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ABSTRACT

In this paper, we have implemented
UPnP Devices which emulate a Control
Point, a Light Controller, and a Digital TV.
The Control Point has been developed on
Linux host system by using C language.
The UPnP Devices emulating the Digital
TV and Light Controller are running on
embedded linux developer board. For the
development of UPnP Devices, UPnP SDK
API V1.04 made by Intel Co. Ltd. has been

ported on Assabet Linux Reference board
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to implement the UPnP protocol. After we
analyze and design some services of Digital
TV device, we have applied UPnP Device
program to those devices. UPnP SDK v1.04
consists of APIs which support HTTP,
SSDP, SOAP, GENA and XML DOM Level-1
that are cores of UPnP protocol.

The C program written for the UPnP
Control Point has been compiled and
executed on Linux-based PC. The
embedded system running on Embedded
Linux OS has been connected all together
through Ethernet which allows IP-based
communications. Under this environment,
the UPnP programs are being executed on
each device. Control Point, when in
operational mode, discovers UPnP Devices
on the network and displays the device list
on the consol. By selecting one of the
functionalities of the device services that
are displayed on the Control Point, the
controllability has been accomplished. The
experiment that we performed in this
thesis have revealed that the Control Point
and UPnP Devices have supported the
protocols including SSDP, SOAP, GENA,
and DHCP.
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715 EZ 7459 lth. UPnP SDK(Universal
Plug and Play Software Development Kit
Version 1.0 for Linux)+ &jitoll A TH& Tool
ol http:// upnp.sourceforge.net/olA A~
¢} PDFEAE the 2 = itk

2% 2¢] UPnP SDK v1.09] Z28Z 72

£ YeRlitt UPnPE IP 7lHldllM E26iH
TCPE 7|dto & 3= HTTP fYHNAES}
UDPZ 7[Hte 2 8= HTTP HEIAEE &
& AR E AE3ict. UPnP SDK+ HTTP |
AAE AElst7] A% Mini Web ServerE W3
3l glem, UPnPe &4 Z2EZQ SSDP,
SOAP, GENA Z2EZS 738 APIE 33
t}. Xerces XML Parser®} C-DOM<S AH&-3}a],
Control Point¢} tjute]~7} ke XML

AR E ) gt

SSDPE UPnP9 Discovery ©AIE 23k
. SSDP= HHMNAERZ E2MH Control
Point7} MIEAZ Yo e tnfe] 2ES Zlo}
W) 93 22 eS|},

UPnP Hulo] A= UPnPS] Multicast 'd¢l
239.255.255.250:1900 £EE Listendtd #|
AR 7} =28 wi7kA] di71@}. Control Point
Z2¥ Discovery WAA7} =28t XMLE 2+
A AT A9 g Hule]x B E vk
gt} Control Pointe ¥HHE XML WA A& 1}
3l tirte] 29| Bl Yoplln, wHE ¢

ol rSt mlo >

Hlo] 28 E&o A0

UPnP SDKE Device/Service Descriptions
As}7] 413 Mini Web Serverg 1d3}t3 9l
t}. Mini Web Server< UPnP Deviceol| WS
o], Control Point25H 84 & 2E HTTP
WA|X] & A elgtc}. Control Pointe SSDPE %
& LAE tiule] & FolA Ale] YA st
tuto] 27} SPHEW, 3 Huto] A2 R Rigt
® SSDP % wAlA9] Service Description
URLZ H2=9A4 so|A & 833

Control Point”} HTTP-GET HWAIR & T]A
A9 FolAE 8H3sH¥, UPnP Device9
Mini Web Servere #4219 ) tjdEzjelA] &
g Bdg Fol 1 ZTAEE HTTPR $H3eH,
L3, Mini Web Servers SOAPZF GENA HA}
AE Mgyl A3 2AFFE 2T
Control PointZ%E SOAPe]Y GENA A%
7F 23 a)d SUErE SEcl vARE
Aejgict,

GENAE UPnP¢ Eventing 9AE A3
t}. Control Pointe tulo] 29| AejE 2UH
g 3Pl 9 g tuto| oAl Eventing 7
=& 2390 dulelaes 75 949 AH|a
o thell IDE Foisl] 2ol WelEgdHSS
Control PointolAl &=]x, 3 Av]x9} #A
E el M3k F 2AISHE Control Pointol]

A AAE WE-E XMLE 7]&3t] de &

SOAP2 UPnP9 Control @Al al4d3h=
ZZ2EZo|t. Control Pointe A¥]A tA=
HAE Bstd duo]l a7t Al Fshe 7e g
Fropdith, AjH] 2~ tAaa g gole Hut
o]2~F Control 3t7] $1%+ Action X7} 3
91915}, Control Point7} ©lule] A2 o8}
12 & o, 3 Action SOAP HAIXE &
8 tule] 2dlAl 8%} 84S e tinjo]
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&= XML String. 2 385 o0E SOAP
"W% st a|F AH|
AE wrgkitt

UPnP SDK+ 2% 29} 2] TCP/IP oA
=28l HTTP Z2EZ3 SSDP, GENA,
SOAP Z2EZ 18|31 XML DOM Parserg
Z3im, o] TRESZEL A AT APIR
TFA=o1gith. UPnP Control Point$} tiuje]
o]Ze]Ao]& UPnP SDKe| APIE &%3}o]
UPnPe] & 7|5ES 788 & Ut

UPnP oJZgAelAd A& Hste] UPnP
SDKEZ A% 3% pthread golBz ]}
uuid ZlelB 27} " e3dtt}, pthread gtolX
22l glibc W71A ol £ 5 o] glon & 4HE
oA AHgE e ECdE 28 Hojglth uuid
glol Bl gle e2fsprogs F)A] <ol EEE o]
slom B EEd e XH HolA %71 WE
o] UPnP SDKZ 4X|3}7] el vjz] Hx)8)F
ojof git},

UPnP SDKZ AT 31 HEHo=m ¥
gZtolB#{2lQl libupnp.so FL-E AP
AL 93 UPnP SDKE ARME2 2 Axd
a3 oA o ZeiAel T} T EEER] oA}
¥l Hoo] g2t sl A7 23 R
Az 279 YA ge] dA|stA] ot
HE 2 AR Ade Z2HE 271 f6
UPnP SDK glolBe{g|& Z4 ge|8ejz]=z ¥
s3] EMIREGME UPnP olZg#A o]0l
BB 3ttt

o 2o

4.4
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0
a

Zo nE

H =B Qe SA-1110 Evaluation
B0l Agsabet o] UAE TV 715E 7F

UPnP ol &gole1g &)7] ¢J8td & te] PC
o BlEAE Agsta ARME 222 e E A
S AxETh AXg 22~ Avdee] WA
< o 2

» arm-linux-binutils-2.10
» arm-linux-gec-2.95.2
» arm-linux-glibc-2.13.2

EMIR T 3 AE AFEE RS232¢ o]viull
o2 d4509 It} Minicome A83HH
RS232% £ 3AE Z1FE 9 ZUHZ ePlE

1:4 Hz 9l %E_:]'%t]. 23 4 011;]. TAE 741f

ElojA] ARM&C & A8~ A o] ZgH]
AL ol B3 EPIEER tEE 8 F
9}‘4.

2 Agode dxgd VY 7153 AHaS
24 “}OE] UPnP Description® XML A2 2
A8k Intel UPnP SDKOAM A &3l APIE
o] g-&tod AlAglo] UPnP Hule|Ag Fabel=
= ojZgFAo|A& At S2E HFE
X1 UPnP Control PointZ A3A17]1, AR
ZoA UPnP TV tule] A& A PA|A UES
A2 AZ4E F AlzElo] UPnP ZEEZS 53
Faehe & gtk

1. UPnP DTV CHIO|AS| MHIA 24

DTV (Digital TV)= DSTB(Digital Set-Top
Box) 258 #AE tAE we-S 28] AT
Ao}, E =R ME DTVY 71%< UPnP
Z 73] glEa Az FHBIES o F
glA| S ATt

UPnP tulo]22 Zz a#waly] Ysirs
AA dule] 27t 7H 7)%%-E XML HaARA
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X—Wsﬂok gt B =R 1Y dedt

Ne€ 7M1 DIV 248 2402 3l9en,

DTV tiafo]2~9] Mu|A~E F 7EA 2 A 2J8lgl
15 =20

l
PN ox

o F 7 A A F e Ad, EF 52
A% = 3l= Control AH|20l1, THE S
Ze, Wl 65 28 + 3= Picture AH| =
olt}.

£ =FolA A% DTV Deviced HAIH
AL XML v1.022 A=A} root Bl
xmlns (XML Name Space)<= ©| 417} UPnP
Device v1.0° Ae #ALS el
specVersion< UPnP Device Architecture
version 1.0 9< YeATH URLBase: ZE
2 g4d 2417} http://192.168.1.109:2000
T2 ofgfol] x| EE et

Device 3 2E DeviceType, AF&217F A T
& ¢ A 37] 9% FriendlyName, #&%
B 2dgE dule]lx yuidet A 2d dHE T

’d¥ Unique Device Name, #}7]A¢l] thet a5
M 59l Universal Product Code®} tjrpo] A7}
AFshe Al =9 B|2E, aeja Zejleo|A
Ho|x|e) FAE XF3L

Service Listoll'= UPnP TV Device®] ¥ 7}4]
A8 291 tvcontrol-13} tvpicture-1 A8] A9l o
& JE7} vk, Zbzke] Mul2E Service ID,
Control URL, Event URL¥ Service
Description 491 SCPD(Service Control
Protocol Definition) URLS 7HA 3L i}, z+z
o] £4F URLBase®E A|9)3t 319 FAhmo g
FHE U

UPnP TV Device® Control Service:
Power, Channel, Volume2] 8|S ZUE a1
AEE 317] 9% Mulzelth. & 13 ol
UPnP TV Control ServiceellX+ PowerOn,
PowerOff, SetChannel, IncreaseChannel,

DecreaseChannel, SetVolume,
IncreaseVolume, DecreaseVolume 5 8719

Action®] AFES & 4 AUt} Control Service

o= 371e] A7 2A3). Power B
0 %E 138 7HE 4 93, Powerd) On, Off A&

BE vehdnt

Channel ¥4& AEAHTE e, 104
1007H719 A4 #& 7H 4 Atk pA e g
Volume ¥ £ 715 vy, 144

1074219 B k& zheth.

UPnP TV Deviced] Picture Service®
Color(&), Tint(Ma), Contrast(®<),
Brightness(¥171)& 243l7] 9& Mu| =& A
%t} . Action Listo] & SetColor,
IncreaseColor, DecreaseColor, SetTint,

IncreaseTint, DecreaseTint, SetContrast,

(E 1) tveontrol AH|A2| WM 52

Action Name Argument

PowerOn -

PowerOff -

SetVolume Volume

IncreaseVolume -

DecreaseVolume -

SetChannel Channel

IncreaseChannel -

DecreaseChannel -

E 2) tvcontrol Al A2 AlefH=E

Argument Name |  Allowed Value | Default Value

Power 0E= 0

Channel 194 100749 A% 1

Volume 19041 107141 8] A<= 5
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IncreaseContrast, DecreaseContrast,
SetBrightness, IncreaseBrightness,
DecreaseBrightness 5 12719] Action®] 71&
5o 3t} Picture Service?] A== Color,
Tint, Contrast, Brightness 4l 7Fx7} Al &%
o, Ztzbe] A 194 107149 Ao
= x¥HEd

Control Point7} DTV tujo] A& sty
tjato] 2ol Al A2a P S 843 tulo] 2
Wie dAue DlﬂM/‘ U=y 4d& HTTP
Z2EEZS 53 A3} Control Pointe ©

(F 3) tvpicture Als|22| M SE

Action Name

SetColor Color

IncreaseColor -

DecreaseColor -

SetTint Tint

IncreaseTint -

DecreaseTint -

SetContrast

Contrast

IncreaseContrast

DecreaseContrast

SetBrightness

Brightness

IncreaseBrightness

DecreaseContrast -

(E 4 tvpicture Mp|Ag| MefHE

Argument Name |  Allowed Value Default Value

Color 194 107129 B4 5

Tint 1ol 1071219] 4

Contrast

5
1ol A 107419 A 5
1914 1074419} B4 5

Brightness

i8

ol A Y AAYM G Wolx AT H,
SCPDURL%E 3o} thA] AjH| 2= 23048 &
A&} Control Pointe AH|A YA=HA
action name¥ argument nameS. 2 Tjujo]x

2 AEE & 4 94, stateVariable®] ko] ®
735]21'5 ) tirle] A& Control Pointell Al o]#
E7FEARSE dFh

1o o

2. UPnP C|H}0|AR} Control Point T2 124

2 =i A48E el °‘BﬂElC Zlsa Al
Wl F2she UPnP tule]~E C 223
o= st thEd UPnP TV tluto]x
zgz o] AA AA F main TFE LI

int main(int arge, char** argv)
{
int ret=1;
int port:
char *ip address=NULL,
*desc_doc_name=NULL,
*web_dir path=NULL:
char desc_doc_url(200]:
pthread_t cmdloop_thread:
int code;
int sig;
sigset, t sigs to_catch:
ip_address=argv(1]):
sscanf(argv(2],” %d" ,&port)
desc doc_name=argv(3];
web_dir path=argv(4]:
sprintf(desc_doc _url,
“http://%s:%d/%s . ip_address, port,

desc_doc_name):
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printf(“Intializing UPnP \n\t with
desc_doc url=%s\n\t", desc_doc url):
printf( "\t ipaddress=%s port=%d\n’,
ip_address, port):
printf("\t web_dir path=%s\n",
web dir path);
if ((ret = Upnplnit(ip_address, port)) |=
UPNP_E _SUCCESS) {
printf("Error with Upnplnit —
%d\n”, ret):
UpnpFinish():
exit(1):
}
printf( "UPnP Initialized\n"):
printf( "Specifying the webserver root
directory — %s\n", web_dir_path);
if ((ret = UpnpSetWebServerRootDir
(web_dir_path)) !=UPNP_E SUCCESS) {
printf( "Error specifying webserver
root  directory — %s: %d\n’,
web_dir path, ret):
UpnpFinish();
exit(1);
}
printf("Registering the RootDevice\n'):
if ((ret = UpnpRegisterRootDevice
(desc_doc url, TvDeviceCallbackEventHandler,
&device_handle, &device handle)) | =
UPNP_E_SUCCESS) {
printf( "Error registering the
rootdevice : %d\n’, ret):
UpnpFinish();
exit(1);
} else {
printf( "RootDevice Registered\n’):

printf( “Initializing State Table\n"):

TvDeviceStateTablelnit(desc doc_url):

printf( “State Table Initialized\n"):

if ((ret = UpnpSendAdvertisement

(device_handle, default_advr_expire))
I= UPNP_E SUCCESS) {

printf( ‘Error sending advertisements

: %d\n", ret);

UpnpFinish():

exit(1):

}

printf(“"Advertisements Sent\n’)
}
/* start a command loop thread */
code =
pthread_create(&cmdloop_thread,
NULL, TvDeviceCommandLoop,
NULL):
/* Catch Ctrl-C and properly shutdown */
sigemptyset(&sigs to_catch):
sigaddset(&sigs to catch, SIGINT):
sigwait(&sigs to _catch, &sig);
printf(“Shutting down on signal
%d..\n", sig):
UpnpUnRegisterRootDevice(device_handle);
UpnpFinish():
exit(0);

ojEgjAlol ol A=W UPnPY 7 74 £
2EE 27188t Al29E UPnP tulo| A
Upnplnit() & Hulo] A& 2713}
3P‘c s *i/\i IPE A8l JEHES 27
33t ™, MiniServerd]l SOAPI GENA
Callback & 553 &, SSDPE Y3k ¥
EAAE A& AA s, WebServerE $3HA]
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Z1t}. UpnpSetWebServerRootDir() e ¢
Au| 28 98 712 AP EE WebServerell A
Asta, HTTP-GET HAIAE Asly] He
Callback &E& 553}

UpnpRegisterRootDevice() &4+ TZI13
< UPnP Root DeviceZ 553k &2, oWl
E #EE AFetn, AR daadbdidE
2= sl IMHe] FANEHE Fsta,
O2aGA S sl Aulx 2l2E go|ES
z7)3kgt}

27137} £y vH UPnP Multicast
Channel 53] Advertise Message® %3
© 24 UPnP Control PointElAl zR:le] Y|E
A2 Yol EASSS ¢t 1 Folle AYE
gRlozre T2 T8 Hio] ¥Ed w7}
A Y EY AU Al A= oA BAY3h= o[ HIE w4
A& Azt M EHE 53l dAst= o[HE
£ MiniServer7} A2l SOAP WIAA =
ProcessSoapEventPacket() 2, GENA
AAlE genaCallback() 42, SSDP HAJA|
£ SsdpCallback- EventHandler() &2 A
Bli=d

thgo2, UPnP tule] A& Aojslr] &l
glEAs T2E A2/ X F3e= UPnP
Control PointE AASIH T th&& UPnP
Control Point®] 278 2 main 3o &4

ot

int main(int arge, char** argv)
{
int ret=1;
pthread_t timer_thread,
cmdloop_thread:
int code;
int port;

20

char *ip_address:

int sig;

sigset, t sigs to catch;

CMD STATE = VIEW DEVICE_LIST:
DEVICE_STATE = 0:
SERVICE_STATE = 0:
QUERY ACTION_STATE = 0:
COMMAND_NUM = 0
sscanf(argv(2),” %d",&port);
ip_address="192.168.1.109";
port=2000;

printf("Intializing UPnP \n\twith
ipaddress=%s port=%d \n’
ip_address, port);
if ((ret = Upnplnit(ip_address, port)))
{
printf( "Error with Upnplnit —
%d\n’", ret);
UpnpFinish();
exit(1):
}
printf("UPnP Initialized\n")
printf(" Registering the Control
Point\n"): .
if ((ret = UpnpRegisterClient(UCP_
CallbackEventHandler, &ctrlpt_
handle, &ctrlpt_handle)))
{
printf(‘Error registering control point :
%d\n’, ret);
UpnpFinish();
exit(1):
}
printf( "Control Point Registered\n'):



E WEANZ Mof o|Es0o{2l UPnPE 0{&%t Control Point &
LHEHS AlAEL Aofla{e] DTVe ME H|oj7] o 22ljole] 78

UCP Refresh();

// start a command loop thread

code = pthread_create( &cmdloop_
thread, NULL, UCP_CommandLoop,
NULL );

// start a timer thread

code = pthread create( &timer
thread, NULL, UCP_TimerLoop, NULL
)

/* Catch Ctrl-C and properly shutdown */

sigemptyset(&sigs to_catch):
sigaddset(&sigs_to catch, SIGINT):
sigwait(&sigs to catch, &sig):
printf("Shutting down on signal
%d..\n", sig):
UpnpUnRegisterClient(ctrlpt_handle):

9o ZRaWex AEES FQIE Z2IYo|
Ags® Upnplnit() 342 UPnPE 27183
3 UpnpRegisterClient() <& o|HE S
& 43t} ControlPointRefresh() ¥ ¢l

Hlo]x 2| AEE %7]8}%11, Device Search W]

i

SSDP Search Z2EZ]| oJ3)] ¥ t]njo]
259 HRE tjulolx YAE FZA| A7}
I ANE FZo} Eoln) 2 EE YA} B
ol A#H = 30%nt} Advertisement
Timeout& A3l tjuto] 2 Eflol FEE
F7dsta A g AlTto] 60% Eoke 7% 3
=0 Search HA|AIE HEsl] S0l
T EHY ob AHE gt

Renewal #AIA] &-5to] gla1, A gkAIZlo] OB
o} Zo™ & tute] A7t HE A UlolA] wh

o oft

.
.
%

s

UpnpFinish(): AUzt Aoz B3 Hulo] 2 g]lAEdA Fge
exit(0): =& Ak g},
: Mot
TV Dewice © Dnsocig
Embedded R3232
Systeml [
Contrdl s B
Foint Light
Ethernet Contraller
I:l Emhbedded
S— et | Rsin
[1]=2a 3¢
Ethetnet Ethernet
HUB

(718! 3) UPnP HIER|Z 7AE

21
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Insert dction Mumber> Device List...
1, URaP TV Emulator
2. UPsk Light Controller
%. Exit this program
Selest Devicer 1
UPnP T Emulator - Service List

p. Device property

d. Device List

%, Exit this program
Select Servicer 1

1. Query

2. Action

B, Back

4. Device List

%, Exit this progrem
Insert Command> 2
urn:upnp-grg; serviceld: tvcontroll
Actien List :

Powgr(n
BowerOFf
. SetChannel
. In¢reasechanng]
becrasathanne]
setiolume
. Ingreasevalum
. Decreasevolum
Back
. Device List

. Exit this program
Insert Aceion Number> 1

[ZH] (2] [FE4])

EeEEnNm s e

1. urnsupnp-org: seeviceld: tycontralt
2, urniuphp-pracserviceld: tvgicturet

uPnP TV Emylator —» wrnsupnp-org: servicedd: tvcontrott

(a2 4) TV cjujojAe] PowerOn HME Al

3. o{E2AH[o1Mef Al

= glo gt BEA JEREE UPnP TV
tjnjo] 29 UPnP Light Controller Tirlo] A2
Aetal vpA7IA| 2 ol ul-& FBoj| AAg}

UPnP ZEIFIZE g A4S 93] =EEF
2% QAT

route add -net 239.0.0.0 netmask
255.0.0.0 eth0

29e Adse ey JRE FrkAL,

22

A z"lo A 2|8t E 2] AFErt. 2UEH
g0 Age pCel AEXE EAEREE A
A3}, Minicome A 3AA B =S F&o
2918t} Fgo] AlAHY ERI F ti9
He e 3o Q4" V2 RE P2 AL
= gt

olA|, E & Control PointE A &A|7] 1L
Minicoms 53] EMEECA TV tlate] A5
Agete, Zzaado 27353,
Advertisement “ﬂ/‘]?‘]—a‘ Agse AL B F
ath 28 4& AEEFEIECA DTV tiulo]x
9] PowerOn o'%‘% AP 7ie BgEoltt.
UPnP Protocol 3elA HIE.
719} dufo] ~F U‘/]Fﬁ )5ty AEES F

t}. Control Point =
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§ YENP_CONTROL_ACTION_COMPLETE
0

iErelode =
el = hthp://182188.1.111:1800/upnp/contrg] ftecentrolt
ﬁrzﬂequest = wPowerdn mlnsi="urn:schems—upag-org: service tyaontroda 1™/ 1

eﬁczRasult = Powerdnfssponse welnsiu="urn: schemas-upnp-orq: servicertyeantr

foli1"/s

£

| UPRP_ENENT_RECETVED

5 510 = ydd: 7461163b~1 5541 02-9¢56-¢6d59¢d2 9815

tEventhey = 3

Chengediars =  <erpropertysst aning e="urnischams—ignp—orgievent—4-0">

sieproperty”

s g R T
(<fepropertys
iterpropertysets

HERNEEICES

(3% 5> PowerOn &M

25 AgPA)717] fste] tiuto] el NH|2E A
Hele A S GAEE AP 5 R A
H}t}. Control Pointe WEH ] &EA3t=
UPnP tule| & Zolfjo] B85 & &4
gttt Device 552 Device Descriptiong
FriendlyName®.2 F3d 3
ServiceldZ E& T}

gl o A Control Point® UPnP TV
Emulator2} UPnP Light Controller 5 78<] T
Hlo]| 25 Zopdl A £ gtk A WA ©A
2 tuo]x BE FoA T & Y=l UPnP
TV EmulatorE 939, Control Pointe
UPnP TV Emulator®] ¥~ 558 £23it}
tvcontrol-12} tvpicture-1 5 7H2] Ajn] A9} ¢
Hloj FHE ZEdl= vy, Hulolx FAE
Wy I28ln ZEOWS 253

., Service HE2

s 290t

Mg Mg oz

tvcontrol-1 /‘1 H]i% Aegitt, Control Point
£ Yulol 9] FEHHSE B ¢ e Queryst
tutolx 7158 APAE F = Action W
EATEt 2 & 983 Actiong A=A,
Control Point= tvcontrol-1 A1¥] 28] 87}A] <Y
Mg £33t 1T -2 4338l PowerOn H# &
93k Control Pointe PowerOn &l o
gk SOAP HIAIA & 238l tlufo] 2o A] M
cii=
tjuto] 2= SOAP HAIAE
A3e £ A" ZHE Control Point
oA W&stct. Control Pointy ¥HHE wWA|A|
g EAM%dq 29 59 Zo ¥},
UPNP_CONTROL_ACTION_COMPLETE H|

o,

28] 24

23
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HAE S S oHER deof it} 1
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HE 2 dARRIRE FE3} EventKeyw= Al
HAZ SHE oWEYLdE YW,
ChangedVars®] XML #74-& 53 Power W5
HFeE ARHA S gt

V.88

¥ =Fo)A= UPnP Control Pointet TAE
TV, 28]z AF Ao]7] dEdolHE 254
PCe} gHt= g2 AlamldA AHEEh]
&, 91ele] UPnP SDK v1.04& ¥¥t= Al
dog ZElsla, CAolg ojZejAoldE =2
Ty skt

E =8 Al&E UPnP SDK v1.04= ¢!
dlAloll A Wl X3 Ao gl AAE AolA
UPnP Control Point®} UPnP tjule]2~& 7%
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2 Azsly] 8 tAE Ve 715 B4381
Ztzbel MUl AE Heldta o] AH|28] UPnP
XML Descriptiong /43t th. UPnP SDK
7} AFsle APIE A8t UPnP Control
Point$} UPnP Hulel A5 FAdsta, A€
UPnP tule]AZ StrongARM A|A®ICE 3
B st}

3 tle] PCE Control Point® A& 3stx, &
el Juite AJ2=S tAE TVe [T Alo]
72 BARIEE A £, 47 BlEEY
PCE VEYAE A4Z3}3 Control Point®} ¢
Hho]| A5 AEYA|A ARt

A% A3} Control Point$} tlHjo] A Z2 138
o] UPnP ZZ&Z¢] Discovery, Description,
Control, Eventing 9AIE A3l AE &
& 53 Fssdvt. UPnP ZREZ F
Presentation ©AlE & =89 AdddAe
252 3k, Addressing BAlE 52 Al
doA A F%e DHCP ZgleldES 53 A
Sakai=3

UPnP= | 71717} o] vIES}Sef| Fojapd
228 o] 71715 Fohfx 71719 $4& et
i setet £442 ol &t BE 717]1E Al
o1& & 9l Wyt op} Zk2ke) 7]71ol g A
gio] 3 2H de] 3 old ugt Ao d &

9l Device-to-Device Control 71%5% 7FX| 1L

&

Z UPnPe 7VF¢ & #E3-E Plug-and-Play
N ATdake Aot a2y o]HE Vs
o] Z UEY A Bt FAE IR 9Fo =
e 492 288122 Plug-and-Play 71%

on FFo 2 ¥U)EH HlolEle HF #A4
TR 4= o= HWkto] B asitt,

nska glew ol g & F A



£ WEYY Hof a|Eloie! UPnPE 0|23t Control Point ¥
LHZHS A|AE AoflA ) DTVRL ME Mol7| ojE2joje] 78

o Nz AFHE BAE dAske Bel g T gy EHQ )
2 Aol & Aot} g UPnP WIESH A
o dZd= Sle 71719 7t BolA W JIVE
AR AlZe] ZolA Bz ofd] U =
2 S e Alo] B AfoA dog 3

M50l

1981 A Az (84

19843 A A48T (A

19861 University of Southern

California (A}
19909 University of Alabama
(Ph.D)

#A Binary CDMA Forum EE23}/93 91973
Home Station 53} Forum A #993] 494
Zug 2490 78 258 9198 443
ISO/IEC JTC1 SC25 A #4193 993
ISO/IEC JTC1 SC6 AE¢ 93] 914
1394 Forum 9%
3D TV F3g 93] 9%

A AAEe we

0

(1) Azl A T2 S VEY T, TZ2TAAA, pp. 198-225, 2001 8¢

(2) Hzel Al &4, FTUENA 71e 2 Z23 53 A EER] A 299 63, pp. 18- 39, 2002 6¥.

(3) Universal Plug and Play Device Architecture v1.0, Microsoft/UPnP Forum, 2000

(4) Universal Plug and Play White Paper, Microsoft, 2000

(5) "Hypertext Transfer Protocol — HTTP/1.1", R. Fielding, J. Gettys, J. Mogul, H. Nielsen, T. Berners-
Lee, January 3, 1997. Available at http:// www.w3.org/TR/REC-C3S1-961217

(6) “Extensible Markup Language (XML)", Version 1.0, W3C Recommendation (http://
www.w3.org/TR/REC xml)

(7) Simple Service Discovery Protocol/1.0 INTERNET DRAFT Document, Available at
http://upnp.org/download/draft_cai_ssdp_v1 03.txt

(8] Simple Object Access Protocol (SOAP) 1.1, W3C, Available at http://www.w3.org/ TR/SOAP/

(9] General Event Notification Architecture INTERNET DRAFT Document, Available at
http://upnp.org/download/draft-cohen— gena-client-01.txt

(10) "HTML 4.0 Specification”. D. Raggett, A. Le Hors, I. Jacobs, 24 April 1998. Available at

http://www.w3.org/TR/REC- html40/
(11) Linux Networking - HOWTO, TCP/IP MIEH A #e] 27, 3234} 1999

25



