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This research has been targeted mainly at using multi sensors for more
flexible and reliable services referring to the usage mechanism of human sensing organs. We have
developed an integrated organic platform, which can dynamically and simultaneously manage various
kinds of sensing devices, such as IMU, EEG, ECG, EOG, GSR, respiration and pressure, via wired and
wireless communications. The sensed data from wearables have been applied for studying various
wearable applications covering both activity recognition and emotion recognition. Our research has
been extended from human subjects to pets like dogs. The major research achievements have been
published in 11 journal papers and 18 conference papers.
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There have been a multitude of various wearable devices, and more wearables are coming
onto the market. Much of the current research in wearable computing or systems has fallen
into two basic categories, device-specific and application-specific. A device-specific wearable
system is to provide various applications around a specific wearable device such as an iWatch.
An application-specific system is to use a set of fixed wearable devices for a specific
application such as healthcare. One of major problems in the current wearable systems is
that wearable devices are bound closely to specific applications, therefore without sufficient
adaptivity and scalability to flexibly support rich wearable services by reusing, sharing, and
coordinating all devices worn by a user.

Each human has a set of sense and action organs that are working collaboratively to
achieve a vast array of possible human activities by precise adaptation. All these organs are
connected by the body system and controlled by the human brain. In some sense, wearable
devices can be also seen as extended artificial ‘organs’, and they may work coordinately in an
organic manner as the human organs. This basic idea has motivated us to put forward a
general-purposed multi-wearable organic system, known as Wear-1.

2. WO R

Wear-1 is aimed at a novel wearable system with multi wearable devices that are worn in
different body parts of an individual or a user in daily life. These wearables and their wearing
states may change dynamically in a day, and thus should be monitored and controlled in an
organic manner like the human sense and action organs do. Different from other systems
using fixed wearables for specific applications, the proposed Wear-I is a general-purposed
system for smarter personal services by sharing and using these multi wearables. The control
of changing wearables and their coordination in various wearable applications are one of the
main issues in this research.

This project is to provide a new computing scheme and smarter applications in wearable
technology. The Wear-I system has been developed based on a wearable-gateway-cloud
architecture for adaptivity and scalability. Representative smart services/applications in
human activity and emotion recognition have been made to test and improve the multi-
wearable organic system during its development. This research is to provide a new paradigm
in wearable computing.

3. WHREOTIE

The Wear-I system is much more complex compared to conventional device-specific and
application-specific wearable systems, and must be usually involved with multiple wearable
devices and many function modules that work together. Therefore, our research has been
done step-by-step based on a general model that consists of five functional layers of device,
data, information, task, and application.

The device layer at the bottom 1s for monitoring and controlling all devices including their
identifications, forms, states, executions, operations, etc. The data layeris for handling data,
which includes general data format, medium, representation, storage and management of
heterogeneous data from/to various devices. Data quality, synchronization and cleansing are
also key research topics in this layer. The information layer is for processing data and fusing
data from different sources to extract useful information about devices’ states and users’
activities/behaviors. The task layeris to provide a set of reusable function modules to easily
make an application that is often involved with a set/sequence of tasks. The application layer
is to provide many concrete wearable services flexibly amenable to a user’s request and
available devices.

Due to the dynamically changing wearables, heterogeneous data and complex controls to
serve many users, the Wear-I system must be flexible, extensible and scalable. We have
adopted a wearable-gateway-cloud architecture system architecture that is divided into the
three levels: Device Control (DC), Local Controller (LC) and Remote Controller (RC). An
individual’s wearables shown in the bottom are connected, via their corresponding DCs, to
respective LCs specifically for the individual/user. An L.C will contain some organic control
function modules, often residing in a smartphone or a tablet carried by a wearer, or



temporally in a nearby note PC or a WiFi-enabled smart watch. A RC for an individual/user
is to manage the individual’s all LCs, which may also dynamically change according to their
availability. A wearable database (W-DB) is embedded in the wearable, a local database (L-
DB) is inside an LC for keeping data from connected wearables, and a remote big database
(R-DB) is to keep all users’ data persistently.

In addition, various types of wearable devices are used in this research and many kinds of
wearable applications including activity and emotion recognition are studied to test and
demonstrate the potential of the multi-wearable systems.

4. BFFERR
Thanks to JSPS support, this project has made a series of research achievements that are
summarized as the following.

A. Use a number of wearables and deal with their heterogeneity. As a multi-wearable
system, a lot of devices have been used in this research. The devices are very heterogeneous
in terms of forms, functions, communications, data, and so on. These devices cover different
sensors, such as (1) IMU (Inertial Measurement Unit) including acceleration, gyroscope,
orientation, and barometer; (2) Vital signs including breathing, heartbeat, and eyeblink; (3)
Physiological data such as GSR (Galvanic Skin Response) and EMG (ElectroMyoGraphy); (4)
Brain signals from brainwave devices such as Emotiv, Muse, and MindWave. These devices
are worn in different body parts and their data modalities and formats are quite different. A
unified data format has been adopted to first sort the heterogeneous data by a corresponding
gateway and then keep the data in a common server/cloud with a large storage space in about
20 TB.

B. Develop an integrated system to connect and manage all devices. Since the diverse
wearables exist and their usage and working states are changing, we have developed an

integrated open platform for synchronous and auto-tagged data collection from diverse
sensors, which is very useful and efficient in experiments using multi wearables. The
synchronization is particularly important when collecting data from multiple devices. The
system can also automatically monitor the connection and working states of devices for
handling their abnormalities. The system has been tested and improved by integrating a
number of wearable devices including M5Stick, Myo, Polar, Venier, Muse2 and smartwatches
as well as other noncontact devices including camera, mic and radar

C. Activity recognition and related human attribute estimation. Daily activity logging is
important for life record and assistance. We have researched on wearable-based recognition
of various activities including postures, gym workout types and eating actions. Because of
COVI-19 we have studied the handwashing and toothbrushing activities using multiple
wearables sensors. We have also conducted research on estimations of human attributes such
as gender, heigh, weight and mountain track conditions. In particular, the dog’s activities are
further studied using small wearables. Multiple devices have been worn simultaneously in
different positions of a human or a dog for investigating which position(s) or what
combination(s) will be better for more accurate recognition/estimations when using machine
or deep learning models.

D. Emotion recognition and human physiological state detection. Emotion intelligence (EI)
as one of the next generational Al has gotten increasing attention in recent years. Human
emotions are closely correlated with the physiological data. We have applied wearable
sensors of respiration, heartrate (HR), heart rate variability (HRV), galvanic skin response
(GSR), electrocardiogram (ECG), electroencephalography (EEG), and electrooculography
(EOG) in this research. IMU and radar sensors have also used to extract vital signs of
respiratory and heartbeat signals. These data and convolutional neural network (CNN) have
been used for recognition of various emotional states/levels including stress, concentration,
arousal, valance, fatigue, downness, etc. We have compared the recognition performance in
using different physiological sensors and their combinations.

In summary, we have caried our research from the multi-wearable system development
and its applications in recognition of daily activities and emotional states. Our major research
achievements in conducting this project have been published in 10 journal papers and 12
conference papers.
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