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Abstract A Smart Building, one that uses automated processes to control its operations, refers in this
study to one that uses both Internet of Things (IoT) devices and cloud services software. Cloud service
providers (e.g. Amazon, Google, and Microsoft) have recently providedloT cloud platform application
services on IoT devices. According to Postscapes, there are now 152 IoT cloud platforms. Choosing one
for a smart building is challenging. We selected Microsoft Azure IoT Hub and Amazon's AWS (Amazon
Web Services) IoT. The two platforms were evaluated and selected from a smart building perspective.
Each prototype was evaluated on two different IoTplatforms, assuming a typical smart building scenario.
The selection was based on information and experience gained from developing the prototype system
using the IoT cloud platform. The assessment made in this evaluation may be used to select an IoTcloud

platform for smart buildings in the future.

Keywords : Cloud Service Provider, Embedded System, [oT, Rasberry Pi, Smart Building

1. M2 program)°|t}. FRFHO =R AntE {g2
[oT ZH|7F Z3=|H o] A= AHLE WY& o] 85fA
20tE ¥Wg(Smart Building)2 AHE A€ (IoT: 742 4 Utk AntE Hy AAHE glolg Az 3
Internet of Thing, ©Js} IoT) FX|¢t STHE Auja & 4= 9o 77| YF02 AofT 4 JYus Fhe
oA FTEHoE AREEHE 8 ZZTIF (Common =9 AZF0] Ut} [1, 21

o] Aite AR EEATY Ao d=adFAGe] X de ot +PE A7ANo. 2018R1C1B5046282).
*Corresponding Author : Eun Young Park(Shinhan University)

email: 71eypark@gmail.com

Received February 24, 2020 Revised March 9, 2020

Accepted May 8, 2020 Published May 31, 2020

664



20tE 992 A% [oT St S92 4% 37}

Z|£ Amazon, Google ¥ Microsoft®} 22 Ea+9-
= AMu|A Alg AA(CSP; Cloud Service Provider)+=
[oT AAoA =L fEACIA AR|AE AT
5 Q1= [oT St EES AlFstal e oT &
T SHE2 A4, YEQA ¢ ofEgAoldE B
skl Qi [2]. o]=gh EEL [oT A7 F55=
I A|2EE AFsto [oT £3742 A st &/33kst
7] dzoll AREARA 1 EEE 4 5 Stk [oT
SEE EHE0] LT 5= U= [oT &F4Y A=
AOLE 20| E(Smart lights)& & 4= Qlth. A0tE o]
Ex= 489 2902 AMEEY [oT E3H-E Z3E
Agsto] ¥4 Aol & AAEo] 7hssitt Bl o] 29

2 ope] 20| AFso & AX|IL AYo] AX= H &
€ 7 AL olF FE AUAE EFE & U

Postscapes®] W= 2o 152 719 IoT &%
E Z3iEo0] EAsta jlom AntE WY FdS o)
ShE AEitl= A2 ol Aot [4]. E3F ohgstt
[oT S99-E SHES 2RI B7h6ete =2 A9
= o2 HQlth

£ =RoAe tiRE E1E9 7158 E41 dsol
oA 245t =98ttt [6-7]. =89 582 [oT &
ZRE EAFEZ A8l fEEA I AT ZEAA
of thgt vl AFE 7]& =EE HYysk= Aot £
=RollAe @A 7K ol AR8Sh= [oT S22t &
& Ve A9 ¥ B/ A5t (8l

=i ATE Y5 Y5 AvE Edof o

5 gy
el 2 ST 717 ZRERRIE st

gl

o]
1
ek 4P Aueleo] Agske gutael Ante Uy
71712 8, 271 9 oflof Mg (HVAC; Heating,

Ventilation, Air Conditioning) A|A&lo]t}. AlUE] L
AollA 71719 Z2EER]S [oT 295 EHE 49
ofEg|Alcl AT AZH}. AFE $5t7] YA o=
I 22 70| Hasith

z27 1. CSP= 71& AYE AZshor 3

27 2. EHE) A3 ol 7hsdloF g

Z27 3. BYEL AL WRLES AlFdfor g

27 4. BYEL2 8 Ado] 7Fsdlor &

Z7 5. BHEL2 sl=o] $&/30] glojoF &
27 6. BYEL2 A =8 ABSloF

=20l T thed Pk 20 AE B AFE

Attt 3ol s AdS fIet A" HARRle] sy

665

. ™
I Applications l
| Data l
| Runtime l
"\
I Middleware l
Y]
| os | -3
v
| Virtualization l -
5
I Servers l N
QL
7
I Storage l
| Networking l J )
Fig. 1. Groups of Cloud Services
Al ARttt 43olAds A S AEstar, 534
= A% ZIE HojErh I8 A oFollA 2ES
B,

2

—

2.

e

o7

2.1 loT 22tRE ZHE (Cloud Platform)

AFE QlEHlo] EAdst EjiA] 71 Bt ofdet 7]
o AE [oT 87} ka0 g2 Z71519t}. £3] 7ol
A ARESHE BE [oT ZAE AZskL HolHE 4
ohe AS a2 5i9ir) Eeh £39 HlolEE o] 85
o] BAok= Ag M2 QArEAol AgstaRt Sk
AR AgolME ol Y3l ToT SeheE SHES A
S57] A&t [oT S39-E SWES o33t 2o
37HA] 716-& AlZdlok gt 1) TRk Y glo]
To] BiFo] 5H0E 7hs, 2) loT AAH AAE &Rl

2 = e B2 =7 AlE, 3) loT EE=A 9 HlolH
SE AR #A] [9)

2.2 2R MH|A

SEE MH|A 752 [aaS (Infrastructure as a
Service), PaaS (Platform as a Service), SaaS
(Software as a Service)d] Al 7K 1EC=& U= F
Atk [10]. Fig. 12 2L Z3F3A7F B k= AH|A
£ 7R Yol BEAISHL YUtk

laaS AH| 204 = Tloj8 A% AEFX], AW, HE



ArE &8 =R A Al214 Al5E, 2020
Client A Broker Client B ® o ©
fh A M
User  Usar  User
CONNECT
PUBLISH @ O
m temperature/roof
RISASE
==aretain
SUBSCRIBE

temperature/roof

PUBLISH
temperature/roof]
25 %

PUBLISH
temperature/floor
20) g

PUBLISH
temperature/roof
38 °C

PUBLISH
temperature/roof]
36 =G

DISCONNECT

A2 AFT AHE Qo Blang BEHO
2 A8 VgL B B 5 YT IS

0] 7Fssith. TaaS AHIAE F
7P wAlo] thgk AAMA Egto] FojEr) loly A%
2 glolgHo] Ao E7]F] St= Eafo|H A7} F3to|
o|27|71A] BE AEZAE 9ugitt [10].

PaaSt AH[APZ} YEE 22089 <ojet glo]
BEZE o] 8ot ojFeAle| S /dstal SRe-E0
HiE vjEe 4= A sk AH|AE AFIITh PaaSE
AMgSHH SEHE FFAE Algole 717 ofEeAlel
A et (laaS)E AHEE &= Sl olo] Stk k¢
T AZA = 712 ofEACIA Qlzete] A, 4 ¢
29E HYATh o]F Bl AHR= A, stEHo]
o7 ] I sh=go] HLo] et A glo] S8 ma
O 7ol "5 4 Sltk [101.

SaaSt= ZEFEONA ofEFACIH AZEQOIE &
Pk AH|A0]th SaaS ofEE Aol AREAL= ofET
Aol E= ofEA 0] AL EAEZ Hest

A| &=t} SaaS9| 92 Google Docs7| 1.2 o 7] A
Google2 fETA oS HEoh= STFE AH|A A
& GAoIt.

2.3 Message Queue Telemetry Transport
(MQTT)

HAA] F D E=] ERAZE (MQTT; Message
Queue Telemetry Transport)= ISO #£0F [oTO

666

Hl QJ ]
“Sensors
Sman Control Unit

Smant Control Unit

-
Lo

Smart Control Unit

Fig. 3. Architecture of Smart Building using Cloud
Computing

Aok 7h e % UEYIE e e Solch MQTT
£ YEAIOA £ A J1E AEE < HAA Ba
o} ofe] ZejollES ARt WAl HeAL ool
AEZNE LE WAAE SAIste] B SeoldlER

= T
S gt} SefoldEL HRA} 4T AEsIo] 54
AL SAIg (101,

EX
=

MQTTOlA HAIA 5412 F70(Publish) ¥ 5
(Subscribe) &S 7|¥to g ?_‘jr MQTT B2 A
2 SEoIdEE HEA9 HE HYRA] FAE 5

o 5= Qirh SFO|AET o’
IWeHA MQTT EEA= did FAE 55k BE
SeolAEANA HAIXE ALt Fig. 2= MQTTE
o] &3t HAA] HE-S IHoR Hdstal Qlrk. Setold
E Ax BEA0| dd=o] gla ZolE B 2%/
24} (temperature/roof)’ 25 T& &7sttt. Seto]d
E A+ 25/84E #5051 9] 2ol 25 TE &
AlSE &= Stk J1EU SEolIE AN IS 2 /mt
Z (temperature/floor) 20 TE EZFA A ALE ]
g So|E B RE/MEE 5ot A 7] o
2ol & 45 d=tth

Zﬂ (TopiC)-q] HARE

2.4 loT YIS flet AOIE &I
Enrique= AWE Wgo] 249t HFHE €8T
T Q=R JoT ZIYYAE 73Tt [11]. AFolA=



20tE 992 A% [oT St S92 4% 37}

User

Azure loT
AWS loT

Edge device

= =
| MO W B
Sensor Sensor Actuator Actuator  Actuator

coz Temperature Air conditioning Heating  Ventilation

Fig. 4. Architecture of IoT Sensing System

snhe Wge) ggn Tk sHe ol go] thel 47
stoick. ek Ante WY FEska AAgol chret
T4 245 A¥sielt B ATel4E B4 2 29

— o
o

P AHYS 2L 2AE Folol Feh9s A

(TR

o] AL =olslola B4 Hzo] drht FATA

A o] =g ie Zehor AR B85
WA AntE UES 93t loT 2 928 AXT 2
olt}. o] LY YAL A THE BAl DRESS £

AelEgole] AAH ofe Ad FHS A8t 1en
Aol Je= Feto Aulzo] AFHrt. Fig.
32 svlE WYe) TRE EABKL et

3. AJA”L CJXQI
=m0l A Atk AAER2 T 7](end device), ©
A A (edge device), IoT Zeh-E S 2 ¢
o|X|(web page)?] 4 ¥Eo=g FTAEC} Fig. 4= 471

o ¥Ho| g2d AAWS Holx gk

3.1 E27| (End Device)

dle 2 guE SPele AMg 9% J)7lE
FAAARE Aololslel ddst on] AdelE

oFFolk 1= (Arduino Uno)& AH&3I3H. ©E7]
oA A A e Pg& 7HtoR H3ofo]ElE Aof

667

STt E3F 7o) nlo|38 AEZEL Ao &4
P2 7P o7 FH 9] 8%l U W &4 wE

oA FA= et

3.2 O|X| &X| (Edge Device)
o|A] AA|&Z Raspberry Pi B+& AFg3oH %

>

l

2GAA (Raspbian)Z S22t} ofA] X9 HH2
[oT S2h-E EE3 7] Ato]] Ao|Ego] g

(o]

= otz Zojth o] 2& T B2 [oT ZH I
A AREE L Rlom SRA AW Enrique?] ATolAE
AHEE| LY.

HE o7]9] mR2AA= Bt 2 Q1S5S FEs ol
g0l F=57] W2l oA FA= o] EAE U
Asfof gt T3, AvLE U #RIske] o 719
LTS AR Aol dubHoltt. oA AH|E AL
o ¢ @2 dV|E AlA"0] SFS 4= qltt Fig. 33}
Zo] st9] oA FA] (Rasberry Pi)oll =] 719 &

3.3 loT S2ARE BH=
loT S ERELS AYohA s A28 o

A fole A2RY BE el Seheco] Hsw
loT Sek9= SREL A299) b2 sie] 74, o)
AA) 299, BRI 9P B R0l 2719 [oT
SUOE BRES Ausigon 44 49 @ sl

i,

Zzo
=N

3.4 2 HO|X|

Fig. 49] A% Aygio] Qi & wlojx]e)
A Holeiet grvlo] Al 9% gAe] Aejg 1
sfeta 917 Aol s sk Aolek. @ Holx]
% AEAE AL JE A8 FUH
webi ALgA flske L& weleh 2e A
¥ 5 YES S gUE ek

Fig. o141 o1x] g2e] 2.30] oI
2E9}CO, P2 ST, g2 +4 &
Zoz Agwtt. AYd HolHs 4 ¥

o

7ro.

Zro. =]

o
]
Fepe:
o

golElE gog #AStT Yk



p=4

=52 A21A8 A5%, 2020

L L

Temperature & CO2 run time data
[ e c

Fig. 5. Web page for temperature and Co2 sensor
data

Actuator State

Ventilation

Desired Temperature

Current min 21°C Current Max 22°C

MinTemperature: 21

MaxTemperature: 22

Update range

Fig. 6. Web page for actuator status display and
remote control

Fig. 69| 9 selAoIAl B4 elolold 4ele
AFaL 2= 3] 4ol THs sl

rior
o

41 2 AL R

ofgjof] AAIE A= AAFIS 8 FAIGE =3
Sl= o AR Al et E3F AU o= Al
289] 715k Attt [oT Skt SPES 0]83
of AlE|Q0] 7j&H AATE FETOEN vl A+
E 9% FEe FHES 1T S+ Utk
A AU 2 AL BREL 3]9E 3] Yl Ant
E 99| 9] 3l9A=R Eof7itt. AW 28} CO,
W2 25 9 CO, AlAe] os BUEY Hot 3949
2%7F U9 AT HE 1] ol QA o H o
o} ofojzdo] AFo & TFsHETE. CO5A7F /4]
(600ppm) oo & 5ot AU 371E Aslstr] 9
o Ao 3|7t Al #ERl= AAEA 3

A< o]\__
T R

668

3], dojzE %Z‘ﬂﬂi Aojgt 4= Qi

A AUl oME SRR Al gole A, &
219] ¥7 Alo], /W 2H 53 2L [oT SeE =2
E£9] 715E0] AREdrt
4.2 loT 22 SHE M=

T2 [oT ST ZPE ZoA Ao = =

S A7) YA Postscapesoﬂ/ﬂ At 248
215kt Postscapes A= 2F 152709 ToT S
AZ S A =9k} o] EES s|uloE 17
t 6719 7\7401] 9= EHEZ 1871 A"sial
ZPEL2 Table 1904 j:l-_/\]o U=

Table 1. List of IoT Cloud Platforms

Platform Platform Platform

Amazon AWS IoT AT&T M2X Cloudplugs

Cloudthing.io ForgeRock GE Predix
Google Cloud IoT GroveStreams IBMP\IZ?Z?; loT

Oracle Internet of

Intel RIoT Platform | Microsoft Azure IoT

Things Cloud
PTC ThingWorx PubNub scriptr.io
Splunk thethings.io Thing+
ARolA Bl o AHE SREL vpolaza

IE Azure [oT 3]E&} ofuf&9] AWS(Amazon Web
Services) [oTZ, & T PaaS AlH|2olt} [12, 13].
Azure IoT 3JES} AWS IoTE ulo]A2 AT EC} ofn}
I STE GAOIA AFSHL Q. o] F AAE
AEgt A f olf= H2 SH9E EF JNdolA
ol AREE T Q7] wiEolH, & WA olf= AF 24
of Wil F IoT Skt EHES ‘57}0}% A7t ¢l
ZAo=2 ALY wiEo

It [8]

3%

=

L

¢E

43 M

RS ALHS HAES] o) ofFol i
efz2e] sfo, AIAE o] 83te] Fig. 79 2ol F43H4
o} Aol O, gko] A5 W] 9] ] Fig, 7
o HE AAE olg3le] CO, ke ST AL A4 4
JEE FTE 25Tt E3F HES o] 8sle] W}/

WY 7leE FE2E Aol 5 =S stk Wt
WY& FEOR Ao 5 M o= 2= AlA7
SAsk= ke AolstaA Adsiolct.



20tE 992 A% [oT St S92 4% 37}

Fig. 7. Architecture of IoT Sensing System
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