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Abstract of Master's Thesis Academic Year 2005

A Study of Utilizing Compound Context
with Real Space Objects

- Summary -

In the field of ubiquitous computing, researches on context-aware technology, in which
context data on human activity generated from sensor devices is used in applications, has
been a common particle. In existing researches, context data generation is achieved through
usage of many sensor devices of various types. In this research, the information which can
be obtained through automatic identification technology is considered as equally important
as ones available through currently used sensor devices in terms of context generation.
This is because human activities are often involved in dealing with objects. In addition,
deployment of sensor network which is planned today is not so a simple task because of
the expected installation cost.

Today, deployment of the automatic identification technology in foreseeable future is
expected. This will bring an environment in which objects can be identified through RFID
tags which are attached to them with unique identifiers. In this environment, it is predicted
that automatic identification will often be performed in daily life, and generation of context
data on human activities from detection records will be possible. Although it is possible
to generate context data by combining detection records from multiple sensor devices, a
system infrastructure where such a context generation is possible does not exist today.

In this research, ”Compound Context Model” for estimating context from multiple de-
tection records is designed and implemented as a middleware. This system implemented a
context expression using multiple detection records, and offered an environment in which
context-aware applications using detection records from automatic identification technol-
ogy can easily built.

Keywords

1: Compound Context 2: Description of Context 3: Real Space Object

4: Object Identification 5: Ubiquitous Computing

Keio University Graduate School of Media and Governance

Shun Hirose
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help you understand its meaning
awareness

1. knowledge or understanding of a particular subject or situation
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Three important aspects of context are: where you are, who you are with,
and what resources are nearby. Context encompasses more than just the
user ' s location, because other things of interest are also mobile and chang-
ing. Context includes lighting, noise level, network connectivity, communication
costs, communication bandwidth, and even the social situation; e.g., whether

you are with your manager or with a co-worker.
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Context : any information that can be used to characterize the situation of
entities (i.e. whether a person, place or object) that are considered relevant to
the interaction between a user and an application, including the user and the
application themselves. Context is typically the location, identity and state of
people, groups and computational and physical objects.
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struct event{
char epc[24];
u_time time;
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s
int load_xml(char *xml)

{
if ( xml == NULL )

return -1;

doc = xmlReadFile(xml, NULL, 0); //xmlO00000000O0O
if ( doc == NULL )
{
fprintf(stderr, "ERR: could not parse file %s\n", xml);
return -1;

root = xmlDocGetRootElement(doc); //root 00O OOOONO
if ( root == NULL )
{
fprintf(stderr, "ERR: could not get root element %s\n", xml);
return -1;

return O;

055 XMLODODODODOOOO

context3
context1 context2 eventE % @

gs6: 0000000000
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-

<?xml version="1.0" encoding="shift_jis"?>

<combi>

<event>
<epc>123456781234567800000001</epc>
<name>O OO0 </name>

</event>

<event>
<epc>123456781234567800000002</epc>
<name>[] [J </name>

</event>

<event>
<epc>123456781234567800000003</epc>

<name>[] </name>

</event>
<combi>
<event>
<epc>123456781234567800000004</epc>
<name>[] </name>
</event>
<combi>
<event>
<epc>123456781234567800000005</epc>
<name>Z202 [ O </name>
</event>
<event>
<epc>123456781234567800000006</epc>
<name>[] </name>
</event>
<combi>

<event>
<epc>123456781234567800000007</epc>
<name>[] 00 0 0 </name>
</event>
<context>contextl</context>
</combi>
<!'--Qg0gg -->

N

gs70000000000000
43



us50 0o0Ooobobooboobboobodan

gobooobogoo

gboobbooboobooboobouooboobooboobooboobooboo
gobdoboboboboboboboboboboboboboboboboboboonn
googoooboboobooooboobbobboobobooboobboobbon
gboobobobobobobo

uboooboobooobooobobooboboobooboboobooboooboonobo
gbooobooobooboobobooboobbobbooboooobooboobbon
goooogoogobgoboboooboooboobooobooooboboboboboooon
gboboobboobooboooboobuoobuoobooboobooobooboooboan
gbobooboobooboobooobooboobbobbooooboooboobooobooan
gboboboobooboooboooobooooboooboobobobboboobooboon
UbO000O0Ocontextl,context2 00O U0 OUOOOOOOOOOOOOOOOOOOO0OO
ubobooboobboobooboboooboobbooobooobooo

0000000000000 00R00O0O000000OOOOOO0OODOOOODOOD
gooooo

4 N
struct context_tree_pointer
{
xmlNodePtr cur_node;
int nevent;
unsigned char *event_flag;
unsigned char clear_flag;

struct context_tree_pointer *next;

Us8 000000aoo

gooboobooboobbooboobbooboo

e cur_node
curnode 000000000000 ODODOO0OOOODOOOO

e nevent
nevent 00 O0OOOO0OO00O00OO0OO0O0OO0OO0OO0OOOOCOOOOOOOOOOOO

e event_flag
event lag 000000000000 O0O0ODOOOODOOODOOOODOOODOOOOOO
goooooooooooooonoooooooooooo

e clear_flag
clear flag 0000000000000 0O0COOOOO0ODOOOOOOOOOOOOO
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4 ™
int search_list(char *tid)
{
(I
/*
*» 0000000000000 0000000000000000O000on0O
*/
if ( is_clear(node->event_flag, node->nevent) == 0 )
{
clearbit_up(&node->clear_flag) ;
if ( (context = search_context(node->cur_node->children)) != NULL
{

send_context (context) ;
tmp = *node;
removeat (i) ;

node = &tmp;

i--;

¥

gs9: 0000000000
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-

%./contextd -r 30001 -a 30002 -x context.xml

--— options ---
rport: 30001
aport: 30002

xml: context.xml

-—— list --—-
nevent: 3 clear:
100

nevent: 3 clear:
101

--- list ---
nevent: 3 clear:
010

nevent: 3 clear:
110

nevent: 3 clear:
111

--- list ---
nevent: 1 clear:
1

--- list ---
nevent: 2 clear:
10

--- list ---
nevent: 2 clear:
11

--- list ---
nevent: 1 clear:
1

Send [ context2 ]

state cleared...
-—- list --—-

~ doboboobobooboooboboon
~ gboobooobooooooboooooboooboooDo
~ obbo0oboobbooboob xm1iOO00O0O

Ue6l1: 00000000
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-

-

%cat event.log

-— Qo ---

800007B8000OOFA0000000001 ,
800007B8000OFA0000000003,
800007B8000OOFA0000000002,
800007B8000OOFA0000000004,
800007B8000OFA0000000006,
800007B8000OOFA0000000005,
800007B8000OOFA0000000007,
800007B8000OOFAO00000000B,

—_ |:| D —_

1136887680
1136887710
1136887729
1136887803
1136887821
1136887877
1136888329
1136888875

06200000000

o1




070 OO

gobooboooobuooboobobooboobboobbooo

7.1 00U

goooogobooooogbobobooooooboboboboobooooobon
gbooboooboooboobooboobooboobooboobobobbobobooboo
obobooboobobooboboobooooboobooo

gooobooboboobooooobobobooooboboboooooooboooboD
gbooboboobboboooboobooboboboobooboobobobobooboo
gboooboooboboobobobooboobobboobooboobobobobobooonoon
gobobooooboboobobboooobboooobbooobbbooobLboon
gbboobooboobbooboobboooooab

uboooboooboobobobbobboobbobbobboobbooboobooboon
googbooobbobobooboobuoobobboboobooboobboobLbon
gboobuogbooboobooboobboboooboobobobobobbooboab
gbobooboooboooboooboooboobobboobooboobooboooobooonoon
gboogbooobbobooobooboobbobbooboobooboboobooobon
gboooogoooboboooooobooboboboboooobobobobooooooDo
ugbobooboobooobobooboooo

72 QJUoon

gbooboobooooooooboooooo

ggbooood

oobobobooooboboooobobbuoooobobboooobobboooooboobooboo
gbooooobobooooooobooboboobooboboooooobooboboboon
ugbboobuogbbooboobbooobuoobooboboobooboboobooan

uboooboooboooooobooobobobbooboobobooboobooobooobooo
gboooboobooboboobobooboboobooboobbobooboobooboobOooo
ubboobbooboobooobooboobbobboboboobooboboboobbab
gbboobooboooboooboobooboobooboobooobooboobooan
gboboobooboobobooon

52



o7g 0O

ggobboooood

ubooobooooobbobbooobobobobooboobooboobooboon
gooobooobooboobuoobooboobooboboobbobbooboooboo
ubboobuoobobooboboobouobobooboobbooboab

ggboodgd

goboobooobobobobbooboboboboobooboobooboobooo
ubboboboobobbooboobuooboobooboobooboboooboan
uboboobooobooooo

93



O

bobobobobooboboboboboooooooo0 oboobobobD oo
ubbooboobooob obooboboobuoo booboooboooboooo
uobooooooobobooooooobobooooooboobobooooobobbono oooo
gbobobob oboboboobobobobobOobobOo bobooboooooobooon
ubbud bobooobuoobbodgboooboooobo oboooboooboooo
ubobod obooboboobooobooboobboo boooo,0ooboboooboobog o
goboobooboooobo
ugobbbooobboboooobbobooboobobooooboboooobon o
uboboobooono oboob oobooobboobobooboooboobboobooo
gboboobooboonbDoDn
goboobooooooooboooboobooboooboooboo bobobobooobo o
oo boboobooboboooboooboboboobooobobooboboooboaan
gboboobooboobobooboobooobgo
gboboboobobobobobobobob obobob boboOooooooooobo
ubbodobbooobooooboobboobbo bboobo oboooboabog
goboobooboobooboobon
ggboboooboooboobboooboooboobooooboobobooooboooobon
ubboobuoobbooboobbooobooboooboobobooooboon

gbogooobooboobboobuooboobbooboobbooboooo

gboogooboobooboobon

200600 10 120
oo o

54



[]

[1]

[12]

[13]
[14]
[15]
[16]

[17]

HEEEN

M. Weiser. The computer of the twenty-first century. Scientific American, pages
94-104, September 1991.

0000000 ITSOO0O. http://www.internetits.org/.

Norman Adams Bill N. Schilit and Roy Want. Context-aware computing applications.
In Proceegings Workshop on Mobile Computing Systems and Application s, pages 85—
90, December 1994.

FeliCa. http://www.sony.co.jp/Products/felica/.

00000 Edy. http://www.edy.jp/.

JROOO Suica. http://www.jreast.co.jp/suica/.

JROOO ICOCA. http://www.jr-odekake.net/guide/icoca/.
e-00000. http://www.e-airport.jp.

EPCglobal, 2003. http://www.epcglobalinc.org.

Auto-ID Labs, 2003. http://www.autoidlabs.org.

Anind K. Dey and Gregory D. Abowd. A Conceptual Framework and a Toolkit
for Supporting the Rapid Prototyping of Context-Aware Applications. HUMAN-
COMPUTER INTERACTION, Volume 16:97-166, 2001.

o booboobo obboo booboo obooo bo.boobbooboooo
O00D00000C00.0000D0000000R0, pages 13-18, September 2002.

EPCGlobal. EPC Tag Data Standard Version 1.1 rev 1.27, May 2005.
O00000000000000. http://tokyo-dmy.jp/p/.
O00O00000000. http://www.mimamori.net/.

DoPa, NTT DoCoMo. http://www.docomo.biz/dopa/.

0 00,00 00, Sidney Fels, Nicolas Simonet, 00 O,00 O0O. C-MAP: Context-
aware 1000000000 0OO0O0.00000000O00, Vol.839, No.10, pages pp.2866—
2878, October 1998.

95



[18]

[19]

[20]

[21]

[22]

[23]

[24]

[27]

[30]

[31]

[32]

R.Want, A.Hopper, and J.Gibbons. The active badge location system. ACM Trans-
actions on Information Systems, 10(1):91-102, January 1992.

A. Hopper R. Want. Active Badge and Personal Interactive Computing Objects. IEFE
Transactions on Consumer Electronics, February 1992.

A. Jones A.Ward and A. Hopper. A New Location Technique for the Active Office.
IEEE Personnel Communications, 4(5):42-47, October 1997.

A. Chakraborty N. Priyantha and H. Balakrishnan. The Cricket Location-Support
System. MobiCom, August 2000.

H. Balakrishnan N. Priyantha, A. Miu and S. Teller. The Cricket Compass for Context-
Aware Applications. MobiCom, pages 1-14, July 2001.

Gregory D. Abowd, Christopher G. Atkeson, Jason Hong, Sue Long, Rob Kooper
and Mike Pinkerton. Cyberguide: A mobile context-aware tour guide. Baltzer/ACM
Wireless Networks, 3(5):421-423, 1997.

Keith Cheverst, Nigel Davies, Keith Mitchell, Adrian Friday and Christos Efstratiou.
Experiences of developing and deploying a context-aware tourist guide: The guide
project. MobiCom, pages 20-31, August 2000.

gboobo,b00,000,000b0.000000b00b00000b0obOo0oOoobobo
0000. DICOMOZ2003, June 2003.

gobooboogobbooboobooobooboobboobon o-0bo0o0o
0000000000000 00-,2005. O000O0O0O000000O0O0O (IPA)OO
goboooboooood.

gbobooa,bobo,bboob,obboo,booboo,boob.obbobbooboab
OO00ooooooOOo0O000oDbOD.000ooobboooboDoio 2005, October
2005.

OO0 00,0ddo. RPRIDOODOO0OO0OOD0ODO0O0oooooooooooo. oooa
0000000 (FIT2005), pages 35-36, September 2005.

Albrecht Schmidt, Kofi Asante Aidoo, Antti Takaluoma, Urpo Tuomela, Kristof Van
Laerhoven, and Walter Van de Velde. Advanced interaction in context. First In-

ternational Symposium on Handheld and Ubiquitous Computing, HUC’99, September
1999.

gg oo,obo0 00,00 oa,00 oo, bodgoooooooobbooboooo
ANTHOOODOOO.ODOODOOOODOOO, pages 447-452, March 2005.

Sun Microsystems, 2001. Jini Architecture Specification.

UPnP Forum. UPnP Device Architecture 1.0.

o6



[33] K. Fujinami, T.Nakajima. Towards System Software for Physical Space Applications.
Proceedings of ACM Symposium on Applied Computing(SAC) 2005, March 2005.

[34] EPCGlobal. Application Level Event (ALE) Specification Version 1.0, September
2005.

[35] EPCGlobal. EPCglobal Architecture Framework Version 1.0, July 2005.
[36] EPCGlobal. Object Naming Service (ONS) Specification Version 1.0, October 2005.

371 OOOO0O,0000C. D0O0O0OOOOODOOOOOODODODODODOOOOOODOODODO
0.00000000000 (FIT2005), pages 271-272, September 2005.

57



0 OA 0O0000o00ooooooogn
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<7xml version="1.0" encoding="shift_jis"?>

<combi>
<event>
<epc>800007B80000FA0000000001</epc>
<name>0 0 00 </name>
</event>
<event>
<epc>800007B80000FA0000000002</epc>
<name>[ [0 </name>
</event>
<event>
<epc>800007B80000FA0000000003</epc>
<name>[] </name>
</event>

<combi>
<event>
<epc>800007B80000FA0000000004</epc>
<name>[] </name>
</event>
<combi>
<event>
<epc>800007B80000FA0000000007</epc>
<name>[] </name>
</event>

<event>
<epc>800007B80000FA0000000008</epc>

<name>Z202 [0 00 </name>
</event>

<combi>
<event>
<epc>800007B80000FA0000000009</epc>
<name>[] </name>
</event>
<context>contextl1</context>
</combi>
<combi>
<event>
<epc>800007B80000FA000000000A</epc>
<name>0 [0 </name>
</event>
<context>context2</context>
</combi>
</combi>
</combi>

<combi>
<event>
<epc>800007B80000FA0000000005</epc>
<name>[] O 0O 0 </name>

</event>
<combi>
<event>
<epc>800007B80000FA0000000007</epc>

<name>[] </name>
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</event>
<event>
<epc>800007B80000FA0000000008</epc>

<name>Z202 0 0 </name>

</event>
<combi>
<event>
<epc>800007B80000FA0000000009</epc>
<name>[] </name>
</event>
<context>context3</context>
</combi>
<combi>
<event>
<epc>800007B80000FA000000000B</epc>
<name>A N[O 0O </name>
</event>
<context>context4</context>
</combi>
</combi>
</combi>
<combi>
<event>
<epc>800007B80000FA0000000006</epc>
<name>[] 00 00 PC</name>
</event>
<combi>
<event>
<epc>800007B80000FA0000000007</epc>
<name>[] </name>
</event>
<event>
<epc>8000O7B80000FA0000000008</epc>
<name>Z202 0 00 </name>
</event>
<combi>
<event>
<epc>800007B80000FA000000000C</epc>
<name>! 230 </name>
</event>
<context>context5</context>
</combi>
</combi>
</combi>
</combi>
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