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Wearable computing environments, where a user wears a computer anytime
and anywhere, are slowly becoming a reality because of the recent technological
advancements. When a user acquires various services in wearable computing
environments, the user wants to define a new service by himself. Therefore, in
this research, we propose a new framework for constructing context-aware appli-
cations in wearable computing environments. Our framework is called Wearable
Toolkit, which consists of an event-driven rule processing engine and tools for
developing applications. By using our framework, we can define, delete, and
customise services anytime and anywhere. From the result of evaluation, our

O O O Ot

system helps us to create context aware wearable services.
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Fig.1 A wearable system for supporting motorbike races.
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Fig.2 A structure of Wearable Toolkit.
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Fig.3 The processing image of Rule Engine.
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DEFINE Rule-ID
[FOR Scopel
[VAR Variable-name AS Variable-typel *
WHEN Event-type [ (Target-of-event)]
IF Conditions
THEN DO Actions

04 ECAOOOOOOOOOO
Fig.4 Syntax of ECA rule.
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Fig.5 The structure of rule engine.
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01 0oooooooo
Table 1 Implemented plug-ins.
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Table 2 Details of some plug-ins.
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~

DEFINE StandingContext

WHEN SKYPE_INCOMING

IF GLOBAL.CONTEXT == ’stand’

THEN DO CMN_SHOW_QUESTION(NEW.ID,
’Call from NEW.DISPNAME. Connect?’)

DEFINE SkypeAccept

WHEN CMN_ANSWER

IF ?NEW.RESULT

THEN DO SKYPE_HANDLE_INCOMING(NEW.ID, ’INPROGRESS’)

DEFINE RunningContext

WHEN SKYPE_INCOMING

IF GLOBAL.CONTEXT == ’running’

THEN DO SKYPE_HANDLE_INCOMING(NEW.ID, ’RECORD’)

06 0OOOOOO
Fig.6 An example of ECA Rule.
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Table 3 Contexts and characteristic values.
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Fig. 7 A snapshot of context definition tool.
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Fig.8 An example of question flow.
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Fig.9 GUI-based rule editor.
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4 N

//Jump to web site according to detected visual code
DEFINE VisualCodeJump

WHEN QR_DETECT

THEN DO GUI.Main.Browser.URL = STRING(’NEW.CODE’)

//Brouser control by gesture

DEFINE ScrollDown

WHEN CONTEXT_RECOGNIZED (RightHandUp)

THEN DO WEB_SCROLL_BY(’Main’, ’Browser’, 0, -50)

//Send context information to the server

DEFINE SendContextInfo

WHEN CONTEXT_RECOGNIZED

THEN DO NET_SEND([’GLOBAL.SERVER’, ’%NEW.CONTEXT%’1)

010 0000000000
Fig.10 An example of implemented ECA Rules.
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04 O0OO0OODOODOODOODO
Table 4 Recognising contexts for evaluation.
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Fig. 11 Evaluation result (detailed).
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Table 5 Evaluation result (average).

oo ooo ooo
ooo -00 0.81 1.0
ooo -0oo 0.69 0.85
Oooo -00 0.47 0.62
ooo -00 0.64 0.80

O00oo0oo0ooOooooooo0oooooooooooooooooooooog
00o0o00o0oooooO0o0o00o0O00ooooooOooDO0o0oooOoooooooooo
O000ooo0o0oooooooooooooooooooo
J0000O0O000D00O0ODO00 110000 walkd rund0 beginner — manual O O
00 beginner —wizard D00 0000000000000 O0O0OOOOOOOOODOODO
OooO0OO0O0O000000000000000 welkO run 00000000 ODODODOO
O0000000000o0o00o0o0oOo00O0o0oOo0oOOoU0O0oooooOOoooDoooOoo
O000000O0O0o00O000o0o0o0o0bOOo0oOUOOo0DoOoO0oooOOoUooooooooO
000000o0000oO0o0oo0o0o0ooooooO0OOoUooOoDooOoUoOOoUoOoO
0000000000000 bdsa0000ooooooooooooooooooog
gogbobobooboobooboobuoobooboobobbooooboboboobooo
00000000000 0000000000000000000000 o%00oo00o0
goboobobooobboobobboobuooboobooboobobobooboboo
o00ooO0o0oo0oOo0oo0oo0o0ooo0oo0oo0oo0ooooooooooo
o000oo0o00o000bo0o00boo0o0oo0o0o0ooo0o0oooo0o
jump O swing 00 000000000000 O0000O0OO00O0OO0OOO0O0O0OOOO0OO
0000000000 oo0o00000ooooooo0o0o0oooooooOOo0o0ooo

gobooooboobooooooooobobooboooooboooboboobooOooboOooboboOoooOoo
b wmpbOOOOO0OO0OOoOoOOOO0OOO0OO0OOO0OO0OOCOOOOO0OOOOODOOObOOOOn

swing DO 0O0O00O0O00O0O0COOO0OOOOO0OCOCOO0OO00O0000yumpOOO0O
begineer —wizard OO0 00000000 0000O0O0st0000O00OOODOOOOOO
gobobooboooooooooocoooooobooooboboOoooobooOoboooooDoDbOoOno
gobooooooobooooooobooboo
gobooooooooooobooobonnoo3ooobooooooboooooonooo

00o0oooooog Vol 50 No. 6 1587-1597 (June 2009)

gboobooooobobooobooogoboooboobooobobooboboobooo
gboboobooooooobobobobobobooooooboobobo

5. O g

O00000000000000C00O0000000 Wearable ToolkitOOOOOOO
000000000 Wearable Toolkit 0000000000 O0O0O0O0CCOOOOO0OO
goooboboooooooboooooobooooooboooooooobooOoboOoOoooDboOobo
O000000000000000C0CDOO000Wearable ToolkitOOOOOOOOO
000000000000 0O0000o00O000000o0O00000O00000O0O0OECA
gooooooooooboooooooboooOoOoOobOOoOoooobOObocboboooooboo
goboooooooboooboobooooo

o o O 0O

1) Ouchi, K., Suzuki, T. and Doi, M.: LifeMinder: A wearable Healthcare Assistant,
Proc. 2nd International Workshop on Smart Appliances and Wearable Computing
(IWSAWC2002), pp.791-792 (2002).

2) Miyamae, M., Terada, T., Tsukamoto, M., Hiraoka, K., Fukuda, T. and Nishio, S.:
An Event-driven Wearable System for Supporting Motorbike Races, Proc. 8th IEEE
International Symposium on Wearable Computers (ISWC2004), pp.70-76 (2004).

3) Cheverst, K., Davies, N., et al.: Developing a Context-aware Electronic Tourist
Guide: Some Issues and Experiences, Proc. 18th Conference on Human Factors in
Computing Systems (CHI2000), pp.17-24 (2000).

4) Miyamae, M., Terada, T., Kishino, Y., Tsukamoto, M. and Nishio, S.: An Event-
driven Navigation Platform for Wearable Computing Environments, Proc. IEEE
International Symposium on Wearable Computers (ISWC2005), pp.100-107 (2005).

5) Naya, F., Ohmura, R., Takayanagi, F., Noma, H. and Kogure, K.: Workers’ Rou-
tine Activity Recognition using Body Movement and Location Information, Proc.
10th IEEE Internation Symposium on Wearable Computers (ISWC2006), pp.105—
108 (2006).

6) Stiefmeier, T., Ogris, G., Junker, H., Lukowics, P. and Troster, G.: Combining Mo-
tion Sensors and Ultrasonic Hands Tracking for Continuous Activity Recognition
in a Maintenance Scenario, Proc. 10th IEEE International Symposium on Wearable
Computers (ISWC2006), pp.97-104 (2006).

7) MIThril Project. http://www.media.mit.edu/wearables/mithril/

8) Dey, A.K., Salber, D. and Abowd, G.D.: A Conceptual Framework and a Toolkit

(© 2009 Information Processing Society of Japan



1597 Wearable ToolkitO DO OO0O00O0O0O00O00O0O0O0O0O0O0O0COOOODOOOOOOOOOOOOGOOOOOO

for Supporting the Rapid Prototyping of Context-Aware Applications, A Special
Issue on Context-aware Computing in the Human-Computer Interaction, Vol.16,
No.2-4, pp. 97-166 (2001).

9) Clarkson, B.: Life Patterns: Structure from wearable sensors, Ph.D. thesis in
Massachusetts Institute of Technology (2002).

10) Dey, A.K., Hamid, R., Beckmann, C., Li, I. and Hsu, D.: a CAPpella: Programming
by Demonstration of Context-Aware Applications, Proc. International Conference
on Human Factors in Computing Systems (CHI2004), pp-33—40 (2004).

11) Semantic Web. http://www.w3.0rg/2001/sw/

12) Miyaame, M., Terada, T., Tsukamoto, M. and Nishio, S.: Design and Implemen-
tation of an Extensible Rue Processing System for Wearable Computing, Proc. 1st
International Conference on Mobile and Ubiquitous Systems (MobiQuitous2004),
pp-392-400 (2004).

13) Widom, J. and Ceri, S.: Active Database Systems, Morgan Kaufmann Publishers
Inc. (1996).

14) 00 0O00OU00OOOO0OO0OOUOOOOODODOOOOOOO0OO0OODO0OOOOOOOO0
0000000000000 0000000oo0Do00o0DO0O0oDO0nOVol.4s,
No.SIG12(TOD16), pp.52-63 (2002).

15) Wearable Toolkit Website. http://wearable-toolkit.com/

(00200100 17000)
(00210 30 6000)

g o 0O

ooooo0o0oooooOoOO0O000OOOOO0OD0OO0O00O0 PCOOOOOOOOODOO
goooobooooooboooooooooboobooooooobooooooooOooo
gooboboboodoooboooooobooooooOoooobooooOobocOooboooDoboba
gobodooooobooooobooooooobooobooooooboOoobboOoonon

00000000000000000000ODbICOMO20080 000000
gooooooo booooo

og gooood

1997000000000 DOO0O000ODObOO0O0bOYYYO00oDoo
gobooodoooooooz2oc0b00obooooobooogoooooon
gboooboooboobobooooooooboobz200000000
200r0000000000CCOCOOOODOOOOO0O002004000000
gboboooobooobooobobooooooooobooOoboOon200500
oooooooooooo204000000000000000000O0O0O0O0O0O0OO
gmooboodoobooobooouoboobooooobboobooOoooobOOoOobOoOoOooDo
oooooOoOOoOOOOOIEEEDODODOOOOOOOOOOOO0OO0O0O0O0O0O0000000
oobooooboooboo

oo oo

001 0000000000000000O000O000O0O0CO0O0O00OO
googz2oe0300000000000000DOO00DOOODOOOODOO
gboobo206000000000000000O0C00DOOOOOOOOO
gobooooooobooomooobooboooobooooooooboboooDo
goooooooboz2080000000000O0O0O0O0ODDOODO
goboooooboooooboooooooboooobooooo

oo oo
2006000000000000000000O00020080000003
gboboboobooooooooooboooooooooboooooo
gbooobooboooooooobooooobooooooooobOobOoDbo
oo

00o0oooooog Vol 50 No. 6 1587-1597 (June 2009)

(© 2009 Information Processing Society of Japan



