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UPnP Compatible Sensor/Actuator Infrastructure for

Home Automation

Student: Yu-Chin Liu Advisor: John Kar-Kin Zao
Institute of Computer Science and Engineering
National Chiao Tung University

ABSTRACT

In fall 2005, an elder-care project named Kannon was launched in NCTU
Pervasive Embedded System (PES) Lab. This project aims at enabling elders to live
comfortably in their familiar environments by gradually transforming those environ-
ments through acquisition of smart appliances. To achieve this goal, my colleagues
and | developed an infrastructure.for sensors-and actuators to work together. Such an
infrastructure is expected to have the following three essential properties: (1) the
infrastructure should enable on-line devices to discover one another and use their
services; (2) the infrastructure should be-able to-adapt to occasional loss of devices
and changes of system configuration; (3) the infrastructure should support modular
application programming that enables interoperability among heterogeneous devices
and incremental deployment of target systems.

In this thesis, | described a two-step approach to establish this infrastructure: In
the first step, my colleagues and | developed an UPnP proxy for wireless sensors and
actuators; in the second step, | devised a hierarchical programming model for UPnP
devices and services. The UPnP proxy converts different communication/pro-
gramming interfaces of various sensors and actuators into standard UPnP ones, and
thus foster interoperability among those devices. The hierarchical programming
model, on the other hand, allows incremental changes of program modules without

affecting the structural and functional integrity of the system.



To demonstrate the usefulness of my technology, | built a simple feedback
system to control the indoor luminance level of NCTU MIRC Smart Environment
Lab. That demonstration system worked well! Furthermore, several of its modules
including the UPnP-compatible light sensors and dimmers are useful in other auto-

matic lighting control systems.
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2.2.1 UPNP3e i gk & fo it

UPnP Enabled Device

Device

Service |

Service 2

UPnP Enabled Device ¢

Service 2

Control
Point
Device
Control Point .
Service
UPnP Enabled Device
Root Device
Embedded Device
- = Service Service 1
s N
Service Action]
State -
Table Action2
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UPnPZ A e & 5 % ¥ (Device) » PRi%(Service) £ #1+4] 2:(Control Point) - B] 24_

RN SN FU TR S RN ST T

% PRFx(Services)

PRA:E_UPNP ¥ B e ] 8 = > JRA4E B o (Action)iB 4 — 2k f % #c

(State Variable) % ze45 B a0 pL PRAR R > H ¢ 4 5p (Action) {% Az 58 # e 50

(Function) » ¥ W& kx - BT HEHRT BE S



RS

% (Devices)

7 % % (Embedded Device) sk # o

e
il
1)
o
e
2
N
W
A
>/

s +#]2k(Control Points)
FoAlgw 4l UPnP e P 3 ehEE > A TR £ 0 48 & nE
3

o P~ it 2 2 (Device Description) » &7 B~17 4p B PRFE 1] 5 7|

FA

o BB BABRRIH it < % (Service Description) o

e X # 5 (Action) k F 4 PR AR o

e % BARFPRIF G R ehd (7 0 & F 37 B PRI ik i % #c(State

Variable):c % p¥ » ¢ ¥ %~ i % i* (Event) -

Al A Rfep $ 1L il SR A R L )‘J‘%{d K
R~ F & UPnP k¥ vrere B B B UPIP £¥ ke 30 - Bindlger
kipdld & UPNP £ % -

B4 g 2 % > B~ p Understanding Universal Plug and Play[5] -

2.2.2 UPNP# i #7]

- BUPNPEE ¢ 7 4ol Bl 3~ Bl 404 2 #74] » UPnP i@ * XML4 it <~ @

(Description) k5 it — BF HEE > 4 23 B JIEING ¢



embeddedDevices

Device
PgcleviceType : STring
PefriendyName : String
Femanufacturer: String 0.
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PemodelDescription : Sting
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femodelNumber: String semvice s S enice
FemodelURL : URL >
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TeseniceType : String
TesenicelD : 5tring
#gcontrolURL : URL
PgeventSubURL 1 URL
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stateVariables
action,
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2.2.3 Intel UPnPHci B & £
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ﬁ () High Level

ﬁ (b) Mid Level
Device: Sensor/Actuator Assembly (Physical)
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R RE R BERS BERE PP KK TAPM i Sl e

o 4% H_B R R E & B H B (Sensor/Actuator Individual) ’T} EIREILL N

R B e iR F 2 IR B A PRAE
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< R RIE S EF E R £ (Sensor/Actuator Assembly) b gt ip) B iR B AR
Bt~ 34 % % (Embedded Device) » #7r2 & % b i X ¥ 45 i ¢ (Device
Description) % ¥ 7] 4 (Device List)® > & & J& B %] g P B & B F B fd5f

2H PR FERE P TN A o # Hd JRIH iE 2 2 (Service

Description) & #5 it :

pas

» Vender-Specified Control/Sense Service : #7# ik % 5 (Action) ¥ it fr @
R chicdp i e B REERED RO DR RIE LG G 7 TR S

He s AP 0 I R i B § 0 7 I R R P

=i 8 TPnP Devices
—-ee Mote Device
- [} nrachemas-pes-cenoto-edu-tw service LowLevel_Information: 1
= _I ftate variables
P Active
=& LL_ID
5 Location
# Get_isbotivelboolean Aotive)
@ Get_LL_ID{il LL_ITN
i Get_Location(ztring Location)
i Set_Location(ztring Location)
[} nrschemas-pes-cenoto-ed u-tw service Svstembdanagement: 1
| ftate variables
i Managel O
= W ender Specified Light Sensor Embedded Device
- [:}' urachemas-pes-cenoh-ed -t smreice VW end eri pecified Lightiensor: 1
= fate variables
P resnlt
i Senzuil reslt)
== ender Specified Temperatore Sensor Embedded Device
= W ender Specified Accelerometer Sensor Embedded Device
= W ender Specified Sounder Sensor Embedded Device

+

+

+

Bl 8: ™A # &]-UPnP Berkeley Mote

312 % K 1@ * R MRS G

Lip- AAFALEEZ R A YA AN RIER P EE RS BARE A
‘o s % F5 it 2 2 (Device Description) 745 it ch 48 A R R B A A H R [B)
7b] > Arrasip E Emd W P R P B iR H E & (Sensor/Actuator Assembly)
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kA

o fiBd Bty > f o4 ¥ 5 it~ 2 (Device Description)¥ 14 i *

UPNP #% 3 #74% i ik # 35 it ~ i (Standardized Description) ; @ g jp] & e3%

o F1AUPIPHE & @R A § 5 7 Slg R B RARERE 2 2 iR

;,

7

— BRRF*
Mid Level Information Service :

R ERE R PRI AP R R BE T o d 213 R PR
B BEE frd SR PR B S o S PRIAR T A R Bl

B @R R B AR B EE 653 R R0k b A R

P Z ORI R R 3K 2Tk B T 3L (Active Status ~ Location) % e 9
DI EBRGOREREBEEEARFE  FIR PRI AR BT LA EZR Y &

UPNP & 32 iR PR B ek ¥ 5% %5 128 (Device Driver Module)% % ¢ #13k 2 e
EBEF e

Standardized Control/Sense Service :

AP e AEAT U BB R R e o BRI E D > AR IR
%P i % g RI# i (Sense Action) e R A BRI A DR RIE 0 B
5 4 4% = 47 3% (Transformation Function)ds 4% = 13 %] B > L #45 # ch%)
BREP KR BIF D o B BNy o A dr PRI 417 & (Control
Action) ¥ i » ergpdliE o € BB E R AN S MR % B R ¥ Mk
Falsa e o
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=] 8 UPnP Devices
+-e Btandandized Accelerometer Sensor Device
= atanndardized Light Sensor Device
= [} wrnachemas-pes-cenctu-edu-tw service bid Level Information:1
=l vtate variables

P Active
& Location
& ML_ID

i CGet_ishctive (boolean Active)

i Get_Location{string Location)

i Get ML _IDduil ML_ID)

= [} urnachemas-pes-cenctu-edu-tr service Standardized Lightiensor:1
=l vtate variables

P result
# Senze(uil resulf)
+-e Btandandized Bouwnder Bensor Device
+- g tandardized Temperatore Bensor Device

Bl 90 ¢ & §6)-UPNP 1538 & i B

313 3 Kk ‘' KL EIRIET &

I N ;I.&'a L R ﬁ % kSt BB B R we4f 14k si(Feedback Control

System)[®] 7c] > F & Frif 3 AR R e R E 2 R e B 5 P PE T & R R

RO R F BRI BB R B il S R il RS el

o TR ERET ] * M.

%% # it < 2 (Device Description)4y if ¢4 %ﬁﬁfu{r‘s LR Fat ISR S

Je-p B bR BB RS BT drd] 0 P RS BRI F - BRI Rd B

L] (PR x4 it < 1% (Service Description) % #7 it

% High Level Information Service : &% Zi& B & SLenfh 8 S8 0 Bl4ois B % 5
PRAZerpe Bl o

% Sensor Actuator Collaboration Service: #% &3 s St p o 3r 4 a4F & - T 58

HRRTE 0 A K ARk B JRE -
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—|- i 8 TPnP Devices
=g Indoor Luminance Comtrol Sxvstem Device
- [:}J s hemas-pes-ce-nctu-ed u-tw service HighLewvel Information: 1
=) Btate variables
P& Location
i Get_Location(zting Location)
i Set_Location(ztring Location)
- [:}J s hemas-pes-ce-nctu-ed u-tw service Bensord ctuatorCollaboration: 1
=) Btate variables
& Automation
& Epoch

P Level
@ Get_Automation(boolesn Avtomation)

@ Get_Epochi{uiZ Epoch)

i Get_Levelfuil Level)

@ Set_futomatoniboolean Automation)
@ Zet_Epochiui? Epoch)

@ Set_Level(udl Lewel)

W 10: & & # 60-UPNP 3 p 4 v a4 2

AR g T F R R A Rl X g R e (Y K
UPnP 5 )R B3 - dopt jom S @il idic o k6 3] L R Wig ol R
KE S F R o mor g UPRP B FIE 0k UPNP %% 3% B 4217 9

WL R % st il 7 0 h kRO et -

32 UPNP&IFRE

L

Pep B A AR L R A LR R R F B E o L

(i‘v

gl

FREE 5L F 25 UPNP P R EG L BRI A
W2 g AT AP EEEE UPNP R R pR B R 4 = UPnP £ % >
THR G T
% BEPF A 3 4o 38 % (Incremental Deployment)
BORgep B A AR b~ FTEF LR PF O UPNP R EREE &
WREA 4 W UPIP kg KRR B AHE R
% # i 4% /¥ (Dynamic Operation)

FAUEES G S22 w P UPIP SRR B & iR UPP £ 3

F_&

gpEad i AF TR A - HOFHEE -
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S PRV AFR ié;ﬂi%]% 3¢ (Various Data Transportation)
d 2% UPNP #2418 A & 5 it BoeniBvh > SV % 2 i3 7 e enF A
B S R R Rl o A UPNPAV 28 (AR 0 il
R RIREE TR ENEDZ @@?ﬁ?ﬁ TEHTL - FRIATE  FRFEF

ﬁ:‘ F#x

&

JREE RBRTLNESE 2GRN T RFTHIEN]

37 0B AL enipu g AV & ] UPNP NI R PR B G 3% B ie A R (FAER
1. UPNP % % 4~ 41 (UPnP Device Initialization)

2. UPnP %% &aw B&# K,ért (UPNP Device Deactivation and Retirement)

d bR A 4g oA R A UPNP R IR RUR Ben g 4R TR S RN
P N = AL R

Bt ¥ b B hE o UPNP R RIREICRE A Aok F 5% 3 P ees £
EPBES 6§ AR REUPIP N PIRBREFF T 0 A

SRR R R TR
3.2.1 i * UPNP R I R F

UPnP 32 RPREihp chi P ALY @~ UPnPE R - € 7 4ok [B] 11]9d

it f? 0
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UPnP Proxy Server

LIPnP Device Library

Device Interface

Mamagrem 2 . Peripheral
: et Device Driver __enphera
Module M" Sensorn Actheator
Module Devices
Libnd Mid-Level
Devives
Device Interface Wireless

LIl

Device Listener H Sensor Actuars

Module MNerwork

3 88
$8 88

i 8

UPnP Low: Level
Dhevines
= 22| |=2 i:"".... --...q: .r
Dt Transport Module
B 11 @ * UPNP #IZ R %
UPnP 32 &R B3 ot 9 Lk F g Rl § & i $ F %k B (Peripheral

Sensor/Actuator Device)# 4 & 3itg: 7] 4 i (Wireless Sensor/Actuator Network) »
B AL A% B (Physical Device) e # &7 c0F R K 0
UPnP % % » 2 > & #% 22 UPPP 32 JR B 2 IF ch & ¥ & & (Device
Interface) » 4 it B % Spde Az ;¢ kfrdlipa gLy o

EUPNP 12 @R B ¥ 5 % % 558 i (Device Driver Module)¥ % % i fic e
(Device Listener Module) » 4 %] 5 % o el 3 44 (G PRT% o AR PIREF L ¥ 1Y
BF A R L UPIP R I RRE - 4T T 06 % B BB 2 (Device
Listener Module) % 2 AT e E R Bendioh ;) A kR R BE BH BES o
UPNP 32 5 PR BB i 42 ¥ » f]h\/» @& d &% k4T E SR i e (Device Driver

Module) » 4213 FFR P BE RS BEE fri AR Pl ER I RATH L

34

o R RS AR BEE RUAS R T LG RS R R R s
PrR ﬁ ¢ L% TR R B R h BER SR 425N enfe PSS Information
Service® =k % Hic o

% UPNP#% % B % 32 %= (UPnP Device Library Management Module)# ¢ # 52
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UPNP % % #7 5% FTE A gt UPNP % & 7@_:{\ e 3}7‘%3 118 & CUPNP B &2 PR
oo ARzt ~ @ FUPNPEE -
ERA St Jrs_ ‘e (Data Transport Module) # -

?;}i ] %J =+ 50

| % % & & UPNP 424145 2.2 ¢ ch

3.2.2 ig * *tBerkeley MotesnUPnP % 32 ' R %

2

AR

v

v i & Berkeley Mote# 7 = g SR iR| 4 B35 3 7 Berkeley Mote

B -

Sensor Base Station

UPnP 12 B PR % > T B[B 12] = Berkeley Mote UPnP i 72 & pR % e

‘5\\-

UPnP Proxy Server

2

UPnP Device Librury / N
Management Wireless Mesh I
Masclule Mgmt. Module
T IEED (U s Wireless Sensor
hevi Module Network
TCPP Pucket |
Header TOSMessage ;
UPuP ; ~ B TuRx %]
/ - Module | e
= UPaF Law Level ! S~ e
Dvloss / / N
RN / 3 — %
, (4]
. ) =
f’ Tiny0S Message -~ Wireless Sensor
Source | Message | Group Data ) A Network
Address | Type D | Lengih Dt (Gle
Data Transport Module 2bytes | Ibyes | Lbyies | | byies n byies 2 bytes
—— T
Weh Service =T " Multi-Hop Message \\
S Remating I
o Server Souree | Ongin | Segee | BT T ——
- Address | Address | S| Counts i
mw Cbise: Ibytes | Ibytes | 1bytes | @ bytes {n-7) bytes
AP -
T/»‘\ b \ / \ _,-‘”/ Surge Message _‘H‘_"‘--_h_‘_‘_
ny web-servi . - —
c To Any TCP client = . —_ : e
/L client 3\ Y [ mpe | Reading [ T [ 5= | Lige [orempenne | MagX [ Mgy [ 57 ] %7 ]
. . I byte 2 bytes 2byies A bytes 1 byte 1 byte I byte 1 byre 1 byte 1 byte
Ohbjects Srialized Byte Ytream | I | | | | | | I l J
by SOAP by TCP
. W 1=
Bl 12: Berkeley Mote UPnP i 72 &' pR %

Berkeley Mote UPnP % 32 i7 JR B it /1g 41|38 {7 crff 4 3t = 2

1. ERERIREREE UPP A R B2 FFehl 6 § Baaiid 50 o

24 iz Deciphering TinyOS Serial Packets [10]® B % 2| TinyOS$ % % #* & Surge

Bv ALst cndte THRBHEIN 18] SR e FRBES 5 B A8 Heny

UPNP UPNP % 32 2 JR B8 2. F cijie 3 42 5% o 4opt 5 K B JcFutic 2 (Device Listener

Module) { = 54 izt

T3 U 247 (Deciphering) 11 A 3 5oy B 3% G UPRP
P EPREBAT I > » T UAvig B AR PR £ F 5 Moteshdr » kp# A 4
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@)é] .7 %UPHP%E s 1A I\/IO'[E’E\-\’.}'JF

AL

2.

Tiny05 Message data structure
typedef struct TO5 Msg
{
F* The following fields are transmitteds
received on the radio. ¥/
uintlé_t addr;
uintd_t tType;
uintd_t group:
uintd_t length:;
ints_t data[TO3H_DATA LENGTH]:
uintlé_t crc;

#% The following fields are not actually
transmitted or received

* on the radio! They are used for
internal accounting only.

% The reason they are in this structure
iz that the &M interface

* requires them to be part of the
TO%_Mag that iz passed to

* gend/receive operations.

*/

uintlé_t strength;

uintd_t ack;

uintlé_t time;

uintd_t sendiecurityMode;

uintd_t receiveiecurityMode:
} TOS_Mag:

vk EUPNPESE 2 v RS H ",% £

Multihop Message data structure
typedef struct MalcihopMsg

uintlé_t sourceaddr;

uintlé_t originaddr;

intla_t sedqno:

uinti_t hopcount:

uints t data[ (TOSH_DATA LENGTH - 7)]:
}

Surge Message data structure
typedef struct SurgeMsg
uintd_t type:
uintleé_t reading:
uintlé_t parentaddr:
uintiZ_t seqg no;
uinti_t light:
uinti_t temp;
uinti_t mam;
uinté_t magy;
uintd_t accelx:
uinti_t accely;

% % J BB 2 (Device Listener Module) ic 4

Mote p = % ¥ v Management Service §r

Y T et T &
ERIE

» Ui g * 4 ¢ ¢ Surge Message x+ € & PREADINGHF i k3R ¢ * X

AL B R iy

21
F

% 7 A 4vig Mote=x % i@ 8 Sensor Board £ TinyOS Surge /& * 4% ;% £

» A READINGHF [# 1]%47

g

%

A I

Support Management Service

Sensor Board Type

Support Sensor

24

2 bits 4 bits 10 bits
# 1: Surge Message * =57 READING # i+ % & (2 byes)



3019 5 - B eadkER &[22

Field Code Description

Support 00 No Support

Management | 01 ~ 11 Management Service 1 ~ Management Service 3
Service

Sensor Board | 0000 No Support

Type 0001 ~ 1111 Type 1 ~ Type 15

Support 00 0000 0000 None — No sensor

Sensor 00 0000 0001 ~ | Each bit represents one sensor, set 1 to indicate

11 1111 1111

support.

00 0000 0001 - ambient light sensor

00 0000.0010 = photo-sensitive sensor

00 00000100 => photo resistor sensor

00 0000 1000 -2 temperature sensor
0000040000 - magnetic field sensor

00 0010 0000 -> acceleration sensor

00 0100 0000 -> sounder sensor

00 1000 0000 -> tone sensor

01 0000 0000 -> barometric pressure sensor

10 0000 0000 = humidity sensor

# 2: READING § iz F L % 51 i#

# B Y fufic = (Device Listener Module)%gé f%+7Surge Message® s"READING#

i K B f2Mote=< % i f4Sensor Board 2 TinyOS Surge & * #2.;% & 32 et B & o 12

TAPHEL F P FERw AL ¢ UPnP I B PR B A1z 3] (OREADINGHF = 5

b =

25




Support Management Service Sensor Board Type Support Sensor

2 bits 4 hits 10 bits

00 0001 00 0011 1100

# 3: READING {§ 47|

# 5 7 s ¥ Management Service » 0001 Sensor Board: ;¥ £ MTS310[ %] 14] -
AR MWL g RIE > 2 TinyOS Surge s * #2.5% &£ 4% 0k ] E ¥ $ photo
resistorg ;¢ ® ~ temperatureg #] & ~ magnetic fieldg ;¢ % ~ acceleration g | % -

1 e & Surge Message ® <Rt Bl & 1 - [B] 13] T 1L Toig W] R R B s die o

MTS300/ MTS310

» Microphone / Tone Detector - —
» Temperature: Panasonic ERT-
J1VR103J ]
» Light (Photoresistor): Clairex —
CLo4L
» Sounder: Ario (centered at4.5
kHz) T -
» Magnetometer: Honeywell —
HMC1002 (MTS310CA only) g
» Resolution: 134 mGauss
» Accelerometer: ADI ADXL202 -
(MTS310CA only)
» 2 axis
» Resolution: + 2mG

B 14: MTS300/MTS310 Sensor Board

3. UPnP % ¥ 2 ¥ 12 % (UPnP Device Library Management Module)#Z £ 3% ¢
ik UPNP Mote 22 g | B 2% o

UPNnP 32 iR PR B & % ¥ < F #- 2 (Device Listener Module) # 47 = READING {#

FehEiis o § 22 A& UPnP Mote £ % > 4c » £ 4% < Management Service >

» # TinyOS Surge J&* #2;% L g Bl B 4 » & & ﬁﬁ » 78 # % (Embedded

Device) » B W LRI F~ ¢ A2 $kn? § UPnPIRERRIBXE -

L AR A TR ﬁ;ﬁi%%s‘::@_(Data Transport Module) % % %
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Web Service ¥2 TCP i 4% o

SECLE & KR T iR D R AU RSB Y 5 Mote 3 17 TinyOS > B 3
Il A2 AL R R * Surge Message i # Reading #f 4% i * f25¢ L 42
¢ Management Service £7 g BB F L v 4r P UPnP %% B3 ey L4
UPnP %% » if ¥ 12154 2 i ¢h Berkeley Mote UPnP R I @R E & i 6 & 4

UPNP %% -
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Yr® KITEE

AL BRI eI - BT R 1 g iR B A

~

W B idh E KRR ATIRT O TR RUE N B R
< UPnP REBUREBwm A2 A ~ ¢ & ~ 34 UPnP X} -

S FFECUPNP 2% SR e 24P Mk ~ 7 k& ~ 8k UPnP %% i3 &

o

i
TN Rgep Bt R RIE EF BAAEY ) AT A AN BA
o R - BEEITRRE
% UPnP 32 PR B
1. UPnP % % 4-42 1 (UPnP.Device Initialization)
2. UPNP (% & v ke # "f (URNP Device Deactivation and Retirement)
% Bk wAE 4 % s (Feedback Control System)
1. UPnP %% % 3 (UPnP Device Discovery)
2. UPnP % % pl3# (UPnP Device Training)

3. UPnP %% #+#1 (UPnP Device Control)

BRSO FIF RN N RIES fﬁfﬁi%k’ﬁﬁfiﬁf%)’j&? MR E Tk SAFHEE

UPnP 32 BPREZ 4 E\?%%“f UPnP £ % > :iE @ * %:;3 UPNnP % % R 8 ek
o Bfed B & w Ak s (Feedback Control System) > # 5 fﬁ{% & UPnP
R d Toplgryed) % % (Monitor/Command Device)k % 4F $#cis fads k = 2 Fo

Fef B 0w Gk s

28



Physical Devices

UPnP Device Imtialization

|

Active UPnP Devices  UPnP Device Conliguration

UPnP Device Discovery

UUPnP Device Retirement

UPnP Device Activation Feedback Control System ~ UPnP Device
Operation Cycle Training

UPnP Device Control

UPnP Device Deactivation

l

Inactive UPnP Devices

I5]5 &R » 5 % RN RIFITARSE Do & o
4.1 UPNP# B A~ 451t

B BB e R R 60 RIS R FAAMOEHEF AR iy RN

=

1. ¥t UPNP I R B o

2. J& % pl¥ F- 4] 5% B (Monitor/Command Device) 3% _4F #ic = 7ie- 7 IR B
(ehome Server) t B & w 4441 % si(Feedback Control System):i4p B 5 #c
T d o

3. BERVIUBLNFEARPPERATIRRBEES BEY > A PR

29



F %8 % % (Physical Device) -
B H LR RIRR e A RIFR O AR R AACEEOT B 68
#F UPNP i 32 PR B ¢ %k § JoFu i e (Device Listener Module) p 5 4 = % f 22

® & UPnP % % > st p= Information Service ¥ tﬁz}ﬁ;ﬂ};ﬁ HA=doerpk iy 0 e e & F

3 »xer(Active)UPnP £ ¥ o
42 UPNP#%E % 2

08 4 v 4]k si(Feedback Control System)m % » i A#HZE Y &R B
HAHEARETAEARLL S LR FTRLEZEEWED BRI

FR-E BAE Y A% B g(Location) F] 5 3+ h(Location) s 4 R G @ ¥

(i

EFPR R BE AR BEE & R H g A UPNP iR IL RPRE P 2K

F
)

£ ¥ 56> i (Device Driver Module) k% & &2 ¢ & UPnP £ % » 4%

P P% € E 4% Information Service * fofk i %8> &k & 2 § »cen(Active)UPnP

KE -
ﬁﬁ%"»%i“]i,?njﬂ?r‘],‘%{ﬂ_{ﬁv%m, LSOy il ‘njﬁﬁ%é_imupnp f_%_%ﬁ’ﬁ
% H kB AR 24 UPnP X B shLow Level Information Service

KEERBEFTM > Mk UPnP ER X 2=t ¢R#FT kR B3P A UPnP 3

43 B & T R T

PRER Y KL TR - BT T RS LR R v A AR ki)
R R R s IR R S B L S S R R
UPNP#% » 2 1@ AR% » e 3¢ 25— % 3R v AT LB ki
FIQ °

B w AR kAL g G srean(Active)UPNP R R 4 F A5 & hl B B iR E
30



#3480 2 ¢ 5.0 Sensor Actuator Collaboration Service & (5 i 2 4% e

THRERPBERS B AE IR U APRIF RS kR

.J""'-___—_‘-"“-\
. S
[S— Discovery Module —*
.
Device Map
Crperation Module

IS Cnmm]

UPnP Control Point g sl Database
- ‘N-""---_____--""'-I‘H

eHome Server
(Control Device)

B 16: & Kur et rr ] C e o
¥r#12L(Control Point) * @ & UPNP g iR B & B BEE -

5 7 #2(Discovery Module) FI 2l g A8 Ik SL & @ % chpl R) F & TR

# %3~ £ % B (Device Map) ¥ e

#7# A (Training Module)d 41 % & B ¢ cnigds B 5 3 B B Bengg it > %
BIFE AT R R B R B enT Be s M 7 gy = % (Control Method) %

* ¥r#1 3 #L & (Control Database) ® -

7 17 f #(Operation Module)d: % UPNP snfris 2> F1 % frdl g3 74 2

gr |2 E k= é'rgé]'?”é% ol ke

s> P R iTAEE SR e kR o

43.1UPNP£ % % 7.

UPnP % % 2% 3R (UPnP Device Discovery)i & & d # 7 # #z(Discovery Module)

SR e B R WA kS SRR F AT & an? g UPPP EE o W
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g UPNP % s 2 ¢ e & P R4 (Search Target Tag) k F 35 2 ek &

B R o

L‘A:\

WA
AEPNERw G4m0 7 F &% 3¢ K 97k B (Dimmerable Light) 22
% g B % (Light Sensor) » #7123 & w Ak & L 38 g A A2 z(Discovery
Module) & & 45 < UPnP #7418k & * UPNP 3 15 2¢ e & p 4R it 5
KEHA J)]*w@ K

e urn:schemas-upnp-org:device:DimmableLight:1

e urn:schemas-peslab-cs-nctu-edu-tw:device:
StandizededLightSensor:1

d RGP EEE A UPNP /D3 HREFT A T APRY piveanp L3 R

(Namespace) » # 7 A .#z(Discovery Module) *745 3| e ¥ { € 33 X £

(Device Map) ¥ -

FET ARG TR P ALY el AR UPNP LR chk i S e b X8 AT

& 7 »xer(Active) i o feij%iﬁ FAUPRP R 27 > Bk w A d] k sehgs

Z - #z(Discovery Module) 45 3| £ B B X 5 pies BREREL

1. B R w A& H] L Sk B ECpF > dr ) Bha- = fds € R 4% Discovery Request »
kA dESTEHUPIP £EE o

2. W UPnP X ¥ fkcd (s € % ) Presence Announcement > 3% B & ® 4k 33+
R s i 1) N S I

Aok fst griBih UPNP B ik it S0ict 1 & L3 5 5 ox(Active)t i o

7 OUPNP B ARl > ek 2 (5350 UPIP KB ek i 0 oo § & 2503

Ko dmdl s sEATH Fo o & f UPNP R R £arkad 4 ¢ £ S8 F AL

(Discovery Module) £ =t i g > #7124 25 3 Jo 315 B0 > %7 F| & =0 & * JRF%(Service)

Bk oo BRI E AT B g B4k BT
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4.3.2 UPNP% B B

UPNP 4% % 2|5 (UPnP Device Training)i & &_d /7 # .#(Training Module)#t %
2 i1 P A 2 (Training Module) 4] £ % B ¢ childs B ¥ Boph g Bensg iv o
KplEATT RBIBE RS BT B ¢ 7

S BEES BB LR R BRSO E

S S REH BB A 4 HE PR AREE

#-id- 2 gy 4] 2 72 (Control Method) 7 » 45241 7 #2 & (Control Database) @ -

#)7# fz(Training Module) & — @ g Rl B & i h Bl # Y A F v

Gho 3B IR BRGNP W E B LR S I 0 i RS 2

M+
(s

mERY e
433 UPNP# & £ 41

UPNP % % - +](UPnP Device Control)yi ®8-d #&/## #(Operation Module)#+ =

Xy ARG A BEING

1 &< &p ERleidl X ¥ (Monitor/Command Device) b ek 2 AL
SRR N R IR - S E R R Y
¥ o

2. 7 UPnP % % iplzd #rii 2engr 412 % (Control Method) -

§ &% K ged f B dts o #8 77 AL (Operation Module) i § =38 4 171 2 sy

)2 RREAF AT EE DRl Gl P E R T B dlhb] S P o g

FAE LR dZ 2 BEAIBRB LR F R RO EE

EEET ST SETEE RS EERY 3
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44 UPPPXY & B 5%

&Q’%%%?ﬁﬁiﬁ%%ﬁ’%%{ﬁéﬁﬂﬁﬁﬁﬁﬁﬁﬁlﬁﬁ%W
o @ Jﬁ)’j%lt % 1F % % S e (Device Driver Module)#-2_ w 45 =& — 45§

L

3

A R R R FRCE R S L

PERER A ALY TR PR OAHF LS RE T

% % UPnP R BRE ¥ 1L ¥ 56 - (Device Driver Module)# .5 »xeh
(Active)UPnP %% & v - B {2 > BRI B o #ic-7 {37 B B
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