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Abstract

Digital twin technology enables dynamic interaction between physical objects and the cyber world
and is essential to ensure the reliability and safety of Smart IoT System. However, existing IoT
integration platforms focus on system implementation, which has limitations in analyzing and
verifying the requirements of Smart IoT systems. To address the issues, this paper proposes the
DeViLL (Delta Visual Language and Logic) Methodology. The methodology utilizes dTP-Calculus
process algebra and the SAVE tool suite for the formal specification, analysis and verification of
the requirements of Smart IoT systems. Furthermore, it integrates the verified systems into the
openHAB platform to ensure their reliability and safety in real-world environments. In this paper,
both effectiveness and practicality of DeViLL are demonstrated by designing and implementing a

smart home-swimming pool safety monitoring system as a case study.
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Modeling method
Modeling
"‘ Method
.. Modeling rechmque
Mechanisms
Modaeli & Algorithms
i : hni i
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& Dellaen
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nguage T Algorithms
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Disfines grammar }
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‘i Modeling procedure

Specific Mech
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Algorithms

Hybrid

obeys » A
Refers to b Semantic
Mapping Schema

8 4. ADOxxel 7|=

2. ey
Rdlg)= SAVEY] F8 5 & s, Anf
E JoT Al=gle] o Al=gls 93 ZRAlx
2 rdgsieEd AHgEY. 2dgs ITL
(In-The-Large) ®=% ITS (In-The-Small) &

A5 e, 2442 Al 2=H"l J (System View)
o} 2 A2 F (Process View)® FdHh

* ITL 5% (In-The Large Model): A 2~%l
o] TeAAEe] AR EAleE AdS
3l AAE A28 F (System View)E
Nzt o w2 wojFET)
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T YA AR FiEs kg,
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3. Al EdolH
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dTP-Calculus

SAVE/dTP-Calculus
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gt Al EH Ol AE ool PR &
st 7]5 ol

Z|Hto 2 A ndS A

E Azt GTS 2dS YA sH= 7]
S 2 DeVILL AR el (1-3)of 3ld-sF
}.

e GTS Analysls: GTS Logicg 7]Hto. =
L FAMES WAlska,
A W AZEE 715 0% DeViLL Haw
Hel (1-4HFE 1-6)°l s|dgtc

Al 2~ =l

fat Model Edit View Processtools SAVEto OpenHAB  Delta calculus mechanism Extras Window Help

% @ [ Modeing | 3T T
Explorer - Model groups @
8B &| R0 EFiE|@©

[} Search models -]

=]
E i‘l. Pool Safety Scenario-ITL 3.0

@ 2. Pool Safety Scenario-ITS 3.0

Text to Model(Specification)
Generate Execution Model

045—21-315337

opened = Currently ope

Simulation Model
Generate GTS
GTS Analysis

-k QTS &
| \@ N

18l 6. SAVES F2 7|s



48 20253 058 ADLED|CIO{ X 4

2. 24T openHAB 5 U= s onlsh, o] 3te Aeojd FAl
EZ7 openHABE] Rule® A€ 4= 9l
openHAB & ©A9 4= DeViLLe| 8. 7] t}. o] 7152 DeViLL W9 (2-2)9

TES ARSI 1% 72 openHAB AE 3 # 3.
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A 2~9} Channels £3) 949 a2 g = WA ITL 2 ITS e 25 E AAE
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g =2 TS mEle] openHABO| 2= openHAB®] URL % openHAB®] 7|73
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£ DeVilL 1.0: Modelling Toolkit (Admin) - [DeViLL Start Page]
fa} Model Edit View FProcesstools SAVEto OpenHAB Delta calculus mechanism Extras Window Help

A Gk @ [ Modeling ITLto openHiAB S| de kB SE
Explorer - Model groups S e opentink

T % () | = =iz EX to openHAB i) Recently opened = Currently ope

B Search models Edit openHAB Configuration file

] 1. Pool Safety Scenario-ITL 3.0
3] 2. Pool Safety Scenario-ITS 3.0
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2 e Alz=glelt) SwiPSaM Al 2~ -3

1) SwiPSaM A|~=¥e openHAB =%
(openHAB), #(Home), LED(GreenLED,
RedLED), <37 (Pool, PoolGate_Servo,
NearPool_RFIDReader), %X o}o]
(Parent, Child)® T4 ¥t}

2) F(Home)ol 5.9} ofo](Parent, Child)7}
A= 27 fIAE oSt

3) 94 Pool,  PoolGate_Servo,

NearPool_RFIDReader® /3 €t}

e Poole F£9AS on st}

*  PoolGate_Servo= 94 &

Iot &= &, openHAB 23 Zo] Huj= 4l
SO we ApsoR 9 f

¢ NearPool_RFIDReader= 9% 3]0
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w2} PoolGate_Servoe} Z} LEDe| 235 E
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2) 29A: SwiPSaM A 2~¥1S- openHAB}

* openHAB®| Item A4 A o] ©hA o A
= ITL 22E 7|40 2 JtemS AJAJsH
t}.

openHAB®] Rule A4 A o] Ao A
v ITS X498 7|Hto 2 Rules A

o,

* openHAB AlE&E# o] &A: o] TAdA
© Ay Eds V|Woe® openHABS

Item= Alojste] Algelo]dS Fa7I.

7h A @A

A Aol A= dTP-Calculus®} SAVE %+

5 &85, R 7ANES 7IHEe 2 SwiPSaM A
28-S AR
a9 8 SwiPSaM Al=®19] 8 AMES

dTP-Calculus® WA Ao|t}, o] 7|of|A] 4]

Pool_Safety System ::= openHAB || Home[Parent || Child] Il

X 2 A2~ openHAB

3 Z A 2ot}
a9 9% openHAB AR =

RN~ 2] dRE
Astr] 91k Aot s s2HS sfAlshd
openHAB Z &A= NP_HAB o]z} g
%3] NearPool_RFIDReader ZZAH|A~ZHE] 4=
A A ofolwt drtk= A5 (Child) &
745~ openHAB ~ZA2~+= HAB_GATE &}
NdS 53] PoolGate_Servo 3EZ Aol A
A & D= NI (Servo_On)S B aL, of
7} ekAst7] wiiEel openHAB ZZA|AE
HAB_GL ©lgt+= AdS &3l GreenLED Z =
A2z Al LEDE A2k A5 Green_Light_On)
Bty 2oy Alz=Ele] vl ol o,
openHAB = 24|27} HAB_GATE = AE &
%3] PoolGate_Servo ZZA| 20l Al =94 &
o= N E(Servo OFf) 3 A
3}~ ol openHAB
HAB_RL ©]g}= A& 53 RedLED Z A
2o/l LEDE Aet= AN Z(Red_Light_On)%
wy 2% 9lu)

o

rlr rsﬁ

P

_{

o

Ot
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)

Z

KeN
=

ool 7} ot

4ix1]A‘:4

o
5,

=
=

7]

NearPool_RFIDReader || Pool[PoolGate_Servo || Gate_Open | Gate_Close] |t
GreenLED || Green_ON || Green_OFF || RedLED || Red_ON || Red_OFF;

openHAB =:: <NP_HAB(Child)\ ((NP_HAB(Parent)\ (HAB_GATE(Servo_On) + HAB_GATE (Servo_OFf) )

- HAB_RL(Red_Light Off) - HAB_GL(Green_Light_On) - exit) - (HAB_GATE(Servo_On) + HAB_GATE (Servo_Off) )

- HAB_RL(Red_Light_Of f) - HAB_GL(Green_Light_On) - exit))

. (NP_HAB(Parent)\ (HAB_GATE(Servo_On) - HAB_RL(Red_Light Off) - HAB_GL(Green_Light_On)

+ HAB_GATE(Servo_Of f) - HAB_RL(Red_Light_On) - HAB_GL(Green_Light Off))- exit)
. (HAB_GATE(Servo_On) + HAB_GATE(Servo_Off)) « HAB_RL(Red_Light_Of f) - HAB_GL(Green_Light_On) - exit;

Home = exit;
Parent ::= (Empty + in NearPool_RFIDReader) - exit;
Child ::= (Empty + in NearPool_RFIDReader) - exit;

NearPool_RFIDReader ::= (Child in\ (Parent in \ exit) - NP,HAB(Parent . exit) . NP,HAB(Child .
(Parent in \ exit) - NP_HAB(Parent) - exit;

Pool ::= exit;

PoolGate_Servo ::= (HAB_GATE (Servo_On) \ HAB_GATE (Servo_Off) - get Gate_Open - put Gate_Close - exit) -

get Gate_Close - put Gate_Open - exit;

Gate_Open ::= (PoolGate_Servo get \ PoolGate_Servo put) - exit;

Gate_Close ::= (PoolGate_Servo get \ PoolGate_Servo put) - exit;

GreenLED =
get Green_ON - put Green_OFF - exit;

Green_ON ::= (GreenLED get \ GreenLED put) - exit;

Green_OFF ::= (GreenLED get \ GreenLED put) - exit;

(HAB_GL(Green_Light_On) \ HAB_GL(Green_Light_Off) - get Green_OFF - put Green_ON - exit) -

RedLED ::= (HAB_RL(Red_Light_On) \ HAB_RL(Red_Light_Off) - get Red_OFF - put Red_ON - exit) -

get Red_ON - put Red_OFF - exit;
Red_ON ::= (RedLED get \ RedLED put) - exit;
Red_OFF ::= (RedLED get \ RedLED put) - exit;

%l 8. SwiPSaM Al

AE|o

A8I9l dTP-Calculus Z &
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openHAB = (NPAHAB(Child)\ ((NP_HAB(Parent)\ (HAB_GATE(Servo_On) + HAB_GATE (Servo_Off))

HAB_RL(Red_Light_Off) - HAB_GL(Green_Light_On) - exit) . (HAB_GATE(Servo_On) + HAB_GATE (Servo_Of ))
- HAB_RL(Red_Light_Off) - HAB_GL(Green_Light_On) - exit)

(NP_HAB (Parent)\ (HAB_GATE (Servo_On) - HAB_RL(Red_Light_Of f) - HAB_GL(Green_Light_On)
+ HAB_GATE (Servo_Off) - HAB_RL(Red_Light_On) - HAB_GL(Green_Light Off))- exit)
-(HAB_GATE(Servo_On) + HAB_GATE(Servo_Off)) - HAB_RL(Red_Light_Of f) - HAB_GL(Green_Light_On) - exit

3% 9. openHAB Z2MAL| SEK1): L& ZXof otolgt U= &

6e
27 A 2 19 102 B R (Parent)5F 33 &gt Ao},
LA Y= A

49, 19 112 F 5 (Parent)$} © o] SAVE =&
4

](Chlld)ﬂ' A 9} A5, 19 12+

]_
= A 3

9= dTP-Calculus® %

openHAB = <NP_HAB(Child)\ ((NP,HAB(Parenz)\ (HAB_GATE(Servo_On) + HAB_GATE (Servo_Off))

HAB_RL(Red_Light _Off) - HAB_GL(Green_Light_On) - exit) - (HAB_GATE (Servo_On) + HAB_GATE (Servo_0ff))
- HAB_RL(Red_Light_Of f) - HAB_GL(Green_Light_On) - exit)

(NP_HAB(Parent)\ (HAB_GATE (Servo_On) - HAB_RL(Red_Light_Off) - HAB_GL(Green_Light_On)
+ HAB_GATE (Servo_Off) - HAB_RL(Red_Light_On) - HAB_GL(Green_Light Off)) exzt)
. (HAB_GATE(Servo_On} + HAB_GATE(Serva_Off)) - HAB_RL(Red_Light_Of f) - HAB_GL(Green_Light_On) - exit

% 10. openHAB ZZAM|A2[ SZHR): +HZE 2o F=ot

—

A4

rir

ol
AX

openHAB = (NP HAB(Child)\ ((NP_HAB(Parent)\ (HAB_GATE(Servo_On) + HAB_GATE(Servo_Of ))

HAB_RL(Red_Light Off) - HAB_GL(Green_Light_On) - exit) - (HAB_GATE (Servo_On) + HAB_GATE (Servo_Off))
- HAB _RL(Red_Light_Off) - HAB_GL(Green_Light_On) - exit)

(NP HAB(Parent)\ (HAB GATE(Servo_On) - HAB_RL(Red_Light_Off) - HAB_GL(Green_Light_On)
+ HAB_GATE (Servo_Off) - HAB_RL(Red_Light On) - HAB_GL(Green_Light Off)) - exit)

(HAB GATE (Servo_On) + HAB_GATE (Servo_ Off)) HAB_RL(Red_Light Off) - HAB_GL(Green_Light_On) - exit

32! 11. openHAB Z2 M| A2 S2H3): =L %

Z

=
= oi"l_

Zx{ol 2ot ofol7h B AU

rir

openHAB = (NP_HAB(Child)\ ((NP_HAB(Parent)\ (HAB_GATE (Servo_On) + HAB_GATE (Servo_Of))

HAB_RL(Red_Light Of) - HAB_GL(Green_Light_On) - exit ) - (HAB_GATE(Servo_On) + HAB_GATE (Servo_Off))
- HAB_RL(Red_Light Off) - HAB_GL(Green_Light_On) - exit)

(NP HAB(Parent)\ (HAB_GATE (Servo_On) - HAB_RL(Red_Light_Off) - HAB_GL(Green_Light_On)
+ HAB_GATE (Servo_Off) - HAB_RL(Red_Light_On) - HAB_GL(Green_Light OfF)) - exit )

(HAB GATE(Servo_On) + HAB_GATE(Servo_Off)) - HAB_RL(Red_Light_Of f) - HAB_GL(Green_Light_On) - exit

% 12, openHAB ZZAM|AL| SZH4): +=HE 22X =7 8le &9

51

Z38) ITL 293} ITS =42
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52 20253 052 ADIED|C|IO{ AN Y

- DeViL 1: Modeling Tolt (i) - [1.Pol SfetyScenrio- L 30 (T - 8 «x
] Model Edit View Processtools SAVEtoOpenHAB Delta calculus mechanism Exties Window Help & el
QTGOS NEHST | s s v SE|EEH|QIS | +0[AL [ FEkEs | B £ Seorchincpen moces
pioer " [ ]
TR0 = !x‘
Fre—
{8 2.Pool Safety Scenario-TS 3.0 o
ame
») O\\'O°.
£veot Logoing =
[ 100
a2 13, SwiPSaM A[AHlo| [TL 2
- o x

- DeViL 1.: Modeling Tolk (i) (2 Pool SfetySceario1 30 5}
) Model Eft Vi Brocestools SAVELo Openki8 Dot caeus mechanism s Window Holp

@OEGOS | DIEIB we s HOSE|EO[QARR|+0]| L% [ Hlk | B 39 5corch incpen e

) wo.. |
a0 e DD |0-é— ]
(Rl - | 2]
[
&4
®
o
=1
=3
— e =
oKX~ —a—d | 00T || 00
fuigetor ] = —
O M—ao—L |o—H—0 0—HE—0]
e s = =
s i = == —
e < <
T
2! 14, SwiPSaM A|AEle| TS 2&
: = = = B
B I ] SwiPSaM Al =®lof] tjgt 7} H8) HZE 4]

A SAlo A= WA Al A A ITL &
A7} TS ZdS 7dte 2 A3 nds g%
t} Ay nde ~ntE 3597 obd KU E
g A|=Flo A EAAE Qe BE AW ARE
gRlsto], ~ntE T4 b RUEHY Al
o] A3 s B4 4 .

29 155 21¥ 13 ITL 223} 129 14 TS &
a5 7vke g A% de Rdg HoFEr)

3 Ave god pok

* Path I oA £9% 2A F7E 9l
= A geln o] #9473 e A 9
W 59 24 FTE glong o
& el

* Path 2 oJAE $9F 2A FTE 8
= Aol ol #9473 B B g0
B2 kg eolu,



53

4 Aol st of
4 Ao Pt of

20253 058 ADLED|CIO{ X4
_]

Path 7: o] A&
Path 8 ©]

Aol ofe]
Efj ol

gEf o]t

Path 3: o] Z1&
}

Path 4: ©]

s o
GO = o
oA S I B I =S
- 0 B = I
M . | o M ,UI 8 ~ O | ©O| O o]
: 1 o <
oy ¥ ox|Eeo|o|o WL_
) = O H ey
D 15 5 N uh..L a
m o~ W |sw O O| O ~ .
— i < = ay
G U N i = =
t m\uﬁ/& ET._ T o Dnm < @) @) :.L #Mn_
S KO = o = T
£ op 2 WM |Fn o] o] 0 )
se) o7 <l |~ T° ™
ﬂu.o ﬁl - < |5 <M
— ] =) O
=1 = 7 N S Ie e N Ke) 3
X N — > ~r
™ M e < 3 = NDX
® of %o oF DM. M —~ O | O] O ) |
<t %) < o
o . < o) — o) o _fv
@ B EEE HmE
<l
<
=
3 o K R
= o T o CEC )
P ~ ™ o= o o
= . ] o £
. © o= I —
M o HT_ o) T ‘D_. X
— —
£ DD DD DD D DD DD DD DD DD m K o K ol 1crﬁ
=7 DO DD DD DD D DD DD DD DD o K| i als! ot
g DDO DO DD T o —
55 ¢ 20200 DD DD O+ 00 0 000000 D000 OIS T,
H e DOOOCOOCOOCOOCOCD | o) .. O 'XO B
H B (ofofololblototntorotoRotototototot ool ool ot oRoNoN | 0 ,UI Fo Bo a
1 E V OOV ODOO o M In o] =)
1k 60000 DD DD DO D DD DD D000 ® MD TN U A AR -
i =R T L
i2 <] | B — Y
] E T o~ D ojn o U o
£ ~ By Q = Q o
" = J oy Sl S
H | ™ S.L —_— O_ J — O_ly [aN I e]
i oy X ° o w5
i =~ o = % oo m A
HE! o A —_ ~ =)
i o =EET L p P L
i - a N J
o amy o
iy No ¥ 7o
w B No o * *
<~ @



54

20254 058 AODEO|C|IO{ X

¥ 42 A9 r9, Path 49 3% Reqls W=
HA] Solhis Ae &9l 4 It} Path 49 7
- A A ofolqtk A FFA o
g7 o] ReqlE wHE38kA] Hgiht) ol 49
A ~gle] WAE sk, Al2Elol| A Path 4
o] 97t A Ag, A-d 2XE T 7 )
=5 sjof gt} E o Ao A= Path 42] 457}

g ih 8 Lo A e
2A &4y, FR7F A 0s =48 F 5 9
L5 AAs

a9 162 SAVE®S] GTS RHEs& S3)
SwiPSaM Al=gle] b Bl Bl o AS

A% st AnE wolE

r B
2l ADOwx Modelling Toolkit (dev) - [4-2. Pool Safety Scenario-GTS 25 (GTS)] - o x
A Model Edit Miew Processtools SAVEtoOpenHAB Delta calculus mechanism  Extras Window Help & x
8 @ L Modeling #eEdOS | IEHad (se s unnE|wE(ass +0]| 2@,
8R&|2&O| 5
£ Models

123 New model group il
153 Pool Safety Scenario 2
B)1. Pool Safety Scer| [anenHaR
&Ji-gnu::;ﬂyzm L — I =0 > =11 ]
. Paol Safety Scer| N = T
B 4-1, Pool Safety 5c| | )
B sl wd -
] 4-4. Pool Safety Sc| |:| ‘ J‘M‘ ﬁ’sﬁﬁ [® |
&3] 4-5. Pool Safety Sc| » |
47, Pool Safety 5¢ tau2 [ I
&) 4-8 Pool Safety Sc| * |
13 Pool Safety Scenario 3
] 1. Pool Safety Scer| D
&7 2. Pool Safety Scer| Redl FD 1S
@ ETEST * [ — A T (1]
B]1. Pool Safety Scenaric 1 del |
B 2. Pool Safety Scenarid D ed OFF
3. Pocl Safety Scenarig [ AR [®
£]4-1, Pool Safety Scena |
4-3. Pool Safety Scena ———=
) 4-4. Pool Safety Scena [Green_anl |
£]4-5. Pool Safety Scena | = T o]
B 4-6. Pool Safety Scenal | — E
£5)4-7. Pool Safety Scenal eital
] 4-8. Pool Safety Scena |
r‘w - \@I@‘
[Red_on |
I LT T ] =l [#]
| taut ‘
Reader {
T T T [
Home:
\ [®
Parent I
[ [®
— Child i
Navigator [X] [®
Humidity Sensor |
\ (]
T ensor |
— -
=—= [ [®

[— PoolGate Senva b
e e ——a =] T ]

| 1

o |
= deital
= Gate_qpen Jeitaz
= T T ] 1
B |
Gate Close |
7t 1] =l [
Event Logging %]
| [3733%. .

8 16. SwiPSaM A|AE2l GTS ¥



2}. openHAB] Item A4 @A

openHAB Item A4 A= <A S35
SwiPSaM Al 2=®le] WA 4 2 HF BgdS
o Alz=gle] AlEAd F bk
A 0T &% E93%, =, openHAB®| vl A] 3}+=
Ao T}

openHAB Item A3/ ©7l= SAVES] ITL X
25 790 & openHAB] Items Ad $hrt. o]
Al A b= Al ITL 2o
openHAB o]2}i= o585 Zbis Z2A|A7F E4)

sfjoF 3FH, o] T2 A 29} Channel® A A%

AL

=]
=

20253 058 ADLED|CIO{ X4 55

Z A 2gko] Ttemo. 2 AJAJE T

openHAB®] Item= AA3sH7] 918k AR
ADOxx2] Notebook 7|5 &3 Hogd &
o openHAB Z&2A| A9 A% Z2A~
ol 3 7o s A3 F Uk 17 172
GreenLED®] NotebookS H.o51, GreenLED
ItemS AA3H7] 918 ARIF 4= =] Qo

19 188 AntE S b RUHE A
"ol I M ~E DeViLLe] ITL to openHAB
71%% 238l openHAB ItemE<S A= 2SS

HojE.

(2o rff

b

m Name:
GreenLED

ltem Labek
GreenLED_488934

o x
o

tem Type:

[switch

Item Category:

[light

(g it T T i V¥ Y VT ¥ g { | ¥ VT e T T T ¥ e ¥ T T U T T T T T 3

Close Reset

1%l 17. ADOxx2| Notebook: GreenLED ZZAM|A



56 20253 058 ADLED|CIO{ X 4

[/ G @ b Modeling 3B S| B R seorchin open et
IR N

na
oo #

(e}

Ire=r

opentiAs x o+

C @ localhost8080/ssttings/items/ T @

12 18, ITL to openHAB

v} openHABS] Rule 84 A

openHAB Rule A4 T openHABe 1l ]

3t WAZ SAVES ITS »dS 7j¥to g
openHAB®] Rules A3/d gttt o] TAlol| A A=
Fahe wt=A] ITS 2ol openHAB o] &= o]
Szt ZEAZ g]lo] EAs|of gt o]
2A2 2l Qe WAlEl F41 AE(Send,
Receive) 7] openHABC] Ruleg A4 gt}

>~

Niew Brocesstools SAVEt OpenAB Dot calclus mechanism Extsss Window Help

nFEE7EA 2 openHAB®] Rules 437 913
AR E3F ADOxx2] Notebook 7152 Fal 4
T Qo 19 195 openHAB Z 2 A2
2l <toll 2= Send E%9] Notebooks X2
. openHAB®] Rules A/d3st7] ¢13+ 417}
HEo] At

ok

o N & 1o

2 DeViLLe] ITS to openHAB 7|5
openHAB®] Rules A3t A& HojFoh

O NEHIF| e 2 nME| HH| QARG +0|20|Hke | T

il‘ﬂ"*QKUDL”E

& 19. ADOxx2| Notebook:

=

fjT
Jhu



20253 058 ADLED|CIO{ X4 57

St e - v © openHas x 4 = a X
) Model Ede Yew Brocestochs SAVEo OpenHaD Dot colcks mechaism Exns Wndow Holp -ex X
(1% & @ Modcling || M ioopmat il s B S T s oen s « G O localhosts080/settings/rules/ Ea @
e BT
E] ; e Csettings Rules
= lo—e——
= T
(.
=
= @
% [ou]
*
4 @
= [oe]
=
= s P @
O—Z—A——]
i @
oo

TQ%R—»M" @*}I: Q*,W*J: Q; @ e

R Ught On creted sl

W >M A Lage] 1 e—
- e l =]
L. O—*\ZﬁMﬂ@—»E oO—IN—L||0—FR—C2
| | |
K——y < &
A a
EVENT_L0GO2W/12004 1723 M
imviccesy v vy o
L Ocgaa i 7 |
BT LCGa ot 74720 °
I s

a2l 20. ITS to openHAB

vk, SwiPSaM A =8l Al & o] T A Ao

openHAB Al E# o] ©7= SAVE A A a8 21
W A8 mdle] mE Arst A4 oT 5§ Al openHAB 7|52 &3} openHAB®] Iteme #°]
) ZE2 openHABO A 53t 2oz sto] A|BH o HElE AL HolZT)

BeeA ABol sk Wil o Ba

£ DeViLL 1.: Modelling Toolit (Acmin) - Execution model 29.11.2024-17:47:28 (Execution Moce

v © openHAB x N a X
0] Model Edit View Processtools SAVEtoOpenHAB  Detacaculus mechanism Estras Window Help e x
e @ D Modeling | Mo B0 00 B SR s o pen s « C O localhost8080/settings/items/ TR @
sl e
T 5
e ST
DR "

it o152 30 515555 sacin

GreenLED_10547 uL
= Y o
| tar 583 524 595 52 587 568 529 590 S108 16
et S125 5126 5127 S128 5129 S130 131 13,
Stort 5125 5126 5127 5128 5129 150151 15,

v

mm PoolGate Servo_10574 or

RedLED_10550

-

[ Y

\CLCLOLCLELOLOL0LCLOLCLOLOLCLCLO, 0RO CLONCLONO

leReselel oL oL oLeLeLOLOLOL0L0LCLONT)
lefeleleeseteielelelelelesososee]

OheLeLeLOLOLOLOL O 0L L EOLELeLE ), OLOLCLOLOLOLOLOLOL0LC]
(CACROLCLCLOLOROLCLOLOLOROROLOLELOLOLCLELELELOROLT)
lefeleleetetetoleleleleleteteteleleleleletesenel
[efefetelelelelelelelefefosoleleSoseserel

efeloleofozogoserelelelole)

EVENT_LOG@20/11/2024 174723}
[EVENT_LOG2S/11/2024 174723}
[EVENT_LOG29/11/2024 17:47:23}: G
[EVENT_LOG29/11/2024 17:47:26}: G

¢ Remesn ©

I =y

a3 21. EX to openHAB



58 20253 052 ADIED|C|IO{ AN Y

VL 2 =

i
rlr
1>

“}E IoT Al=gloll A HAE EL]
JJEH?‘} Z4-83t7] 98 7=
= ﬁ"?}ﬂ, A =7 2
HELS Al
o+t e} DeViLL dTP-Calculus 7 ] He] 4y
713 o]2 A Yd= SAVE %=, 18]a [oT
3 EAER] openHABS E33te] [oT Al
glo] A A, AS, wiAZA S A A 7
AL A AA o2 TelstHTt.
A A= 38 SwiPSaM Al 2|
U 7Y A s W, T ZA4&
AEoR FI4F S F1E Ve s

o] A]2~8lS DeViLLE A 74] 21 ;Lzaz;s}

ﬂl [‘10
o

)
)

of
o,

)

b
i
3%
o

)
")

=
m
2
>
N
ol
lo
ko
-
>
_?L
lo
O
oL
& o
o
to ﬁ
oy, Ok
> o ol fu RI[»

S
o
2
O/
ol
&
aitt)
Lo
2T
2
o
o
>
W
o,
o

o
oX,
_E

M
)
ol
[>
i)
It
o)
=
>

_l!
e

o znhE A, A 4B, 2 o) B

e, e 88 Wobol A DeViLLe] w
AL A7) 91, 2nhE oTe] 48
A Az TGS FEG 5 e

-1 -1 = AR -
& AHSdoF 3.

¢

nEskstel A58
P, 53 TG 24 2
ol A whytE dloly ek A
T& Z3taof gk
* openHABZ} 242 [oT Z#E 7] T34
< JhAdsto] 10T Al2dl wjx] A] Ayt
%5 %‘F Zed, =4 Fls A3
27} gl
. }\]}\\—3]_/] Al 8] J/}ﬂoﬂ/q /\1;\]7} | ]Hg
g8 54 A% 9 489 Aol 7}

= O

B ATt A A3 DeVilLL WHEL AulE
IoT Al=gle] A 2 & AN Q45+

3 AHAYE Fgeke W AAH T1olE & A

-

REFERENCES

[1] K. Josifovska, E. Yigithas, and G. Engels,
"Reference framework for digital twins within
cyber-physical systems,” 2019 IEEE/ACM b5th
International Workshop on Software Engineering
for Smart Cyber-Physical Systems (SEsCPS),
pp. 25-31, Montreal, QC, Canada, May. 2019.

[2] T. Lechler, J. Fuchs, M. Sjarov, M. Brossog, A.
Selmaier, F. Faltus, T. Donhauser, and J.
Franke, 'Introduction of a comprehensive
Structure Model for the Digital Twin in
Manufacturing,” 2020 Z5th IEEE International
Conference on Emerging Technologies and
Factory Automation (ETFA), pp. 1773-1780,
Vienna, Austria, Sept. 2020.

[3] MW. Grieves, "Product lifecycle management: the
new paradigm for enterprises,” International
Journal of Product Development. vol. 2, no. 1-2,
pp. 71-84, Apr. 2005.

[4] A. Bumann. Navigating the black box:
generativity and  incongruences in  digital
innovation, Universidade Tecnica de
Lishoa(Portugal), 2022.

[6] A. Fertig, M. Weigold, and Y. Chen, "Machine
Learning based quality prediction for milling
processes using internal machine tool data,”
Advances in Industrial and Manufacturing
Engineering, vol. 4, no. 100074, pp. 1-12, Mar.
2022.

[6] S. Vandermerwe, J. Rada, ”Servitization of
business: adding value by adding services,”
European management journal, vol. 6, no. 4, pp.
314-324, 1988.

[71 Home  Assistant Developer  Docs(2025).
https://developers.home-assistant.io (accessed
Apr., 24, 2025)

(8] About Domoticz(2021).



https://wiki.domoticz.com/About_Domoticz
(accessed Apr., 24, 2025)

[9] F. Heimgaertner, S. Hettich, O. Kohlbacher, and
M. Menth, "Scaling home automation to public
buildings: A distributed multiuser setup for
OpenHAB 2" 2017 Global Internet of Things
Summit (GIoTS), pp. 1-6, Geneva, Switzerland,
Jun, 2017.

[10] JA. Bergstra, A. Ponse, and SA. Smolka (Eds).
Handbook  of process algebra.  Elsevier.
Netherlands, 2001.

[11] J.S. Song, SH. Lee, D. Karagiannis, and M.K.
Lee, "Process  Algebraic  Approach  for
Probabilistic Verification of Safety and Security
Requirements of Smart IoT (Internet of Things)
Systems in Digital Twin,” Sensors, vol. 24(3),
no. 767, pp. 1-35, Jan. 2024.

[12] J.S. Song, D. Karagiannis, and M.K. Lee, "A
Process Algebraic Approach to Predict and
Control Uncertainty in Smart IoT Systems for
Smart Cities Based on Permissible Probabilistic
Equivalence,” Sensors, vol. 24(12), no. 3831, pp.
1-50, Jun. 2024.

[13] H. Hansson, and B. Jonsson, "A calculus for
communicating  systems  with time and
probahilities,”  Proceedings 1ith  Real-Time
Systems Symposium, pp. 278-287, Lake Buena
Vista, FL, USA, Dec, 1990.

[14] I Lee, A. Philippouy, and O. Sokolsky,
"Resources in process algebra,” The Journal of
Logic and Algebraic Programming, vol. 72, no.
1, pp. 98-122, May-Jun. 2007.

[15] C. Feng, and J. Hillston, "PALOMA: A process
algebra  for located markovian agents,”
International ~ Conference  on  Quantitative
Evaluation of Systems, pp. 265-280, Florence,
Italy, Sept, 2014.

[16] Y.B. Choe, and M.K. Lee, "Algebraic method to
model secure IoT,” Domain Specific Conceptual
Modeling:  Concepts, Methods and Tools,
Springer, Switzerland, pp. 335-355. 2016.

[17] D. Karagiannis, and H. Kuhn, "Metamodelling
platforms,” Proceedings of the 3rd International
Conference EC-Web 2002, pp. 182-195,
Aix-en-Provence, France, Sept, 2002.

20254 058 AODEO|C|IO{ X 59

VSIPN AV

A AR BE s

8h) Mk 4.

W AR R F S

gh) "hAl &4,
<FHA Bl 1 AZEO]FE A

Z2AN 2 U, 2utE [oT Alad, A4 38>

olZ=(d2ld)

1989\d  The Pennsylvania State

University, Computer
Science &3}, A} E4.
1992 The University of

Pennsylvania, Computer and
Information Science &3} 4
Al E4.

1995\ @ The University of Pennsylvania, Computer

and Information Science &3 ¥MA} ¢},

19961 - @A dETR AFEHJATA ST aF.
<FHAEE D AV AZEY O A/FFE, An)
E [oT Alz=¥l, 944, Hade>



