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Preface

Advances in modern medicine have enabled the ability to significantly prolong the
average lifespan expectancy. The development of this knowledge ensures
unprecedented possibilities in terms of explaining the causes of diseases and
effective treatment. However, increased capabilities create new issues. Both,
researchers and clinicians, as well as managers of healthcare units face new
challenges: increasing validity and reliability of clinical trials, effectively distributing
medical products, managing hospitals and clinics flexibly, and managing treatment
processes efficiently.

In the past decades, the development of a new, fascinating discipline of science has
been observed. This discipline is called “health management”. For the purposes of this
book, the report by the Canadian Minister of National Health and Welfare, Marc
LaLonde, has been taken as a point of reference. The report proclaimed in 1974 is
considered to be "the first modern government document in the western world to
acknowledge that our emphasis upon a biomedical health care system is wrong, and
that we need to look beyond the traditional health care (sick care) system if we wish to
improve the health of the public". It has offered new prospects for the issues of health
care. It emphasizes the responsibility of an individual in developing behaviors
conducive to keeping her/him in good health.

LaLonde assumes that there are four main factors of health: human biology, the
environment, the lifestyle, and health care services. He contended that health cannot
be secured only by development of medical sciences, but by making wise and rational
decisions by individuals and the whole society too. His legacy includes a
recommendation according to which health care interventions should focus on groups
at risk of a disease development and point health inequalities out. LaLonde's work
widened significantly as the range of actions related to health care services by
incorporating categories had not been associated with it before. At present, thanks to
LaLonde, health management strategies are highly differentiated with respect to its
recipients and dimensions of constituting areas of their activities.

Many great authors have contributed to this book. Their work is divided in the three
following sections:
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Preface

1.

Wellness and Lifestyle — In this section, readers will find chapters describing
interventions that are designed to support the generally healthy before they
exhibit symptoms of chronic or catastrophic disease.

Disease Management — Programs requiring the identification of population
sub-groups that are already exhibiting some elements of chronic disease are
put here. The interventions described in this section are less individualized
and should tend to address the characteristics of the larger population with
risk factors.

General Issues — Readers interested in methodology of clinical trials and
general findings that widen our understanding of human health
determinants should pay special attention to this section.

This book is a direct legacy of Marc LaLonde's report. The aim of it is to present issues
relating to health management in a way that would be satisfying to academicians and

practitioners. The book is designed to be a forum for the experts in the thematic area to

exchange viewpoints, and to present health management's state-of-art as a scientific
and professional domain. I hope it will provide readers with new valuable information
and they will enjoy reading it.

Dr. Krzysztof Smigérski

Medical University of Wroclaw

Research Institute for Dementia-Related Diseases
Poland
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Wellness and Lifestyle






A Future for Integrated Diagnostic Helping

Mathieu Thevenin and Anthony Kolar
CEA, LIST, Embedded Computing Laboratory
France

1. Introduction

Medical systems used for exploration or diagnostic helping impose high applicative
constraints such as real time image acquisition and displaying. This is especially the case
when they are used in surgical room where a high reactivity is required from operators.
Large computing capacity is required in order to obtain valuable results. Integrators mainly
prefer the use of general purpose architectures such as workstations (Gomes, 2011). They
have to cope with manufacturing cost and setup simplicity. As general purpose devices
need a large amount of space, the main part of the processing is deported from the handled
diagnostic tools to an external unit. For example, this is the case of endoscopic device.
Today, dedicated rooms are usually used for this purpose in many hospitals. Their
associated external computers that are used for diagnostic system are cumbersome and are
also energy consumers. These issues are too problematic to use efficiently these systems in a
limited space. Indeed, they restrain the movements of the medical staff and complexify the
deployment on the ground for military or humanitarian operations. Therefore it seems
logical to integrate the maximum computing capacities diagnostic into helping devices
themselves to make them completely handleable.

A large part of computing requirement of these systems is devoted to image processing. They
can be quite simple like images reconstruction and enhancement, features detector or 3D
reconstruction. Today, a large part of these processing is mainly embedded inside handled
consumer’s devices such as digital cameras or advanced driving assistance systems (ADAS).
By the analysis of both medical and consumer’s applications systems, it is possible to notice
that they rely on similar algorithmic approaches. Also, most of integration constraints are
similar if someone wants to miniaturize these consumer devices. This mainly concerns the
chips silicon areas, their power consumption and their computing capacities. For example, a
digital video sensor and image processor integrated to a cell phone cannot reach more than a
half watt of power consumption for a silicon area of less than a dozen square millimeters. This
is also the case for one of the most integrated medical diagnostic device which is the
endocapscule. It form factor (Harada, 2008) limits components size while its autonomy is
driven by energies efficiency. The whole device may not exceed a Watt of power consumption.
About a half Watt is devoted to the part dedicated to computation for diagnostic, especially
based on image processing. However, this part depends on the device features, such as
communication systems and mechanical elements that may be used for mobility or biopsy.
Integrators also demands versatility in order to design unique products that can be used for
different targets. For example, endoscopic exploration of larynx or intestinal and lung
exploration do not uses the same devices, but these applications are all based on similar
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image processing with minor variations. Moreover, these systems should be updatable to
follow the science developments.

These requirements are also valid for large market devices such as cell phones and cameras.
For example, general purposes or specific embedded processors are widely used like ARM
microprocessors and Texas Instrument Digital Signal Processors (DSP) which are integrated
into transportation, photonics, communications or entertainment (Texas Instrument, 2006).
These markets drive both academic and industrial researches. The background knowledge is
present inside laboratories; however its transfer to medical applications is not yet
completely industrially ready.

This chapter provides clues to transfer consumers computing architecture approaches to the
benefit of medical applications. The goal is to obtain fully integrated devices from diagnostic
helping to autonomous lab on chip while taking into account medical domain specific
constraints.

This expertise is structured as follows: the first part analyzes vision based medical
applications in order to extract essentials processing blocks and to show the similarities
between consumer’s and medical vision based applications. The second part is devoted to
the determination of elementary operators which are mostly needed in both domains.
Computing capacities that are required by these operators and applications are compared to
the state-of-the-art architectures in order to define an efficient algorithm-architecture
adequation. Finally this part demonstrates that it's possible to use highly constrained
computing architectures designed for consumers handled devices in application to medical
domain. This is based on the example of a high definition (HD) video processing
architecture designed to be integrated into smart phone or highly embedded components.
This expertise paves the way for the industrialisation of intergraded autonomous diagnostic
helping devices, by showing the feasibility of such systems. Their future use would also free
the medical staff from many logistical constraints due the deployment of today’s
cumbersome systems.

2. Video processing in diagnosis helping system

Since many years, the research about diagnosis helping devices is very active. This is true in
both academic and industrial world. This can be explained by the fact that the possibilities
of data analysis systems are becoming more and more complex and can extract a large
amount of information. The helping in diagnosis can provide a solution to decrease the
response time of the practitioner in urgent case or to help him in the preparation of the
patient operation. This section firstly presents endocapsules as an example of one of the
most constrained integrated diagnostic devices. It also representative of some of the major
research domains in biomedical technology: image and signal processing, robotics and in-
vivo communication. Next, the needs for diagnosis helping for such devices are presented,
followed by an introduction about low level image processing in both consumers and
medical components. Finally similarities between these two applications are developed and
clues are given to appreciate required capacity for these embedded algorithms.

2.1 Researches in diagnostic helping devices

Researches in diagnostic helping devices cover a large number of domains, however one can
focus on three items that emphasize the conception of an autonomous device. This is
illustrated by Lab-On-Chips projects (Harada, 2008) that are able to do an auto diagnostic.
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1. The video processing:

In the case of endocapsule (Karargyris, 2010), the main goal of video processing is to analyse
a video sequence in order to find different features like bleeding, polyps, tumours, etc.
Theses kinds of diagnosis helping are usually done in two steps. First a camera equipped
device grab images to diagnostic, these images are then transmitted through a wireless
connection to a workstation that analyzes them during an off-line processing. Figure 2.1
depicts the PillCam by Givenlmaging, and the Endocam by Olympus can also be cited;

Fig. 2.1. PillCam by Givenlmaging

2. The mechanical systems for autonomous devices:

Some researches focus on the integration of mechanicals devices to endocapsules in order to
give them the ability to surgery using micro-instrumentation such as biopsy. An example of
such an endocapsule is “Miro” (Kim and al., 2007) under Korea’s Frontier 21 project as
shown on Figure 2.2. The “Scuola Superiore Sant’Anna” (Quirini, 2007) also tries to
integrate small mechanic legs to a video-capsule in order to give the practitioner the ability
to move freely in the intestinal system.

Biopsy tool Legged Locomotion Mechanism

S

? Wireless Power Transfer Digestive

Fig. 2.2. Principe of the endocapsule “Miro” and prototypes of a mobile endo-capsule

3. The communication and transfer protocol:

Communication protocol in human body is defined by the norm IEEE 820.15. Its frequency
is 403 MHz. This is defined by the norm for in-vivo electronic devices. Antennas for this
band are small while low emitting power is required due to limited loss of the signal in the
environment. Moreover this frequency should not infers with usual communications
devices. Energy efficiency is a critical point for the energetic life of an integrated and
autonomous system. For this reason, many researchers work in order to find an optimal way
to communicate between the device and the external world. There are three aspects of this
research: the first one focuses on the silicon device technologies and materials. The second
one focuses on the architecture trying to define the most efficient hardware architecture for
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embedded computing integration. Finally, the third one focuses on communication protocol,
as well at hardware level - antennas, computing, power consumption - at system level - soft
radio, compression, computing complexity reduction.

The most important part of required computing capacity is devoted to video processing. It is
crucial for a diagnostic helping device such an endocapsule. The practitioners have to
visualize the body exploration which requires large computing capacity to ensure a
confortable real-time high resolution video. Video processing is also essential for the control
of mechanical parts of endocapsules that enable movement or biopsy. For example its
purpose is to extract features from the image for positioning. Consequently, the video
processing block usually requires large silicon area on the component. For this reason this
chapter will focus in the video processing part.

2.2 Diagnostic helping devices: The needs

One of the domains that requires an efficient and accurate exploration is the endoscopy. The

length of the digestive system causes many limitations. However they are drastically

reduced from a decade thanks to the conception of the endoscopic video capsule.

Video endocapsules are shown to be useful in many cases:

¢  Unexplained digestive bleeding:

They represent about 5% of the digestive bleeding. general’s methods offer very poor result.

Profitability of radiological examination is only between 5 and 10% because no direct

visualization of the mucous membrane is possible. Using enteroscopy, the profitability

diagnosis for the lesions of hail is between 15 and 30% which is far from 100%. Using an
endocapsule the profitability diagnosis are higher than that of the thorough enteroscopy, up

to 70% (Maieron et al, 2004) (Fireman et al, 2004) (Selby et al, 2004).

e Crohn syndrom and hemorrhagic recto-colitis:

Chohn symdrom concerns about 2.5 billion patient in the world. This number increases each

year. In this case, literature also shows that the endocapsule is a good choice for first

intention exploration of clinical suspicion when traditional methods such as fibroscopy

coloscopy and biopsies are negative (Bernardini, 2008).

e  Polyps and hail tumors:

On 1042 examinations carried out, it was diagnosed 6-8% of tumors of hail (malignant 50%)

(Lewis, Miami 2004). Endocapsule is especially efficient in the detection of small tumors

(< 1 cm) which are difficult to see by general exploration such as simple radiological

examination. There is also an interest like examination of tracking in the event of clinical

suspicion (carcinoide, l[ymphoma) due to the non-invasive nature of the technique and its
simplicity of implementation for the patient.

By the literature, state of art, contact with practitioners and the study of diagnosis methods,

diagnostic helping devices can benefit from following applications.

e Vision and real time 3D reconstruction of the scene is used to determine precisely the
size of the lesions. This is used to find the optimal solution to treat the patient. At this
time, the size of an anomaly is determined by the experience of the practitioner.

¢ Real time and autonomous detection of tumors, polyps, lesions and bleeding. Sometime,
an anomaly can be very difficult to detect due to its localisation or its little size. The goal is
to have the higher profitability diagnoses possible. This kind of processing is also very
useful to determinate the region of interest - the region where an abnormally is seen - in
the image. An autonomous detection should allow a better management of the power
consumption by sending to the external world the image of the anomaly only.
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e  Spectrography is a possible solution to define the nature of a tumor when the biopsy
not easily feasible. Spectrography is based on the spectral response of the organic fabric
to a laser operating at a specific wavelength (Péry, 2008).

2.3 Algorithms used for general image processing in consumer’s devices and
diagnostic helping

The importance of the consumer devices market pushes the academic and industrial labs to
innovate. This is required by the integration of brand new features in order to create new
products, while maintaining the production cost as low as possible. Most of these new
features require high computing capacities while silicon area must be kept under control
and power consumption need to be sustained as low as possible. First, silicon area has a
direct impact on production cost; moreover, too large components may be incompatible
with a product form factor. Power consumption has a direct impact on battery life, which is
crucial for handled products.

For example, on 2010, cell phones” image sensor represented about 80% of the overall sensor
market for about 5 000 millions Dollar . These sensors are systematically associated with a
digital Image and Signal Processor (ISP) to reconstruct and enhance the images from raw
format. Cell phone integrators need video module, which include a video sensor and ISP at
a price of about one dollar. Lenses and sensor costs are reduced as most as possible by
reduction of the matrix and pixel size (today 2um pixel are the state of the art). In addition
to traditional color image reconstruction from raw data, this pixel size reduction implies an
image quality degradation that must be corrected using digital ISP. An example of
traditional image correction and reconstruction pipeline is presented in Figure 2.3. However
to keep production costs low, their silicon area must be maintained under a few square
millimetres using today’s technologies. This forbids the use of traditional image processing
approaches such as the use of a frame memory which may require more than times of
silicon area budget.

Additional computing resources are used for high level application such as face recognition
or augmented reality. Digital cameras and security cameras represent another part of the
market of embedded image processing. Depending on their usage, they can embed low level
to complex high level algorithms, from simple image enhancement to face recognition or
motion detection and tracking.
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Fig. 2.3. Example a of a low level image reconstruction video pipe.
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Todays handled video games and digital cameras are able to handle 3D as well for image
grabbing and displaying. Designers now consider this feature must be integrated into
devices. This feature requires specific algorithms to process images, especially when they
are grabbed by a stereoscopic pair.

Basic image enhancement algorithms are used as well for image grabbing as for image
displaying. Depending on the nature of the targeted application, high level algorithms may
be used in addition. For example, interest point detection is widely used for face detection
or augmented reality. Stereoscopy may be also used for this last purpose.

2.4 Algorithms used for diagnosis helping

By the analysis of the applications needed to enhance the diagnosis, it is possible to define a
selection of video-processing algorithms. If we let on the side the most common processing
used for image reconstruction and enhancement, which is the first step of all image
acquisition, one can extract the following algorithms:

e  Shape detector:

In order to define a region of interest in the image, this kind of detector is very common. In a
simplifying way, we can summarize this algorithm by the analysis of the reflectance or
depth discontinuity in an image; actually, the intensity discontinuity allows the edge
definition. The principle of edge detection is based on the study of the derivative of the
intensity function in the image: local extrema of the gradient and passages by zero of the
Laplacian. This can normally be achieved by convolution like approaches;

e  Colour analysis:

This technique allows to fetch the information about the incident spectrum wave. This is
similar to spectroscopy. The base of this method is to record a certain color profile and to
compare it to a matching table, which contains the known color profile. This enables to find
the needed information for example the nature of a tumor - considering that each tumor has
a specific color response.

e Labelling:

The goal is to give an identification code to each region of interest in the image in order to
process them separately; the labelling is one of the most important processing with the form
recognition. If we simplify to the maximum, this method is based on the scanning of the
image, each time that a region of interest is found, which was defined by a previous
processing like form recognition, a label can be attributed. There are many different
technique of labelling, depending of the complexity of the image. Graba (Graba, 2006)
proposes a solution to integrate labelling in a small 3D vision sensor. Lacassagne
(Lacassagne, 2009) proposes an extremely fast method to process the labelling.

e 3D reconstruction:

The depth reconstruction is usually based on three different solutions: the so called active one,
based pattern projection read by a camera. The second one is passive stereoscopy, with two or
more cameras allowing a triangulation from the images (Darouich, 2010). N. Ventroux and R.
Schimit (Ventroux, 2009) defines a solution to achieve a 3D reconstruction device based on
stereoscopic method for autonomous cars. Kolar (Kolar, 2007) (Kolar, 2009) defines a way to
integrate the 3D reconstruction into an integrated vision sensor for an endoscopic video
capsule. Ruben Machucho-Cadena and Eduardo Bayro-Corrochano (Machucho-Cadena, 2010)
present a solution to create a 3D model of a brain tumor from endoscopic and ultra-sound
images. The processing will depend on the complexity of the scene and the required precision.
The third solution is based on the time of fly of an energetic wave (Oggier, 2004).
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e  Form recognition and classification:

The form recognition allows finding a certain object from the raw data in order to classify it
and to take a decision; this can be to stop your camera-equipped car when an obstacle is
detected (Ponsa and al., 2005). This method is based on two different steps: firstly, the
system needs to learn what kind of object it has to detect. This is usually done by a method
called AdaBoost. A database that contains the objects to recognize is used to define classifier
coefficients in order to obtain the good set of output. Finally, a classifier is able to
determinate what kind of object is present on the raw data and to classify it.

The analysis of diagnostic helping algorithms shows that simple algorithms such as pattern
recognition or stereo reconstruction are required. These approaches require a computing
capacity of hundred billion of operations (GOPs) in order to be executed. Moreover, some of
them also may require a frame memory to be correctly executed. Figure 2.4 shows an
approximation of computing capacity required expressed in GOPs of the previously
presented algorithms.

Form recognition and
classification

Labelling

Passif 3D reconstruction

I
|
»
|
Active 3D reconstruction T—'
_—

Shape detector

|
Colour analysis "

-

0 10 20 30 40
& Average GOPs

Fig. 2.4. GOPs consumption of diagnosis helping algorithms

But one of the most interesting thing that we can see after the analysis of the algorithms
used for the diagnosis helping, is that we can find the same algorithms in consumers devices
likes smartphone, camera, game station, etc. Innovations concern architecture design as well
as algorithmic definition. Researches also involve co-design and high level synthesis in
order to match embedded systems constrains. The expertise of image processing community
and embedded devices is widely used for consumers devices researches.

3. Application to endoscopic imaging

A co-design approach is required in order to meet the computing resources requirement of
handled diagnostic devices. These approaches are widely used in the community of
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consumer’s devices. First, the whole application set is studied in order to define computing
intensive blocks from image processing applications. The first section presents them and their
operators that can be ported to hardware resources for both medical and consumer’s
application. The second section presents a brief state of the art of hardware components
known to be efficient for embedded computing intensive image processing from both
industrial and academic works. Finally, third section presents a feasibility study of an
autonomous endoscopic capsule which has not only the ability to grab and outcast videos like
today’s one, but also to process them in order to emphasize specific medical abnormality.

3.1 Required operations for image processing
Study of the applications done in previous part of this chapter gives a set of atomic
operators. The first processing level needed for every sensed picture consists in a low level
image reconstruction and enhancement as previously presented in Figure 2.3. It is realized
by algorithms that are pipelined downstream of the image sensor.
In order to capture a correct image, exposure metering and system for auto-focusing must take
place. The second step is devoted to the elimination of the electronic noise, which degrades the
signal. A contrast enhancement step permits a better usage the sensor dynamic range. Because
many types of illuminant sources induce color variation, white balancing makes image colors
look natural. The demosaicing step interpolates a complete color image from raw data
produced by a color-filtered sensor such as Bayer filter. Finally, various image enhancement
processes, such as distortion correction or adaptive edge and contrast enhancement can be
applied. The last step (not discussed in this paper) is devoted to the compression and the
storage of the image, or to detect points of interest such as corners facilitating object recognition.
¢ Image capture
Fine exposure-metering methods are required to ensure a correct use of the sensor dynamic
range. Similar methods can be employed to ensure that the subject is correctly focused and
suitably sharp.
e  Exposure control
This step consists in defining exposure parameters which are exposure time, optical
aperture, linear ISO sensor sensitivity, and scene luminance.
In smart phones, but also in non Single Lens Reflex (SLR) cameras and camcorders,
exposure control can be achieved by direct analysis of the stream of pictures from the sensor
as done by Shimizu et al. (Shimizu, 1992).
¢ Auto-focusing
Auto-focusing consists in measuring image sharpness in a region of interest while
displacing certain optical elements. The most common methods are either gradient-based or
Laplacian-based such as (Lee, 1980). The region of interest is conventionally considered to be
the centre of the image.
¢ Noise reduction
The use of multiple mega-pixel sensors is encouraged by the current market trends for
mobile devices. This tendency has also led to reduction in pixel size, thereby limiting both
SNR and overall image quality as explained in Chen et al. (Chen, 2000). Some of the
correctible noise is especially due to the CMOS technologies used in image sensors.
e Pixel noise is directly correlated with photo site area, since photodiode voltage
following exposure must be comparable to voltage value after reset (if the latter is
more than zero, reset is incomplete). The resulting noise, which can be significant,
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takes the form of a residual current generated when a pixel is read quickly. Pixel
noise is also caused by thermal excitation and leakage. Spatial and temporal
disparities caused by such noise are observable and can be statistically characterized.
e Amplification and quantization noise is directly due to ADC sampling. In CMOS
sensors, an amplifier and an ADC are present for each column. As in any other
electronic device, the signal generated by them includes thermal noise to which
quantization noise must also be added.
It is possible to reduce the impact of amplification and quantization noise on images in various
ways. The first is to cancel Fixed Pattern Noise (FPN) by deleting characterized noise pixel-
per-pixel or column-per-column. The second is to replace any absurd pixel values, which are
also those most visible to the human eye. This can be done using Gaussian-kernel convolution
or adaptive filtering, for example with bilateral filters (Tomasi, 1998).
e  Contrast enhancement
This step allows an optimum use of the full dynamic range of the image. Histogram
equalization can be applied to the whole image. The existing literature also describes
various embeddable, local adaptive methods. These methods, like High Dynamic Range
Imaging (HDRI), are used to extract high and low light values that are not visible on
standard displays. Numerous signals are recorded by the sensors in dark and bright areas of
the image. Without tone mapping, these signals are not visible on a standard monitor due to
saturation effect. Adaptive methods ensure local contrast enhancement using local gamma,
local histogram or Retinex-like approaches.
¢  White balancing and multispectral analysis
Sensor pixels are covered by a color filter such as the well known Bayer one that they “grab”
signals corresponding to each primary color. This allows measurement of the absolute
luminance values for each color component. These values depend on the scene illuminant
color, which induces a global image color —yellow-orange for tungsten and blue-violet for
fluorescent light sources. This step aims to determine illuminant color and obtain realistic
image colors. The best known method is the grey world assumption, which is used in
numerous applications and may vary to other methods like the grey-edge one as proposed
by van de Weijer and Gevers (Weijer, 2007).
Multispectral analysis consists in lighting the scene using different wavelength. Nature of
the object may be determined by analysis of its response to these different lights. For
example a some kind of tumour would be revealed by a 1200 to 1400 nm wavelength.
e  Color plan interpolation
The crucial demosaicing step computes each RGB or YUV plan from a single raw image
“grabbed” by the sensor, like any camera. There is literature available on a large number of
research projects relating to this step, such as. While simple bilinear interpolation calls for
computing pixel values by averaging the neighbourhood, other methods use channel-to
channel correlations or edge-of-neighbourhood to adapt the demosaicing method to
neighbourhood content.
¢ Image enhancement
Enhancement is necessary to ensure a high quality image. A good contrast balance and
sharp edges are two essential parameters for visual perception of an image. Therefore, they
can be corrected at the same time. Although correct exposure allows efficient use of the
sensor dynamic range, histogram-based processing, like normalization and equalization, are
also used to enhance dynamic range. Such processing usually takes place after noise
reduction. Edge enhancement can then be performed with a high-pass filter. For this
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purpose, convolution-based filters like the Sobel filter, unsharp mask or Canny Deriche can
be used, as can local adaptive filters, which serve to sharpen images. Image enhancement is
traditionally executed in spatial domain, but new approaches tends to execute process in
wavelet domains (Courroux, 2010).

e  Pattern Recognition

Any device that need to detect specific feature in an image such as face recognition and
smile detection like most digital cameras must detect interest points or shape (red eye, face,
smile). Traditional methods can be used, however, new approaches based on dynamic
neural network are under study (Bichler, 2011).

e Tracking

Many consumer devices are able to detect and to track moving objects such as faces. This is
the case for video-conferences devices or digital cameras that uses this feature to enhance
auto-focusing. Methods that allow object tracking can be based on feature detection. For
example the Harris (Harris, 1998) corner detector. This algorithm is based on three
convolutions that process horizontally and vertically edge filtering. The detection of the
corner is allowed by the overlapping of the previous results. A final step consists in a
cleaning filter to keep only the righteous interest points.

Global exposure control <1MOPs

Autofocus (spot) <1MOPs

FPN removal 0.210 GOPs

White balancing and multispectral detection |20 MOPs

Convolution 3x3 2.5 GOPs

Demosaicing 1.2 to 3 GOPs

Image enhancement 3 GOPs

Active 3D reconstruction 1.5 GOPs

Labelling 2 GOPs + frame memory
Object recognition (tumor, polyp etc) 4 to 30 GOPs + frame memory
TOTAL ~40 GOPs

Table 2.1. Example of the required computing capacity for low level image processing.

Previous approaches have presented image and signal processing algorithmic. They can be
ported onto programmable or configurable components on the shelves, Application Specific
Processors (ASIPs) may be designed for the execution of the algorithms, or they can be
hardwired. The choice of the hardware implementation depends on the constraints to meet
for the targeted design. Table 2.1 shows an example of different computing resources that
are required to process some of most common low level image processing. It shows the
variety of approaches and the variety of required resources.

3.2 A brief survey of embedded computing architectures

Consumers devices such as smart phone, cameras and handled devices drive a large market.
This is especially the case for embedded real-time video processing that is the subject of both
academic and industrial researches. These researches are driven by the market constraints.
First the silicon area infers the component cost, next the power consumption determines if
this component can cope with battery powered devices. Finally, flexibility is a feature that is
more and more required by integrators. This allows them to use the same component in
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different generation of devices by simply reconfiguring the hardware or by an update of the
firmware or the software of the devices’ components. As the choice of an hardware
implementation for signal processing can be complex depending on the silicon area
constraints, power consumption and computing capacity requirement of the applications.
This section presents some of the architectures that may enable image enhancement on
smart phone, considering their complexity in terms of gates count or silicon area, their
power consumption and their ability to run different kind of processing. Many
classifications of these signal processing architectures can be done. For didactic purposes,
this section split them into three parts. Dedicated architectures are firstly presented,
followed by reconfigurable architectures and by programmable architecture.

A. Dedicated architectures

Are considered as dedicated architecture, components that are made of specialized wired
operators grouped together in order to realize more complex hardwired functionalities.
These architectures are low silicon footprints and are usually low-power, thus enabling
them to be used inside embedded systems such as cell phones. Indeed, their fully wired
design is optimized for the applications integration constraints. Today, they are often used
by integrators for low level pixel processing such as contrast and color correction,
demosacing (Garcia-Lammond, 2008) or denoising (P.Y. Chen, 2008). Designers group these
Intellectual Properties (IPs) to forms complete signal processing architecture such as a video
pipe image enhancement. For example (Zhou 2003) architecture is able to process Video
Gate Array (640x480 pixels (VGA) video stream at 30 frames per second (fps), while Hitachi
(Nakano 1998) proposes a component that is able to process Super eXtended Gate Array
(SXGA) pictures. However, these more complex systems require an external memory acting
as a frame buffer to work properly. Videantis proposes two processors (Videantis inc., 2007)
(Videantis inc., 2008) that are able to process High Definition (HD) video stream conforming
to standards HD 720p and HD 1080p. The most powerful of them requires large silicon area
and power consumption which is not compatible with their integration into low-cost
components. As dedicated operators cannot be autonomous, they need to be used in
association with embedded processors (e.g. ARMs or MIPSs) and an external memory or
finite state machines. This is a common solution for low-power mobile devices like cell
phones or compact cameras. Despite the high computational efficiency of these solutions,
they lack flexibility due to their hardwired implementation that allows to the customers to
configure only a set of limited predefined parameters, these solutions are widely used
thanks to a short time to market.

B. Reconfigurable architectures

Reconfigurable architectures may be seen as evolutions of dedicated operators, especially
when they are used in complex System-on-Chips (SoCs). SoCs need of flexibility and
operator reuse for different applications pushes the architect to define methods for this
purpose. For example, the Coarse Grained Reconfigurable Image Processor (CRISP)
architecture (Chen, 2008a) can handle HD 1080p video streams. It was specifically
designed in order to run image processing and enhancement application downstream the
image sensor with more flexibility than dedicated IPs. However supported processes are
limited by hardwired modules that compose the design. It also was designed to limit its
silicon area usage and power consumption in order to be embeddable into smart phones.
Its implementation requires approximately 170 kGates and 74 kb of memory. This
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correspond to a 400 kGates and 5 mm2 when implemented in 180 nm technology - an
extrapolation gives about 1 mm?2 of silicon area in Taiwan SeMi Conductor (TSMC) 65
nm. Its given power consumption is 218 mW at 115 MHz while it can run a complete
image processing on HD 1080p video streams at 55 fps. Unfortunately, its flexibility is
limited by its hard-wired embedded processes. Moreover, to run algorithms properly, it
must be associated with memory resources. DART (David, 2002), MORA, MorphoSys or
ADRES approaches can be cited, however, more flexible reconfigurable architectures are,
and more fine grained their reconfigurability is. The reconfigurability elements of such
architecture, especially interconnects, implies an important silicon area overcost, thus can
be larger than the computing elements themselves making their integration into low-cost
devices difficult.

C. Programmable architectures

Programmable architectures can be seen as specifically designed fine grained reconfigurable
architectures. In order to maintain a low silicon area and high computing performance over
power consumption, architects have to specialize their design for an application predefined
set. Spiral Gateway, for example, proposes RICA, a configurable System on Chip (SoC),
which is based on algorithm analysis (Khawam, 2008) and is thus programmable within the
scope of the initial application set. Tensilica provides another product that is extended
instruction set processors (Tensilica). SiliconHive markets a processor template that is
customized by application code analysis. Its type and number of operators - from 4 to 128 -
can be customized at the time of chip design. For the automotive market, NEC has devised
the ImapCar processor (Kyo, 2005) containing 128 SIMD - Single Instruction Multiple Data
means that every processor executes the same instruction on different data, for example
each processor do the same job on each pixel of an image - parallel arithmetic and logic
units with a power consumption of more than one Watt. Xetal also proposes a
programmable, massively-parallel processor integrating 320 computing units (Abbo, 2008).
SIMPil (Gentile, 2005) architecture calls for parallelized 4096 processors, each of which is
intended to compute a single pixel block. Stream Processors Inc., a commercial spinoff of
Stanford’s Imagine project (Stream, 2007) and Massashusset Institute of Technology (MIT),
proposes STORM, a family of parallel chips that can handle video streams. These
components are not directly embeddable in cell phones due to their high power
consumption and large area. An acceptable silicon “budget” is about 1 to 2 mm2 in a typical
65 nm technology with a power consumption of less than half a watt. These constraints is
lacking for programmable architectures in this competitive market niche.

However, the common feature in all these programmable components is the use of different
forms of parallelism such Single Instruction Multiple Data (SIMD) and Very Long
Instruction Word (VLIW), making them efficient for computing regular data patterns. This
is especially the case for stream processors. This brief study of the state of the art
architecture shows that many of the most efficient flexible machines are based on multiple
programmable processors running in SIMD mode. Moreover, VLIW processors are often
used allowing the ILP of programs to be exploited. In this fact, the proposed architecture
includes these features (programmability, SIMD and VLIW). However, data access remains
an important bottleneck that limits computing bandwidth. In order to get a high computing
capacity, the proposed architecture is designed to separate data access and computing, in
this way, we can achieve the computation directly on incoming video stream without
needing an external frame bulffer.
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3.3 Proposed vision architecture for integrated diagnostic helping devices

The proposed architecture is based on the eISP (Thevenin, 2010) processor that is designed
for smart phone embedded video and is derived to give enough computing capacity to
support diagnostic helping image processing algorithms that could be required in an
endocapsule. Our study established an approximation of the required computing capacity of
about 50 GOPs for an average power consumption of less than a half Watt, and a maximum
silicon area of 15 mm? dedicated to computations.

As shown previously, algorithms can easily be divided in elementary stages and pipelined.
One of the most efficient architecture models consists in splitting a whole multiprocessor
architecture into elementary computing tiles as shown in Figure 3.1. Each of them acts as an
autonomous SIMD computer that can execute a process. Figure 3.2 depict a P processors
computing tile. Each computing tiles is connected using a bus, allowing the execution of
different kind of processes. For example, video processing are chained as shown in the first
section can be mapped onto each computing tile.

~
Computing Computing Computing
Tile #1 Tile #2 Tile #N
J
&V v | . S
< == r g
From CMOS Communication bus From/to SoC
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Fig. 3.1. eISP, a computile tile architecture.
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Fig. 3.2. A P processors computing tile.
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Different instances of computing tiles are characterized in terms of computing capacity,
power consumption, silicon area in function of their number of processor and memory
resources. An example characterization of the architecture is shown on Figure 3.3. This work
gives a normalized performance measure expressed in MOPs/mW and GOPs/mm?.
Standard instance of the eISP architecture gives a computing capacity of about
25GOPs/mm? for 100mW. Reaching a computing capacity of 100 GOPs that would be
required for image processing in diagnostic helping device would require 4mm? of silicon
area and 400mW of power consumption.

Each computing tile can be generated with a set of parameters that are given by the
designer. For example the data-path width, usually 8 to 32 bits and its operators, memory
maps, that is distributed in each processor or that is shared with all processor of a same
computing tile.

Sizing the whole architecture depends on the total required computing capacity, but also on
the computing capacity that the designer need for each task that will be ported on each
computing tile. Designer may uses results of the characterization, as the example shown on
Figure 3.3 to size its architecture. He can generate computing tiles and connect them to the
communication bus. Final synthesizes and simulations are required to check the designed
architecture. Finally, the eISP can be integrated into a complete System on Chip or to a Lab
on Chip that include control and communication components.

power consumption mW
2B 8B 8 5 8 8 3 8 3 8 B

(=]

16 % 2
Processor number

=1
o

Fig. 3.3. Characterization of the power consumption of a single computing tile eISP
architecture versus number of processors.

A complete characterization of the eISP architecture in TSMC 65nm was done allowing an
accurate design space exploration. We can add up to two frame buffer for HD 720p require
that would require 4 mm? for each frame. Thus, allow high level processing such as video
compression and labelling that requires up to several dozen GOPs and a frame memory
depending on the selected implementation.
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4, Conclusion

This chapter has presented the algorithms that could be used for digital image processing in
handled diagnostic devices, and more precisely in the case of endoscopy. As research in
consumer devices imaging is intense, a comparisons of the algorithms that are used in that
domain is done in this chapter. This work shows similarities between the approaches. These
similarities can be exploited in order to transfer the hardware processors initially designed
for consumers market - such as cell phone or gaming - to integrated medical domain. The
case of the endoscopic video capsule is used due to its highly constrained integrability, as
well in terms of silicon area or power consumption and computational capacity. A state of
the art of the architectures that could match these constraints is described. It shows that the
existent architectures do not to perfectly cope with computational requirement, silicon area
or power consumption. A computing architecture derived from the eISP, an image signal
processor designed for low level image enhancement is proposed. With less than 5 mm? and
0.5 Watt of power consumption, this can integrate the required computing and memory
resources for handled diagnostic device in limited constraints inherent to this domain. Due
to its programmability, it can be used not only as image enhancement architecture, but also
as a high-level diagnostic helping processor by executing processes like form recognition,
3D-reconstruction, shape detector etc.

The use of such signal processing architecture in conjunction with complete robotized
diagnostic helping platforms as (Valdastri, 2009) may allows the conception of an
autonomous lab-on-chip that would be able to execute simple tasks like free move and
biopsy.
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A Mobile-Phone-Based
Health Management System

Yu-Chi Wu et al.
National United University,
Taiwan

1. Introduction

“Prevention is better than cure.” The system proposed in this chapter aims to achieve this.
According to the bulletin report of Taiwan Ministry of Interior, the elder population in Taiwan
at the end of 2008 was 2.4 million, about 10.4% of the total Taiwan population. This percentage
has already exceeded the standard for aging society set by the World Health Organization
(WHO). Furthermore, it is estimated that in 2025 the elder population in Taiwan will reach
more than 20% of the total population; therefore, the “long-distance home health care service”
has become one of the key emerging businesses in Taiwan. It was estimated that the market
revenue of home health care for these elders reached 300 million dollars in 2010.

In recent years, several studies integrating communication and sensor technologies for home
health monitoring system have been discussed (Chang, 2004; Chen, 2008; Lee, 2006a, 2006b,
2007a, 2007b; J.L. Lin, 2005; T.H. Lin, 2004, Shu, 2005; Wu, 2004; Ye, 2006; Yu et al., 2005), such
as monitoring long-term health data to find out the abnormal signs and monitoring the
medical record regularly for chronic patients to cut down their treatment frequency, to save
doctor’s treatment time, and to reduce medical expenses. Based on the sensor and
communication technologies used, these systems can be categorized into two systems:
immobile and mobile long-distance health monitoring systems. Our previous works all
focused on mobile long-distance physiological signal measuring based on either a single-chip-
microprocessor or a smart phone. The physiological sensor used was a RFID ring-type
pulse/temperature sensor. The measured data can be transmitted via different communication
protocols, such as Bluetooth, ZigBee, HSDPA, GPRS, and TCP/IP. In order to meet the
requirement for mobile health monitoring system (MHMS), the system design needs to adopt
light modular sensors for data collection and wireless communication technology for mobility.
The popular smart phones used in people’s daily life are the best devices for MHMS.

In this chapter, a different mobile e-health-management system based on mobile physiological
signal monitoring is presented to practice the idea of “Prevention is better than cure.” This
system integrates a wearable ring-type pulse monitoring sensor and a portable biosignal

* Chao-Shu Chang!, Yoshihito Sawaguchi?, Wen-Ching Yu!, Men-Jen Chen3, Jing-Yuan Lin!,
Shih-Min Liu!, Chin-Chuan Han!, Wen-Liang Huang! and Chin-Yu Su!

1 National United University, Taiwan,

2 Kisarazu National College of Technology, Japan,

3 National Kaohsiung University of Applied Science, Taiwan.
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recorder with a smart phone. The ring-type pulse monitoring sensor can measure pulse and
temperature, while the biosignal recorder can record -electroencephalogram (EEG),
electrocardiogram (ECG), and body 3-axis acceleration during daily lives. The smart phone
provides mobile “exercise-333” health management mechanisms. The user can monitor
his/her own pulse and temperature from the smart phone where the “exercise-333” health
management mechanism can help him/her to develop a healthy life style: taking exercise 3 or
more times a week, at least 30 minutes per time, raising heart rate to 130 per minute. With the
popularity and mobility of smart phones, this system effectively provides the needs for mobile
health management.

2. System architecture, hardware, and software

2.1 System architecture

The proposed monitoring system architecture is shown as Fig. 1 where the ring-type sensor
measures pulse/temperature and transmits the physiological data to the reader using wireless
RF, the biosignal recorder collects EEG/ECG/body-acceleration data and sends data to the

Ring-type
pulse/temperature
Reader sensor
-l
Smart phone
p R_'F‘\‘l
«--._wireless RS232 ‘ » biosignal
recorder
T
Bluetooth
“- -
i | MCU Data Controller i
3G, GPRS. WiFi, WilMax :'l . i i
3 - ‘ 1 : !
‘.':wre ess | RS232 IRS232 |
! ) ! STTTTTTTTTTTTT T A
s = (o @ |
Vo || Bluetooth | additional sensor | | |
: i L 1 i
‘I L.
Internet
Remote medical station PC(home)

Fig. 1. MHMS Architecture
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MCU data controller, the Bluetooth adaptors connected to the reader and the MCU data
controller pass the data to the smart phone, and the smart phone records/displays the
physiological data and also transmits data to the remote medical station using GPRS, HSDPA
(3.5G), WiFi, or WiMax. The GPS built in the smart phone can provide the position
information of the monitored person so that the medical personnel can be dispatched to the
right location more promptly in an emergency situation. The proposed system architecture is
capable of integrating additional physiological sensors via the MCU data controller. Therefore,
it can be used as an e-coach to keep the user having healthy life style. It also can be applied to
the baby-caring by detecting baby’s pulse and/or ECG to identify whether the baby is being
suffocated by pillow or blanket.

2.2 Hardware
The hardware used in MHMS includes RFID pulse/temperature sensor tag (Ring) and RFID
reader, Bluetooth RS232 adaptor, biosignal recorder, and smart phone.

2.2.1 RFID pulse/temperature sensor

Although there is a ring-type pulse monitoring sensor in the market, shown as Fig. 2, the
measured data are displayed in the LCD and cannot be transmitted out of the ring. In this
paper, a RFID wearable ring-type sensor designed by Sinopulsar Technology Inc., Taiwan
was adopted, instead. Fig. 3 shows this RFID ring (tag). This ring sensor is non-invasive,
portable, and mobile. It can measure pulse and temperature signals which are processed
by a built-in microcontroller. It uses optical sensors to detect heart rate and has anti data
collision mechanism. Physiological data are then transmitted by RF wireless transmission
with FSK modulation using UHF ISM band (up to 50 meters) to a RFID reader shown as
Fig. 4. Fig. 5 illustrates the integration of Bluetooth adaptor, RFID ring (tag), and RFID
reader.

Fig. 2. A commercial ring-type pulse sensor
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temperature sensor

' optical
| sensor

Fig. 3. RFID ring (tag)

| | RS 232 speakerpower

Fig. 4. RFID reader

2.2.2 Bluetooth RS232 adaptor

The data communication between RFID reader and the smart phone is through Bluetooth.
HL-MDOS8A (Bluetooth RS232 Adaptor manufactured by Hotlife Technology) is used in the
presented system. It supports a wide range of Baud rates from 1.2K to 921.6K bps. Fig. 5
shows the picture of HL-MDO08A, and Fig. 6 shows the picture of the RFID ring (tag) and the
connection of HL-MDO0S8A to the RFID reader.

_______

ES 232

Fig. 5. Bluetooth RS232 Adaptor



A Mobile-Phone-Based Health Management System 25

L D reader

Fig. 6. Bluetooth adaptor, RFID ring (tag) & RFID reader

2.2.3 Biosignal recorder

The biosignal recorder, developed in this system for assessment of sleep depth and physical
activities during daily lives, can measure electroencephalogram (EEG), electrocardiogram
(ECG) and body acceleration signals. The size of this developed device (45mm x 25mm x
65mm, 62.5g) is more appropriate for ambulatory recoding than that of the well-known
devices such as LifeGuard (Mundt et al., 2005) (129mm x 100mm x 20mm, 166g), AMON
(Anliker et al., 2004) (286g) and Smart Vest (Pandian et al., 2008) (460g). Fig. 7 shows
photographs of the developed device. The device consists of an analog part, a digital part
and a power supply, as in Fig. 8.

The analog part has five electrodes. Two of them are placed on the forehead and ear lobe for
EEG acquisition. Another two electrodes are patched on upper-right and lower-left breast
for ECG acquisition. The last electrode is put on back neck for right-leg-driving. The
acquired signals are amplified by instrumentation amplifiers (Analog Devices AD627) and
operational amplifiers (Texas Instruments TLV2254). The amplification factors are 60dB for
EEG and 46dB for ECG. These amplification circuits also have bandpass characteristics with
the passband from 0.5Hz to 100Hz. Then the conditioned signals are sent to the digital part.
The digital part consists of a mixed-signal microcontroller, an accelerometer and a memory
card. The mixed-signal microcontroller (Texas Instruments MSP430F4270) converts the
conditioned signals (EEG and ECG) to digital signals with 16-bit resolution at the sampling
rate of 256Hz. This microcontroller also collects three-axis acceleration values from the
accelerometer (Freescale MMA7456L). This accelerometer provides 10-bit digital values
whose range and sampling frequency are + 8g and 8Hz, respectively. The microcontroller
records these digital data into the memory card. The memory card can store digital data up
to 2GBytes, large enough for 2-week recordings. The power supply provides regulated
voltage to other parts. The power source is one-cell lithiumion polymer battery (3.7V,
900mAh) and connected to a voltage regulator (Texas Instruments TPS73130) through a
diode-OR circuit. This diode-OR circuit enables us to hotswap batteries. The principal parts
of the developed device is enclosed in an ABS plastic case (Takachi SW-65S) whose size is
45mm x 25mm x 65mm. The overall weight of the device is 62.5g. Since the current
consumption is 29mA in the steady state, the device can record EEG, ECG and three-axis
accelerogram for up to 31 hours with the fully-charged battery. Furthermore, the
measurement duration can be prolonged up to 2-weeks when two or more batteries are
used, swapped and charged alternately once a day.
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©

Fig. 7. Biosignal recorder (a) recorder with case closed, (b) recorder with case opened, (c)

portable recorder with wires attached to user’s body
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Fig. 8. Block diagram of developed biosignal recorder
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2.2.4 MCU data controller

The data controller consists of a MCU (Philips P89C51RD2HBP microcontroller), a
multiplexer (Hitachi HD74LS153P, Dual 4-line to one-line Data Selectors), a demultiplexer
(SN74LS156N, Dual one-line to 4-line Data Decoder), and a RS232-TTL voltage conversion
IC (Intersil HIN232CP). Fig. 9 shows the developed data controller circuit on a breadboard.
The function of this data controller is like a data switch to bridge the biosignal recorder and
additional sensor to the Bluetooth adaptor. It alternately transmits the data from these two
different sensors to the smart phone via Bluetooth.
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Fig. 9. MCU Data Controller

2.2.5 Smart phone

Any smart phone which operating system is Windows Mobile 6.1 is suitable for the
presented system. The smart phone used in this system is ASUS P552W with built-in GPS. It
supports HSDPA 3.6Mbps/EDGE/GPRS/GSM 900/1800/1900. Fig. 10 shows the picture of
this smart phone.

Fig. 10. ASUS P552W smart phone
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2.3 Software

The GUI programs developed on the smart phone and on the remote medical station were
coded in Visual C#. Microsoft .Net compact framework 3.5 was installed on the smart phone
for running the client APs, and Windows Mobile 6 SDK, smart phone emulator, and Cellular
Emulator were installed on the PC for developing the client APs.

Several GUIs were developed to communicate with the RFID reader/tag and then were
packaged into a DLL file for ARM-based embedded systems (smart phones). The reason of
using DLL file is for the security reason so that the physical data format can be hidden in the
DLL file. Table 1 shows the commands developed for the APs. The shaded area in Fig. 11
illustrates the flow chart of the AP on the smart phone. After the hardware devices are set
up properly, the user is ready to run the developed AP by starting the setup procedures: 1.
Open Bluetooth ComPort, 2. Execute ReaderReset command to initialize the RFID reader, 3.
Execute ReaderQuery command to search for available RFID Reader, 4. Execute AllReset
command, 5. Execute SearchTag command to search for available ring tag. Then, the user
can start receiving data from the ring tag to the smart phone by executing the Access
command. The GPS data can also be received to the smart phone by executing the “Open”
command. These collected data on the smart phone can be transmitted to the remote server
through 3.5G Internet communication by performing the following procedures: 1. Check
connection manager, 2. Check available network , 3. Establish Internet connection, and 4.
Send out data using Socket class.

Command Descriptor
(for Reader)
ReaderReset Reset RFID Reader
ReaderQuery Search for all available RFID Readers
C((f);“;}:;d Descriptor
SearchTag Search for all available ring Tags °
Access Read back data from ring Tag
StopAccess Stop reading back data from ring Tag
SLEo R Descriptor
(for Reader and Tag)
AllReset Reset both RFID Reader and ring Tag
Command Descriptor
(for GPS)
Open Open GPS receiver
o pand Descriptor
(for SMS)
SendSMS Send SMS text message

Table 1. Commands for APs
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Fig. 11. Flowchart of MHMS under normal situation

Fig. 12 shows the interactions among the smart phone, RFID reader, and ring Tag for those
commands used on smart phone. For instance, the SearchTag command instructs the RFID
reader (action 1) to search for available ring Tag (action 2), and the available ring Tag
responds Tag ID back to the reader (action 3) and the reader sends the received Tag ID to
the smart phone(action 4). Fig. 13 depicts the flow chart of sending SMS text message to the
emergency contact’s phone under emergency situation when the SOS button on the Tag is
pressed.
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Fig. 13. Flow chart of sending SMS text message under emergency situation
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3. Physiological data presentation

The hardware is implemented as Fig. 6. The Bluetooth adaptor is connected to the RFID
reader and the ring Tag is worn on the user’s finger. The setup steps for communication
between the smart phone and the RFID reader/Tag can be executed either on the smart
phone emulator (on PC) or on the smart phone using the Cellular Emulator. Fig. 14

illustrates these steps on the smart phone emulator.

settirgromn

ALLReset SearchT.
Packet T ‘ [ | | ag |
e — [cess | Bropecsy
| ReaderQuery | |1

Info ||Reader | Tag | Pedomster | Info | Reader | Tag | Pedometer |

Fig. 14. Setup steps for communication between the smart phone and RFID reader/tag
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Step 1.
Step 2.

Step 3.

Step 4.

On the main page, click the “Menu,” go to “Setting,” and then choose “RFID
setting.” RS232 COM port setup page will pop up.

Choose the correct COM port and click “OPEN.” Then, click “BACK” to return to
the main page.

Click “Reader” and “Reader setup” page will pop up. Click “ReaderReset” to reset
the RFID reader, and the RFID reader beeps and “True” is shown on the message
box. Then click “ReaderQuery” to search for the Reader’s address. The message box
of ReaderQuery shows the address number.

Click Tag and the “Tag setup” page will pop up. First click “ALLReset” and turn on
the power of the ring Tag. Then click “SearchTag” to search for the ring Tag around
the RFID reader. Once the ring Tag is detected, the Tag ID number will be shown
on the page and finally click “Access” to go to the physiological data monitoring
GUL

Fig. 15 depicts the physiological data monitoring GUI on the smart phone emulator. The
same GUI on the smart phone is shown in Fig. 10. On this page, two temperature values
measured by RFID reader and Tag and pulse data are shown. The SOS message box
indicates the status of the SOS button on the ring Tag. If this button is pressed, the smart
phone will dial the pre-set emergency phone number(s) to send out SMS with the GPS
position information to other people for help. Fig. 16 shows the GUI for setting up pre-set
emergency phone number(s). Fig. 17 shows the GPS information.

Fig. 15. Physiological data monitoring GUI
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Fig. 18 presents the 3G communication of smart phone and the webpage of remote medical
station. The 3G connection setup page of the smart phone is shown on the left side and the
webpage of the server is on the right side where temperature values, pulse, and Google map
are displayed. Based on the GPS position information sent from the smart phone, the Google
map helps the medical staff to locate promptly the monitored user who needs further
assistance.
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Fig. 18. 3G communication setup and the webpage of remote medical station

For evaluation of the developed biosignal recorder, a 4-day measurement was performed.
Figures 19-21 show typical waveforms of EEG, ECG and accelerogram during the 4-day
measurement. Fig. 19 represents waveforms during deep sleep. In the EEG waveform, sleep
spindles appeared frequently. The heart rate was very slow (42 bpm) as seen in ECG
waveform. The accelerogram did not change during this period. Fig. 20 was acquired during
shallow sleep. The ECG and accelerogram are almost same to these in Fig. 19. On the other
hand, sleep spindles are not seen in EEG waveform. In Fig. 21, waveforms during deskwork
are shown. The heart rate (50 bpm) was faster than that during sleep. The accelerogram
denotes that subject’s body is upstand. In EEG waveform, large artifacts generated by eye
blinks appear. Fig. 22 shows waveforms during walk movements. Up and down movements
of the walking cycle are observed in the accelerogram. The heart rate was moderately fast
(about 90 bpm) due to the walking movements. In Fig. 23, waveforms during meal are
indicated. The EEG waveform was disturbed by chewing movements. This phenomenon
was not desirable for true EEG recording, however, this characteristic waveform is useful for
activity estimation The characteristics of these waveforms suggest some indices for
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estimation of sleep depth and physical activities. In Fig. 24, four indices listed below are

shown for the waveforms during the 4-day measurement:

1. Median value of heart rate derived from 3-minute ECG waveform,

2. Standard deviation for 3-minute absolute values of accelerogram,

3. EEG power ratio of gamma band (30~128 Hz) to delta band (below 4 Hz) derived from
128-second EEG waveform,

4. EEG power ratio of alpha band (8~13 Hz) to beta band (13~30 Hz) derived from 128-
second EEG waveform.

These indices are calculated for every 3-minute periods, and time courses of them are

shown. Note that the index value for a particular 3-minute period disappears if more than

5% of the raw waveform exceeds the A/D conversion range during the period, for example

in the EEG ratios at the first day’s night (from about 20 to midnight).

From examination of Fig. 24 and subject’'s handwritten note, the availability of these

indices for activity and sleep depth estimation can be pointed out. Both the median of

heart rate and the standard deviation of accelerogram are low during sleep. Therefore

these indices are useful for estimation of sleep/wake state. More complicated algorithm

may enable us to estimate physical activities from these biosignals. The EEG power ratio

of gamma band to delta band shows sharp peaks. The peak times coincide with mealtimes

of subject’s record. This EEG ratio surges when chewing EMG appears and is useful for

estimation of mealtime. The EEG power ratio of alpha band to beta band changes

periodically during sleep periods. This phenomenon suggests that this index may reflect

changes in sleep depth. However, further investigation is required for more rigorous

conclusions.
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4. “Exercise 333” health management mechanism

Compared to the traditional medical care that people receive medical treatment after they
feel ill, an effective health management program can provide prevention of illness in a more
aggressive manner — prevention is better than cure. Especially for people working in present
modern high-tech society under lots of pressures and lacking exercise, such a preventive
health management becomes essential. According to the report conducted by a hospital in
Taiwan (Cheng-Ching Hospital Medical Center, 2010), exercise-333 can effectively prevent
cardiovascular diseases. The concept of “exercise-333” is quite simple; i.e., taking exercise 3
or more times a week, at least 30 minutes per time, raising heart rate to 130 per minute. The
health management mechanism presented here, based on “exercise 333”, can help to remind
the user to develop such a healthy life style.

Fig. 25 depicts the exercise-333 health management GUIs on the smart phone. In the first
GUJ, the user can set up 3 weekdays as checking points and at each checking point it will
show the progress status to remind the user. In the second GU], at the end of each day it will
show the user whether his/her heart rate has ever been over 130 for more than 30 minutes.
And at the end of each week, this GUI also shows the condition whether the user has
accomplished exercise-333. With these two smart-phone GUIs, the user can constantly
receive reminders and check his/her exercise status.

Based on the fact that in Taiwan every 100 people have 108 cellular phone numbers
(Y.S. Lin, 2008), the high popularity of smart phone makes the presented health
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management system effective and convenient to help people on developing a healthy life
style.
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Fig. 25. Exercise-333 health management GUIs

5. Conclusions

In this chapter, a mobile e-health-management system has been presented. This system
integrates a wearable ring-type pulse monitoring sensor and a portable biosignal recorder with
a smart phone. The ring-type pulse monitoring sensor can measure pulse and temperature,
while the biosignal recorder can record electroencephalogram (EEG), electrocardiogram (ECG),
and body 3-axis acceleration during daily lives. Based on these EEG, ECG, and acceleration
data, several indices can be evaluated to estimate the user’s physical activities. With the help of
the mobile “exercise-333" health management mechanism developed on the smart phone, the
user can monitor his/her own physiological data to practice the idea of “Prevention is better
than cure,” developing a healthier life style. The presented system, with the popularity and
mobility of smart phones, effectively provides the needs for mobile health management.
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1. Introduction

As the new medical practice paradigm of ubiquitous health care has gradually evolved,
"smart" clothes with noninvasive sensors that obtain biosignals, such as ECG, respiration,
SpO», and blood pressure data, have great potential (Axisa et al., 2005; Lauter, 2003). We call
such clothes "wellness wear." A wellness wear system is an integration of biosensors that
attach to clothes, digital yarns that transmit biosignals and other data, integrated circuits
and microprocessors that process those signals, wired and wireless communication, and
software applications that process and analyze vital signs obtained from the biosensors.

The need for wellness wear systems is clear. Wellness wear enables the continuous
monitoring of health conditions at any time and place because the clothing is worn
continuously. Thus, the use of wellness wear can promote easier home care. Both patients
and nonpatients experience efficient and comfortable health care and disease prevention
(Saranummi, 2002). This is particularly important because as the aging population increases,
the interest in quality of life grows quickly. Undoubtedly, the physical boundaries and
distances that restrict doctors’ treatments can be reduced. Generally, wearable systems
provide real-time feedback about one’s long-term health condition, and can even provide
alarms in potentially health-threatening situations (Pantelopoulos and Bourbakis, 2010).
From an economic point of view, the increasing cost of medicine will be also reduced by the
usage of wellness wear because some portion of expensive traditional health-care practices
will be replaced.

Despite the need, however, there is not yet a stable market for wellness wear. Additionally,
it has not achieved its goal of providing either low-cost or ubiquitous health-care services.
One critical reason for this is that biosensors attached to clothes cause motion artifacts; thus,
the quality of biosignals may be unreliable. This means that they have not yet been
validated clinically. Many sensors can also cause skin irritation or allergies. Further,
wellness wear is not of sufficient quality in terms of fashion, usability, and acceptability in
consumer culture. There are probably more reasons that wellness wear has not been
successful nor actively commercialized; the major reason is likely that wellness wear is still
in its infancy. We believe that the currently immature technical, clinical, and cultural aspects
of wellness wear will gradually improve, eventually increasing its use.

In this chapter, we shed some light on health care with smart clothes. First, we briefly
review previously introduced smart health clothes. Second, as an example, we present a
wellness wear system that we are developing that assists with weight loss by using software
called the Calorie Tracker, which works together with wellness wear.
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2. Wellness wear and related medical services

This section presents a survey of the state of research and development of smart clothes for
health care. The general architecture and basic design considerations of smart clothes are
introduced briefly. Research prototypes and commercial products of the main smart clothes
that have been developed so far are then reviewed.

2.1 An overview

Figure 1 shows the general architecture of smart clothes for health care (Park and
Jayaraman, 2010). The miniature sensors that are integrated into the textile measure
biosignals from the wearer and the environment to provide physiological and contextual
information. The signal processing system, which serves as the system’s central node and
usually takes the form of a hand-held device or carry-on electronics, provides temporary
data storage and may also preliminarily process sensory data to acquire appropriate
parameters, including vital signs. The communication system transmits the raw data and
extracted parameters to a remote station for long-term storage and further analysis. The
decision support system installed in the station obtains and interprets the data to assist in the
diagnosis and treatment by health-care professionals.

Sense/Observe

@g& Sensors %%

Fig. 1. Architecture of smart clothes (from Park and Jayaraman, 2010, p. 87)

This smart clothes framework shows that the design and implementation of such a system is
a challenging task. Many constraining and sometimes conflicting requirements must be
considered in enabling smart clothes to become an efficient and applicable health-care
solution in real-life situations. More specifically, smart clothes should:
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1. satisfy the need of wearability (low weight and small size to enable a comfortable
experience);

2. provide an easy-to-use interface to minimize the cognitive effort of the user;

3. incorporate noninvasive biomedical sensors, which allow for biosignal measurements
on humans without radiation or infection concerns, to comprehensively estimate and
evaluate the wearer’s health status;

4. enable real-time processing to facilitate use and track the timing of emergencies, which
could be lifesaving;

5. possess a certain level of intelligence to aid health-care professionals in identifying and
addressing health problems

6. acquire biosignals with high accuracy and low distortion and present results with a
high degree of reliability to gain the trust of professionals;

7. deploy appropriate security and privacy solutions that mainly focus on data
transmission and storage to protect the status information and personal medical data of
the user;

8. provide reliable communication channels for transmission of biosignals from the
sensors to the system’s central node and then from the smart clothes to a remote
medical station (or to a physician’s hand-held device);

9. enable low power consumption to support extended operation times and system
miniaturization

10. enable scalability and reconfigurability to improve system applicability and user
acceptance, such as adding or removing sensors; and

11. undergo testing in clinical situations to demonstrate validity and practicability, the
outcome of which can help to convince stakeholders.

2.2 Research and development of smart health clothes

As one of the most important applications of wearable technology, smart clothes for health
care started in early 2000 (Lymberis and Olsson, 2003). Since then, this promising area has
attracted much attention from both the research and business communities. In the following
two subsections, we review the main achievements from both research and commercial
aspects.

2.2.1 Research prototypes

The VTAMN (Vétement de Télé Assistance Médicale Nomade — Undergarment for Nomad
Medical Tele-assistance) project was supported, in part, by the French government and aims
to measure physiological information on the wearer as well as environmental and activity
parameters in daily life situations (Fig. 2). Six-lead ECG signals (from 4 textile electrodes),
breathing frequency (from 2 coil pneumographs), and ambient and mid-temperature (from
2 I,C temperature sensors) are transmitted automatically or on demand to the remote station
using a GSM placed onto the belt. This enables remote detection and tracing of cardiac
arrhythmias. The system also incorporates a fall detection module (a 2-axis accelerometer
and a microcontroller embedded on an electronic board) to enable an alarm to launch by a
cell phone and subsequent rescue to occur with the help of GPS localization. Evaluation has
shown simple and comfortable wearing, significant ECG readings, correct breathing
frequency and temperature, and functional activity sensing during normal activities.
However, some shortcomings also exist, including bulky batteries and electronics and a QRS
issue (Noury et al., 2004).



44 Health Management — Different Approaches and Solutions

Fig. 2. VTAMN garment with the belt

The HealthWear (Remote Health Monitoring with Wearable non-Invasive Mobile System)
project is supported by the European Commission and is based on the WEALTHY prototype
with improved thermal and wearing comfort of the textile. The HealthWear system aims to
deliver a service that provides uninterrupted and ubiquitous monitoring of the health
condition of patients undergoing rehabilitation, patients out of the hospital with chronic
diseases or after an acute event, high-risk people, such as the elderly, and others. The
measurement capabilities of the system include ECG signals and deduced parameters such
as heart rate (HR) and QRS duration (from 6 textile electrodes), oxygen saturation (SpO,, by
oximetry), respiration (by impedance pneumography), activity (from a 3-axis accelerometer
integrated into the portable unit), and temperature (from 4 I,C skin temperature sensors).
Figure 3 shows the HealthWear portable unit and garment. The portable unit is responsible
for deciphering and transmitting (to the remote station through GPRS) the sensory data,
which are collected from the sensors integrated into the garment (Paradiso et al., 2008).

The MaglC (Maglietta Interattiva Computerizzata) system was developed by researchers in
Milan, Italy, and aims to unobtrusively monitor cardiorespiratory and motion signals
during spontaneous behavior in clinical practice and daily life. The system consists of a
washable sensorized vest and portable electronic board (Fig. 4). Two electrodes made by
conductive fibers are woven at the thoracic level of the vest to obtain an ECG lead. A textile
transducer is also included in the vest to measure respiratory activity. The obtained ECG
and respiratory signals are transmitted by conductive fiber connections to the vest’s portable
electronic board, which is responsible for motion detection through a 2-axis accelerometer
and wireless data transmission to the remote station. Tests performed on patients in bed and
during physical exercise showed good signal quality (except in the case of maximal physical
activity), correct identification of arrhythmic events, and correct estimation of the average
HR (Di Rienzo et al., 2005).
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Fig. 3. Portable unit (left) and garment (right) of HealthWear

Electrode positions

Transducer for
respiratory activity

Portable
electronic board

Fig. 4. The MaglIC system

The MyHeart project (Fig. 5) is supported by the European Commission and involves 33
partners from 10 countries, including industrial partners such as Philips, Nokia, Vodafone,
and Medtronic. It aims to systematically fight cardiovascular diseases by promotion of a
preventive lifestyle, early diagnosis of acute events, and interaction with various
stakeholders (e.g., local feedback to the wearer and remote feedback to professionals)
(Habetha, 2006). An on-body sensor network is applied using integrated or embedded
sensors and conductive wires knitted like normal textile yarns to reduce the size of sensor
nodes and avoid the presence of both a local battery and an additional wireless module.
On-body signal processing is performed to estimate HR from textile-ECG and continuously
classify ambulatory activity (resting, lying, walking, running, and going up/down stairs)
based on a 1-axis accelerometer within the on-body electronics. Bluetooth wireless
communication is also established between the on-body electronics and a cell phone, which

is then used to forward the processed signals to a remote monitoring station (Luprano et al.,
2006).
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Fig. 5. Inner layer of MyHeart shirt (left) and first prototype of the on-body electronics
(right)

SmartVest, a wearable physiological monitoring system, consists of a vest, data acquisition
and processing hardware, and a remote monitoring station. The sensors (Fig. 6), integrated
into the vest, can sense vital parameters, such as ECG signals, photoplethysmography (PPG)
readings, HR, blood pressure, body temperature, and galvanic skin response (GSR). Good
ECG quality (no baseline wander or motion artifact) is obtained without the use of gel.
Blood pressure is measured by a non-invasive, cuffless method. Data fusion provides a more
comprehensive picture of the wearer’s health state (Pandian et al., 2008).
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The BIOTEX (Biosensing Textile for Health Management) project is partly funded by the
European Commission and aims to develop biochemical-sensing techniques that can be
integrated into textiles for medical applications, including the monitoring of diabetes, sports
activity, and obesity. The capabilities of BIOTEX include monitoring of pH, conductivity,
sweat rate, electrolyte concentrations in sweat, SpO,, and protein levels in blood and plasma
(Luprano et al., 2007). The results of BIOTEX will be also used in the PROETEX project, the
applications of which target at-risk professionals.

2.2.2 Commercial products

The LifeShirt, released by Vivometrics, is the first commercially available piece of smart
clothing. It consists of a washable lightweight vest, a data recorder, and PC-based software.
Its capabilities include continuous monitoring of the ECG, respiration, activity, and posture
(Fig. 7) (Grossman, 2004). It has been used in various studies, and its potential applicability
in future studies has been acknowledged. Additionally, its performance, such as HR
detection, has been demonstrated to be accurate (Heilman and Porges, 2007). Foster-Miller’s
Watchdog physiological monitoring tool is a comfortable, garment-based system for
monitoring HR, respiration rate, posture, activity, skin temperature, and GPS location. The
Smart Shirt, manufactured by Sensatex, contains sensors that monitor vital signs, such as
ECG, HR, respiration, and blood pressure (Pantelopoulos and Bourbakis, 2010).
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Fig. 7. The LifeShirt system
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The Zephyr BioHarness technology is well-known because it was used in connection with
the rescue operation of 33 trapped miners in northern Chile’s San Jose mine (Zephyr
Technology, 2010). It has also been adopted by NASA for use by astronauts in training. The
BioHarness, a chest strap with sensors and wireless technology, monitors and transmits the
wearer’s vital signs, such as ECG data, HR, breathing rate, skin temperature, posture,
activity, acclerometry, blood pressure, and pulse oximetry. Vital signs are transmitted with
ISM or Bluetooth for remote monitoring anywhere in the world. The software platform
OmniSense is used to display the BioHarness data.

Fig. 8. The Zephyr BioHarness technology

3. A wellness wear system

A wellness wear system is an integrated system consisting of wellness wear, biosensors,
hardware, and software. One of its advantages is easy aquisition of vital signs at any time
and anywhere, which provide important basic data for monitoring health status. In this
respect, advanced sensor technology is recommended to ensure the accuracy of the signals.
The development of digital or conductive yarns also plays a crucial role in the formation of a
body area network (BAN) within the clothes. These special yarns enable wired transmission
of the data over the clothes. Further, hardware is used for digital signal processing (DSP),
wired and wireless communication, and integration of multiple biosensors. However,
another important technology is software.

In particular, the success of wellness wear systems depends highly on the quality of the
medical information extracted from that data by the software and the medical content that is
provided. In this section, we present a nanofiber technique-based wellness wear system that
we are developing as an example of wellness wear. This system has a particular emphasis
on software applications, including a fundamental service framework as an infrastructure
and an application called Calorie Tracker, which runs on Android-based smartphones and
enables weight loss and exercise management (Kim et al., 2011).

3.1 An overview

Here, we introduce a wellness wear system that we are currently developing. A primitive
but fundamental scenario that we assume is that the user wears smart clothes with
noninvasive and comfortable biosensors that typically measure ECG, respiration, body
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temperature, and the like. While the subject is sitting, sleeping, walking, running, exercising,
or performing any other activity, biosignals are recorded and transmitted to the terminal
and/or the server. Smart phones can be both terminals that transmit the data and devices
that enable the application software to run. The software system analyzes the signals and
other general data such as age and gender, and provides the user with a relevant medical
recommendation. Figure 9 illustrates the scenario described.
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Fig. 9. Use scenario of a wellness wear system

Using calorie tracking as an example, here, we describe four of the important elements
required for the development of the wellness wear system that we are implementing:
biosensors, digital yarns, a software framework, and communication and medical services.

3.2 Biosensors

When we develop biosensors that are attachable to wellness wear, two crucial factors are
accuracy of the obtained signals and user comfort. However, a tradeoff is typically required
between them. Generally, the more accurate wearable biosensors are, the less comfortable
they are, and vice versa. Thus, a future goal concerns how to overcome this. Comfort is a
particularly important element. Because biosensors are adhered to smart clothes and touch
the skin, they should be small, comfortable, and noninvasive. This is one of the reasons for
the requirement for nanofiber. In fact, nanofiber is comfortable even when sensors are
attached to smart clothes. For example, the physiological sensor belt (PSB), which detects the
breath and pulse (Kim et al., 2009), is poromeric and protected from electromagnetic waves.
It is much more comfortable than ordinary hospital devices that sense vital signs.

Several typical vital signs can be detected by biosensors attached to wellness wear. As we
saw in the previous section, the ECG is one biosignal that most smart medical clothes aim to
detect. It is ideal to detect life-threatening diseases early and to monitor patients and
manage health through wireless communications (Taylor and Sharif, 2006). HR variability
(HRV) extracted from ECG is also an important biosignal that helps in diagnosing heart-
related illnesses and can check the efficiency of exercise and even stress. Respiration
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monitoring is also required to monitor walking and detect sleep apnea. Recently, fabric-
based respiration sensors for wellness wear have been developed, and the quality of the
signal has improved (Catrysse et al., 2004). Accelerometers have become popular to evaluate
the amount of exercise. The number of steps taken can be identified by accelerometers.
Together with GPS, one can determine the distance walked or run. For the elderly,
accelerometers can support fall detection. They are also used to monitor chronic obstructive
pulmonary disease patients (Mathie et al., 2004). Additionally, researchers are making
efforts to develop wellness wear-based biosensors to obtain skin temperature, SpO,, and
blood pressure.

3.3 Digital yarns

To produce wellness wear, several technologies are needed, such as sewing, knitting, and
embroidering technologies. More importantly, however, digital yarns that require highly
advanced technologies play an important role in the transmission of biosignal data. In fact,
conductive or digital yarns that transmit data within the clothes form a BAN. Dr. Gi-Soo
Chung at the Korea Institute of Industrial Technology (KITECH) developed a digital yarn in
which the major material is a copper alloy (Chung et al., 2006; Chung, 2007). His digital yarn
is divided into two parts: a core and an outer part. As seen in Figure 10, its core consists of 7
microwires and a special resin. Its outer part is covered with dyed normal yarn. Electric
resistance of the digital yarn is fairly low, at 7.5 Q/m, compared with previously developed
conductive yarns (Bekaert, 2011; Linz et al., 2005; TEXTILE, 2005).

Fig. 10. A digital yarn

A digital garment is made with both ordinary yarns and digital bands for data transmission.
Here, a digital band is a set of 10 to 30 digital yarns that are used as a communication line.
The transmission speed of the yarn is very high (approximately 80 Mbps). This indicates
that it could transmit an 800-MB movie file within approximately 1.5 min (Chung and Kim,
2011).

3.4 Software: Framework and software solution

Software aspects consist of a framework and a software solution. The framework is a
foundation on which software applications are built, and the software solution concerns
everything related to the software that is implemented on the framework.
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3.4.1 Framework

Applications to provide medical service content are more complex and larger to build than
many realize. This is because issues such as standardization, interoperability, reusability,
reduction of maintenance cost, and readability must be addressed, which requires a
sustainable and flexible infrastructure before application development. For this purpose, we
have developed a framework that underlies all wellness wear application systems (Kim et
al., 2009).

The primary idea is that vital signs from the wellness clothes are transformed into a
metamodel-based abstract tree on which health-care services are defined through Object
Constraint Language (OCL) (OMG-OCL, 2009) with the help of medical specialists and
engineers. This idea implies that each service must be clearly defined and that integrated
management is much easier when a repository of biosignal data is constructed. It also helps
to make additions, deletions, and updates of services convenient. In particular, because the
framework expresses the biosignal data as an HL7 (HL7, 2009) metamodel. based on
MetaObject Facility (MOF), the M3 level, defined by the Object Management Group (OMG),
standardization of the data and interoperability and integration between the biosignal data.
is achieved.

Fig. 11. Framework for a software solution in the wellness wear system

3.4.2 Software solution

Once the biosignal data obtained from sensors are accurate and stable, what is then
important is how to support proper health management services, such as stress
management, food control, an exercise plan, and general health management. When these
services are perceived as useful by different stakeholders, the whole system, including other
technologies such as the digital garments, DSP, and biosensors, will eventually succeed. In
this respect, software and related medical services are primary elements for the success of
the wellness wear system.

We consider that the software solution has four critical areas. First, algorithms and data
mining techniques to process and analyze the given biosignals are required. Noise detection
and filtering must be very basic techniques, and analysis of the biosignals, including both
single and multiple biosignals, is important. In particular, multiple-signal analysis is a
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relatively new and important research field that involves understanding stress and the
amount of exercise by analyzing the relationship between ECG and respiration. Second,
development of health-care service content by medical specialists is key. Their roles are to
plan and organize health-care service content using their expertise and cooperating with
engineers. They will also develop health indices in the context of wellness wear systems,
such as a wellness index and HR variation index. Third, both wired and wireless
communication are required for the wellness wear system. For example, Bluetooth or
ZigBee is used for short-distance wireless communication of vital signs. Another important
task is to accept the international standard ISO/IEEE 11073 communication model and add
its related communication protocols for processing vital signs information in different
medical devices. A standardized protocol is not urgently needed in the near future;
however, many experts anticipate that communication between personal health devices
(PHDs) will be standardized eventually. It is also meaningful to follow a communication
standard. Finally, an application service system provides health-care services. It is the
central system that integrates various modules, including the biosignal analysis module,
service components, and communication. Next, we present a software program called
Calorie Tracker, which works together with the wellness wear system.

[ Bio-sigmal |
| processing |
' & analysis

| Heal thcare
| service

[

! contents  /
[ Wired I [ Mpplication
& wireless } 1 service |
\ conmmication/ Y system |

Fig. 12. Software solution in the wellness wear system

3.5 Calorie tracker: A medical service example

There must be a large number of potential medical services supported by a wellness wear
system. We have developed a software application involving a calorie tracker (Kim et al.,
2011) and herein describe how wellness wear is used with the software for health care.

3.5.1 Why calorie tracker?

The calorie tracker, which runs on an Android-based smartphone, analyzes HRV extracted
from the ECG data obtained by wellness wear and provides a weight-loss program. The
calorie tracker is useful in managing obesity. As we know, obesity reduction is a top priority
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in most developed countries. Obesity not only affects one’s physical appearance, but also
leads to a number of weight-related diseases, such as insulin resistance syndrome,
cardiovascular disease, and type 2 diabetes. It is also leads to various chronic diseases.
Generally, obesity is treated with food control and exercise. The calorie tracker was
designed to evaluate the amount of exercise, show the number of calories burned during the
exercise, and recommend simple exercise plans.

The choice of Android as an operating system was made primarily because of its
multitasking performance, which is important for real-time continuous transmission of ECG
data. If multitasking is not supported, ECG data transmission will suddenly cease when
another application begins running or when the user initiates or receives a telephone call.
The smartphone is both a device that handles client programs and a terminal that exchanges
data with a server. The ECG data acquired from the wellness wear are transferred to the
smartphone using Bluetooth, and the system on the smartphone transmits the data to the
server using the XML form that conforms to the HL7 standard.

3.5.2 Usage scenario

The calorie tracker is best understood in terms of its four phases of use. First, it acquires
ECG data from the wellness wear. More specifically, ECG data are obtained while the user is
performing an activity such as running, walking, or sitting for a certain period of time; for
example, 5 min. Figure 13 shows an ECG signal obtained from wellness wear. The user also
provides the calorie tracker with other general data, such as the user’s weight, height, age,
gender, and more. Additionally, the user must provide information regarding whether
he/she is at rest or active, is taking medications, or is diabetic.

3 09:07

ECG measurement

~——— ECG Data

Fig. 13. Screenshot of the user interface of the calorie tracker
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Second, the system measures HRV from the ECG data. ECGs consist of waves of P-Q-R-S-T,
with R peaks being the highest of the five. Figure 14 illustrates an ideal ECG signal, showing
adjacent R peaks and the R-R interval. Here, the HRV indicates the variablity of intervals
between R waves, which are called R-R intervals. Thus, HRV is a time series of intervals
between successive R peaks in the ECG. HRV has relevance for physical, emotional, and
mental functions. The variability in HR is an adaptive quality in a healthy body. Generally,
HRYV is useful for evaluating functions of the autonomous nervous system, whereas ECG is
better for the diagnosis of various heart-related diseases. Well-known HRV indices include
the normalized beat-to-beat interval (NN), the standard deviation of those intervals
(SDNN), and the percentage of the interbeat intervals differing from neighboring intervals
by 50 ms or more.

B R-R Interval l?

I

Qs
Fig. 14. R peaks and R-R intervals on an ECG
Third, the system calculates the number of calories burned (energy expenditure) and the
body mass index using the HRV and other general data. Energy expenditure is crucial to the
determination of how much and how intense exercise should be for each person. To
determine calorie consumption, the maximal oxygen consumption per min (% VO,max) is
obtained using HRV measurements, including the average resting HRV (HRVR) and the
maximal HRV (HRVy), according to the user’s age (Lubell and Marks, 1986). Next, the
number of calories burned during exercise or other activities for a given period of time is
calculated from %VO,;max and the user’s weight.
Finally, the system offers the user a weight-loss program. For example, it may state, “You
need light exercise for two hours a day to reduce weight by 1 kg in a month.” Based on the
HRYV data recorded during a certain period of the user’s activity (e.g., 5 min), the system
determines the intensity of exercise related to the user. It then makes a recommendation for
an appropriate exercise level to help the user reduce weight according to his or her weight
loss goals (Fig. 15).

4. Conclusions

Wellness wear systems are expected to be used for health care in the near future. In this
chapter, we described wellness wear systems in general and introduced in detail a wellness
wear system that we are currently developing. In doing so, we have demonstrated the
potential for health care using wellness wear. Additionally, we presented a weight loss
program called Calorie Tracker, which works together with wellness wear, as an example of
a medical service. Although a stable market for wellness wear has not yet developed, we
believe that a healthy life with wellness wear will eventually be realized as certain
technological problems are resolved.
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Japan

1. Introduction

The notion of health management technology (HMT) is simple but powerful because it employs
the ideas of cyclical evolution and synergetic integration of devices and services based on
causality and human machine collaboration (Nakajima, 2008a). It can be applied for the
different entities of human beings, artifacts, and nature environment as following discussions.
An essential and simple observation and understanding of our world reveals that it can be
considered as comprising humans, artifacts, and nature environments shown in Fig.1. Even
though the values of the entities are given by humans, they have obviously different
directions. Examples of such values are comfort and safety for humans, efficiency and
effectiveness for artifacts, and environmental enhancement for nature. The problem is that
these values come into conflict with each other. Examples of conflicts in a factory are as
follows. Productivity related to efficiency and effectiveness is the most important value in
manufacturing lines. However, the focus only on productivity will increase the emission of
carbon dioxide and other contaminants that will negatively influence to the sustainability of
nature environment, and the safety and comfort of human operators in the manufacturing line.
Thus, the conflicts of values among the respective entities cause serious problems in important
areas such as the environment, agriculture and food, security and safety, and human health
these days. In this sense, harmonization among them should be realized with keeping good
health condition of each entity for realizing a desired next society. Although this vision might
look grandiloquent, health management of each entity is considered as important activity as
steady steps toward the bright future.

Because of recent development of information and communication technology (ICT),
sensory networks have been pervading various fields such as home security, healthcare,
condition-based maintenance for manufacturing equipment, and environment monitoring.
They require the suitable integration of both sensing devices and valuable services.

HMT is designed for providing basic four kinds of functions by centering causality. The
functions are measurement, recognition, estimation, and evolution. The functions provide
the solution of cyclical evolvement based on causality which abstractly illustrates conditions
of target systems and is used as problem solving knowledge, which is composed of feature
attributes extracted from sensory data and intermediate characteristics. In this sense,
causality could evolve and be updated according to sophistication of sensing and control
mechanisms. Because the nature of causality is transparent to humans, the structure can be
easily improved through human-machine collaboration. This feature of the technology is
quite important because the integration of human knowledge and sensory data will bring a
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powerful and sophisticated solution for complex problems. HMT has been applied to
various types of applications such as human healthcare, machine health monitoring in
manufacturing process, and energy management systems. Some case studies of human
health care are introduced in the article.

Harmonizatiop

Safety
Comfort

== Environmental

Enhance

Humans

Artifacts The World

e
Technology

Fig. 1. The world consists of humans, artifacts, and nature environment

The rest of this chapter is organized as follows; Section 2 proposes Health Management
Technology; Section 3 and 4 introduce the applications of visceral fat estimation and heart
rate estimation respectively; Section 5 concludes this chapter.

2. Health management technology

In this section, the notion of the health management technology (HMT) is introduced to
discuss its basic mechanisms and the four functions defined in the technology framework. It
employs causality as an essential solution component in the technology. Fig.2 shows the
structure of the target systems and HMT.

Target systems

Sensory Database

Estimation

Evolution

Fig. 2. Structure of the target systems and health management technology centering sensory
database and causality
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2.1 Overviews

Fig.3 shows an overview of HMT based on causality. The objective of the technology is to
estimate the health condition of humans, artifacts, and nature to improve their health.
Because the target system continuously changes and their health management systems must
adapt to these changes, the cause-effect structure must evolve cyclically and continuously
according to sophistication of both the target system and its management side. In HMT, four
functions are defined for cyclically evolving the model as shown in Fig.3.

Recognition:
Quantification of phenomena Identification of condition

M¢easurement
values

Evolution: Estimation:
Improvement of health Projection of past and future

* Provide knowledge for decision . .
support Diagnosis

¢ Discover the new measurement Y " |::> "
value= new component

¢ Acquisition of new cause-effect
structure = new solution

Prognosis

Fig. 3. Four functions of health management technology

e Measurement is to quantify of phenomena to arrive at a value from analyzing signals
from sensors. The function is realized by the elemental technologies of feature
extraction, feature selection, and feature evaluation.

e Recognition is to identify the condition of the target system using the measured value.
The function is based on the pattern recognition technologies such as discrimination,
classification, and identification.

e  Estimation is to project the past and future status of the system. The functions of
diagnosis and prognosis are realized by employing cause-effect structure. The elements
of technology for realizing this function are probability graphs and causal models such
as Bayesian network, structure equation model, etc.

e  Evolution is to improve the target system and to update causality by the discovery of
new events and make changes in the target system. The function should be realized by
human-machine collaborative systems analysis and design.

It is important for us to manage our health by considering diet meal, sleep and rest, and

exercise. There is important causality among these lifestyle habits and vital signals such as

blood pressure, blood glucose, and blood adipose. Even though it has not been realized yet,
the ideal example is shown in Fig.4.

The example of human health management is introduced for explaining effectiveness and

efficiency of multivariate time series data and their cause-effect structure. The sensory data

are used for composing the causality that can be applied to prevent diseases and to improve
health. Among biological information, blood pressure is usually used as an important index
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of health condition because it is closely associated with cardiovascular events such as brain
infarction, stroke, myocardial infarction, and heart failure. Besides other important factors
such as total cholesterol, casual glucose, etc., blood pressure is easy to be measured at home
and medical facilities. There are also easy and useful indices; body composition, active mass,
and sleep condition. The composition of muscle and fat is measured by a body composition
monitor. The indices could be used as one of alternative reference indices for quality and
quantity of diet in our life. An active mass monitor or a pedometer could measure types,
intensity, and quantity of exercises in daily life. A sleep monitor measures quality and
quantity of sleep. The multivariate time series data of blood pressure, weight or body
composition of muscle and fat, steps or active mass, and quality and quantity of sleep could
be gathered by the sensing devices. The cause-effect structure derived from the data will
provide important knowledge for diagnosis and prognosis of health condition optimized for
individuals. For instance, continuous and well active mass seems to have good influence on
the body composition and sleep to realize the stability of blood pressure.

Blood pressure
»

Weight

Exercise

@

Sleep

®

&ﬂ Cause-Effect
structure

Fig. 4. Multivariate time series data and causal analysis for life style and vital signal

2.2 Discussions on invasion, intrusion, and consciousness

As long as the application domain in human health management, it is required for us to
discuss and study on the relationship between human live body and instrumentation. In this
section, invasion, intrusion, and consciousness in biomedical sensing are studied and
discussed from the views of both human burden and technology performance. Invasion has
been studied more so far than intrusion and consciousness. However, latter two issues are
also important to provide different meanings and values from invasion.

2.2.1 Invasion

Invasion levels can be defined by distance between sensory head and sensing target or location
of them (Yamagoe, 2000). There are five invasion level of biomedical sensing as follows;

A catheter is inserted into body to send transmitter to a sensor head.

A sensor head is implanted to send sensory signals via fixed line.

A sensor head is implanted to send sensory signals via wireless communication.

A sensor head is contacted on skin of the body to detect signals.

A sensor head is not contacted on skin of the body to detect signals.

SRR
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As mentioned above, the invasion levels are defined by the positional relationship between
sensory head and live body. Compared with invasion, intrusion and consciousness sensing
are new ideas in biomedical but important for both of sensing accuracy and human comfort.

2.2.2 Intrusion

Nonintrusion is important idea for sensing daily life activity. Electrocardiogram (ECG) and
blood pressure (BP) are very important physical indices used in medical and healthcare. The
indices can be measured in just in hospital and clinic. It is strongly required to monitor for
24 hours to detect anomaly condition of body in daily life. However, it is impossible to
monitor ECG in daily life in the case of using ordinary ECG equipment. A Holter
electrocardiographic monitor has been realized for gathering the ECG signals and an
ambulatory blood pressure monitor for accumulating blood pressure signals for 24 hours.
Although the equipment could be used for sensing live body, it is far from non-intrusion.
The user has to use contacted sensory head and to carry on the equipment.

2.2.3 Consciousness

Consciousness or realization to be sensed would have some influence to the sensing signals.
White coat hypertension and masked hypertension (Messerli, 2005) are serious examples for
understating the importance of unconsciousness sensing. Not just for these serious cases,
other examples can be easily pointed out with considering consciousness such as video and
image sensing. Long and continuous sensing for 24 hours requires unconsciousness. Besides
them, unconsciousness helps for users not to forget the measurement.

Through these definitions and observations on invasion, intrusion, and unconsciousness,
some discussions on influences to patients and live bodies and to measurements.

2.2.4 Consideration on humans and instrumentation ends

It is strong requirements to reduce and to eliminate burden, pain, and damage both
physically and mentally to live bodies and patients. According to the definitions of
invasion level, the level is decided by distance and location between sensor head and
body. However, even though X-ray CT scan is non contact sensing, it gives serious impact
of X-ray exposure on the live body. Implant sensing requires surgery whose invasion level
is quite high, but intrusion is very low when the sensor could be used for a long time.
Additionally, a patient who is implanted sensor into could feel unconscious with the
sensor for long time usage. As these discussions, invasion is not the only perfect idea in
biomedical sensing. Intrusion and consciousness should be also thought for realizing the
effective and efficient bioinstrumentation.

Sensing performance would be generally good with high invasion level. However, invasion
sometimes brings negative results in sensing. Contact with sensor head and live body each
other makes energy exchange between them to cause instability in sensing. For example,
huge sensor head of clinical thermometer realizes good fitting with body however it takes
body temperature. Like the examples pointed out in intrusion section, it would be very hard
to keep the ideal situation of the patient such as in daily life activities with high intrusion.
Besides, unconscious sensing might bring good results with the sensing performance as
discussed in consciousness section.

Realization of biomedical sensing without invasion, intrusion, and consciousness brings
some uncertainty in the sensing mechanism. Sensor signals superimpose not just target but
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other kinds of signals. Besides extraction of target signal, it is also required to compose
causal structures which explain sensing principles well.

2.3 Causal analysis

Causal analysis studies have covered wide and various areas from psychology and
philosophy (Pearl, 2000; Gopnik 2007) to image processing and bioinformatics (Mittal, 2007).
Theoretical basics were also deeply studied (Whittaker, 1990) and some studies covered
wide areas (Pearl, 2000; Lucas, 2007; Spirtes 2000). In this article, the path analysis that is one
of principle causal analysis methods is employed to realize HMT as a first step of the
technology because of its simple but powerful solution nature. Besides introduction to the
method, acquisition and improvement of cause-effect structure are discussed.

As one of cause-structure acquisition, the path analysis (Wright, 1923) or the structural
equation model (Scheines, 1999) is introduced here. The cause-effect structure is described
by a cause-effect diagram shown in Fig.4.

The cause-effect diagram is formulated by the structural equations (1)-(3). A causal
relationship between variables is quantified by the coefficients ay, which are called causal
effect or path coefficient. The paths from X; to X, are the direct effect of X; — X, , the
indirect effects of X; > X, > X, and X; > X, > X; - X,. The sum of the direct and
indirect effects is called total effect which is calculated by the equation (4). By using these
effects, the cause-effect structure can be quantified. Sometimes for simplification, means and
variances of variables used in the cause-effect structure are normalized to 0 and 1
respectively.

Fig. 5. Causality example

Xy =anX)+¢ @
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Besides model representations, causality acquisition methods have been studied. A Bayesian
approach can be applied when data are categorical (Heckerman, 1999). Regarding sensing
data, which are continuous values, a causality acquisition method using the data is studied
for applying anomaly detection of a discrete manufacturing process (Endo, 2008). One of the
reasons why cause-effect structure is employed as performable knowledge is its transparent
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nature for human machine collaboration. That is to say, the transparent aspect of causality
would bring a more powerful solution to human machine collaborative improvement
(Marutschke, 2008, 2009).

While a cause-effect structure has been acquired, progressive improvement of the structure
is required according to the change of target systems. There are different directions of
causality improvement. One is simplification or abstraction and the other complication or
concretion. These ideas are useful to reduce the cost and to improve accuracy of health
management. For instance, in the case of multiple sensors required for health management
such as lifestyle habit monitoring which considers exercise, diet, and sleep, reduction of the
number of sensors through updating cause-effect structure will work well for cost reduction
of sensors and data management. On the other side, complication of causality would work
for increasing estimation accuracy of target systems’ condition. For adapting to the increase
of system’s complexity and preciseness, transformation of cause-effect structure is discussed
from the viewpoint of a hierarchical modeling method (Tsuchiya, 2008, 2010).

3. Visceral fat estimation

In the medical profession, it has been realized that visceral fat (VF) is main cause of lifestyle
diseases and metabolic syndrome. According to the trend, a medical instrument of VF
measurement has been strongly required with low invasion, low cost, and ease of use. In
this section, a visceral fat estimation method by bioelectrical impedance and causal analysis
is proposed to realize the practical device with low invasion and low intrusion in the
medical fields.

Metabolic syndrome is not just obesity disease but is associated with serious diseases such
as diabetes mellitus and hypertension. They would cause complicating illness from diabetes
and cardiovascular events to decrease quality of life. Even though the regulations in the
countries might be slightly different, the indices of blood pressure, blood lipid, blood
glucose, and visceral fat are mainly used for the criterion of medical diagnosis. First three
criteria can be measured by a blood pressure meter and blood investigation with high
accuracy. However, because VF of live body can not be measured directly, some other
indices are generally used, such as body mass index, waist-hip ratio, and waist
circumference. However, these indices are not accurate to estimate visceral fat volume. On
the other hand, the cross sectional area at umbilicus level by using an X-ray computerized
tomography (CT) scan or a magnetic resonance imaging (MRI) is the gold standard in
medical fields for measurement of visceral adipose tissue (ECCODJ, 2002; Gomi, 2005).
However, a CT scan causes X-ray exposure and requires difficulty of use and high cost. For
solving these problems, a medical instrument is strongly required with non invasion, low
intrusion, ease of use, and low cost. Besides these benefits, the instrument without X-ray
exposure can be used for the follow-up measurement of visceral fat reduction after medical
treatment for metabolic syndrome and obesity.

In response to the requirements, the visceral fat estimation method has been proposed by
employing bioelectrical impedance analysis and causal analysis for realizing the medical
device of VF measurement. Two kinds of impedance and information of body shape at
umbilicus level are used as sensory data. The causal structure is designed by considering the
measurement principle to be optimized based on statistical analysis to estimate visceral fat
area as the dependent variable which is provided by a CT scan and image processing. The
experiments were conducted to investigate the performance of the proposed method. The



66 Health Management — Different Approaches and Solutions

result was 0.88 coefficient of correlation value between the proposed instrument and a CT
scan. The method works well to realize the practical instrument used in medical field.
Besides the performance, the model brings understandability and transparency with the
measurement nature of VF.

3.1 Analysis and design methods

In this section, the measurement principles are introduced and the related works are
surveyed. Bioelectrical impedance analysis (BIA) and causal analysis (CA) follows the
principles.

3.1.1 Measurement principles

Fig.6 shows a cross sectional area of the human body at umbilicus level provided by a CT
scan and colored by image processing. There are three types of composition which are
visceral fat, subcutaneous fat, and lean body. Lean body is not fat and internal organs,
muscles, and bones. Each area can be calculated automatically by image processing
technology applied to the image of cross sectional area gotten by a CT or an MRI. Visceral
fat area can be calculated by the equation (5). It is the measurement principle of VF.

VFA=CSA—-SFA-LBA ®)

where VFA is visceral fat area, CSA all cross sectional area, SFA subcutaneous area, and
LBA lean body area.

Visceral fat area

Lean
body area

Subcutaneous
fat area

Fig. 6. Cross sectional area image by CT scan and Image Processing

Related studies to estimate visceral fat area have been done. All studies introduced here
employ BIA because it is commonly and practically used for estimating body composition.
Ryo et al. proposed the method which employs waist circumference and abdominal
impedance which occurs at the flank to the flow of current between the umbilicus and the
back (Ryo, 2005). They are used as the feature attributes in the equation (6).

Aypy = o VOWE® + ¢ (6)

where Ay, is the estimated VFA, Vo the impedance measured at the flank, Wc waist
circumference, o; and & regression coefficient and error term respectively.
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Shiga et al. proposed the model to estimate VFA, which employed two types of impedance
and will be described in Section 3.1.2. The model is given by the equation (7) (Shiga, 2007,
2009).

where Ayp, is the estimated VFA, Zg the surface abdominal impedance, Z; the total
abdominal impedance, ¢;(i=1,2,3) and ¢ regression coefficient and error term
respectively. The model uses the only measured variables of waist circumference and the
impedances. Some studies proposed the several models using the width and height of the
cross sectional area of an abdomin (Shiga, 2009; Yoneda, 2007, 2008). Some of them also
employ other variables such as gender and age besides them (Yoneda, 2007, 2008).

One of the models is given by the equation (8) which considers influence by gender and age.

Ayps =oqa+ab+as [ b+ a0® + ash?

+ag [ V? +ay | Zp + agZsN a® + b (8)

+agA+a;)G+e

where gand b are the width and the height of a cross sectional area shown in Figure 2, Zg
the surface abdominal impedance, Z; total abdominal impedance, A age, G gender, and
a;(i=1,2,..,10) and ¢ regression coefficient and error term respectively.

The model denoted by the equation (7) is the most similar to the measurement principle
given by the equation (5). However, the information of abdominal shape might be
eliminated by using waist circumference. On the other side, height and width of the cross
sectional area of abdomin would bring some information about it. The variables improved
the estimation performance (Tsuchiya, 2010) but age and gender are not suitable for
estimating VFA because they are not physical variables and not shown in the measurement
principle given by the equation (5). The equation (8) seems to cause some problems of
complexity and multicollinearity because it employed many variables and multiple
appearances in different terms.

3.1.2 Bioelectrical impedance analysis

In order to extract visceral fat from the all composition of abdominal human body, two
types of bioelectrical impedances named Dual Impedance (DI) are employed as shown in
Fig.7. In the DI method, the electrodes are placed on the both hands’ backs and the both
feet’s insteps with the subjects lying on the back. The surface abdominal impedance Zg is
measured by using the electrodes at the back. The electric currents are passed among the
electrodes on the back. The total abdominal impedance Z; is measured by using the
electrodes placed on hands, feet, and abdomin. The currents are passed from both hands
and feet to abdomin.

The surface abdominal impedance is highly correlated with the subcutaneous fat volume
(Scharfetter, 2001) and the total one is inversely correlated with the lean body volume; that
is fat-free mass (Lukaski, 1985). Thus, our strategy is to develop the estimation model which
could explain well the measurement principle as shown in the equation (5) by using the DI
method.
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Fig. 7. Human body and the two types of impedances

3.1.3 Causal analysis

Fig.8 illustrates the causality of VFA estimation considering the relationship between the
sensory variables and the measurement principle. The left and the right are the sensory
variables and the principle measurement respectively. According to the causal structure, we
prepare the variables which are the candidates for constructing the causality. By using the
selected variables, multi linear regression was employed to acquire the estimation model. In
this step, we carefully considered about nature of the model without over-fitting,
multicollinearity, and some other difficulties; especially keeping the notion of the
measurement principle. We finally derived the estimation model denoted by the equation (9).
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Fig. 8. Causality between the sensory variables and the measurement principle

Aypy = qa+onb® + asZNa* +0* va, [ Zy + & 9)

In order to extract the causality for estimating VFA, we designed the following development
steps;

1. Preparation of variables according to the measurement principles

2. Selection of the variables by applying AIC and VIF on the sample dataset

In the first step, we prepared the candidates of the variables as possible as used in the
estimation equation. The idea here is that the candidates should bring some information
about VFA estimation and be understandable from the point view of the measurement
principles shown in the figure 8. The prepared variables are listed in Table 1.
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Relations [Variables Remarks
Primary measurement variables. a and b are
a,b width and height of a cross sectional area at
umbilicus level as shown in Figure 2.
CSA a®, b? Extension of measurement values.
ab Correlation with a cross section.
Ja? + b2 Both size and shape information.

A primary measurement variable of
bioelectrical impedance. Zg is surface

V4
° abdominal impedance. It has high
SFA correlation with SFA (Scharfetter, 2001).
aZg, bZg, a2z s, b2 Zs abZs, The combination of the surface impedance
5 and the shape and size information of the
Va“ +b cross section.
A primary measurement variable of
bioelectrical impedance.
Zr Zr is total abdominal impedance. It has
high inverse correlation with LBA
LBA (Lukaski, 1985).
a/Zy,b/Z
2/ ! /2 5 The combination of inverse of the total
a [ Zy, b" [ Zr impedance and the shape and size
ab /7, [2 12 /7 information of the cross section.

Table 1. Candidates of the variables used in the estimation equation

The second step is the suitable variables selection as a set of them named tuple. We
employed two different criteria to realize the legitimate model for VFA estimation. Our
consideration was to realize both performance guarantee and understandability. The first is
the accuracy and simplification of the model without over-fitting to the sample dataset. The
second is multicollinearity which causes some difficulties in the estimation results. The
problem is caused by an almost linear relationship among independent variables in the
regression model. Akaike Information Criterion (AIC) (Akaike, 1974) and Variance Inflation
Factor (VIF) (Armitage, 2001) are the employed criteria for the former and later
considerations. The criteria are given by the equation (10) and by equation (11) respectively.

n

AIC = nlog(276,* {y—(apx; +-+a,x, + g)}z +2(m+2) (10)

i=1

where mandnis the numbers of independent variables and data respectively, ya
dependent variable, x;(i=1,2,..,m) independent variables, «;(i=1,2,..,m) coefficient
terms, ¢ error term, &, the standard deviation of estimation errors.

VIF.=1/(1-R%) (11)

where R;is the multiple correlation coefficient between the independent variable
x;(i=1,2,..n) and the rest of (n—1) variables.
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The variable sets were constructed by selecting the variables with the combination
constraints given by the equations (11).

X; :[x/'/xerz]

x; ={(a,b),(a*,b%),(a,b%),(a* ,b),ab,\ a* +b*)}

%, ={Zs,0Zs,bZg,0*Zg, b*Zs, abZg N + * Zg)

0 ={1/Zp,a) Zp,b ) Zy,a® | Zy 6 [ Zpab ) Zp NP 407 ) Zp)

(11)

where X;is a tuple of independent variables selected from the three categories of CSA,
SFA, and LBA which consists of X; (j=12,..6), x, (k=1,2,..,7),and x; (1=1,2,..7).
According to the equation (11), there are four or three variable combinations of the
candidates. VIF and AIC were applied to all the tuples to select the top 10 according to the
regulations of VIF <10 and the ascending order of AIC . In this case, VIF values listed in the
table are the maximum of all the combinations. A high value of the VIF indicates a
multicollinearity problem and the value higher than 10 is of concern (Armitage, 2001). We
applied these criteria to select the variable with using the sample dataset which consisted of
196 subjects; 95 females and 101 males of from 30 to 69 years old with 49.3 mean, and their
VFA are from 8.1 to 213.4 cm?® with 86.9 mean. The results are listed in Table 2.

No |[Selected variables VIF AIC

1 o, 0?2, V24022, 1/ 2, 7494421  [1202.845
2 a,v*, aZs, 1/ Z; 8.583536 1202.953
B a, b*, abZs, 1/ Z; 0.680687 1203.16
g, 82, ez, Ve 7355794 (1203468
5 ab, a*Zs, 1/ Z; 5.527161 1204.678
6 ab, aZs, 1/ Z; 4653251 1205.513
7 |2, 0, b2z, 1/ 2, 7767823 [1205.883
8 a*, b, aZs, 1/ Z; 8.961434 1206.023
0 a*, b*, bZs, 1/ Z; 7.451921 1206.098
10 |a, b2, bZg, a2 +12 ) 2, 8578534 1206461

Table 2. Selected variables with VIF and AIC

3.1.4 Experimental results and discussions

We designed the experimental data set by using the three variables of gender, age, and waist
circumference which is substituted to for VFA because it could not be used in the recruiting
subjects phase. The number of subject is 180 (90 males + 90 females) who were 22 to 80 years
old (the mean is 49.95) and had from 65.8 to 120 cm of their waist circumferences (the mean
90.09). All of the subjects are measured by both the proposed method and a CT scan.
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The results were as follows; the correlation coefficient 0.88, the errors mean -1.38, and the
errors standard deviation 27.28. The correlation coefficient between waist circumferences
and CT scans is 0.77.

As the results, visceral fat areas estimated by the proposed method achieved high
correlation with ones by the CT scan. Waist circumference which is used in a medical
checkup works well but the estimation accuracy is lower than the proposed method.
Besides, it cannot differentiate VF from subcutaneous one and lean body in principle.

4. Heart rate monitoring

Among vital signals, a heart rate (HR) is an important index for understanding and
diagnosing human’s health condition. Especially, heart rate variability includes much
information on health condition, for example, symptoms of cardiac disease, and
conditions of autonomic nerve system (Kitney, 1980; Kobayashi, 1999). HR is measured in
medical checkups and clinical diagnosis by electrocardiograph (ECG) as the gold
standard. Besides the medical field, continuous monitoring of HRs during daily life
activities is also strongly required because HR depends on activity intensity and
monitoring HR might bring its information. Considering with usage in daily life, the
monitoring should be realized without burden of human side. Regarding the burden, non-
invasive, low intrusive, and unconscious sensing should be desired. In this section, an HR
monitoring on bed by using an air pressure sensor (APS) is proposed for considering the
unconscious and low cost biomedical sensing.

Because an APS is low cost and has high sensitivity, it could realize non invasive, non
intrusive, and unconscious sensing on a bed with low cost. However, it brings too much
information other than heart rate. The signal analysis such as filtering noise is required to
realize its stable performance of HR estimation.

4.1 Analysis domain

There are two main analysis directions for measuring HRs from sensory signals; i.e.,
frequency domain analysis and time one. As frequency domain analysis, short term fast
Fourier transformation (SFFT) is commonly used. SFFT is capable of monitoring global
variability of target waveform. Because FFT assumes constant frequency, it does not extract
microscopic variability. As time domain analysis, there have been several methods for HR
measurement; i.e., peak detection, pattern matching, etc. Especially, pattern matching based
on autocorrelation is commonly used to estimate HR variability from signals obtained via
ECG monitor. Because of its capability of sensing HR variability, it is recommended for
extraction and sensing of microscopic variability of HR. As HR monitoring in daily life
requires the microscopic variability, time domain analysis is much more suitable for the
usage.

4.2 Causal analysis in biomedical sensing

Regarding the transparency of biomedical sensing, causal analysis is a powerful tool since
the causality is easy to be visualized, and makes the measurement principle clear.

There have been many practical studies on causal analysis. For instance, Thang et al.
proposed a medical diagnosis support system based on oriental diagnosis knowledge
(Thang, 2006). In their approach, the causality among some subject’s symptoms and their
diagnostic outcome is described by using RBF neural network. Nakajima et al. proposed a
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generic health management framework named Health Management Technology which is
applied to not only human being but also manufacturing process, energy consumption
management, and so forth (Nakajima, 2008a). Hata et al. suggested a concept named
Human Health Care System of Systems which focus on health management, medical
diagnosis, and surgical support (Hata, 2009). In the concept, the human health
management technology is discussed from viewpoint of system of systems engineering.
Marutschke et al. suggested that the causal analysis based on human-machine
collaboration realizes transparent system model (Marutschke, 2009). From a viewpoint of
theoretical development, lots of causal analysis theories have been proposed. Bayesian
network describes statistical causality among phenomena observed from certain managed
systems, and the statistical causality provides inference and reasoning functions (Pearl,
2001). Graphical model visualizes causality among components in complex systems
(Miyagawa, 1991). Fuzzy logic helps intuitive representation of causality which is experts’
implicit knowledge (Zadeh, 1996).

Through the discussions above, this section describes a transparent and accurate HR
monitoring technology by employing an air pressure sensor and causal analysis among air
pressure transit and HR.

4.3 Measurement principle and system architecture

4.3.1 System design

An HR monitoring equipment on a bed is implemented by using air pressure sensor
(Hata, 2007). The equipment is not only capable of easy setup and application, but also
unconscious and low intrusive. And the measurement principle is designed by employing
causal analysis among air pressure and HR, and the cause-effect structure based on
the designed causality is formed by using fuzzy logic (Zadeh, 1996, Tsuchiya, 2007;
Tsuchiya, 2008).

Fig.9 shows the HR monitoring equipment. The human’s body pressure is obtained via air
pressure sensor, and the pressure is quantified into 1024 level (10bit) at 100 Hz by A/D
converter. As a result, the HR transit is estimated from the quantified pressure. Fig.10
illustrates the principle of the measurement by using an air pressure sensor.

\

Air pressure sensor Personal Computer

Fig. 9. Heart-rate monitoring equipment in sleep
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Fig. 10. Principle of the measurement by an air pressure sensor

4.3.2 Heart rate estimation and causal analysis

The basic idea of measuring HR monitoring is to extract heartbeats from pressure change of
back in lying posture. The sensory signal superimposes not only heartbeat but also body
movement and respiration. We need to extract the signal related to HR from the sensory
source signal. In response to the requirement, causal analysis among air pressure and HR is
employed to analysis and design the extraction method.

Firstly, the causality of heartbeat HB, body movement BMYV, respiration RSP, and air
pressure APS can be designed as the waveform analysis part as illustrated in Fig.11. Then,
once R wave points 7 could be extracted from HB signal, HR variability could be calculated
from R-R interval 7z, which is the time differences of R waves in the same manner as ECG.

Sensory

X Waveform analysis Objective variables
variables

Fig. 11. Causality of heart rate estimation by using an air pressure sensor

As for 7y extraction from pressure change, the pressure change involves not only heartbeat
but also respiration and body movement. Because of the nature of the signals, it could be
difficult to determine the precise position of R-waves 7; by autocorrelation function and
peak detection method. In this study, fuzzy logic is employed to formulate the knowledge
about heartbeat.

Step 1. Firstly, full-wave rectification is applied to APS, and the pre-processed signal is

determined as x; .
Step 2. Then, the fuzzy logic based on the knowledge about 7, is applied to the pre-

processed signal x; . These fuzzy rules are described in the following.
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Knowledge 1 : The large pressure change is caused by heartbeat.
Knowledge 2 : Heartbeat interval does not change significantly.

According to the knowledge on heartbeat characteristics, the fuzzy rules are denoted in the
following.

Rule 1:IF x; is HIGH, THEN the degree of heartbeat point s, is HIGH.
Rule 2: IF t;is CLOSE to T ,THEN the degree of heartbeat point x;,, is HIGH.

where 114, is the membership function of Rule 1, x; is pre-processed pressure change,
is the sampling point of obtained pressure change, T is the average of heartbeat intervals
that calculated by using previous ten heartbeats, and ;,, is the membership function of
Rule 2. Then, the membership functions respond to the fuzzy rules are illustrated in
Fig.12(a) and 12(b), and formulae are equations (12)-(14) and (15), (16).
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Fig. 12. Membership functions

0 if x;<Xnin
Py (i) =1 0 < (12)
Xmax ~ Xmin
1 if x> X0
Xmin=mMiN(¥Aps) (13)
Xmax=mMax(YAps) (14)
. —(t,-T)?
PO p[(—z’] (15)
20

o=T/3 (16)
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Step 3. Finally, y;is calculated by multiplying s,,, and u;,, and the location with

maximum ; is determined as heartbeat HB as formulated in equation (17).
He = ptamp(i) * paoe(i) (17)

4.4 Experimental results

In this experiment, the developed HR monitoring is compared with conventional and
typical method that is based on autocorrelation functions. Table 3 shows the profile of each
subject, and their correlations between HR changes obtained from the ECG and those
obtained from the HR monitoring equipment. The results indicate that the proposed method
achieved higher performance for all of the subjects. In particular, the correlation to ECG for
the subject A and E is over 0.97.

Attribute Correlation coefficient
Subject

Age [yrs] | Gender |Height [cm] | Weight [kg] | Proposed AC function
A 23 Male 175 76 0.973 0.703
B 23 Male 171 68 0.807 0.389
C 23 Male 165 50 0.754 0.621
D 25 Male 171 56 0.872 0.699
E 22 Male 180 92 0.972 0.658
F 22 Male 172 55 0.844 0.677
G 23 Male 170 62 0.737 0.346
Mean 23 - 172 65.6 0.851 0.585

Table 3. Experimental result on 7 males on a bed

Figure 13 shows an example of HR monitoring result for subject E. In the figure, the virtual
axis is R-R interval (heartbeat interval), the horizontal axis is heartbeat count, the black line
is R-R interval estimated by the proposed method, and the gray line is the one obtained by
ECG. According the result around 200 beats, the proposed HR monitoring technology
estimates the correct R-R intervals even if the significant change is occurred.
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Fig. 13. An example of HR (R-R interval) monitoring result by using proposed method

5. Summaries and conclusions

In this chapter, the Smart Health Management Technology is proposed with introductions to
its applications. The notion of the technology centers causality to realize the transparency and
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the cyclic evolution of a target and its management system. It consists of four functions; i.e.,
Measurement, Recognition, Estimation, and Evolution. Each function plays an important role for
realizing quantification, classification, diagnosis and prognosis, and solution providing
respectively. The reason why causality is employed as an essential representation is that
causality can be readable and improvable via interaction between human and machine and
their collaboration brings powerful and developmental solution. In the applications, the
expected benefits were verified. In the visceral fat estimation, the causality was used for both
measurement principle and its relationship with sensory variables. Firstly, the causality was
designed by human experts. Then, variable selection and parameter tunings followed to derive
the final estimation model. In the heart rate estimation, the design of causality was from the
view points of wave analysis and objective variables. According to the wave analysis causality,
fuzzy logic was employed for filtering sensory signal related to heart beat. The experiments
were conducted to evaluate efficiency and effectiveness of the proposed method in the
applications. The visceral fat estimation worked well as the correlation coefficient was 0.88
with X-ray CT scan. The heart rate estimation resulted that the mean of the correlation
coefficient was 0.85 with electrocardiograph.

According to the notion of SHMT, Fig. 4 illustrates the causality from multivariate time
series data. The applications introduced here provide mainly the measurement
functionality. In the future, the accumulation of sensory data will realize the notion of
diagnosis and prognosis based on causalities.
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1. Introduction

Although Bangladesh is on track to achieve Millennium Development Goal 4 (MDG4:
reduce child mortality, approximately less than 50 per 1000 live births by 2015)
(International Center for Diarrheal Disease Research, Bangladesh [ICDDR, B], 2007), child
mortality rate still remains very high in this country. In Bangladesh, the mortality rate of
under-five children was 65 per 1000 live births in 2007 and diarrhea (20%), acute respiratory
infections (ARI) (18%) accounted for 38 % of the under-five deaths (United Nations
International Children’s Emergency Fund [UNICEF], 2010). Fever, is another symptom of
acute infections and malaria among children in Bangladesh and contributes to high levels of
malnutrition and mortality (National Institute of Population Research and Training
[NIPORT], 2009; Rayhan, Khan, & Shahidullah, 2007).

Although clinical (Haque et al., 2003), nutritional (Daniel et al., 2008; Tomkins, Dunn, &
Hayes, 1989), household environmental (Gasana et al., 2002; Cairncross et al., 2010) and
socio-demographic (Barros et al., 2010; Rayhan, Khan, & Shahidullah, 2007) risk factors of
ARI, diarrhea, and fever are well documented, research has only begun to investigate the
influence of other aspects of the social environment. Intimate partner violence (IPV) is
defined as the range of sexually, psychologically, and physically coercive acts used against
women by current or former male intimate partners (World Health Organization [WHO],
1997). Intimate partner violence is considered to be one of the psychosocial factors that
might influence child morbidity status (Campbell 2002). It can affect child morbidity status
through psychological stress of the child, resulting from observing IPV; stress in turn can
exert an effect on immune reactivity and link to increase vulnerability to illness (Friedman &
David, 2002). Besides, IPV can affect child health outcome through direct violence, injury,
and mistreatment of children from fathers who abuse their female partners (Herrenkohl et
al., 2008; Christian et al., 1997), or through physical or psychological maternal health
outcomes such as stress and depression, suicidal thoughts and infectious diseases including
HIV/AIDS (Ellsberg et al., 2008; Sutherland, Bybee, & Sullivan, 1998; Coker et al., 2002;
Silverman et al., 2007; Silverman et al., 2008) or through diminishing mother’s autonomy,
social isolation, and lack of control over financial resources (Ellsberg et al., 2008; Smith &
Martin, 1995; Forte et al., 1996), that can prevent proper care of the child.
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Within and outside of South Asia, increasing evidence has shown a linkage between high
rates of IPV among women (IPV; 18%-66%) (Bates et al., 2004; Bhuiya, Sharmin & Hanifi,
2003; Jain et al., 2004) and poor child health outcomes, such as miscarriage (Silverman et al.,
2007; Bair-Merritt, Blackstone, & Feudtner, 2006), child under-nutrition (Ackerson &
Subramanian, 2008; Hasselmann & Reichenheim, 2006), and infant and child mortality
Jejeebhoy, 1998; Ahmed, Koenig, & Stephenson, 2006; Leland KA &Subramanian, 2009).
However, the literature on consequences of IPV on young children’s morbidity pattern is
limited, and weaknesses in methodology. Within South Asia a recent investigation in India
indicates an association between IPV and childhood asthma (Subramanian, Ackerson, &
Subramanyam, 2007). Another study found that young children of Bangladeshi women
abused by their husbands were more likely to be at risk of ARI and diarrhea diseases
(Silverman et al., 2009). Outside the region of South Asia, a recent study in Uganda supports
that the history of women subjected to IPV predicts the risk of diarrhea and overall illness of
the infant (Karamagi et al., 2007). However, most of these studies have some methodological
weaknesses such as based on community specific small samples or based on husband’s
report of IPV or measured only the physical type of IPV by using single global question.
This lack has limited our understanding of the extent to which childhood morbidity may be
affected by the physical and sexual IPV, using the multiple, behaviorally specific questions
based on women’s report of IPV. Thus, this study, aimed to examine the association of
physical and sexual forms of IPV with childhood fever, ARI, and diarrheal morbidity in a
nationally representative sample in Bangladesh.

2. Methods

2.1 Data sources

The present study used data from the 2007 Bangladesh Demographic Health Survey
(BDHS), conducted by the National Institute for Population Research and Training of the
Ministry of Health and Family Welfare of Bangladesh from March 24 to August 11, 2007.
The BDHS sample was drawn from Bangladeshi adults residing in private dwellings. A
stratified, multistage cluster sample of 361 primary sampling units was constructed (134 in
urban areas and 227 in rural areas). The primary sampling units were sourced from a
sampling frame created for the 2001 census of Bangladesh, in which they were termed
"enumeration areas".

The 2007 BDHS used five questionnaires. Of the 11,178 women deemed eligible to
participate in the women’s questionnaire on maternal and child health behaviors and
outcomes, 10,996 participated (98.4% response rate). One woman from each household was
selected at random for the domestic violence module to answer an additional set of
questions regarding IPV perpetrated by her husband. Out of 4,489 women eligible to
respond to the domestic violence module, only seven had to be excluded due to lack of
privacy. An additional 15 women were not interviewed for other reasons. The present
analyses included only currently married women aged 15-49 years with at least one
singleton child below five years of age living with the respondent (n=1851) (Figure 1).

2.2 Outcome measures

To provide an assessment of child morbidity outcomes we analyzed three common
childhood illness: diarrhea, ARI and fever, assessed via responses to the BDHS
questionnaire given to women. For each child under five years of age, women indicated
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whether the child had been ill with fever, experienced an episode of diarrhea, and ill with a
cough accompanied by short, rapid breathing in the 2 weeks prior to the survey. A symptom
of ARI was defined as report of cough accompanied by short, rapid breathing. Binary
variables were created to define diarrhea, ARI and fever, which indicated the presence of
each of these outcomes among the children in the past 2 weeks. A binary variable was also
created to assess the overall level of illness in the child, which was dichotomized into “0” no

illness and “1” as illness (combined fever, ARI and diarrhea).

11,178 deemed eligible to
participate (15-49 years)

A 4

10, 996 participated

\4

182 declined to participate

4489 surveyed with the IPV
module

A 4

6,507 not surveyed with the
IPV module

v

4,467 answered all IPV
questions

\ 4

22 missing answers to IPV
questions

v

4,195 currently married women
(aged 15-49 years whose children are
eligible for the study)

A 4

272 not currently married

2

2001 women with children 0-59
months

\ 4

2194 women (aged 15-49 years)
had no child or having
children aged 260 months

v

1993 children lived with
mothers

\ 4

8 children lived elsewhere

2

1975 singleton aged 0-59
months

\ 4

18 multiple births

'

1851 singleton aged 0-59
months with complete
information (final sample)

Fig. 1. Selection of sample

2.3 Exposures

Women's experience of IPV was the main exposure of interest in this study. The BDHS
measured IPV using a shortened and modified Conflict Tactics Scale (CTS) (Straus, 1979;

\ 4

124 missing regarding
nutritional outcome
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Straus & Gelles, 1990). Perpetration of IPV by the husband in the year prior to the survey
was assessed via 8 items included in the survey given to the women. A positive response to
any one of the following behaviors indicated the perpetration of physical IPV: (1) pushing,
shaking, or throwing an object; (2) slapping; (3) twisting her arm or pulling her hair; (4)
punching or hitting with a fist or something harmful; (5) kicking or dragging; (6) choking or
burning; or (7) threatening or attacking with a knife or gun. Perpetration of sexual IPV was
indicated by a positive response to ‘physically forcing her to have sexual intercourse even
when she did not want to’. These assessments were recorded to create a four-level
categorical variable reflecting the experiences of three categories of IPV: physical IPV only,
sexual IPV only, and both physical and sexual IPV. The fourth category was a referent group
of no IPV perpetration of either form. We also created a binary variable measuring whether
a mother reported any form of IPV (physical, sexual or both); this was termed "any IPV".
Though psychological violence is one of the important indicators of all IPV incidents
(Leland & Subramanian, 2009) this information was not available in the current study, as it
was not collected in the BDHS.

2.4 Covariates

We included several socio-demographic, environmental and nutritional variables
theoretically and empirically linked to IPV (Uthman, Lawoko,& Moradi T, 2009; Bates et al.,
2004) and common childhood illness (Rayhan, Khan, & Shahidullah, 2007; Daniel et al.,
2008; Tomkins, Dunn, & Hayes, 1989; Gasana et al., 2002; Cairncross e al., 2010; Barros et al.,
2010).These variables included: maternal age (15-24 years, 25-34 years or 35-49 years),
maternal education (no education, primary or secondary and higher), maternal decision
making autonomy, mother’s occupation (unemployed or agriculture/non-manual or
manual), mother’s BMI (thin, normal or overweight), residence (rural or urban), household
members (2-4, 5-6 or 7+), parity (1, 2 or 3+ ), wealth index, type of cooking fuel
(biomass/charcoal or LPG/natural gas/biogas), child sex (male or female), child’s age (0-11
months, 12-23 months, 24-35 months or 36-59 months), initiation of breastfeeding (early or
late), and duration of breastfeeding (0-11 months, 12-23 months or 224 months). We used
BDHS wealth index as a proxy indicator for socioeconomic position. The BDHS wealth
index was constructed from data on household assets, including ownership of durable
goods (such as televisions and bicycles) and dwelling characteristics (such as source of
drinking water, sanitation facilities, and construction materials). Principal components
analysis was used to assign individual household wealth scores. These weighted values
were then summed and rescaled to range from 0 to 1, and each household was assigned to
either the poorest, middle, or richest tertials.

2.5 Statistical analyses

We calculated descriptive statistics for socio-demographic, environmental, IPV, nutritional,
and morbidity characteristics for our sample. Demographic and socio-economic differences
of any physical or sexual IPV perpetration were assessed by x2 analyses. The 2-tailed
significance level for all analyses was p < .05. We created 2 fully adjusted models to analyze
the appropriate binary for each morbidity outcome of diarrhea, ARI, fever, and any illness
(any vs. no IPV; and the separate effects of physical only, sexual only and both physical and
sexual IPV). We entered all covariates simultaneously in the multiple regression models.
Adjusted odds rations (AOR) were estimated to understand the strength of the associations
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while 95% confidence intervals (95% CI) were estimated for significance testing.
Multicolinearity in the logistic regression analyses was checked by examining the standard
errors for the regression coefficients. A standard error larger than 2.0 indicates numerical
problems, such as multicollinearity among the independent variables (Chan, 2004). In this
study, all of the independent variables in the two models for each nutritional outcome had a
standard error <0.90 indicating an absence of multicolinearity. Stata, version 9.0 (Stata
Corp., College Station, TX, USA) with survey commands was used to account for
stratification, clustered sampling, and weighing provided by the BDHS to reproduce the
national population.

2.6 Ethical considerations

Data collection procedures for the BDHS were approved by the ORC Macro Institutional
Review Board. Several specific protections based on WHO"s ethical and safety
recommendations for research on domestic violence were built into the 2007 BDHS (Straus,
1979; WHO, 2001). For the domestic violence section, respondents were read an additional
statement informing them that the questions to follow could be sensitive and reassuring
them of the confidentiality of their responses (NIPORT, 2009). Interviews were conducted
under the most private conditions afforded by the environments encountered. If privacy
could not be ensured, the interviewer was instructed to skip the module.

3. Results

3.1 Descriptive statistics

Nearly half of the women (49.1%) were 15-24 years old, 29.2% were uneducated, and 78.5%
lived in rural areas (Table 1). About 11% of the respondents had no decision-making
autonomy. Regarding nutritional status, 60.3% women were considered to have normal
BMLI; 32.0% were undernourished or thin (BMI less than 18.5); and 7.5% were overweight or
obese (BMI 25 or higher). From the total sample population, 69.9% of children were below
three years of age, nearly half were female and 42.8% of the children were breastfed for 24
months or more, and only 8.8% used LPG/natural gas/biogas as cooking fuel.

The prevalence of underweight, stunting, and wasting was 40.8%, 42.0%, and 19.0%
respectively, while the prevalence of diarrhea, fever, and ARI was 10.1%, 38.7%, and 13.3%
respectively. Overall, 45.6% children were suffering from any type of illness (diarrhea or
ARI or fever) two weeks before the survey. Substantial numbers of mothers (29.0%) reported
that they had suffered any IPV in the year prior to the survey; 15.5% of mothers indicated
that they had experienced only physical IPV, 6.2% indicated that they had experienced only
sexual IPV, and 7.3% indicated that they had experienced both types of IPV (Table 1).

In bivariate analysis, several significant differences were observed in the prevalence of IPV
perpetration across various socio-demographic groups (Table 2). Specifically, significantly a
higher prevalence of perpetration of any form of IPV, physical IPV only and both physical
and sexual IPV was identified among younger women (aged 15-24 years) and women who
used LPG/natural gas/biogas as cooking fuel compared with older women and women
used Biomass/charcoal as cooking fuel. Regarding educational status, significantly a higher
prevalence of any form of IPV and past-year perpetration of both physical and sexual IPV
was identified among women having no education. Significantly a higher prevalence of any
form of IPV and past-year perpetration of both physical and sexual IPV was also identified
among women having children suffering from any types of recent illness.
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Characteristics n % (95% CI)t
Maternal age
15-24y 816 49.0 (46.2-51.9)
25-34y 840 41.2 (38.5-44.1)
3549y 195 9.7 (8.2-11.4)
Maternal education
No education 565 29.2 (26.7-31.9)
Primary 511 27.0 (24.6-29.6)
Secondary and higher 775 43.8 (41.0-46.6)
Maternal decision making
autonomy (aspects)”
0 223 11.0 (9.-13.0)
1 126 6.9 (5.5-8.4)
2 199 11.8 (9.9-14.1)
3 272 151 (12 9-17.4)
4 308 16.3 (14.4-18.5)
5 721 38.9 (36.0-41.9)
Missing data 2
Mother’s BMI
Thin (BMI<18.5) 591 32.0 (29.3-34.9)
Normal (BMI 18.5-24.9) 1088 60.4 (57.7-63.2)
Overweight/obese 167 7.6 (6.2-9.8)
(BMI=25) 5
Missing data
Residence
Rural 1200 78.5 (76.3-80.6)
Urban 651 21.5 (19.4-23.7)
Household members (tertiles)
2-4 627 30.4 (27.8-33.1)
5-6 716 36.6 (33.8-39.6)
7+ 508 33.0 (30.1-35.9)
Parity
1 546 33.7 (30.9-36.6)
2 556 28.7 (26.4-31.3)
3+ 749 37.5 (35.1-40.1)
Occupation of respondents
Unemployed 1322 69.6 (66.9-72.3)
Agriculture/non-manual 369 227 (20.4-25.2)
labor 157 7.7 (6.2-9.1)
Manual works 3
Missing data
Type of cooking fuel
Biomass/charcoal 1621 91.2 (0.89-92.7)
LPG/natural gas/biogas 224 8.8 (7.3-10.6)
Missing data 6
Wealth index
Poor 812 46.0 (43.1-49.0)
Middle 317 16.7 (14.8-18.8)
Rich 722 37.3 (34.4-40.2)
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Characteristics n % (95% CI)t
Child age
0-11 m 440 24.5(22.1-27.1)
12-23m 436 24.4 (22.0-26.9)
24-35m 394 21.0 (18.9-23.3)
36-59 m 581 30.1 (27.6-32.8)
Child sex
Female 931 49.9 (47.0-52.8)
Male 920 50.1 (47.2-53.0)
Initiation of breastfeeding¥
Early 635 34.2 (31.6-36.8)
Late 1212 65.8 (63.2-68.4)
Missing data 4
Duration of breastfeeding
0-11 m 497 27.7 (25.2-30.2)
12-23m 528 29.5(27.0-32.2)
224 m 824 42.8 (40.2-45.5)
Missing data 2
Diarrhea in the past 2 weeks
No 1665 89.9 (88.2-91.4)
Yes 195 10.1 (8.6-11.8)
Fever in the past 2 weeks
No 1140 61.3 (58.4-
Yes 711 64.2)
38.7(35.8-41.6)
Symptoms of ARI
No 592 86.7 (84.6-88.4)
Yes 259 13.3 (11.6-15.4)
Any illness
No 1007 54.4 (51.3-57.3)
Yes 844 45.6 (42.7-48.9)
Stunting
No 1081 58.0 (55.4-61.1)
Yes 770 42.0 (38.8-44.5)
Underweight
No 1099 59.2 (56.3-62.2)
Yes 752 40.8 (38.0-43.7)
Wasting
No 1504 81.0 (78.4-83.3)
Yes 347 19.0 (16.7-21.6)
Any physical or sexual IPV
No 1290 71.0 (68.4-73.4)
Yes 559 29.0 (26.6-31.6)
Missing data 2
Types of IPV
None 1290 71.0 (68.4-73.4)
Physical only 315 15.5 (13.6-17.6)
Sexual only 106 6.2 (5.0-7.8)
Both physical and sexual 138 7.3 (5.9-8.9)
Missing data 2

tUnweighted n’s and 1 weighted percentages (%, 95% CI) presented

“Number of decisions in which women could participate: alone or jointly with husband/partner or
other person

¥ Early: initiation of breastfeeding within one hour of birth

Table 1. Socio-demographic, Nutritional, and IPV Characteristics of Currently Married
Mothers of Under-five Children (n=1851)
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Across wealth categories, wealthier married women were less likely to report past-year
perpetration of any form of IPV, physical IPV alone, sexual IPV alone, and past-year
perpetration of both physical and sexual IPV. Significantly, a higher prevalence of any form of
IPV and physical IPV alone was observed among women considered to have thin BMI and
mothers with household“s member size 2-4. In addition, lower proportion of experiencing any
form of IPV and sexual IPV alone was observed among unemployed women. A higher
prevalence of perpetration of any form of IPV in the past year was identified among women
having five aspects of decision-making autonomy, but these differences were not significant
for the three mutually exclusive categories of violence assessed (Table 2).

. Anyformof IPV  Physical IPV only  Sexual IPV only ~ DOth physicaland
Characteristics % (95% CI) % (95% CI) % (95% CI) sexual
% (95% CI)
Maternal age
15-24y 33.8 (29.7-38.1) 18.0 (14.9-21.6) 6.9 (4.9-9.7) 8.9 (6.6-11.8)
25-34y 24.6 (21.5-27.9) 14.0 (11.5-16.9) 5.6 (4.0-7.6) 5.1(3.6-7.9)
3549y 24.1 (17.6-31.9) 9.5 (5.9-15.0) 5.8 (2.7-12.0) 8.7 (5.1-14.6)
p value 0.001 0.018 0.652 0.031
Maternal education
No education 34.8 (30.5-39.4) 18.4 (15.1-22.2) 6.8 (4.6-9.9) 9.6 (6.9-13.2)
Primary 28.1 (23.5-33.2) 15.2 (11.6-19.7) 51(3.2-8.1) 7.7 (5.3-11.2)
Secondary and higher 25.8 (22.0-30.0) 13.8 (11.0-17.1) 6.6 (4.6-9.4) 54 (3.6-8.1)
p value 0.014 0.17 0.635 0.048
Maternal decision making
autonomy (aspects)
29.9 (22.6-38.5) 13.8 (8.6-21.3) 8.0 (4.1-15.0) 1(4.7-13.7)
1 38.9 (28.7-50.2) 17.8 (10.9-27.7) 11.7 (6.4-20.7) 4 (4.2-19.7)
2 28.0 (20.4-37.1) 16.7 (10.5-25.6) 2.9 (12.9-6.5) 3 (44-15.1)
3 31.2(24.5-38.7) 15.6 (11.3-21.1) 6.4 (3.6-11.1) 1(5.4-14.9)
4 34.6 (28.7-41.2) 18.9 (14.6-24.0) 8.3 (4.8-14.1) 7 5 (4.4-12. 3)
5 24.2 (20.8-28.1) 13.8 (11.2-16.9) 4.9 (3.2-7.3) 5.6 (3.9-7.9)
p value 0.038 0.617 0.081 0.621
Mother’s BMI
Thin (BMI<18.5) 33.4(29.1-37.9) 18.5 (15.4-22.0) 7.6 (5.3-10.7) 7.3 (5.2-10.2)
Normal (BMI 18.5-24.9) 28.5(25.1-32.2) 14.9 (12.3-17.9) 5.8 (4.2-7.9) 7.9 (6.0-10.3)
Overweight/obese 15.1 (9.5-23.2) 8.4 (4.4-15.3) 4.7 (1.8-11.6) 2.1(0.9-4.8)
(BMI=25)
p value 0.002 0.030 0421 0.062
Residence
Rural 30.1 (27.4-33.0) 16.0 (13.8-18.4) 6.7 (5.2-8.7) 7.4 (5.8-9.4)
Urban 25.1 (21.0-29.6) 13.8 (11.0-17.3) 44 (2.9-6.8) 6.8 (4.69.9)
p value 0.050 0.266 0.104 0.701
Household members
(tertiles) 36.7 (31.9-41.8) 231 (19.1-27.5) 49 (3.2-7.5) 8.7 (6.3-12.0)
24 28.3 (24.5-32.3) 15.1 (12.4-18 4) 5.7 (4.0-8.0) 7.4 (5.3-10.4)
56 22.8 (18.3-27.9) 8.9 (6.4-12.4) 8.0 (5.3-12.1) 5.8 (3.6:9.1)
7+ <0.001 <0.001 0.208 0.336
p value
Parity
1 32.2(27.3-37.6) 17.8 (14.0-22.4) 6.6 (4.2-10.3) 7.9 (5.6-10.9)
2 28.9 (24.6-33.6) 15.2 (12.0-19.1) 5.7 (3.8-8.5) 7.8 (5.1-11.6)
3+ 26.3 (22.8-30.1) 13.6 (11.1-16.7) 6.3 (45-8.8) 6.4 (4.6-8.8)
p value 0.169 0.235 0.885 0.642
Occupation of respondents
Unemployed 26.8 (24.1-29.7) 15.1 (12.8-17.7) 45 (3.2-6.2) 7.3(5.7:9.2)
Agriculture/non-manual 35.8 (29.9-42.3) 18.6 (14.5-23.5) 9.7 (6.6-14.1) 7.5 (4.5-12.1)
labor
Manual works 28.4 (20.1-37.9) 10.4 (6.6-15.8) 11.4 (6.4-19.7) 6.7 (2.3-14.6)
p value 0.018 0.083 0.001 0.970
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. Any form of IPV  Physical IPV only Sexual IPV only Both physical and
Characteristics sexual
% (95% CI) % (95% CI) % (95% CI) % (95% CI)

Wealth index

Poor 35.6 (31.9-39.5) 18.5 (15.8-21.5) 7.8 (5.9-10.4) 9.3 (7.0-12.2)

Middle 274 (22.1-33.4) 15.6 (11.6-20.7) 4.1 (2.2-7.8) 7.6 (4.7-12.3)

Rich 21.7 (17.9-26.1) 11.8 (9.1-15.3) 5.2(3.3-8.1) 4.6(2.9-7.2)

p value <0.001 0.007 0.049 0.025
Type of cooking fuel

Biomass/ charcoal 30.8 (28.0-33.6) 17.3 (15.1-19.7) 52 (4.6-6.7) 83 (6.7-10.2)

LPG/natural 15.0 (9.7-22.5) 7.9 (4.8-12.7) 6.5(2.9-14.2) 0.57 (0.08-3.9)

gas/biogas <0.001 0.001 0.589 <0.001

p value
Child sex

Female 26.9 (23.7-30.4) 14.7 (122-17.7) 55(3.9-7.7) 6.7 (5.0-9.0)

Male 31.1 (27.5-35.0) 16.3 (13.4-19.6) 7.0 (5.1-9.4) 7.8 (5.8-10.6)

p value 0.105 0.478 0.303 0.485
Child age

0-11m 27.3 (22.3-33.0) 13.4 (10.3-17.2) 8.0 (5.0.3-12.5) 6.0 (3.7-9.4)

12-23 m 33.6 (28.3-39.4) 18.1 (14.1-22.9) 6.7 (4.1-10.8) 8.8 (5 7-13.4)

24-35m 26.6 (21.8-32.1) 17.8 (13.8-22.7) 3.2 (1.7-6.0) 5.6 (3.7-8.4)

36-49 m 28.4 (23.8-33.6) 13.6 (10.3-17.7) 6.6 (4.7-9.2) 8.2 (5.8-11.5)

p value 0.274 0.177 0.162 0.333
Initiation of breastfeeding

Early 28.6 (25.6-31.7) 15.8 (12.5-19.7) 7.1(5.19.8) 7.1 (5.09.9)

Late 30.0 (25.9-34.4) 15.3 (13.1-17.8) 538 (43-7.8) 7.4 (5.7-9.6)

p value 0.594 0.833 0.348 0.816
Duration of breastfeeding

0-11m 26.2 (21.6-31.5) 12.8 (9.9-16.3) 7.4 (4.7-115) 6.1 (3.9-9.4)

12-23 m 30.9 (26.2-36.0) 16.6 (13.2-20.7) 5.4 (3.3-87) 8.9 (6.1-12.7)

>24m 29.3 (25.5-33.4) 16.6 (13.6-20.1) 5.8 (43-7.9) 6.9 (5.0-9.5)

p value 0.429 0.227 0.579 0.398

Total 29.0 (26.6-31.6) 15.5 (13.6-17.6) 6.2 (5.0-7.8) 7.3 (5.9-8.9)

Table 2. Descriptive Statistics According to Different Forms of IPV of Currently Married

Mothers of Under-five Children (n=1851)

4. Association between IPV and child morbidity
4.1 IPV and diarrheal morbidity

Maternal experience of any physical or sexual IPV (AOR: 1.50; 95% CI: 1.04-2.27) was
associated childhood diarrheal morbidity; as were physical IPV only (AOR: 1.35; 95% CI:
1.01-2.30) and both physical and sexual IPV (AOR: 2.38; 95% CI: 1.32-4.31) (Table 3).

4.2 IPV and symptoms of ARI

Maternal experience of any physical or sexual IPV (AOR: 1.46; 95% CI: 1.02-2.12) was
associated with ARI morbidity; as were physical IPV only (AOR: 1.72; 95% CI: 1.13-2.64) and
both physical and sexual IPV (AOR: 1.83; 95% CI: 1.03-3.37) (Table 3).

4.3 IPV and childhood fever

Maternal experience of any physical or sexual IPV (AOR: 1.30; 95% CI: 1.00-1.72) and both
physical and sexual IPV (AOR: 1.90; 95% CI: 1.19-3.03) were associated with fever among
children (Table 3).
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4.4 IPV and any childhood illness

Maternal experience of any physical or sexual IPV (AOR: 1.38; 95% CI: 1.05-1.80) and both
physical and sexual IPV (AOR: 2.21; 95% CI: 1.37-3.60) were associated with any illness
among children (Table 3).

AOR (95% CI)
Measure of Maternal IPV
Diarrhea ARI Fever  Any illness
Types of IPV
None (reference) 1.00 1.00 1.00 1.00
Any physical or 1.50 (1.04-2.27) 1.46 (1.02-2.12) 1.30 (1.00-1.72) 1.38 (1.05-1.80)
sexual 1.35 (1.01-2.30) 1.72 (1.13-2.64) 1.21 (0.87-1.68) 1.28 (0.93-1.77)
Physical only 0.97 (0.43-2.20) 0.59 (0.28-1.25) 1.00 (0.57-1.76) 0.97 (0.56-1.66)
Sexual only 2.38 (1.32-4.31) 1.83 (1.03-3.37) 1.90 (1.19-3.03) 2.21 (1.37-3.60)
Both physical and

sexual violence

Models were adjusted for maternal age, maternal education, maternal decision making autonomy,
mother’s occupation, mother’s BMI, parity, residence, household members, child sex, child age,
initiation of breastfeeding, duration of breastfeeding,, types of cooking fuel, stunting, underweight,
wasting, and wealth index.

Table 3. Adjusted ORs and 95% Cls for Associations between Different Aspects of Maternal
IPV and Morbidity Status for Children Under-five Years (n=1851)

5. Discussion

The findings of this study revealed that approximately one-third (29.0%) of currently
married Bangladeshi women with children below the age of five years experienced any form
of physical or sexual IPV in the past year. In Bangladesh, maternal experience of any
physical or sexual IPV was associated with increased risk of diarrhea, ARI, fever, and any
illness in children aged younger than five years. The findings of an increased risk of
childhood diarrhea and ARI of abused women was in accordance with previous reports in
Bangladesh (Silverman et al., 2009) of an association between physical or sexual partner
violence and diarrhea and ARI of the child. Other study outside South Asia ( Karamagi et
al., 2007) found mixed evidence for an association between maternal lifetime IPV and
common childhood illness. The current research expands on these previous two studies by
using a large national sample from Bangladesh and added information on the association
between maternal physical or sexual IPV and all common childhood illness.

Another important new finding was that a combination of both physical and sexual IPV
appeared to have more profound consequences on the outcome measured. Previous studies
found that experienced of both physical and sexual IPV are stronger predictors of long-term
negative physical and mental health outcomes of mothers (Ferri et al., 2007; Peter, 2004;
Cripe et al,, 2008; Bizu et al., 2010). Its impact on mental health can be as serious as its
physical impact, and may be equally long lasting. Evidence has shown that such negative
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physical and mental health outcomes reduce a mother's ability to cope with the everyday
needs of a small child and diminish the quality of different care-giving behaviors; this in
turn leads to the negative health consequences for her children (Marie, Carol, & Armar-
Klemesu, 1999; Stewart, 2007). Our results, therefore, indicate that the prevention of both
physical and sexual violence from husbands is important for the improvement of childhood
morbidity status in Bangladesh.

Currently identified associations of any physical or sexual IPV with all common
childhood illness provide a critical context for the elevated rates of infant and early
childhood deaths demonstrated in prior work (Jejeebhoy, 1998; Ahmed, Koenig,
Stephenson, 2006; Leland & Subramanian, 2009) among women who experience IPV (i.e.,
the currently documented increased rates of diarrhea, ARI and fever likely relate to
increased risk of child death).

Some limitations should be considered when interpreting our findings. First, the current
analyses are cross-sectional and, thus, do not allow for assessment of the chronology of the
associated events or inferences regarding causality. Longitudinal research regarding the
relations of IPV to childhood morbidity outcomes is needed to provide clarity regarding these
concerns. Second, though psychological violence is an important fact of IPV (Leland &
Subramanian, 2009), this information was not available in the current study. Finally, the
possibility of underreporting must also be considered; because IPV is by nature a private
phenomenon and one that is often stigmatized, women may be reluctant to reveal their abuse
status. However, the personal interview method used in this study is widely used for this type
of IPV research (Fried at al., 2006). In addition, to ascertain physical and sexual IPV, this study
used multiple, behaviorally-specific questions, which are considered the best,
methodologically, for eliciting correct responses (Leland & Subramanian, 2009; Straus,
1979).Moreover, according to the BDHS interviewers were provided training for implementing
the domestic violence module based on a training manual specially developed to enable the
field staff to collect violence data in a secure, confidential, and ethical manner, in order to
create a safe atmosphere in which respondents would feel comfortable discussing this issue
(NIPORT, 2009). In addition, the domestic violence module was administered at the end of the
interview, so that both interviewers and respondents become well acquainted with each other
by the time they reach the section on domestic violence.

6. Conclusion

In conclusion any physical or sexual IPV was associated with the increased risk of all common
childhood illness namely, diarrhea, ARI and fever among children below five years of age in
Bangladesh. In interventions aimed at improving child morbidity status, efforts are needed to
protect women from the physical and sexual violence of their husbands. These findings may
be relevant in other resource-limited settings as well where the prevalence of child morbidity
is high and may be of interest to clinicians when assessing children with different problems
related to morbidity status. Future longitudinal studies, however, are needed for assessment of
the chronology of the associated child morbidity or inferences regard.
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1. Introduction

Planning, diagnosis, and management of the healthy living space are crucial to human
health management. Modern people spend at least half of the time indoor for their domestic
lives, working lives, education, medical treatments or entertainment activities. Some of them
even spend more than two-third of the time indoor, such as educators or health
professionals. In terms of medical science, four categories affect the health of modern
people—genetic inheritance, environment, life style, and health care. The environment
category includes biological, physical and chemical factors, such as bacterium and excess
funguses which influence indoor air quality (IAQ), radiation in buildings, and
formaldehyde in harmful building materials. Furthermore, World Health Organization
(WHO) also set forth a set of standards for healthy buildings, which lists fifteen
recommendations for building planning. These standards are closely connected with the
planning of healthy indoor environment.

This study aims to diagnose and manage healthy living space with the concept of healthy
building in the field of Building Medicine. This subject can be divided into three parts:
Physical Health of the Buildings, Environmental Health, and User’s Safety and Health. More
emphasis is placed on the aspect of the Users’ Health. It is hoped that through the
investigation of the interrelationship between problems in building environment with
human heath, harmful elements which damage the health of building occupants can be
discovered. Also, with the assistance of non-destructive testing technology, cases are
diagnosed following WHO's standards on healthy buildings and health hazards hidden in
the environment are pointed out to readers. These hazards include: harmful building
materials, radiation emitted by steel bars, high frequency electromagnetic waves,
electromagnetic fields (EMF), residual chlorine in drinking water, turbidity of drinking
water, pH values in drinking water, noise, sunlight ratio, temperature and humidity, O»
content, hazardous particles, total volatile organic compounds (TVOCs), formaldehyde, CO,
CO,, and Os. Finally, following the concept of human medical science, this study suggests
remedies and preventive measures for these problems so that the problems can be
diagnosed and treated early, which is parallel to the secondary prevention stage of the
disease prevention in medical science.
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2. Building Medicine

Building Medicine is a new management perspective, which is mainly applied to the
management of buildings’ health (including home living environments.) In the field of
engineering, the discussion on building health management used to be only limited to
proposals of ideas that the engineering field should learn from health management practices of
human medicine. In contrast with these general ideas, the discipline of Building Medicine not
only fully defines how to apply the model of human health management analogously, but also
develops application tools based on its theories, such as Building Diseases Classification
(BDC), Building Medical Record (BMR), Building Doctor Navigation System (BDNS), Building
Physiology Information System (BPIS) and Building Health Diagnosis (BHD).

2.1 The theory of Building Medicine

The management concept of Building Medicine is that the behaviours and management
models of human health and building health are similar in terms of their structures,
functions, life cycles, and service years. Theories, methodologies, mechanisms or roles
played medical science can be applied analogously to building health management. The
analogous application considers theories and practices of the building construction and
maintenance, evaluates constraints and limitations in applying human medicine approaches
to building health management. The goal of building health management is to uphold the
health and safety of the buildings and their occupants or even to promote the sustainability,
environment friendliness, artistry or economical benefits of the buildings. Furthermore, the
study will further explore how the theories of medical science can be applied analogously to
buildings at different stages of their life cycles, such as its health system, legal framework,
health promotion activities, emergency treatments, diagnosis procedures, patient care,
health administration, pathology or misdiagnosis (Chang, 2006).

College of Electrical Engineering and

College of Engineerin
Computer Science ] 81 g

Institute of Biomedical
Engineering

Graduate Institute of Biomedical
Electronic and Bioinformatics

College of
Medicine

Fig. 1. Reverse thinking: Enhancing the research strength of technological and engineering
fields by borrowing concepts from medical filed

As shown by Figure 1, except for the pubic health field, which has a close tie with the
medical field, the currently available educational and technological applications are more
oriented toward the field of electrical engineering, computer science, or civil engineering.
Applying these technologies to medical treatment or research is part of the trend of cross-
disciplinary collaboration, which can be also seen in the organization restructuring of
academic institutions. For example, in National Taiwan University, the Institute of
Biomedical Engineering was founded under the College of Engineering in 1988, and
Graduate Institute of Biomedical Electronic and Bioinformatics was created under College of
Electrical Engineering and Computer Science in 2006. The two institutes were established to
enhance the research strength of the medical science field. In contrast with the support lent
to the medical field by the engineering field, the concept of Building Medicine takes a
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reverse turn of thinking: In view of the speedy progress and thorough thinking of medical
field, why not apply its well-developed health management mechanism and methods in the
medical field analogously to building health management? In this way, architects or civil
engineers who not only know how to design and construct buildings, they can also learn
how to be building doctors and safeguard building safety and healthy living environments.

2.2 Roles played by Building Medicine

In medical science, cares and treatments are provided to humans from their birth and death.
Based on its development trajectory, three roles are played by medical science. First, patients’
pain is relieved and their health is restored through ‘health care’. Second, through ‘scientific
researches,” causes and mechanisms of the diseases are investigated, and new treatments are
discovered and developed. Third, through ‘medical education,” knowledge of medical science
and technology is passed down, and the bedrock of health care service and medical researches
is constituted (Hsieh, 2003). The same principles are also applied to Building Medicine.
Although the subject managed by Building Medicine is a building, Building Medicine also
play similar roles as medical science does. It maintains a building’s health through health care,
scientific researches, and medical education of buildings. The safety and health of the
occupants can only be safeguarded on the condition that the occupied buildings are in a
healthy state. See Figure 2 for the roles played by Building Medicine. Pathology is one of the
discipline under meidical education. Similarly, building pathology (Watt, 2007) is also
devloped in the filed of civil engineering. Wang & Yau (2002) pointed out in their book,
Building Pathology, building health can be compared analogously with human health.
Therefore, a large amount of human pathology studies have been carried out to understand
the essence of diseases and find their treatmeant and prevention methods.

Roles of Building Medicine

Health Care of Buildings

Safety and health of the g
Maintaining occupants can only be ™
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Fig. 2. Roles Played by Building Medicine

Building Medicine is not a discipline of pure theories. It has already been practiced on real
cases. The author has already undertaken the three roles of Building Medicine outlined in Fig.
2. For the role of Health Care of Buildings, the previous position held by the author in the asset
mangement industry was a consultant for household health diagnoses. Even though he is an
assistant professor in Feng Chia University now, he teaches a service-learning course (Course
Title: Building Diagnosis Technology) and leads students to provide test service of hazard
factors in public environments of communities. For the role of Scientific Researches of
Building, recent researches on application technologies are shown in Section 2.3 of this paper.
The author also advised many master’s theses which discuss diagnoses and solutions on
health hazard factors in household environments, such as detection of EMF in living
environments (Ma, 2010). As to Medical Education of Buildings, he opens many courses to
teach students how to plan, make diagnoses, manage, and maintain a healthy living
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environment, including Building Medicine (post-graduate programs), Building Health
Diagnosis (undergraduate program), Building Diagnosis Technology(undergraduate
program), and Intelligent Living Space(undergraduate program).

2.3 Implements for Building Medicine

Until now, several analogous studies based on the concepts of Building Medicine have been

conducted. For example, a Building Medical Record (BMR) is designed analogously to

medical records used in medical science; a Building Diseases Classification (BDC) is
designed analogously to WHO ICD-9-CM(The International Classification of Diseases,

Ninth Revision, Clinical Modification) Codes; a Building Doctor Navigation System (BDNS)

is designed analogously to electronic diagnosis systems used in hospitals; a Building

Physiology Information System(BPIS) is designed analogously to measuring blood pressure,

pulses and temperature of human bodies; and a Building Health Diagnosis (BHD) is

designed analogously to regular health checks taken by people.

1. BMR: The problem-oriented medical record (POMR) which has been generally adopted
in medical science was derived from the problem-oriented recording(POR) proposed by
Dr. Laurence Weed in 1964. After 1968, the POMR was gradually formed (Chen, 2001).
The problem-oriented medical record (POMR) is widely used in medical science. Cheng
at al. (2007) adopts the concept of POMR analogously and develops Building Medical
Record (BMR) in order to make diagnostic process for building health become more
systematic and complete, similar to that for human health.

2. BDC: When doctors around the world make diagnoses and give treatments to patients,
the classification coding of human diseases, ICD-9-CM, is an important common
language for communication between them. ICD-9-CM also serves as a reference guide
for governments to determine reimbursement rates for medical services, and it is also a
universal basis for statistical analyses within medical database systems. Therefore, ICD-
9-CM is crucial to research and practices in the medical field. Similarly, diagnoses and
statistical analyses of building diseases require a common communication language.
Chang (2008) follows the logic of ICD-9-CM and applies it to the development of
Building Diseases Classification (BDC) suitable for diagnosing building diseases. BDC
includes Disease Code, Treatment Code and Supplement Code.

3. BDNS: The design logic of medical records aims to make records more organized,
cohesive, credible, and easier to track and verify. In operation/maintenance stage of
building life cycle, maintenance records are important reference data for on-site
building managers when diagnosing the condition of facilities and making treatment
decisions. However, three common problems often arise in the use of maintenance
records. First, the inputs and updates of maintenance records and knowledge from
internal sources may be unorganized and they may not be verified by practices on
actual cases. Second, data and knowledge obtained from external sources may lack
credibility. Third, the large quantity of data may not be able to be processed. As a result,
Building Doctor Navigation System (BDNS) has been developed based on the author’s
BMR research. Through knowledge extraction method that combined the semantic
indexing and the clustering analysis technology, BDNS can make up for the
shortcomings of the systems built by private property management companies and help
on-site building managers to solve the aforementioned problems encountered when
building database of maintenance records. Managers or users can look up information
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in cloud database via mobile devices. By doing so, they can obtain real-time and correct
information regarding to diagnoses on building diseases, treatment measures, and
prevention strategies, etc. See the left picture of Fig. 3.

4. BPIS: Physiology signs of human bodies are a basis for human health checks. From the
viewpoints of Building Medicine, physiology signs of buildings (temperature, humidity,
stress, strain) hold the same importance to building health management. Since a
significant amount of human power and time can be saved by using computer systems to
maintain buildings’ functions and performances and extend their service years, Chang
(2010) built a computer system: BPIS. After smart humidity/temperature information
materials being installed inside buildings, signals detected by the materials are sent to
BPIS wirelessly. Then, building managers are able to consult the detection data through
the user interface of BPIS, and quickly learn about the temperature and humidity values
inside the building structures (just like temperature and blood pressure measurement of
human bodies.) Therefore, BPIS makes buildings become smart buildings with self-
detection ability. Furthermore, BPIS also provides auto-alert function which can help
managers discover problems right when they arise (see the right picture on Fig. 3).
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Fig. 3. User control panels of BDNS (left) and BPIS (right)

5. BHD: Building Health Diagnosis is one link of preventive maintenance management of
Professional Maintenance Management (PMM). BHD is conducted by personnel with
building diagnosis training background. Based on their knowledge and techniques,
they make diagnoses periodically or sporadically on various aspects of building
maintenance and management, such as safety, health, performance, environmental
impacts, appearance, energy conservation, and sustainability, etc. When it is necessary,
maintenance and renovation works are carried out to safeguard users’ safety and
health, maintain the proper function of the buildings, protect environments, conserve
energy and improve the urban aesthetics (Chang et al, 2007). Due to these
considerations, the author has opened two courses related to BHD-Building Health
Diagnosis and Building Diagnosis Technology —in order to teach building diagnosis
knowledge and technology under the concept of BHD and train students to equip with
the fundamental knowledge for becoming building doctors in the future.

2.4 Healthy Building of Building Medicine
Healthy Building of Building Medicine is a concept which combines medical science, public
health, civil engineering, architecture, environmental engineering, and it stresses on
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maintaining the physical health of buildings, including the health of their indoor
environments, because healthy buildings are prerequisite for maintaining users’ safety and
health. Furthermore, from the point of view of sustainability, impact to the environment
must be lessened as much as possible by current technology. See Fig. 4.

User’s Safety Environmental
And Health Health

§#Healthy Building

Fig. 4. Concept of Healthy Building in Building Medicine

Traditionally, the field of civil engineering focuses on buildings’ physical health, for

example, shock resistance of the structures. The architecture field emphasizes the aspect of

architectural physics, such as acoustics, lighting, thermal environment, air quality, and

humidity. For example, Chiang (2001) defines healthy buildings as ‘A way of experiencing

indoor environment of buildings, which includes physical measurements (such as

temperature and humidity, ventilation aeration efficiency, noise, light, and air quality), and

subjective psychological factors (such as layouts, environment colour, lighting, space,

building materials, job satisfaction, and interpersonal relationship).” Furthermore, the field

of green architecture has also discussed the subject of healthy buildings. For example,

healthy buildings promoted by the Healthy Building Network (2011) also stressed the

impact of hazardous building materials to environmental health. Health Care Without

Harm is a medical organization concerned about issues of healthy buildings. Until 2010, 494

organizations in 53 countries have joined force to promote green hospital buildings and

devote attention to the impact of hazardous materials to human health (Health Care

Without Harm, 2010). Also, 15 planning standards are recommended by Healthy Household

Guidelines of World Health Organization:

e Low concentration of chemicals which may trigger allergies

e In order to meet the requirement in the first point, avoid using ply-woods or wall
renovation materials containing chemicals not easy to vaporize

e Install ventilation system of high ventilation function to emit indoor pollutants to
outside. Central ventilation systems with air-supply ducts must be installed in spaces of
air-tightness or thermal insulation design

e Local exhaust ventilation systems must be installed in kitchen or smoking areas

e  The temperature of living rooms, bedrooms, kitchens, toilets, hallways, bathrooms must
be kept at 17°C~27°C year-round

¢ Indoor humidity must be kept between 40%~70% year-round
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e  Concentration of CO, must be under 1,000 ppm

¢  Concentration of suspended particles must be under 0.15mg/m?

¢  Noise volume must be under 50 dB (A)

e  The house should be lit by the sun for at least 3 hours/per day

¢ Install lights of sufficient illumination

¢  Households must be equipped with sufficient ability to withstand natural disasters

e  Sulfficient floor area per capita, and ensure privacy of the occupants

¢ The household design must be suitable for nursing elderly and handicapped

e Since building materials contain toxic volatile organic compounds, so it is not
inhabitable some time after completion of construction. During this period, the newly
completed house must be ventilated

In contrast with the focuses and definition of the fields of traditional civil engineering,

architecture, public health or medicine, Healthy Building of Building Medicine covers a

wider range of issues. Except for the discussion of health management activities for

protecting building users’ health and safety, Building Medicine also concerns itself about

management projects which prevent receptors from contracting diseases as a result of

unhealthy buildings. Receptors which may be affected by unhealthy buildings include

users, buildings, and the environments of the affected zone. The purpose of physical health

management of buildings is to prevent building damages and concerns of user safety caused

by building deterioration. Proper management of indoor environmental health can also

prevent users from contracting environment-related diseases, such as Legionnaires” disease,

allergy triggered by particles, or cancers induced by strong electromagnetic wave or

radiation. Finally, Building Medicine is also dedicated to eradicate harmful environmental

impacts caused by improper management or inappropriate choices of building materials

(such breaking the sustainability of green buildings or adopting building materials of higher

carbon footprints.)

3. Interrelationship between living space and health problems

Environmental impacts to human health have long been confirmed by the medical field. An
epidemiological model that supports health policy analysis and decisiveness must be broad,
comprehensive, and must include all matters affecting health. Consequently, four primary
factors have been identified: (1) System of Health Care Organization; (2) Life Style (self-
created risks); (3) Environment; and (4) Human Biology. Taking the analysis of cancer
causes as an example, the impact degrees of the four factors are 10%, 37%, 24% and 29%
(Dever, 1976). The impact degree of environment factor in cancers is 24%. People are highly
concerned about cancer prevention when it comes to their health management. Many cancer
insurance policies are on offer in the market. However, the possible health hazards caused
by the environment factor have been often overlooked in the education and training of
architects and civil engineers who design and construct physical structures and interior
environments. Not only recently do the issues of green buildings and non-toxic building
materials gradually become more and more important in the fields of civil engineering and
architecture, and these fields start to take steps to build healthy environments for the
general public.

Living space is closely related with human health problems. From the viewpoint of civil
engineering field, the issue can be explored initially by looking into building materials,
building physics, and building management and maintenance and searching which fac