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Abstract

This paper presents a framework design of a digital twin system for a vertical smart farm. In this paper, a framework of digital
twin systems establishes three factors: 1) Client 2) IoT gateway, and 3) Server. Especially, IoT gateway was developed using the
Eclipse Ditto, which has been commonly used as the standard open hardware platform for digital twin. In particular, each factor is
communicating with the client, IoT gateway, and server by defining the message sequence such as initialization and data
transmission. In this paper, we describe the digital twin technology trend and major platform. The proposed design has been tested
in a testbed of the lab-scale vertical smart-farm. The sensor data is received from 1 Jan to 31 Dec 2020. In this paper, a
prototype digital twin system that collects environment and control data through a raspberry pi in a plant factory and visualizes it
in a virtual environment was developed.

Keyword : vertical smart-farm, digital twin, eclipse ditto, big-data, framework
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Fig. 3. Sequence diagram when running web application
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loop
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Sopuipicaicy 1. SEND THE DATA TO DITTO

2. DITTO'NO RESPONSE

3. REQUEST TO SENSOR DATA(n-tims DEVICE)

2. DITTO CONNECTION CHECK & REQUEST

i< 1. SAVE SENSOR DATA(stack array, Once a minute)

4. DITTO NO RESPONSE

5. DITTO CONNECT & RE-INITIALIZATION

3. IF DITTO CONNECT TO DEVICE LOOP BREAK

el
T
1
1
1
!

7. SEND DATA & PREV DATA

6. DITTO CONNECTION CHECK

9. CHECK DITTO IS PREV DATA UPDATED

8. UPDATE TO SENSOR DATA &
N ADD PREV DATA(n-tims DEVICE)

4|:|< 10. DELETE PREV DATA
T
1
1
1
1
1
1
1
1
1
|

2 U 25

11. REQUEST TO SENSOR DATA(n-tims DEVICE)
12. RETURN THE DATA & PREV DATA

13. CHECK THE SENSOR DATA(LAST UPDATE)
>

14. STORE THE DATA TO DB
15. RETURN THE SUCCESS MESSAGE(STORE TO DB)

16. INITIALIZATION THE PREV DATA

'-I:I—‘r'""'

12l 8. 1oT 7|7|2} Ditto Gateway 7t HIO|E H&0]| M2 2F XX

24

Fig. 8. Error Handling process according to data transmission between loT device and Ditto Gateway

4ug Agsiel Azt Z2Y HolE S Ditod F9
AR S
£A, 24 7]

=
$A BAE QA% 4ol A ek Dittor} T FH3hed

tujol~g ol HolEE £AuA HR, ol AR E A
¥ g 5 4949 ¥ Dittodl ] THlol A8 E8) a8
A4 ARE AHE Bo) BB, olF A7 AAE AR
L BN F AN R Tlile] 2} Ao]Ege], A1 7t
08 Ay



TS 9] 49 HEFH A4S UAE BEY ZdHI A AT 385

(Tae Hwan Ko et al.: Study of Implementation as Digital Twin Framework for Vertical Smart Farm)

A
® T ) APER EY FHOl9IE BE F 2
ER Xéldmﬂ 8 3D ool 9es BAaE B

4 e E}OWHFAEH X}H}*ﬂ%‘e =2
ol5 B3l AHE 7heshH a3l e ) B
H JAHEE B ek 3D T3 A e] 7hssith 5
91 AR glo] 3z el HHE T~
F— AW HTML 8.4:9] 4§02 AR 7
ool kel §o]Xdg AFgtt
B =2l /EEE tAE EY ZH AT dEY
H 94 7kelE SeiMe dAle sYs JRE 7HgE
73T AlFo] FHofok shH, o] & el = 7t e
ol A Au) ZHEol diek 3D AE S FPstH, o] 3]

olgf ¢} 7o) 3D oW A& 1§ F Adstal WebGLE F3l
oA TAY ES AAst vhetel AEUEE 8 28
=g

471 TH(1™ 9 2ol RAHPH oA = AZES
ofAez mdH 7t 84 AA Y WebGLE 53l 9 &
Al 0]/‘43 =3} uﬂfﬂi 3] *8]—1:!% NER WebGLQ Esﬂ I:]

ol& F3l AZHOE *—1”1;‘}4 %%lfﬂ ’\]’éiﬂr %73:%
ol 1¥(1¥ 9, 10)3 7o) A&, WebGLS: &
s AA e} ojm]A] Q4 Ty @ ]')\)\—Q—EE', AA HETH
A AFEE HolHE SEWol 5 T ANV E
e Agsts Z2EEY FH O A2"S HEsiaith

J8 9. AE3% Mg 220]| Chst 3D =HE
Fig. 9. 3D modeling of plant applied crops for plant factory

T2 10. WebGLE Sdlf AE3% L Rack 2@
Fig. 10. Rack modeling in plant factory through WebGL




2 AIEE S ZH YA FeAnER EY AOJE]”
= A3 dAE EQ A" dZ5E o9 ToT
71718 #Eshe 9EEA, @A HAY EYoA HEL
E ARGEE RS steso]l S ER] “Eclipse Ditto” &
AES AHS3te] 7Estdnt Eclipse Ditto= @4 AlA 9
A 10T 717155 Eot 553t #88 + v Zd A9

i ol
re i

AEA, B 10T 7171 A AL Slste] A 57HA
I 2 EZ(HTTP, MQTT, CoAP, AMQP, custom)= Eclip-
se Hono'"'& el HEZ A F-0] 7k53te] tiupo] 2~ el
§olattt.

Eclipse Ditto= 10T 717]19}¢] £41& 913l
57 ZREESS 83t E]"l‘ IoT 7171 7k Ale] B Ho]
H $3 5 Z2AXE —?”ﬁ]—/\]ﬁ Clientt} Serverol A
APl 235 F3l 0T 717155 47 o0& + A ok
Eclipse Dittor= &4 AlAlN4 AZH 10T 7]7]E ThingS
E R, 10T 71717F e & Sle T2 features® 3E
gtk B =l 0T 71717 2%, 5, C02 5 54

SRS HE Hlolguo] o] AAsli, o] EHE
10T 7171& A <313l Eclipse Dittodll 55-317] 913l ¢}l
2 PAel B thle]l A5 55 2 ﬁﬂrﬂt?}r)r

01-}\1 M uﬂ 5].

o o rBL'
o

4. AOIEEE ER

=
[m
—_

“2utER EQ AW e [oT GatewayZF-H FHE H
olHE Adste 7lee ZFIA Stk v tupels B
Ditto st=dlo] SHRES B3l = v HolHE2 &

ol AEANA Azteh E7E Bal AHGANA 2EZES o]

2 394 7Pdske A 992 sE8Eh B =Rl ¢
g Aule] 712 o8 A= T Hufe] el N £ s =

dolElE A4 3 #Aejste] Fete|dER A3 vlold
wjg 7Hsgk doleol g AASAN, ol AU}
9]t CRUD &7 +d 7]9+9] Django® FA3IATH
A" EQS ] SsiAE 7P R 2dE 24
Woll A o= f]x]el] 7HdskE A Eg o] AAE w3l oF
A g F ok sty A AnkERe] 7§ Rack®] FiE
s 7HAAL dofof sk 7F ZES E WA Rackel B ¥

A ol AEA] HAFEE THA AL Qlofof itk wEgk AEol
ZHA AL QlefoF & A EE] TR, AT oA, A7 e
A 5)EE DBl e ojof gt} 7] 7led W&o &

Z 9J&) AAE dolEu o]~ Djangooll AE ] 9o
™, ORM< 53l HlolHw o] 22 A o] 7Fas ot
7149k glo]Euo] 29l SQLite® Al Al 3k Th.

V. AAY P A

Alsto] dlo IE17P 7W§‘r54—7<l°ﬂ EH }04 AS s ol
Alnd AA B e fste] 2 EReMe A=
ZH AzsoA HeolH FS 9 A5 HAEE A
stem, 5 doly 3 717k 20203 1455 2020
129704 ¢F 10] d7ke] HolHE FHsisien, F=2
gt vlolElE 25, §5%, CO2 5 At olEE 33}
ok el AFEE IoT tHpol e W8 stEdo] S
A gtzHlg| ol & AHEet e, e AdolE CH, java-

scripte ARESFR o™ A i Al 7S sl o] B W o] &
© 2T 252 18.04 7Nl A BAY HolEw o]~ F
SA7)9F FelQl SQLite HloEHo] 22 ARg-sF3iTh
2 =woAe A Are 19 d7ke] HolHE #38t

& dsiitt silg HolH < Dittog Fel WiEHY
270l wet HlolB & MuE HEsii
Eo] oJa 7Hrstste] AAIZE F713kE = TR
AlzElE kit

I Me 53] He38d AR 7’ tAE EX

A l stem, tAd EQS S8l ARl
& 7Pt AR AAIZE #sxel met
JE| B3k A2/ ks ekl dlolHE
SEoldES Bl o #HF vAY
]id §]ru:]0 o].gH 131;1]. 71—;}(131 11) tt‘&]—

gel A= EdE 5 °‘t - (P, B,

32 L o:: f~ rSL'

J

mm

ro

hr)

o
_\,L
oZZ, b
_0,

e o=

z

>,
1

4 e
o I‘-?ﬂ T

ol

ol

£

LIFL

=

r'O

A

Elmm%om_ml'l
2 N i o

=

Q
o
>
il
o {m
R
[kl
fl
e
e
gL
r1r
N
o[r
tjo
—1N' ¥
N
O
E
2 F
[
i)
B



RS 9 49 A8 AL vAY EY ZHdYa HA A7+ 387
(Tae Hwan Ko et al.: Study of Implementation as Digital Twin Framework for Vertical Smart Farm)
4 Temperature 12ec @ Humidity sse% O CO2 410ppm £ 2021-6-27 0:9.33
I8 1. WebGLE Saff T3IE ASST TR
Fig. 11. Plant factory virtual environment implemented through WebGL
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