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Application of Wrist-worn Hand Gesture Sensor to
VR Input Device
Yeon Hwa Kwak
Smart sensor convergence research center
Korea Electronics Technology Institute
Seongnam-si, Republic of Korea
yhkwak@keti.re.kr
Abstract—This paper shows an example of applying a selfdeveloped wrist-worn hand gesture sensor to a VR input
device. Our flexible strain gauge sensors were fabricated by the
Flexible Printed Circuit Board (FPCB) process and can
measure the strain caused by very small force. These sensors
can be fixed in a clip form to a wristwatch, and the hand
gesture can be distinguished by reading the signal change
caused by the movement of the wrist according to the hand
gesture. The SVM algorithm was introduced to distinguish
each gesture showing specific patterns, and each distinct
gesture can be viewed on a smartphone application. In
addition, the 3D hand shape can be rotated according to the
position acquired using the data of a commercial nine-axis
sensor (three-axis acceleration + three-axis gyro + three-axis
geomagnetism) in a smartwatch and implemented in a
smartphone and smartwatch.
Keywords—hand gesture, virtual reality, input device,
Support Vector Machine

I. INTRODUCTION
Hand-held-type [1, 2] and vision-based [3] products are
predominantly commercialized in VR input devices. There
are hand gesture recognition products, such as Myo [4],
which is worn on the arm, Logbar [5], which is worn on a
finger, and the Manus glove [6] and CaptoGlove [7], which
are worn on hands. These input devices are disadvantageous
in that the feeling of wearing them is a hindrance and the
recognition rate of gestures is low. In this paper, we suggest
a hand gesture recognition device and the recognition
algorithm for wrist wearing and present the results of
applying it to a VR input device.

Kunnyun Kim
Smart sensor convergence research center
Korea Electronics Technology Institute
Seongnam-si, Republic of Korea
kimkn@keti.re.kr

clip on a watch. When inserted in clip form, the sensor is
located inside the watch and makes contact with the wrist
skin. The sensor drive circuit board is located outside the
watch and is responsible for sensor driving and
communication with smart devices.

Fig. 1. Flexible hand gesture sensor module

B. Gesture recognition algorithm
The four gestures defined in this paper are the Fist,
Spread, Wave left, and Wave right (see Figure 1). We use
Support Vector Machine (SVM), which is known to offer
the best generalization among pattern recognition algorithms.
In this paper, a Radial Bias Function (RBF) kernel is used
empirically and a constant C of 200 and an error tolerance
of 0.0001 are employed as parameters.

II. RELATED WORK
Our group has been conducting research on hand gesture
sensors for a few years [8]. The strain gage sensor can be
applied to various applications [9, 10], one of which is hand
gesture recognition. This paper concerns the implementation
of our hand gesture sensor in a VR input device.
III. SYSTEM DESIGN
A. Flexible gesture sensor
A hand gesture sensor based on a flexible material is
called a strain gauge with the principle of detecting the
resistance change due to the physical deformation of the
sensor. These strain gauges can measure signals with very
small deformations, making them suitable for applications
where the motion (deformation) is small, such as the wrist
skin. The principle of recognizing a hand gesture is that a
device worn on the wrist is deformed according to the
movement of the muscles and ligaments of the wrist. The
four-sensor array in one device was packaged as a wearable
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Fig. 2. Defined hand gestures (from left): Fist, Spread, Wave left, and
Wave right

C. Implementation of VR input device through smartphone
and smartwatch
The implementation method of the VR input device using
our sensor is illustrated in Figure 2. We implemented a
smartwatch and a smartphone application and linked it with a
sensor device to display hand gestures. Data from the nineaxis sensors (three-axis acceleration + three-axis gyro +
three-axis geomagnetism) of the smartwatch are processed
and sent to the smartphone via Bluetooth. The smartphone
receives data through a background Android module,
converts it into quaternion, and rotates a 3D hand object
through the smartphone's Unity module. At this time, the
data received from the gesture sensor is received by the
smartphone via USB or Bluetooth and the shape of the 3D
object of the Unity module is changed according to the

recognized hand shape. 3D objects are displayed to the user
in VR form, and various hand shapes are rotated and
displayed through quaternion data.

Fig. 4. Smartphone application (left) and smartwatch application (right)

Fig. 3. Concept of system implementation

The system operation sequence is as follows.
1) Receive gesture sensor signal from the smartphone
application and learn about four gestures
2) Briefly test the gesture in the gesture judgment part
after learning

Fig. 5. Example of system usage. As the user takes a Fist gesture, it
displays the Fist gesture simultaneously on the smartphone and smart watch.
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5) Identify the same 3D hand appearance on smartphones
and smartwatches according to the real gesture.
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Abstract—A smart emergency medical service (SEMS)
system was developed to support to promptly make precise
decisions in emergency services. Using the SEMS connected with
electronic medical records of hospitals, we collected periodic
lifelog data and vital signs from patient monitor ambulances. In
emergency medical stations, medical staff and paramedics can
automatically access the SEMS system and use the patient’s vital
signs, delivery time, and updated recordings to make prompt
decisions in high-pressure situations. Precise and rapid SEMS
communication in emergencies is significant as it is directly
related to patient survival rates. In the implementation phase,
we modified our system to improve data communication by
refactoring front-end data and adopting the ASP.NET Core
Kestrel server framework. As the SEMS system was developed
on a single page application after refactoring, only the necessary
component data were uploaded after the first page loading.
Accordingly, from the second page loading onwards, the amount
of data requested to transmit for page loading was reduced and
the corresponding elapsed time decreased. By comparing our
new system to the traditional version, the elapsed time to load
the second page was reduced by 85%, i.e., from 410 ms to 68 ms.
An advanced server framework and JSON Web Token, as well
as search engine optimization were implemented to improve the
security of the SEMS system. In this paper, we show, with
experimental results, that the proposed method works
efficiently for SEMS data communication.
Keywords—emergency medicine, Internet of Things,
emergency service, framework analysis, medical information
system.

I. INTRODUCTION
Emergency medical services have acquired more attention
for securing fast and precise patient information to provide
proper medical care in emergency situations. To manage
critical patients with underlying diagnoses, collaboration with
other sources of patient information is important in a timesensitive manner [1]. Recently, studies have been frequently
conducted to measure real-time vital signs, such as pulse,
based on the importance of real-time information to support
medical care. Khemapech showed a web application-based
ubiquitous nursing support system utilizing IoT wearable
devices measuring real-time pulse, heart rate, and blood
pressure [2]. Considering different aspects in the emergency
medicine field, we have devised and conducted studies to
facilitate communication between the medical field and the
hospital. Based on requirements of life monitoring systems
linked to care environment management, we implemented a
smart emergency medical service (SEMS), funded by the
National Fire Agency, to increase efficiency of patient care
system. Unlike other studies, this SEMS system was actually
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operated and tested in cooperation with National Fire Agency
and local fire stations; this was done with an ambulance at
each fire station. Our research team developed an ICT-based
convergence type smart emergency medical platform. Many
researchers have reported that there are system-related barriers
that result in failure to achieve timely medical care. For
example, lowering the actable door-to-balloon time to <90
min is critical, but data from national registries indicated a
failure in systematic accomplishment due to a lack of
multidisciplinary coordination [3]. To identify both perceived
impediments to efficient emergency services and the attitude
toward the use of technology in EMS, we conducted a survey
on 113 paramedics located in five fire stations. Based on this
survey, we developed a SEMS system to solve the difficulties
of structural problems and to improve the health care system.
In order to create a smooth data communication environment
in emergencies, the smart EMS was structured for fast data
communication by combining traditional client-server
interactions into a single page application (SPA). Initially, the
SEMS platform was developed as ASP.NET Web forms
released in 2002. ASP.NET Web forms have a lot of
experience in development, and higher productivity can be
achieved when implemented in C#, a recognized language.
Although ASP.NET Web forms are still in use, stable, and
officially supported by Microsoft (MS), it is thought to be
relatively outdated and not suitable for the application of
development methods like the Model View Controller (MVC)
framework. Typically, it is difficult to modulate test codes
through separation of concerns (SoCs) in Web forms; hence,
we changed this aspect to implement an ASP.NET 4.6
framework. To achieve higher productivity, we evaluated how
to introduce better frameworks to the SEMS system.
TABLE I.

COMPARISON BETEEN ASP.NET 4.6 AND ASP.NET
CORE ON KESTREL

Stack

Req/s

Load
Params

Impl

Observations

ASP.NET
4.6

57.843

32 threads,
256
connections

Generic reusable
handler, unused
IIS modules
removed

CPU is 100%,
almost
exclusively in
user mode

NodeJS

106,479

32 threads,
256
connections

Actual
TechEmpower
NodeJS app

CPU is 100%,
almost
exclusively in
user mode

ASP.NET
Core on
Kestrel

313,001

32 threads,
256
connections

Middleware
class, multi IO
thread

CPU is 100%

Hospital information management systems are usually
developed with server-side frameworks such as ASP.NET
MVC, Symfony for PHP, and Node.js. Mao showed that
ASP.NET MVC had the best performance among the three
frameworks in a Windows environment but that ASP.NET
MVC was more suitable for enterprise-level websites with the
assistance of Microsoft [4]. By comparing the effectiveness of
the ASP.NET MVC and ASP.NET Core server platforms, we
improved our system by changing ASP NET 4.6 to ASP Core
on Kestrel. The stability and prospects were anticipated in that
ASP.NET Core Kestrel was released recently in August 2017.
The smart EMS system showed compatibility and high
performance when operating a web application in a Linux
environment in addition to Windows, when developed with
ASP.NET Core Kestrel. ASP.NET Core is a latest and a cross
platform framework as web applications can run on any
operating system such as Linux, Mac and Windows.
Additionally, ASP.NET Core provides cross platform
capabilities to develop portable applications in Visual Studio
including MVC, Angular templates, etc [5]. As shown in table
1, the comparison between ASP NET 4.6 with ASP.NET Core
on Kestrel shows that the former processes 57,843 program
requests per second whereas the latter deals with 313,001
requests per second. The ASP.NET Core on Kestrel has a
request-dealing performance that is more than five times
better than that of ASP NET 4.6. In this paper, we proposed
an emergency medical system with increased performance
from a data communication perspective.
II. METHODS
A. Smart Emergency Medical Service
Plenty of real-time medical information, including
biometrics, are collected in mobile and cloud environments in
SEMS. To reduce time used to communicate data and improve
the speed in emergencies, we implemented a smart EMS into
a single-page application, as a client-server interaction
method. Some researchers have reported, according to
interviews with stroke healthcare professionals, that the
dispatch time, scene arrival time, scene departure time, and
arrival to the hospital time should be considered for higher
granularity in temporal data of stroke patients [6].
Radhakrishnan investigated a collaborative transitional care
program sharing patient information to reduce readmission
rates for senior patients. They revealed difficulties in
achieving effective collaboration among providers across
facilities through implementation of transitional care system
[7]. We installed scanners that detected the locations of the
emergency room, ambulance, and fire station, considering the
recognition radius in advance. Using the web application, we
could automatically upload emergency medical service event
logs, such as dispatch time, scene arrival time, patient contact
time, field departure time, arrival to hospital and fire station
times, patient location monitoring information, and other
emergency information, to build a pre-hospital care report.
Compared to the existing system, the automatically recorded
first-aid event time was slightly faster and more accurate than
manually recorded time by paramedics on tablet. With a smart
EMS system, the web application can be accessed regardless
of the location of the paramedics or medical personnel.
Because the smart EMS automatically records biometrics or
event logs, this reduces the time needed to record data by hand
and can secure time to focus on medical care. The data
collected for the pre-hospital care recording system can be

used to improve the quality of first aid activity and increase
survival rates.
TABLE II.

Feature

SEMS FEATURES AND EXPLANATIONS

Explanation
- Automatic emergency activity log
collection

SEMS control
system dashboard

- Automatic record system
emergency information

for

- Establishment of SEMS platform
database
- Emergency real-time control and
dispatch control
Emergency Room
Tracker dashboard

- Management of timeline treatment
- Patient-tracking service in
hospital and emergency room

As shown in table 2, we implemented a front-end web
application of the SEMS. From emergency room tracker
dashboard, we obtained the number, names of patients in
designated areas and identification of patient’s status
according to each examination line. In addition, above
information could be searched corresponding search
conditions. SEMS pilot operation had been conducted to
collect first aid events data from March 2018 to June 2018
with 6 fire stations in a cooperation of National Fire Agency.
Before proceeding to the tracking study, we deployed
scanners near the main path of emergency patients passing
including emergency care center entry, resuscitation unit, CT
room, stroke unit, cardiac intervention unit, etc. When
emergency patients arrived at the entrance of the emergency
care center, we were able to track them by attaching sensors
with the help of medical staffs. SEMS automatic patient
tracking system recording of stay time and interval density
applicable to patient beacon sensors has been operated since
2017. Emergency activity event logs, like time and place
information, detected by pre-installed scanner from sensors
attached to patients or paramedics (with consent), ambulance
information, emergency event data, and first aid related
information, were shown on the SEMS control system
dashboard. We tracked the signals detected by scanners from
the patient-attached sensor to observe patient trajectory
starting from the entry on the emergency room tracker
dashboard. For the implementation of the SEMS, we
established a platform database and managed timeline
treatment and real-time emergency control. Using the
trajectory information, we can investigate the effectiveness of
the emergency care system by comparing the staying time per
space to devise new ways to decrease waiting times in urgent
situations.
B. Improvement of Smart Emergency Medical Service
Considering these urgent field environments, we present a
newly constituted application-programming interface (API)
focusing on seamless data communication. If both the views
and data are mixed in system, it becomes too hard to reply on
the platform. Therefore, we designed our system so that the
server is composed of REST API to deal with data and frontend single page applications (SPA), which can provide
significant user experience (UX) in smart EMS. Qiao et.al

revealed that addressing tremendous amount of mobile data
traffic is challenging for future wireless networks [8]. Datacentric API was designed to flexibly respond to mobile and
cloud environments. We separated back-end controller and
front-end web services considering interoperability to prevent
overloading. We detached the web application for scale out in
future and managed as a independent site to avoid being
affected by updates from other services.

Fig. 1. SEMS Features and Explanations

In the front-end client side framework, the user interface
with data binding asynchronously interacted with the client
side data model. Because the smart EMS is mainly suited for
data-driven and form-intensive applications, we selected a
SPA and adopted the Angular engine using the TypeScript
programming implementation language. The compiler is
implemented in TypeScript and can work on any JavaScript
host. TypeScript is a superset of JavaScript that primarily
provides optional static typing, classes, and interfaces. It is
developed by Microsoft and executed on MS platforms with
the support of MS. If TypeScript is complied, then the
Typescript compiler changes its code to JavaScript to be
compatible with SPA. TypeScript is compiled to supply an
uncomplicated JavaScript code that runs on any browser. The
server-side framework was developed using ASP.NET Core
composing of web API services, data access layers, and
ERCore (object relational mapping). The data access layer
was connected to the hardware security model (HSM) to
protect from external security threats and to handle digital
keys for strong authentication to provide cryptoprocessing.
The server-side framework implemented by ASP.NET Core,
which interacted with the database (developed by MSSQL)
and with security features from the HSM device.
Several studies generally confirm that enormous effort has
been devoted to proposing more semantic results in search
engine contributing to lower user frustration especially
concerning the current explosion of biomedical data [9].
Search engine optimization (SEO) is the process of optimizing
websites to be listed higher on the list of results from search
engines so that users can easily access the desired information
[10]. Usually, a SPA implemented by a JavaScript library
running on client-rendering method does not support SEO;
hence, sometimes some pages that need to be strategically
disclosed are selected and implemented differently to run on
Chrome, which uses SEO. Smart EMS is implemented using
ASP.NET Core Kestrel, which has an optimized SEO feature
running on the server-rendering method.
Highly protected environments are especially important
when considering the transmission of biometrics. There no

needs to manage login information using the memory or
database of server with JSON Web Tokens (JWT). JWT
benefits from scalability against a session that is useful on a
stand-alone server considering considering the case of scale
out and supports various platforms. Hence, the smart EMS
was implemented using JWT to improve security and protect
data based on RFC 7519 web standards. Using a JWT Token,
URL claims are encoded with a JSON object and encrypted
with a message authentication code that is integrity protected,
enabling the claims to be digitally signed [11]. This method,
however, has been queried about several points to consider for
Token authentication. First of all, JWT is pointed out that it
depends on only one key. Secondly, when the key is exposed
to outside due to carelessness of the developers or the
administrators, the server falls short of expectations to manage
the authentication information. For instance, the above
mentioned problem may occur in a case like that a mobile
device using the web application may have been stolen. And
the last, JWT features an overhead in which Tokens should be
included in the header between communications. The results
of reviewing Token authentication are as follows. We
maintained validity by keeping the certification period of the
Token shortly and extending certification terms periodically
through refreshing the Token. For example, if we set the
expire-in time to 30 minutes, the issued Token is only valid
for the next 30 minutes. Throughout this procedure, JWT
underlines the fact that it has limitations to be usefulness of
the Token even if the Token is seized. In the case of SEMS,
the burden of device deodorization was relatively small since
the PC rather than the mobile device, was used as a platform.
In that the platform was a PC, the burden of network traffic
was very low in Korea.

Fig. 2. JWT Operation Method

How the JWT works is shown in figure 2, where the SEMS
browser posts a user login page requesting the username and
password input. Then, the SEMS server creates a JWT with a
secret and returns the JWT to the browser. The browser sends
the JWT on the authorization header to prove security. Using
this JWT, server can check the JWT signature and get user
information from the JWT. Once the user security is verified,
the server sends the response to the client through the browser.
C. Single Page Application (SPA)
A SPA is a web application that entirely loads all of the
components in an initial request. From the next request
onwards, i.e., when moving to another link or page, it does not
need to download the entire HTML of the destination page,
but only replace the page resources that need to be reloaded
and show the screen by rendering. There is no need to refresh

or reload the entire page with each user interaction in a SPA
such as button clicks or input from keyboard. The SPA
executes a one-time upload of most of the required resources
such as HTML, CSS, and Script, so that the Internet services
are effectively executed and subsequently, the server only
performs for data communication. There are frameworks or
libraries that help to compose SPAs such as AngularJS,
React.js, and Backbone.js. In this SEMS, we adopted Angular,
an open-source front-end web application based on JavaScript
that was invented to solve problems in the process of single
page application development. Angular is a follow-up version
of AngularJs that adopts TypeScript as its main language; it
provides a more suitable environment for large-scale
application development. Bootstrap is a HTML, CSS, and
JavaScript framework for developing responsive web
projects. Some studies indicate have used Bootstrap for
developing a software tool for analyzing mutations associated
with antiviral resistance [12]. The smart EMS was designed
using Bootstrap to download CSS files and by applying the
elements defined in these files to the HTML document object
model (DOM).

users request to reply is reloaded. The use of a SPA leads to
lower data communication to reduce transmission time and
makes the system more efficient by decreasing traffic delays.
III. RESULTS
We refactored our system, originally designed from
ASP.NET 4.6, to a new system with ASP.NET Core on
Kestrel. In this section, we show the features of refactored
system and examine the effectiveness from all angles. We
installed ASP.NET Core on Kestrel Software Development
Kit (SDK) to build SEMS control system development
environment. In an Internet environment where Node Package
Manager (NPM) was available, Angular Long Term Support
(LTS) version was installed. Then Integrated Development
Environment (IDE) editors was installed. In the Windows
environment, we installed Visual Studio for Windows. We
also installed the ASP.NET and Web development workloads
and the ASP.NET Core Cross-platform development work.
We set up Visual Studio Code in Linux development
environment and Visual Studio for Mac in MacOS. We
developed and tested SEMS.sln file with Visual Studio. In the
first running of the source code, we needed to download the
open source module. At that point, the development PC had to
be allowed to access to the development website. In the
following table 3, the number of requests, amount of
transferred data, and elapsed time are presented. The first page
loading refers to the list of communications that occurred
when the first connection to the home page was made. When
the user moved to another menu of the dashboard and then
came back, the generated communication list was displayed in
the second page loading. In the traditional version, each time
the user accessed a specific address (static or dynamic), the
screen returned components such as HTML, CSS, and
JavaScript to the server and refreshed the screen. However,
after refactoring, the screen components such as HTML, CSS,
and JavaScript were returned only once i.e., when they were
accessed for the first time. In this approach, the components
were stored in the client to construct the screen and
subsequently acquired the additional data (JSON) for each
screen according to user requests.
A. Comparison Between Traditional and New System
TABLE III.

Fig. 3. Client-SEMS Server Request-Response Cycle

In the SEMS SPA lifecycle, the client makes the initial
request to open the SEMS web application. The SEMS server
replies with HTML pages accompanied by page images, CSS,
script files, and other components. If the client performs any
interaction like a button click or enters an input from a
keyboard on the page, it sends a new request to the SEMS
server. The SEMS server responds with the action desired by
the users. In doing so, does not reload the whole HTML page.
In other words, the server only responds with a JavaScript
Object Notation (JSON) that replies to the user’s request. At
the front-end web application, instead of reloading entire
page, only specific parts of the web application related to the

PERFORMANCE COMPARISON REPORT IN PAGE LOADING

Traditional version
in the first page
loading
Traditional version
in the second page
loading
New version in the
first page loading
New version in the
second page loading

Request for
page
loading

Transferred for
page loading

Elapsed
time

31

17.1 KB

4.78 s

35

14.4 KB

410 ms

7

1.5 MB

5.0 s

1

12.4 KB

62 ms

As shown in table 3, the first row shows the number of
dealing requests, the amount of transferred data, and elapsed
time when loading the first page in the traditional system. The
third row contains the same contents when loading the first
page in the new system. The number of requests means the
number of elements for a specific page loading. Lowering the
number of requests equals lowering the amount of work of
the server. Providing a reliable response to client requests is

an important factor in the performance of the server. Even if
some requests require a significant amount of data, fewer
requests mean reduced data usage. In the first page loading,
the new system needs to load 1.5 MB, which is a relatively
larger amount of data than the 17.1 KB required in the
traditional system. However, the number of requests
decreases considerably from 31 to 7. Hence, the server
functionality was improved because the number of requests
in the new system, which needs to load the first page, is much
lower than that in the traditional system.
As shown above, when the second page. However, it
subsequently showed that the new system needs to reload
12.4 KB, a small amount of data for a short time, compared
to the first page loading. The amount of data required for the
first page loading is similar to that required for the second
page loading in the traditional version of the server system.
In the first page loading, the time taken to load all the required
resources for both the traditional system and the new system
were similar. However, at the second page reloading, the
elapsed time to reload a page of the new system is less than
one sixth that of the traditional system. After the first page
loading, the new system only asks for data that the user
activity needs and deals with the already transmitted data
effectively. For this reason, the amounts of request was
lowered i.e., the traditional system has 35 requests versus 1
request for the new system. Therefore, the new system
lowered the burden of server; it was thus able to convert the
page very quickly and could supply more natural and fastloading user experience (UX) to users.
B. Evaluation of the Loading in Data Collection System
TABLE IV.

IV. CONCLUSION
Based on the requirements of an EMS to facilitate the
cooperation of institutions, we developed a smart EMS system
integrating information in emergency fields with connected
patient care environments. In the developing phase of the
smart EMS, we changed server framework from ASP.NET 4.6
to ASP.NET Core Kestrel to increase the speed for data
communication. After refactoring, we adopted the single page
application method to efficiently administer bandwidth and
manage resources. The SPA loads entire components for the
first time and for subsequent page loadings, only the part
required to reload is updated according to server’s response
without refreshing the whole page. Accordingly, we improved
server functionality i.e., reduced bandwidth usage and elapsed
time. By applying the ASP.NET Core server framework, we
utilized search engine optimization. We improved the security
by using JWT Tokens, which is a method for representing
claims securely between the browser and the server. We plan
to investigate server frameworks to improve the server
functionality, especially for seamless data communication and
security in emergencies.
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Abstract—Quadriplegia, also known as tetraplegia paralysis,
entails a complete loss of limbs functions, i.e. limbs paralysis.
The illness is caused by a spinal cord injury. Although people
suffering from this illness lose the movement of their limbs,
the illness usually does not affect the functions of their sense
organs; hence, they keep the ability to move their eyes. Many
systems have been designed to help such people to communicate
with their environment. However, to the best of our knowledge,
neither of these systems has addressed the problem of upper limbs
functions compensation. Instead, most of these systems dealt with
transforming the captured eye movement into commands, which
are then processed and executed as computer actions such as
mouse cursor movement and clicks or for wheelchair control.
In our work, a system that implements eye tracking is designed
to be used by people with these tetraplegia paralysis disability;
in addition of detecting and interpreting the eye movement to
move a wheelchair, our system allows controlling a robot which
compensates some functions of the paralyzed upper members.
Index Terms—eye tracking, pupil detection, tetraplegic,
robotics

I. I NTRODUCTION
Gesture recognition is considered one of the most natural
Human Computer Interaction (HCI) paradigms. Consequently
this technology is the one that has evolved more than others.
Gesture recognition is done by interpreting captured movements via mathematical algorithms with the purpose of enabling or facilitating HCI [1].
In more advanced scenarios gesture recognition is used,
along with robotics, to assist people suffering from physical
temporary or permanent disabilities i.e. patients in rehabilitation, for instance for directional indication, to reference objects
or locations relative to patients positions, or as an alternative
interface to interact with devices and control computers.
Tetraplegia is considered as one of the severest physical
disabilities. Quadriplegia or tetraplegia are terms used to
describe the state of spinal cord injury which affects limbs
and torso. A spinal cord injury (SCI) is typically defined as
damage or trauma to the spinal cord that in turn results in a
loss or impaired function resulting in reduced mobility.
Generally, it is very useful, even essential, to provide these
patients with tools that help them to communicate or control
devices by their own. Although people suffering this disability
lose the movement of their limbs, the illness usually does not
affect the functions of their sense organs, hence they keep the
ability to move their eyes.

Many systems have been designed to help Quadriplegics
to communicate with their environment. However, neither
of these systems has addressed the problem of upper limbs
functions compensation.
In our work, a system that implements eye tracking is
designed to be used by people with these disabilities; in
addition of detecting and interpreting the eye movement, our
system allows controlling a robot which compensates some
functions of the paralyzed upper members.
The system presented in this paper focuses on in a form
real-time user - computer interactions. The system uses eye
movements to control a robotic system.
In the rest of this paper, we first describe, in section 2, the
state of the art related to Eye tracking as well as Ocular Guided
robotic systems. In section 3 we describe our system. In
Section 4 we demonstrate the implementation of the described
system. In Section 5 we discuss the pros and cons of our
system then in section 6 we conclude and describe our future
work.
II. S TATE OF A RT
Gesture Recognition (GR) has a significant potential to
enhance the quality of everyday human life via intuitive
Human Computer Interfaces it provides. GR involves motion
analysis, pattern recognition and Machine Learning techniques
[2].
One of the most interesting gesture recognition system is
eye tracking. Eye tracking can be used in many scenarios,
especially when using other kinds of gesture recognition
proves difficult, either due to user context or activities, for
instance when driving, or due to user inability to do limbs
based gestures. In the following, we survey previous works
done in this field.
A. Eye tracking
Eye tracking is the technique of measuring either gaze
position of or eye motion. It is used in several fields because of
its potential to enhance the quality of everyday life via humancomputer interfaces [30]. Eye trackers are commonly used
to control computers by replacing or assisting conventional
interfaces like the mouse or the keyboard, in navigating or
carrying out computer-based activities. More advanced use can
be found such as using this technique in agronomy i.e. product
design, psychology and neuroscience for feeling detection, or

even in everyday life and entertainment products such as smart
televisions and video games.
Studies related to eye detection can be classified into two
main categories: Signal based approach, which needs specific
equipment to generate a signal proportionally to the eye or
gaze position e.g. Electro Oculography or Infra-Red Oculography, and image-based approach which uses usual digital
cameras to perform eye detection based on captured images
or video streams. In this approach many methods can used for
gaze or eye detection such as knowledge-based methods [18],
feature-based methods (color, gradient) [4], template matching
[21], appearance methods [23], deformable templates [22] and
support vector machine [24].
Although knowledge-based methods are usually efficient,
they need high contrast and high resolution images to work
correctly [3]. Template matching are usually time consuming
and it may be inadequate in some contexts since it cannot
effectively deal with variation in scale, pose and eye shape [3].
Appearance and support vector machine approachs require a
lot of training data, used to train a classifier which can be also
time and effort consuming. Deformable templates are often
used for object/shape matching and recognition tasks [32]. We
believe that feature-based methods are more adapted to eye
movement tracking since the tracking is concerned by detect
the gaze (using general features of the gaze which are relative
to it is surrounding like edges, gradiant, colors) rather than
recognition or matching to already stored templates.
Nowadays, there are eye trackers which work either with
an infrared or visible-light camera. For instance, Patmore and
Knapp [13] have created an eye motion detector to control the
cursor on a computer screen. In this work Electrooculogram
and Visual Evoked Potentials along with template matching
are used.
Other systems, like Tobii PCEye [16], use a specific component (peripheral tracker) connected to the computer for
advanced eye tracking that enhances computer accessibility
with the speed, power and accuracy of gaze interaction. The
system described in [15] works only with one camera so that
it is not possible to operate from different positions, only in
front of computer and from a short distance.
In [17], [28] the eye tracking system recognizes the user
command from voluntary controlled eye motion. The user
wears the head mounted device, which consist of glasses with
built-in video camera. It is only for applications for which
system precision is much important than user comfort or
resource saving.
Other fairly popular head-mounted eye gaze tracking systems use video-based corneal-reflection eye tracker [14], [31]
which provides an image of the scene viewed by the subject
and is seen by the operator on small monitors. These systems
are used in diverse applications by corporations, universities
and research laboratories worldwide. The disadvantage of
such devices is that they require the user to wear the device
on his/her head. This limits their use and often considered
intrusive by the users.
Some methods use materials attached to the eye, such as

contact lens equipped with sensors to detect and follow the
movement of the eye. One drawback is that a person can
have an eye allergy after using this method. Other methods
use a micro-projector i.e. a device that transfers an infrared
beam to the eye and a sensor picks the reflection patterns
issued from the eye [29]. The camera tracks the light reflection
transmitted from the eye. However, often people are worried
about the negative effect of infrared beams and hence avoid
these methods.
All these systems use object tracking and face and eye or
gaze detection algorithms. For instance, in [8] a Robust objects
tracking algorithm based on adaptive background updating
has been proposed. This algorithm, real-time performance and
high recognition accuracy can be obtained. In [5] Continuously
Adaptive Mean-Shift Algorithm is proposed for face detection.
However, it has the problem of false tracking [25]. For gaze
detection, in [10] a simple technique is shown to detect eyes
position from frontal face. [11] proposed a technique for
detecting gaze boundary accurately in real-time processing.
In [12] another technique has been used for the same propose
using local adaptive thresholding, which offers a low computation resource consumption and a minimal amount of data to
save memory.
B. Assistant Robots for People with Severe Disabilities
A robot is a device designed to carry out some of the
main movements of a human being and featuring a certain
level of power management, information processing, and machine intelligence [27]. Nowadays the robotics occupy an
increasingly important role in our daily life, since they are
able to carry out dangerous and exhausting tasks, sometimes
faster and better than human can do. The fusion between
many technologies such as wireless communication, computer
systems, and sensors has allowed designing robust robotic
systems capable of interacting with human beings in many
ways, even responding to complex stimulus like a human being
do.
In the last few years, the scientists have used the robotics
improvements to support people with health issues. The hardest challenge is create an easy, powerful and suitable to replace
either a movement, an action or even a limb.
There are many wheelchair systems that exist to facilitate
better functionality of disabled users. In order to build upon
the state of art, we focused on methods that use Eye tracking.
There has been a considerable technological advancement
in this field. One example is an Eye-controlled wheelchair that
uses Raspberry Pi 2 [20]. This wheelchair system uses glasses
equipped with a camera that detects the movement of the users
eyes. Then, it guides the robot to move. This system uses a
removable joystick to control the tablet that is connected with
an Arduino and a Raspberry Pi programmed to control the
robot. The system uses sensors to ensure users safety. The
drawback of this system is that the person always has to put
the glasses on, which may not be comfortable to some users.
Furthermore, the wheelchair system is dedicated completely

Fig. 1. Gaze position detection.

to moving around. Other day-to-day routine activities are not
facilitated by this wheelchair system.
”TOBII” [16] is a tablet that allows the user to control the
mouse curser by eyes without touching it. Its equipped with a
black sensor bar connected to the surface via USB, it uses two
infrared cameras to locate the exact position of the eyes [9]. It
understands the movement of the head. But in some cases the
user still needs to use his hands to control it. In addition, the
size of the tablet is rather large which can hinder users vision.
III. S YSTEM D ESCRIPTION
According to [5] for an effective eye tracking system it is
necessary detect face of user and then tracking of eye. Hence,
the first step is deal with face detection. The selected method
is Haar-like features [6] due to the fact that the filtering is
efficient and with a low percentage of error.
Our system consists of three webcams, all are awaiting of
the users face to appear in the scene. The system select the
best detected image to start eye tracking. To do so, a simple
calculation of detected face image surface area is done. The
image of the greatest surface area is selected. If users face
moves, the eye tracking can be done thanks to face detection
as primary step. Once a face is detected, the region of the eyes
is located, which becomes the region of interest.
For pupil detection, in our work [10] a simple technique
is shown to detect eyes position from frontal face. Once the
eye is located, [11] proposed a technique for detecting pupil
boundary accurately in real-time processing. An improvement
technique is described in [12] uses local adaptive thresholding,
which offers a lower performance, yet minimizes computation
and memory use. Before thresholding, it is necessary to
convert image to grayscale. For thresholding, we use morphological operations to remove noise and isolate the pupil.

After puil detection, using an analysis of zones, the system
determines the position of the pupil (Right, Left, Up and
Down). The steps of Eye tracking are described here after
(see figure 10.).
1) Detect face and take photogram using openCV [19], [26]
library for image acquisition.
2) For each photogram, detect face of user using pre-built
Haar-like features algorithm.
3) Detect position of eyes using symmetry as explained in
[7]. First, for right eye, find the middle of face, a third
part of the middle of the face is the x coordinate. For y,
it is 0.6 of the middle of the height of the eye area.
4) For left eye, coordinate x is a fifth part after the middle
of eye area and for y, 0.7 after middle of the eye.
5) Convert the region of the eye to gray scale.
6) Apply a threshold technique to convert values into
binary.
7) Get pixels that correspond to the pupil. Use morphological operations to determine these pixels.
8) Remove noise of the image.
9) Create a new noise free image containing the pixels
determined in step 7.
10) According to the coordinate of the pupil in the region
of the eye, determine the position of the pupil (Fig. 10).
IV. T HE IMPLEMENTATION OF THE DESCRIBED SYSTEM
In the following, we show the implementation of our
prototype. First the eye-tracking component implementation
is explained. Then we explain the robotic arm carried by a
vehicle (designed to simulate the wheelchair).
A. Eye-tracking component implementation
Our system was implemented using an Acer Crystal Eye
Web Camera 1.3MP with 15FPS, producing color image with

a resolution of 640 × 480 pixels, it also was tested with a
HD Pro Webcam C920 with 15MP, 30 FPS, video resolution
1080P. It was tested in Windows 7/32 bits. From Fig. 2 to Fig.
9 we can see system with user’s face with 45cm distance from
the camera and 10cm above camera. The arrows indicate the
direction the user is looking at. Fig. 6 to Fig. 9 show the similar
result when the user is standing 172cm far from the camera.
In our work the method of eye tracking permitting to move the
head, for ±5 cm forward/backward, ±2 on horizon, and ±2cm
along vertical direction was used [31]. In this work, based on a
local pattern model (LPM) and support vector regressor (SVR)
to track gaze direction under allowable head movement.

Fig. 2. Face to 45cm from
camera looking right

Fig. 3. Face to 45cm from
camera looking left

Fig. 4. Face to 45cm from
camera looking down

Fig. 5. Face to 45cm from
camera looking Up

Fig. 8. Face to 172cm from
camera looking down

Fig. 9. Face to 172cm from
camera looking Up

B. Robotic System
Once the pupil position is defined, the system sends four
kind of commands using Ascii code, if the gaze is held in
the same position, the command is resent. Codes are simple
letters, they are ’a’, ’b’, ’d’, ’i’, these commands represent
the eye direction (up, down, right, left) respectively. In order
to discard spontaneous movements, the 8 bit microcontroller
needs to receive three times the same command to validate
it., the time interval between two commands must be more
less 1.7 seconds. There is a light indicator that allows the
paraplegic person to know either the system is receiving data
or the system is expecting missing data.
Inside of the microcontroller a Finite State Machine (FSM)
that leads the whole process. The Fig. 10 shows the FSM. The
robotic system was designed to be installed on a wheelchair
in order to allow the system to fulfill the aim of replacing
basic arm movements; the scheme is made up of six servomotors which allow five degrees of freedom. The wheelchair
movement is controlled by the main circuit, hence the gear
motors are inter-connected. Due to the lack of a wheelchair
and for demonstration purposes, two pairs of wheels and two
gear motors to control them were included which allow to
represent the wheel chair. The prototype is shown in Fig. 11.
In this case we have a complex system with simple operations which reduce the learning time that the user has to invest
in order to control the system.
Once the system is switched on, it goes to the default state
called START; at this point, the user has three options: arm
control, rotational and longitudinal movement. In the following
the wheelchair movement is explained.
C. Wheelchair movement

Fig. 6. Face to 172cm from
camera looking right

Fig. 7. Face to 172cm from
camera looking left

To ease the learning process, the wheelchair movements are
divided into two states (Fig. 10): the longitudinal movements
and rotational movements. To enter to one of these states,
the user must move the eyes toward Up for entering to the
longitudinal movement and move the eye toward Right for
entering to the rotational movement. Later the user just need to
move the eye according to the desired movement (up or down
to go forward and backward in the longitudinal movement
and left- right to go leftward and rightward in the rotational
movement). If the person would like to change the movement
direction, it is necessary to go back to the Start state then
initiate other movements. In this case, to return to the Start
state the wheels speed is reduced gradually.

Fig. 10. The prototype of the arm

Fig. 12. The prototype of the arm

Fig. 11. The prototype of the arm

If the user holds the eye in a given direction, the system
will increment the engines speed. In case of the longitudinal
movement, the speed is constrained by two ultrasonic sensors,
one in front of and behind of the wheelchair. These sensors
take a measure (depending of the movement direction) of the
distance between the wheelchair and any detected obstacles.
In the case where the distance to the obstacle is smaller than
1.5 meters, the engines will reduce the speed proportionally
to the measured distance.
When the person wants to change the movement for example from forward to backward the microcontroller will start to
reduce the speed before change direction.
D. Controlling the robotic arm
The robotic arm commands follows menu structure i.e. the
commands have been divided into two main parts each of
which includes three movements (Fig. 12).

In this ”menu”, when the user is in the Robotic Arm
state, it can choose top arm (moving eye toward Up) that
comprises the Hand, Rotatory Wrist and the Wrist or bottom
arm. If the user moves the eye toward Down, he or she
can control the Elbow, Shoulder and Rotatory Shoulder. It is
possible to conduct complex movement in composing many
commands. For instance, to move Rotatory shoulder/Rotatory
wrist, Shoulder/Wrist, Elbow/Hand the sequence of commands
would be (moving the eye toward down, moving the eye
toward right, moving the eye toward up). The capability of
movement for each part of the arm is between 0°. and 180.
Whatever is the command, the rotation is done by 30 degrees
per command.
As we can see on the state machine diagram, the person
can return to the previous state moving the eye leftward, but
in the states that control a particular part of the arm, whether
the eye moves rightward, the Start state is reached without
going through the previous states.
The system has implemented an inactivity command, it
means that the system recognizes when it has not received
data throughout the serial port for 15 seconds, it forces the

program to go back to the Start state. It is important to say
that the microcontroller will reduce the speed gradually in the
Start state so that it does not bother the paraplegic person.
V. S YSTEM T EST AND P ROS AND C ONS
The system was tested with 10 people. The system detected
correctly the movement to left and right side, up and down for
seven people. However, we faced difficulties in 3 cases. The
difficulties are mainly caused by two main factors: eye size
and non uniform illumination in the room (shadow effect). The
color of eyes is not a factor that influences the final result. In
the other cases, the movement was correctly detected. If the
face is slightly moved, the detection of the face is corrected
and the detection of movements is still accurate. In general,
our system shows a good and accurate eye detection in case
of small distance even without uniform or dark background
(that is, the presence of different colors and objects in the
image, other than the user face, does not hinder the system
operation). It is a wireless system. It supports multiple camera
acquisitions. These elements give the system a high degree
of freedom and high operational accuracy. However, many
limitations can be mentioned. For instance, the operational
range with a camera resolution of 1080p, is in between 45
and 172 cm. Furthermore, the system is very sensitive to light
uniformity in case of relatively long distance gaze movement
detection, that is the light in the room must be uniform and
only in the ceiling. The robotic system demonstrated an unstable operation after 30 minutes of being activated and it was
necessary to restart it. This happened due to an engine heating.
Nevertheless, this could be fixed by using more powerful
servomotors. In some cases, the arm moved abruptly because
the of transmission speed. To improve this issue the computer
that does the pupil detection process needs to be more robust
in order to reduce the analysis time. The arm was shown a
good ability to conduct rather simple actions composed of
a sequence of commands. However, conducting human-like
actions requires additional sophisticated components that adapt
the response to user’s context.
The choices used in our system has been studied and
validated by two users suffering from spastic quadriplegia as
well as a health professional at the Association of ”NotreDame” in Paris.
Recommendations by the users and experts at ”NotreDame” are to be considered in our future work for improvement. That includes: to consider the cases of high brightness
and darkness to let users use it in such extreme conditions,
assure the connection to the Internet, equip the system with a
GPS for indoor and outdoor localization
In the same way, for safety reasons, the system should be
tested in a real life scenario so that the necessary improvement
would be detected and implemented.
In a future work, if the necessary conditions were met, a
context aware component would be added to the system so that
the system can show a behavior that is more sophisticated i.e.
by adapting its response to users context. Many elements can
be considered when defining the context. This may include

user position, user activity, time, objects present in the users
environment, user preferences and history. This component
should be sought in such a way to be capable to integrate
more actuators and sensors and to interact with other systems
in the users environment.
VI. C ONCLUSION
In this paper, we presented a robotic system that detects face
and tracks users eyes movements. The eye movement is used
as an input to command a wheelchair equipped with a robotic
arm. The eye is tracked in real-time using morphological
operators and pupil detection by dividing the region of the
eye. The system works with inexpensive USB cameras at 15
frames per second and HD cameras at 30 frames per second. It
can manages more than one camera to be used in a space where
disable people can move around and look in any moment to the
nearest camera. Many improvements can be conducted, such
as implementing a classifier to improve eye position recognition, a more efficient eye position identification function,
an automatic illumination calibration, a filter to detect fake
instructions and an internet accessible monitoring interface as
well as many context awareness features.
ACKNOWLEDGMENT
We would like to thank warmly the ergonomist and the
users of the association of Notre-Dame who agreed to meet
us, answer our questions and give us valuable suggestions.
R EFERENCES
[1] Sanjay Meena, A study on hand gesture recognition technique. National
Institute of Technology, Rourkela, India, 2011.
[2] James C. Bezdek, J. Keller, ”Fuzzy Models and Algorithms for Pattern
Recognition and Image Processing.” Springer Science Business Media,
Inc. 2005.
[3] Bernd Jahne. Handbook of Computer Vision and Applications Volume
2. Signal Processing and Pattern Recognition. Academy Press, 1999.
[4] Mark S. Nixon Alberto S. Aguado, Ed. Newnes. Feature Extraction and
Image Processing, First edition 2002.
[5] Zhiwei Zhu , Kikuo Fujimura , Qiang Ji, Real-time eye detection
and tracking under various light conditions, Proceedings of the 2002
symposium on Eye tracking research & applications, March 25-27, 2002,
New Orleans, Louisiana.
[6] Phillip Ian Wilson, John Fernandez, Facial feature detection using Haar
classifiers, Journal of Computing Sciences in Colleges, v.21 n.4, p.127133, April 2006.
[7] Zoltn Szlvik and Tams Szirnyi, Face analysis using CNN-UM. IEEE
International Workshop on Cellular Neural, 2004.
[8] Yi Wei; Zhao Long, Robust objects tracking algorithm based on adaptive
background updating; 10th IEEE International Conference on Industrial
Informatics (INDIN) 2012.
[9] Facedetect.cpp
to
detect
eye
in
a
cropped
image:http://stackoverflow.com/questions/13270174/
facedetect-cpp-to-detect-eye-in-a-cropped-image.
Last
visited:
05/12/2018.
[10] Asama Kuder Nsaef, Azizah Jaafar, Layth Sliman, Riza Sulaiman,
Rahmita Wirza Rahmat, Model of Bayesian Tangent Eye Shape for eye
capture, 14th International Conference on Intelligent Systems Design
and Applications, ISDA 2014 - Okinawa, Japan, 2014.
[11] Hunny Mehrotra, Pankaj K.Sa, Banshidhar Majh, Fast segmentation
and adaptive SURF descriptor for iris recognition, Mathematical and
Computer Modelling, Volume 58, Issues 12, Pages 132-146, Elsevier,
2013.
[12] Z. Savas, TrackEye: Real-time tracking of human eyes using a webcam: http://www.codeproject.com/KB/cpp/TrackEye.aspx. Last visited
05/12/2018.

[13] David W. Patmore , R. Benjamin Knapp, Towards an EOG-based eye
tracker for computer control, Proceedings of the third international ACM
conference on Assistive technologies, p.197-203, April 15-17, 1998,
Marina del Rey, California, USA.
[14] ISCAN, Inc., Eye and Target Tracking Instrumantation: http://www.
iscaninc.com/, last visited 05/12/2018;
[15] Chee F. P., Duinong, M., Chang H. W. J., Awang A., Francis A. S. and
Dayou J., Eye Tracking Electronic Wheelchair for Physically Chllenged
Person, ARPN Journal of Engineering and Applied Sciences, Vol. 12,
No. 13, 2017
[16] Tobiidynavox, Tobii PCEye User’s Manual: http://tdvox.web-downloads.
s3.amazonaws.com/PCEye/documents/
[17] M. A. Eid, N. Giakoumidis, A. E. Saddik, ”A novel eye-gaze-controlled
wheelchair system for navigating unknown environments: Case study
with a person with als”, IEEE Access, vol. 4, pp. 558-573, 2016.
[18] Rajendra Akerkar, Priti Sajja, Knowledge-Based Systems. Jones &
Bartlett Learning, 2010.
[19] Opencv library. http://sourceforge.net/projects/opencvlibrary.
[20] Mike
Szczys,
The
Gaze-Controlled
Wheelchair
that
Won
the
Hackaday
Prizehttps://hackaday.com/2015/11/17/
the-gaze-controlled-wheelchair-that-won-the-hackaday-prize/7.
[21] R. Brunelli, Template Matching Techniques in Computer Vision: Theory
and Practice, Wiley, ISBN 978-0-470-51706-2, 2009
[22] X. Xie, R. Sudhaka, H. Zhuang, On improving eye feature extraction
using deformable templates, Pattern Recognition, 27(6): pp 791-799,
1999.
[23] T.R.B.S.E.-R.V. Kith, M.El-Sharkawy, S.elnoubi, A feature and appearance based method for eye detection on gray intensity face images, in
International Conference on Computer Engineering and Systems, Hahaii,
pp.41-47, 2008.
[24] C.H Liu, P.Y.Chang, C.Y. Huang, Using Eye-Tracking and Support
Vector Machine to Measure Learning Attention in eLearning”, International conference, Information, communication and engineering, Applied
Mechanics and Materials, Vol. 311, pp. 9-14, 2012.
[25] Ming-Hsuan Yang, Narendra Ahuja. Face Detection and Gesture Recognition for Human-Computer Interaction, Springer, 2001.
[26] G. Bradski and A Kaehler. Learning OpenCV: Computer Vision with
the OpenCV. Library. United States, O’Reilly Media. September 2008.
[27] Adam Morecki, Jozef Knapczyk, Basic of Robots: theory and components of manipulators and robots, pp. 9. Springer Verlag,1999.
[28] Manfredo Atzori, Henning Mller, Head-mounted eye gaze tracking
devices: An overview of modern devices and recent advances. Journal
of Rehabilitation and Assistive Technologies Engineering, Sage Publication, Open Access, 2018.
[29] K. Rzanowskia and K. Murawskib, An Infrared Sensor for Eye Tracking
in a Harsh Car Environment, Optical and Acoustical Methods in Science
and Technology, Vol. 122, No. 5, Page 874-879, Acta Physica Polonica,
2012.
[30] Barbuceanu, F., Antonya, C., Eye Tracking Applications. Bulletin of the
Transilvania University of Brasov. Engineering Sciences. Series I, vol.
2, pp. 17-24, 2009.
[31] Hu-Chuan Lu, Guo-Liang Fang, Chao Wang, Yen-wei Chen, A novel
method for gaze local pattern model and support vector regressor; Signal
Processing, v.90 n.4, p.1290-1299, April, 2010.
[32] C. Kervrann and F. Heitz. A hierarchical statistical framework for the
segmentation of deformable objects in image sequences. Proc. IEEE
Conf. on Computer Vision and Pattern Recognition (CVPR), pp 724728, Seattle, WA, 1994.

Appendix
Technical Program Committee, and other staff members
The total program of 2018 TRON Symposium -TRONSHOWCall for Papers for 2019 TRON Symposium -TRONSHOW-

Technical Program Committee,
And other staff members
Technical Program Committee:
Chair: Dr.Ken Sakamura, Dean of INIAD, Chair of TRON Forum
Vice Chairs:
- Prof. Dr. Tatu Koljonen, Director, Strategic Networks and Operations, VTT Technical Research Centre of Finland
- Dr. Tomohiro Hase, Professor, Ryukoku University Japan
(Tentative) Members of TPC (Alphabetical order of the family name):
Heikki Ailisto ............................... VTT Technical Research Centre of Finland
Alessandro Bassi ........................ Alessandro Bassi Consulting
Masahiro Bessho ........................ INIAD, Toyo University
Salvatore Celozzi ........................ University of Rome “La Sapienza”
Mu-Yen Chen.............................. National Taichung University of Science and Technology
Kwek Chin Wee .......................... Republic Polytechnic
Hiroshi ESAKI ............................. The University of Tokyo
Alex Galis ................................... University College London
Masaki GONDO .......................... eSOL Co., Ltd.
Stephan Haller ............................ The Bern University of Applied Sciences
M. Fahim Ferdous Khan.............. INIAD, Toyo University
Noboru Koshizuka....................... The University of Tokyo
Akira Matsui ................................ Personal Media Corporation
Akihiro Nakao ............................. The University of Tokyo
Takako NONAKA ........................ Shonan Institute of Technology
Jun Rekimoto .............................. The University of Tokyo
George Roussos ......................... Birkbeck College, University of London
Kentaro Shimizu ......................... The University of Tokyo
Toru Shimizu............................... INIAD, Toyo University
Amiruddin Bin Jaafar Sidek ......... Custommedia
Mohit Sindhwani ......................... Quantum Inventions, Viometrix
Juha-Pekka Soininen .................. VTT Technical Research Centre of Finland
Thambipillai Srikanthan ............... Nanyang Technological University
Kenji Yoshigoe ............................ INIAD, Toyo University
Symposium Publication Co-chairs
Toshihisa Muto ........................... Personal Media Corporation
Chiaki Ishikawa ........................... YRP Ubiquitous Networking Laboratory
Symposium Publicity Chair
Chiaki Ishikawa ........................... YRP Ubiquitous Networking Laboratory
Symposium Registration Chair
Noboru Koshizuka....................... Professor of The University of Tokyo

