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ABSTRACT

In this paper, we proposed and developed a digital doorsign management system based on E-paper and
Bluetooth which user can choose design type for noticing information by space use and doorsign size and
minimize the power consumption of doorsin. The proposed system registers templates for design type information
and automatically generates notice of the selected design type by using information of the template and user.
The notice is converted to EPD(Electrophoretic Display) file format for being displayed in E-paper and
transmitted into digital doorsign via smartphone application. For minimizing power consumption of digital
doorsign, we adopt E-paper display and Bluetooth LE-BR/EDR hybrid protocol in EPD file transmission. The
digital doorsign is BLE mode in standby and Bluetooth BR/EDR in data reception. By the proposed system,
users can display notice reflecting his preference. We can reduce maintenance expenses of the digital doorsign by
low power consumption. And also we can enhance utility of the digital doorsign, because users additionally

communicate with random visitors by notice which can input any time with smartphone application.

¢ First Author : (ORCID:0000-0003-3428-8439)Chungbuk National University Graduate School Department of Electrical and

Computer Engineering, choibk4193@gmail.com, %3|<]

Corresponding Author : (ORCID:0000-0003-1425-5197)Seowon  University Department of Computer Engineering, bksohn@

seowon.ac.kr, A3|<]

* (ORCID:0000-0001-7739-5328)Chungbuk National University College of Electrocal and Computer Engineering, ksj@cbnu.ac.kr, %3]
=% 1 201810-334-D-RN, Received October 18, 2018; Revised January 16, 2019; Accepted February 1, 2019

618

www.dbpia.co.kr



#/47215015} Bluetooth 71H] T1AE Eojafal 2] Aze T

I.M E

EoARl ARA, A7A 5o HRAF = AT
7te] o] F, &dy 28] T ARE WA E9E Wl
ol Ao] Fi= 23 w39, oA 5 54
Zre] AHHs, &%, FeiA 5o ARE HA
Q7 Aol Fole= 22 FHE orlgct Eefxlal
Az Follw ol WE, FA olF, T f= ¥
CI(Corporate Identity) 17 522 qlaf 91H35}A L
el #A2] FAMollM wA F8E Hgsl, T
AR, AE S-S X EolARlE AA|eh=d] = o
o] Lg%} wgl 7|l X% ToAleld AkAgE
AR WAl ANEEEA] Fsta H7]E7] wse]
2|42l n]go] ARl
fobet oA w8 2 AIZRS A7dslr] S8 IT 7|
=& L83 Zojaklel] i’k 7= LED == AR}
Fol(E-paper) & ©]4&F Al~Hlo] FE o] FaL 9}
31 =Kindermann''$} GLANCOM Systemsm-‘q A
28& ZFA7]E AA proprietary RFY Wi-Fi H}]
o7 AEI A ARE 2| wie ]S Wl wof
Apgle] tjaZHolo] 53} FApollo Displays™
of Azsle LED 7)) molAjelee AHAlaelo]
2 93}37, Ethernet2 £3f AXE A3t}

olgfgk Eoxlle] HEAE ol SlEixe &
23} o]go] 7hsskar, vIA71A <l Alvid, AL 7Fe]
2] dAAR] T ARS- AR EE5A vee] v
Aol A st w5 ARAP} AAE 5 Qe 7
o] SEIrh gl F7ke] Sxet mojaele] =7
ulz} chekglk Tizkele] AW AAZL Fbsslarn, A 4
weFo] ke wuplr|7] ez AAE Fert gick

7122] Wi-Fi 22 Zoji}el-2 BLE(Bluetooth
Low Energy) =+ Bluetooth BR/EDR(Basic Rate/
Enhanced Data Rate) Bt} AH]Z 2 o] ol wiE]g]
A F717} FolA) a1, LEDE AA1Ae] Beslr] o
ol x| 2 fARlge] ARSEHAl "ok wgh, S
He] Az ELOE FelA AR ARARE AX
W71 el AR A AR Akele A
At wRERp| Al A ARE 2A] qj=st &
o] gl

ZIA|E0|(E-paper) = AHA| HEAFE (Reflective) FA]
ZAtell olsf shHS WEA wjnt AHo] 4wy
uitel] A HAERE oz} wgto] B o} FRe- Hgo]
e glag, A A Fel= A 34 AR}
A= BA0] gl ARl taE et =
ARlell AXE= e 24 AX, 23, v 19

.

<)

o J

(e3

4z

™

¢

lr

fr o got fo
4
)

=

0] H(Static) HlolEl} o), 213, 4%, E2F 2]
s o] doJelo]x 35 Auel FAAE 5
o] ~mtEE 9] AHH o} 212 58(Dynamic) Ho]E]
= W oleh AN AnE el mi Sl
W7E et fls ARG ARV ditel , =
oJAIQLe F31Tol SHAG 4 gl mujly] lefo
3}7] wjitell LCDY} LEDell B3] A3 sweko] 4L
AAgo]7) A,

Bluetooth+= Wi-Fi F-A1E416] v]af] #
A}, 53], BLEE wlF A& Aeisvsl Jo g,
EE3E Qo m3e] 7

iy
>4
q
ol
S

"
2L
rlu
At
o,
o

Bluethooth Smart2} 2= gt} BLEE A3 Aako]
o9 Uxuk gk dole] o= y4dlsla,

Bluethooth BR/EDR-2 BLEe®l| H]3&|| tj-8-=F2] dlo]E]
Aol Agapef>i,

o] F=iolME Rk fwe} mojxlelel =vd
upel ohekgh AR AA vlApels Ad9sk 4= 9lar, A
2 aneks #4381 4 gls AxEe]¢t Bluetooth
71Hke] YAE zojalel Fhe] AlAElS- Algkslar, T
3 Ans walrh

Aokt AlzglE mejalele] E2e AR AA ¢
kel 8ol gk A RE =lZS](Template) 22 # <]
gl HEEle AA deleE mdd mE
(Standard Form) ©|7]#|, 54 dlo|E]7} ZFek2] o]
uRlol] ARslE odde] zv|e} X E el i
2 ddel AtslE 52 dlolele] AR A AxE
o] 54 AR PAHIcE ARSAPE AHX AA] tzil
frade Addsid g1Esle] AR Ao} oo Axgh
ARG o] g dlojemo] oy FE3t AMgAL 2
F7F dlo|elE A olmlA] el Atslslar, ~ntEE

Nl

}

YA moAtel2 dlole] $2A1S 917 7] A
olxl= AY Lweks #4388 $18) BLE &=, 5
A1 AFefloll+= Bluetooth BR/EDR Rt tf-g-ako] A
2Rge] 88 55 IS wkEA Algt

o] =] FAE vt Rk 27bellA= Akt
Alz=gle] 7|9k 7o) == AAREe]s} Bluetoothel
el dohEch 3Aelx= Azl vlaZee]et
Bluetooth 7]qFe] TIA|®l Tojafel ] A|~wlE A
oketar, 4%ellxl= 7] e Baltk v ke 5

619

www.dbpia.co.kr



The Journal of Korean Institute of Communications and Information Sciences ’19-03 Vol.44 No.03

Qo] Aee Wil

2.1 E-paper

AAgol Folol dabdal )=o) E4L 443
taFee] 7lerA] 7] 3
3

S, W Ao, Bk

(Readability) & 71A]™, Z14-S 2pdgl Fol| = 34fo]
A== A9 (Bistable)2] AElZ A
frAlell AlEAl A 2m7) Flo] A
23k 4= glrk whebA] wiele] o] eel frAE =
2 7L Az 4 AEsks A A4 5 g

ARgo] G5 WAlol|= #17]°3-5(Electrophoresis),
Z7]4(Electrowetting), ~MEMS(Micro  Electro
Mechanical System) 5 20°] 7}X|7} glov], 443}
ol 74 2T 19 Wle] st A b
7 w25, ookt o ZEiAlel el AHE=a gl

a9 12 E-nk®] #17]94% AAge] 5 BAE
5 vehd Ze2, BEAs AHskE 7= 3419 o)==
wislaje} ko) HekE @ el o= visiakE f)
Jelle] £ 5% f-l(Hydrocarbon Oil)ell #-4kA1Z1
5 A% 50~100um =712] vlo|aRAEE =
x5 W51, o] vlo|aEAES vilr|e} E3ls)]
AS Apelel] $12A1A wlolaR Aa W2l oJ= 7
B FEIA AHE FARICH

°
o,
=4
5
[e5

©

(

v

; . o
Microcapsules JG\ass or j L Indium-Tin \ White

filled with dark dye plastic oxide pigment chip

12 1. EInk®] A7|9E vlaFdHe] A WAYS
Fig. 1. Operation Mechanism in Electrophoretic Display
of E-Ink[7]

E-Ink?] vwlo]|zzAE Ar|eds taZdels £
Azt 77k A= AlQlAde] S<pdh, wlxE]
o] 9le] Ao w9 2rh= APHo] gk =
, 10:12] 3 djzn]e} kAL §-80] 40% 2 Al
o} AlelAde] ok A + 15velx, 34 ~

]

—

N

ot

620

Aolo] Psale). slolmmAEe A4 3074 s
% glar, WAl 7ol Thsele] At e o)
sEdo] wES THE 5

AAN7IA] AxEol= & A (Full Color) 3ol
ol8]al, AT = FodAs skl sV
QA AAE, A, AR, 7] S Al
S8 AR Hsirba el Azlgele) A & A
A AR (E-Readen)©] i,  ¥EX1E],  SoFaL
(Sinage), POS(Point of Sale), POP(Point Of
Purchase) H~Z#Ho]2 = de| A= 9lct

2.2 Bluetooth

Bluetooth 7|%-2 Bluetooth Special Interest
Group(SIG)°llA] 7l A7) Ay A7 |&2A
20109 o]|Z&=2 a7l wE= Bluetooth 5 7<=
<2 Basic Rate/ Enhanced Data Rate(BR/EDR)¥}
Low Energy(LE)& F-#-gcj',

BLE: 4.8 AZams) Je ulg; FF3}w o]
At B8 5| 5L A0, ARERlEll ol
A oA Bt dg el AEEw e
Bluetooth BR/EDR< Wi-Fiell u[s}e] dlo|g] #$
S ok IR olluA] &go] v 7] vl
23 weE 2 s2ehs AlE ol A48 A9 =2
B B glo], ~RtEE, TV 59 7P, F41 8
EA, vheo} 1R E T S Al ARE A gL
o,

BLE®} Bluetooth BR/EDR®| A% ARekg H]al
ah, 25 2601419k Bz niel ko] BLES] df7] A

100

L1/
/|

Bluetooth BR/EDR

—— Bluetooth low energy

0.01

Average Power Consumption(mW)

0.001 | | ‘
0.0001 0.001 0.001 0.01 1 10

Data rate (Mbps)

T2 2. E5%2 BR/EDR ¥ BLE %3 4H]|
Fig. 2. Power Consumption of Bluetooth BR/EDR and
BLE[18]

www.dbpia.co.kr



= | A AEo] 9} Bluetooth 714ke] TIA|E ofalel yhe] A]~®]l -

ol

< Bluetooth BR/EDR®]| B]&] <F 1102 w-¢- o}
wnlelz)71e) wiele] e A WA 5 gl
0]¢} z¥o], Bluetooth BR/EDR-S ~UEE FAITE],
2Hld7)7] 7k #lo]8(Pairing) S 3 2] ~E
2|1, )-8 dlo]Ele] 1% %o gle] BLERC} A
F3la, BLE= 7] A8 e Sole 7lo] 548
g olpel mnjplr|7)el Agsiey >,

o] wiolie AE Aile] ZHHA o R o] Folx]
a1, thg=ke] EPD S FAlshs tAE Zofalal
9] 7] AeelAs BLE EE, Al AlejelA=
Bluetooth BR/EDR R.Eof|A] F2Isl=E AdAIS1I e}
ol2fgh W& Tl wiEielE ARk malel 7]7] 3§
g tRY Tojalqle] A AwERS Fo P 1

#4S 2 5 U= skick
I ROk A|AE
3.1 Alag 74

o TFolA AR A2EE o] F, 9], &
2 APEINE S o] SAFL W

[e) jul
AL 7= Zoirkel AR A I mA]o| AxlE
©]¢} BluetoothS 483 A|~elo|ci? ok x| ~H]

2 13 33} 7Fo] E2~ Av](Forms Server), olAkel
9(Doorsign  App), TAE  ZoJARI(Digital
Doorsign) 2.2 A=t}

@ Register standard form User/space g g
information

1 = Chog”!

Manager

Forms Server

Final notice Intermediate notice
(intermediate notice (&) © (standard form+
+notice data) user/space information)

s () input notice contents

2

EPD file
(black and white)

B
Doorsign App

Digital Doorsign

27 3. Asd 34
Fig. 3. System Configuration[20]

A} A 4 gl TRl 3ol
vAE SRakw, 54 delss] gu s Aleld
Jodo] Hug F49 AAge] B4 Ang AT
oma) YEL Aefa

AREAE AR A YA {36l dldEE x5
A oluAE sk 547 dlolero]x, Hlo]
5, 249 vehlle 54 dlolee] AR AnE ol

gt dlelelE Fxgtell vl EFF] olnl=]
9] 2AE dGel] AIgE S Al Al E(Intermediate
Notice)& A3} ARSAL 1 ARE S 7§
= 2EES F3 dEES dlolelE $At AXE
o] Wigtsle] = A)A|E(Final Notice)2 A3}

FF AT F on|x| 2 wiskE]n, EHE Ax}
Zo| EA AHRE dtj2 3718 EPD(Electrophoretic
Display: EPD)3}-8- AAdsle] TojAlel o= A4
gth. EPD 3ple 553k gl g olvlx|
(Raster Graphic Image) T} 34|02 Fr]e} o]w]
A dlele| & A deells AAge] Hde et
§f, sd=, =] g2 5o ARE A= o|v|A|
dolels AAE olnxe] 8 AHMWE  1-bit
Grayscale 3+9] Hlo]E wh$] 2 Q173 Aolr}. 17
4= F2~ AW Wiy 25 i Zlelch

AREARE ZoAl]l B 53 SV ol
FEPAS Adsta, FAAE 5 sk, AR
% EPD I1d& tAId EojAleler Adlet =of
ARl oS- dl7] AbEl] TRl Zo{ARRlS Bluetooth
BR/EDR Rt 43K Activation) A7 41 A&
AFAIZ] §- of-8=F2] EPD IS vdo R $AIg
ol tA" EojARel =418 EPD 1l &lo] A E
o wlg} oln]x] dlolHZ FJH EF AXEL &3
Ao AzRgole FH gt

Intemediate Notce ol ere o Do .
i Detail Info. fo. Detail Inf
l— il sy I ., [
Module

Intermediate Final Contents
Notice (EPD fle)

& —

Final Notice
Creation Info. Source Data
Module

Notice
Management
Module Template Info
Space Info.

User
I5pace Info,

Input Data
Doorsgn Aop. User ID "
andgement
User Info Doorsigh Info, Template nf. e f
3 3 . \
Wanagement Module Jll Management Moduie [l Management Miouie [ mnd ‘

=3

User DB Doorsign  Template DB Info. Source
08 08

a8 4. F2~ A 2
Fig. 4. Architecture of Forms Server

3.2 AAE Ay E

3.2.1 HES S8
Felah A4} g 4
Ui BEele gels] slal o
27)9] Bz olelAs) 5

s} ]
=

fr

ol Tl
% ssh o], UL

dlolelz} Akl o

www.dbpia.co.kr



The Journal of Korean Institute of Communications and Information Sciences ’19-03 Vol.44 No.03

(a) ZOOLM
(a) Standard form

) AAE R o]v)A
(b) Notice Design Image

J2 5. ZF] 2 AAE Rkl o]nlA] €A
Fig. b. Example of Standard Form and Notice Design
Image

Ao HxF; AALS S AXE Rkl elnlA|
(Notice Design Image) s &2~ Aol 533k}, 3
A= A Yzl o]v|A|E o] g3l FA dlolElzk
Atolx] x|zt #ze) B HEE zQlEsle] 98 A
2—]5‘].1 AR o T ]:—]]O]F;]Bﬂo]/\ Eﬂo] ﬁ?ﬂ AR
T 2vEEE 9l ARSE AR 5‘5?}, oA}
slo] Azkge] A Eljle® 1027, 747, 4417 Sl
A 3 Aldlekar, dd  sidEe) e Hix 5
o] AHHE A|Agt

28 s Q17 B0 T

falol va w5

& O H dete cfoleplel =] 531 5

A wlolelzh Abqlsla, shehy ogele smhEE Q1

Ak 4 G2 e, TR ol
Q

57 dlolelr}l Akl wi olvlA 2 A1,

3.2.2 ANE 44

ARARE 2vhEES 3l 871 TR Eojlal
ol gk Ax AA Hzkel #3, F 22 ovIA
= A 29 63 A S B3l AAEE A
ToE AAE RIA AR w7 olvIA R AHE-

= ETH olvIRE BHsk %%&1 ol 4el=
7F 9 At AR 28T Tk R 54 dloly
& FE3) ERPo} 22 dlojgfulo] s AR AR
g o8l Ae R FEshal, S AHe]

Extracting
dynamic:
Data
Data input
by

smartphone

Merging _
sinérd e
form and data

2 6. AXE A ZEAA
Fig. 6. Process of Notice Creation

622

[ 314 .

287 2

LR T

314 N

287 as

Frof Tt i 1

L L] [ LU

Dapt of Computer [ngrnanng L ]

TELNLICT T

(a) 7 AXE
(a) Intermediate Notice

) #AF AXNE
(b) Final Notice

O 7. 7 AXE 2 #HF AXE A
Fig. 7. Example of Intenned1ate Notice and Final Notice

e

3

ﬁ‘

dqe] =r)dl wet 2AF Zr)E AAst] EES
A} olm|z]ef] ARdglet AR} §1E B4 dlolEl= 2~
vFEES B3l qlEute} R o]nlAel| Abslgch

Algkshs Al2ElolAdE dloJeimo] 2ollx] 252
2 FE3 TA dlolelE EFFA olvlAel Akl
Z7F A X E(Intermediate Notice)S A48}, o] F o
AREAE 4 ARE S AAE AblEE HE A
E(Final Notice)2 AAdglc}. 13 7-& dlofeluo]x~
A dole7) AljlEl B3 AN ES AR 2ot
EES F8 E AR W 5 A=Y
£ vERA Aok

[e3

E

3.2.3 TXiB0let Bluetooth 7[gte] CIX[E ToiAlRl
Zojlql 2 EPD sl @Ae] HF AAES T
| ool ez Adfaick a8 82 HA[E =ofAt
Qo] TEE el ZoZ, EPD Tale S5k
Display Handler, E-papercl]l =418t EPD 3-8 &
3= E-paper Controller2 4] %tk
oAl ezyelel BPD

EPD File
‘ Doorsign App

=
......................... Display Handler i}i

Display Handler—

Bluetooth
Module
E-paper —, ‘L
Controller - SPI Module Bluetooth c
. Handler 2
l 3
| e k<
a
E-paper Protocol EPD File 3
Translator :
E-paper

12 8. v molakl &=
Fig. 8. Architecture of Digital Doorsign

www.dbpia.co.kr



oft

st A4S t7Ishs 7] Adeelld= A A
< FHasel] 98 BLE R=, 41 AdefellA
Bluetooth BR/EDR REE= o]n]x] Hlo]e]E 23}
o-8-¢] EPD 9d& FAIgh) 3 1ef4] H%ol,
z2kge] sde] =7|7F AR SE AdFsiof & EPD
o gekw AXA AL Azke] SR tAg
oJARlS A HEwtelz) Aol dxld 4 9l
2i-zo] Thsslol db7] el wiEzE WAkt
o] FAE Y & U= AAEIIC

BLE= A3 Awedo] wll-g- WAt FAl 3] Ajo]
Z7} zto} th-g=e] dloJe] Afelle A3 nb
o|| Bluetooth BR/EDR £A41-> %12 4w ko] BLE®|
vl AR f-g=ke] dlole] Aol H3sict. wet
A, ZF- e w ARE AAlEhe TR Zofalle]
Z8fell= wlole] 241 th7] Alelli= A3 Awsko] b
< BLE, dlo]g] 41 Alelli= Bluetooth BR/EDRS-

<o, ok

b

I3 9& LojARxal ofel|x] EPD ¥}d-S- tix¥
Zoapglo g Hgste] Arlgolol| EHsbr] Sl 5
Al ZREZS vehd Flelrh tiA" mojalal
BLE ZEZ AAE FAS B3] AAES S
317] 918l Zofalel i o]43le] BLE 71715 7

12 ofy rlo

Digital Doorsign

i
E-paper Display & Doorsign
App

By Controller Handler

1
1
| Standby State

Searching BLE Device

i
| Response
+

| BLE Pairing

1
| OK Response

Bluetooth n
BR/EDR (‘_

Module
' Activation

I
| Receive State

Searching Bluetooth Device
T

| _Response

;
Bluetooth Pairing

1
| OK Response

T
Trapsmitting EPD File

T
Complete Response
| Complete Response
SPI H

Header(16)
OK Response

Image Packet

OK Response

]
SPI Complete Response
Bluetooth T
BR/EDR | Standby State
Module 1
Deactivation

Displaying Image

J% 9. EPD T} A% 9 taFye] ZREF
Fig. 9. Protocol of EPD File Transmission and
Display[20]

E 1. EPD 39 st=e} sld=7]
Table 1. Resolution and File Size in each EPD Panel

Image Image EPD
Panel ReIsnolfug:i:on Color H; ?:eer Data File
Size ox) Depth (bytes) Array Size
P (bit) Y (bytes) | (bytes)
4417 400%300 1 16 15,000 15,016
7.4 480%800 1 16 48,000 | 48,016
10.2” | 1024x1280 1 16 163,840 | 163,856

% dojglsbd tix]e ZojAkele] Bluetooth BR/EDR
Eo] A5)E 7, FojAlel 9fo] t}A] Bluetooth 7]
715 A Aste] Hoglgt 3, EPD w}S Zojalal
o2 A} ol9} 22 WP g di7|Aleelx]
A3 Ansks #Hastela, Al 5w
EPD ¥}ol& A3 5= glr} 5413 EPD <) SPI
3l E-paper Controller 2 H<%|o] A=}

2t

=
-1
rek

.E
okl

41 7o 24

Ak Azdle] w2 HW T e A &
2, 3& 33}

F2 AME Windows 7 2344 elA
WAS Tomcat 9.0%} MySQLS <-53}e] 5 3H4
& 75313, IDK1.8S o]gsle] <1 7]ul x| xElo
2 Fasisick Eojakel i Android 6.0 WA
29 GAA 3ol API level 235 AR§5}ed]
TFRstar, tAE EelARlS Clo® AXE
Al E ARl Ale] 7ls ANkl

ZAzEe] t]nZdo)e}l HAEZEH = (F)Pervasive
DisplayellA] ¥3dh= #7145 WA E-paper<!
102 TET EPD o}'J(EZ102CTO1) 2}

2. 5/W T8 34
Table 2. Implementation Environment of S/W
0S | WAS Implementation ete
Language
Windows 7 JAVA
F S MySQL
OrmS SEVEr | romeat 9.0 | (JIDK 1.8) ySQ
. . Android 5.0
Doorsign App Android AP level 23
D1g1t?1 c
Doorsign
623

www.dbpia.co.kr



The Journal of Korean Institute of Communications and Information Sciences ’19-03 Vol.44 No.03

E 3. 9w 74 3+
Table 3. Implementation Environment of S/W

H/W Specifications
Supply
2.7~33 V
Voltage
oM SPI Interface to
E-paper ) host
P102-
Controller 220 F 1-bit color
CatuTES | plack and white)
Internal image
buffer
Outline
(mm) 171.76x218.30%1.20
(HXVXT)
Active
10.2” TFT Area 162.56x203.2
EPD (mm)
E-paper Pannel Resolution
. 1024x1280
(EZ102CT01) | (pixel)
Pixel
0.159%0.159
Pitch > 3
Pixel
160dpi
Density Pl

TCM-P102-220& A&-3}ic)?!.

42 78 Znt
a5 102 Arkgelel 2448 AAEe] YAl
HE gEslor §E3hs e el Aot ¥

Az ] oA E S5 F AXE HAkl
o|v|x)e] 7+ delS EIHEle] FA dHo|er} At

H

2 FAxPS A, AE e, ARFe] B4
BE Ao HEES Aok

T8 112 AREAP T EojalRlel S5 AXE T

Fol 3ol sdshe T o|vAE Ades)a,

HZ8lo] AR Aol oo AxGpE 7R FE

gt 54 dHolHE Alet T3 AXNES AFs 22 A

gt A7 i Aok

a7 12+ ARSRIENE A ke FAAE)

3} 7R A glo|HE F7t AlA Bl Wglsle] 2E

AAES AT AAE vepd Zlolck FF AlAE

2 W3 o|v|A] dloJe|e} HESl9]

AR e HYE Folsk]

A *éfﬁ EPD 3} Zx|Eo] tj~F

o

o
o
s}
=
o,
)
A

T3 132 YA Zojaple] Wi E5ES vie}

B smacm

a3 10. "8 55 3
Fig. 10. Screen Shot of Template Registration

@D Z2 uE 712y Q

@D 2N HEE 7R YA Q

e AR, A Y Tl

=) oizlel 43 Ad 9 27k AR YA

Fig. 1']. Design Type Selection and Intermediate Notice
Creation

T

® XA HE : 2HE

=z
2018.09.28 ~ 2018.10.05

® 22wy BX &2 T8 Al S0l 5 N2t

EBAAE BY ESHAE AA

agl 12, #HAF: AXE A
Fig. 12. Final Notice Creation

www.dbpia.co.kr



=i/

[}

1715019} Bluctooth 7]4H] Tl Eelatel 2] Asd 74

8bit | [ Battery Holder
MW AM Size

-

Pin Code Bluetooth
Input module
Driver

Exte

ternal Clock
102°EPD E-paper
e | [T
s = o
- Control Module /
Communication | [‘Power Control il
TCM-PI0Z Module Driver
[P e i
= = = =
cru Block Bl
Moy Protection Module /
gement Module Driver

Main Board Bluetooth Block

J2 13, YA Eoakl EE=
Fig. 13. Block Diagram of Digital Doorsign

W Holck Main Board Hlo|E] B4 2 Aefe}
EPD ¥l& HARgoldl EH3l= 71%% sl
Bluetooth Block<> Bluetooth 2.1/4.0(BLE) X-E&
Alofstar, Zoakal o] FAl S diEith
Main CPU= Main Board #2], HlAo] &S
FA4 3=, Battery ] ZES we]g] AL 3,
Bluetooth Module Driver+= Bluetooth 7t} £41, <]%-

T8 14, tAE Zojril 74
Fig. 14. Configuration of Digital Doorsign

Tupitind Do Sigen

RAL.

|
f Computer Emginnering

W, e, O AR

12 16, A" tAd =ojakal oy
Fig. 15. Digital Doorsign Appearance in Testbed

I/F= €% LED A9} wiele] 4 13, E-paper
Driver= EPD 'd ¢Jdlo|E 7|5-& S8}
Zojalel  qizpe]  FALS drjsks Eshelle
Bluetooth BR/EDR %-E°] A4 ¥5-& sH3] st
3}z, dlo|e] 4241 Alellat Bluetooth BR/EDR 252
GAsAIZIC ARKRE Al2amlellA = wkE ks 9]8)
BLE 253} Bluetooth 52| wlelz]ls Ha]sleloe
o, 717} 7291 72 1703V, 620mAh), AAA Z1A1A]
370(4.5V, 700mAh) & AHE-3lsick 17 149} 17 15
= Pk GAE mefalle] v A} ol Al
AAR AHE Zojalele] o3-S el Zlolr)

43 Ay % ot

o] y=rollx= Alkel Zojalal | Al Al
Al AR 7S 918 ti7] Algte] w9 Za, ohg-
o] EPD TS 107 FAlsle] Arpgold &
s ghct. olefgt 271-E WHE3ly| S8l dHlolE] 4~
7= AELwafe] 22 BLE B&, 54l
Aol AF 4 wako] EX|uk og-ake] dlolg] A<l
A3+l Bluetooth BR/JEDR HTollX] E2bsle® -
H3lodek ARgE Alzmglo] F& LndH 0" Foji)
QA FARIE-E Y F stk AE Helr] fld
Bluetooth BR/EDR % BLE ®teo] AH¥Aiweks}
10.2” EPD 3}2)(163,856 bytes)2] AEA| 7S 243}
= AFE stk

3 3174 3 49} o), Bluetooth BR/EDR &

2] ol= A3t 4.5V, BLE & 93 AHst 3VE 3lo]
dlole] A1 wi7] Abelet 54l Adele] it HRE A
HEA A el 2l :PPA4530, A|FAEN4L)S o]§
slo] A8 ¥, A amaks Akl A 3
o] 2kx15] =}xk¥ Bluetooth BR/EDR %52 Power
Off A= 28.1, ti7] A&l 108, 541 AJell 34,200=
ZA=e] ti7] e D Al AejellAe] A swe)
< 1% 169 (a)9} Zel, 27 486, 153,9007F &
E]lslsick BLE R ti7] 2 41 Adefe] A
meke 7k 978, 5978 AXkEgTh o]e] ula,
163,856 byte =712] 10.2” EPD TS YollA] o]
Alglo® Agshs Azke: a3 169 (b)ek 2
o] Bluetooth BR/EDR ®E-2 ¢F 10%, BLE L&
oF 19% A% £8%S 73 AR dAAHAES
E3l galsisich

et 22 AR AE B3, o] Adefellx= A
Anes #4398 BLE RER SAEL
<Al Alel| Bluetooth BR/JEDR R EZ H3lslo] 714
©2 EPD HUS A= Algk AlxFle] AH 4w

625

www.dbpia.co.kr



The Journal of Korean Institute of Communications and Information Sciences ’19-03 Vol.44 No.03

B 4. 43 3 2 AW 97 AR
Table 4. Experimental Environment and measured
Average Current

Bluetooth
BLE Modul
BR/EDR Module odule
Battery
700 620
Capacity(Ah)
Input
4.
Voltage(V) 3 3
Average Current
in Power Off 28.1 -
(pA)
Average Current 108 1.6
in Standby (uA) ’
Average
Current in Active 34,200 199
(uA)
1215
—~ 405
g3
2 35
& (N
a 0O
S o
= 5 45
=
5 15
., 1N
Bluetooth BR/EDR BLE Module
Module
(a) Power Consumption
§ 168,750
= H Standby Stage
= M Active Stage
.0
o
£ 11,250
3
v
o
o
(V)
5 750
B
o
o

BLE Module Bluetooth BR/EDR
Module

(b) Data Transfer Time

a2l 16. £-F%2 BR/EDRS} BLE RES| Y ALmek
2 dlele] 1% A7

Fig. 16. Power Consumption and Data Transfer Time of
Bluetooth BR/EDR and BLE Module

o 23 W AR AN S0 EA] WS
% giek
BLE o] wlele] seilgle] -4t Azke )

626

El2] F83fkol dls| EPD IdS 418
t)ZHolol] ARE YAlskes A7k & B2 A
ZRAFeE d7] kel anjARe] R o]
Axkstadct. Aok Aldlol|A dlo]e]E FAlsk= A7
= 9F 10%, 5418 dlo|el5 EPD ldef| 7JAlsh=
A7kE oF 9% A b 7k oF 19%0]a, 154
o 13] AR 7gale] o]Feixiria 7[AsIH]. we}
A, 15elA] 1925 W R F7he 7] RS
2 AAsllel. BLE RE9] wie]e] gk
620mAhS W, 12 w95 7|50 g wie]e] 4
S 12 9] AA) An)REE wslsle] 3T 59} 7o)
Ak Ax}, oF 807.24 E4t wElE] wAlgle] -4
g 4 glrks S ERlEeh ole} 2 whe R

&
rN
N
Y
o,

¥ 5. BLE 28| 8§ A7t AKXt
Table 5. Operating Time of BLE Module

Sec. 59| BLE RE AH[AFHEE AFHA)7]|E =9

pA), &t 2 ANV Sdshria ZAl.

- wjElE] g2k 620,000u4, H7|RE HFEFIS): 32
A, FARE BAFIA): 199uA4

1S 71 wiElg]  FESKT):  620,0000u0E]E] &

21x3,600(1417H) A4

1S 71% AA 2¥HF KA

EZI—*{I— 7}‘7|_|'
| SEAZE | 7| 4] I
Mo 1 1-a |
0, 1

- 1S @91 FERAE 2 13 19% F=h: 19
Sec../T1day

_ 19
T 3600x24X7

1S =] w7k
1-0=999996.86uSec.(0.9999968 Sec..)
- a(E=h 73 an) AR
ax 1, =0.000628uA(X,)
- La(di7]) 73k 2] a5
(1—a) X I,= 31.99989952u A (&)
1S 9] F MR
K=K, +K;=ol, +(1—a)I,= 32.00052752uA

& oA

et = 3.14uSec.(0.00000314Sec.)

<
%: M: 69748850.19.5¢ec. (2F807.27835 days )

www.dbpia.co.kr



/ A715-015} Bluetooth 7]7¢] T1A)E mejafel 2] Aze T

AiFeF Bluetooth BRJEDR RE2] 2§ A|7k& oF
1,006 o]sit}

v.d B

Zojakelel] A= Aue o e 0L
wW7dE dert qla, AR Aot ggelr) =
oAkl Eqirel ENAE 4 gle muldr)r] ¥
7t S, 2 A, whialel] digh FA]Ab
& A, ARAPE sk AR AA Akl 73
e 5o 715 AlT-E T8 288 =Y 5 olek

o] E=elAs g7kl $oh mofalele] =)o
wet ARgAE AR A kel f3E A 5= 9l
a3, Y ansks Hasleb] fld dxgelst
Bluetooth 71k} B]#[d ojalel ghe] Al~slS A
ekstar, & Axg Bk

ARkE Azele TlAel ool v AR WE
slo2 55w, A} AgE Tl f3e)
29 Aug ko wolAel AANEL A% A
ek AHgAZE A0 A TRl L ek |
E21e] An 25} 4o HAuEG ARE 0§l Ho]
Eulol oA AE FE5 A8A W 27 lolelE
EFPY ool o] Alleh, 2ohEES Fol
FANLE YR ole1A Fele] AT AT A

Ak, A% AAE 39 o]rl 2 WBsle] olv]
A delelE Ask, AAge] 54 ARE sz

F7kste] tAd ZojAlel £38 218k EPD U
A7) EPD S ~ulEES E) tiAE Lo
ARl R HFEe] ARFold EHFc)

A" Zoalele dlo|g] 44l thr] AbelelA+=
BLE 2 =9} 421 Ao+ Bluetooth BR/EDR R
2 g2k AAES ARHEH R &S AXES
FAlsle] 28 = I =F AAISIAL APEsisich

Akl Alzgle Algale] Ao whet thekgl o
2Rl frge] AR ARXZ) 7lesla, e anAE e
Z A" Tojrlele] fAME-S £ 4 olrk sl
2ntEES B8 e 3R HRE Tojalld]
ARE 5= glo] WhEAllA] AR Hde] 7l5se] &

4498 =d 4 ek
References

[11  Digital DoorSigns, https://www.kindermann.de
/de/highlights/elektronische-raumbeschilderung/

[2]

(3]

(4]

(5]

[6]

[7]

(8]

[

[10]

[11]

[12]

Wireless ePaper Displays, https://www.lancom
-systems.de/en/products/wireless-lan/wireless-e
paper-ibeacon/lancom-wireless-epaper-displays
Joverview/

Digital Door sign, http://www.apollodisplays.c
om/flat-panel-displays/industrial-monitors/indus
trial-displays/digital-door-signs-2/

B. Comiskey, J. D. Albert, H. Yoshizawa, and
J.  Jacobson,

“An electrophoretic ink for

all-printed reflective electronic  displays,”
Nature, vol. 34, pp. 253-255, Jul. 1998.

C. A. Kim, and H. J. Ryu, “Research trend of
the human friendly display-a reflective
display,” Electron. and Telecommun. Trends,
vol. 28, no. 5, pp. 1-10, Oct. 2013.

P. F. Bai, R. A. Hayes, M. L. Jin, L. L. Shui,
Z. C. Yi, L. Wang, X. Zhang, and G. Zhou,
“Review of paper-like display technologies,”
Progress in Electromagnetics Res., vol. 147,
pp. 95-116, 2014.

S. S. Lee, M. Park, S. H. Lim, and J. K. Kim,
“Electrophoresis-based e-paper display,” KIC
News, vol. 13, no. 3, pp. 1-13, 2010.

H. Gates, R. Zehner, H. Doshi, and J. Au,
“AS  sized paper
document viewing,” SID Symp. Digest of
Tech. Papers, vol. 36, no. 1, pp. 1214-1217,
May 2005.

A. Dementyev, J. Gummeson, D. Thrasher, A.
Parks, D. Ganesan, J. R. Smith, and A. P.
Sample, “Wirelessly powered bistable display
tags,” in Proc. 2013 ACM Int. Joint Conf.
Pervasive and Ubiquitous Comput., pp.
383-386, Zurich, Switzerland, Sep. 2013.

J. Nehani, D. Brunelli,, M. Magno, L. Sigrist,
and L. Benini, “An energy neutral wearable
camera with EPD display,” in Proc. 2015
Workshop on Wearable Syst. and Appl., pp.
1-6, May 2015.

B. K. Son and J. H. Lee, “EPD noticeboard
for posting multiple information,” Lecture

electronic display for

Notes in Electrical Eng., vol. 421, pp. 137-
142, Nov. 2016.

B. S. Jang, S. J. Lee, and H. Y. Kwak, “A
study of attendance management system using

627

www.dbpia.co.kr



The Journal of Korean Institute of Communications and Information Sciences ’19-03 Vol.44 No.03

[13]

[14]

[15]

[16]

{17}

[18]

[19]

[20]

[21]

628

beacon and ble advertisement function,” J.
The Korea Soc. Comput. and Inf., vol. 23, no.
8, pp. 67-73, Aug. 2018.

S. P. Hong and Y. J. Cho, “Development of
smart etiquette system based on ble and app,”
J. Digital Contents Soc., vol. 18, no. 5, pp.
803-810, Aug. 2017.

Bluetooth SIG, Bluetooth Core Specification
v4.0(2010), Retrieved Oct. 1. 2018, from
https://www.bluetooth.com/ko-kr/specifications
[bluetooth-core-specification/legacy-specificatio
ns

L. L. Estrada, J. G. Kim, “Power consumption
analysis for iot bluetooth low energy based
platform for KICS
Summer Conf., pp. 1146-1147, Jeju Island,
Korea, Jun.-Sep. 2018.

D. Dragomir, L. Gheorghe, S. Costea, and A.

smart environments,”

Radovici, “A survey on secure communication
2016 Int.
Workshop on Secure Internet of Things, pp.
47-62, Crete, Greece, 2016.

J. H. Lee,
reconnection of bluetooth HIDs” J. KICS, vol.
43, no. 06, pp. 1005-1013, Jun. 2018.

D. S. Cho, J. Y. An, and S. T. Chung,

“Implementation of a smart puzzle game using

protocols for IOT systems,”

“Pre-paging for low latency

bluetooth 4.0,” J. Korean Soc. Comput. Game,
vol. 27, no. 3, pp. 119-125, Sep. 2014.

U. J. Lee, H. Y. Park, and H. C. Shin,
“Implementation of a Bluetooth-LE based
wireless ECG/EMG/PPG monitoring circuit
and system,” J. IEIE, vol. 51, no. 6, Jun.
2014.

B. K. Son and J. H. Lee, “Design and
implementation of digital doorsign system
based on e-paper display,” Lecture Notes in
Electrical Eng., vol. 474, pp. 168-173, Dec.
2017.

10.2” TFT EPD Panel (EZ014BSO011), http://
www.pervasivedisplays.com/products/102

Z| M 2 (Choi Byung Geun)
20161 24 A|IeEaL A5
Byt £9)

2019 24 : Sk Ak

J

S|
<ol AFAE, G
2], "ldle]E]
Z M Z (Sung-Jin Kim)
19994 24 : Audsta F}
718t £
20061 29 AlEdiskn A7)

ZAFE T WAk 29
20041 64~200791 9 : A4

SDI, Tl Al
200713 94~2008'd 8 : w|=-

ZA=nlolst 27|k uialgad 7

20084 84~20104d 294 : v FA|olgbehEl %17
AR whaleed el

20104 39 ~3A)] : FEstw A eE} 2

<ol f7|AREHE Al 3 ) Aal
e o] 3 ox] ks

2 & 7] (Son Bong Ki)

1998+ 24 : st A}
Alxkstat £

20006 29 : FEASt A}
Akl Ak 24

2004 8 : FEuiskw AHzAb
Axkstat whal £4

2000 9U~&A : A dosta
el w

L 345, e, Bdele] 2 2wt

ZoHpA| A E

<A Fol> 9
r

www.dbpia.co.kr



	전자종이와 Bluetooth 기반의 디지털 도어사인 관리 시스템 구현
	요약
	ABSTRACT
	Ⅰ. 서론
	Ⅱ. 관련 연구
	Ⅲ. 제안 시스템
	Ⅳ. 구현 및 평가
	Ⅴ. 결론
	References


