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Artificial intelligence-based indoor positioning technology

trends and prospects

=50l / SMista

i ILME

CIXIE E2I0|Lt BB, JHABIA X85 S3t 20| &

A ZE0| YIRS TR S TSNS Sehs 20] 7122 922 ZAsk=t| 9lo] 1 ZAT}
7150 Ao £ 7122 MYD| T8 2Bt £ = = = S78or=tl XN inbeS)
7122 1 253 et cletolAo] ol oh chssti zxp o] YOIl med ke okt 715 0] A5t
StH, 71E £9| 7|&250l QI3XI5S Salett YUY = glo] grom o212 2x3}7] o8t 7= FEA L}
9 7712 HMAITIE S TSt oo} IIMEID Qs BOp 2 A5 Wa e Sieh Aol AlA 1 A5
Olck. & JOIAE 7IZel IRt 2PIASS ST Y ot wg g 2 BHSIRCHI, 2 D
BXISS BE5I0| M52 £0l A2ISl theh Asict © clopst 220 20| A4S HEs Teoltt
o oot St o S TEAOR0. s o ol 29 71 o s

24 Az 7 2 AN 7| S 7y 7|E}
Dl

%—1
| ‘ R S o otz 7|t

- — (Dead Reckoning) guals 7 2D 0Ot7 7|8t SLAM VLC
Finger printing Gps (Simult (Visible Light

WiFi 715 (Global oalelyd 7|gt 3D 0OF7 7|t localization and Communication)
__ Positioning System) mapping)

BLe 719 Visual SLAM

Isual

[uwe2igt || L—{ cellp | [t sam |

(A ) S ALY 2F

202018 75



o BN F2 B
= 7k AL A7) A St
£ Fgto] F7|20% HEue
= g PR B4 91AS
cHzl, Zefol Sof Anl=Eo
THsSHES 314 A7} 7| BA 0 23tso] 4

ol

1>

rlo
ox
oft

£7 3
o
LU

2
>
i
offi
St
ok
S D)
lo
»

>
N

d
0 o m
=)
>

(ot
oo
Y

pay
o
iy
o O
i)

(

il

)

m RoaT
N
-
2 =
S
A

flL

A

)

.

I

N

fol2 1A o]2lo
24 AL
3} 712

710

1

rlo

z

%
ofk

i)

NI\
o

ofr
ol

v

oM,
Ho
Ni
]
odt
rE
L

2

Hoz ofefgt AR S917E 7Rl

o o7} e aElo] 2919 oA Lpeh

sAjgk of A

WAL 28] A7ko] PSS Al
=

3

o

(x-02)2+(y-0,y)?+(2-042)2 = dO;?

(x-0992+(y-Oy)?+(z-042)2 = dO2

(28 2) (21%) gps HHZE 11E, (REZ) dgpsE 2E8t @A 2E

76 &0t O|C|o] M25H 15

o
()
=
i)
i
T
_E_L
o

it

N
=
o r9r|g
£
)
=
oX
=2

ok

oo

of
ol

1

e 2

-+
i)
32
o o

oM.
fu

ol

o

it

Mui S
©
alu

BT < 1=
H
2
e
OE
= 2
w4
o,
-
g &
X

rir e o

o
i)
ofi
ol
A

=
o
H
ot
©
o
S
[‘lO r_{g
o X
H
rir
o rlr
4
ule
=

il
Eu)
u

>
S
.,
o
N\
o
i)
N
M

i ogk
e

)
ok
ofr
Sk
N

X,
£Ok>ﬁruﬁl

lojg
2 o

N

i<}
e D

] T s s [
QL
i
g_l:
2
o 2 oo & T e o

ol x &
rlr
=

%
N
rr

o Db
or fU

f
1>

_>;

i

N

MN

o
r

BN
o
Ru/)
ox
ol
tlo

)
X

e
™
ey

ox
o
H1

o T
il
o
2w

(&)
o
1o
>,
ol
fn)
> |o
>
oo Hu

=
>

¢

o
O Oofr
m = 2

&
o
X

d

Adaboostel= 7| AlgHs
AL 5ol gk A el

gh HFAjo] ALE|ITH6]. Aol
Sl HePRte] Pgof tisf "
5, "AlA Dol Tk
Foto] shge AFerglon HEHor V)&
PDR(Pedestrian Dead Reckoning)
7WPke- SAE &3k

il

o

L]
i)
9#
[T
(2
(e}

o

N
o

G2
tlo
N
H5)

Mr o

2. 52

o
u
&

29) tupo] o) AluE ABE 7|3

9 7la2 vl SR,

=z

: (Rover) !

e -
(Station) se—



A g == 2 427 GPS(Global Positioning
System)}& & 4= Itk GPS& (1™ 2)¢} 2]
47 o)) QlF-9 oAl w2 A JHE EY=
A 22 (trilateration)S £3) 295 #3sl=
71%oltt, 3709 O BRH AXE AT 5
UATE ¥k o2 XA 2] e x5 HAsl] $5)
F7HH o2 g 7jo AL Tl AR gt} ojuf
#2¢] ?ﬁ & IaiA1 Al A2 (pseudo range)et
£ NES 83y, QA ARk T =47 A
ole] A A EX}E sl AT = Q= A5 2
S A EMN, AA 02} ghak Wo] £ E ofF 4
Alof e AL 4= ik,

Pr;=P;+c * AT; (1)

9] Aol A Pri= A 147 44171942 oAb
Ao, P AA| Az Bo] £1=2l cof A
AZE 57E gholek, Y2 AT= 41719}
iﬂz’ﬂ H"é Afolof EAsh= AlA| 240l B A]
(=R GPS AllA] shupit QLo S917t 7hest 4
ol 0111 T A E $E5he U S91 d
Hpo] 2 Atolo] IA|Rt AsfEelu; Wit 3=e] @
A, E/AF AA 22t o ofsl thao] 2}
7} 23 AE Al A €, olE stk ¢
3f| Differential GPSE= §JA4431}12] o3} AR E A
otal $A 9 Al shs 7w 7ol S91 HHt
o]20] e} HA o Bt WAo] AE ]It
[7]. &1714 ] Yo7} 7] DGPSO A ARG-El= 4l
T o] o 2 F7|E e vEaE 28sto]
1~2cm?] g5t 5917} 753t RTK HH4lo] 7
HoAth sl FER7F FRE AlEshe
VRS(Virtual Reference Service)2} H<5-A12] DMB
X558 Edj& g MBC RTK G0 1 ejlo|tHg],

>~I

- A -S4 71 A=kt aLG-5HA
IE Cell IDE B85t WAoo}, 7| Al=ntct
= Cell D9} $1%], AR E &
I U, 9]t 71717F o= 71 Aol &
A=A S s 7120 YRS FHEE )
oz AR Yol S-St er S5k
HRxlo|t} o] HRALS. Z=ojo] AWy} I Q 2] 9k
ool A ZhekstA| 2-§-o] st 7] A]=9] A
H e 2] W7ol wef &7 A depRivhs o
o] ZA3ict,

Al B2 PAZHY 7)o EAR (19" 3)
1} ol ofg] tho] FE7]0A 2= AT AI7IE 7}
o] A A ol vy sl= 2hr] e H(Radio map)
= A/dste] 718k, o] 717]oA S EE Al
T A7) S 2t @ ol A BAste] 95 &
Ash= 714o|t), AlE 2= WiFi, BLEBluetooth

A

Low Energy), UWB(Ultra—WideBand) 5 thofst
1.3 14 ((( ,)) 1.6 1.7
23 | 24 ,AP: 26 | 2fF
33 35| 36 | 37
4,1 4,2 4,3 44 G| g et | o — I
51 52 5.3 54 5,5 5,6 - 77 8 —
1 | USHE
(o) 6ol 63 | 64 [ 65| 6 7 || AP1:25
AP3 - AP2 : 26
w1 | 72 | 73 [ 74 [ 7.5 | 7.6AP47.7 AP3 : 24
- =1 | AP4:20
; |
Radio map |
(Grid | ap1 | av2 | aps | Ana | e
1115 32 30 43 anas
12 13 30 28 2 I
= -—
|24 25 25 25 19 |
77 50 31 29 18

(28 3 BofmElE g

2020 1€l 77



%‘ g 75‘ E‘ii}ﬂl ot 4l
EX o7 olg| B3t
L ohbye 7k Qi) Ftol= Wik I AZHE
715004 RSSIZ} 74} 7]= SSIDE E3f oAHEA
Eolg ek AR S| Ul A EaAE
(Random forest)& &-8-510] JAAHEZ S g+
= A& Fato] Al w0} IS =
ol A7t A=Y um ], ke Ao
2t 2l UWB AJ282 500MHz o4k uff-$-

2 ojgepe) ug
?:_fm UWBE 7|3t
Fi, BLE| ®]3f 4
k7 glont 2912 9l
AME ez sl P20 gl

e 7

)
op 1
P‘L
Fl[‘
—d
20
@
>
[>
uil} r
mlo

|o
<t
NI\
o

ko
N
o

g =
HT 2 U
fu oo
=R
o e

PP 7O She 29] V|eRt 24 oA
QAL 7R S Al YIS o R
SH= WA AR U 4 itk

94 vl 7]4e] 49 QR FEut Rl ol

Ao B3| g Al2kE upA S Fol, 34 71719
7helleoll Al 22H/ 1A ubA e ket 7]7]9] 914]
2R3 dAlo| o} npA k2 ulAole] AlY
2 9ol s e 2 AR 239 B
9] ofu|z| 2 ZHH Feut ¢JAStE =, LED T
HE 5 oot 59 Fe7t AN 24T
3l.

o 4 24 tofl et A 4 02

=
=
[¢]

1

~H qu}owr oA
HM] At oA 9] 93]
S tFd o2 ksl

> r°1'

#a| My
=3

[r—

o=

— 5

(ANEE])

YOLOv3

EEET
il Lo

Gg 4 (2) o7 42158 78 £2 84 (2EZ) YOLOV3 2/

78 &ntO|C|o] M253 15

ﬂl\o

=



wx rlr oo rr
(o]
0k

o

<

o gt

m

= %

S Lt

o iy

% %

Eg

2 ?l:ll:

T O

)

T o4 x
(L
=
u

f
=N

)

|o

Hu

fr

ta

s

:

Y
iy 1
l; il

2

O

ol fr

_1 U

£

Hu

M

1%

o

ARE Yastol 8 tiutol 2o 9HE S

ATHATI8). sFARE Gl A i

3o,
2
of
ox
> OoH
£
2
o
rE
o
BN
il
lo
rE
oo
o foh > |

ikad
=2
r i
o,
=
=
oX
N
rlr
g
i
et
f

5
o
Wm
)
pod)
o flo o

M

o

o

=

lo

P

bt
N
f
ok
e,
o,
At
o
2
b
rl
-3

o o
=)
iy
o

o
=)
N
il
o,
1>

ol
ol
rlr

s
2
=
B
o,
i
N
1o
e,
ofN
ro,

YOLOvV3(You Only
toll 7HA A
I'5] o] Fo]Z]aL gl
npA 9| giglo] 719 of
) 2] oA Ay stolof
Fkrs 9071 7}

Kv)
g‘ in)
>~

Q

Q
<

i

fo
opp

ol
ok
2
ifkad

N

Al

c

rO
k)
fijo
o2
r U
ofi
ol

N
rt
o rr il
olr
re
-4
N
S
l
mE

*
1>

Ir
flo

o g
2 2
I
ox M
[EaR=)
T
M
5
g
o ol
J

p

olr
et
2
o
N
2
L
)
rlr
A
oN,
o
>{\1
(5}
pacs
ful

o ofujx B} B AFAE 7|&50
WA et 58] el net o HEES
3 gl Aol
B WAS Z9]0] B8 A Visual
SLAM(Simultaneous Localization And Mapping)
olgk= 7l=o] itk A= fl(Map)o] fh& wf

P& ThEol7h whEoftl g1t A S947)
A 7Fsdt 7152 SLAMO|=RAL sk, o] & 71|

H| o
(SIFT, SURF,
Histogram, CNN ..)

> Map

(28 5 Y 0hE 7|8t =9 g4

20201 79



Visual SLAM?Jr 31101 T Aol wtet LED7} ‘—/H:l-oP_ :zac(Gnd)
Aok WY xy HEE EE55H= P4, g

_%_
St sstol cn 9919] A4 A9IE A7 9 @ 8 LEDS B4 =82 4% s 24

7} o]0l FtH23]. sto] z7k 2 71719] A PR Bl WAl 0 R
LETH3 ][25][ 6).
4, VLC 7|4t =9 VLCY] ¢ A=gh5o dE2l SVM(Support

SVM
Vector Machine)ﬂr e TP AE, kKNN(k—
VLC(Visible Light Communication)gt 17to Nearest Neighbors), DT(Decision Tree) 4128]|&5E
AABHA| F A= whE Fulpg HEsh= 7 & F9f 913 ¥ 2 LEDO Al71E SHgdhe 1
TABHE 716S Atk VIC 71ke]l AlISIton] SVMO| - o 78%0] 59 7] 1
29 WAl o2 BAS ol 83lo] 42k LED  3}8.6cme] ¥ AUER 915 S35l irh27).
o 33 5‘}% ID§M1 —“,LlﬂﬂE] EL BN a1l

—

Ao &

O

ol =9 qaro%oﬂ 3451 37} o) LED n.2 &
pto]| tfste] AZEaS Aas) 24 71719) 4
qHQl 925 2k aloloh24], o] WA 2] 29 71%0] WAHE o] 27HE AA
| MY
/\
I =
LDy |
$I%’8 2 DB
LED, 1200Hz 25 30 200

| LED, 1320Hz 75 30 200

1200Hz
1320Hz LEDy 1480HZ 275 300 200

1400Hz
1550Hz

LED1 : 1200Hz, 25,30,200

1 LED2 : 1320Hz, 75,30,200
l LED4 : 1400Hz 25,60,200
LEDS : 1550Hz 75,60,200

‘ Hel A 9| A 2

—

/ / 2% =7

Jn
[

08
o
AT
x

g e VviC 7t 58 e

80 &1t olCiof X253 15



QTS TI2t ML 59 714 S L T 8t
ok Al 7189 WO QAANE 25 we At iy 23, 3 Wsh B 9] el 2% 2
LE[Y GPSY differential GPS 53t 22 @28 e o =utq =&, WA MM dolEE §F
0|3 FUES wol= UNE B TR, BA IR 5 S ALE AT A AlLg e Aol
oAl= AeAT 53E Ao HH AladEe] W] AN FEeS e Alse S 55
MEE L AlAer FA7IE, e wates 3 4= A E Aol o Hske &9 71e &
SiastA] ZHE FEed siashs Ba Holn  ofe] oJAIA ¢l 2 e 7hAR Aozt Agst
AEAeol FEHEIL ek, S 5o, FE W =

—® L2 3 e ~\

[1] Mautz, Rainer, and Sebastian Tilch, “Survey of optical indoor positioning systems,” In 2011 international conference on
indoor positioning and indoor navigation, pp.1-7, Nov 2011.

[2] S. Lee, S. Kim, “Indoor positioning technology trends and outlook,” The Journal of The Korean Institute of
Communication Sciences, Vol.32, No.2, pp.81-88, 2015 Jan.

[3] Beauregard, Stephane, and Harald Haas, “Pedestrian dead reckoning: A basis for personal positioning,” Proceedings
of the 3rd Workshop on Positioning, Navigation and Communication, pp. 27-35, 2006.

[4] Krakiwsky, Edward J, Clyde B Harris, and Richard VC Wong, “A Kalman filter for integrating dead reckoning, map
matching and GPS positioning,” In IEEE PLANS'88, Position Location and Navigation Symposium, Record.’Navigation
into the 21st Century’, pp.39-46, 2002.

[6] Racko, Jan, et al, “Pedestrian dead reckoning with particle filter for handheld smartphone,” In 2016 International
Conference on Indoor Positioning and Indoor Navigation (IPIN), pp.1-7, 2016.

[6] Kourogi, Masakatsu, Tomoya Ishikawa, and Takeshi Kurata, “A method of pedestrian dead reckoning using action
recognition,” IEEE/ION Position, Location and Navigation Symposium. IEEE, pp. 85-89, 2010.

[7] Rizos, C., Janssen, V., Roberts, C., & Grinter, T., “Precise Point Positioning: Is the era of differential GNSS positioning
drawing to an end?,” In FIG Working Week 2012, pp. 1-17. 2012.

[8] S. Lee, “MBC Precision Positioning Service and Autonomous Vehicles,” Broadcast and media, Vol.24, No.1, pp.56-62,
2019 Jan.

[9] Faragher, Ramsey, and Robert Harle, “Location Finger-printing with bluetooth low energy beacons,” IEEE journal on
Selected Areas in Communications, Vol.33, No.11, pp.2418-2428, May 2015.

[10] H. Seo, et al. “A Study of Indoor Positioning Algorithm Based on UWB Fingerprinting and TDoA,” Proceedings of the
Korea Information Processing Society Conference. Korea Information Processing Society, pp.86-89, 2016.

[11] S. Lee, J. Kim, and N. Moon, “Random forest and WiFi fingerprint-based indoor location recognition system using smart
watch,” Human-centric Computing and Information Sciences, Vol.9, No.1, pp.6, Jan 2019.

[12] C. Lee, T. Sung. “UWB positioning technology introduction and technology trends,” The Korean Institute of

Communications and Information Sciences, Information & Communications Magazine, Vol.34, No.4, pp.33-38, 2017

Mar.

Liu, Hugh Sing, and Grantham Pang, “Positioning beacon system using digital camera and LEDs,” IEEE Transactions

on Vehicular Technology, Vol.52, No.2, pp.406-419, May 2003.

[14] G.Lim,Y.Kim, and S. Park, “A Study on Railway Station Navigation for Handicapped Using Maker Indoor Positioning,”
Proceedings of 2018 Conference of Korean Society for Railway, pp.90-92, 2018.

[15] J. Kim, “Indoor Location Positioning System for Image Recognition based LBS,” Journal of Korea Spatial Information
Society, Vol.10, No.2, pp.49-62, 2008.

[13

2020 18 81



[16] Ecklbauer, Bernhard Leopold, “A mobile positioning system for android based on visual markers.” Mobile Computing.
91, 2014.

[17] B. Ahn, Y. Ko, and H. Ji, “ Indoor Location and Pose Estimation Algorithm using Artificial Attached Marker,” Journal of
Korea Multimedia Society, Vol.19, No.2, pp.240-251, 2016 Feb.

[18] Saito, Shigeru, et al, “Indoor marker-based localization using coded seamless pattern for interior decoration,” In 2007
|EEE Virtual Reality Conference, pp.67-74, 2007.

[19] H. An. Deep learning-based indoor positioning system using pyramid LED beacons, Master’'s Thesis of Hoseo
University, Asan, Korea, 2020.

[20] Van Opdenbosch, Dominik, et al, “Camera-based indoor positioning using scalable streaming of compressed binary
image signatures,” In 2014 |EEE International Conference on Image Processing (ICIP), pp.2804-2808, 2014.

[21] Cheng, Yaun-Chovu, et al, “AR-based positioning for mobile devices,” In 2011 40th International Conference on Parallel
Processing Workshops, pp. 63-70, 2011.

[22] Kawaiji, Hisato, et al, “Image-based indoor positioning system: fast image matching using omnidirectional panoramic
images,” In Proceedings of the 1st ACM international workshop on Multimodal pervasive video analysis, pp.1-4, 2010.

[23] Zhang, Xinzheng, Ahmad B. Rad, and Yiu-Kwong Wong, “Sensor fusion of monocular cameras and laser rangefinders
for line-based simultaneous localization and mapping (SLAM) tasks in autonomous mobile robots,” Sensors, Vol.12,
No.1, pp.429-452, Jan 2012.

[24] Komine, Toshihiko, and Masao Nakagawa, “Fundamental analysis for visible-light communication system using LED
lights,” IEEE transactions on Consumer Electronics, Vol.50, No.1, pp.100-107, June 2004.

[25] Luo, Pengfei, et al, “An indoor visible light communication positioning system using dual-tone multi-frequency
technique,” In 2013 2nd International Workshop on Optical Wireless Communications (IWOW), pp.25-29, 2013

[26] Li, Yiwei, et al, “A VLC smartphone camera based indoor positioning system,” IEEE Photonics Technology Letters,
Vol.30, No.13, pp.1171-1174, May 2018.

[27] Tran, Huy Q., and Cheolkeun Ha. “Improved Visible Light-Based Indoor Positioning System Using Machine Learning
Classification and Regression,” Applied Sciences, Vol.9, No.6, 1048, Mar 2019.

Z x4

o

o3 2

—_

ret

- 20184 : S MLliatn ZHHEEATEROITIE ZotAt

— 20184 ~&ixY : SACetul Lot HFEIS S MAtHE

— ORCID : https.//orcid.org/0000~0003-2880-5639

— FHAE0F: BlHj0/E] X2| ¥ B4 FHAAL, QIFXIS(A)

= 0l

MO

— 1985 : O|Bt0IAILHS! w1 ZiFEISH I SSIAf

— 19874 : O|StO{ XIS FEHA}

— 19984 . O[t04 I et SStEtAf

— 19994 ~ 20034 : O3f04XfCl{Stm &4

— 20034 ~ 20084 : ASHIXFE SIS CIX|Z0|C]0{8t 2 w4

— 20085 ~ SiAfl : SACHEHY HFEATEY 0T

— ORCID : http://orcid.org/0000-0003-2229-4217

— FEAE0F : Social Leaming, BIH|0JE] 2| & 24, HC| HEFH|0/E], User Centric data analysis

82 &uO|C|of 253 15



