems have been developed for 
somatosensory games for entertainment use, and some of these have been used for medical 
purposes.  Most of these have proven that the action identification technology is practical, but 
its medical use has not been confirmed.  Therefore, besides the general treatment of mental 
illness, we tried to add a rehabilitation program to promote physical fitness based on a vision-
based action sensor system.  It is expected to effectively improve the physical functions of 
patients with mental illness.  There are some somatosensory games that claim that they can 
achieve the effects of sports and entertainment, and some of these have been used for the 
physical training and physical rehabilitation, but none of them have been used for the physical 
rehabilitation of patients with schizophrenia.  Thus, the purpose of this study was to examine 
the effects of a rehabilitation system with efficient vision-based action identification techniques 
on physical fitness promotion in patients with schizophrenia through the sequential-withdrawal 
design of a single subject research.  Three patients with schizophrenia were recruited.  Each 
subject received examinations for the 6-Minute Walk Test (6MWT) and Timed Up and Go 
Test (TUG) in each period, and received physical training with a rehabilitation system with an 
efficient vision-based action identification technique during the treatment phase.  The results of 
this study were as follows.  First, the rehabilitation system was easy to operate and use, even for 
people with mental illness.  Second, compared with traditional physical exercise, patients with 
schizophrenia are more willing to accept physical fitness training in the form of somatosensory 
games rather than traditional treatments.  Third, the rehabilitation system with efficient vision-
based action identification techniques is suitable for physical promotion programs for patients 
with schizophrenia.  Fourth, the program in the rehabilitation system helps improve the physical 
performance of people with schizophrenia.  Fifth, the system keeps a record of the rehabilitation 
processing and physical status as a treatment document of patients with schizophrenia.  



2654 Sensors and Materials, Vol. 30, No. 11 (2018)

1. Introduction

 Nowadays, there are many human pose estimation systems that extract skeletons or 
skeleton points from depth sensors.(1–6)  Although these pose estimation systems have been 
developed and presented, most of those existing systems mainly focus on providing human 
pose estimation.  Some of them are used for entertainment games, some are used to operate 
devices with poses or gestures, and some are used for security monitoring.  Some makers of 
somatosensory games claim that the games can achieve the effects of sports and entertainment, 
and some of these have been used for physical exercise.(7–9)  However, these somatosensory 
games are not designed for medical use and lack clinical evidence.
 Patients with schizophrenia often have problems such as obesity and poor cardiorespiratory 
capacity.(10)  Many studies have shown relevant benefits of physical fitness conditioning for 
patients with mental illness, and many studies have clearly pointed out that through exercise, 
the negative symptoms of patients with  schizophrenia can be significantly improved.(11)  The 
rehabilitation of patients with schizophrenia not only reduces their psychiatric symptoms, but 
also improves their physical functions.  Thus, general psychiatric treatment combined with 
physical fitness training is the best treatment plan for patients with schizophrenia.(12)

   In rehabilitation, a patient receives treatment to improve impaired mobility or increase 
functional capability.  Treatment typically takes a long time to achieve a positive effect, and if 
the treatment is stopped, the reversal of progress may occur.(13,14)  Therefore, rehabilitation is a 
very lengthy process that takes a heavy psychological, physical, and economic toll on patients, 
and might make patients drop out from courses of treatment.(15)  Home-care systems and 
telemedicine have become the trend because of the integration of technology into the practice of 
medicine.(16–20)  A home program of rehabilitation can also make rehabilitation programs easier 
to  implement and enable more frequent exercise.  
 In this study, we propose a rehabilitation system(21) and aim to examine the effects of the 
rehabilitation system with efficient vision-based action identification techniques on physical 
fitness promotion in patients with schizophrenia.  Accordingly, the rehabilitation system for 
physical fitness promotion in patients with schizophrenia will be examined from the following 
viewpoints: (1) Is this system easy to operate even for patients with mental illness?  (2) Does the 
system make the patients become interested in and  willing to accept physical fitness training?  
(3) Is the system usable and suitable for patients with schizophrenia?  (4) Is the system helpful 
in physical fitness training for patients with schizophrenia?  (5) Does the system record and 
summarize the training process and physical status data as a treatment document? 

2. Materials and Methods

 In this study, the major materials used were programs of the rehabilitation system  with 
efficient vision-based action identification techniques.  The sequential-withdrawal design of a 
single subject research was adopted.(22)  Each subject received physical fitness  training with 
the rehabilitation system during the intervention phase and physical fitness measurements 
to monitor the effects of physical training and changes in physical fitness in each phase.  
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Subjects were recruited from a clinical psychiatric center and gave informed consent prior to 
participation.  We adopted the Mini-Mental State Examination (MMSE)  as a screen test, and 
subjects were included in this study if they obtained a score above 15.(23)  We included three 
participants in this study, which was conducted for three months.  

2.1 Procedure

 The sequential-withdrawal design of a single-subject research was adopted.(22)  The physical 
condition of the participants was observed and assessed, and there was no intervention during 
the baseline phase for three consecutive days.  The baseline phase establishes a benchmark 
against which participants’ physical fitness in subsequent conditions can be compared.  The next 
three days was alloted for the intervention phase, where the participants received evaluation 
and one hour of physical fitness training with the proposed system each day.  The seventh 
to the ninth day was the first withdrawal phase, where the participants received evaluation 
and physical fitness training without the proposed system.  The last phase was the second 
withdrawal phase, wherein the participants received evaluation and no intervention during this 
period.  Figure 1 shows the diagram of this study.

2.2 Subjects 

 The subjects were recruited from a clinical psychiatric center and gave informed consent 
prior to participation.  The subjects with the following characteristics were included: Diagnosed 
with schizophrenia  on the basis of the Diagnostic and Statistical Manual of Mental Disorders, 
4th ed.;(24,25) clinically stable; and maintained on a stable dose of antipsychotic medication 
for at least 1 month prior to the research testing sessions.  All the patients were offered the 

Fig. 1. (Color online)  Diagram of this study.
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opportunity to join the study during a visit to the clinic and all gave written informed consent 
before participating in the study.  Patients were excluded from the study (a) if they were 
medically unstable, had other major diseases, or had secondary diagnoses of mental retardation, 
dementia, or neurological impairment or were suffering an episode of major depression, (b) 
if they were suffering from a severe medical or neurological condition or another psychiatric 
disorder that required treatment, (c) if they were participating in a clinical trial, and/or (d) if 
they could not follow instructions or their MMSE scores were below 15.(23)  The study protocol 
was reviewed and approved by the Institutional Review Board of the study hospital.  

2.3 Materials

 The use of the rehabilitation system with efficient vision-based action identification 
techniques(21) is as follows: We assume that  the user is sitting or standing about 80–100 cm in 
front of the depth sensor to use this system.  The proposed system can identify human skeleton 
and estimate human pose in sitting and standing positions.  This system can be connected to 
audio-visual equipment at home, which provides a familiar and convenient environment.  Figure 
2 shows the experimental setup used in this study.  Table 1 shows the hardware and software of 
the proposed system.
 The rehabilitation system captured the user’s movements through a Kinect camera and 
presented them on a screen.  Then, the image of the user’s motion combined with the built-
in designed game in the system was outputed on the screen at the same time.  The training 
programs included seven types of rehabilitation movement for the training of specific muscle 
groups in this rehabilitation system.  The content of the training was that a red dot appears at 

Fig. 2. (Color online) Experimental setup used in this study.

Table 1
Hardware and software of the proposed system.

Hardware Software
CPU: Intel Core(TM)2 Quad 2.33GHz 2.34GHz OS: WIN7

RAM: 4 GB Platform: QT 2.4.1
Depth sensor: Kinect Library: QT 4.7.4, OpenCV-2.4.3

OpenNI1.5.2.23 (only for RGB image and depth 
information)

RGB camera: LogitechC920
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the center of the screen to guide the user to the correct starting position.  After that, the red dot 
will appear elsewhere to induce the user to make the correct movement.  The screen presented 
the desired movement and the user’s movement at the same time.  The user could imitate 
the demonstration and compare the movement differences on the screen.  Table 2 shows the 
experimental training programs in this study.

2.4 Measures of physical function 

 To monitor outcomes of physical fitness training with the rehabilitation system and changes 
in physical fitness over time, we used the 6-Minute Walk Test (6MWT) and Timed Up and Go 
Test (TUG) to measure physical functions to compare changes during each phase.

2.4.1 6MWT

 The 6MWT is safer, easier to administer, better tolerated, and better reflects activities of 
daily living than other walk tests.  The 6WMT is a submaximal exercise test used to assess 
aerobic capacity and endurance.  The distance covered over a time of 6 min is used as the 
outcome with which changes in performance capacity are compared.(26)  When conducting 
the 6MWT, do not walk with the patient or assist the patient in carrying or pulling his or her 
supplemental oxygen.  Do not use a treadmill on which the patient adjusts the speed and/or the 
slope.  Do not use an oval or circular track.  Use standardized phrases while speaking to the 
patient.(27)

2.4.2 TUG

 The TUG is a simple, quick, and widely used clinical performance-based measure of 
lower extremity function, mobility, and fall risk.(28)  The area for the TUG test was set up by 
measuring 3 m from the front legs of a straight-backed armchair.  The subject was instructed 
to “Sit with your back against the chair and your arms on the arm rests.  On the word ‘go’, 
stand upright, then walk at your normal pace to the line on the floor, turn around, return to the 
chair, and sit down”.  The stopwatch was started on the word ‘go’ and stopped when the subject 
returned to the starting position.(29)  The subject was observed and timed while he rose from an 
arm chair, walked 3 m, turned, walked back, and sat down again.(30)  

Table 2
Experimental training programs: seven types of rehabilitation movement.
Position 
No.

Position 0
(initial) Position 1 Position 2 Position 3 Position 4 Position 5 Position 6 

Position of 
skeleton 
points
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2.5 Data analyses

 The effects of the rehabilitation system with efficient vision-based action identification 
techniques on physical fitness promotion in patients with schizophrenia were evaluated on the 
basis of the 6MWT and TUG tests.  The analysis was based on visual comparison between the 
phases.  Data were analyzed by visual analysis.

3. Results

 We recruited three participants, all of whom completed physical fitness training programs 
and assessments of physical functions.  No one indicated physical or mental discomfort caused 
by physical training through the rehabilitation system.  Through clinical observation, it was 
found that, using the rehabilitation system with efficient vision-based action identification 
techniques to provide visual clues and image feedback for rehabilitation, did not induce 
symptoms such as hallucinations or delusions.
 During the baseline phase, the mean scores of 6MWT and TUG showed that the physical 
conditions of the three subjects were very different. The scores of the three subjects in the 
fourth session were lower than those in the first three sessions.  Figure 3 shows the chart of the 
results of  the 6MWT and TUG of the three subjects.

(a)

(b)

(c)

Fig. 3. (Color online)  Chart of results of 6MWT and TUG of three subjects.  (a) Subject 1, (b) subject 2, and (c)
subject 3.
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 For both 6MWT and TUG, the scores of the first to the third phase of the first subject 
showed a downward trend; the slopes of the baseline and interventional phases were similar, 
but there was a more significant decline during the first withdrawal phase.  Compared with 
the other phases, the slope was slightly upward only in the second withdrawal phase.  The 
variability of the trend of the interphase comparison was also similar; the positive effect only 
appeared between withdrawal phases 1 and 2.  Table 3 shows the results of the analysis of the 
intra- and interphases of the 6MWT of  subject 1.  Table 4 shows the results of the analysis of 
the intra- and interphase of the TUG of  subject 1.
 The scores of the 6MWT of the second subject showed a downward trend in the baseline 
and  first withdrawal phases, but an upward trend in the intervention and second withdrawal 
phases.  The interphase comparison showed that there was a negative effect between the second 
and third phases, and a positive effect between the baseline and intervention phases, and 
between the first and second withdrawal phases.  The scores of TUG from the first to the third 
phase showed a downward trend, but an upward trend during the last phase.  The variability 
of the trend of interphase comparison showed a positive effect between the first and second 
withdrawal phases.  Table 5 shows the results of the analysis of the intra- and interphases of the 
6MWT of subject 2.  Table 6 shows the results of the analysis of the intra- and interphases of the 
TUG of subject 2.
 The scores of the 6MWT of the third subject showed an upward trend during the baseline, 
intervention, and second withdrawal phases, but a downward trend during the third phase.  The 
interphase comparison showed that there was a negative effect between the second and third 
phases, and a positive effect between the first and second withdrawal phases.  The scores of 

Table 3
Results of the analysis of the intra- and interphases of the 6MWT of subject 1.
Intraphase Baseline phase Intervention phase Withdrawal phase 1 Withdrawal phase 2
Sessions of phase 3 3 3 3
Range of level 408–424 388–398 404–424 382–386
Change of phase −12.00 −10.00 −20.00 3.00
Means of level 417.33 394.67 416.00 384.33
Stability 100.0% 100.0% 100.0% 100.0%
Trend and
data path of trend

\
(−)

\
(−)

\
(−)

/
(+)

Stability of trend 100% 100% 100% 100%

Interphase Baseline phase/ 
Intervention phase

Intervention phase/ 
Withdrawal phase 1

Withdrawal phase 1/ 
Withdrawal phase 2

Change between phases −10.00 36.00 −22.00
Means between phases −22.66 21.33 −31.67

Variability of trend and effect \\
None

\\
None

\/
Positive

Variability of trend stability Stable to stable Stable to stable Stable to stable
Percentage of overlap 100% 0% 100%
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Table 5
Results of the analysis of the intra- and interphases of the 6MWT of subject 2.
Intraphase Baseline phase Intervention phase Withdrawal phase 1 Withdrawal phase 2
Sessions of phase 3 3 3 3
Range of level 402–433 381–403 420–430 388–393
Change of phase −17.00 3.00 −10.00 1.00
Means of level 417.00 394.67 423.67 391.00
Stability 100.0% 100.0% 100.0% 100.0%
Trend and
data path of trend

\
(−)

/
(+)

\
(−)

/
(+)

Stability of trend 100% 100% 100% 100%

Interphase Baseline phase/ 
Intervention phase

Intervention phase/ 
Withdrawal phase 1

Withdrawal phase 1/ 
Withdrawal phase 2

Change between phases −0.38 0.20 −0.07
Means between phases −0.42 0.21 −0.13

Variability of trend and effect \/
Positive

/\
Negative

\/
Positive

Variability of trend stability Stable to stable Stable to stable Stable to stable
Percentage of overlap 100% 0% 100%

TUG showed a downward trend during the baseline and second withdrawal phases, but an 
upward trend during the second and third phases.  The effect on the interphase was negative 
between the baseline and intervention phases, but positive between the first and second 

Table 4
Results of the analysis of the intra- and interphases of the TUG of subject 1.
Intraphase Baseline phase Intervention phase Withdrawal phase 1 Withdrawal phase 2
Sessions of phase 3 3 3 3
Range of level 8.52–8.86 8.16–8.35 8.41–8.53 8.34–8.38
Change of phase −0.13 −0.02 −0.12 0.03
Means of level 8.70 8.28 8.49 8.36
Stability 100.0% 100.0% 100.0% 100.0%
Trend and
data path of trend

/
(+)

/
(+)

/
(+)

\
(−)

Stability of trend 100% 100% 100% 100%

Interphase Baseline phase/ 
Intervention phase

Intervention phase/ 
Withdrawal phase 1

Withdrawal phase 1/ 
Withdrawal phase 2

Change between phases −0.38 0.20 −0.07
Means between phases −0.42 0.21 −0.13

Variability of trend and effect \\
None

\\
None

\/
Positive

Variability of trend stability Stable to stable Stable to stable Stable to stable
Percentage of overlap 0% 100% 0%
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Table 6
Results of the analysis of the intra- and interphases of the TUG of subject 2.
Intraphase Baseline phase Intervention phase Withdrawal phase 1 Withdrawal phase 2
Sessions of phase 3 3 3 3
Range of level 8.66–9.57 8.23–8.50 8.43–8.66 8.74–8.86
Change of phase −0.89 −0.05 −0.13 0.04
Means of level 8.97 8.34 8.54 8.79
Stability 66.67% 100.0% 100.0% 100.0%
Trend and
data path of trend

\
(+)

\
(+)

\
(+)

/
(−)

Stability of trend 100% 100% 100% 100%

Interphase Baseline phase/ 
Intervention phase

Intervention phase/ 
Withdrawal phase 1

Withdrawal phase 1/ 
Withdrawal phase 2

Change between phases −0.4 0.43 0.21
Means between phases −0.63 0.2 0.25

Variability of trend and effect \\
None

\\
None

\/
Positive

Variability of trend stability Stable to stable Stable to stable Stable to stable
Percentage of overlap 0% 100% 100%

Table 7
Results of the analysis of the intra- and interphases of the 6MWT of subject 3.
Intraphase Baseline phase Intervention phase Withdrawal phase 1 Withdrawal phase 2
Sessions of phase 3 3 3 3
Range of level 360–394 349–358 365–374 373–384
Change of phase 26.00 9.00 −5.00 6.00
Means of level 374.00 353.00 369.33 378.67
Stability 100.0% 100.0% 100.0%
Trend and
data path of trend

/
(+)

/
(+)

\
(−)

/
(+)

Stability of trend 100% 100% 100% 100%

Interphase Baseline phase/ 
Intervention phase

Intervention phase/ 
Withdrawal phase 1

Withdrawal phase 1/ 
Withdrawal phase 2

Change between phases −45.00 16.00 4.00
Means between phases −21.00 16.33 9.34

Variability of trend and effect //
None

/\
Negative

\/
Positive

Variability of trend stability Stable to stable Stable to stable Stable to stable
Percentage of overlap 100% 0% 100%

withdrawal phases.  Table 7 shows the results of the analysis of the intra- and interphases of the 
6MWT of subject 3.  Table 8 shows the results of the analysis of the intra- and interphases of the 
TUG of the subject 3.
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4. Discussion

 The results of 6MWT and TUG revealed that the physical performances of all the subjects 
were worse during the intervention phase than during the baseline phase, and then became much 
better during the first withdrawal phase.  We supposed that the reason for this phenomenon is 
that the physical strength and endurance of the subjects diminished in the fitness training during 
the intervention phase.  Compared with the other phases, the intervention phase is the most 
tiring, so the physical assessment score tends to decline.  The second subject performed well  in 
6MWT during the withdrawal phases; both the first and second subjects had stable performance 
in TUG during the withdrawal phases, and the trends of those phases were positive.  It meant 
that the physical training program was effective.  
 All of the three participants showed their will to join the somatosensory game for physical 
training, and none of them asked to take a rest when they were training with the rehabilitation 
system during the intervention phase.  We speculate that, using a somatosensory game for 
rehabilitation training can enhance a patient’s motivation to participate and maintain long-term 
exercise.  Although one of the symptoms of schizophrenia includes the spreading of thoughts, 
the patients in this study who used this system for rehabilitation did not have a feeling of 
insecurity.  This may be because  the background image of the system was relatively simple or 
the subjects who were included in this study were relatively stable.  This requires further study.
 The limitations of this study were as follows: First, there were only seven types of 
rehabilitation movement in this rehabilitation system, which were insufficient  for the patient 
who needs more training.  Second, the same assessment was repeated multiple times for the 
same subject to collect multiple data.  This may lead to the subject’s boredom or practice effect 
on the assessment.  This may also affect the level of intervention.  Third, this study included 
only three subjects.  We need more subjects to verify the results of the study.

Table 8
Results of the analysis of the intra- and interphases of the TUG of subject 3.
Intraphase Baseline phase Intervention phase Withdrawal phase 1 Withdrawal phase 2
Sessions of phase 3 3 3 3
Range of level 9.72–10.21 8.63–9.13 8.79–9.62 8.78–9.37
Change of phase −0.45 0.5 0.28 −0.14
Means of level 10.03 8.91 9.25 9.13
Stability 100.0% 100.0% 100.0% 100.0%
Trend and
data path of trend

\
(+)

/
(−)

/
(−)

\
(+)

Stability of trend 100% 100% 100% 100%

Interphase Baseline phase/ 
Intervention phase

Intervention phase/ 
Withdrawal phase 1

Withdrawal phase 1/ 
Withdrawal phase 2

Change between phases −1.09 0.21 −0.25
Means between phases −1.12 0.34 −0.12

Variability of trend and effect \/
Negative

\\
None

\/
Positive

Variability of trend stability Stable to stable Stable to stable Stable to stable
Percentage of overlap 0% 100% 100%
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5. Conclusions

 The key contributions of this study are as follows.  First, this system is easy to operate 
even for patients with mental illness.  Second, patients with schizophrenia are more willing 
to accept physical fitness training in the form of somatosensory games rather than traditional 
treatments.  Third, the rehabilitation system using efficient vision-based action identification 
techniques is suitable for physical promotion programs for patients with schizophrenia.  Fourth, 
the program in the rehabilitation system helps improve the physical performance of people with 
schizophrenia.  Fifth, the system keeps a record of the rehabilitation processing and physical 
status as a treatment document of patients with schizophrenia.  
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