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[Abstract]

In this paper, we propose an loT-enabled solution for tour photography services with small-size
investment and resources in the travel and tourism industries, being able to impact on economic, social,
and cultural values. An IoT-enabled camera is developed based on an open hardware and software
platform complying with oneM2M, which can make traditional embedded systems oneM2M-compliant
devices due to a middleware solution called TAS (thing adaptation software). IoT cameras deployed
around photo zones in a tour site could be remotely controlled via an IoT gateway with a Web-based
application on a smartphone. Users would perform a pan and tilt camera control if they want and then
take and download a perfect photo picture (even though they are away from the tour site). We expect
that the proposed solution will promote the deployment IoT-enabled technologies in tour and travel

industries which are important parts of the tertiary sector.
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I. Introduction

AFECIEY (IoT, Internet of things)2 AW E H|7F
U At A Aol AMA 2219] A2 BISkAl7]AL
ATt ot AllA, At e AIA"L HofelE 7172
QUE Sl AZAEo] of2] Bl=YA V[elE FEstl 78
gh &8 ME|AE ARttt [1-2].

loT A|A”ofl= tufo] A, YEQ S, Au]A, ofZ2]7
O[d7HA] ol2& Tifet Al5ol EAsHET, A TR
719E2 AR EE oA slig AlSE2 dEshke
=AM (proprietary) &7 55 F50HL . SAF
A9l BRE o)A A2HS AT, 7} sl o

A 325 1 AAT U2 Ajstelo] 184l 2
goj=g ¥4t ofyet Hloly g, 7tsol &7Fsst
=5 tlole] 282 ojgA Fict. ol2ld APy
market fragmentation) =4S sfZ2st7] Hsll o=
A wopoll 2Rl 28R 55 EE 2449 BR/g0]
= AL, A A|9E FEsAlRE 77| (SDO)
=0 25}l oneM2M EZS UAIZE SRR [3-4].
oneMZM2- IoT 3-8 AH|A A|9Z 2fsf ohfet 4t
2ofollA &= AH, Ao ELlo], Huto]AF Yot &
£ xu]A QlEJE] (common service entities)2 A2}
of GHslE 27 AF TAS 2 AF 7A2 WHh|
9et mET TAES ATk oneMoM ERES 55
S UEYI A5 Aglo] Avla ASoA 718
API (application programming interface)s A}25}to]
T+Askd Alofe} o9 377t 7hesith o] Aer
ADFE , ADKE QulA, @A} S ClorEt Al ot
oAl oneM2M 7|4t [oT A|A"lo] 7RIE 1 Qlct [5-8].
124 oneM2M BF] £ H& Foks 1A} (o, &
ole W) Ei 2} (o, ACkE Wee)) Al AEeE
7o) 9108 ) A1) A5 o] 3k 38 41%iel Ayl
A FopoflE AlRtAlor FEE T & =roie &
2 Tl M8 & 9t AW BY AulAT U
oneMZM 7[8F 97 Ao &2/ Attt 72kl
0T ClulolARE] AR} AF5ALE 717]] ALGAL ADtE
E717] oneM2M BE SRS AL8T 94 Ho] 224
2 330 2 oneM2MollA Ketat= of7 el w2}
71717F BE AAD Alo] sgo] SRl SR e
A0l =t E9F A2 Y SAAR Tafer Al AIET|

O|A5 Al'd AllA 5l HFROO]E| 52 oneMZM EF Tu}

ox rr mlo rln 4
)
22 o

o

= o9

2 —

B= 7Y AlMeE dARojolEfE QIEfHlo] A BE
AlE 2 Hgho] 7hssith UpR|Rfo g ofX] HHH (edge
computing)2t Zo] loT 7lo]Efo]e] ZQ/do] 74l
wief tutol At M ZiE IF A FAIS o] &l 19
g gifi 71& A= 22 oneM2M BE 7ol Eo]
S AEol| AA"S FHsHIT:

2 =rollA AQket £242 BE QF A4 QF 5}
Edllo] EAFZ Z&al 7IE=7] miZol Ax|et e
of 8ol FA A %= A0l AL, AR AR
SAE A1 g HA0A EQlsto] AE|AE AlEEe
2 A GH4A /et =g
& EHE2 g8t S o
TZoll B Au]A AR (o], 1F,
ABIAS 247 1Eshe 5 3R
gt giojEe] &E 7HAE =Y
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II. Related Work

loT A2Ee QeSS 7]NHo 2 thiuo) A2 5L o
Astol ol AAtst] T2l weols % ol 2l
3} 22 tlole] Bl HREo] o] Yo AHg
A} HoPy U ChRt BlAYA V1alE B 4 ck
Agh QuiEoR 0T elel At AdtE AAY 5o
WAL ARHOR FEE7] B2 10T AlAH
A dolelg Agetn BAsts F9UF

k. oneM2M EE0] 7[¥ Cletol s F
AES 5] o] ol 2SS A5}

O:] v d
ME|AS Algshes oT AARLS AAZ & Qo
of

ol
=

NS

e

o IH @

= & ro o

RTINS

CAN
)

wE 2 2 o

>
el
2 W
e
op
op

of & ZAo|cl. An 52 ADIE AJE] A5 AES 95
oneM2M 58t AIX| 2 A|Yst= T 2A] 7|8 £2498 A
5010, o] AULE AlH 23S $cte 7IsdS B
olzolct [10]. &2 =512 I8t Uj7] Ao otslz ol
afl olAHA] E glolEjof et wijo] S7tstaL glon,

oneMZM Z3F-2 &gl HARE ti7] FEES Al5sto]
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AldE0] " ti7]o &5 = A2 AP 4 A st
= A= A ict [11]. LoRa YEHYI] 7|9k =
non-oneM2M A|AEIOA XK1= tfj7] HHEE oneM2M
AAT HEIEo] P

iRt 72 $Ash AULE & FAoA = oneM2M AlA
82 &85h= A7t AlegE]of it FAAE 2 7MY Al
ol QlofA QITtofA| Hetet 42 Alssiia7] $sll Au|xt
A9 thefet AlE=0l FAI=QIAL, o]F Alofshr] $igth A
o}7]of] thigt AL= &3] o] fojx]aL it IFoME &
g BY AHEALY] A198 AT S WsHsHA] 2L, AFAARA
HEE AGT 5 A= AFAL QIETo]Aoln, 378 1Al
A| 281t oneMZM 255 AFSH] 24 7|8F AULE g9
717152 Alold & AT} [12]. E5F Ot ATLE & Als
== Alofsh7] flsll 2RI Alof7t 7He st A = A1HA]
Q1 FE{O] ATLE & 2@ zio] A|Qt=|Qict [13]. Aflote A
OLE & 2|22 Abset AH|A E31E-S ol Ot
S Mula JHE AFSr Absel AB|AF Algeith

UFstof| Tt ADLE g AJARD SoOME RHSZS 2
gh ADLE ofjo]A]of] tigh A7t &sHA| o] fofX|aL 9l
C}. Fattah 52 “QU2 oF28'S QEal] 93t Au|a
AlUE] Q-5 7Pdstal oneM2M 7[8F =3 AJARLS 13
stof Aul2 EA] OfEt A58 2Lt [14]. AH8AE
o] oF 282 9lofl LED R+, Am7q, AUEE, gojg|=
HE, oFF 59 tafet BE/8|RE loT Hufo]AZ0] &
AZo| ABE|o] AU|AS AlEslt.
Holl 7l A5 ZF oneMZM BFE AJH{e} Cjut
o|A FWEFS AHEF o 2N [oT A mpHst 7AIE sf
ZAstalAL qhct SHAITE AT AFFALRo 7P HlBo] =2
AulA 4bQiof] Age ARIZE ofl, kR 2RF 4AH,
35 =4 B 70 ARBARE SR [oT AlAds gide
2 it 2 =roie A2 Afher 1Y 7S 5
Alof] T AREATOIAl MUIAS AleE 4~ e WA AL
Al &g AUIAE 93t IoT £843 Aleeith 2=
U ARlE Ao] Ate] HAY Au]A (SNS)= &
AIHE Bolstal glon] TIR|oA ofsy 7' A

g she ARISS A7 B 4 At YUklE 247 %
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III. The Proposed Scheme

oA e RN G2AA AR G A

A25t7] 95l oneM2M EX-S AL3H [0T A|AH

WS Agteta ol
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1. Overall System

AlRtske Al A" 1332 s Fig. 1014 ol
et Zo] tjutolA (IoT 7HH[2}), AlolEL], A¥=z o]
FOJRl [oT A& 225 AAISI. Aol ELlol= st
O] TEA] (B IR Y ZEE)O| ZAI=0] & Fa
off ZAIE IoT 7d2ta AAEH, M= WA 4
Al Aol EQflol 2t AAHH.

2a2.a

=7

loT Camer:

e e ot —)

Photo zone

Tourist destination

Fig. 1. System Design

loT 7Hl2t= ¥4 Aof7t 7kset 7Hl2t=, AlolEd
ol e A ARRAY] Yo met AR vl Al
£ 285P7] {3 ZEE AlofsAu ARl BT oln]
Al mEE Alo]Effol = A&ttt Aol Egol= AREAT
A A Y (Web App) FEi= 7Hdl2t Aojet &Y 2o
et IEEo]AS Alstal, Ml WA YoM AR

APE EGet Aol dieh B2 AlsstiEt:

[ Mobius M Database H

oneM2M APls

@ EElCube:rosemar}H Database H WAS }

oneM2M APls

lr { ( nCubethyme HThing Adaptation SW (TAS)| |

loT Camera:a :

Fig. 2. Proposed Architecture
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Fig. 201K = JollA A¢ter A2 2 =wollA -+
sl sfe Z2EEQ) AARY 2EE HolT Yirk
loT AH, Alo|Ego], tjulo]AE 1:ist7] JsliA ToT
QEAA AOA| @A (OCEAN; Open allianCE for iot
stANdard)o|A] A|535F= oneM2M E&F 7]8F @ ZAA
Z21Z9] Mobius, nCube: rosemary, nCube: Thyme&
ARSI T [15]. oneM2M EZF0)|A] Mobiust IN-CSE,
nCube: rosemary—= MN-CSE] sij&tstH, 12 7j9] 3£
AH|A 7]% (CSF, Common Service Function)g Ay
gitt. oneM2M AJAHIQ) QNEJE] 52 CSEO|A Als-dhe
dmels molES o) BE EAlo] ZKsaith nCube:
Thymeg ADN-AEZ Alglalo] o2 Saf olit 52
o] 7h5%t ojBEAl AulAS THslc Mot A
ARLE oneMZM EFOIA Qs ZREFS wrar] of
of AFH Z2IRPC 2 I3, ADIEE ofF2|7|o]
crgsth AMEjE|=0] ®ESH REST API2  Hjo[g
DS 4 9} S AASIA E Aul-e ot

=2

|

e rx [o

_7'3_
B AR SN RS Eol7] 910l W U 714S

Hu o2 ==

AFgBIGTE. ALgAH ATtE Eo] 9 BatOAIS o §ato]
loT 7}k M2k ¥A Aelst 7hsstc,

|1

2. Service Scenario

239 Al2se] AAAel 4 Ao chat 2
tf. ALALE ARG ADLEES £3) ZEZO] 4RI 7
o|EgJoloflA AlEshe= < Aol F&sh et A A
ghS ¥l (1), REST APLE &5f ZlolEgfo]ofl 7Hf=t Kl
ol ¥¥= AEE 4 Ak (2). Ao FF2 oneM2M #F
71919 2jaAag Adstal AolEole siF Yars
loT ZtefletofAl Est (3), IoT 72k o]df e} &
B Aol = A Edg 2o8eit (4). 7HdRiE Zget
APE Alo|ESlolof] &5t (5) AlolESol= AR
tieh URLE 22 oneM2M &% 7[9F 2|22 AB4JoTh
AMHEAR= 012, AHU Alo]EQolY] A5 Edt Y 2

= o] o A
e Y22 & ot} (6).
Send camera@
control request con_trol r_equet
Notification @
Download
image files

Gateway oT Camer:

Creates user iSr::;je ta Controlled
& by noticed
ID number Cgmmand

Fig. 3. System Component Behavior with Service Usage

IV. Our Implementation

SroflAf AR IoT 718F ARl Y Al2"S th3at 2
o] FAsIR. Alo|Egolet T2t ALE ol 2F
StEflo] 2215 2k=He] mo] (Raspberry Pi)ojlA] &
A 7hssto], Ay AL EQ o] EoT 2fxu2] mpojojjAf 4
0] 7hevh, gRMH oz A uAR] AR 59
2 QIR gAaE AREES ARSIIT Zitet
ACIEol= FA|ol HAst ARl ZYS It AfH
25 ARSI 2Y 4 Be IR 3710 o2t
2 E= AREH deol E2 4 ok

1. IoT Camera

UEIS 427442 71 2h=H2] mole} ofof Ui 4

zEgol, steglol RES AHgAH a0l 2t it
20| 24, ARl B B52 FsaPl dc.

1.1 nCube: Thyme

nCube: ThymeL 0T A|AEIS] e T Hjolof] YX|5}t
+ loT tylo]AE 93t oneM2M AZLESo} F2HE0]
c}. IoT 712} gsto] A9l nCube: Thyme2 oneM2M
Ae S E} Alo] EgJlo] EAFONA Algshe 2w
IQEE Egf] &8 mz 2 JlE|g (AE, Application
Entity) 2 528 4 Qi) B =30] m 2 EE}Q] A|AElo
A 10T 7lollets Ajw] Z21%o] ohd Alo|Egjo] 2%
of AEE 53t

nCube: Thyme (5 oneM2M BZF)2 AFE9] HojE &
SRS, AR Aol 4 9t FEX YudE A
Agiato)] QlEisolx Yol ot BEE Holol o
o) mahy B mage] oA wek whEe Aolshs
oneM2M IPE (interworking proxy entities) d&rS 4
35= TAS (thing adaptation software) AT EQ]o] &
= AHEste el 28] 5 XIS nCube: Thyme
7o JAE2E PYSICE

pigpio, request, mjpg-streamer = st Node.js
0F A 05 Ageldl A B N0l o4F 5
31519111, TASE &5l oneM2M EZ-9] Tjut

 QIEHIOl A2 SIS, IR TASS

ol ZE

31T AP 7158 FGIA onehiZM 0] Chbfol
A Zanzo] JAY 4 917 BE] stEglo] QlEjHo|A
A9} L 58S Tafsle] APIS AT 4 9t =

5t nCube: Thyme 7Jgt 910191 Node.js= H]E7]Al0 2
oMlES Alsin] UKo ANS Hdsly] TR
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1.2 Configuration and functions

loT 7HHj2te] 28 QA= 2kxH2] mto]e} 71
et BE, M8 ZEFQlon, AAlRE gA]
Table. 10] dH&]o] Qlct

Table. 1. Camera Device Components

Component Functions

Raspberry Pi 3B+ Single board computer

Raspberry Pi Camera |Streaming and shooting a

Module V2 picture
Digital Servo Motor Pan and tilt camera
DM-S1300MD movement

Combining camera with servo

Servo Motor Bracket
motor

Raspberry Pi Power
Adapter

Ethernet Cable
Ethernet Cable

Power adapter

Power supply

Connecting with a network

Provide Internet connectivity

Power supply

AREAPE B I MEIAS ARRShe SO 2=
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. TEPEo] ARG Besl] Yslae 222 o
—?:711 27gsHoF etk A wAer 2] %
25k RJAISE SHR|Ctop ma T=8 AlY X|HIA|7E
Alet s dE £720] AbrEAl X, YE
=5 Lo et

xS
hop —t‘i o%

o
i g0 S fo o
1 T= 22
i
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149 rlo o o £ M
39,

RN
O|->' -l>'

1p

Su} 7t s

7ttje} ZAEjolv+= 3D w8y mz 77491 SketchUpS
ol&sto] wElasti, 3D LYUEE o]&sto] A ARt}
At Fig. 4= AA| st 1oT 7ioet A1) Abelat 4
Ay ArES HolErh

Fig. 4. Implementation of loT Camera (a) All Components
(b) Packed in a Container

2. IoT Gateway

7ol EQ)lol= nCube: rosemary, ALl &2] Ad, <1
ofiZ2j7lold Ay (WAS), 12|11 ARGAMA HYS &
U 2oz J/dEn) Fig.be AMEAL B4 T
Alo|EQlo] Y7 mg 1fH0] ZA 555 BRI Qlth

2JPOST Request (1)
(for Camera Control) Web page
]

|
Picture

Cuberosemal Processing WAS
Server
[ Nodejs | [Mongo DB [ Tomcat |
[ Mysgl | [ Node js | [Apache24 ]
¥ [
L 1

@rost Request

POST Request
(upload image)

(upload image)

‘ loT Camer Device

Fig. 5. Process Flows in Gateway

AFEAH= WASOIH SEre ) molx|2 £3) nCube:
rosemary©l] 7t} ARl Y = HY 2= 2E2 9
st POST @A& A& 4 9tk nCube: rosemary=
sl POST @72 A2fste] Ziu2} Aflojof] Hsish e
o] 2|arg A/dsto] ZHH2f7t sl Ao FRoll A

22 4 91 UK 99 2 254 A, 107 7
et AolEfole} AL Afe] Aol 2 AFIE Y2

E 5= POST 8742 Hdlth. ARl 2] ’\1‘*]% 7 T2}
Ojufo] A2 B E] §h2 ARKl X%; @77 (POST 27)2 A2
5t nCube: rosemary©f oneM2M REZ0f 7|85t Hjo]
B FAoz AMl FZ 4= (URL)E A/dsit
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2.1 nCube: rosemary

nCube: rosemary= oneM2M BZF& 7|49tO0 & sl=
QEAA [oT Ao|EHlo] S 2M oneMZM ofE<]
Aol A 718t oneM2M A0 355 A& 7152 AlE
sto] 27 718t [oT MY|AE 7155 sttt Al 65
3 we], goly XY, 15/99 59 7Iss BFE APIE
&ofl Als-sh7] wieoll, APL o Hlole L& siAg &5l
oneM2M BEE 551 IoT XA 40| Fhsslrt,

nCube: rosemary Ulojl= &Y A4 T2 AE7} A8
=W, sliig AE o2l Hlol8] A= 15k X0y 7} A
A=t ToT 712t} WASE nCube: rosemaryof 2]4
A5 AYSIAY 7NN FEE SRSt Fig. 62
nCube: rosemary Ulof| /g5 2lar 25 LERH
ok, AFgAPE 9 e Saf ot Aol e Aast,
Cam ZIEo]d (oneM2M Bz con)ol] Alo] B0l s
k= HlolE7F ARIE IAHA (oneM2ZM EE cin)2 ¢
2t "ot Current User ZIE[o[Hofl= 2F AREALOf|A] &
el Aot f2E o, State ZAE|o]Hol= XY
A& AR 715 ofRo] tigh JEIF GREHTh ARAT
7t dEvle S

User ID

Fig. 6. Resource Hierarchy in nCube: rosemary

2.2 Photo Processing Server

T a2 Z2EQ nCuber rosemary= HAY Ho]
B oA ] AIARIQI SQLE ARESH | Wiwoll ARzl
Zo] 4 8Z2] HolHE AT 4 Qitt. WatA IoT 71|
2iof| A &Gt ARRlE 5R5H7] HsiAl NoSQL (8]
%) Hlo]EjHo] A1 MongoDBE &85ttt Ao ELo]
o] ARl 2] A|AELE MongoDBet Node JS2 3 %] o]
Qlon] RESTful 742 A2|st] ARl A%, A&, o2
2L 59| 752 o8t AT ] A|ARLZ [oT 71|
2} 28 ARl Hoj8g ety glo|gjd|o]A0] &|75get
9. oneM2M EZFO| 9t Ho]8 FH/E sl nCube:
rosemary©f] A7%ggt AK19] URLES P=Estt) J=es
HlolEl% Fig. 71t Z¥o] JSON @Alo g AJA3] oneM2M

mages/YK4AC720bj=5e7c65635bb37845F8bfc749",

Fig. 7. Data Format Uploaded to nCube: rosemary

3. IoT Server

A= oneM2M AMH Z2HEQ1 RH|- QA0 ARl
A, WAS=E F/g&]of Qlot. Alo|Ego|e} 55l Al
2] A= MongoDB ¢} Node.JSE o]&sto] 7idstel
7, WASE ofuix|e} S olgslo] TSI

AgAEE AR BYe FEG H. BYA U PP
(Internet Protocol) 47} opd 9|2 [PE o]&3ato] At
g Ot vhl AZ o, Ao H&5t0 AR Hlo]

Bo]l 2ol 7hssict

4, Web App

2 = A|ARIOA MEA ARS-S 9ot Y ofE
iAol < ¥ FEil= AleHch W AREAT =8t
o 71719 ST SUGH U2 A2E 4 YA 51
HTML B3 9o} A831] o] E3Aoln 58A9l
e TP stk

AFEALO] S o AFE ERRS 3A| A 7R 2 Uk 4 9
oo} 7t Axjo] thet AR e chewt ek,

o AR 1 ARSAT A2k 7] AR

Fig. 82 AH|A ARG 71 o 25 H|HSHL, AREA} Al
H o2 Algsh] A A F A2 UEHE oA 20]
o i AlARIAM e 2 et ti3Ee ZdEolY
(State)ol] F==w 2] gholl T} AREAR] Hg AfH
5o, o] go] Al HF FAE AT 4 L= ot
o} F 3ol 1Y 3Roll= ABlA AR B EZ BIZ/dE}
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Table 2. Camera Control Command

Command Value
‘0’ Reset camera movement
h Tilt up camera
'2' Tilt down camera
‘3 Pan left camera
‘4 Pan right camera
'5' Shoot and send picture
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V. Usage Scenario

Aot L2 EElq) AAELe FYAN AF 7Rset
0T Ael20] ¥ olch. A8 2§51 452 919} Fie,

103} o] of2Ut 2yE ol&3] 7ol #Y g7 A
setoich. Al 2@ AulA ALRAIE LR, A
wAKe A|QA}0] E23le 5] o] 2ojAlc,

A133) WET o 20101

Al 2p 2 o3l

Fig. 10. Miniaturized Photo Zone

Fig. 112 Al9APEHES #ollM < Bs &oh AHlA
AM8AT 238 95l Q= B45-8 HOITh ARRAI: &
A A}Alo] ofm st w&elx] Axztog &elo] Fhsala
9% W WES 52 ARgAl] Tt Ftoet 2 £
AU A5 sint Tlole} Bl o) e 4 9k,

= 0= M

Fig. 11. Demonstration of Camera Remote Control
System (a) Adjust Camera Angle using the Web App
(b) Camera Control Web Page
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Fig. 12. Web Application for Camera Remote Control (a)
Check photo zone availability, (b) View and Select Photos
taken, (c) Download Photos, (d) Web service pages
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IV. Conclusions
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