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A novel videophone system for the elderly-care application is proposed. Based on the detailed analysis of the elderly’s physical and
psychological characteristics, a TV-based caring videophone system for the elderly is developed: an embedded multimedia device
is designed to implement the interactive video and audio processing and IP-based communication, in which TV is adopted as
the display terminal to achieve a low-cost but high-quality service. Considering the user’s convenience, many personalized designs,
such as photo-based address book, photo-click-dialing, and touch pad based remote controller, are developed to make the proposed
videophone system more intuitive and easy to use for the elderly. Based on Support Vector Machine (SVM) algorithms, an evaluation
model is also developed with the data collected from the embedded multimedia device. It is useful to evaluate the physical and

psychological health of the elderly.

1. Introduction

As the age of the world general population increases, more
and more elderly people are staying alone. Statics indicate
that the population that is 65 years or older throughout the
world is steadily on the raise [1, 2]. It is estimated that by 2030
this particular group will be over four hundred million in
China. Thus, the number of the elderly living alone will keep
increasing substantially. Therefore the importance of elderly
care in their own home as long as possible is crucial [3, 4].
And the smart home elderly care has the potential to be a cost-
effective alternative, capable of providing quality health care
and monitoring households for the elderly [5-7].

Various elderly-care approaches have been proposed
recently. In [8], the authors proposed a sensor/actuator net-
works in smart homes for supporting the elderly and hand-
icapped people. In [9], the authors analyzed the data of the
questionnaire study and found that the rest rooms/bathrooms
and kitchens inconvenient and even dangerous places for
the elderly. In [10], the authors introduced the sensor
technologies integrated in the smart home system for the
elderly and developed a framework for the processing and
communication of the extracted information. In [11], the
authors suggested a smart home monitoring system based on

intelligent wireless sensors network to provide a safe, sound,
and secured living environment to the elderly. However, most
the above approaches require sensors to be attached on the
subjects under surveillance. It is inconvenient for the elderly
taking the clothes with these sensors. There are also some
approaches without the sensors. In [12], the authors devel-
oped a low-cost television-operating-state telemonitoring
system in caring for elderly people living alone. However the
authors supposed that a television-operating-state expresses
the consistency of the rhythms of the long-established every-
day rituals of a dweller.

There are also many elderly-care systems developed for
the elderly, and most of the elderly-care systems focus on
health and safety surveillance [13-15]. However, spiritual
needs of the elderly are of the most importance. In China,
with the one-child-policy, many families have only one child.
Since there are many younger peoples nowadays who select
to work and live in big cities, which are usually far away
from their hometown and then their parents, the elderly, often
live lonely. Thus, the thing that communicating with children
and friends frequently and easily becomes one of the urgent
spiritual needs for the elderly. Meanwhile, the elderly not only
want to hear their relatives’ voices but also want to see their
facial expression.
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FIGURE 1: Overview of the whole videophone system.

Existing videophone systems can be classified into two
types. The first type is the conventional videophone (also
called video telephone), a telephone with a video screen,
and is capable of full duplex (bidirectional) video and audio
transmissions for communication between people in real-
time. The early AT&T Picturephones and the widest used
mobile phones nowadays are belonging to this type. There
are many advantages of the conventional video phone [16],
however, the disadvantages such as expensiveness, complex
operations of dial up, and small screen lead it difficult for
the older age groups to use. The other type is PC-based
video phone system, which consists of one computer with
videophone software, and the necessary peripherals, such
as microphones, and cameras, headsets. Compared with the
conventional video phone, the PC-based videophone has
advantages of having large screen and being inexpensive, but
with the more complex software configuration and operation
as the cost. Suffered with the “high-technology phobia,” many
elderly people are reluctant to use the cumbersome PC-based
software, which makes the PC-based videophone difficult for
the elderly to use.

In this work, a TV-based caring videophone system is
developed for the elderly. Firstly, due to the fact that TV
represents the main activity for the elderly people [17], it is
adopted as the display terminal to achieve low-cost and high-
quality service in this work. Then, considering the using
convenience for the elderly, personalized designs, including
photo-based address book, photo-click dialing, and touch
pad based remote controller, are provided to make it more
intuitive and easy to use for the elderly. Due to the low-cost
and caring design, the proposed videophone system is more
suitable for the elderly than the existing videophone systems.

The rest of this paper is organized as follows. The system’s
hardware design and software design are given in Section 2. In
Section 3, the design principles of caring videophone system
based on detailed analysis of the elderly’s physical and psy-
chological characteristics are introduced firstly, and then the
personalized design for the elderly is discussed. Evaluation
model of the proposed system based on SVM algorithm is
presented in Section 4. Section 5 gives the conclusion and
future work.

2. System Design

2.1. Hardware Platform Design. To implement the caring vid-
eophone inexpensively, it is necessary to avoid any redesign
and alteration on the current TV. One possible solution is to
develop a low-cost embedded multimedia terminal, so as to
implement the video-audio processing and communication,
and provide the integrating connector for the necessary
peripheral devices, such as TV, camera, microphone, commu-
nication server, and touch pad based remote controller. The
architecture of the whole system is shown in Figure 1. Here the
communication server acts as one communication agent for
the IP-based video and audio interaction via internet. In this
work, the software-based multiple point control unit (MCU)
is also deployed on the server to provide the video conference
function for the system. The wireless remote controller is used
as the operation terminal for the elderly.

Figure 2 gives the block diagram of the multimedia ter-
minal of the proposed videophone system. Video and Audio
sampling module is used to collect the multimedia data and
transmit them to Video and Audio codec. The multimedia
processing (such as compress and decompress), IP commu-
nication (such as the protocol stacks of SIP, TCP/UDP, and
IP), and peripheral management, are all implemented by one
high-performance system on chip (SoC, Freescale . MX27 is
taken as the SoC in this work). The internet access units,
including WiFi based wireless module, are integrated into the
output module. User front-end module is used to collect the
user’s operation information. Figure 3 gives the circuit board
of the embedded multimedia terminal. Table 1 reveals the
specification requirements of the embedded system.

2.2. Software System Design. As T'V-based caring videophone
system is designed for the elderly, it only need to implement
video communication and some basic functions such as
address book and setting. The architecture of software is
depicted in Figure 4. Initialization includes system initializa-
tion and registration. System initialization means processor
initialization, SDRAM initialization, and I/O port initial-
ization. Registration is responsible for registering with the
server. Setting is responsible for configuring resolution, video
format, IP of the server, and the terminal. Add new and edit
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FIGURE 2: The block diagram of the multimedia terminal.

FIGURE 3: The circuit board of the embedded multimedia terminal.

TaBLE 1: Embedded System Specification Requirements.

Characteristic Specification
Processor 1.MX27
Processing performance 400 MHZ
Memory 128 MB, 32 bit, 133 MHz DDR
Flash 128 MB, 8 bit
Internet access Etheljn.et >100M
WiFi > 10 M
) . TVP5150AMIPBS (Ultralow-Power
Video and Audio codec NTSC/PAL ngeo codec)

can help users add or edit content in the address book. Call is
responsible for implementing video communication.

3. Personalized Design for the Elderly

3.1. The Elderly’s Characteristics and Design Principles. The
elderly have the unique characteristics different from the
other people. For example, their eyesight and memory are
poor and they need long time to accept new things. Therefore

detailed analysis is necessary to design the suitable elderly-
care products. Table 1 presents both the physical characteris-
tics and psychological characteristics of the elderly (left side
of the Table 2). Accordingly, the design principles of the
elderly-oriented device or system can be concluded, as shown
in the right side of Table 1. Thus, to make the videophone
system suitable for the elderly, the principles in Table 1 should
be taken in the design processing.

According to the principles of design in Table 2, a few
of personalized designs, such as user interface, photo-based
address book, photo-click dialing, and touch-based remote
controller, are developed in the caring videophone system.

3.2. Personalized Design of the User Interface. In order to
give the elderly the comfortable visual feelings, many caring
principles are considered in the design of the system soft-
ware’s user interface. Firstly, the icons number in each page
is restricted to less than 10 [8], which can make the elderly
feel it is simple, clear, and easy to use. Secondly, the light
blue, which is neither fancy nor monotonous, is selected as
the background color to calm the elderly’s mentality. Finally,
for different icons with text, different colors with appropriate
contrast are adopted to make the elderly identify them easily
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TABLE 2: Design principles by analyzing the elderly’s physical and psychological characteristics.

The elderly’s characteristics

Design principles

Vision: Hyperopia—serious decline in close vision,
astigmatism—focus difficulty, poor adjusting capacity to
adapt light—discomfort of glare.

Interface: Appropriate color and bigger font sizes are needed
Mlustration: (1) Graphic illustration which avoids fancy background
and unnecessary information is necessary. (2) It also should increase
the contrast between content and background.

Control: Surface of controller should not use highly reflective
material to avoid glare generation.

Thought: It is easy for the aged to form mindset resulting in
that they need to spend a long time to form a new concept.

Interface: Concise text, graphic illustration, and enough time
information display make the aged fully comprehensive.

Consumer attitude: economical, practical, and reliable.

Cost: Low.

Memory [18]: Sharp decline in short-term memory, poor
ability of converting short-term memory into long-term
memory and significant decrease in mechanical memorizing.

Operation: The more meaningful memorizing, the better. It should
avoid using mechanical memorizing.

Habitus [19]: bone loss and being easy to fracture, poor
physical flexibility, clumsy action, and poor endurance.

Controller: (1) It should operate in horizontal mode if the operator
needs strength for reducing the probability of falling. (2) Drop
resistance pads in the corners are necessary.

Touch: Thin skin and elasticity loss, weak ability of identify
texture and surface, and poor sensitivity of temperature

Tip: The system should provide definite feedback to let the elderly
know what have been carried out when the buttons are pressed.
Controller: (1) It should be textured surface for easily grip. (2) It is
better to provide temperature adjustment.

System_init ()
Register ()

Init ()

Setting or category
or add new

Setting Add new
Category
Resolution
ideo encodin Setting () l Add new ()
server address|
user ID Call () or edit (>
Call Edit
Name
Video Edit IP number
communication ! category

address

FIGURE 4: The architecture of software.

and clearly. One example of the user interface page is shown
in Figure 5.

3.3. Photo-Based Address Book and Photo-Click Dialing. Fig-
ure 6 shows photo-based Address book interface. It only lists
photo, name, and IP number, which can make the elderly feel
it is simple. Considering elderly people’s poor vision, looking
up conspicuous photos is proposed, instead of searching
names in traditional way. It is also convenient for the elderly
to find people whose names they do not remember or are
identical in address book (e.g., sister in Figure 6). The design
of photo-click-dial frees the elderly from remembering the
long telephone numbers. They just need click photos to chat
with the corresponding person. Thus, the operation becomes
much easier for the elderly.

Since the connection of TV-based caring videophone sys-
tems via network, saving huge telephone fee is its significant
advantage. IP-based communication and TV as the display
terminal achieve low cost, which will make it popular among
the elderly group.

3.4. Touch-Based Wireless Remote Controller. We select light
blue as background color which can make the elderly pleas-
ant. Meanwhile, strong contrast (between buttons and main
color, between fonts and background) makes easy the elderly
to distinguish the buttons. Function partition and key
arrangement are reasonable. The upper part of panel is touch
pad and the lower is button area. The upper part of button
area is various function keys and the lower is number keys. A
big “OK” button as the most frequently used key is designed
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FIGURE 6: Photo-based Address book (left) and the wireless remote
controller (right).

at the center of function keys region. The size of every button
and the font is appropriate.

Touch pad reduces the number of pressing keys and
provides many fool operations such as menu tips and click-
ok, which can reduce probability of pressing wrong buttons.
The controller has a built-small heater, which can adjust its
temperature to make the elderly feel warm in winter. All of
our design is based on the principles obtained by analyzing
the elderly physical and psychological characteristics in
detail. We make each operation as easy as possible and every
interface much more comfortable.

In order to evaluate the total performance of the proposed
videophone, comparison with the traditional videophone and
PC-based videophone are taken in the following four aspects.

(a) Service quality: TV is taken as the display terminal,
which can let the proposed videophone provide high-
er video quality than the others two systems.

(b) Operation Complexity: The caring designs, such as
photo-based address book and photo-click dial, make
the proposed system more intuitive and facilitative
for the elderly. The touch-based remote controller can
also make the operation more simple and intuitionis-
tic.

(c) User Interface: The special elderly-oriented designs,
such as the icon’s number and size and background
color, make the user interface of the proposed system
more suitable for the elderly.

(d) Cost: Using the home-device TV and low-cost
embedded multimedia terminal as the key compo-
nents of the videophone, without the need of PC and
the traditional but expensive videophone device, the
proposed system is cheaper for the user.

Table 3 gives the conclusion results of the comparison.
The following can be drawn from Table 3: comparing with

the traditional videophone and PC-based videophone, the
proposed system can provide higher display quality, more
easily operation, more humanized user interface, and less
cost, which make it more suitable for the elderly than the
existing videophone system.

4. Health Evaluating Model

The other important function of the videophone system is to
evaluate the physical and psychological health of the elderly.
In this work, four physical and psychological characteristics
are analyzed: normal, melancholy, irritability, and sick. These
characteristics represent the state of the elderly’s physical
and psychological health. Different characteristic can be
discriminated with the tiny habit change in the daily life. It is
supposed that the elderly watch TV and call the family and
other people with the videophone system. Since almost all
the TV operations, such as the turning on/off TV channel
changing, are implemented using the TV controller, these
data can be collected, stored, and analyzed by the CPU
(SoC on the multimedia terminal device) to get many useful
TV-using information: the frequency of turning on/oft TV,
the time-length of each watch, the watching TV channel,
the frequency of calling and the time-length of each call,
and so forth. Considering the fact that TV represents the
main activity for the elderly people, then the daily TV-using-
information can be used to evaluate the psychological health,
which can be shown in Figure 7.

The collected TV-using-information are then taken as
the input data of one Support Vector Machine (SVM) based
health evaluating model. This model can be developed and
trained off-line, while used in this proposed videophone sys-
tem to realize real-time health detection.

Among the data classification intelligent algorithms,
SVM has recently achieved a great success in the forecasting
and evaluating system [20]. The SVM was first introduced by
Vapnik in the 1990s for classification and has been successful-
ly applied to the problems of pattern classification [21], partic-
ularly the classification of two different categories of patterns.
The fundamental principle of classification using the SVM is
to separate the two categories of patterns as far as possible. It is
based on the structural risk minimization principle incorpo-
rating capacity control to prevent overfitting and thus is a
partial solution to the bias-variance trade-oft dilemma. About
the linear separable problem, the optimal classification func-
tion is as follows:

f (@) = sgn {(wx + b)}

= sgn {Zoci*yi (x5, x) +b]> ,
in1

where x; is the sample vector, y; is the sample classification; «
is the corresponding optimal solution for support vector, and
bis deviation. The value of b can be solved from the constraint
condition o[ y;(wx; + b) — 1] = 0. The basic idea of the SVM
is to map data x into a higher-dimensional feature space via a
nonlinear mapping. Then the linear classification (regression)
in the high-dimensional space is equivalent to the nonlinear

@
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TaBLE 3: Comparison between the proposed videophone and the other two videophones.
Traditional videophone PC-based videophone Proposed videophone
Service quality (display resolution) Low Moderate High
Operation complexity Complex Complex Easy
User interface Young oriented Young oriented Elderly oriented
Cost High High Low
TABLE 4: The average detection accuracy comparison between the
SVM MODEL and the other two methods.
Input data Evaluating result Normal Melancholy Irritability Sick
— - - SVM 94.3% 91.4% 90.5% 95.6%
¢ frequency of turning ANN  90.8% 88.2% 89.1% 93.5%
on/off TV (times per day) GA 92.1% 90.7% 88.6% 93.9%
The time length of each Normal
watching TV
(minutes) ? Melancholy Besides SVM algorithm, Artificial Neural Network algorithm
The used watching (ANN) and Genetllc Algorithm (GA) alsQ are also selected as
channel |:|,> the reference classifiers to compare their performance. The
(quantity per day) Irritability samples are the same for the three algorithms. In this paper,
he f . we select 10 set samples at random and calculate classified
callien re((tlllxli::sc i;:r day) accuracy with SVM, ANN, and GA models. The result of
8 Y Sick the experiments shows that the SVM-based model is more
‘ . accurate than other methods: the detection accuracy of SVM
The time length of calling model is higher than that of other two methods in all the four
(minutes) kinds of psychological health. Table 4 gives the detailed result
of SVM model compared with the other models.

FIGURE 7: Evaluating the physical and psychological health using
TV-using information.

classification (regression) in the low-dimensional space. The
transform is simplified of SVM by using the kernel function.
Then the classification function is as follows:

f (@) = sgn <Z o yiK (%) + b) ’ @

i=1

where the function K is the kernel function. In this study, we
choose the radial basis function (RBF) as the kernel function,
which can be described as follows:

k (xi, xj) = exp (_Y“xi - xj"2) : ®

SVM is the two-class classifier. However, the multiclass
classifier is required to solve the practical problem. Consider
a set of n samples is divided into k categories. x; is the sample
and y; is the sample type as (x;, ¥;), i = 1,2,...,n, x; € R",
y; €{1,2,...,k}.

In this paper, we select 50 set samples, including 40 set
training samples and 10 testing samples, to test and verify
the performance of the proposed health evaluating model.

5. Conclusion

A TV-based caring videophone system for the elderly is
developed in this work. Many special and caring designs, such
as photo-based address book, photo-click-dialing, and touch
pad based remote controller, are developed in the proposed
videophone system, which makes the proposed system more
intuitive and easy to use for the elderly. Based on SVM
algorithm, the model is also developed which can evaluate
the physical and psychological health of the elderly. The result
shows that this model can achieve the result more accurately
than the other intelligent models. However, there is a lot of
room to improve for the model. First, an online evaluating
system would be developed. The result would be shown in the
videophone system at real time. Second, more sensors data
should be gathered including power consumption and door
contacts in the smart homes environment.
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