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Student: Po-Cheng Chiu Advisor: Dr. John Kar-Kin Zao
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ABSTRACT

In the recent years, NCTU Pervasive Embedded System (PES) Lab have focused on an
elder-care project named “Kannon”. This project aims at enabling elders to live comfortably
in their familiar environments by «gradually® transforming those environments through
acquisition of smart appliances. ‘In thistransforming process, the developer of smart
appliances plays an important role. In-the premature smart environment region, in order to let
developers develop a reactive system which can communicate with environment devices
easily, we construct a framework with the -following four essential properties: (1)
Development framework composability; (2) Functional libraries reusability; (3) User-friendly
programming interfaces and tools; (4) Simply configure to environment devices. In this thesis,
we encapsulate UPnP devices using Windows Workflow Foundation, and design a software
development framework through abstracting the operations and devices of the framework.
Developers can create a “Real-time Reactive System” and compose more appliances in a
smart environment using the Workflow and UPnP technology. This software development
framework has integrated the feedback system of indoor luminance from the thesis “UPnP
Compatible Sensor/Actuator Infrastructure for Home Automation”, built in NCTU MIRC
Smart Environment Lab to demonstrate the effectiveness of the proposed technology, and has
encapsulated the libraries of hierarchical luminance control component in order to be reused.
Besides from luminance application, smart pantry is another application of this framework. In
the future, more and more smart appliances will be developed with this technology, entering

into the smart home generation.
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Root node

Represents the computer on which UPnP Spy is ranning on.
Device

Containg services and other devices.

Service

Containg state variables and actions

Action

Diouble-clicking ot at action allows the vser to itrroke it.
State Variable

Represents a state in the device
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B2l A ML —FI7 &g T * 5 dep Fo it il * SRR T BRI A B A

AR [7] ALE SRR 0 ATy (UPIP) ke = — 3 FUinp B (- R E R
o

T h ﬂﬁﬁ};k&*?%—upnpﬁ?#fﬁfgb% o He Aol B 5o BP &% - ¢
MZEEE MEMGERERFPAEE A F36 7 RSl * X8 5 &1L

B F K L TPEE BIRAEG 6 ¢ K hE R o o Fle IR B (eHome Server)is i &
R ksl s SRR R IR A PRI ] G Rl BT &
IR Mg P o

Discovery Module

Monitor / Command Devices

eHome Server
(Control Device)

Virtual Device

UPnP Network

UPnP Control
Point

(Low Level) (Mid Level)
Mote / Actuator Sensor / Actuator .
Device Device

UPnP Device

UPnP Device | {JPnP Sensor / Actuator Proxy

Wireless Sensor/Actuator Network or Peripherals

OISR PSSR =

7oA bl
FOEUPIP M XA R - PERHEAR AL Do HAEDTHEET S AR

R R B e 2] B R B (Node) ~ B iR 2 % (Sensor) & 1B s B 45 % (Actuator) & o d 3§ ¢

FAEE &G AT UPnP R Mo 2 P i W 7 B Moo R AT R anirg o 2
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PRFZ o ®p gtz ¢ o M EE 2 RIEHREAM DT I bldoiTE B _E._;Hrm~£~g
Wi %o s - BACUERIE(Node) « BRIEE B AS EEEIE L § - B

UPNP %% -
G 9 i r ER HIRIEN G

- 2B e 0 ERE

\““

PAEE A - BERECAG o P ARk R A
Fla sl - 2REDFELTHH N EFABFRRES 0 ~FRRBET 2R
AAEEH G EFURIBIER AL FREEFEE o d N E - BRESER
fid o UPNP % St By £ % r 4k &0 {528 4 3f < ¢ (Standardized Description) %
% o4oiR B BEE A UPNP #3E & 5% R B X8 it RV g FRFERETE -
PR e ST IR o 3 g 2 M S UPNP KX ITH G %'ng MR R PRIFE I e

RipfIFHER o
¢ FRCmEAEZIRGEGS

BAEKES - BARERE FURLBEFERT FRA NG5 0 0K KE LR TR
}f%,f» fuhLl'rﬁ;-g épa;}},.}zfr mﬁLﬁé}%Efﬁ Eﬁuag[.pw»#ao:rpm;;é:_a, Su4r

UBERE A BER A RS B adtehird o LA EE  BEZ B4
?‘f!]?:l‘ic

N

% B 7B R E (eHome Server)

N

B 7l PR % (eHome Server) 2 41 * 3 & £ % /i o

R AR DT Rt VI ]
BRI Y R EE KR AL Sl 2 BIREY 51 4l Y K i B RIRATL S
3 UPnP ¥4 2k(Control Point) » 1 % fxds B K m#t% Lg% Ko poBs it i

E
mARS W RPRE Y chgfk (740 (Operation Module) # & 1% o

(N
FAOR I R LR KRR FIE T B BT R R R



B dp 1 BESLT DLARZE N FRB(F )RS PLRR > SEFERF LW

Pl ehp B g (R 6] -

Get Current Sense Value

S KA s

B 6% g A

FEk it enUPNP £ B BB 5 2 gk~ BATR CRRE L5 3 2 - H g e 3o
Dl PR T TR R L R AR R AR F T o E A A R
FRBA R PF O LR A TR (B AR R LR

oI )I*EI-LP Wik - B FRE %
k& REATS 0 F B E LA

R A E Al ARpRE o N RN KR EATIE T o I EHRAT

I ‘fufl”ﬁ { * anii > 2 FR AP aET T a {

&~
2]
F_L
k.
\T‘:g-
—
‘-1—
(i
I
N

oL ©

Boit gl B A Y o BT AR A BRSNS B F AR $O0 R 4 g
[ 5 SR A U R S A S FAMB R A 24 EE R Ll £ op
Bt ARRBR R ARSI FERE R AR R ERARBEF A BN F 0L
B

T B HARAS o A AN PRy P 0 € ds o= RSP PR B (eHome Server) ® fhp #

She

fLin Az > 12 Workflow shptr kB < B 2N S B chinde » B2, A G 4 B g
¥ U RB 2R eI AR > P R TF Y ~ B K UPnP X E v * Workflow 33 - 3R &

& epf ’f 1% 38 Workflow s pserds i M 2 @ % p 1L ifg o
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2.3.2 FE A E ¥ M, (Smart Pantry)

AFEAIE F 4% 2 p >t T Smart Pantries for Homes | [8]izf # % » B chp 5 & & FIR B
4 J:r"rllg’f e a'ié‘gr zk)»— ,’iw}_’ ﬁﬂi/ér‘r‘é’%ﬁ—"ﬁb’[m\jQ ¢ m;grgz A B o4 A
A B9 - fAF 5 BACPantry - £ %] 5 0 B i #-€ 4 Zeibar code i 5 2w 4

._\

FRBE AL BRI ETF S ERE Y

» R I AT S F B 4R PF 0 ¢ Fodebar codedi fe B 0 #F4w 4+ &-bar code > T 4% T o
T+ L zhe BFP S 2 %Y > BRI ¢ AT S r i & e
T (F 4sbarcode ~ 5 LA Sk p B E)W 7] A R P SRR SR AR

SRIET R R R FHse v 2o L3 FREAEMRE R L[F 8] § KT

Feehik g o BAC Pantry s i %+ 35

%
4y

A

)

SEFI LA S 0 R G R B R EEIE » AR 4 R -

" o
2 0 O 3 L
it
ﬁt’—‘ Remove last of supply in
P ——
Touch Lead_Pantry Button compartment k J Sense compartment state

= 49/ Tum on bar-code scanner I—,é‘g)+ change, find complk] empty,

get comp[k] barcode

Scan supply. get bar code (‘ 1
& Is ~——
. L 4 bar-code "'F'}, no
a Turn off bar-code scanner NULL? { l _—
e IMake sure scanner is on
Record voice description & ' 1) bar-code? ask user to scan object
create bar-code and voice Scan removed object,
description association - get bar-code 7
[ Tum off
—} — - — scanner &
= Put away supply Sense compartment state 9+ generate Generate &
n@-* change, get compartment error Send order
id. store compartment-id- | message L with bar-code )
bar-code association [ | é

B 7: Load Pantry ;4% Bl 8: Remove Pantry i £
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Bl 95 ~ftl B A % f#mé ~EfE s 2 d R AT - BRFSE 2 (BEvent) 2 ¥ A0
Bf %

Configuration
Interface

y
T ;
" :
5 ;
. !
- ;
. i
L
Lo 3
S ;
iy 1 B
hoy ’
A v
vor
A
8=
=
@

————————————————————————————

1

1

: B U Event 1 Discovery & Operanon Workfiow
| (o i BN N

ule
t |UPnP —
Control ;
UPNP Point — ?
Network s ' )
’ i

DECES R EE RS RS ST T
W* AT e (UPNP Network) 2 T 50 &% 7 7 4 o> 353 & AR P4 B (Wireless
Sensor/Actuator Network) ¢ 1% :§ & Jp| B &2 (8 #> % % % (Peripheral) & - 4c 3k 8 p crficid >
TF BB EF Bt UPNP 5B b 440 » Fl3d % SEE T % et ¢ (UPNP Network) » 2%

B3 1‘; 3% i UPNP 5+ 2L(Control Point) & e 52 F 7 33k 5 chlicie » » ¥ 1Y ;%‘gl PR K

~

EAIRE Y hFRL AR o5 R Y FIHRT S ER 4 6 (Configuration Interface) £ 4%
Wy FIEARARE (T

T iR & B (v AR 7 91 & (Workflow Runtime Engine) » #7127 & % £ UPnP
EEF AR T APt it b RRE L IR L RN R - B
FieJ2 Hi e (Event Handler Module) /¥ & i3 shffi 2 - ] 9¢ + & & chWorkflow 3 1 ¥/ f2
i %8 (Workflow Instance) » B £ i 4 SLerid (T)n 420 35 T E_ A o

fil 7+ B (Control Database) £z i 7 HE N 3 7 2% 4% - Tk - 20 B 58 Workflow 2 2
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UPNP % B 4o » pFend B8 » $R g Sl TR fod e 1 i 2 2 B e et i

KR R e R R A S e S G Emin g o

FZ % AN A 5 E T4z (Operations) s % it & n v A SEE R P E R IR
FiE R BF AR R LR (Devices)snd A AT A R 5 2 E TER RS KR A
2 B3 dh N o RS 34 ER A RBEEFIRMRE EYE A 2o R e e

ke

WF £ A and Bhikjive — » B - B % Sen@ (v gig42r g% 11+ £ WF
~iE s BArip R 2 EHEE AL ki Ijﬁhﬁﬂ,ﬁkﬁl X IR > AP T B
#Fat e

3.1.1 #a R 1 feinA2(Sequential) vs. 7k f 4.1 f¥in 42 (State Machine)

Workflow 3 EY 24 L}-—- 1[}; i Luid lF/n ﬁ_f_ﬁx & =0 ;‘i%i‘rﬁﬁii 7 OPRFR Y Eﬁfti 7 /:-“ﬁ;‘lj'_" P
oGt TR AR R A WF ¢ A S AT BN chiTE

< A 2 iTinAz(Sequential Workflow)—iz & — & 12 Flow Chart > ;% § ¥ 177542

-\

R - BRI ITIARE R E *&lﬁw%%#wmmﬁ gt
LR R T K e d 30 P A

T i i S0 s B A L A 2w i
Avefr B R AL ERARE T B E B A B A R e B i o

% i1 ' 48 (State Machine Workflow)—=r & — i 3 "Lk i 8 eh1 (84T 0 A
AP PEETELFFREE ARG FF R IULARES P A R 2 B oo
FRAA bR = (Bvent) st A 383 pF B (Timer) #7ff 2 fdlcho d 307nfe 5 - B- B
gk AR il dEm N > AT iE PR Rk FK"’ I N L £ GO SN G kO T

ARy Eea T%jﬁﬁg“f;l&? MR L TR ARE R s 1 T ARk A 0 B AR el

B EPE W o HAI e A R eS B e ha (EIAR > AR TR AR R P 2R
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S kA o Y- BT R kAR T ARA 2 AP IR k) &
FERIGFSARF NN R 2 WIOF oo B FET LR b T T AUk
BP A EHN s AP RERTER AT EEE € 5 VR 2 F R 3 g T AT Rk
AR (AR T B p AR AR ARG Y- P e 0 F o AR ER
o gh L REF et it B R T AL AR AR 2 VAT R Y 3

Lo F it (TR Ref g s e vk > EERIEA T IEIAE

3.1.2 # %+ Pl(Encapsulation) vs. = ¢4 B (Invocation)

U LRI K AP AR 0 & 3 TR A g7 0 5N R A iR TE

B epikyy 0 B EAF I ek o

< 452 Pl(Encapsulation)—pt 2 R fefgst 2K 2 b A T o 4P At E - B S 50wt e
(Function Call) » v € &l < #4717 5 (Thread)™ s = #75 jife » ¥ 82§ A B
B ARk F R AR MEREHT. BARCRFEAB I NEF %

DHERBIARTVER o A WF P > N a2en® @ i 5 6 (Custom Activity):E A B E U E B

B L3 2RO TR AR RER e REAF{* > A1 (FRfEp
A e B D aE gy AR ATE R K e R F e

% eredix p(Invocation)— 3 7 fEA-f e PERF N &2 5 B 4 K e Workflow s S iR S e
vl 3B oendd 7 4 (Thread) B B] & {7 o @ * w2 v 72 P(Invocation) T &_A 44134 {7
o A2pE > 2 Fork Thread =0 5% %28 7 B Workflow & 5 & p el T3 7 > » FP
A m g & Workflow gt 2 BF e (98 /o 2 WE ¢ 5 — B4R 25 fo—rt o
7 7% %5 (InvokeWorkflowActivity) 27 1z &k s =0 ptefed iz g > 3 B3 —*‘F]’ B (TR AR
Wt (s o @ pE R ket el 1 (RS AR R € 2EIR 34 17§ w0 o Workflow £ Ak et
v e Workflow -
AW kg ¢ 9 (Synchronism) 2 2t e # (Asynchronism) 2 2k 3+ 1 £ 1 (T2 & & e

EH R o #30F H (Synchronism)m 3 > & § - fﬁﬁ.ﬂ?#ﬁ;lﬁ KTz o T 6 b 3

WEEERF A TR TR B Workflow 5 2 & (7 8 & 8 17 ; 2Lk 5
(Asynchronism) R £ - =t ¥ 128 {7 5 38 F % o d 3t e 2 pl(Invocation) ¢ % 43| #7347
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SWENA A o HA S R f P40 0T 31 202 R (Encapsulation) i £ o T iE g £ 2
RIE* BRI EF HE R Pehe AR - BIEEL A FEFY 0
N BORAR S R PN TRE ) - BRI E R AIEA 2 F A H 1 (T
(Workflow) & ?’éﬁé(ACtiVity)fj&?}i“i%F'J i o e ediE P (Invocation) E B if & @ * 3 58 o 4p
Foy oo Fon AR G A end 5 0 31502 Rl(Encapsulation) si@ * Ap gt kLA f R

fEenig * 2 .
32 A RHEE XL R

Bt BCAE R RN KR 2 % 1t R 4 i e (Object Model) s 54 = &0 5 % 3 UPnP
ﬁ?;?*iﬁjﬁfé\-&WFﬂ JECRE R W R e R ’f#—}]\ fv/v\;f"lxj"z 3T  EORE IRV
FE AT UPNP 8 ~ 2~ 23 Workflow g #2 it jife & 2~ feje i * F & fol

7 i~ 3 UPnP, Workflow, User = = éha i+ o W E 3% 38 (i F enfr | T AR o gt

M

B ekRpaMEEs iR BE2 iR P e T AE B2 Jfﬁ—F'm“"f#_"h’ﬁnb ’

3.2.1 UPnP#:+# 2k % (UPNP Control-Point Module)

UPNP BLiiee » SE4E T % chiR B A HE 5 2 IR B Y PR (PR o e T LA
fﬁ_’# KR 2 ey UPNP i P R and iTm A4 dh NP RH R EE S L2
B 4841

UPNP
Control
Point

=
=

Bl 10: UPnP 34| 2L
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s IR HF] (Discovery Mechanism)

Ay IUPNPE R % 0 ac 45 F D akd 4] enUPNPE B - 2 1€ & hE F o UPnP4 4 ghe
2% B 41 (Discovery Mechanism) = &_#% & i jp| FJUPNP e p 28 ende » 10 2 T % iE
83 b v — 3 B PRARE I 2 (Simple Service Discovery Protocol : SSDP) » 3 T 4% 1]
o UPNPAe e b3 3R vt 5 ¥ (UPNP Device) » w8t JR7%:(UPNP Service) » 2 % B~ {8
B P OTHRE B APRAR TR o S Bl AR e » AR R B %E%é‘é PeiFipdt g
KEDAPM T 0 & FIL g e~ BB 5% % #[B] 10:HUPNP Event] 2 2 P » 3% i ¢ Rfy
PI|enfE B T4 » Bl 4] T 4L R (Control Database) ¥ » 4% - s file S 48 4] e * o
P pEe € 83 - B Workflowsn® i [®] 10:HRaise] » 3 Workflow =~ 2 {7 40 B 4o » & 4

ul/Tj HE -
% F4144] (Control Mechanism)

UPnPr#4|8heny *t — 75 & £.02 7?2-%&{?'1 * $14% 4] (Control Mechanism)2 =+ % %
B 0T o B i P RAB P BEF AR R TR AT e REF N EEE
PR %4y it (Service Description) /g » 5 WE PR i v i 7 cAUPNP A R 4 ) 8 1F
24 [B 10=0UPNP Actions] » ig ke sug s A2 et e A UPNPHieY S5 % 4 i 5B~

% 2 (Simple Object Access Protocol : SOAP) &k & = o @ e el iFehnp F > ¥ 10 fig » &

~E

Bk FEREAFEE 2 PUEL Ry BEXE o) Food ARt el B (T € BE

T2 1% 47(Operation Workflow) =iz 78834 i=[B] 10:Control Actions] -
% TEE 2 44] (Subscribe Event Mechanism)

o @guwpkvﬂﬁﬁﬁﬁﬂﬂ%7?’ﬁﬂﬁﬁ?uvﬁﬁﬁumpﬁﬂﬂm
Bl o R EE G e B g P E g 4 a2 Bl el E o b
PEfg s Workflow £ 2 o 420 B 5 - BERBAMOp 1 ka3 d ¥ RhFEI W
RIEH RS Y 3 bR T (e KR R SRR R ) B 300
P e TS SRR ALE R 0 F]SF PR ARG TS ¥R T R R

BB LA R TR gk B AR (7 2 e (7 o L B ] el (TR T - & eh
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T EASEH e E .

K3 ikedp cUPNP 474 8L 84 2 EHprsrin ¢ UPNP ¥ il o — ¢ o do gR E 420 UPnP
Z B A 3L UPNP 340 8R1S 0 &0 E 30484 » 3] UPNP et F pF# 2 e BB 4 )|
UPnP % % chig# > % & UPNP K8 & » it @ Jud|BhenT i R F i > §R4- 19 38 4
G B AR RRE 2 R iR AAREEHEI T AL R fice o d 20 UPnP
P B AR N - A JCUPNP et b P8 UPNP LR fhi 2 o FRB-D O U E e & 3
FEMEMER S e kR > TR DN F A e— 4] T 42 £ (Control Database)
chp 2 Rk F wadERt o

3.2.2 ¥ i &J2 %= (Event Handler Module)

Bl 115 % & A2 f{le cnst i ol o J STWERNZE fand gl — Bk SLiE (T AR
FEJ2 R @ WEY eha ivgn 4284 {7 3 8 (WF Runtime Engine) & % = - 1 i%;2 42 B 4
(Workflow Instance)h v 12 Bf e B fe 2 ey 4 e B 2 n AR BAE A d 1 (Fn AR 75
& (WF Runtime Engine) #tfx# 2 .7 0 R 3 B3R EHF P o 2 > Az B A Bk
3] o PLETE LT B ehp PIRTE L AR T i+ A L 3R F i (Internal Event) 4 2
*h3RE i+ (External Event) s h 3R F £ enff % 7 %8 0 F 2 &2 e (Event Handler Module)
T RN IRE kAR B TR AR B NS B kA L m )

A e T -

Event
Handler
Module

Bl 11 F 2 AJ2H e R
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3221 % 8%

FRAN el AR e A
% UPnP % ¢ (UPnP Events)
B3t eh 383 2 (External Event) » i@ ¥ 7k B¢ enfE 5 ord iva ff 8 > 54 UPnP
FAlEER o OB EFERAIL - UPNP 22 ¥ 4 5 = g
1. 3% i#(Discovery Events) € 3k 5 » e UPNP 2 8 4v » FIRapririt = T 5
denE % > F_UPNP A 72 7 &k chE 2 o
2. # ﬂfist % (Removal Events) ¥ T& 5 » 1 UPnP % ¥ K i+ 8 Mf R R
T FUPNP p 2 7 gk e 2 o
3. % ¥E 2 (Parameter Events)d . UPnP % &  cnsgficea % a fR 3 > o0 $¥7 1/
AHRB L R ET)F (AR R B R F)0 S TG AR T g (e kR K
TP R L fE) REE AR SE R R ® 4o RFHE 2 )
B¢ HE %4 (Event Mechanism) & 2~ {2 o
% &% % ¥ i (User Events)
i * & F i (User Events)s SUf e eb i 2ch- f > o @& % F ehfT Loy o AW
S 4 6 e (Configuration Interface Module) ke 3%z o & * § % 2 § & &
e R RPFIORERAE -
% 1 iFinE & (Workflow Events)
AR AT R jarE - P FRE 2 o AR BAE R F RIS TR IRE B AR
(HandleExternalEventActivity) k 4z 7 2 2 & &/ » (Interface) ¥ a1 w2 % & o
AR BAR > S TR R R 2 R R R TR R B T R ATE BT B
Bt RARNT M (A B I A g W BER) o p e o SRR Y ok a8 1 TR AR
(State Machine Workflow) b #75 i i Az 4 > » £ 581 (A2 ¥ & o 8 &

e f7eh e
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3222 RIEPEF i

AN

LEII R A B 4}5 T e g 1]

X/
L X4

X/
L X4

¥ 51 48 4] (Workflow Event Argument)

;A% 1 481D (Workflow Instance ID)£_i@ vE1 ¥k 42 % 2 (Workflow Event) & & & &
51 e d SRR BT PR B TR B B g A (T
ABE 2 BRI DS TR KRBT o T T T 23 B KW R L 5 ik
4]0 ¢ BUEGUIdA) & Snf2 BAEID o A e ~ NET #5283 38 2 —Dictionary 5 i®
DR S BalgenAI[E 1] FEERE o QL #\%ﬁwgmz AR BURCRTE 1)
P TR EP hE E5l#ko

F 0L A% 2l Hsd

[Serializable]
public class WorkflowEventArgst ExternalDataEventArgs

{
private Dictionary<String,object>_args;
public WorkflowEventArgs(Guid instanceld, Dictionary<String,object> a): base(instanceld)

{

_args = a;

public Dictionary<String, object> args
{

get { return _args; }

set { _args = value; }

}

¥ 2 7] & 4] (Enumeration Event Type)

dowh o AT D] 0 50 3 Workflow st B8 F 2 enff B 0 2 ASEHE T eheh N
¥ & (UPnP ~ User Event)%’fsii;i,#:% = 2 PN IRE 2 (Workflow Event) » fi-ep @ % 1 F 2
FUBH] > B NE B A R ORE A - - RERE EE BB i

TSI BRSSP EE AT .:'—fqgﬂr»ﬁ AR RN S AR AEVET I
783 % 54 (Raise Event Function)

4o 117 Raise#77t » ¥ FAJE e B - B ¥ R A e UFE IR

1 feinAzE #[B 11 Workflow Event] » = fe & 71 #4841 i- 7 RA = BE 2 0E& 2
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penf s F ARSI IR T B ER R F 25 A

A E R EE R G5 gk
Eitikdp 0 % - FOWRH Y > A g Sk 7] & R4 (Local Service) » &~ £k ¢
FRAZ 3¢ 2 Workflowst 7 &3 chg 3 o » 7 12 R Workflowss i & 38 e v S B 2 2h 3848 50
B 11 Call Function] » % # A2 - i5:i8 & K IRFAeh> NEWFHIFE L » R F —‘F‘f v 1
B g g feWorkflow s f en¥ & i » L fiie poo M e SR R K e S
PR FRERADER e r RN 22 BE LERL R ANPRF R e
R kY-

3.2.3 1 it e(Workflow Module)

3.2.3.1 PR#1 1% #2(Service: Workflow)

PRA%:1 1% 42(Service Workflow)fi # WE 3tie? a1 i 75 42 (Workflow) ~ 2 sk = = > &
TEEE kS 8 - BAeE R REUE e e AR D T dRfc UPNP KR e r
% i (Discovery Event) » 134545 R BGRF Bde » chE S B L fe E D] B E

®1 ¥ x4z (Operation Workflow) s :& (7 3038 (£ el 17> Fo fi fle B TR ix #-A 5w 3%

ET oo fi A E 2 0 PRAFL TEIRARE - BWRE R R kA B B ena TEIRAR S G LT

Z B
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Start_The Device_ 3
‘—n‘ Dizmovery ‘

(¥ dimumingMecoveryl

e
]

& while Lctivityl
(L]
= Lstend ctivityl
| |
eventiddSink eventTimeOnt
adl ]

W;a.it_ﬁctl.lamr_bevi

‘iJ ce_Add_Discover==:
v T e
= Judge_The_Location If Workflow _Exist Or Mot ‘ CF TimaOut |
i{.
| I
nonEwist_Branch Exist_Branch
El &
|
‘  Mesmge |
+ ‘ [ Mesmge_ Exsit ‘
[ Whinvoke SwtoDim ==
£
I v
|

Bl 12: 1 (FinAR—fRIF 1 (F/RAR
Fede UPNPE | BE ¢ d S0 PRGr1 Tein AR 8 - B 7§38 (T A2 B e 1+ EEE Y S ) 2
AR — B PP TEVRARRF 0 F & B Exd UPnPE 4 2h(Control Point) B 4 18 B
Bt b cAUPNPA ® > I #cUPNPE #[®] 12, % : DimmingDiscovery] °
Bcgd s 2 4e@ 12, E# 0 Wait_Actuator...# 7 0 PRI+ (T 42(Service
Workflow) i@ * 42 75 & @ #F R E 2 %5 # (HandleExternalEventActivity) & % #

Bfcp RE B koo pNE 2 B d UPNPEE 4o » TR B¢ SR 4 chE LT
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(Discovery Event) 7 3% i & -
S bRl @R fEiNAR P eI B - BE R ’ﬁ*—«ui L R Pt i )
12, /&% WFInvokeAutoDim...]- 41 * 2 UPnP# % ¢ jpsFID e Location® 5 i& 9 >

rbed 7o B ATeE (T (TR AR L AT A » (KR D EE B %{ﬁ—%"&’ﬁ LB eniAr o i3 1

(i}
;\\
N
IRy
1A
S
o
@\

PR oo @ PRAF L (ESLARSY (7 ek e A (RS AR O R 1 o P ELE M h

E3tikdg 1311005 A 1 17 42(Sequential Workflow) 2 3.1.2«5% ¢4 7% B (Invocation) £_#¢
P93k 3+ g PRAR 1 1E i A2 (Service Workflow) 5 (e ieeni & o & - 2] 129 207 02 i
PR ehg Tl O AR R & FdfcDiscovery Event o § TR F 2180 ¢ (pochpt e X R

i 2 URAR A RS GORG o FRIRARN A L TR R e A A S B o K

[N

Rk
WTRBY 7 SHen i E BRI JRETTESEL AL AT £R 0B R 07

PLUEEAT kSl AR — PRI (R AR R SRR * e ek P R fT o

LB HIUPNP & chid e A e L (FimARs & ) 048 (eeiinfz[M 13] - bk %47
=

r
* BUPNPA . X E 30 95 — BB R B Rz ~ 2 TP F i@ Ty g8
Tz g A b F KA B EH L AR BRI ARk o R BBEE

AR RT3 g?ﬁtiﬁ-’]{ » 3 'Fa.éff £y 51."1—(};“7‘@,:@ it
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j State Machine Worlkflow

;'/:tj eventbutoDinmingConto]l o

;'/:tj eventRemovelctiator o

(3] AutoDimming0FFetate | (] AutoDinmingONstate

. A .
7ft] eventllerDimmingFF ai | eventDateRecieve
7ft] eventlleDimmingOH

;?_'tj eventTimeCnt

|"g‘1 Tecminel Work{lowState "|

B 13 1 iFinAp—i8 (71 (Finde

% B # v E 2 (Automation Event) < 3R ki SLEEIR AR A p Fr 2t L h ke iz Bk 0 i

e

i 5800 AL FF LB TR BRI TR S A
AR B kT ¢ B A ARty o
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#4154 & (Control Database) 2§ &15% 5 #8 #lensufl - 5575 0 47 4l femar g &
wER

BEEHFS e AT ERREL (CA R S TR E R 2

ST F T UPNP R S JRIE A AR L e b D £ % 5

R

1. UPNPE & 4v » fepeph pFo & BTV R ende 2 5 » 3|4 B 2 (DeviceMap) #% % 22
Prits EHCERE R e okt b AERBREV MEZEEFLE P EOTR
ekl A TR RS N E4RE 17975 UPnP K & (Device) PR ix-(Service) 0+ ik
BRI KR AT vy Aeh 2[R 2]

4 20 F2NEE—M % %% B 47 w|(DeviceMap Class)

public class DeviceMap

{
private Hashtable SensorMap = new Hashtable();
private Hashtable ActuatorMap = new Hashtable();

public Hashtable Get_SensorMap()

public Hashtable Get_ActuatorMap()

public UInt16 Get_ML_ID(UPnPDevice d)

public String Get_Location(UPnPDevice d)

public bool Exist_Sensor_Location(String
Location)

public void Remove_Sensor(UPnPDevice d)
public void Add_Sensor(UPnPDevice d)
public void Remove_Actuator(UPnPDevice d)
public void Add_Actuator(UPnPDevice d)
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Get Location e-----® Sensor Device 1 @———e 587defc0-2c3e...
Sense o - o Sensor Device 2 ¢ ———e d94f2dfb-00c3...

Get_Location &~ gactuator Device 18— e f725eb3e-63a1...

Dimming o

B 16: Service ~Device~Workflow ID ¥+ & Bl
3. Al FALE ) enF AL & 2 EPublic StaticenA N iF[4 3 B b A K
e > Pl TR - 5 (Static) TR 0 @ F e T R A S DIATR B
BE o JRAR Y ART U I R B 7 oo fke @ @ * Abstract Class & 5 dcig it 2 g 3 2
(Static Object) » R iz Bclass= 3 fbh— g i o
% 3. A2 —#F i 4~ i 4 W] (Static Object Class)

public abstract class StaticObject
{
public static Dictionary<String, Guid> Location_To_WorkflowID Dict
= new Dictionary<string,Guid>();
public static Dictionary<CpStandardizedLightSensor, UPnPDevice> CpStand_To_UPnPDevice_Dict
= new Dictionary<CpStandardizedLightSensor, UPnPDevice>();
public static DeviceMap map = new DeviceMap();
public static Guid DiscoveryInstanceld;
public static LoSrvAutoDimming SLocalService = new LoSrvAutoDimming();
public static SampleDevice AutoHighLevel;

Wi R A TR P TR AR RN - 4 E 4 AT 1 ER AR B AR 1D

(Workflow Instance ID)#_H ¢ & & enFfdl ~ 2 » @1 iv/n42 % i (Workflow Event)p* 5
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ExternalDataExchangeService exchangeService = new ExternalDataExchangeService();
workflowRunt ime.AddService(exchangeService);
exchangeService.AddService(StaticObject.SLocalService);
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1. ' e z(Workflow)gxé» UPNP 434 &
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B RUPNPE % s 22 B @4 T iz » @ UPNP 4| 2Egc b f §_#-Discovery
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//Actuator
Actuator_disco.OnAddedDevice += new DimmableLightDiscovery.DiscoveryHandler(Actuator_AddSink);
Actuator_disco.OnRemovedDevice += new DimmableLightDiscovery.DiscoveryHandler(Actuator_RemoveSink);
Actuator_disco.Start();
//Sensor
Sensor_disco.OnAddedDevice += new StandardizedLightSensorDiscovery.DiscoveryHandler(Sensor_AddSink);
Sensor_disco.OnRemovedDevice +=

new StandardizedLightSensorDiscovery.DiscoveryHandler(Sensor_RemoveSink);
Sensor_disco.Start();

2. UPnP % % 4v » 2. % i % Workflow
Fed UPNPE #1181 » e B 22400% (2) > UPNPH 4 8L Y el T84 ¢ 1 ] D] e B
UPNP R chde » > FRATE R 4o x> ¥ ¢ A5 » 4 FHE % E R (DeviceMap) »

BEFEVEFT EIU B E N 0T 2RI (T AR [£ 6] -
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% 6: FRNAE—ER 4v » {8 HURID
private static void Actuator_AddSink(DimmableLightDiscovery sender, UPnPDevice d)

{
StaticObject.map.Add_Actuator(d);
String _location = StaticObject.map.Get_Location(d);
Dictionary<String, object> WfArgs = new Dictionary<string, object>();
WfArgs.Add("Location", _location);
try
{
StaticObject.SLocalService.RaiseEvent (EventTypes.Discovery,
new WorkflowEventArgs(StaticObject.Discoverylnstanceld, WfArgs));
}
catch { }
}

3. UPnP 5% ez % 8% Workflow
FrdeiB (T2 (ERA2S > WREME i A ST BAIE (7 o A SB A B PRI IR TER B
Pl R FEE B r e e Ao 224005 (4) 3B T EI AR B AR
UPNP % se g end i » & £ 38 P ondic(e 288 chpF iz > UPNPEF12E ¢ L eI F
PP HeF g 2 A VB R BT ot n 2 T (TR AR B ID
PEBE A e g 2T o Ei R 7]
107 BB EE e et

static void StandardizedLightSensor_OnStateVariable_result
(CpStandardizedLightSensot sender, byte NewValue)
{

UPnPDevice d;
String _location;
Guid SMInstancelD;

d = StaticObject.CpStand_To_UPnPDevice_Dict[sender];

_location = StaticObject.map.Get_Location(d);

if (StaticObject.Location_To_WorkflowID_Dict.ContainsKey(_location))

{
SMInstanceID = StaticObject.Location_To_WorkflowID Dict[_location];
Dictionary<String, object> WfArgs = new Dictionary<string, object>();
WfArgs.Add("ML_ID", StaticObject.map.Get_ML_ID(d));
WfArgs.Add("SensorValue", NewValue);
StaticObject.SLocalService.RaiseEvent (EventTypes.Sense,

new WorkflowEventArgs(SMInstanceID, WfArgs));

4. Workflow #+ UPnP %% {7 %
4Bl 224005 (5) > T TR ATER TR E 215 0 BANTp B ot B R 0 B S R
F¥ L b MU B BT E R E B 2 o 1 5 BUPNPE I BLIE 1 B chfe
w4 8-
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CpSwitchPower SwitchPower = new CpSwitchPower(d.GetServices(CpSwitchPower.SERVICE_NAME)([0]);
SwitchPower.Sync_SetTarget(true);

CpDimming Dimming = new CpDimming(d.GetServices(CpDimming.SERVICE_NAME)[0]);
Dimming.Sync_SetLoadLevelTarget((byte)DimmingValue);
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class Program

[MTAThread]
static void Main(string[] args)

using(WorkflowRuntime workflowRuntime = new WorkflowRuntime())

AutoResetEvent waitHandle = new AutoResetEvent(false);
workflowRuntime.WorkflowCompleted +=

delegate(object sender, WorkflowCompletedEventArgs e) {waitHandle.Set();};
workflowRuntime.WorkflowTerminated +=

delegate(object sender, WorkflowTerminatedEventArgs e)

Console.WriteLine(e.Exception.Message);
waitHandle.Set();

ExternalDataExchangeService exchangeService = new ExternalDataExchangeService();
workflowRuntime.AddService(exchangeService);
exchangeService.AddService(StaticObject.SLocalService);

workflowRuntime.StartRuntime();

WorkflowInstance instance =
workflowRuntime.CreateWorkflow(typeof(UPRPINWF.SmartEnv\WF));

instance.Start();

waitHandle.WaitOne();
Console.WriteLine("End'");
Console.ReadLine();
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public enum EventTypes { Discovery, Remove, Sense, UserDimming, Automation };

public class LoSrvAutoDimming : ILoSrvAutoDimming

{
public event EventHandler<WorkflowEventArgs> SenseEvent;
public event EventHandler<WorkflowEventArgs> DiscoveryEvent;
public event EventHandler<WorkflowEventArgs> UserDimmingEvent;
public event EventHandler<WorkflowEventArgs> RemoveEvent;
public event EventHandler<WorkflowEventArgs> AutoEvent;
public event EventHandler<WorkflowEventArgs> Events;

public virtual void RaiseEvent(EventTypes eventType,WorkflowEventArgs args)

{
switch (eventType)

{

case EventTypes.Discovery:
Events = DiscoveryEvent;
break;

case EventTypes.Remove:
Events = RemoveEvent;
break;

case EventTypes.Sense:
Events = SenseEvent;
break;

case EventTypes.UserDimming:
Events = UserDimmingEvent;
break;

case EventTypes.Automation:
Events = AutoEvent;
break;

}

if (Events != null)
Events(null, args);
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public class DeviceMap

{

private Hashtable SensorMap = new Hashtable();
private Hashtable ActuatorMap = new Hashtable();
/IGet Sensor Device Map

public Hashtable Get_SensorMap()

{
}

/IGet Actuators’ Device Map
public Hashtable Get_ActuatorMap()

{
}

/IGet Sensors’ Device Map
public UInt16 Get_ML_ID(UPnPDevice d)

return SensorMap;

return ActuatorMap;

{
Uintl6 ML_ID =0;
CpMidLevel_Information MidLevel_Information = new
CpMidLevel_Information(d.GetServices(CpMidLevel_Information.SERVICE_NAME)[0]);
MidLevel_Information.Sync_Get_ML_ID(out ML_ID);
return ML_ID;
}

/IGet Devices’ Location
public String Get_Location(UPnPDevice d)

{
String location_tmp = ""*";
CpMidLevel_Information MidLevel_Information = new
CpMidLevel _Information(d.GetServices(CpMidLevel Information.SERVICE_NAME)[0]);
MidLevel_Information.Sync-Get_Location(out location_tmp);
return location_tmp;
}

/ICheck Sensors Exist
public bool Exist_Sensor_Location(String l.ocation)

object[] keys = new object[SensorMap.Count];
SensorMap.Keys.CopyTo(keys, 0);
foreach (object key in keys)
UPnPDevice d = (UPnPDevice)SensorMap[key];
String Location_tmp = """";
try
{
Location_tmp = this.Get_Location(d);
catch

SensorMap.Remove(key);
Console.WriteLine("*"Removed Sensor Device: ** + d.FriendlyName);

if (Location_tmp.Equals(Location))

return true;

return false;
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/IRemove Sensors from Device Map
public void Remove_Sensor(UPnPDevice d)

lock (SensorMap)
object[] keys = new object[SensorMap.Count];
SensorMap.Keys.CopyTo(keys, 0);
foreach (object key in keys)
{
if (SensorMap[key].Equals(d))
{

SensorMap.Remove(key);
Console.WriteLine("'"Removed Sensor Device: " + d.FriendlyName);

}

/IAdd Sensors to Device Map
public void Add_Sensor(UPnPDevice d)

{

Uintl6 ML_ID = 0;

ML_ID = this.Get_ML_ID(d);

SensorMap.Add(ML_ID, d);

Console.WriteLine("*Added Sensor Device: " + d.FriendlyName);
}

/IRemove Actuators from Device Map
public void Remove_Actuator(UPnPDevice d)

lock (ActuatorMap)

{
object[] keys = new object[ActuatorMap.Count];
ActuatorMap.Keys.CopyTo(keys, 0);
foreach (object key in Keys)

if (ActuatorMap[key].Equals(d))
{

ActuatorMap.Remove(key);
Console.WriteLine(**"Removed Actuator-Device: " + d.FriendlyName);

}

/IAdd Actuators to Device Map
public void Add_Actuator(UPnPDevice d)

{

String Location = """";

Location = this.Get_Location(d);

ActuatorMap.Add(Location, d);

Console.WriteLine(**Added Actuator Device: " + d.FriendlyName);
}
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class Discovery
{
private static DimmableLightDiscovery Actuator_disco = new DimmableLightDiscovery();
private static StandardizedLightSensorDiscovery Sensor_disco =
new StandardizedLightSensorDiscovery();

public Discovery()

System.Console.WriteLine(*"Intel's UPnP .NET Framework Stack");
/IActuator
Actuator_disco.OnAddedDevice +=

new DimmableLightDiscovery.DiscoveryHandler(Actuator_AddSink);
Actuator_disco.OnRemovedDevice +=

new DimmableLightDiscovery.DiscoveryHandler(Actuator_RemoveSink);
Actuator_disco.Start();
/ISensor
Sensor_disco.OnAddedDevice +=

new StandardizedLightSensorDiscovery.DiscoveryHandler(Sensor_AddSink);
Sensor_disco.OnRemovedDevice +=

new StandardizedLightSensorDiscovery.DiscoveryHandler(Sensor_RemoveSink);
Sensor_disco.Start();

}

private delegate void ActuatorAddDelegate(UPnPDevice d);
private static void ActuatorAddFunc(UPnPDevice d)

{
StaticObject.map.Add_Actuator(d);

String _location = StaticObject.map.Get_l-ocation(d);
Dictionary<String, object> WfArgs =new Dictionary<string, object>();
WfArgs.Add("'Location", _location);

try

StaticObject.SLocalService.RaiseEvent(EventTypes.Discovery,
new WorkflowEventArgs(StaticObject.Discoverylnstanceld, WfArgs));

}
catch { }
}

private static void Actuator_AddSink(DimmableLightDiscovery sender, UPnPDevice d)

{
ActuatorAddDelegate dele = new ActuatorAddDelegate(ActuatorAddFunc);

dele.Beginlnvoke(d, null, null);

}

private static void Actuator_RemoveSink(DimmableLightDiscovery sender, UPnPDevice d)

{
StaticObject.map.Remove_Actuator(d);

String _location = StaticObject.map.Get_Location(d);
Guid SMInstancelD = StaticObject.Location_To_WorkflowID_Dict[_location];

Dictionary<String, object> WfArgs = new Dictionary<string, object>();
WifArgs.Add(*'Location", _location);

StaticObject.SLocalService.RaiseEvent(EventTypes.Remove,
new WorkflowEventArgs(SMInstancel D, WfArgs));

}

private delegate void SensorAddDelegate(UPnPDevice d);
private static void SensorAddFunc(UPnPDevice d)

StaticObject.map.Add_Sensor(d);

CpStandardizedLightSensor StandardizedLightSensor =
new CpStandardizedLightSensor(d.GetServices(CpStandardizedLightSensor.SERVICE_NAME)[0]);
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StandardizedLightSensor._subscribe(300);

StandardizedLightSensor.OnStateVariable_result += new
CpStandardizedLightSensor.StateVariableModifiedHandler_result(StandardizedLightSensor_OnStat
eVariable_result);

StaticObject.CpStand_To_UPnPDevice_Dict.Add(StandardizedLightSensor, d);
}
private static void Sensor_AddSink(StandardizedLightSensorDiscovery sender, UPnPDevice d)

SensorAddDelegate dele = new SensorAddDelegate(SensorAddFunc);
dele.Beginlnvoke(d, null, null);

}

private static void Sensor_RemoveSink(StandardizedLightSensorDiscovery sender, UPnPDevice d)

{
}

static public event EventHandler senseEvent;

StaticObject.map.Remove_Sensor(d);

static void StandardizedLightSensor_OnStateVariable_result(CpStandardizedLightSensor sender,
byte NewValue)
{

Dictionary<string, object> args = new Dictionary<string, object>();
args.Add("*SenseValue™, NewValue);
senseEvent(null, new WorkflowEventArgs(StaticObject.Discoverylnstanceld, args));

UPnPDevice d;
String _location;
Guid SMInstancelD;

d = StaticObject.CpStand_To_UPnPDevice_Dict[sender];
_location = StaticObject.map.Get_Location(d);
if (StaticObject.Location_To_WorkflowlD_Dict.ContainsKey("location))

SMinstancelD = StaticObject.Location_ To WorkflowlID: Dict[_location];
Dictionary<String, object> WfArgs = new Dictionary<string, object>();
WfArgs.Add(""ML_ID", StaticObject.map.Get_ML _.I1D(d));
WfArgs.Add("'SensorValue', NewValue);
StaticObject.SLocalService.RaiseEvent(EventTypes.Sense,

new WorkflowEventArgs(SMInstancelD, WfArgs));
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