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ABSTRACT

Rapid increasing of smartphones has changed people’s lifestyles, and location-based services are
providing a platform to provide various conveniences in accordance with these changes. In particular,
it may provide convenience to many users if location-based services are provided in an indoor area
such as subway station. However, it is still a difficult task to ensure accurate positioning result for
guiding routes in subway stations. This study proposes a KAI-R system that allows all processes to
be performed in one system for indoor navigation in subway stations. The proposed system includes
a new pedestrian step detection method for continuous positioning along with an improved fusion
positioning algorithm.
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<Fig. 5> Accuracy comparison of the proposed and viterbi algorithm at a certain point

Vi(o,l,) & AZE oA BF Ft o, & X3 Aol ATt Ao Td Zv\l% iﬁiﬂg ) A4 X7

LY &85 gtk s &E2 Pl o) S Pld,,_ll,0,_,), I8 o)A V(0 ply—y)

ol-gate] A4t 7hssttt S(1,) = 9A [ oA Aol B & v BE Y J7E gt Plfo,) 9

£ 7E AL (similarity) & 283t S& S 7 5 Utk

9 dargFL o] A9 Viterbi FaelFe] 7HAAL A= F 7R 2AR S AT A o e FAZ
F el oF

N
I
o
:lo

UES FAsloF Bk 2o ARkt 91X MR shte) YAZAERS Za Uk HE Pl o
FAE ZNoE P ¢ gonE BANA gtk B¢, Y2 FHHE Aol FEL A ¢, 9
AHOE o BAT Yt HE g ANFOEA AL WY D AHYL 0T & Yok

162  PA=ITSYR|=EN| 187, MI52(2019H 10¥)



X|otd Al A Al Lie[A0]4 ME|AS 21T KA-R A|AE

<Fig. >4 B AAY, & ARG FE)olA] YALAE 57 Folgol we} Viewi SueFe| 3
ShEs Zolmt wH, A YnEES YAD ATES B IEM & AolA BAZAE 57} 37)
o3t Wold W AT Yt B YTk Hoe] RE uYBe] HAE WolAE AA AL

= 48 nee nolr| Eel AU JUE B4 OI% BaE F9l AHE AT - 9

3. K-Navi

A3 GAte A WrAlo] A AuI2~E e &
<Fig. 6>3} o] ket 71%5-& E33tal Y= K-Navig ARE3t] 93k 522712 dehlig we &
e} ofZg Aol el A Fsh= A =
2, v 38 Al POL #Z, AskE 73 o] 5 Al AR Ul o]F g ok F H
4 E AFde T BFF 71T ES K-NaviolA] AFgh

LOE Bl 2% 12:58 LE Bl 2% 847 LoE B Rzl O puse s

W KALR NAVI

Navigation

= > )

<Fig. 6> K-Navi user interface

29, KAIRS WiFi 7] AZE AuE AgolA T, 74 8730] dotairy 37z Ee] E4o)
FEHAA v Afolle AU 9 Ad=rt Ak F Advke AS 13tk o] A9 ﬂﬁ tigte g
MR AN ol 43 y_syzu A9l $1AE shebdk & gl PDR 714 Wil 591 714 $3st]
9 AYEE Y T JEF I PDR 71HE A8A717] SsiA= sr|El 2 Baate] Bl Aot B
28] ASTE 48R o]“_t‘" Al 718 19k B Q12 yPPoEE BaRte] AYg ASFE QA§)
A ga @ oohie), YAt AL AR FAH g Ag 8 A SRR FolWoke A Ak

B =oAe 719 B Q1A 7l FAH HE 7]

W3 Felo] WE FEe §UT dneFonA ¥
29 9 1) FYE ok wf] AFHE J1E 2 9 SYar} B3 A SHEF ik

B ATl By gA dnelEe 2a F AvEEe EE gol Urhis S9e B4ske] naxel
29 s B IE F IoD 449 B TS B, A4S AP ool ¥R 19
ol83iel 315 42 Sushd, walel 42 3718 & 5 ook 1A ARl wde] g
B QA ol 2 22 Foh dushY, RaAe AGE gel BHge nade A 7w

¢

Vol.18 No.5(2019. 10) The Journal of The Korea Institute of Intelligent Transport Systems 163



X|otd Al A Al Lie[A0]4 ME|AS 21T KA-R A|AE

ugke W, A7t A 2 BAHW, A7k A A BRHoE uaAe] A8e AXY 7] wEel
o AW A% AN g BaAe) 22 NG Ao, Fo AU AEEe BT A
o= QEY] W, o BAHE naAe] Ao Axaok s Ao tF BA Uk 1A F
Zol M FalA e naRel wy ForE olgalel YR AT Bkel BAlYe AU A%
e BAZ 242 5 o) Bal A40) AHEE 5Y 5 Atk ofF) <Fig > B =Tl AAG L
1elEe MOR By A4 APS @ Asfolth TYeIA B F Akol, FAHY AF /1w 2 A4 A
soll WalA] S A% T4 HUGe F A4S A4S B 5 Aok

T ‘ |
L] ‘W m

g’ w” [ I | | I’]'i

gr ‘Il\‘l | |H|ﬂ|| \"‘Ill | J ||| 1
= '1.."|~'|“ V IEABRTCRMRIA

2 o/ \ g T | I | E
; flllwf h V J||||||‘|||H||||||,|¢|'ﬂf
<.l N'H\‘m R
‘ uu'uwwm'urlﬂ‘“wlﬂfrmw

A R R SRR L BT IR ISR VA RN

A | | | .

time (s)

<Fig. 7> Step detection result of the proposed fusion method
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HAH A= 7N, ol Wg 71, 28al o] F 7 1S §49 71l ts 2% 2= <Table 1>
3 <Table 2> AAIBET QT o] AW AvEeE AHEA} B e SERT ) LY BLORE o)F
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<Table 1> Total error average of the user steps(%)

Peak Detection Fourier Transform Proposed
User 1 -5% 7% 1%
User 2 -14% -9% -1%
User 3 -15% -5% 6%
User 4 -16% 2% 3%
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<Table 2> Standard deviation of the user step count errors

Peak Detection Fourier Transform Proposed
User 1 1.04 121 1.96
User 2 2.82 297 4.30
User 3 3.50 2.11 0.98
User 4 10.09 5.58 428
V. % 7}

1. gt AS0M2 KAI-R Al2H B}

Aol N BEHZES ARs7lo] A ARE KALRS A28 455} F oRE Bues] 96
Ll Ay AR HIE HAE e

24 AAFAT KALRS A28 4% H2ES 93] 7lo] 2E9)
87 AEo] AR oM, KALRIA FUAL T eh 22 A9, ALE KAR iS¢0l AH83)
of YulAel HAES) S e B4 AAHT wc HAES Wil 54 A85e ALgss 29
71% 3 Wi-Figh PDR7IMo] £ 29 71ME AHgstel ulw BAstech

<Table 3> Comparison of positioning accuracy in general buildings

Building Wi-Fi + PDR Wi-F
E2-1 2.37 6.04
E2-2 1.82 3.50
E3 12.26 12.22
E6 5.09 5.96
N1 4.79 6.62
N4 2.89 243
N5 247 231
N9 2.96 2.89

<Table 4> Total accuracy test result

Wi-Fi + PDR Wi-Fi

Min 0.20 0.25
Max 2824 28.53
Median 2.73 4.33
Mean 4.30 5.29

<Table 3614 2 % Q%] AR A} s Lo 2e & 5 Qi o]
AE @] Aolstel 29 Aol WAL Yol thay] Wit EF
$7o) Ja} B 2o] PDRO) AN S AHESHEE B E 4 2xtel nel 29 AR AolahA 2 Hi
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1 A5 &0 g dotste] 29 Aart e AEEdl vl 4 $5S & F e, A= gAY
+ < 23 e S8 APE AASAUY ARE 7S
&% FaA0] Tt <Table 4> 7IO|2E AA| A2l et AHEE SHH R =29 Afolnt. 34
T %ol Ak AEe] Aol s Wi-FT 283 S9 7] AHR oF 5207H 9| FRES HI,
PDR¥} &3 7% o] 59| A= o 43v[Ed S &
A7t Wi-Fi ©Y Z99he g Ao W JHEE Bl o] 9lth o)2d AEEL Wik #7¢]
FA 47, ERIE W A, 28 A 72E F4%ke olth S, iR 27] f1A7F ARE A
PDR®] of27F A o2 FA veht, WiFi @ 918 2dshs ARG oF & AAE 52T ¢ A

2. B AAIM2l KAI-R AlAH HI}

A5 GAbo A KAIR Al2=Elo] gk A% Br7be Wi-F 295 7)o g 3siqih. o dojx dut
A& Wi-Figt PDR7IHY €3 S99 49 o8] 714 o|fZE Wi-Fi B5 Z9& sk F9uo & £
< AWt EZHATE AS AFEth gubdo g Aad dae BEEE XFshe FREOE T
TZE A doh a28a, Bt EAEHEE gut A& HlE) Ao s e & zhet) o)y
o Askd date] FxH EA4S aHdEY, WiFiel PDRY §F 95 sk A Hos WiF B
Z9Rks st slo] o FElHolgs e & F Ak AFdAE MEL APE F7FeHA &1, H2E
ALl 2o JE APTHS ALESIATE A8 E &S 98 949 KAIROA HAE ZJEES AA5
3, H2E7F AAE duiAle)ld MulzE FEal7e s BB ZRIE A0S A5, ofFY Aol S
FE3te] HAEE ARASES 3Tk o] o, FEE HAEVF 502 ofZgA o)At ERIEE o] F3t]
-];(

<Fig. 8> Radio map construction of the Jamsil subway <Fig. 9> Radio map construction of the Sindorim subway
station station

A% GAoIAS) KAIR A% AFE 930 HI2E S 94 320 AAska o) ¥ xolo) A
$317] 931 Al — A8l — A — Asle] A2E ARHAE A HAE A et bt Lk

A, AARUAY S 3 27 o FaEH ol AulelM Edste] AFUAE 3 ETE olF F, AU

ooeg
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3 oA A3 1502 AYstel B Ba o) A% 23 Askd BAFOE ol ASY WY A
e weshn ARgelold sk & F A P A 23 AR BFAES BT $5 T A
A #Asha, Sake Ask 25004 A3k 1% AL o, A3 15 DFelA A 68 TP ol5s
of Aoz AFWT A% Folt 68 T 2 oF SolE] Ae] AT Wz AARAA olFF F A
©% FESES WYsat
USY FUAE F5 AP G el Aol A ANRA, oI AN A=

KALR Al2:Ho] 5252, qulAold A28 13 Aol oIS 7330l 70 45 AolHE 432 4
AEE Sl 3 £ TS AR o 12T BEA} £AAG, AT FHE B ATIH AU
KALR HolH 28 & olgahaith 43¢ 913 Aulolelel +9 718 3 HAE 915 3L KALR A

292 olgdte] RPSGE, T4 HAE Qe AFHOE AUt AFHE Bof F ofo] de
gl AR AEATE ol 5T 4 A ARE HAFe] AFEE EEHES STk o) F o] Ay
29] oloji= Quk AGATE ARIEE ofFeAoldE Agate] Holuh Yuk AR AuolA] FuA s B4
A% ARSI WAl AHAE B Folth &, B A ool vk A8ATE Aole] A3 o)A
dE o183l Sus Er*@.%ﬂhlif—_, 2AA2 40 W 27 M2RAYAA Bkn AP E,
AA ARl 2E BT AAE A RE, S o) () — ARWAL METE o) F(As) — 417
WA 3W E72 AYstel A5 FAEAA CIFAW) — A B F ASY o SR — B4
W WA 2B 93 FUFOE o|FAW) — UG S F A 2304 A3t 15 69 FTE 0B
) A e FTE AF F W 3A% Bl Bk 5, Auysle] TR glol FFHoE A
2 3aA sk Aukel oot $Ee] BAES AWs B Zlolth ® 9T <Fig 1053} 2o, KALR
HAE WA EE Agste] M4 Avele® FAsgon, BE F2hlA BEIUS AnE £25
o Azsdle] FASHE 2e Hsketh <Table 5> WAl U 9= MER 2 abel tid 29

g =23 W Aotk

<Fig. 10> K-Navi User Interface

<Table 5> Error estimation result of the scenario using Wi-Fi only

Subway Station Min Max Mean
Sinjeongnegeori 245 7.56 342
Sindorim 247 6.02 325
Jamsil 2.00 6.87 321
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V. 28 % FF A3

B rgolAs A SAelq yulold Aulag Adshs i Bad BE FAL shiel Az
NAY 5 Y% she KAIR A29E ALSAT B AZDAE §F 29 A0S AEA 2950 3
9 RS ol e HAT & ATk W AR RAY AL A4 FnFS T A% 2900 4
o] Zhsaiths He AU UYTh K-Mape TR W38 AFske] WAl A 58S §ol3t
A SHEOH, KPost §F 29 AAL B3l AT FHL K= + YSD STk RulAH S5E
AT KNavits B0 A28 B 27 STEZE 28503, AT REGE Do) AuAE AF

WE 5 YRS GYF /152 WA Sk B 97 A2e 2 24 LueFe KimQo19)7h A
QR-1HA 71 344 AMOR HAAA 2 il She ANAE ASHOE AFY 5 Yk W 7)ol
QT ol A 99 93 BAE QRUMAR TSI, BAA Tracking 97 ABE B AT Ak
B 2AYAATE G Boh2ol @7 o] Lasy

e, o) 391 Bolol Hlole] £ NS E BLAIIE RS DAV ol ol U
o dole] SATAS AL £ gie), ol 8 ATE T L4 71maung and Han, 2016), 4
S I BULim et o, 21350] AT Fof 5k FE 0l AFEE KALR] 2834l 152
Zol7] S1% 27H49l A7 Pash
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