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Fig. 4. Measurement resutts: fransition of (qj heart rafe and (b) respiration rate,

She lives in a city area, 3 km from the hospital. Both mobile
telephone and PHS were available in the area.

Measurement

The system was placed in a briefcase for mobility and easy
installation. Before the experiments, the therapist was given
brief instructions for system installation and use. After the
instruction, the therapist was able to install the system without
help. For each subject, the system was installed 1-2 h before
the experiment. All measurements were performed by the
therapist. In each case, measurements were performed imme-
diately before and after the exercise and the intermission dur-
ing the exercise with the subject on the bed. Additionally, for
Case 1, remote measurements were performed at several time
points during the 60 min before and after an exercise session.
Each operation took approximately 2 min, including about 40 s
for HTTP data transmission. Although radiowave malfunction
caused connection loss several times, the system recovered
quickly by reloading via the Web browser. Acquired data

were stored into a text document on the PDA for each sub- .

. ject. The measurement results are shown in Figure 4. In each
case, heart and respiratory rates increased immediately after
training and then recovered in 30 min to the status before the
exercise. One to three hours after the exercise, the therapist
visited subjects again to confirm their stability.

Discussion

In each cise previously examined, the system successfully
obtained data on patient status. Since the system structure
was simplified and constructed of consumer devices, it was
low cost, less than US$1,500 for a communication system,
and easy to use, a therapist only had to plug in to start or stop
the system. The time and cost of installation and maintenance
were appropriate to our needs. Patients approved of the sys-
tem’s compact, silent, and especially nonconstraining nature.
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In our implementation, a personal digital cellular (PDC)
mobile telephone was employed for data transmission.
Although this medium has relatively low bandwidth (9,600
b/s), it was possible to apply it for our purpose, as we limited
the amount of data to 50 kB. The Web-based interface made
the operations of browsing and creating reports easy to learn
for our users. :

With each measurement, the therapist, away from the bed,
was able to confirm that the individual patient had not suffered
overloading shock from the exercises. In addition, the logged
data for Case 1 showed that the patient’s status safely returned
to normal following exercise. While it is difficuit to evaluate
postexercise transitions by interview, our system was able to

- provide quantitative information. Such data can be used not

only for training evaluation but also for preventive medicine
and quality control of home-visit rehabilitation services
through long-term observations. Our test application for home-
visit rehabilitation indicates the efficiency of a low-bandwidth
telemetry framework for telemedicine in home care use.

Conclusion : :
This study described a niche telemedicine framework for home
healthcare. The framework aims to transmit small but sufficient
amounts of data for daily monitoring of residential subjects’
basic health status. Using existing telecommunication infra-
structure, it reduces the costs of both development and mainte-
nance. As a proof of concept, we developed a system for
remotely monitoring heart rate and respiration and tested it in
several practical home-visit rehabilitation cases. The proposed
systern showed its usefulness for both the therapist and the
patient in planning and evaluating daily rehabilitation training.
We are planning to integrate other measurement modalities
into our framework in future development. First, blood-pressure
measurement will be tried because it is known to be useful for
understanding patients’ status, and there are several
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commercial compact and low-constraining sphygmomanometers
having data export functionality. Other possibilities are
accelerometers or pedometers for activity and oxygen
consumption for vitality.

Our telemedicine framework can contribute to preventive
medicine. To reduce medical expense, which is an urgent
issue, especially in Japan, daily healthcare service should be
improved. Low-cost monitoring devices allow the correct
transmission of health status that can be used for appropriate
rehabilitation plans for individuals as well as for developing
evidence-based medicine and healthcare.
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n this article, we describe the development of an algorithm

for a health diagnosis system for the elderly that uses

image processing. This algorithm reconstructs mono-

chrome images from data of the time a subject watches TV
and calculates the index for diagnosis of the subject’s health
condition from the entropy of the image. When this algo-
rithm was applied fo the data obtained for seven months, the
result almost corresponded to the health condition of the sub-
ject. We assumed that this method can be used not only for
diagnosis of a physical condition but also for diagnosis of a
mental condition. .

Several support systems of the daily life in the elderly,
using the information network, are proposed [1]-[5], and

one part has been put to practical use [6]. We also had pro-

posed and operated, experimentally, the home healthcare
system [7], [8], which is a combined system of the informa-
tion network and biomedical sensor system, Systems such
as the one we proposed acquire biomedical data from the
elderly from which their functional health status can be ana-
lyzed. The main function of these systems is to urge the
medical doctor to give a precise diagnosis to the elderly
patient if the abnormal status is detected in the data, which
had been acquired when the subject was healthy.

Because the elderly generally have low incomes, a signifi-
cant investment to maintain the health condition of the quality
of life (QOL) is not desirable. Moreover, it is undesirable for
the running cost to be expensive because it is often
paid by public assistance. However, the running cost
is expensive in most existing systems because these
systems need the simple manual diagnosis by the
medical staff, including a medical doctor, for detect-
ing the abnormal status [9]. To solve this problem,
we propose the new algorithm, which applies the
image processing technique for the automatic detec-
tion of an abnormal status of the health condition.

Methodology

We obtained the approval of experimental protocol
from the ethics committee of Welfare Techno-
House Mizusawa, and before the experiment, writ-
ten informed consent was obtained from the subject
who participated in this study.

{EEE ENGINEERING IN.MEDICINE AND BIOLOGY MAGAZINE

An Algorithm for the
Automatic Detection
of Health Conditions

An Image Processing Technique for
Diagnosing Poor Health in the Elderly

- We attempted to extract an index showing health condition
from the data of the system that is experimentally operated by a
cooperative subject. We assumed that the activity of the subject
would be less or the pattern of the activity would be different
from its usual condition if the subject has contracted a disease.

The system has a running monitor of electric appliances or
door:switches. We browsed the frequency of the use of elec-
tric appliances (the acquired data are shown in Table 1).
Normally, there are many electric appliances and doors in
the home, even if the resident lives alone. Therefore, there
are many types of data that can be acquired. As shown in
Table 1, there were door switches for the refrigerator, the
electronic oven, and the kitchen and a running monitor of the
television. We tried to analyze the health condition of the
elderly using whole data that we acquired. However, it was
difficult, because most data have no correlation to each
other. Moreover, it is not a global method, because the num-
ber and kinds of sensors are different in each home, and the
custom of daily life is different in each subject. Therefore,
the diagnosis depends on the subjective evaluation by med-
ical staff in existing home care systems.

We tried to develop the diagnosis method using one type of
data, which was selected carefully. It is necessary that the data
for the diagnosis are common fo most subjects and are capable
of showing not only the physical condition but also the mental
condition of the subject. Finally, we selected the data from the

Table 1. Sample data of home care system (excerph)
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running monitor of a television. We considered that the cus-
tom of watching television always depends on the program,
and the custom is strongly influenced by the physical and
mental condition of the subject. Figure 1 shows the data that
were acquired from the running monitor of the television for
30 consecutive days. Figure 1(a) shows the data of a month in
-which the subject did not appear to be in bad health. Figure
1(b) shows the data of a month in which the subject appeared
to be in bad health. On 26 July, which was the last day of the
experiment, the subject was diagnosed with a bad kidney func-
tion condition and was hospitalized. From Figure 1, we
assumed that the subject watched the television.at roughly
fixed times if he/she was healthy.

At first, we tried to diagnose the health condmon of the sub-
ject from a change in the start time of television viewing; we
assumed that the subject watched the same program repeated-
ly. However, we confirmed the subject did not necessarily
begin watching television at the same time of day or at the
same time of week, as shown in Table 2. Then we tried to con-
vert the graph into the image and diagnose the health condi-
tion of the subject from the feature of the image.

We reconstructed the monochrome image from data. Every
start time for watching a TV-program was recorded to the
data. Therefore, we divided the 24 h by 15 min, and we
assurned that we could obtain a 30 x 96 pixel monochrome
image. If the starting time was recorded within a 15 min inter-
val, we set the pixel of the image to black (Figure 2).

In the image obtained from the data of the month when the
subject was healthy, there is an area in which the pixels are
concentrated. On the other hand, the pixels are distributed ran-
domly in the image obtained from the data of the month where
the subject appeared in bad health. We assumed that random-
ness of the reconstructed image increases if the rhythm of daily
life collapses and there is a bad health condition.

When randomness of the image is high, it means the
information content (entropy) is large. In other words, the
information content of the reconstructed image obtained
from the data of the month where the subject appeared in
bad health is relatively high. Therefore, the health condi-
tion of the subject can be diagnosed from the entropy of
the reconstructed image, which is obtained from- the data
of the beginning time of watching television.

Evaluation

We diagnosed the health COI]dlthn of the subject by usmg
actual data to evaluate whethet the proposed technique was
effective. The data had been acquired in a contiriuous period
of ‘seven months (January—July 2000). The subject was a 78~
year-old female who lived alone.

" IEEE ENGINEERING IN MEDICINE AND BIOLOGY MAGAZNE

Preprocessing
Sometimes the subject went out and was absent all day to visit
the home of her children or to go on a short trip during the
evaluation period. In this case, the data were empty and influ-
enced the diagnosis as noise. Therefore, the data of absent
days were intentionally deleted. The data at the time when no
television program was broadcast were similarly deleted.

In addition, the subject turned the power switch of the televi-
sion on and off frequently in the month she appeared to be in
bad health. Most of these operations would be an origin of noise

Time

Date

1 5 10 15 20 25 30

Fig. 1. Start time of waiching the television: the subject’s con-
dition is (@) healthy and (b) not healthy.
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Table 2. Original and compressed image size

Fig. 2. A reconstructed monochrome image. The black pixels
represent the start fime of watching television: () healthy
and (b) not healthy.

(a) {b)

Fig. 3. Reconstructed image of (a) healthy six months
(January-June) and (b) a not=healthy month (July).

IEEE ENGINEERING IN MEDICINE AND BIOLOGY MAGAZINE

on the data. We sampled the data in every 15 min interval
according to the broadcasting of the television program and
reconstructed the image for diagnosis.

Indlex for Diagnosis . '
The entropy [10] H(X) of the data X is defined by

H(X) ==Y p(l)log,(p (B))..., (1)
k=1

where X = {a(1), a(2),...a(n)}, p(k) is the probability of
the appearance of a(k).

It is necessary to convert or normalize it into the index to be
able to compare it simply and understand it easily for the prac-
tical diagnosis. In addition, we tried to obtain the index from
two-dimensional (2-D) images, Then, we assumed the ratio of
the size of the file before and after compression to be an index
by compressing the image using the maximum entropy method
(MEM). If the entropy of the image before compression is
large, compression is not effective, and the size of the file after
the compression must be larger than that before the compres-
sion because the information for the compression is added.

Result

The reconstructed image from the data of the subject is shown
in Figure 3. As for the data of the subject in July, by which
time she had a bad health condition, it seems to be distributed
unlike any other data of the previous six months. Reconstructed
images from the data of each month are shown in Figure 4.
Table 2 shows the size of the original images and the com-
pressed images. Only in July’s data is the file size after com-
pression larger than that of the file before compression.

In addition, to evaluate the method statistically, we obtained
the reconstructed image from each continuous two weeks. Figure
5 shows the average of the index. As the result of the t-test,
there is a significant difference between the data when the
subject is healthy and when the 'subject is not healthy (a signif-

. icant level of 5%). :

Discussion

As a result of the evaluation, our index represented the health
condition of the subject according to our assumption. Especially
in the month she appeared to be in bad health, the subject
seemed to operate the switch frequently. We consider that this
behavior represents not only a bad physical condition but a bad

" mental condition as well: In this time, the randomness of the

pattern of the activity in daily living became larger when the
subject was not healthy. We assumed that the cause of such a
result was having used the data of the television reception.
Becanse the TV program was broadcast at a fixed time, it was a
trigger of daily living. Therefore, the trigger would not be as

effective when the subject was in poor health. It is not certain

that our proposal method could be applied to every elderly per-
son. However, this method can be applied to the data from the
activity of daily life in the elderly. For instance, it is possible to
apply it to anything that begins at a fixed time, such as a meal.
This method will be used for the evaluation of a simple
diagnosis for the prevention of disease; the final diagnosis by a
raedical doctor is necessary. Unfortunately, in Japan, public
insurance is not applied to preventive medicine at this time
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(a) (b) ()

(d) (e) (® (@)

Fig. 4. Reconsttucted images: (@) January, (b) February, (¢) March, (d) April, (€) May, () June, () July. The width of each
image is different because data from when the subject went out were removed. )

(@) (b)

1.05 e

! Subjest Begins to Appearin -
| Bad Health Condition. -

0.95 f——

09k

Compression Ratio

0.85 N L

1 May 1 June 1 July

Date

' Fig. 5. Average of index: (a) hedlthy and (b) not healthy.

[11]. However, we believe that the total medical expense will
decrease if public insurance is applied to-this type of home
care system in the future because the medical expenses for the
elderly will decrease.

Long-term data such as one month is needed for this system
because this system uses the character of 2-D data as an image.
We confirmed the effect of this method by discrete data each
month, However, we should also confirm whether this method is
effective for rapid changes in the health eondition of the elderly.
Therefore, we set the data window at one month and acquired
the index in each data window by moving this window. The
result is shown in Figure 6. k

The abnormal condition was found at the end in June
(Figure 6). We confirmed (through a prior questionnaire

{EEE ENGINEERING IN MEDICINE AND BIOLOGY MAGAZINE

Fig. 6. The continuous change of the compression rate,

investigation) that the subject appeared to be in bad health
after a short trip in the middle of June, and the result repre-
sents this change in health condition. Therefore, we can
diagnose the daily change using the proposed method. -

Conclusion

We proposed a new algorithm for diagnosing the health condi-
tion of elderly persons living alone. As a result of the evalua-
tion, we consider this algorithm to be effective according to the
subject. In addition, this method was economical because the
algorithm needed only simple data acquired from simple sensors.
In the future, an automatic diagnosis will be available using this
algorithm. Finally, total medical expenses will be reduced if this
system is practical.
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Health care for the elderly-monitoring,prevention and care of diseases.
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Abstract

With the aging of society, the improving the quality of life is an important for the elderly
population. In this paper we summarized three systems such as human behavior monitor,
telemedicine and telecare. Human behavior was monitored as a mean to promote health care
during daily life. Telemedicine and telecare included mobile phone technology were presented.
The mobile technology applied to dermatological studies and home-rehabilitation
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Real-time Transfer of Medical Image using Mobile Phone
—Motion Image Transfer using Animated GIF —
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T Faculty of Riomedical Engineering, Osaka Flectro-Communication University.
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Abstract  ECG or another biomedical information should be browsed in anytime and anyvwhere. We developed the
semi-real-time data transfer system using mobile phone. Proposal system acquires the LCG signal, and the ﬂyetem reconstricts
motion image of ECG from acquired data by GIF format. The client can browse the real-ime ECG signal if the motion image
is downloaded frequently, because this animation will be changed in every five or ten seconds. The multi task function is not
supported though almost popular mobile phone has ability to show the animation GIF. However, the time lag will be less than
five seconds, because the size of motion image is Jower than 10kbytes,

Keyword  Home Care, Mobile Phone, ECG, Animated GIF
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