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FAE aEEte] 7 A ihs ALETE. QPZAE T VA B 715E AREEte] Tk AAISE W A A o

F Ry ApaHoR 4T & v

i oo
kﬂ‘ :::
9‘—2 r

0;

e o
&

"o

&
:

% 12 QPZAE AFE3E RSSI 7IWF &3 EF Al&aHe] op7|gxE BRoFEy. = 194 A]=®2 Tag, Anchor
Beacon, % Tag Receiver® T¥th. 7|4, <=d 452 BLE, Al §41, NFC, RFID & chksh <4

A S FEFE g glon, A slle BLE Bl #8d 4 Qi

BLE BJZ13= UUID(Universal Unique Identifier), major ID, minor ID % A% A= (TxPower)S X33l H]|E A
B E BLE Tag Receiverol Al &&]7] I8 AA HAS BREsNAYss 98-S $tl. UUID, major ID, minor
IDE BLE Bj2E A&t o AFE Y™, TxPowers 21'H¥ BLE ®BJ1¢} BLE Tag Receiver Alold] A& FA3s
= H ARET



[0031]

[0032]
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[0034]

[0035]

[0036]

[0037]

[0038]

[0039]

[0040]

[0041]

[0042]

[0043]
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Anchor Beacon& 578 f1X|o] wjA ¥ 55 F3 9] BLE B1o|th. Anchor Beacon BLE B2} Fdgh 2o
2 AA S BHREFNAETT. Anchor Beacon?] HIE HHE FWH 379 wol= ¥s ZHsy] Y3 &
LRV AREE 5 9l

BLE Tag Receiver: AlA A& FA18 wjujr} RSSIS At =¥ RSSIE o] &35t AT =4S 3%
g Tk, RSSI 7|dk &4 /e Ao ugt Bi 73 24 adE FAS| AR A8 A- F40] &
AE RSSIS] 9] g 7|dte g shvla 7pAsit). BLE Bl 258 93]S =218 BLE Tag Receivers A
TRHE Fd35te] BLE ®l717F 2A e A=A AR5 gttt gE A9 o= dWE ALbela PZAE F
gt BF e AVE 2T F drt.

T 190 BF F7r(Pending Zone)S 7WhE ZAAI(: <48 A, Near Boundary)et W ZAA(: 9A8 AA,
Far Boundary) Alele] o=z FAETh. HF 3ol Alzd"dA nmlg] AHod 7| AAZ EIdch. ukef
2] BLE Tag Receiver®} 7H7F2 AAIA(dy) AFele] A&7} BLE Tag Receiver®t 715 A A (deer) AFo]e] A K

o} 2FAY a1, BLE Tag Receiver®t ¥ A1 (dy) Abele] A=7F 71 AAARG IAY 25 5 ).
284 BFZ 98, BLE Tag Receiver= F4 Ag7} dpREtF ZH 729 BLE 7} 288 d=(d=E E9,
true) Aoz #Fukd 4= v}, WhthE | BLE Tag Receiver:s F4 Ag7}t dR ot 2& A9 BLE Bl27F &4 &
AA FE(AF S0, false) Ao 2 Fad $ Qir}.

wkek BLE B9l =4 A7l BF 77 o] QoW BLE Tag Receivers o|d Axel s oA 7 2

HE FAL 7 A (S, 24 Bi5). ol WeelA d, R dy= A e A TIEeld

aEa, B AN QPZAE wol= S aEsle] HEAoR A 24 R AYgEE FYATI.

AA S =A% BLE Tag Receiveri= RSSIE A3t Al 4 RS 2835t AZE FAHI, ol& ¢
) 71& A9 FA 2o A 71A 39l iBeacon, Ad 37, ¥ 9 29 2do] mad" £ vk, 1¥ &
A3 =7t M w2 2d F suE A®Ete] BLE Tag Receiverol 283 4= Qlt},

iBeacon E&& o|s} =84 19] iBeacon Aol ol Fold 4 r}t.
F24 1

p g~ )
f RS5S5I
ad =0.89976, ——— +0.111
_& Henee | TxPower |

olwl | edipeacont= iBeacon EEC] FA Aglolm  RSSI= ZA¥ RSSIC #tolth. RSSIC] w9l dBmell &3t}
A7) G2l A | edipeacons RSSICN Bl &3 TxPoweroll= ®FH]#|3T}. iBeacon RES A3 7oA 7] &=
¥ RSSI dlolgAS wlgo g FH% zlo|ty, 1ejuR | o= Ao Wlel FasiA 1gE FuE fAE
=

A 59 BAS TH7] 98] RSSISH log-distance Abole] ¥AE 314 22 Fojaria 4@t
784 2

log(d)=A(RSSI)+B

o714, d¥ BLE Tag Receiver$® BLE Tag 7+e] Ageolw, A @ BE ZzF AF(Z, 317 7127]) 2 log(d) e
Ao sFetct. Do @l wlE etk #E] 2 U A 9@ BE AAF] H%H RSSI ke Al =4S S
2-Ag] dlo]gAM(LD)o] o]3} F84] 33 o] HoFo Fd8= = 9},
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T4 3

LD =[(RSSL, log(d,)),( RSST, log(d,)), -+ RSSL, Jog(d,)) ]

RSSI,& (nt1)¥A| advertising 3|Zol| tiall 4% RSSIY gkl slEstrt. d2 (nt1)WA advertising 3| Zl
e A Al sgeT. wd, du Ak AFE GPIEF A 2 BE ANk 6 Agan. FAdez, 3
e A 2 BE o] 4284 4 W 50 wet 7 8= R 9},

744 4

i (RSSI, —mean(RSSI) )(log(d, )— meanilog(d)))
A e Tl

> (RSSI, — mean(RSST) ||
=0

84 5

B =mean(log(d))— (mean(RS55I)» A ]_

olul, mean(RSSI)+= LD W Z}Zte] RSSIe] Htol™ | mean(log(d))E= LD W Z+ZFe] log(d)e]l Hutolth. A 2 B
g EE 53 ojA, 8 6oz FdAH Az F4 Hdlo] BLE tag receiver ol #u]E 4 3t}
Z ., BLE tag receiver”} advertisement #H S =418k wjult}, BLE tag receivers A8 F4 2dS o] &3}

Awe =" 5 g},

754 6
{:‘dm i Dl_;-;RSSJ‘_.,u. B
A7) A, RSSLyewmol ZAE RSSI gholgha o ), edp® AP 37 =

A ozd
RSSI #koll ©]&sle] Wsl7] w&oll, RSSI =4S 93k 317 o] Wl X3y 3

H #d 2dS F53517] Y WA oy RSSI S AHEste syl 4 AT (F, edl)E =E3h= oY
DNN(Deep Neural Networks) Z=lo] AAlE 4 gt}l. & 2¥ tijd DN Ed¢] & HoFH, E DW &
L 3ol 4 Folo], FE dolojEs, Elx sty &8 doloj® FARETY.

4= #olole &Aoo A v RSSI 1ES d9sh] A% o ==(5, 299 )= FAEH. =
2014 RSSI 949 ¢] & 1o aiggtt. sl& dojoje o ZF 3l dolojd wE 5 & AFGEE 47 9
) A or AAEY. T3 A (back-propagation) ITFANA ZIYTAEIF HAF 002 F=HeE 2y
E 22 (loss) FAZ A8ty A3 A3} = ReLU(rectified linear unit)7} AH&E & vk, A& 3
7 2 RSSI 473 & wel depxivk, 2oy vhe 2dy 2 AE F337]

A3t FARsHA Held Rd
Aai = o= o] RSSI f&e] Hasj}.
 RAle mE AR
Pending Zoned IA7|S FA3}

Al 2~¥e] QPZAo A BLE Tag Receiver™ ™A Anchor BeaconS AF&3}o] o)== #wle
of we} Pending Zone?] A7|E AT 4 Ul QPZAT kol #HHo] FrlslH HF
o] A% dwot dp® AFol7F AXITH. ¥wrhe] A9 dpot dpo] Aol FAgTh

ro

A, d AA oo wa2H, wolz e mEl BF 3k A7|7F 4 dA o]do] H= A $- Tag Receiver
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[0064]

[0065]
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= Tagoel tigt &4 #AXE

Z
oluf | Tag Receiver:= HF T-7+9

d(ex. R\WN Rd)S
71m}t}, Tag Receiver
FAE AYE A

WSk, Tag Receiver= 944 F7]o wek FS5HE xol= #HHs E}‘%Lfii o3
SFEAA, ke s oo F719 wolx PEE oS53 4 Q). ?Zﬂ ]
+ Anchor Beacon®. ZH-E] FAlE

255

Al et wlatste] 1 Aol 7}

27
[N fob
-3
33
n
=
j]
o
=
o
-
lo9]
D
o
O
o
=}
=2
2 7
(o
_I_4
_Y‘i _Bi

= AW WA AU 5 s

Eﬂt“e‘ o]l Ae= GﬂZE‘ T A 1 79, Tag Receiver® t& F

9 Anchor Beaconell tigt Azl F4& S5 S

£ 9
N
_>.:
H
o
0
=
. 2
9
<
D
"1
s
%
I
_‘
o N

= 1o
Pr
£
[N
=
e
S
o
ot
N
N
o
=4
:cg
2
||

]o

ol aldet= F710l wish
RecelverL A} o]z gl
F F717F BT e x3do] oH A

T =
= flo] d5d s VEor 9 W

= 32 QPZAe # = tjoloj 1M HAFTF, = 3004 QPZAE x=olZ d¥ A7 (Noise Level
Calculator), &©Ad ZAA ZA7](Near Boundary Adjuster) = 972 A ZA7](Far Boundary Adjuster)®
Zo

[e]
TFAEY. B A4 ZEo] W/EE YR FAYE 715d EFERE, Tag Receiver Wd 23
S =
T, 47 715H £o| Tag Receiver®} F2lo] 7b5d Aok el MW go X3d = o). 744

2=
o7 AlF e RSSIo| wE A FA 7%, wol= HHd wE AA AA 7% F HoT ot Ay Aol A

0)& Aitsles b AEEH AT 2 dAY AA 2A7= 2 dy 2 dy
= ZAs= d AFgdET. 2 AAY ZA7]= Q-BlYd ddlo]dE(Q-learning Agent)®t HAF AlAF7] (Reward
Calculator)& =3I F Advt. AXE OF dw EE dp (5, d'w ¥ d's )E AFS7] A3 525,
a4 2 TVhE *dE—.“f&DP. ?Z}% BN F2ko] o]z FFEo HEFex] RS Qg v el Ay
Q
(€]

= — 1l
= agdte] BANS Akt £ Q-learning O] HEZS dHo]ESE H AL

:L
=)

al pal

BLE Tag Receiveri= Anchor Beaconol4] advertising #Z& 218 wjult} QPZAS =33 4= o}, FA X o=
Anchor Beacon?] F4 AZ(F, edy)E B F xol= 3 AXVE AYste] o & AAT = du. ol&,
edae®}, BLE Tag Receiver @ Anchor Beacon 7Fe] AP (F, dwe)d Zo]E vlg oz AEHvE. wieba] QPZA

A oz 2 wEE gAE ¢ vk a3 v 2A R AR A 2A7E v BAdS aEske] dy

2 dpS 24T $ drl. o] 98 FAAE Q-learning o] HEE Q-tableS FX 3t T 1% 2= 7z 7}

e A e a-table(2)7 W A7)0l B o-table(Q) e moiFy),

* 1
Q-Table for Near Action
Boundary (Q) Decrease Keep Increase
nb, L1y 2AL2) Q(1.3)
b, (2,1) 2,7} (2,3
State e & Q 23
b Qim,1) X, 2) Q. 3)
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[0072]
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#* 2
Q-Table for Far Action
Boundary | Q ) Diecrease Keep Increase
2, QL1 1,2) QiL3)
. 3 2,2 01
St b Q2.1 Q2.2 Q2,3)
7. Q[?.'i,l] Qf,m.E] Q{m.i]

Q HlelEolA 2 B2 74 Fefell gk F5 7eE YeEhlr BLE Tag Receiversh 77 Atolo] A=z ded
ATk, EE F gizzolm AEle] = - AAl dis) Fdstth. WA dy, dw, d, d'es A
2

ok 77 8

84 7

_d‘i,d:t e Eubl : ub:,---,ub,r_,}

7844 8

dg.dl e { oy, oo 10, }

olwl, nb, 7}7hg Al
A F1 7ot Q-tabled] @2 #&, A, SV ¥ 2AS dEhiv 7 A Oig e
1, 2, 9 30]t}. Q-learning Slo]|HEZ} HHES 7h4A EE Z7t2 AR WASH, dy D dpE 9
W, eA grow old Az fAET. Q Holel aA5e AH-olA @ it Q @S UET. Q e
24w 2 AAY A gz gate) SCer®e) m QCata o gaan zizke AAG YolM, s, 2 s
w0 AT A5(E, AE)E e, 4, 2 ags 94e) A5E tehi,

!_‘

JEe] (5, mE AT BLE B9 7t &
g dolg AENL)Y ZF#2H 2 7jwte=w 24

AFE ¢ At

[N

dold sz 74" =0
A

F Q. wol= FF dolE AEE ol 94 9

ox it

e on
K-y
R
-
o
i,
i
o,
N
=,
i3

ft

\<

7] 3 glo]E] A& Frolth. NLolA E¥ 28 & ZAAs] fd B o5 S H

® dug]Eo] AlgdE 4 ). B du#5LS KDE(Kernel Density Estimation)S AFg38le] Folz dolg AE

| it 2% 55 A HE A 24 HygS 2T ¢ Ut Y2y e 2R g9 24
= A

Hoigk =oF grk. NLol oid = gk 8 109 o] KDES ARgste] f& o 3.
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344 10

[x—a )

fO=-L3k
W=5 2K

TO = N A% geln, e KBS dgE(AAYE AFHIE Fojn, KW= K@-TR Fojx:
7HAlE AY wgolt, hol gre FYsE 3 B Adsiein FesE 3 BAe HzseEs 2

ek, SO =a Adge 2 TYT0 g FOLe gage asie., T ARYS
slsgr, S0 g S Oe Az M0 13 v R 23} vigoln, om, *>0m XERg gxgn 7zel

e 7} ezge FAS ve, v, ne 23 Auglel @7 2 E 7

2
N
e
)
B
2
=
=
2,
%
o
e

% 4A9 A2 0 A9 Re 1E AN Felod T
wel A A e Fu Aes Frkea W Aol te Fu el
BAN A 9 S AAele] I b B 1b)S A% £ 11 W S 128 A}%ao% mw.

514 11

nb.=d . —c
M =a, G,

514 12

_ﬂ:l:. =d‘_=?.+c:._l

e (m-)HA Faee SAoIH, ¢ (i-DWHA Fxaee S0t o374, = 03 Ht}. a3=
2, nby 2 [0 dor9 2T}

d'w 2 d'wE 2RI A8, Azke] Q 29 ololMEE Q Hel vl @Al AHeld s 2 Q el AHe A
gy 5 oglth ek B olabe] Aol U A4 2 Q @2 AAE A%, 0 99 dodEE 1E F s
Qo2 Aeg 5 ek, Z7be] Q @ ool HEe] o) AeE AHE o]s 84 13 ¥ 14T Fal 72} Fol
A % 9

84 13

a® —argmax Qs a)

F5}4] 14

a” = arg max Qs ,a)
a

n fi =
olml, ¥ @ e A7 2w @ AAe AASel @ @4 Adela, ¥ w e

1
Eﬁl@ﬂ%ﬂt%ﬂﬁﬂ1°l}lﬂ$ﬂﬂ.ﬂﬂ,t%QMMJ§%€Q+%%%%£ﬁéﬂﬁﬂﬁ,%%ﬁw
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[0087]
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[0089]

[0090]

[0091]
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o _-"'{b) .{ubl.ub:,---,?'rbm} {_ﬂn,ﬂ:.,--

g PR o o)geie Aol aas aegel slol

A, O (S, g e ojah ek 15 9 160) uRek AGE T

Js“ -1 a®=l, s§¥>1
F=dsf el a@%=3, §Fam

|s;° otherwise
P
T84 16
sr=1 a5t >1
spEo=qsi¥ 1 a=3, s <m
i 3

" otherwise

nb b .
a9, 4ze] Q 8g AOAEE d' R d'eE A% ¢ W hE

[si3
=

T At e

i
]

2
rﬂ
2
2
2

_1 I
By

4, =nb, nb=3 nb
‘1‘x:"]__ 9379_0] 7131'_/;:0]57_ S )?__ 76]_?‘, d‘nb = nbz(é‘, Se+1 2).

WE T A& AgHem zAss 9l AT AW wrkd wgS oz Q HolEol
QulolEHh, wAe AME wmol= FEdl vl A9d Ao AFHL etk Ansom 2 FAel
@ wabel ghe 24E AA% ANE wol= FFe] Aolo] wel Gekth, dE Hol, A4k o= #Mel

24 Pending Zone® 7Rt W sbAe AA(Z, #)el Wt B e Soln W 3
1 g gFolnt. wEbd Wiyl F9 BF kel Av|7h gEn. B AslE
F(F, o) 238 AAF, d'y R d'wE vasy BAs A ¢ ok ager, g nE o)g)

N
-
Sok4 17 9 186l ola) 58 4 ek,

>
N
rl

)
2
i)
b
2

7844 17

-1 <otk
7" =40 —dl =0 /k
+1 d_, —d,|>c/k

J—l . —d_ <ok
* —do 4, —d_ |=c/k
‘—1 d —d |>o/k

o 7)14 k& wol= gl Agolt),

BA A2 7 BARS AASHE Q-learning o)A EE 1o whg} Q-table
[e)

ddle|Edtth, FAHoR 7 AA
o thE Q-tabled z+z} 538FA 199} 428HAl 208 AR3le] Qo] E” 4 9lt}.
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[0099]

[0100]
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84 19

Q. ) € QUs®, )+ ax| i +xmax Q{52 a)-0(s*a) |

QT a?)«Qs”, af)+ axt;;*+;’xn1§xQ[55f1, n]—Q[sf,ﬂf]J

o714, /= wg Bgde] #9%2 JERRE discount factoro]i, ZE ME B Q-gho] o] Q- thAE

7

i

= AEE ZdAske SaEelh. FouiRg gl @ B 0 919 Afoldl] digelE glew HdAd

A

olF%, & NN ARl FEYE PZAE B Y] AVIE AeAe® 28kl RSSI 7)WE A
= X

T =

= RALe] Al=ELe] QPZAS] Adee Wrkeh] fla, B ibe] ArlE A" AR AAsks VIS AAFe
_]

d o=, B A9 QPZAl wE Anchor Beacon, BLE Bz % BLE Tag Receiver+ Quad-Core Cortex-A72
1.5GHz CPU % 2GB RAM<S A&}l Raspberry Pi 0SolA] #53}= Raspberry Pi 4 Model BellA] T35 ich.

BlueZ z}olBHHE AM&35Fo] 2.4GHz ISM Yol Z&sl= 412 BLE 54 752 70E3it}t. Anchor Beacon

2 BLE EjZ2E TxPower 7} -59dBmo. = A ¥ AFefol A 500ms”tc} iBeacon ¥ Z 2oz AAl HFRS HAEse
= HAFEAC}. iBeacon M F Ao+ UUID, major ID, minor ID ® TxPowerE X3stsl= 30Wfo]ES] A A
o] dloJEl7} Urk. Ael F4 =l QPZA ® 2> BLE Tag Receiverol @Al®th. A 4 = QPZA Mis
218 MySQL 719 dlo]Ejdo] 22(DB) AW E o]&3Fe] RSSI Ho]HE X3kt DB A< Al % 37 Zt).

# 3
Component Description
Operating svstem Windows 10 Pro 64 bit
Processor Intel core i7-8700 CPU 3.20 GH=z
HDD 500 GB
RAM 8GB
Web server Apache Tomeat
Database MySQL

B8 X 13m)F 2 W15 X 21 m)e ¥ b4 @AM RSSI HlolEl7t SdHUT. ¥ 87 wv
o}l BLE Tag ReceiverZ wjx|3}3l Anchor Beacon® BLE Tag Receiver Aol A& (dy,)E ImE A AT

whe] 79 BLE e]29} BLE Tag Receiver Alole]l AAl Azl 0.50, 1.00, 1.50, 2.00, 2.50, 3.00, 4.00m
Ak, & e A$ol= 0.50, 1.00, 1.50, 2.00, 2.50, 3.00, 4.00, 5.00, 6.00, 7.00m= A=
H dolE AE(F, LD 2 NDE 7:39 H&2 Fd dojf AES HAE dHolg AERZ v, LD
dolg] AMEE AMgste] A3y A 7|0 Ay F4H BEdy & A2 Python holH# Q] scikit-
ALg-3ke] QPZAE TE3EIT}.

% da, b Zh7b #2 wa 2 ol A RSSI9F log(d) 7he] #AE BT A3 37 =d
ok EWelA A A LDe] 1 dolE AES dHeldE uvEhia w 7&@1 Mo Zmakal 9o
t}. F A$ EF BLE Tag Receiver®} BLE Bz Alo]9] A7t HAAHASFE A3 F=r) 7137'_/&8}
g iZell RSSI gkl S71ET5 log(d)9] #H= #Aastth. sad AE 39 E%‘S =S| 2>
Hztz s gk 4 vk, FAFeR AL dhd gk wisfHaE -0.022835649F -1.356253930] 3L, &

rlo

o B

RIS Jli
; "y
il
= jj o

o
o
-
]
o

tt

H

©

rﬂ 32 &
on N

oF

2
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[0103]

[0104]

[0105]

[0106]

[0107]

[0108]

[0109]
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.,
=
)
o
fr
=
o
2
=

g A9 B vt A 4 mde

o

st w7 = -0.03275013 -1.96797933°]t}.
o o)l F8k] 213 428k 222 R HEC).

|—0.02 283564« RS SI—-1 35625303 )
ed_ =107 - =

314 22

{~00327501-R 5511 96757933
ed =10 e

A7NA, edy, B oed > 47 2 W3 F W) F74 A o).

o Hyd 2AE w=7] 93] Keras 2 TensorFlow Python £ A2 gho|B g7} AF&H T, g #Holo] g
L = 5o whd fis] 572 AAEo] 5709 RSSI ¥ oew AYE FAY & IA AALJT. eYE
of = VIR AAHN 72+ YT =& F= 64, 64, 32, 1622 MAEAT}. batch size, epoch, FEFE

(learning rate)& Z+zb 200, 200, 0.0001% AR w .

QPZACl A AH&¥ = Q-tables A/d38k7] $18] & dlolE] AEC da) A o]s SesE Yol F3HATt. KDE
of fHFL 0.322 AAFAL zF doll s 1.5m¢}F 2.5m9] 71 At AREEAT. 2 el dis) Zhzt 371k
570 5ol 5, o] #He FAE& 247 0.17, 0.33, 0.50% 0.22, 0.25, 0.31, 0.38, 0.57°]Ac}. ©]
23 A7s vgoR i 49 o] 7} Wol gk Q-table?] AEl7F AAE ATt JavaE F) Q-tableS T
Q-learning °lo]dE7} T3 % o] BLE Tag Receiverel] x5 ict.

# 4
Small Room Large Room
S
o S Far Boundary (m) NearBommiacy Far Boundary (m)
(m) E (m)

1 1.00 1.50 1.93 250

2 117 1.67 213 272

3 133 1.83 219 275

4 1.50 2.00 225 281

5 228 2.88

6 250 3.07
Al 4 el des Brety] & Z9(5, iBeacon, A¥ 37 2, | 2 Ed)d wet dEbA = F
4 718E vk, = 5a, Sbi= A2 W 2 A4 g 78] 4 BdS BoEr. iBeacon EE2 W
of ol ARl nAH AAT AF 37 H | 2d Bd2 T dHolH AE wet WMAEET. webA
7 T = 593 iBeacon EEo] ZAHAINE A2 ThE AY 34 2 H 2 o] A HEY. X ba ¥ =
Shell Al 574 Ael= 74 Edel wAIgle]l RSSIZE S7kgtell whe} 7lskara o sk Aol vk, v
F4 Age apel= RSSIZF #4845 Axtk. o= EEwith RSSISH 74 A ko] #AIE trEA 4ol
mjiolth. 53] iBeacon ROl A A= AE 3] # %l 2jd R R RSSIO] Wstel] o & dFs W

«{ob ot
2L
N
N
=0
1%
£
o
o2
ot
o
iy
nz
rlr
ui

0. Ag 39 2ds g oY 29S Hwshy
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