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Abstract

An attendance management model using beacon and BLE

Jang, BongSoo
Department of Computer Engineering
Graduate School

Supervised by Professor Lee, Sang Joon

In this paper, we propose an electronic attendance management model using the
bluetooth function of the beacon and BLE advertising function of the smart phone. In
the beacon-only bluetooth attendance confirmation model, if the class room size is
lager, more beacons are needed to eliminate blind spots in the beacon distance. A
BLE advertising function based attendance confirmation model can not provide the
information about the location of the attendances. In the proposed model, we can
identify the location of the instructor using the beacon of the class room, and confirm
the attendances by checking the position of the attendances’s smart phone. In this
model, we can achieves the goals of electronic attendance management system using

only one beacon per a class room.

Keyword : Beacon, BLE, Attendance Management, BLE Advertisement Function
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e MAle] QHpE gt Al Aula
o 3BAM 59 B1et ATt Ay WA
92923, gAY | b
Atoly=] AR S2Y 17 YuE 7152 o AReEn
HEt g4, Y 25 s
F0l2Y, RUA | - Ty We BELo o EJM Sof oeby a4t
U-EA By, ARA gAY Bl s
WU &) A | - H§ APZ M|, AZ 52 T AN Y
SESESIN FoU RL-gF T
AHu|A & AME o] &3t 2= e
e g 8 APE %42 AAlsto] ofd), Rot0] A
stol
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9 Aol tiE ol E w7 A (29 618 FIFstAch[22]

Check Point

A L ZGRKT), 20k Thd el 758 18 74 Mu|2

Zone
(ig3yPecess Point

g
i
L2 Py

o
{87 ket

kw po >

e

o 2I0S] B4 He Loy B9 B
5 3w

« 3G/AG, WiF, Zighes, BLE, RF

Track
Access g’oint @;
= RS
70

“g

o B X O] HAZ HR e
+ GPS, Wik BLE RF, UWB

E

T N, A odes] FAskenls), 2013

33 8. 371%] Al x| &9 71&(22]

iBeacon WA|X|9] A Fx= [218 718 2o

Preamble s;e; POU CRC

(1 byte) (4 bytes) {2~39 bytes) (3 byles)
Header | MAC address Data
(2 bytes) (6 bytes) (0~31 bytes)

iBeacon prefix] Proximity UUID | Major | Minor PWRSVD
(9 bytes) (18bytes) | (2bytes) | (2bytes) |, [(1byte

2 9. iBeacon IZl LX[18]

doly Z#9 F PDU W9 iBeacon Payload -2 FHt) 31 Hlo]EE A}
stH, [X 5]¢F & HArE st Qo
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H 6. iBeacon Ho|2E Y

38 dholE 5 ek
o 5| oD, B, o B
AD headers 2 47 ol : Zo|(0x1A), A]RAF AD E}FQI(0xFF)
Company ID 2 3|A} ID @ o =(0x4C00)
Type ID 1 iBeacon E}Qd : 0x02
Data Length 1 UHA] Ho]2E HIOJE 4 : 0x15)
128bit UUID 16 TR S UEHY= 1288]E ID
Major Number 2 |ZvEeA Y gasp) Se 2R
Minor Numer 2 |®¥seAd 54 A9 Yo resg 78
TX Power 1| A3 g A5 A7|mY, HAE we)

°] & Major?t Minor HE & § x99 v AAES FRa=d ALE T
gk ZHAICN A of2] el W] Zo] M=o Jubd, & Major HEE ALE3}L,
Minor 12 & o2 HAsE U4 522 74 vE & FEE & Yok
TX Power #t2 41 A& A7I(RSSD #h3 tEo] H|Z3e] AgE =4
stol z4le] $1x1E FA4sh=d AMSE.

iBeacon®] Ho|E= ztzt A7|(1nlolE)e} RER FAE aFoR UF
2789 ZaL HolHE W&}

3 WA dlolE = 3ufolEoln] Zeo gk HATT WA R WA wlo|Ex:
dolg e, F HA vlelEx Zd 2 AD BY)S JERdT

Al A vl B &4 Zea s dehied, 2 vEd gisk FAH
@2 tE 3

- HE 0 (OFF) : LE 2=

°
X
=

AgtEl 9hA 2= (Limited Discoverable

of
;
il
¥



Mode) & HEFHTE

- HE 1 (ON): LE 2= F Y4 &7 R =(General Discoverable Mode)Z
L e O}

- H|[E 2 (OFF) : dAd 1, 2 |9 £F52 Hd$& = BREDRS A UshA|
BEs HERAT

- HE 3 (ON) : &2 %] (Controller)ol 4 LE®} BR/EDR©] %Al 7453t
LR

- HE 4 (ON) : 22 ZA(Host)ol A} LES} BR/EDRe] FAlol 7}53S Uel
A},

T WA Fa dolE= F 28ute]lEeln, AD 3, 34} ID, iBeacon E}Y
ID, &= ¢] UUID, Major, Minor W3, A& A3 A7 5& ¥&3 18|t}
o] TolX UUIDE ¥& Ifr A¥xE Yehn, & 128¥ E(l6Hl0]E)2 T4
"t 000e0000-e12h-454d-albe-4454564d8c21 %) & 8-4-4-4-12 2= 5709] 16
A aFE sto]&(-)o2 AAgr[18].

3-2. Eddystone

Eddystone& 72X AL 37/ vE Qo2 o] BHE RHAog ==

e
il
32
e
=
o
c
=
|
.%
r—{
=

ol= @ i0S 7]7]elA EFE AAE £ JYEE ¥
EID#}= 4714 2] Eddystone®] #o]Z =7} )t}
Eddystone-UID + 10H}o|E9] YA o]~ AXLAESL} GHlo]|ES] A AEH A

AEAET QU Beacons} ¥2% 14e 44 ID 16wkol=9] w2 D2
BYY dedanels Rre 54 wE g¥L 1EAEL A2d2dA

Adstel A8 + Aok 2 EAY ddadol A 54 sPIE e
B4 948 vehie AH8E 4 sl
e 33 A el o Be Aut Bold & JES

il

rw

W olaE A AX

ol

Eddystone-URL-& #|

-
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d=d IFPA o2 o]§FXH URLE A43t
Eddystone-TLM(Telemetry)2 wlElg] dA<¢t, Fx &5 2 BlE A ¢
2L B E AA A3 dASH JRE AEs7] 93 sloj2=8 o)t
Eddystone-EID(Ephemeral ID)& ZA® H &2 Fr7]|¥oz WHARHE 43
e AAl AEAE Bt Bk 2 AR BRI BEgor AR &

AT AFAA A AdAE FHE + QUrh[23]

Eddystone Beacon - 31B

- g:g? Wi Ui | Eddystone Frame
| 0x16 | oxaaoxre [20BYS

Y 1 !
3B 48 up to 208
Adv Flags, Services Adverlised Eddystone Frames.

Standard (iurrenlly 3 types

pep JUID frame (0x00)

Framea

208 Typ= z_w:: Nansspace 1D ke D RFU
x03 1B 108 BB 28
18
168 UUID
e URL. frame {0x10} b
Frega % URL
6-20B | PO | ppyer | Schem Encodzd URL

oxto | "R 1 o Profix =

1B 18
UXOL = hitp:hiwww,
IR0T = higsiranw,
Jx02 = hitg:!
Jx02 = httpa:ff

bty LM frame {0x20)

Fren e

ype Vernion Jatlory Beagor Adv PDU Count Time Bince Boot
148 | P 0xf0 | Voltage imv)  Termp since bort 10,18 Incramerts)
28

0x20
18 18 28 48 48

3 10. Eddystone 17l 7%[24]

3-3. BLE I

Ofn
r>

BLE+= 7|24 o2 Advertise®t Connection©] 2}

rir
oZ
i)
o
fu
o
-z
fo
oft
2
ot
u

Advertisemode(=BrodacastMode)= 5% tlnlo| A& A} x] ¢Fm 39

RE tHlo] 2o A SignalS X Wit}
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Advertising type® Signals 4#A F7]2 BuUA =4, Advertise'd] &
gk Holl & J) o] de tuto]2g BAY F Qe FLE ol

T2 Yulo] A7t A9 EAE Gl AY A& %(31BytesoldH User H|
olHE By wx ALgHTh 3 WMol Rujof sk o]y A7 FArbH, o
=7} & Connection A4S AXA HolHE HuU7] Bt} AdvertiseZ

o] B 2&H0]7] wjEeltt a8z W4T & Y& dolE =)

o
2
)
)

o

HolH & Fiwg = Qlth. Advertise'2] & & 12 Signal 2
Be= Zol7] wiizel, ®etel #eokslt). Connection Mode®] 7§ wiako =
dlolHE Fa¥AY, Advertising PacketO 27F A g3l7)o= Be ko] o
B & Fawtolol g uf o] &3}l Advertised d ‘duit) wWAlo] o}y, ‘A’
Ao R Yufolx Zhel] dlolE w3to] Aot} tiwlo]2 o] Channel
hopping 1t & A% F418t7] W&ol Advertise® t} ¢+ a}c},

Generic Access Profile(o]3} GAP)& M & t}& #A|%A}7F 9= BLE t]nvfo] A
=718 ME 3850 BN £ IER FF= d8dS du)

tjuto] 2 Fhe M 2& <2#|8t1 Data® Advertisingd}i, ConnectionS <
Aol E ZHAYAE A FI. GAPE HA$ Control Layero]gtne &
2l Advertising Mode® |, GAPolA Advertising Data Paylode® Scan
Response PayloadE X338 4 b =3 GAPIlA: BLE £41S 94
Role, Mode, Procedure, Security, Additional GAP Data Format £<& A 9|3k},
BLE Connection¥} #&o] 9li= Role:= th&3} zHo] FA4 = of 9t}

Broadcaster< Link LayerolA Advertiser 9ato] Ag3it), F7) " o=

Advertising Packet& R Wit}

rr

Observer< Link Layeroll#] Scanner 9 &o| 4838t} Broadcaster?}
Advertising Packetol| 4] datas =

Central Link Layerel /] Master %383} 4¢3t} Central &&o =
tlHke] 2 9] Advertising PacketS £33 ConnectionS A 2Hst Al ZH= o},

HE AntEEZEL Centrale] 982 3t}



Peripheral< Link Layerol| A Master &3} 4-$3lc}. Advertising Packet
HUA Central §&9] tjulo]27t Connections A2 ¢ AEE FE3),
Yrxoz HFol} AntEHH], BEFEF2 meag JRE =4, B
71717} o] H&& st

[ 6]oA 919 H&& zkeFsiAl g okatin.

3 7. 47}K] GAPeQ] &3t

a9 K
Broadcaster AZA EB7}538F Advertiser
Observer AZ QS 4 g Scanner(Advertisement Scan)
Peripheral A2 7153t Advertiser, Slave X2 A
Central A2 2% 4 Q& Scanner, Master X2 FA}

Generic Attribute Profile(¢]d} GATT)+= BLE Data n.3+& 32]3}i= t]nfo] 2
9] Datag @3tz a1, 25 AL 7FsstA st 71223 <l Data Model#
Procedures #Ael3tty. GATTE HAY Data Layero]gta E-#t}, tlnfoj A
2t low-levelol A9 EE QJHAAE A= GAPSE 2, GATTE
2 2] Data®] Format 2 <ol disiA v * &3l Connection Moded w,

GATT Service®} Characteristice ©] &3] 4wlek AL 1A Ht}.[20]
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II. A<k A2«

1. A|AE M

Alad FAEE [29 11]9 2.

4. Learner Login and Check Lecture Time
6. Check the Instructor UUID

Server

1. Instructor Login and
Check Lecture Time

3. Check classroom UUID and
deliver the Instructor UUID

5. Advertising
{Instructor UUID)

Instructor Learner
Smartphone Smartphone

2. Advertising
{classroom UUID)

Beacon

Iy 11, A2"] 82

ARt 2] A FHe4E 2AAYAHR A2 AxEHL 93 foly
Hlolxgt YA 9&E & Holn, Felo]dE TAH QAT BLE FuZ
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WA AVEES AR AW olold, ¢5E BUW 210e
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eE

JuIk 71 Fe 43R Fod v R gex g

dok e guety wed AntEE M Ruokd UUIDE @i 2nleE
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St 2mEZ 2 WA 2ATFAMA 2N ojolre} ¢E2 21
A& 2. EFAYANE ST AR dXSEA FA F AR} X

Fet=A AAstd ARE SEA AntEEC Bt
St At £PtEEE FojA|zte] ofdA], 7ol Fo| ol FHE, 7o YA

SteAt 2vPEE L BLE AW 7]1%S o4t nFEa AntEEA Fu
&= UUIDE wevh 28 242 A5dg. 22394 W s g
UUID7} 8527} whofofdl Zho] mdxte] UUIDS #&#] #ql3it}
wWFEAE wFte] AntEEo R FABYMME AARAZRID, ¢3)E HAE
stal, MulA ALER Q1FS Fe, Q1F F wWFY AnEEo] H]Z
UUIDE d&wol MM a d$3o)

Mol e HMELEE UUID ARE ZdFAE 9 a1, usx AneE
oA 2l UUIDE A4t

o] F StFAtE MAME AHARAD, ¢5)E AFste] A=)

wFEAt 2utEEG A E £2 4 UUIDE BLE #7502 dA$stx, g5
AFtEZE BLE #A) 71522 £2§ UUIDE ol Az A4 s
Mul= SFAto A Be 44 UUIDE #9l8ty sd staxte 248 o=
Eia=

[29 12]= &4 #E] A2 vE, 25z AnEE 8453t AntEZ)
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=48 My Ateld] HAA] F& e

Instructor Learner |
geacon Smartphone e Smaﬁphone” :
ID, PW
| e, . lUser Authentication
‘ e send Classroom UUID
«._|Check Classroom
S C rOAtE
send Instructor UUID |« Instructor UUID
ID, PW
. lUser Authentication

Advertising Instructor, UUID

send Instructor UUID

S | Check Lecture

29 12. AJAR] AJMA tojo] 2

At Azde) #EEE (29 13) [29 1419 2o,
WA ololt st ke s dHstn Axde Y WA Jurk dxehe),
apAe] elrh EAsEA, ANl FeNT AR SFEAE Gl

a83 M &

ry

& A3t UUIDZ sig Ak Zelde] UUID7F 24 e

-

T a2k gl A BLE #1758 UUIDE

oy

8
&
£

-

HEAE ool dEE Yan A gl dus dart ged
slo

sl F @A g Aol o =9l AeE st
23290 ¥ uFA oA ®Bdl UUIDE A8 #1142 UUID7F =3
8ol g}
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WA} | A|AE

User
Authentication

Yes

Scan Classroom
beacon

Check Classroom

Yes
finqust chabping NS Advertising(UUID)
advertising
Stop advertising
@®

l

a3 13 A AR FEE(RpAL QF)
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At J

L

v

User
Authentication

Scan Classroom
beacon

Check Classroom
UuIb

No

Yes

B Save attendance
information

Check attendance W
inforation

@
(@)

29 14, A2 GEE(EEA )

2. HolEdolx MA

At AzGe StEgn, WeAgR, Fedn, 24N

oA 7HA] AR gt dEEE 7ha,

SFEAAR AEEE S5t JATAHARE FAFT) B ApE Ha

dron A, g, &3, o|gozy T
MEAAE AEEE ok 2e o2 Wi, ¢+F, o]goz T
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. ANANE,

Felgos FHAT
240 AEEE AFE S$HA7 wUFE gy, gouE
Wt UUID, ZelA1zh, st 24482 +4 8

dol AW s, o4, el UUIDE FA €T

Aol AR AYE = %

248 d3+= (29 1515 2o

Learner Instructor
Learner ID Instructor ID
PW PW
Nam Name
-+ =+
|
Attendance A Lecture A
Attendance Number Lecture Number
~ 1 [
t " Lecture Name
Instructor ID(FK)

Classroom Number(FK)
Lecture Number(FK)
Intructor UUID
Lecture Time
Learner ID(FK)
Attendance Status
i
Classroom gL
Classroom Number

Classroom Name
Classroom UUID

3 15. A]A"] ERD
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SN E e YABE ol Fe9E EAFE HoIA ofuA, PHP,
MySQLE ol &3 TSI, AnfEES tezols wlao] 51191 AA
V77 Rk=Rol = widlo] 50191 AA S48 ol fale] THSATH

u]Ee W E2e] RECO Ml2g ol g3tk AW B4e [ 7], vj2e] 27e
(8]} 2t

Anmo| YHo|E

ABENO| YHOIE
8
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3 16. AE717I(RECO HIZ, 783A] S4, 782A] J7)
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= 8. YAy 78

X3 doly Z2tec IHE
Ay el Micro E}Ql(vCPU 17, ®l®2] 1GB, HDD 50GB)
0S oBE Ay 18.04.1
-G Apache?
phpAlH| PHP 7.2.10
DBAjH] MySQL 5.7.24

B 9. RECO H|E BA|

45mm x 20mm (Diamter x Height)

Dimensions 177" % 0.78"
Weight 11.6g (0.402)
Processor 32-bit ARM® Cortex®-M0
Batte CR2450 Lithium Coin Battery (3v, 620mAh);
1 Lasts up to 2 years (with tx power of 500 ms)
Wireless Bluetooth 4.0 (i.e. BLE or Bluetooth® Smart)
Technology Chipset: Nordic nrf51822
Signal Range: Im ~ 70m (3.2ft ~ 230ft)
UUID, Major, Minor, interval (10ms~2s), tx
Configuration power (-16dbm ~ + 4dbm), battery level
iBeacon and Eddystone profile
iBeacon
Eddystone-URL
Supported Eddystone-UID
Profiles (Eddystone-TLM is an intervened profile)
Configurable only with [0S; Android release
expected soon
Certifications KC, FCC, CE, TELEC (SIG in progress)

RECO v A|zAte] 74, @l 17 Wy g Ao ES 43,

APlECI M= AFor &oaglste] zdle]l Fujdk RECO H|2S 523
AL, &P Reco B2 A4 S WAsI=Y F2d PasscodeD 3H¢ldk
At}
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weld 4o A, ofolE FERo|EE AUt olo]E L PAE A,
PERo|EE FHo2E AN AN HXT F Qi

O @22} 4ol A Reco BlE9 A4 #E& 48T 4 A RSSIZF - 80
dBm Et ZOoW £Ho| Er}53sit)

Reco H]&-& Helo] 3.00]4 oA iBeacon, Eddystone UID, Eddystone URL<]

X

H) mEZ HAE +

3 RreCco Member Center X o+

& C 8 https//member.reco2.me/beacons ¢4 Gj

RECO Beacon ~

3 RECO Beacons registered

“b{a

Show 10 v entries Search:

Remote

Connected with
Manage with

No. Serial Number Passcode € Memo Registered Date RECOm:\:iagager RECO Manager
N Plus ©
50118855 €29e8450 testt & not connected
50118954 89553e18 testd & not connected
3 50118953 d93ceobl tests 4 10t connected
Showing 1 ta 3 of 3 entries 4§ Previous Next ¥
Tip: RECO Manager® CHEfQ| E|E8 S Mo o= Jaig £ glgun (- 7
Download  }
RECO SDK g
RECO Beacon RECO Manager Plus Help
My RECO Beacon My RECC Manager Plus Developer FAQ %
“ i »’ 5 ¥ i 3 Rt »

37 17. RECO W] M| Alo|E
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WA EFF2E 713, #a o APA (2 18]9] FHZA Ro

2 H "3 Reco M9 B2E7F B,

183 iBeacon® 7ZA$, [2¥ 18] $=o A e e WA

UUID<} Major, Minor, Tx Power, Interval©]t}.

HECIHAE B iBeacon

iBeacon
uuID

= A

-

24DDF411-8CF1-440C-87CD-E368DAF9CI3E

A

Major
501

Minor
4276
4%
TX Power -8dBm

Interval 640.0msec

a9 18. HejAt 4 2]AECQ} iBeacon REoAQ] 434 3HH

BEREIHAE B Eddystone UID

Eddystone UID
UID Namespace
24DDF4118CF1440C87CD

UID Instance
E368DAF9CI3E

4%
TX Power -8dBm

Interval 640.0msec

s
i

HELEIHAE ZE  Eddystone URL

Eddystone URL

URL
http://google.com
43
TX Power -8dBm
m
Interval 640.0msec
ol

33 19. #ax} ¥olA] Eddystone UID, URL BEojjxo] 24 3}g
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[29 19]ell A Holi= A7 Eddystone UID ®2=¢] -9 UID Namespace$}
UID Instance, Tx Power®} Intervals W74 & 4 1, vpx|uto 2 Eddystone
H 7

URL ®x=9] 7 $-9l+= URL, Tx Power, Interval & 4+ .

o

bEomo] B9, 27] ERo|E 50olaol BAHE 71713 =l
o4 BLE 4158 wli F¥s)7] RS A95]o] BLE 318 mifoksh
WAe) 2tEEoR AYA 12 AT, Sate AntEEoR e
S4% AT,
(79 201914 Ho]F%o] Advertise HIZEE |2 A3 AA Sdo) A
Ag 7)5ol FHol WA o} mzol= SDKeIA AUshes BFEEApH
Zd 29 ‘BluetoothAdapter.getDefault Adapter().getBluetoothLeAdvertiser()’
gkl nulle] o] ‘ADVERTISE' ¥ Eo] v 243151, AA|J7e F17]%0]
st o] ofe]EelA s E FAF F UUTh olo]EoA A P&

‘eBeacon:BLE Scanner'#}+ 9§ o]t}

beacontest

Can not find BLE Advertiser

19 20. BLE J31 BIAE 3}H(782A|S4, 4] ]7, ofo]| &)
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BLE Attendance App : BLE Attendance App

HoY OB AR
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|4 D424
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=29 ADLE &3 A

33 21. 234 3
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BLE Attendance App

BLE Attendance App

4 71219  GojEiuo|AmE
[rnrme, stanr-ap erle
#eld D424
HE
e sz

a9 22. 354t 3

[17 22]2 S5t spd ol
il

WA Sde mapa shdeMel o] 2l gwelth 219 ¥ BLE
wAW o] Ho] mezte] UUDDE weth 283 ¥ UUDE d4dos
Aol AEstd MudM &2 oig ste] shgate] mulFA "ok A
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3. gt

[ 9l Ak &2 A293) ul@ £4 A%, ANEE BLE 33 27
SECEDRFETICY
2vlEE BLE 33 27 A2¥9 39, wsds et 84 A8

elel7] 918 Az Agslof shel, Mz e 37) o4 WAk wl.
Ak Azdle e gA0H 2A AAE 54T BLE B1E A
SES AZ1E oM TERI AT GAS AT & glom, vEe

aAe] el Axel g Hesy] gsAw Baslel, 1w A gt

E 10. 7|1& A|2€9} H|@

Div. Location verification

Beacons per classroom

The Proposed System possible 1
Electronic Attendance ossible 3 or more
System Using Beacon B
Electronic Attendance
System Using BLE . .
impossible none

Advertising Function of

Smartphone
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