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Abstract

A Design and Implementation of Mobile Virtual 3D

Exhibition Based on Indoor Location Awareness
Using BLE

Kim, Jungjo
Department of Computer Engineering
Graduate School

Jeju National University

Supervised by Professor Kim, Do-Hyeun

Recently, many heterogeneous services can be integrated in real time on mobile
devices using various sensors. Virtual Reality (VR) is an effort to realize this
concept and build an application to seamlessly combine real and virtual environment
together by simulating user's physical presence for live interaction and manipulation
of available components. Cohesive integration of virtual and real world is challenging
task and have received remarkable research attention in recent past.

In this thesis, we design and implement a virtual reality application on mobile
device based on 3D VR. User position is determined using continuous Bluetooth
beacon messages exchange. The objective of proposed mobile virtual 3D application
is to improve quality of user experiences through integration of 3D VR and BLE
wireless communication technologies. The system is based on indoor position
identification using BLE. This application can be useful in museums and exhibitions

in order to provide detailed information to the visitors about available items. Detailed



information can be collected through external search system and presented to the
visitor in the form of web page superimposed on user current viewing scenario.
Furthermore, we also try to address other related issues that hinders VR based
applications utility and performance e.g. device-size, mobility, resolution and

computing problems.

Keywords : 3D, Virtual Reality, Mobile, exhibition, Beacon, BLE
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Fig. 20. 7} 3DAA & 52 4%

2. H[Z7IHF 2t JHY 3D FAIZE Mu|& R[4 AA

D AWAQA Az 27

Al A4 A gxe <Fig. 21>3 Zo] iAo 39 SdAE 48
st =2 AASY. HE& 25t YIS e ‘B EDevice' &,
7Hd 3DAA e o EFE Aol AS #E U HA 7= MobileTerminal’ = 2=,
H| 2] AT A7 g1 e} dolE e}t 7Hd 3DAAIE dHolHE Al ZdRbA<Ql Ho]

HE £% delshs VRAN o7k 176
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BeaconDevice
MobileTerMinal VRServer
+context
+hstener +Reghame +eghamelnfo
+RSSIlevel ey +Nodelnfo
+searchTime +Hhnmber -i-rquD;:-sion
+check +vrln
s 1 +beconinfo
::;00 e J';:el +FunDistinet()
S +attv i A
+getRSSILevel) oo +datasend()
+setRSSILevel() +dose() +dataReceive()
+getSearchTme() +DivsionOK()
+setSearchTime() +distince()
+getCheckTime() +mapMove()
+nChedTime() +satinfo()
+getSdkVersion() +getinfol)
+onBeaconScanned() +eqok(
+onBeanScanError()

<Fig. 22>+ A4
g HZe] F
‘MobileTerminal & 2 =7} 2 &) ¥
SAZIARE FAEA A

~

oz VRAW F

1

=

=

npx ko 2 ‘MobileTerminal 220l A =41
o] ~wtEEN AN =Y AEs TtebaiA Hrh

Ea

2) )97 914

)

2

]
NE5E Bt Fdxae
H

Fig. 21. 29 #14] Class Diagram
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‘W ZDevice” FHEE o]Estq wFe A

g olgate]l $HE Hzel WA AuF WD

UUIDS w3 5= w22 UUID A5 sfFshs 71 3D = SRR
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= 94

ro

Al

AR HE ANSE A7

jus)

129 AT ARZ ALEA

1L ‘MobileTerminal’ =2
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’;L.I 3:mapMovie)

Fig. 22. AW A[Q14 Al tojoj s

<Fig. 23> ANgAAAe) A2 B tholoj2a Yepd Aotk WA
AFEATE CsVR @B AES Ed ofZHAolde Aadth T2l ‘clsBeMng’
SEAEE HZS 2057 AZEA] Btk 283 CdsSVOHAES o] g3}

2ol ATANAHEE FAse] ClsVRLBAEA FalsA @ 5o
CclIsVROBAEE [sSVeHAERZIE H|Z AZA7|AR = UUIDS
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32 fplo—z &m{}

&
] 1: AppStart C

i’ —WG dsVR. : MobieTerMinal 2 QEMEO dsBcMing : BeaconDevice
hS

: Liser

i ! ae0 Q:mmmd{}
6 :0f fol)
?:gEErT('&!nF{]

ds5V : VRServer

Fig. 23. 2 $]x1212] Collaboration Diagram

3. ZHIY Jhak 3D FAIA AA M

1) Unity5E o] &3k 7} 3DAAH AREAE QIE #o] 2= A

<Fig. 24> 7V 3DAA A AFEAE Qe Ho]l = dAEY] ebA 7HE DA
AAFEE ZAT Aom Eud ZPF3D AAIES TS feke] aie H o

of g e AHgAlAl 3R olek: BFURE Fi Aelth AU AHEA
A BYE AT AL Ao 3390 BRe] FHo| Wasteh[4]

71EA o %A 3D Object® Ab&3ste] Rdldy 5 UnitybE AFE3ste] 3D
Objectell efywjo]ld T3 B oWEE A &3to] ALEA7F EntdS o] &35+

71 3DAAHE A FsHA drh
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Enviroment

BEEEEEE
3D Object |
| ]' 3D Data ‘
3D Viewer I Unity 3D ‘
I x User. ...
4
Navigator move

Fig. 24. 7} 3DAAIA 2A %

<Fig. 256> 7} 3DAA# wiAdS Aztstr] 98] AAIS s =24
HES fdA B REFolil Images 7IWo® H2ax PES Fa AREA
s FA

<Fig. 26> 7F¢ 3DAAIHE WFd+ EFola HZFole= FeEs HFE

Zd = HAAE% 3DObjectE F7}ate] FHEAS A ST}

o
-

ro

e

rob



<Fig. 27> 7} 3DAA @ WF¢t RgFola, ARGy v 2 Ho=

7F& AAl&= 3D Objects F7Fste] Holl wj=] gt}

7 3DAAI T AA Al AA 2 mdale Unitybs &-83te] 7H 3DAA S

N2 olEaHA ad ool % 2% oME Tie wEg
WAAAA @ b 3DAA R wlolE A2l E Unitysel C# Script @
2 g},
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2) 7H 3D oMo 2 A

Tl A WA v ZE Aol HAg A dXg F oHZ FE W P
3DAAIE dolEol +5317] 93] DataBaseE A 9 F+53hth 223k v 29
tlo]E]+= UUID, Major, Minor, H]#ZName, A% #®]&o] HAXAHR S 7%
dlolH S 7kAaL gl

Egh AMEAF Al 71 3DAAIES] ARE AFsH7] s 7 3DFAIE dlo]
B+ CID, CName, Ccontent 5¢ Ho|HE 7]xdelH=Z 7}# il T}
oo tfst E-Rufelojize <Fig. 28>3 3, DBW EHol& F+x
<Fig. 29>¢} <Fig. 30>7} -t}

rlr
£
N
N)
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R0 WRCOM_INFO
| M
WD CHARGD) HOT ML TACID: CHAR{18) NOT NULL
10 0 R NULL
i 'Tngimgétmrrwu C.MAME. CRARE HULL
e i : CDATE: CHAR{18) NULL
Mines: VARCHAR{S0) NOT NULL C_AUTHOR. CHAR[18) NULL
BeacenGroup: VARCHARO) NOT NULL COONTENT: CHARKIE) NULL
BeaconName: CHAR(18) NULL _CONTE
B_¥: CHAR{TE) NULL T
B_Y: CHAR(1E) MULL
ETC: CHARY{18) NULL |
FegDate: CHAR{1E) NULL
L

.
— |

*
BE_LOGS

Tre_seq: INTEGER NOT NULL

re_resul; TEXT HOT HULL
re_finesh: CHAR{TE) HOT NULL
re_chel: CHAR(1) MOT MULL
1T CHAR(Z) NULL (FK)

CI0; THAR(1E) NULL (FK)

Fig. 28. E-Rt}olo] 1

BE=® 405 UHRI|E Triggers BUE FH

oiE [Ete: 2o |sTe  |A=se | |
_|o int 10 0 O |W®
_Juuo varchar 50 0 B
_|Major int 10 0 n
Minar int 10 0 [l
: BeaconGroup varchar 30 0 v
Beaconiame \varchar 50 0 N
“lex float 4 0 ]
By float 4 0 |
_|evc text 0 0 v
RegDate datetime 0 0 L]
P |ResDate datetime 0 0 []

Fig. 29. W& ©o|E] Table 7%
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EES MOE UHFIE Triggers BHE T
0|2 EFQl B A |mzag | |
pco int 10 0 [0 W2
_|c_name varchar 20 0
C_DATE varchar 10 0 ]
~|c_aumHor varchar 20 0 0
_|c_conTent text 0 0 vl

Fig. 30. 7}F4 3DX A& dlo]¥ Table 7%

28] 7% dlolH & S Aulol WA A F Web7|wke] n]Z iz
ot

g Al ="M HE7] % HolHE %

ol

3) UMLE ©]&3% 74 3DAAI#E A7

<Fig. 31> 7M 3DAAIAS S8 volojafler A AAR 2do=
A ‘Bl ZMnglnfo' & 2~ v 22 Al 27 2D 7EARE st a1
VRapp' Fdl== 7Hd 3DAAIRS] 7% dlolE ¢t 7 3DAAI= 7| ZHolHE
#Hste Sdlzolth. ‘VRapp' 2 dl 2~ ‘HlEMnglnfo' S =25 H B2 2l

ARE 208t 183 B EZAITAHEE Sever 2 A48 ‘Sever Z

fos
il

fol

2% ‘LocationActivity’ S ~2ZFH HZ dHlo|HE FAlste] | 7 3DHAA=
dolH5 mAE e 7Hd 3DAAIE HelHE VRapp' &l =5 o] &3t 7Hd 3D
AAF st ARE xE3shA
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VRapp Server
BeaconMnglInfo
+stnum +reghlamelnfo
+eontext +wMumber +belnfo
Histener Huuidnum +regDivision
+RSSILevel +regDivision +vrinfo
+searchTime
+checktime +dose() +FunDistinct()
+DivsionOK Q) +datareceivel(
+startl) +HuminDuplicate +lugeCk()
+stop() +mapMaove() +datasend()
+isScanning () +cande()
+isEnable() +reqOk)
+getRSSILevel() +getvrname()
+setRSSILevel() +gethename()
+getSearchTime() +geth_x0
+setSearchTime() +geth_y()
+getCheckTime()
+nCheckTime() = Acitivi
+getSdkversion() Sarainn )
+onBeaconScanned() +HocaticnManager
+enBeanscanError() +MyLocationListener

+TextView
+FeMng

+RegFeel])
+FeelReqCancal()
+JingMng()
+hesendxy()

Fig. 31. 7F4 3DAAI & S8 2 tho]o] 13

Xj} L_i_ 7 BA =" o
B gohrh wAmel wekel vzt YA gAres wgEe] wuk o

Aetar, 28al HEZATAHARBE ‘clsA LB AEE o] &3to] HAE3Th ‘clsA]

AEE WEZNaARe} WA s = 7 3DHUAE ARES CcsVRQHAER
AE3ot
olgA HEE HolE = dsVR'QLEAEES o] gsto] 7Hd 3DHA el 7H3D
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12 ; gtopl)
2| start)
1: AppStart 31 getgSSIEVEL] dsBcMng : BeaconMnglnfo
Eﬁ’ 0 dsVR : VRapp L

4 onEeacﬁScannedO

: Lser

&t ol (]
& : getBeaconInfo)
-,
5 ; sendRSSValuel) dsSV : Server
_L 7 geﬁlodelnfa[}

dsAct : Location Acitivity

s %Tsm?@elnfoo

clsBMng : BeaconManager

11 senq!d‘r[)

Fig. 32. 7} 3DAA| & @& tholoj1l

<Fig. 33> 7} 3DAA S Alf A golojagior Al AAF 19 o =A
AHEARE 7 3DAAIE cfEE Al AS Y F

W el Aggith el i AREArE B 2AXE AAIE 2m oJllZ HAl )
g 3DAAF N ZY AL H| 2o AEAGRE 413
FAE ATAHBE AWl AFste] Severel T5% HEZAE S UUID

i
& ol&ste]l MAH= 7H DA E ARE ARSAS] 7 3DAAE el
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LocationActivi

Server

VRADD

BeaconMnalnfo

1: locationview()

2 : Scanning

3 1 DivisionOk ()

6 :get_xy()

4 ; mapMovie()

5 :|start()

91 moveXyY()

- ge_tBeconInfDO

L]
c LT}
% =]
- b1
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Fig. 33. 7}’ 3D#A Al # Sequence Diagram
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IV. En}d 714 3DAAI S Al 8 H AHAF5EA

1. P=|

el
It

<Table 3>& Fd&4d HAH=ZH J/NL= Unityd.3¥ 3dsMax,VisualStudio
2015 & o] &3k, /Ao 2= JAVA, PHP, C# 9418 += Apache22E 9]
£33 dolg o] A~ MySals.19 A8 &= WindowsAl® 2008% o] &3t} =1

gl 2uld 7] 7] SamSung Galaxy S6 7171 & Al-g 3o}

Table 3. 73874 AR

e g
Nt Unityb.3, 3dsMax, VisualStudio 2015
7kl o JAVA, PHP, C#
A Apache2.2
DB MSsqgl5.1
ON) WindowsA # 2008 R2 Enterprise
=i 717] SamSung Galaxy S6
2. Fedid
1) WEB API

2utEZE o Z g Alo] oA w2 F 7 3D AAlE AE DBEo F 74
849 AH HAES o= AL EIlsstEE, Web APIS 38t H28 &
=

stk A8 A& Apache + PHP + Mysql® 431, PHPES AF-&319]
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2) [ HB 5F
Table 4. v]Z AH QA
url http://192.168.30.103/selectGetData.php

method POST

Parameter | $1&

°° > http://192.168.30.103/selectGetData.php Jo R b

2 HE@E 22lv) EARZIA) =M E2LH)

{"baecon”-' ', "UUID":"7174656C—-736F-6674-5F70-6E7462697A31_59998 1
',,"Major":"59998", "Minor":"1","BeaconName":"1","X":"33,481532",,"Y ":"126.485629"}
{"baecon"","UUID""7174656C~736F-6674-5F 70-6E7462697A31_59998_2
",,"Major":"59998","Minor":"2","BeaconName":'2","X":"33.481533",,"Y ":"126.485645"}
{"baecon""","UUID":"7174656C~736F-6674-5F 70-6E7462697A31_59998_3
",."Major":"59998","Minor":"7","BeaconName":"3","X":"33.481544",,"Y":"126.485637"}
{"baecon":"","UUID":"7174656C~736F-6674-5F 70—

Fig. 34. &4 R 27443}

3) 7V 3DAAAE S=

Table 5. 74 3DHA R &%

url http://192.168.30.103/selectGet VRCdata.php

method POST

Parameter | $1&
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o

U

2 http://192.168.30.103/selectGetVRCdata.php
HEE E7ZI(Vv) BARZIA) =70 =ESE®H)

geley
{ci:
{cp"*
i
{ci"
e

000", "C_NAME™"CNT-001","C_DATE"™

1004","C_NAME""CNT-005","C_DATE™"

1008","C_MNAME""CNT=008","C_DATE"

"2010-07-14",,
1001, "C_NAME™"CNT-002","C_DATE™"
1002","C_MNAME""CNT=003","C_DATE™"
1003, "C_NAME""CNT-004","C_DATE™

"C_AUTHOR™"
2013-07-24°,."
2016-10-157,,"
'2006-11-06",."
2012-02-20°,."
*1996-11-086",,"

C_AUTHOR™"
C_AUTHOR™"
C_AUTHOR™"
C_AUTHOR™"
C_AUTHOR™"

AOT"}
A0}
A0}
A4}
405"}

A0B"}

Fig. 35. 7} 3DAAI AR 24 Az}

H Zg ~E 3phHo| = v &9 UUID, B Zo]E B EGroup™, B ZTypes 9 g~
Ay A
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ol
Ju
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©
ol

uu H2 ¥2 18

Y2 ER

Fig. 36. |24 KX 23} H
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<Fig. 37>& W29 7|RAH 5o s sojAdr= AEA7E HA
HjZe] VIBARE dYsta, AE/EEE ARRY] HES Yt TEe
ofg&ste] AA AEFjel MZAAE WA 2W Ao 1A dolEst
TEET WZe] VEgEEE vFe] AREIDY UUIDE 49stal, Major

Versione H] 29 th1EID, MinorVersione B &9 A1 FIDE ¢4H3ich. 1

g HZ 2 e gEE v a5dS Jysth vEdd e v ZolEE
Jdesitt v EZEYS VB o w aAHFoR Ho|gda TxPower A& A7 3k<
dEstt. a8y /AR e AERVHES FH3t AdA] A& A
st ApEA o2 9ol AEgto] ed

Uuin

Major Version

Minor Version

TaPower

b=

Fig. 37. v]&Z &

J
b
(2
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UUID 7174656C-736F-6674-5F70-6E7462697431

Major Version 59998
Minor Verslon 4
w21gy  [H2 15 vl
uay 4
TxPower TxPower
T = ] = 43.481573 / 12648565

Fig. 39. wix]d v]&w== #& s}

2

o

2 e

Unity59] 2!

<Fig. 40>¢] A+3lH L Unity5ol A 71 3DAAI#HS 338 3hd
3} -S Unityboll A Fd ¥ stdolt}, shH Adho] = Games)
A 3D ObjectE°] X s}AS HoJZT}

2
o
H

stdol= ScenestH oz A FEA] /EA7E 3D ObjectES wiX|8ta 7t
3D Object vlt} o|HEES A &sl= shdolt), gla 9ol 2t 3DObjects
o] o]E3 HAARES B <Fig. 40>9 a3t Unity 594 Td =
71 3DAAIHE AA AT sHES vEdith
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Fig. 40. 7} 3D A% 7@ A

Mo 2 Unityb2 AM&3}

U
S, UR MR A

2

<Fig. 41>% Z=vlEZA 7Hd 3DHAHS A egsth
o] 714 3DA A Fo] ofjmo]d F o] oWIEE

74d 3DAA = ES wiA| g

fujd
rl

Fig. 41. 2vtEZA g8 713 DA 34
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A Bkl 7Hd 3SDAAIR ofZ Aol de Adsta v Fe] AAE FA
2ol fetd 7 DA ofEg Aol o] HEZe AEAPRE WAL A
of F4ldn. z2gla MudM= vEA s e UUIDA RS v == 7Hd 3DA
Az BEE AWl ARgAbe] Eukd ZHE8D Al o EYAlold e dEet

# w=EdA ANE BLEE o] 43
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R—

Fig. 42. 2434 4=

<Fig. 43>& Av] 2L uZ3} 714 3DAA A dHolHE F=3 3dS HolFa
At Ao AFESE Mo AHE= WA O/SE WindowsAH 2008 R2
Enterprise©] 31 DB+ MySqlb.l12 450 vk, 83 I ¥ = Apache2.2°]
=

D UUID Maior Miniar |

érj 1 71746567 36F-6674-5F 70-6E7462637431_59958_9 59998 9

il 2 | T174656C-736F-6674-5F 70-6E7462607431 599988 59998 B

i 3 7T174656C-736F-6674-5F70-6E746 2607431 59998 7 59998 7

i 4 | 7174656C-736F-6674-5FT0-GE7462607A31_59998_6 59998 f

| G 71746567 36F-6674-5F70-6E7462607A31_59998_5 59998 5

i fi 7174656C-736F-6674-5F70-6E7462607A31_59998 4 59998 4

i 7 TA74656C-736F-6674-5F70-6E7462607431 599983 59998 7

i B 7174656C-736F-6674-5F70-6E 7462607431 59998 2 59998 2

[60) c_mame C DATE C_ALTHOR |c_conTenT |
' 1000 |CNT-001 2010:07-14 A0l 0 &S = =Y HY
a 1001 CNT-002 201307-24 A2 0 HE2 22 ZEU #F
i 1002 CNT-003 2016-10-15 A3 0 ZE2 420 MHZ2
li 1003 CNT-004 2006-11-06 A O &8 == 252 2!
Il 1004 CNT-005 20120220 A0S O &S0 SAE |
i 1005 CNT-006 19%-11-06 A6 O BE=HHN BHIE 0121

Fig. 43. A® % 7]% ©lolg =344
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<Fig. 44>& w25 WA g ow vIZe 671 A3k
<Table 6> H|F tnlo]x A® ARZH A% 6719 v FName, UUID,

RSSI Alz®$l a2l A3wtd 5o JEE HolsFa

o 3
-y a;sﬂ - ‘;,.,,. .
-
L
Fig. 44. ]2 ¥jA &=
Table 6. H] Setting A H
No 1\? .lu?e UvuID Major | Minor Igasnsgle Distance
Beepi | 7174656C-736F-6674-5F7 -95dBm
1 59998 5 N °F3m
-1¢50 | 0-6E7462697A31_59998_1 -35dBm
Beepi | 7174656C-736F-6674-5F7 -95dBm
2 59998 2 N °F3m
-6a22 | 0-6E7462697A31_59998_2 -35dBm
Beepi | 7174656C-736F-6674-5F7 -95dBm
3 59998 1 N °F3m
~4bce | 0-6E7462697A31_59998_3 -35dBm
Beepi | 7174656C-736F-6674-5F7 *95ngm
4 59998 4 °F3m
-blag8 | 0-6E7462697A31_59998_4 -35dBm
Beepi | 7174656C-T736F-6674-5F7 -95dBm
5 59998 10 - °F3m
-82¢c6 | 0-6E7462697A31_59998_5 -35dBm
Beepi | 7174656C-736F-6674-5F7 -95dBm
6 59998 3 N °F3m
-eeed | 0-6E7462697A31_59998_6 -35dBm
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Fig. 45. A #d W& 3}

2) Adleld

<Fig. 46> H]Z Hol&o| FZHE HFE 7| xdHolyH REZA HZ9
UUID, Major, Minors ¢ HlelH & HoFa )t

B [HOI 2] beacon_info @beacon.samda (laT)

IR BT BN HES

Sgasne Jeuunc Zeesns Jace B8 | ne Jexd Fo0R | ¥ oEnes

I fhsier [1arer |
TITAG56C-THF-0AT4-SFTO-GETE2EOTAT L 59950 9 S99

[
|'_ 2 TIT46560-THF-6ETH-SFTO-RET4E2EATAS ] 55558 8 59w g
’_ 3 71 T4655C-TIF-E6T4-SFTO-GETHELE0TAS S0 7 g 7
] 4 7174656C-THF-E6T4-SFTO-EEMEZE0TAZL 55938 6 5o 6
L § 174656C-736F-6674-5FT0-6E7462657A31_59998. S 59948 5
i 6 T1T4656C-THF-66M-SFTOGET46269TAS1 5% 4 5999 4
il 7 7174656 T36F-6614-SFTO-GETE24TAL 59958 3 G 7
I 8 TIT46S6C-TIHF-674-SFTO-GET46260TAS]_59996_2 s :
]

A F=a PO

SELECT « FROM “beacon Jnfo” LIMIT 0. 1000 HOD

Fig. 46. ¥]2 ®lol& 7|24 H YXE
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<Fig. 47>+ 7} 3DAAI= Hol&ol 759 7| xHlHEA AA= °]F,

22k 5o 7% HelHE HolFal gt

|em: e e € pATE le_umicr |e conet
M 100 |G W71 A1 OZgEE2LEY RN
1001 CNT-002 V1M M2 b2y g lEgral
1002 ONT003 AiE-19-15 AD3 GRBELPS JyE2 4
1003 004 200511406 A CEFEEI DY LN
1004 CNT-005 PP A3 0 Ege Oam Sug a2y
1005 CNT 005 996- 11086 A5 NEFEZUBEEUES

Fig. 47. 714 3DHA & Table 7|24 H g 2E
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zr
Tk
1o
0

o
_II.H
R

il
<l

.

2: getBeolnfo)

3 : sendSSILEVEL(

il
-

6 i getBeolnfo

7+ sendSSILEVEL(Q)

: SendAesultVR )

8

10 : getBeolnfol)

L ogll
|

11 : sendSSILEVELD
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= A% 585 UE Sequence Diagram©]t}h. ‘U] ZDevice'e L H A E = A
o] AAHE 6709 H]ENameS #7]8ta Qr) ‘SR QB AEE= AnfEE A
g 7HE 3DAAIES YERH QL EAEZ A ‘H|FEDevice’ LB A E A 5218 H]

o A BAEE ‘SEQBEAEA  FAZ AZTAHBE FAF T on]E
A5 R UUIDS WA == 71 3DAAI S ARE ‘§&eHAE ddsl= o
&g g AT o R User QEAEE AulEE oA 71 3DHAA#HS AL

(1) A HA Beepi-1c50 A& 2 3}

_—

<Fig. 49>+ AF&A7F W] F(Beepi-1c50)H A1 7Hd 3DHAAI#E] AA= EF0
oh a0 E B2 As M7= ¥ EZ(Beepi-1c50)% A4S FAEH ATA7E -
43dBmolth. 12]al Aujeke] A= sFehs 7MY 3DAAE

10000131 7Fg 3DAAIE HREE= CNT-001E Ags] 2823 Jdu. 2 A7
Isec™1.5sec ©]t}.
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(2) ¥ WA Beepi-6a22 A& 243

<Fig. 50> AF&A7F W] Z(Beepi-6a22) Al 7Hd 3DAA| 2] 9% R5o
oh gealE HlZe AEA7E B Z(Beepi-6a22) AF  FAIEH ATAE -
44dBmoltt. 18]3 A ete] Aol ddste 7MY 3DAAE
10010122 7Hd 3DAAIE FRE CNT-0028 43 B8 rf 2847

1sec™1.2sec ©]t}.

Fig. 50. Beepi-6a22 A& thdt 7}4F 3DAA| dA 314
(3) Al HA Beepi-4bce A& 23}

<Fig. 51>% AF&A7F vl Z(Beepi-4bce) Al 7Hd 3D A ] 9]%] HFolth
FAE 2] 2lsA7]E v Z(Beepi-4bce)dl A Faldl AEAVIE -
42dBmeltt. e]ar Amele] dAFelM= slEskis Y 3DAAE
1002013 7H4 3DAAE A CNT-0038 A%s 2o drh &eA7e

1sec™1.2sec ©]t}.
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Fig. 51. Beepi—4bce A& ol tfst 7} 3DHA|# A A|stH
(4) ¥ HA Beepi-blal Al &4y}

<Fig. 52>+ AF&A7} H] & (Beepi-bla8)d Al 71 3D A #2] 9% ot}
TAE vZe M5 A7IE= v Z(Beepi-blal)dl AF FAlE MEAVE -
43dBmeoltt. 1gal A eke] dAFo A e et 7 3

10030132 7} 3DAAE AR E CNT-0045 A3 54

1sec™1.5sec ©]t}.

%2,
)
B
ko
>
L
rlo

Fig. 52. Beepi-bla8 Al %o tlgt 714 3DHA|# A A s4H

(5) T4l HA Beepi—-82c6 A& A 3}

<Fig. 53>% AF&A7F HZ(Beepi-82c6) HAl 7Hd 3DAA|#e] 9)x] H5ol

o FAlE v 2o A A7 =H Z(Beepi-82¢6)¢l A5 FAE AlEAT= -

43dBmtt. 12jar AW kel dsolA= sdste 7 3DHEAIES B HID«
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10040]3L 7} 3DAA = BHRE CNT-0058 A3 Eeloar ok &8 A%t

1sec™1.1sec ©|t}.

rlo

(6) o34 HA Beepi-eeed A& 23}

<Fig. 54>+ A&7 H]E(Beepi—eeed) d Al 7F 3DAA T ¢ H<5o]

. FAlE HE2e] 25 A7) v (Beepi-eeed) FAIE A ZA 7] = - 42dBm
th agla A ek AFdAE dldste 7 3DAAIES] FRIDE 10050 i
7 3D AAE AHE CNT-0068 A3 Edexn vy 2847

1sec™1.5sec ©|t}.

d

Fig. 54. Beepi—eeed 1% o ot 71 3D A A Al stA
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2) s Bt

an

BLEZ o]&3F 29 xel2] 7|ute] mutd 714} 3DAA A Al A3 ALg

A B AFRATE AA RS WA BLES o] &3 A 9x]e14] 7])ke] 7}
A 3DHAAHE o] 83FH 7|E HA|FT AFE-S RFID7|+=3¥ PDAZ|Y¥F ®Eupdd
AA T Ao BRI EAPES d2ste], 71€2 RFID7IHE 2uld 7 A

#ouc E o0 U ANsE AFE 5 geld Agde BEE

]
iy
S,

Table 7. 7} 3DAA & A2 Q A7+

7Hd 3DA A& 4 Q A 7H(sec)
(H] ZName) A <->g&
CNT-001 1
(Beepi-1c50)

CNT-002
(Beepi-6a22)

CNT-003
(Beepi—4bce)

CNT-004
Beepi-bla8

CNT-005
(Beepi—82c6)

CNT-006
(Beepi-eeed)

1.2

1.1

1.5

1.1
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Time(sec)
16 —
1.4
1.2
1
0.8
CNT-001({Beepi-1c50) CNT-003{Beepi-dbce) CNT-005(Beepi-82c6)
CNT-002({Beepi-6a22) CNT-004{Beepi-b1aB) CNT-006(Beepi-eced)

A EH(BeaconMName)

Fig. 55. 7F 3DAAEE A Q A7
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