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g2 ¥k £ Qoh, T3k, M2 (110)E k= tl2=, SSD(Solid state drive) 52 ¥33 =% AT},
BAE(120)= 94 54 B oz Hojr shel oF AX et FAS 3] {9 =, BE, F
TS x3sk £ 3l

SAR(120)= e UEAAS Tl 259 H A= ZAE(ex. Tag, Anchor Beacon, AH &)3 2=
[e]

TFAAQ 4=, BAH(120)0 EF52~ BLE, NFC, RFID, WiFi Direct 5 TheFst =& Ea wlAS nlgo =z
Tag % /%= Anchor Beacon® H418 =388 4= Q). o]u], Tag Receiver(100)&= FA1H = 2139 A7), 2%
o] £ A7 58 vgo® AE A £ rt.

B3, Tag Receiver(100)= 4 &A1 W2 8l/ms P4 2 UAs S8 Auet dZ2E 5 Qo
FAHoR, st o]t UESAE F3l| Tag Receiver(100)eF AW 7he] Falo] aid 4 gtk UES A=
F e Rl web JNQl SAI(PAN; Personal Area Network), <42 &AW (LAN; Local Area Network),
o SAW(WAN; Wide Area Network) 5 4= 9low, UEYI] Aol wel AEZY(Intranet), H2E
2}l (Extranet), T3 <18 Ul(Internet) <Y 4 v}, o]u, LTE(long-term evolution), LTE-A(LTE Advance),
5G(5th Generation) ©]°5%Al, CDMA(code division multiple access), WCDMA(wideband CDMA), UMTS(universal
mobile telecommunications system), WiBro(Wireless Broadband), GSM(Global System for Mobile
Communications), DMA(Time Division Multiple Access), WiFi(Wi-Fi), WiFi Direct, Bluetooth, NFC(near
field communication), Zigbee & Th¥s T4 &4l wWAo] &&= 4 v}, EgH, o|tfYl(Ethernet), ¥ WE
# A (optical network), USB(Universal Serial Bus), AT & E(ThunderBolt) T2 4 T4l wWao] &=
= ot

I 2 MM (130)= Tag Receiver(100)E AWtA oz Aojslr] €3t Ao}, FAX R, ZTEAA(130)+= HE
2 (110) ¢} A== ¢ W= (110)o] AdE Hojx shfe] AAEYME Aoz 2 Al thefgt A

A dSel nhE B FAT A,

4

IR A4 (130)= CPU, AP, DSP(Digital Signal Processor) ¥ & =8 Z2AA, GPU, VPU(Vision
Processing Unit) 53 7L 8|2 A& ZT2ZAA Tx NPUSF 2e Q3X T AE T2AMA 5& E3Ha 4= 9l
o AFA T AE ZRAAE, BY dFAT B9 £ UXE ofd EIH s=do] xR AAE
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[0036]

[0037]

[0038]

[0039]

[0040]

[0041]

[0042]

[0043]

[0044]

[0045]

[0046]

[0047]

[0048]

ZIHSd 10-2025-0012822

AT,
X 1be QPZAE AFE3E RSSI 7|HF 24 &7/ Al2=ge] o}7]|9A
Beacon, @ Tag Receiver2 TAETH. o7]A4,

22 BAS 288 5 on wdAels BLE £

Hol&Eth, & 194 A]AElS Tag, Anchor
914 &4, NFC, RFID & o3k 23

BLE ®j=13= UUID(Universal Unique Identifier), major ID, minor ID @ A% A= (TxPower)g X33l H|Z A
£ BLE Tag ReceiverolZl &z]7] 8] AlA HA7S BHREsA"ss 9388 dtl. UUID, major ID, minor
D= BLE Bl2Z A"l o AF&E™, TxPowert= 218 ® BLE B)Z19} BLE Tag Receiver Alo]l9] AglE FA s}
= ol ARSI
Anchor Beacon< &
2 AA #HRs BHEE
LE2RF AMRE 5 QT

4 917 WA S5 $39) BLE B0t Anchor Beacon® BLE j-18h BT WO
A2~EF. Anchor Beacond] W] i Fw §739 wolx AME Z45] AW &

BLE Tag Receiveri= AlAl #iZ& A8 winjr} RSSIE 543t S4F RSSIE o] &3t A 45 3T
4= ATk, RSSI 7|WF o+ /729 Ao EHKP BE 7 5@94 adE dA3] A Hdl A” FHol S
¥ RSSIS] A s 7|Hte = gt B 213l BLE Tag Receiver: THA
BEF2 $88to] BLE Bl27F 23l %EX] 2= {%‘&f‘f}ﬂr. g2 A9os wolz YiS AXsta QPIAE 42
gl BF 7Y A0S =& § Q.
% 1bollA B G7F(Pending Zone)2 7V7he- ZAA(: A8 A, Near Boundary)et W ZAA(: &
Far Boundary) A}e]9] oz FAHECT., HF ko= A=EA njg] AF3k 7|& HA s}
4] BLE Tag Receiver$t 717k A (dy) AFolel A7} BLE Tag Receiver®t 71 A (dier) AFOle]l A
ot ZAY Za1, BLE Tag Receiveret W ZAAIM (dy) AFele]l A7}t 71 ZAALRY IAY 2& 5 U,

L
<A

FE 93, BLE Tag Receiverv F4 AZ7F dpith 22> 749 BLE Bj17} &F38 Ad=(dE 501,
true) o= A 4 gty W=, BLE Tag Receiver® F4 A7t dyR ok 22 745 BLE Bl 27} 313

A F2( = E9], false) Ao FHI 4= v},

Hm

gkeF, BLE Bz A A7t BiF 3F Wlell oW BLE Tag Receivert old At sdd 244 &/ 2
HE FAL F AH(SF, 24 BF). ofHdd Aol 4y # dys <A 7 A ZIEeld

oo do

al 71 A —irxé Zael A 7 fFE 1Beacon /‘463 3+, 3 ‘ﬂ g mel
7V w2 2 F ehvtE AdEste] BLE Tag Receiverel 283 4 ST},

r(

iBeacon E9-& o|3} 4=3t2 19] iBeacon A}ekel ol Fold 4 Qrt.
T84 1

\ TS

+0.111

[ RSSI
ed = 0.89976!
L o | TxPower |

oW, edipeacons iBeacon ERC] 34 Az olw  RSSIE= =A% RSSO Zkoltl. RSSIC] w9 dBmell & w-3shc).
71 FEA A edipeacon RSSO H]#| 8™ TxPoweroll = WHA] Sk}, iBeacon E&2 543 A4 7]
2]

A8 RSSI HlOlEAS Wigow THE Aotk mejmz, o #7e] wslel FuaA nAE Yz §4
o}

A 37 BdE 753t7] 918l RSSIS} log-distance Abele] #h7l= 4=5h2 22 Fojxivtal 7hd 3},
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[0049]

[0050]

[0051]

[0052]

[0053]

[0054]

[0055]

[0056]

[0057]

[0058]

[0059]
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84 2

log(d)= A(RSSI)+B

o714, d¥ BLE Tag Receiver$ BLE Tag 7+e] Agolw, A @ BE Z+zF AF(S, 317 7127]) 2 log(d) e
Ao sFetct. Do @l wlEeluk, 3k 2 o] A ¥ BE ZAI 1 H%H RSSI 7Iqke] Al =4 g
2-7A2 dlolgA(LD)e] o]} =82 33 o] Aoxo] g9 4 it}

914 3

LD —[(RSSI, log(d,)).( RSST, log(d,)) -+ ( RSSL, log(d, )]

ol

RSSI, & (n+t1)¥HA advertising (Zo] thal]l =A% RSS1 zhell sl=3tc}t. d,& (nt1)WHA] advertising
],

gk Al Aol siFehe. gk, Nk Ha Al v A R BE ANtk H ARgdd. pAHeR, vt
e A B BE o]k 3t 4 B 5ol me} 77} E5E £ 9l

784 4

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

> (RSSI, — mean(RSST) ||
=0

784 5

B =mean(log(d))— (mean(RS5I)x A ]:

olwf, mean(RSSI)+= LD W Z}zte] RSSIO] Hto]W | mean(log(d)): LD W Z+ZFe] log(d)e]l Heolth. A 2 B
B EE 53] dojA, F4 622 FdE A FH Edo] BLE tag receiver ulo] FH|E
%, BLE tag receiver”} advertisement ¥ Z-& A1k wjult}, BLE tag receivere Ad F4 ZES 0|83}
AYE FAL 5 A,

84 6

A{R55T, +B )
ed,, =10/4FSTw
¥4

o714, RSSLpean®l SAE RSST ghelzhar & o, edp> AF 39 B9 F4 Aol A3 3+ 2l
RSST gkell o]&ste] Wslr] wiitell, RSST =& 9% 4ol W A4 37 = 9A wdd 5 3id.

HYd 2EE& F53517] 98] WA ofe] RSSI 94 /\}%3}@ shue] 4 AZ(S, ed) & E%’E}—E ==
DNN(Deep Neural Networks) R =lo] AAld < 9t}l. & 25 thjd DN Edo] FegE HojFw, E DN =
& shel g golo], & YololE, 2ela e &8 golojz PR,

jo2 AYE= v RSSI d4¥& d9shy] A% vs =E2(5, 239 He 49, =
= Lol sk, §l= dolole] ok 7 sl wolofd] mE e w2 AdEE 4] ¥

A or AAAY. =3 JA v (back-propagation) AN ZHYAETZL A=} 0082 FHEE adUd
E 24 (loss) wAIE #Zs7] H?‘} 243} = ReLU(rectified linear unit)7} AFEE = Stk A3 3

mlo

_11_



[0060]

[0061]

[0062]

[0063]

[0064]

[0065]

[0066]

[0067]

[0068]

[0069]

[0070]

[0071]
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7 2aa GAEA Held Z2e RSSI 3 70 whek gebziv. aey g mdan gl AgE 46
M= ole] 7l RSSI o] s},

9

2 A g Alzele, FH A o= £ uE dEKe 24 B9 AF3RE AT A4
Pending Zone®] A71& &A= s AAE 4 ot

Al 2~Ele] QPZA°l A BLE Tag Receiver= WA Anchor Beacong Al&3&}o] o]z W& el thg wo]= #
o wet Pending Zone®] F71E £AHZ 5 Yk, PZAE wol= #Mo] FUIEE Wi T A7 e

(]

1 7% dwSt dp®l 2Fel7F AN wbhe] A9 dpok dpol AFoli= gt

o whel BF Fzre] 7|7t 4 WA ool ¥ 7§ Tag Receiver

st A AA] oo mEW, wol= Hhd

= Tagdl Wg &4 AAE T4 5 Advk

oluf, Tag Receivert HF T3t =77} 44 WA o] o] ¥ A wol= HES i ko= = 7|5
3 4 STt

TE3F, Tag Receiverv= UA F7]d wgt FS5HE oz ¢ils nlgoz oF Rd(ex. RW ZE)E
SIEAIA, B7hE sk o) 719 kolz HHES oS5 4 Jduk. FAIH o=, wl F7|vlt}h, Tag Receiver
+ Anchor Beacon®. ZH-E] FAIE = AlZo] wha} Anchor Beaconol] W3k Agl= —%Xjé]-j_, 249 Ag= A4
A e HwEte] 1 ZJo|7} F4E o]z YHS =i AHs 4= )

dE o], & AAE 7FoRE BAY o= el FAH R oS Hdo ¢HE Ay, oS 779 ko]
z= o] it o]z #HE o]l Ao oFE & Urh. o] B9, Tag Receivere T F71dl A=
F F71= AdAstar, Tagol tizk Ad) 4 2 Anchor Beaconol thdr 77 FAHE F3hx &S 4+ Jdvt. 2
A, F5 F70d deliAde 2 oJF-el gk g gGA

| FRHA &S AT
.l

= E—Tﬂa]—é_ Ea, FF 771 vl sEste 719

ol et 5710l Eﬁﬁﬁ S4% wol= o] d=

T 32 QPzAel # EE tfolojass HoFEt. = 394 QPZAE wol= ¥ AAE7](Noise Level
Calculator), <72 AA ZA7](Near Boundary Adjuster) 2 Al ZA ZA7](Far Boundary Adjuster)®
TR, e 2ZES B/Es sudoRE = Ve 552, Tag Receiver el Eohd
T Ut

T, A7 7154 E5E0] Tag Receiver$t &4lo] 7hsdk Aok shvte] A Aol 234 +& drt. A4
o2, Alse] RSSIel W A 4 7%, wolx e mE AA HAA Ts T A% syt A AdellA
3" £ g

0)& Axtel= w AREET AR B Ay BA 2A47= A de B dp
£ A3k d ARRET. A4 AAlY 247 Hd clo]HdE(Q-learning Agent) ¢t X AE7](Reward

o | L
Calculator)E& =3 F Aok, AXE OF dw EBE dp (5, d'w e d's )E AAFS7] A3 525,
A

BLE Tag Receiveri= Anchor Beaconol| 4] advertising %!

o A

= T
Anchor Beacon®] F3 AT(Z, edy) B €L & wol= F=F A 5
edyc¥F, BLE Tag Receiver % Anchor Beacon bl 72(5, d,)9) Aol& whgo AZdch. wheha Qpzad
A wolz e vEE A8 4 vk 29 bg 27

R odpE 2L F A, o]E sl =AHAE Q-learning o] E= Q-tables A&tk & 13} 2= 2+ 7}
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[0072]

[0073]

[0074]

[0075]

[0076]

[0077]

[0078]

ZIHSd 10-2025-0012822

~

e AAG e Q-table(2)3 W AA & g-table(L)e HelZT).

# 1
Q-Table for Near Action
Boundary (Q) Decrease Keep Increase
nb, L1y 2AL2) 2(1.3)
b, 2 2,7} (2,3
State e 2 Q 23
b Qim,1) X, 2) Q. 3)
#* 2
Q-Table for Far Action
Boundary | Q ) Diecrease Keep Increase
2 QL1) 1,2 (1,3
i 5 2,2 X
St b Q2.1 x2.2) 2,3)
7. Q[?.'i,l] Qf,m.E] Q{m.i]

Q HlelEolA zh B2 74 Zefoll gk F5 7eE YeEhlr BLE Tag Receiversh 77 Atolo] A=z ded
Atk dEle TR AR QlElzeln FEe] e 7 AA tE sdstth. wEbA dy, d'w. de, d'pE A

2)
oA 73 82 Fojd 9l

84 7

_d‘i,d:t e Eubl : ub:,---,ub,r_,}

7844 8

dg.dl e { oy, oo 10, }

olmf, nby ZF7HE Al B Q Hols Wl miA FE Agela, fb& R A i Q HolE Wl mid

A TR) A olth, Q-table?] F& A, &%, 2718 %3 XS Vel 2 2Ad gig Addae z47
1, 2, 2 30|t}. Q-learning Ao]HE7} HHE Fa wE Zr7t2 AAsy WASA, dy 2 dpe WAET

W, A ow ofdl Az AAHT. Q HolRe faEe Au-od g EE

gele] (Z, mE QB BLE B8] $7b UhE 84604 FHE wmol= AW dolH AEE FAE wolx
A dolE AENDS FelsH £8 oz A4W & Ak, wmolx £F dold ARE o3 #8492

Aled 4 v
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[0079]

[0080]

[0081]

[0082]

[0083]

[0084]

[0085]

[0086]

[0087]
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o7l 1& NL W xo]|= ¥l dlojg AZ9 Folt}. NLolA ZAE 2 ZAAS Y] 98 " olF F8H
s dug|Eo] AlgE 4 ). B A u#5S KDE(Kernel Density Estimation)S AFg38le] Folx dolg AE
o e HWx e st W= 3 T e =2

drold 2A Adge AN S Ao, Fead e
-%]EH%{- = 2}, NLel EH?J’ =1 =4 3;:1'5,‘—7‘3 _/,16_‘}-&' 102} ZQ_—O] KDES }\]_%0}_0:1 Ao 2 9}

_ﬂxJ=iZK! =

mE T\ n

T Ne) WE g@geln, e kRS g%

A AY Frolth, hel gre Feay 3 B Husleln sl ¢ RS Hiadees 449
A, SO g =a Ao e SO0 w fOLs gege axe. oz ewsd

SA
Hr}, () o f(x)

rir
N
N
N
N

)5 2tz S0 o) 15} mR A 27} vjolth, oln), x>0y XERg wzgict zt7te)
27 Aol g A5l e 7 Felave] FAS vebich, bR, 0 24 Adigel @4 2 J1E 4
Ael

Zy el EH?TL FH A g2 Ve Ao Yl S
S7kstar W A g F 8 A

we} ke AA e TR A = A2 ol ke AAs |
Al et 1—‘?4_ A Fr AL (S, nby R fb)S A7 FA 11 ¥ FE 128 AREste] AvbEnt
784 11

nb, =d s

784 12

_ﬂ:l:. =d‘_=?.+c:._l

i (D)W A Fe2Ee] FA4oiw | ¢ (i-DWA Fe2Ele] FAoth. o7, ¢ 03 Zr). =
2 onb, D b der$ 2T}

d'w B d'pE 248k e, Z42be] Q 2d dlo]dEx Q Hols Wl @A el 7P 2 Q #kel
%

)
gy 5 oglth wek B olabe] Aol U A4 2 Q @2 AAE A%, @ o9 doldEE 1F F s
Qo2 Aeg 5 ek, Z7ke] Q @ ool HEe] o) AeE AHE o]5 54 13 ¥ 14T Fal 27} Fol
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[0088]

[0089]

[0090]

[0091]

[0092]

[0093]

[0094]

[0095]

ZIHSd 10-2025-0012822

84 13

a® —argmax Qs a)

F5}4] 14

a” = arg max Qs ,a)
: [

fb

o, ¥ m T A7 2AY % AU A AR A geeln, F @ e A7 28 9 9
Ze] AAEe] el M oMol Aelrt, olw, i A A ok FAW Aoz A, T A

_S{b ) .{ubl.ub:,---,?'rbm} {ﬂn,ﬂ:

_ nb
27) gz, © oy .

n b
A, o e, S e olgk $514 15 9 160 ot A,

=
T84 15
s“ -1 a®=l, s§¥>1
sE =5+l af=3, s <m
! 5 otherwise

sF-1 =l s' >1
sF+1l aF=3, sF<m
5 otherwise

nb fb.
aga, A7) Q ¥ doldEE d'y R d'pE A T R TR E5T F Qrh. dF 5o, weF A9
d o] ghaolm M T, FTha A%, dy, = by(F, FHT)
BE F3H ArlE HgHem A s PZAE AT uunit; wAAgS THtow Q HolEo]
dyolEdT}. BAAS AAtE o]z fFol s AEgh 2] AH3AdS vehdch, AyH oz Zh A
s 1A gk 2AE AL ALtE weolx S5 Apold uwhe dEbdth. o & 5o, ANbE o]z ol
nk b
ZA % Pending Zoned F7|H

-1 —dl|<alk
" =40 A=k
+1 d_ —d,|>c/k
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[0096]

[0097]

[0098]

[0099]

[0100]

[0101]

[0103]

[0104]

[0105]

[0106]

[0107]

ZIHSd 10-2025-0012822

84 18

J—l o —d_|<o/k
r® =10 d, —d_ |=c/k
‘—1 d. —d_ |>o/k

o]7]A ki wol= #¥ Agro|t},

BAF AA77F BAS AA S Q-learning oo W E:= 1o wlE} Q-ta et
of Wik Q-table> 77} F8h2] 199} F82 205 AM§3ste] JHlEE 4= U},

'_,
<
@

O ru{o

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, /&= v Bael Faws Yl discount factoro]i, CE A& QAL Q-gto] o] Q-3 thAet

= ARE ARsE deRolt. FoulWe T 2 @ BE 0 3 19 Aold] sigs grow a4

ox
A

ojgd% B Ao AlxElo7 FHE = PZAE BF PR AV|E HeHoz 2AFIe] RSSI 7WE A
=2 29

T =

2 A9 Al2=Ele] QPZAS] S HIlshrl fsEl, REF e AVIE 34" V|2 AAste 7S A="Y
_]

d o=, B A9 QPZAYl wE Anchor Beacon, BLE Bz % BLE Tag Receiver: Quad-Core Cortex-A72
1.5GHz CPU 2 2GB RAMS ®A13dlal Raspberry Pi 0SolA Z53}= Raspberry Pi 4 Model Bl &% Act.
BlueZ gtolB & AFE3te] 2.4GHz ISM tjFollA 2&ste A9 BLE §41 7]5S 7I¢3th. Anchor Beacon
2 BLE BlZ: TxPower7} -59dBme. 2 AAE Aejol A 500msvith iBeacon 3F H2ow AA A& AFsn
2 HAAFAC}. iBeacon A A= UUID, major ID, minor ID 2 TxPowerE 3Z&slE 30ulo]ES] 14 2
ol delg7F Aok, Awl F4 2y} QPZA 222 BLE Tag Receiverol ®Al€h. 7g] 4 2Ea QPZA /WS
&l MySQL 718+ dHlolEHo] 2~ (DB) M E o]&3&te] RSSI HlolEE &% tt. DB Aule] Al%e F 33 #t}.

# 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

e (8 x 13 m)F 2 (15 x 21 n) Y F b FANA RSSI HlolE st £RH AL, T #4 mE e

=
o}oll BLE Tag ReceiverZ ¥|X|&8}aL Anchor Beacon® BLE Tag Receiver Aol9] A8 (dp)E ImE A AT},
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[0108]

[0109]

[0110]

[0111]

[0112]

[0113]

[0114]

[0115]

ZIHSd 10-2025-0012822

2ke whe] 7 BLE 19} BLE Tag Receiver AFe]e] A A== 0.50, 1.00, 1.50, 2.00, 2.50, 3.00, 4.00m
2 44 Czirﬂr. 2 ko] A9 oﬂ~ 0.50, 1.00, 1.50, 2.00, 2.50, 3.00, 4.00, 5.00, 6.00, 7.00m= A=<
ot 9 dHolH AE(S, LD % N+ 7:39 HEE T4 dolH AES HAE Holy AER e, LD
9 NL dolH MEE AEste] A¥ 39 7w A" FA REFH oF A2 Python #olBE AR scikit-

learng AF&3}e] QPZAE FZ=ET).

% da, 4be A7 A2 03 & % dolA RSSI®F log(d) 7He] #AIE HAFE AF 34 Rds &

ok Bl A A LDe] F¥ dolH AES deolHE vEhar wiky e ek 29 AFRE e
oh. 7 A% K5 BLE Tag Receiver$} BLE B A}o]e] A7yt Hold4E 2l A=7b 7HA3 ]
o]l RSSI gte]l S7FEF log(d)d #E At a5d A3 39 2 oF F= F o] = %
sz Qe detd & drt. FARoR 2o Hb g wiHSE -0.022835649F -1.356253930]) a1, 2 H
B7l 4= -0.03275013% -1.967979330]th. Aapx oz zF whof th3k Ay 37 7|9 A 3 2dS o
W o]= 4284 213 =3k 228 EIHHG.

¥ &R
[o o lb
=

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

5814 22

d = 10’ —00827501=R. 55I -1 96797933 |

A7IA, edy, B ed= 47 22 W & el =4 A o|tt.

o Hyd 2SS w=7] 93] Keras 2 TensorFlow Python £ 42 gho|B g7} AFLH T, g #Holo] g
v = 5o whd fis] 572 AAEo] 5709 RSSI 9o w AYE FAY & IA AALJT. e¥E
o] FE VR AAHAY 4 YT == = 64, 64, 32, 1622 HAHJTE. batch size, epoch, THE

N

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

QPZAI A AME¥E= Q-tables A7) 18] &9 dlolE AE] tisf H olF Fel=HP ] ATt KE
o] L 0.322 AAHA ZF el dish 1.5mek 2.5m9] 71& A7k AREE AT 2 gell tisl 242k 37] 9}
570 5o EH, 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] Zb Wol tidk Q-table?] AEl7F AAE ATt JavaE F3) Q-tableS T
Q-learning °lo]dE7} T3 % o] BLE Tag Receiverel] x5 ict.

# 4
Small Room Large Room
S Neur Tonndary Far Boundary (m) NesxRommiey Far Boundary (m)
(m) (m)
1 1.00 1.50 1.93 250
2 117 1.67 213 272
3 1.33 1.83 2:19 275
4 1.50 2.00 225 281
5 228 288
6 2.50 3.07

A 4 2o s Hrely] &) 29(F, iBeacon, AE 37 2, o g9 2ad)d wt ek F
< % Azl g Ag F4 2dS HojErh. iBeacon REE H

1 AAglel nAgE ARt AY 7 9L o #d 2@ T dolg AEC uet wFAn. walA
FYgh iBeacon R o] FAIHA|RE AR thE HAF 34 F H Hd Edo] AEY. Eha ¥ &
Ael= 24 wde] wA|glo] 7kl whet sk R e s rasts Aol Ark. 1y
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ZFoli= RSSIZF #a

t}. 53] iBeacon EE ]
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ol whet

o
}m LEIRSEE S

o
)
AC)
Lo

o <N mY (I oZ A2

oo -3of

o714, N& HAE Heold AEe] AEe Felu, y(i)E WA wol
Hole Aol Wet 4 AE ehit,

0O = jwA

EEER R

il rlo 2 o 2
:cg
=,
|
ut
=
2
i)
)
|
N
N

> n

jo_u—ﬂ

P

A}, ol
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o

=
=
T

o
=
Kl
_@;

doll A=t A F4
HE 7] el %%‘?‘f& Al Al qF 4 AR 7 HolE
= TEHA

of weh e o eld melo]
Y
7 Eaxc 242 1.23% 2 36.40% ©] 22 RMSEZ zti=t}. RMSE+= ©

s 7|He 7] W&ol iBeacon R BT ¢ A3 FA
"1 A8 34 rde ‘iﬁﬂoi iBeacon REHT} 34 0z, AA AL
+ iBeacon E@o] RMSER T} 2t} A o=z =z
iBeacon =@ nls| Z+7t 76.18% 2 65.17% Y Z2 RMSEE

FEEc 2oy | oY wde
g e,

XA
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= ®dwlth RSSISE 4 A e #AE tEA
4% 39 2 | 2d EEET RSSIS] ®ste]
_‘0;‘_1]-7} RSSIJ o:lzsko 1:4 tﬂ-‘—ﬂr

ek =4 A2 RMSE(Root Mean Square Error)E vebiit).
LS o Ab&% RSSI HoJEAS A& t&
oAl A H2A ZA=HSA.

Zo] gt AA A JehyH,

# b5
Estimated Distance (m) RMSE
Actual Distance

. Linear Deep ” Linear Deep

{m) iBeacon 2 s iBeacon 3 £

Regression Learning Regression Learning

0.5 0.76 0.86 0.48 0.30 037 1.14

1 164 121 1.03 076 026 0922

1.5 252 136 1.66 133 018 078

2 235 1.43 236 744 1.00 070
x5 791 2.39 252 289 0.53 0.é6

3 475 203 2.59 295 115 0.66

4 10.22 293 269 143 219 071
Average - - 340 081 0.80

F6
Estimated Distance (m) RMSE
Actual Distance

. Linear Deep . Linear Deep

{m) iBeacon ¥ 2 iBeacon B 7

Regression Learning Regression Learning

0.5 0.68 071 0.44 0.23 023 118

1 1.59 123 109 074 033 0.95

E5 240 161 154 046 013 0.79

2 191 140 214 284 086 0.69

25 416 237 351 503 1.37 0.63

3 568 296 257 527 142 0.6l

4 698 348 362 1.77 104 0.64

5 5.68 3.02 429 2325 208 071

6 5.82 305 615 1439 273 0.85

7 18.27 766 6.34 495 3.01 0.96
Average - - - 379 132 0.80
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Sr7b Hu AT, AdA AFEs H2E HolE AEe] x3dE RE 1 AZoA g&rtE FAHX(S,

True ¥ False )9 H&E YERATE. & 69 (a) WA (DHE AR & A 34 Zd& AHEste 22

s HojFh, A= AA AYrt BF 7H(Pending Zone)2] Z Al 7}

S yERATE, RSSI WEA ot Ag 4 2dY ¢xt= AA A7t Pending Zone

of AA T E 2 BF0 o & 4TS vA7] wEolt).
1o

T W] AS e A7t AR W AR dold Fo eF-aclel ok RSSIS] Fo] A7] wiFel] 2 v
of vl B F4 Ao eA7F ok, webd el HlE ZFE WA § w2 FIEE AT, HHo
2 zZke b i3 A BF 73 2 QPZAS] ASEE zhzF 90.51% B 96.55%%A k. Wi o]E¢] AIEE &
o] 745 Z+z 89.83%9) 94.4%3ATh.

EHollA B upel o] Ay F4 EEe] RUSEZF HEE H FILr Bk 5
Ay 39 2 g Hd 22 727k 88.87%, 90.50% % 91.14%¢ AFTEES bt
93.93%, 95.87%, 96.69%< HI=E YA}, ol AT A FHo A

) 1= #@o] w} Pending Zoned IA7E
Zoneol M]3 O] W2 Aes B Ao QPZA= Z Fell
S ASEE /R 747 W diste], AA At 71E A T
2 W0 A5 2.5m), QPZAE 7 ] g B 3rel BlEl 13.67% % 9.70% ¥ w2 ASE=E A

SHor ZA3}7] wjEo]l 113 F Pending
3 9

QPzAS] B} Fvh A Bl Aol viAw 9FE A A wolx £ AS(S, WA (D)
2 (18)° k& ZF el el 1, 2 % 4 Abelell M MANT. 27 7a, Tbi wol= M Aol we 24 R
o] Agres wolEth. W fFol WAl k=2 W <A EiFe v =t P wdv. F4 At
715 ARle] A7t wolz= el ANk el AR wiEeltt. k=19 wf <A 8 1A Al A 7t
B2 k=2l vls) 77t -1 81 £o2 v AFHE . EHE k=4 Wz 13k -1 FHeoz o AFHAG
k=2 Bl k=4]1 A5 o7l S 99 AP AAEsA Fob Agnr) WoiAs oA Bt BT 4R
O = k=20 Wit 4 £ Fet k=1 B k=4l vl 7Jr74 9.10% 2 7.34% ] ¥t

g, ol delM AiE T AA dEE AR AFHA F= T w ol A et A dd 5 gl

2 Egjo](software), dt=9o](hardware) = 0|59 x3td A
] == o9} fAE AAE S & de 7F wiA WA F+dE = Q.

St=do]Z el e o, E Aol HAuE= HA] 5L ASICs(Application Specific Integrated
Circuits), DSPs(digital signal processors), DSPDs(digital signal processing  devices),
PLDs(Programmable logic devices), FPGAs(field programmable gate arrays), 3EZA|XA(processor), #|o]7]
(controller), mlo]a 2 AEE (micro—controllers), wlo]a 2 ZZA A (microprocessor), 7Bl 7|5 F3&
93 4714 FH(mit) 5 FoJx S o]gste] TdE 5 ).

ARe] Al B PANNA AHEE AA elEe] TrAN Az FED 5 Aok RXEOIH THo|
e @ Aol AR A4 W 155 ge A4 dEe Wee suedel vEEw Tdd F v
At RZEC] BEE d7he B A AEsE st olgel A5 R AFL £9T 5 Ak,

g, et 2 A9 ogge AA dEd wE dA ZXe AsEs sy S HFE wH
(computer instructions): H|YAX FHFEH 5 75 v A (non-transitory computer-readable medium)ol #
Fd g k. olElg HIYAIA FAFFE #5 b wiAld AGE AFEH WHE 5 7|7 Z2AAC 3
AP AE wf =t gt HAAl oo 2 HAF G (ex. Tag Receiver, AW F)o A7 F2& =3 7

HAA A w5 7 Wi AR g 2=, A4, WxEe T3 2ol g2 & 5 dioleHE AHAstE AT ofY
FTA o2 HolgE AR, 7]7)o 98] #=(reading)o] 7l wAE gu)dtt. FAFoRE A
thekst o] ZE|Ao)lAd e 2= (D, DVD, st fgaz, BEFFo] tA=, USB, WEEII=, ROM

7:51_
3} mANA BE ks Al AgEel Agd 5+ ek,

v %
Y, ool M= & wH e npeA g AA] do] thete] mAlsta AWEdANt, w2 e 549 A
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