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Adapting Conventional Home Appliances to Home Network Systems
Using Web Services

Akihiro TANAKA T, Masahide NAKAMURA, Hiroshi IGAKI, and Ken-ichi MATSUMOTO

1 Graduate School of Information Science, Nara Institute of Science and Technology 8916-5, Takayama, lkoma,
Nara 630-0192 Japan
E-mail: T{akihir-t,masa-n,hiro-iga,matumgt@is.naist.jp

Abstract This paper presents a framework that adapts the conventional home electric appliances with the infrared remote
controls to the emerging home network system (HNS). The proposed method extensively uses the concept of service-oriente:
architecture, which significantly improves the application interoperability among the multi-vendor appliances. We first pre-
pare APIs that allows an external PC to send infrared signals and control the conventional appliances. We then encapsulat
the low-level APIs achieving a logical feature of the appliance in a single component. Finally, we export the component as
a Web service, which implements a self-contained appliance feature with an open interface. Thus, the proposed method cal
significantly facilitate the development of HNS applications with the conventional appliances. We also implement an actual
HNS with multi-vendor appliances to demonstrate the feasibility to the practical applications.

Key words home network, conventional home appliances, integrated services, Web services, service-oriented architecture,
infrared remote control

0000,00,00000000000000000000
DVDOOOOOOODO DVDOOOOODOO0OO0OO0D00O0O00O0
000000000000000000000000000 0000 HNSOOOOOOOO00 (MO0000000)0
0000000000000000000000000000 0000000000000000000000000000
00 (HNS)DOOOOO0OO0DO0O0O0 [3][10][13]000000 0000000000 HNSOOOOOOO000000000
0000000000000000000000000000 O0000000000000000000000000000
0000000000000000000000000000 0000000000000000000000000000
0000000000000000000000 (00000 0000000000000000 [11)0
0000)00000000000TV,DVD 0000, 5.1chd 00000000000000000000000000

1. ODoOoOOo



HNSOOOOOOODO (OO000O0O0)0000 HNSOOO
00000000000000000HNSOOOO0OO0O0OO
0000D000000000000000 (00000000
00000)00000000000000000000000
0000000000000000000000000000
00000000000000000000000000

0000000000000 0000000000 HNSO
0000000000000000000000000000
0000000000000000000000000000
000000000(SOA)9][12]000000000000

0000000000000000000000000000
000 PCOOODODO0OOOOOODDOOO0 API(I-FAPI O
00)0000000000000000000000000
0000000000000000000000000000
0000000 HNSOOOOOI-APIODOO000000O00O
00000000000000000 IFAPIDOO0 (00)O
0000000000000000000000000000
WebODOODO[140000000000000000000
0O WebOOOODOOOOOOOOOOOOODOOOOOOOO
00000000000000000000000000000
00000000000000000000000 HNSOO
ooooooOoOoOoO0O0000

0000000000000000000HWNSOOOOO0O
0000000000000000000000000000
0000000000000000000000000000
00000000000000 HNSOOOOOOOOOOO
oooooOoOoOoOoO0O0O0O0

2. 0O 0

2.1 000D000OO0OD0OO0OO0O0
0000000000000 (HNS)OOO0O00000000
0000000000000 (@MO0000000)000000
0000000000000000000000000000
000000000000000000APIDOOODO000
0APIDOOOO0OO0O0DDOO0OO0OOOO0O0O0OOO0OO0O0OO
00000000000000000
000000000000000000000000000
0000000000000000000000000000
0000000000000000 DLNA[]] 0000000
ECHONET[2]0 00000000
000000000000000000000000000
00000000 (MO000000000000000000)
0000000000000000000000000000
0000000000000000000000000000
0 HNSOOOODOO0OO0OO0O0000000000000000
00 (DO[10][3][13)0000HNSO 00000000000
00000000000000000000000000000
000000000000000000000000000
0000000000000000000000000000
00000000000000000000000000000

ON()HOFF() ChannelSeIect()HInputSeIect() 'y
Service
Power Selector
Layer
— v
T A
Device
Layer
v

01 socA00O0O0OOO0OO0O0DOOOOOoooOoOnO

2.2 OO0OOOHNSOOOOOOO0OOO0O0O0O0
0000000000000(SOA)[9][12100000000
0000000000000000000000000000
00000000000000000000000000000
00000000000SOADDONONOONDNOONONONOOODO
0000000000000000000000000000
0000000000000

210000 HNSOODOOOOOOOODOO0000O0
000000000SOADODD HNSOOOOOOOO0O0O
00000 [4][7]00 10000000 TVOOOOOO0O000O
0000000000000000000000000000
0002000000000000000000000000
00000000000000000 APIOOO00O00OO
0OAPIDDOOOOOOOTVOOOOO HNSOOOOOO
0000000000000000000000000000
0APIDODDO0O0OO0DO00O0O00O0000000000
000000000 (0000)00000000000000
0000000000000000000000000000
0000000000000000000000000000
00000000WebOODOO [14000000 SOADOD
0ooo
0100000000 ONDO OFRI00000000000
0000000000000 TVOOOOO (@O Tvooo
0)00000000000000000000000000
0000000000000000000000000000
0000000000000000000000000000
0000000000000000000000000000
0000000000000000000000SOADOOD
HNSOOOOOOOOOOOOO0O0O0O00000000000
0000000 (0000000000)000000000
00000000000000000000000000 HNS
0D0O0o0ooo

00004][7] 000000000000000000000
0000000000000000000000000000
0000000000000000000000000000
00 HNSOOOOOOOO0OO0O0O000000000

2.3 000000000000000
000000000000000PCOOOOOO000OO
0000000000000000([5][8l00 2000000
00000 TVOOOO0O0O0O0O00000000000000



ul

Proprietary
Application
Q)

Conventional
- TV

02 00O0O0OO0OO0O0O0O0OO0OO0O0O00O0

00 PCOOOOOOD)000000000000 (U)DOO
0000000000000000000000000000
0000000 (IRRCDrive000000000000000
O @(RCI/FHODOOOCOOOOOOOOOOOOOOOO™ "D
000000000000000000000000000
000000000000000000000000000
0000000000000000000000000000
0000000000000000000000000000
0000000000000000000000000000
00000000000000000000000000 HNS
0000000000000000000000000000
00000000000000000000

3. HNSOOOOODOOoOOo

3.1 0 O
goboooooooooooobooooooboooooboo
0000000000 WUNSODOOOO0OOOOoOOoooDo
gobooooboooobooooboooooooboooooboo
gobooooooobooooobooooboobooooo
O0OR1: OO0O0O0O0OOODOOOOOOOOOOOOOOOO
gooooooog

O0R2: OJ0O0OOOCOOOOOCOOOOOOOOO PCOO
ooboooooooooooboboooboooo

O0OR3: OJO0O0OO0OO0OO0OOOOOOOOCOOOOOCDOOO
oo

210000000 HNSOODOOCOO0OO0O0DOOO000O0
000000000000 RL,R3DODOOODOOOOOOOO
220000000000000RL,R3OO0000O000000
O00000 R20000000000000002.3000
gobooooooooboooobooooooobooooDooboo
00oooooooooooooRrRiIOOODOOODOO
O0000DoDDooO0oO00O0ooO0Oo00oooOo HNSOO00
gobooooooobooooboooboooobooooon

3.2 0O0O0Ooooo

OO0 RI-R3O0O00O00O000O02.20000000000
0O0@ 100)o0ooU0ooooooUooooooUoo

001 oo0o00o0ooo0ooooooo WbAOOOO0O00OO0 (0O IRC)
go0ooO0ooO0o0oo0o0o0o0O0O0O0bO0OO0OO00O00O0O0

Other
— Ul Appliances
o0

Home User
I] E Server Application

e, .-V.

H ™ Network

.en ¥ H a
""""" ON()HOFF() ChannelSeIect()HInputSeIect() Y
Service
Power J Selector Layer

PC or Handheld

Ir-API Library Do
evice

IrRC Driver

Conventional

03 000000000 HUHNSOO0O0O000000

00000000000000000000000 30000
0TvOOOOO0O0O000O0O0000000000
O00OPCOOO PCOODOOOOOOOOOD (0O0OO
00000000000000000000)00000000
PCOOOOOOOOOOOOOOOOOOOOOOOOOOO
0000 (IFAPI 00O0)0000000000000 Ir-API
0000000000000000000000000000
00000 WebO0OOOOOOOOOOOOOOOOOOO
0000000000 WebOOOOOOOOOOOOOODO
00000000000
0000000000000000000000000 Web
000000000 (Web-APIOOD)00000000O00
0000000000000000000000000000
0000000000000000000000000000
0000000000000000 Web-APIOOOOOOO
0000000000000000000000000000
0000000000000000000000000000
00000000000000000000000000
3.3 000000000 API(I-API)
000000000000000000000000000
0000000000000000000000000000
0000000000000000000000000000
000000 (00)0000000000000000000
0000000000000000000000000000
0000000000000000000000000000
0000000000000000000000000000
0000000000000000000000000000
00000000000000000000
IrAPI000000000000000000000000
0000000000000000000000000000
00000000000000000000000000000



public void On(void) {
gooNOoOOoooo,
sleep(2); / *200000x/

04 TVOOOONOOOOOOOOOO

public void setVolume(unsigned int x) {
if ( O00==0FF) On();
for ( DODODOOO) { /
gooboooo,
}
for (;x>0;x--) { /
oboooooo,

*000000000x/

*x 0oooooox/

05 TvOoooooooooooooo

ooooU0o (@Quoooo TVvyooooooooooooo
goboooobooooooooooboooooboooboOoooo
goboooobooobooooooooooboooooboo
Oo0oooog APIOOOO
3.4 00000O0OO0ODODOOOOOOOOOCOOOO0O
IFrAPI O O000000D0000DODO00O00O00DO0O00O0O0
oooooooooooooooooooOOO0ODD 1010
gopoooooboooobooooboooooooboooobooboo
000000 0000Ir-APIDOOOO0ODODOO HNSOODO
goboodooboooobbooooooooooboooobod
OoOoOOWUNSOOOOOOODODOOO0OO0OO0O0O0O00OoOOO
goood
Oo0oOdIrAPICOO0O0OO0O0O0O00000O0O0O0OOOOO
gobooooboooooboooooooooooboooonoboo
gobooooooooboooooooooooboooooboo
gboodoooooooooooboobooobooboobooooooo
00000000ooooooooooooooogo oo
gobooooooooooobooobooooobooooooo
ooooooTvoOoooooNOOOoooooooooo
0oooooooz2o0o000000000000000DODOO
oooooooooOooooooooooTvooNDOOO
000 4000000000000000O0O0O000 4000
sleep(2); oo20000000000000000000
0000oo0ooo0o0ooo0o0oo (oooo)yooooooo
oOoooUooOoon() bOooUOooUOLDOOOOTVO ON
goboboooooooooobooooboobooo
gbooboooooboobooooobobooboboboDbo
ooooooOo I-APICDCOOOODODODOOOOOOOOO0O
ooooooOooDOOS00000000TvOOOOOOOO
oobooogobD «c00000D0O000DOO000DOOO0OO0
TvoooOOoOOooOoooooooOooooooOooOOoOooobooo
goobooooboooooboooooboooooooboooobooboo
gobooooooooooobooooooooboooobooboo

DVD.ON();
TV.On();
TV.setinput(DVD);
Curtain.On();
Curtain.Close();
Light.ON();
Light.setBrightness(1);
Speaker.On();
Speaker.setinput(DVD);
Speaker.setChannel(5.1);
Speaker.setVolume(20);
DVD.play();

06 0000O0DOOO (DVDOOODOOOODO)

goboooobooooboooboooooooboooooboo
OO I-APIODDODOOOOOOOOOO0OO0O0O000 TVDO ON
goboooobooobooobooooooobooooobo
O0OO0O0OOFFOODOOOD 40 On() DOOOODOOODOOOO
ooboooooooooo

3.5 0000ooOooo @oooon)
HNSOOOOOOOO0OO0O0OO0O0O000oo0o0o0oooooo
gobooooboooboooboooooooboooooboo
OoooooooTvO OFFOOCOCO DvDOOOODODO
gboboooobooooooobooocooooboooboooooo
gobooooobooobooobooooooboooooboo
goboooboooooobooobooooobooobooooooo
goboooooooooooood
oooooooooooooooooooooooooopPe
gobodooboooobboooooooooobooooood
gooooooboooooooooboobooobbooonoo
oo (@O bBOOOLO)OOODODOOOOOOOOOOOO
gobooooboooobooooooooooboooooboo
DBOOOOOOO0OO0OO0OOOO0O0OO0O0O0O0O0O0O0O0O0O0O00O0
goboooobbooobooobooooooboooooboo
ogoboooooog

3.6 Web-APIO OO

00000000000 00000000000WwWeb-APIO
OO0 UHNSOOODOODoODoOoOOoOosoAdOOOoOoooO
000000 WebOOODO [14]0000 HNSOOOOOOO
oooOoooooooOooOoooocooowsbLOoOOoOO
XMLOOOOOOOOOOOOOOOOOOOOOO0O0BO0O0
gooooooooooooooobooooboboooooDo
Web-APIDO O OOOOOODOOOOOOOOOOOOOO
3.7 HNSOOOOOO

0000000 Web-APIDOO HNSOOOOOOOOOO
000000000000 000000 UHNSODOODOOOO
OOoDoOOoOOWUNSOO0OO0O00O000O0OOOO PCOOODOO
0000000000000 00000D00000000OHNS
gobooooboooobooobooooooobooooooboo
goboodoobooobooooooooooboooooboa



Web-APIODODOO0OUOOOODOOOOUOOOOOOOOOOO
oobooooooo

ooooopbvDOODOOODOOOOOOOOOOOTY,
DvD,5.1ch0000C0O,00,00000000000000
OO0 DvDOOOOOOOOWUNSOOOO0O0O0O00000G6
O0ObvDOOOOOOODOO Web-APIDOOODOOOOOO
ogood

4. O O

0000000000000 00000DODgogd HNS
goooooooo

4.1 00OD0ODOODOD
HNSOOOOOOOOooOoooooooooooooo
e O0O0ODOOOOOOO NECPX-50XM2

e DVDOOOOO OO RF-XS46

e 51chAVOUOUO OODOOO HTZ-535DV

e JO00D00ODODOODOOODOO ODO KLV-17WS1
e JO0OD0ODOOD ODODO HH3190E

e JOUODOODOOD OO WxGoos-1

e [JO0O0OO OODOO HHFZ5310

e [100DO0OODODOOOODOOOOO

e (JOODOODO OO EP-V12

e O0I0DOOODDOOO ODDOO MCF-257NR

e JO00ODOODOODODOODO HORIBAIS-100

4,2 0000000 O0ODOO

0700000 HNSOOOOOODODOODODOOOOOO
gooo0O0oobOO0bOo 100 PCOO0DDODODODODOO
goooooooo

PC: minipc.jp — PentiumM 770, 512MB, 40GB, WinXP Pro
IrRCI/F: 0000000000 -00000 2+USB
IrRCDriver: 00000 2+USBOO0O0O0OOOOOOO
Ir-API:  Java Native Interface (JNO) O O O

Service Layer: Java j2sdk

Web-API: Apache AXIS 1.4.0
pPCOO0OOODOODDOOODOOOOOODOODOOOD
gooboooooboooobuooobobobooooboboo
goooooobDboobobooooboboooboooooa
gooboooboboobbbooobbooobboooobobo
0000000oo00obOo0obOoooOooboobooooooa
gooboooooboo
000bOo00o0DbOoOo0obOoOooobOoOoOoboboOooo
joooobobooobobooobooooobooooboo
00000000 oooooooooooooooboooo
JdoDooobO0o0oobOOoobO Cc++0opobooboooooba
oooooooo
O0O0OWebOOOOOODOOOOOOOOOOOOOOOO
0000000 Java Native Interface (JND) O O O O O Javall
goooooooooooo wr-APIDODOOO0ODOOO00O
goobO0oDJdaval D0 O00O0OD0OOOODOODODODOODOO
Joo0o0ooooDbOoOobDbooooboboOoobooooog

O0000000000000D000000Apache AXISO O
OO0 WebOOOOOOODOOOOO

4.3 ODO0OOOOOOOO

00000 Web-APIDOOOODOOOOO HNSOOOOO
000000000000 OperlO SOAP: LteDOOOOOO
OJaval DOO0D0OOOO0ODOOOOOOODOOOODOODO
pvbooooooooo TV, bvD,5.1ch0O00OO, 00,
gobooooobobooobooobooooooboooooboo
gobooobooocoooboooooboooboooobooobooon
oooooooooooooTvoOooooooobvDOOOO
0000000000000 bichbooooOooooooo
oooooobvboooooooooono
goboooooboodo ooooooooooooobooobooobo
gobodooooboooooooobooooooo
goboooooo ooboooobooooooboboooo
o0 1o0o0o0000b0A/O0O0D0OOOOOOOOOODODODOO
goooooooooooooboobooooooobobooooon
gobooooooboooobooooooooooonon
gooooooooob oooooooboooboboobo
gobooooboooobooobooooooobooooooboo
gobooooobooooobooo

5 0 O

4.00000000000DOO0OPCOOO PCOODODODO
0000000oooo0o000oooO0s.1000 R20000OO
ooopCOOO0OOO0OODOOODOOOODOOOODOOOOO
00000o0oo0o0o0o0oo0oo0oooooobob0 R3OOOOO
OO00O000O0ODOO00OOooooOoDoOooon ON,OFFD
goboooooooboooobooooooooooonon
00000000 Web-APIDOOOOOOOOOOOOOO
0000000000000 WANSOO0O0OOCOObOO0oDO
gooooooobbOORrRiIOOODOOOOOOODOOOOO
000000000000 0000000000OBPEL4AWS|[15]
OU0O0WebOOOOOUOOUOODODODOOOOOOOOODOO
gobooooboooooooboooooooooboooooog
00000000000 WebOOOOOOOODOOOOOO
00000000000 WebODOOOOOOODOOOOO
gbobooboooboodoooooboooobcobooooooo
gobooooboooobooobooooooobooooboo
oo TvoOoOooooooooOooooooooooooooo
gobooooooooboooboooobooboooooDooo
gobooooboooooooooboooboobooooo
goboooboooooooboooobooooooooo
oooooooooDs.500000000PCOOOOOODOO
ooooooOooooopPCOO0OOOOODOOOODDO
goboooooooooboooooooobocooobooooooo
o00oo0o0o0o0oooooOoooooOoopPCcoOOOn DBO
goboooobooooboooboooooooboooooboo
gooooOoooOoOoOoOoOoOOoOoOoPCOOOOOOOOO
goboooooboooobooobooooooobooooboo



Ul °2 —— Integrated
pc]ll (- Services
B v,;.....‘.‘.'.'.'.'.'.'.‘.',‘,'_ ......... S _QA_P/HTTP
T H 1 T H - PWsSbte—:
Apache AXIS Web Services
H 1 I g AN ¢ N NN ¢ N g NN ¢ N gy N |
TV ‘ DVD HCircuIator Light H CIA” Curtain
eaner
L
Java Classes APIAP AP AP AP AP ARTAR) og
JNI Wrapper
Crossam Serial COM Library
miniPC

Remote Controllers

///

0() 00 00

Crossam Programmable%
/y

O

\ —

07 0000 HNS@OO)

00oo0oooooooooooooyrooO0O0OOOOO0O0DD
0100 pPCOODOODOOODOOOOOOOOOOODOODOO
oooooooopcobOOOODOOOOOODODOO

6. D OO0

gobobodoooobooooobooooooooooobooa
ooboobooooooooooooooocooooboooooo
gobooboobooooooooobooooboooboooOoooono
pPCOOCOOOOOODOO APIOODOOOOOOOODODOO
0000000000000 WebOOOOOOO HNSOODO
00000000oooooo0o0oOoogooOo HNSOoOoooog
goooooboooooobooboooobooboobooooooboon
gobooooooooobooooooooooboooobooboo
OO0 UNSOODODODOOOOODOODOOOO0O

goboooooooooooobobooooboooboooooboo
gobooooooooooooooobooboobooooooono
oooooo0ooooUoooooeooooooooo

o0 ooooooboooobboooobooobooooboo
oooBO15700058 000000000 2100000000
goboooooboooooooboooooooobooooboboo
gobobooooooboooobooo

O O

Digital Living Network Alliance, http://www.dIna.org
ECHONET Consortium, http://www.echonet.gr.jp/
gooopo&OOOOooOoOOOODODOO,*00000000
0", http://lwww.horaso.com/

(1]
(2]
(3]

(4]

(5]
(6]

(7]

(8]
El

[10]
[11]
(12]
(13]

(14]
(15]

H. Igaki, M. Nakamura and K. Matsumoto, “A Service-Oriented
Framework for Networked Appliances to Achieve Appliance Inter-
operability and Evolution in Home Network System” (short paper),
Proc. of International Workshop on Principles of Software Evolution
(IWPSE 2005)pp. 61-64, Sep. 2005.

0o0oo0ooo,“AVT 00007, http://d-purasu.hp.infoseek.co.jp/
M. Kolberg, E. H. Magill, and M. Wilson, “Compatibility Issues be-
tween Services Supporting Networked AppliancdEEE Commu-
nications Magazingevol. 41, no. 11, pp. 136-147, Nov 2003.

M. Nakamura, H. Igaki, H. Tamada, and K. Matsumoto, “Implement-
ing Integrated Services of Networked Home Appliances Using Ser-
vice Oriented Architecture,Proc. 2nd International Conference on
Service Oriented Computing (ICSOC200gp.269-278, NY, USA,
Nov. 2004.

gooooooocoodo*ocooogoorn,
http://www.nanomedia.jp/service/t01.html

S. W. Loke, “Service-Oriented Device Echology Workflow®toc.

of 1st Int'l Conf. on Service-Oriented Computing (ICSOC2003)
LNCS2910, pp.559-574, Dec. 2003.
goooooooooboo“obooooorn,
http://national.jp/appliance/product/kurashi-net/
goodgo“0ddoooooopooooooooogroooog
000000 Vol.87, No.5, pp.356-361, 2004.

M. P. Papazoglou, D. Georgakopoulos, “Service-Oriented Comput-
ing”, Communications of the ACIWol. 46, No.10, pp.25-28, 2003.
0o0“0000000000 Feminity”,
http://mww3.toshiba.co.jp/feminity/about/index.html

W3C Web Service Activity, http://www.w3.0rg/2002/ws/

S. Weerawarana, and F. Curbera, “Business process with BPEL4AWS:
Understanding BPEL4WS, Part1”,

http://www-106.ibm.com/developerworks/webservices/library/ws-bpelcoll/



