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Abstract— The growth in the elderly population will pose In order to reduce the risk of chronic disease
great pressure on the healthcare system to treat common development, existing approaches highly recommend that
geriatric problem. Preventive approaches like encouraging preventive  programmes are adopted e.g.,, by
gldkerI3f1 zeop:e to per;orm. pf:jysncal exelruses can clrl]ecre;se theencouragement of physical exercises [4]. Most of the
risk ol developing chronic Ciseases. In cases when diSeaseg, o, problems caused by physical inactivity demand

already have developed, further developments could possibly
be retarded. In this work a wearable platform to recognize ONg-term treatments and are more costly when compared

users movements presented. The platform provides With prevention programs [3], [5].
interactions with simple computer games designed to promote  Over the past years, several reports [3], [6]-[8] discuss

physical activity. the benefits of being physically active in life from a health
and socioeconomic aspects. One big portion of the elderly

|. INTRODUCTION population live alone and, in particular, falls is one of the

OVER the last years, the evolution in miniaturization ofmajor problems that hinder them to carry out the activities

electronic components has led to smaller computersncountered in daily living routines [9]. Physical exercises
sensors and other devices. This evolution in combinatigmogrammes designed to improve strength and balance

to the progresses in the communication industry makesnitay result in a reduction in falls [5], [10]. Physical

possible to integrate computing devices into thexercises help also to improve cognitive functioning, to
environment [1]. These new technologies also haveduce the symptoms of depression, and the chances to

important implications in how they can be used to improvdevelop dementia, including Alzheimer's disease [11].
quality of life, e.g., dealing with problems like effectiveFurthermore, an exercise agenda may offer an excellent

healthcare systems for elderly people. opportunity to the elders to have social interaction,

Projections in population show, as depicted in Fig. Ineeting new people, and developing new skills [6].
that in the next 40 years the largest part of population Although efforts have been made to promote physical
growth will be among people aged 65 and older, especiabyxercise programmes to the elderly population, they have
in Europe. It even happens that the senior population wilbt succeeded in giving the desired effect. Challenges in
be twice as large as the population of the youth [2]. this encouragement range from elderly acceptance and

This growth in the elderly population will pose greaengagement to infrastructure requirements, such as
pressure on the healthcare system to treat age-relateghsport, facilities, instructors and similar obstacles. Thus,
problems which includes different aspects of physicathere is a need for systems that are user centred and home
social, and cognitive wellness as well as assistance framased [12], i.e., systems that allow users to exercise in
professional and informal caretakers [3]. Thus, ththeir homes. These systems can enable constant monitoring
development of cost-efficient methods to treat commoof the users’ information, such as position and orientation,
geriatric problems has become an emergent problem vimile performing their daily activities, regardless if they
healthcare. are inside or outside the home.

DWorld 014 EWorld 1564 CWorld 65+ I Europe 65+ Mobile and wearable sensors are the enabling
technologies of this vision. Recently, these technologies
have been combined in different architectures and
applications in healthcare, especially for remote real-time
patient monitoring [13]-[15].

In this paper, a new approach to encourage physical

‘ ‘ = ‘ activities is presented. This work proposes a platform,
. voars - - based on a wireless wearable accelerometer sensor, to be
Fig. 1. Pr_edicted population by age groups for the next 40 years in thead as an input device to simple computer games in order
world and in Europe [2] . . . .

to promote physical exercises for elders and in addiction,
can serve as a permanent measurement platform.
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The requirements for such a wearable platform areB. Non-functional requirements

present in Section Il. In Section Il the hardware Aiming to provide a wearable motion detection
components of the platform is presented. The model f@fatform, which can be strapped around some part of the
motion detection is explained in Section IV. Section V angody’ the main challenges are balancing portability,
Section VI presents the software architecture anghobtrusiveness, and usability. To meet these
application examples of the platform, respectively. Finallequirements, size, weight, and power constraints must be

some conclusions are drawn in Section VII. addressed.
The restrictions on size and weight of the form factor
Il. - FUNCTIONAL AND NON-FUNCTION REQUIREMENTS  zre extremely relevant to a wearable device. Portability can

Specification of requirements is the most important tadke achieved by using light weight and small components.
during any system design because it describes what theAs the user is encouraged to wear platform, the provided
system will realize and how it will be implemented. Indevice must be as unobtrusive as possible. Ideally, this
general, requirements can be classified in two groupsearable platform should be imperceptible, i.e., mounted
functional and non-functional requirements. The formen the sole of the shoe or inside of a wrist watch. However,
reflect what the system must do, like behaviour owith small and portable devices, the volume of the power
functionalities. The latter describe how it needs to bgource represents a significant portion of the total size. Just
implemented in terms of performance, robustnesss the size of keys in a keyboard can not be dramatically
reliability, usability, and so forth. reduced without compromising usability, the size of the
power supply can not be reduced compromising the
] _energization of the platform.
~ An ideal wearable platform to promote physical There is a need also for system architecture in order to
interaction with computers must gather user's motioBnaple the development of tools necessary to acquire
information regardless of his or her location and activityzensor data, to process it and to display the resulting
The data can be stored locally on the platform and/itormation. One desired feature is to provide sensor node
transmitted using a wireless link to a host computer fQfystraction to the developer through components that

analysis and posterior feedback to the user. Thegicapsulate the low-level programming related to
statements (collect, store, analyze and transmit) descri@§mmunication configuration, and so on.

our general functional requirement.
In order to better understand the fundamental . PLATEORM COMPONENTS
differences between different tasks, they were separatedTO fulfil

. ) ) o ; . the requirements mentioned before, the
them in two views: an application oriented top-down view . . . .
. : selection of required components was mainly made in
and a data oriented bottom-up view.

In the application oriented top-down view, two types O}erms of size and energy efficiency. The platf_orm (Fig. 2)
behaviours are clearly observed: Integrates one motion sensor, one master microcontroller,
« Dynamic behaviours — here as time sequence 8Pe electrically _era_sable programmable - memory, one
. . . .Wireless communication module, and the power source to
data is analyzed to understand the |ntera_ct|on w@% rm a wearable sensor node.
E?aeck?r{;teg]} eE;(an;plﬁrsnbofinsu;B Zf)gi\goucr)sth:rre The motion sensor selected-for this platform is a VTI
o . * ~ " SCA3000-E04 [26] three axis accelerometer with a
examples are gait analysis or gesture recogmhonmeaSuring range of 6g. This accelerometer is
’ Stat'.c be_hawours — here a .posture or fixe haracterized by its small size and low-power consumption
configuration of the sensor is captured an 120uA at 3.3V) if compared with other similar products.
analyzed.. . . The accelerometer sensor has low-power operation
In th? data oriented bottom-up view, two dncferen51'10des like movement detection that is a useful feature
categories an be seen: ) ) towards system level power management. If the user
*  Continuous — here data is analyzed Cont'nuousbfndresses the platform, some components in the platform
and th? results are transm|_tted. Example_s a%uld be switched off or turned to operate in low-power
calculations (,)f energy ex.pen(.mure and tracking 0t§'10de, such as the microcontroller. If the user turns to wear
amovement in a game situation. the platform again, accelerometer will sense the movement

*  Event driven — here data is analyzed continuously,q wiil interrupt the microcontroller that will turn on all
f';md .v.vhen some gct|0n thqt is monitored igihars components.
identified _the result is transm|tte_d_. Examples are The main microcontroller is a PIC16F690 [27] model
fall detection and gesture recognition. from Microchip that is well suitable for low power
Most posture and gesture recognition systems rely pyjications (power saving modes) and easy to program

computer vision using motion capture systems [23], [24}5)y 35 instructions). A 256Kbit serial SPI bus EEPROM
However, this method requires a more refine provides as an off-line storage resource.

environment, with cameras and good lighting conditions, The communication component is a Free2move

which is not suitable for our application. Bluetooth module model F2MO3GLA [28]. This module is

More sophisticated methods combine accelerometefaracterized by its low power consumption and an
and gyroscopes to create inertial navigation systems [25]integrated high output antenna. While active, the

A. Functional Requirements



communication module consumes more than 90% of theFor each movement, a running average and the standard
total platform energy. However, Bluetooth is a standardeviation for the x, y and z axis acceleration is calculated,

wireless technology currently present in mobile phonesising two window's sizes, 5 and 20 samples respectively,

PDAs, and laptop computers which simplifies thet a sampling rate of 150 samples/s, as illustrated in Fig. 4.

communication with surrounding systems.
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Fig. 2. A small and light measurement system based on a 3 akilg- 4. X axis acceleration waveform and standard deviation for right
accelerometer integrated with an energy efficient microprocessor. }and movements. (a) “Right”, (b) "Left’, (c) "Left returning to the
serial memory allows storage of data and a Bluetooth module permf9in”, and (d) "Right returning to the origin

wireless transmissions.

Therefore, three finite state machines for each

IV. MOTION MODELS acceleration axis were developed. Each state machine is

Current motion tracking systems applies computé?omposed .by 4 states gnd two different events and each
vision techniques, electromagnetic orState describes one motion phase.
microelectromechanical system (MEMS) sensor liki —
accelerometers and gyroscopes as input devices [29].

Traditional gesture recognition is performed with e.g
Hidden Markov Models (HMM) [30] or other machine 1 1 ...
learning algorithms [31]. However, in wearable @ t f\ Idle
applications with limitations as outlined in previous § 1 :\ B hoid 1
chapters a more light weight approach is required. B o041 S| T

Thus an analysis methodology based on finite sta 1 \ u == Hold 2
machines (FSM) is proposed. The idea is to model tt g t2 B Right
phases of a gesture with states and to use thresholds 3 T \ }I T
filtered acceleration signals and its standard deviation
criterions for transitions. To exemplify the applicability of |
the methodology a set of hand movements are used (F 0 Time (s) 1
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Fig. 3. Right hand movement directions as () "Right", (b) "Left", ()~ Considering that acceleration data presented in Fig. 5

“Forward”, (d) “Backward”, (e) “Up”, (f) “Down”, and (g, h, i, j, k, I) . . L
represent the same movements but returning to the origin. (a), the St?‘te machine Fig. 5 (b) performs the transitions
described in Table I.

a>12and
o<t3

(b)

Fig. 5. (a) X axis acceleration waveform generated by a movement to the
right. (b) State diagram to detect the movemexitis‘the acceleration in
the x-axis andd” is its standard deviation.



layer. This layer makes use of the specific services to

Table |. State Transition Table.a" "s", "Right" stand for "Current  interact with the user through an application, for instance,
acceleration value", "Standard deviation”, and "Raise event "Right";

respectively.. agame.
Current State | Idle Hold1 Hold2

Condition VI. APPLICATION EXAMPLES

a<tl Idle - - Computer and video game interaction is sometimes
a>tl Hold1 - - considered a lazy activity. However, the concept brought
3> 12 - Hold1 - forth by new video games, mostly by the Nintendo Wii

3 <t3 ands < t3 i Idle - [33], is that movements can be used as input to the game.
<12 _ Hold2 Hold2 | In some games, for example, the user performs almost the
3>12 ando < 13 B _ Idle/Right | same movements as when dancing, playing a guitar,

golfing, bowling, boxing, playing baseball, and recently,

skiing and others.

: _ : ) In contrast to the old entertainment devices, these new
In this V\-/or.k, a layered arch|tecture (Fig. 6) is usegideo games can improve the players’ health by involving

proposed similarly as proposed in [32]. them in physical activities.

Each layer is responsible for well defined tasks that Two game applications were built to demonstrate how
range from data acquisition to user interaction. The firﬁ]e platform can be used as input device. The first

layer is the phyS|c§1I layer .and I mc!udes the Wllrelesg plication was built to verify that the requirements for
Sensor netw_ork. Th'_s layer is responsible for sensing e namic recognition were fulfilled; the second application
user and its environment. It also prow.des POWEL jdresses the static pose recognition based on events. Both
managemeqt at the sensor node Iev_eI, enabling the Ser%ft%lications use a custom component that provides motion
node to decide how to efficiently use its energy. detection. This component was build following our
software architecture, and provides specific functions, in

V. SOFTWAREARCHITECTURE

)—
E this case, motion detection. It interacts with another
o Game component, called SCA 3000, that abstract the sensor
w Application node, i.e., the component provides common services, such
as communication and sensor abstraction.
> A. Continuous movement detection application
= g
| = Ohject Movement H H H
( = Tracking | | Detection To _vern‘y tr_le _pIatform in a cc_)ntlpuous mov_ement
& ) detection application, a game application was built using
o Fall 553::.265 the GATetrisControl [34], a C# control to build Tetris
peteciin game, and the SCA_3000. In this application, instead of
"‘I"' - using directional keys, the player easily moves the falling-
D = y: \}, A x blocks (Fig. 7) through arms’ movements (gestures).
D e
L (3] Comm. Sensor s
E » | Abstraction | Common e
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Fig. 6. The proposed Layered System Architecture. Each layer hid
unnecessary information from the layer above.

ol

Considering that heterogeneous sensor nodes can
used, another layer is required to provide common servig
like abstraction and communication, thus hiding irrelevar|
information from the layers above. Since distinc
applications use sensor information differently, one mo
layer is need to specific services such as movement or ;I
detection, and object tracking. These three layers compq
the middleware which will provide well defined services tq

different environment mt_eractlon_ appllcatlo_ns. . . Fig. 7. The Tetris game application where the user controls the falling
At the top of the architecture is the application interfacgocks with gestures.

LEVEL 1
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