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A Preliminary Cut-off Indoor Positioning Scheme
Using Relative Ranks between Peaks of RSSI

Kim, Dongjun

Department of Computer Engineering,
Graduate School of
Korea Maritime and Ocean University

Abstract

Recently, the indoor positioning schemes have been actively studied.
The indoor positioning scheme can be roughly classified into four
schemes using triangulation, fingerprint map, proximity or visualization,
respectively. This paper introduces the preliminary cut-off indoor

positioning scheme using the fingerprint map.

The preliminary cut-off scheme improves the accuracy of the
K-Nearest-Neighbor (KNN) algorithm, which is a typical scheme of using
the fingerprint map. This scheme consists of two phases: off-line and
on-line phases. The off-line phase constitutes a fingerprint map

necessary for real-time positioning. APs that periodically generate a
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signal are arranged and reference points predefined in indoor
environment are selected. Then, the RSSIs received from nearby beacons
at each reference point are stored in the fingerprint map. The on-line
phase actually estimates indoor position. The user’ s device receives the
signal of the nearby APs. User’ s position is estimated by comparing the

RSSI received in real-time and RSSI stored in the fingerprint map.

The KNN algorithm uses the Euclidean distance to compare the RSSI
received in real-time and the RSSI stored in the fingerprint map. The K
reference points with the shortest distance are selected and the position
of user is estimated as the center of these reference points. However,
since there are many obstacles in the indoor environment, the strength
of signal is not constant even at the same position. To mitigate the
instability and variability of the radio signal, the preliminary cut-off
scheme utilizes the relative rank of the peak of signal strength, not the
signal strength. Then, the user’ s position is estimated as the center of
K reference points with the greatest similarity after calculating the
similarity between the real-time ranking and the ranking of the

fingerprint map.

This paper describes a continually improved study to improve the
accuracy of the preliminary cut-off scheme. As a result, not only
similarity to the relative rank of the peak of the signal strength but also
the similarity to the peak is calculated and a weight based on this
similarity is assigned. The wuser’ s position is estimated to be the
calculated position by weighting each reference position, not the center

of the K reference positions.

Key Words: Beacon, RSSI, Rank, Fingerprint Map, Indoor Positioning
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Fig. 4.2 A method constructing the cut-off fingerprint map
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Fig. 4.2 Experiment environment for constructing the cut-off

fingerprint map

423 43 23

Table. 412 Fig. 4.2 &74oA 7]E€ WAz FA4E J7ZHE A=
£ HoFt Table 41& ZF RPoA 30x3F ¥ BIEZS=HEH F4d

RSSI«] M=ok RSSIE2] Huighell thet &<l

< RP S E, 24 942 °HE WSS 9rdn. 9
A, B, C¢] RSSIE 418t ar, 30&%F s=4lgk RSSIO| 7= 22 9770,
9770, 967holt}. RSSIe] Hhgrel 2l «=9= W2 A, B, Coll thsted
Zyzt 1, 2, 3°|th.
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Table 4.1 A fingerprint map constructed by the previous method

9 A | B C|D|E|F|G|H|T|[J|K|L|M
1 |97, 1]97, 2[9, 3
2 |99, 2[99, 1]99, 3|99, 4
3 |99, 3]98, 1]98, 299, 4 51, 5
4 |98, 5]98, 2/99, 1|98, 3]99, 4]69, 8 9, 695, 7
5 |98, 4|97, 5|98, 1|98, 2[82, 7 98, 3|97, 6
6 97, 2(98, 1]98, 5 97, 4]98, 3
7 87, 9(99, 4[100, 1100, 3100, 793, 8100, 6/99, 5100, 2
8 |98, 8[8s, 10/100, 3101, 2[101, 197, 7[100, 6100, 468, 9]101, 5
9 114, 6114, 5114, 1111, 2115, 3[115, 4
10 97, 5|97, 6|98, 2[99, 1]99, 499, 3
1 80, 5|96, 4|99, 1|99, 2] 98, 3
12 (34, 4 102, 5105, 2/105, 1}105, 3
13 53, 5|53, 4|99, 3]100, 1100, 2
14 34, 4 90, 3|97, 2|96, 1
15 87, 4|97, 233, 7 97,1/ 98, 3 67, 6/89, 5
16 115, 3 115, 1115, 2]116, 4114, 5
17 47, 4|31, 50127, 197, 2|98, 3
18 97, 4|38, 5|96, 3|97, 1|97, 2
19 91, 4 97, 3|97, 1]97, 2
20 9, 3|97, 2|97, 1
21 84, 3[100, 2101, 1
Fig. 4.29] =& RPolA 30x3F 418 RSSI®] HF /M= ¢F 9370 9]

t}. A4 @@ RPoA] =A% RSSIQ) A47F Htol vl w9 He A
27F It o E =9, RP 3¢ H|Z F+= 5170, RP 129] H|Z A+ 34 5

| 9tk of A%l AAto ALgAte] Aust 127 ABE AU
g W, AEE FURA RAE 4Fol AT 5 Atk W AANOR
NEE FASA RO 9XE 4T 4 e ARE 2UI
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Table 4.2+ 7]|& W02 FA4H FAZHE A% 1x 4 AA
AgNA T BAZIE AEE HolFT)

Table 4.2 A fingerprint map after applying the first cut-off step

RP BG A B C D E F G H I J K L M
1 197, 1|97, 2|96, 3
2 199, 2199, 1{99, 3|99, 4
3 199, 3|98, 1198, 2199, 4
4 198, 5(98, 2|99, 1|98, 3|99, 4 96, 6|95, 7
5 |98, 4|97, 5|98, 198, 2|82, 7 98, 3197, 6
6 97, 2198, 1198, 5 97, 4198, 3
7 87, 9199, 4100, 1j100, 3100, 7|93, 8100, 699, 5100, 2
8 |98, 888, 9|100, 3101, 2101, 197, 7]100, 6100, 4 101, 5
9 114, 6/114, 5114, 1|111, 2115, 3115, 4
10 97, 5197,6198, 2199, 1(99, 4]99, 3
11 80, 5196, 4(99, 1|99, 2|98, 3
12 102, 4105, 2|105, 1105, 3
13 99, 3/100, 1j100, 2
14 90, 3197, 2|96, 1
15 87, 4197, 2 97, 1198, 3 89, 5
16 115, 3 115, 1115, 2116, 4/114, 5
17 127, 1197, 2|98, 3
18 97, 4 96, 3197, 1|97, 2
19 91, 4 97, 3197, 1|97, 2
20 96, 3197, 2|97, 1
21 84, 3100, 2[101, 1
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= HHolth o] A N e AAF7] 3] 60, 70, 8021 %o
thell Zz stk 7070 o, 807 wwke] RSSIE FAIE A9 ¢
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Table 4.3 The number of beacons received RSSI in all RPs

RP | 1]23|4|5]6|7|8|9|10(11|12]13|14|15|16|17|18|19|20|21

Num [ 3|4|5|8|7|5|9|10/6|6|5|5|5[4|7|5|5|5[4]3]|3

A3 A9 A RP 213 F 83o] 570 HIZE] RSSIE FAlstATh 5
A wEe] RSSIE 41 RP7F 71 ©7] wj&e M& 52 ZA3s3ch
weba Z RPOIA A2l =971 5RTh & BES A AU o JJr
Z PAZHE A9 7 RP= HU) 5719 vl dig %
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17 &2 47 27 F2 HHolA 2t Ngk M A $4 met Wl

g1 v 23} RPe 9|0 wat HF RSSI M9 2+ RP
oA RSSIZ} 41€l WlEe] A7) thE 4 Q7] wEel A #A4e o}
g} AA3 o= NI Me HAsfof 3o},

=

Table 4.4+ 12+ 49 B7AZHE A& 22 F4& HAS A EAA

A
THE A% A-oF AZAE AEE B ZT

Table 4.4 A cut-off fingerprint map after applying the second cut-off

step
4 A | B C|D|[E|F|[G|[H|IT|[J|K|L|M
1 |97, 1|97, 2] 96, 3
2[99, 2[99, 1|99, 3]99, 4
3 |99, 3[98, 1]98, 2[99, 4
4 |98, 5(98, 2|99, 1]98, 3]99, 4
5 |98, 4|97, 598, 1]98, 2 98, 3
6 97, 2|98, 1]98, 5 97, 4]98, 3
7 99, 4]100, 1]100, 3 99, 5100, 2
8 100, 3/101, 2[101, 1 100, 4 101, 5
9 114, 5(114, 1|11, 2|15, 3[115, 4
10 97, 5 98, 2|99, 1|99, 4[99, 3
11 80, 596, 4]99, 1[99, 2[98, 3
12 102, 4105, 2|105, 1]105, 3
13 99, 3]100, 1]100, 2
14 90, 3]97, 2|96, 1
15 87, 4|97, 2 97, 1/98, 3 89, 5
16 115, 3 115, 1]115, 2|16, 4]114, 5
17 127, 197, 298, 3
18 97, 4 96, 3|97, 1]97, 2
19 91, 4 97, 397, 1]97, 2
20 96, 3|97, 2]97, 1
21 84, 3/100, 2[101, 1
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® KNN using the previous fingerprint map
m  Cut-off scheme using the previous fingerprint map
m  Cut-off scheme using the cut-off fingerprint map

Fig. 4.3 Estimation probability of the 3 schemes
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D Au 849 A7 A vE<L wiAstal RPE A3
2) 7k RPelA 3023t ¥ BHIZo25R¥ RSSIE AT

3 7 RlZewRE 419 RSSI9| Hujgte A=

4) o] Hdigtede] dhz

5 EE RPol| tialiA 71
37

6) A 5 FAZHE AEE H-0X JFAZHE (TR F4A
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Fig. 4.5 A method for combining multiple cut-off fingerprint maps

A4 7S B3 72+ AZZEE /¥ RPE 7|F02 TE H|EZE9 A
A =9 HEES A4 Hadth 1«9 " 7 7 RIWsH
Uelhd 9] d8s FFHoz 52T JAZHE =9 5 RPo o
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T Aot
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432 A9 9 A% H7}

Table 4.5 A cut-off fingerprint map among 10 maps

wpo0 A B|C|ID E|F|G|H|I1|J K|L|M

11 |2 |3

2o 2 [1 3 [4

3|3 [1 |2 [4

403 |2 |1 |4

5 14 |3 |1 |2

6 3 (AN 1 |3

7 5 |12 1

8 s N WU, 5 1

9 2 G/ OF T\

10 4 |2 [113 |5

11 3 1 |2 |4

12 4 |2 [1 |3

13 4|3 |1 |2

14 3 |2 |1

15 3 1|2 1|5

16 1 112 |3 |5

17 1 1 |2 |3

18 1 2 1 |3

19 2 [3 |1

20 3 |2 |1

21 3 [ 2 |1
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Fig. 4.6 When two fingerprint maps are used respectively, the
estimation probability
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Fig. 4.7 When two fingerprint maps are used respectively, average
error
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Fig. 5.1 The preliminary cut-off algorithm
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AR Zl-ex el X =4 AA tie olE F7] s A
Bt K= [15]¢] @+ ZAdol we} 302 243ty Table 5.1
AANZFo 2 AL AHE E3) 4138 ARE BAJFh 183 Table
AAZHE A5 AAT ARE o]fste] FAE 4% FJAZ

i

vl
No
rr
o

Table 5.1 Example of the received data in real-time (1)

Beacon A B C D
Peak RSSI,

Rank

-80, 2 =70, 1 -85, 3 -96, 4

Table 5.2 Example of the reduced fingerprint map (1)

BC
A B C D
RP
2 -TH=2 -, 8 -92, 3 -97, 4
3 -3 -76, 1 = Y -95, 4
4 -92, 4 -84, 3 -80, 2 =75, 1

Table 5.19] AAZF ARE o] &3l FHE ZF4d FAZHE A9
RP 4= 3702 RP 2, 3, 47} ZA3tt}h o] 3719 RPE HOH o] Lo=
AAEQT o] RPEY FHE AH&Ate X2 FH3ch RP k9| 14
o 293y wEo] =4 RP 3¢9 X7} "ot wekA RP 3¢ 93 A

BE SR A FHB
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52 o]% FZ YAt Gl ALE AHG AH R-o= 2

518 00A 2g AFA A-2Z w2 KNN &2]F, Cluster KNN w
2], RBFE o] &% W29 Tds ®Heksh AW 91X F4 welolth X
ol Abd #- 4S5 Y 9t} Table 5.3& KNN &8 =,
Cluster KNN ®2], RBFE o] &3 W2, 181 Abd A-o= Hk2 o A4
I FHe AT ol

AN

to
(&
)
>
b
i
2

UN

Table 5.3 Pros and cons of existing algorithms

Pros Cons
1. Training is done very fast §plased by. value of K
: 2. Computation complexity
2. Simple and easy to learn
KNN . 3. Runs slowly
3. More trained data, ’ .
: 4. Easily fooled by irrelevant
more effective
data
1. Overcomes the defect of | 1. Threshold parameter(K) is
Cluster uneven distribution of difficult to be chosen
KNN trained samples before running algorithm
2. Robust in nature 2. Runs slowly
1. Performs better when
there are more similarity | 1. Performance depends on
RBF between map and distribution of the trained
user’ s data data
2. Robust as based on rank
1. High accuracy
2. Runs fast 1. If number of RPs used for
Cut-off 3. Performs better when user’ s location estimation
there are more similarity (S is 0, the estimation is
between map and impossible
user’ s data
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71E AP A-2x Al 28kl GAYA X FAHo E8EHE F4
g PAZYUE A= RP NFO)E setst, o8 T3l AeA 9139
o A& FASS A wEA RP AT 7H olgololol gt whef &
29 PAZHE A5 RP /A7 0L A9, AHEA X9 a4 Ao

< FAE F gl7] WEel FHo| Evis *0%“31 Elicg=
2 AoAE 99k 2ol FaW FAZUE A=) RP AG7E 031 44,
AAE FAT 5 Ae BARL A2 A8 ol% F=x QA fle
AE MAT AR A-ox BaS A7)ETH26-27]. o] WS FHA4H
PAZAE AR()9] RP A5t 04Y A%, ARgAe] ZA7E $23
H|ZE2] RSSI 7428 7Hd @& RSSIE zhe= H|EHE =31z o2 3y
4 aARGT JPg@Th 1 & sz uZEvke) RSSIE e RPER
o) 2|7 FATUE AR(Q)E EFATH W o] FAZUE A o)A
S RP /1571 09 A$ol 274 w23t 0 b Ze vl vhqe] 3
AZAE AxE =&AL RS} M4 Ze vi2RE Agdste okt
73k RSSIZ7F A= RP F¢]o AREA7E S 7hsAdol 7Hd &7] &
olt}y. Table 54+ 71€ WA 7" 2o Aoldo] 7|&eHo Jrh

Table 5.4 Comparison of Cut-off schemes
Pros Cons
1. High accuracy and fast
2. Performs better when Lt numbe,r of RPS. used
. for user’ s location

Cut-off there are more similarity Y .

) estimation(S) is 0, the
between map and user’s L bl
data. estimation 1s impossible.

1. Higher accuracy
2. Although number of RPs 1 If nu{nber Of.RPS used for
Improved , . user’ s location estimation
Cut-off used for user’ s location (S) is 0, it takes more
ut-o estimation(S) is 0, the o D
. L . runtime for estimation.
estimation is possible.
- If number of RPs used for user’ s location estimation(S)
Improve- is 0, ignore data of the beacon of which RSSI is the
ment lowest in the set. Using the remaining beacons, at least
more than one RPs are chosen.
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RS E=

Fig. 525 o] Iz A7} = A9E NAS APd A-23 w2 9]
i

< SAEE 2ot 7E oA A" 7

10)ell 715 o] AUt

D

2)

3)
4)

5)
6)

7
8)

9)
10)
1D
12)

13)
14)
15)
16)
17)
18)

T bl

TAH AT A v ARE st

ANs7F A8 8|25 A AE RPe} g b9 & 7)o
UHA = &2A5Y 48 FAZHE A Q7 & TUeEth
do

= 27 9 RP NFE sty
+ Abdoll dojd FHAH ok FE 9u| gt
if S=0
HA 2ol A ALkd RSSIS HAigh T 7HE 22 7ke
H| 22 FA R
end if
end do while (S == 0)
if S>K
Q7 ¢ 7} RPe A= =2 A4 28 &% 1t
FAF=Z Spearman’ s footrule &2}< o]-&3sle] A4ksio,
FAFEZE 2 Kol RPE HRIA ooz AAZIH. € = K)
end if
else // S<=K
Q7 oA HJA olxo= S/ RPE AA 3T
end else
HJA olxe® HAHE RPEY TH HIEE AHEAY A=

ot Kking

Fig. 5.2 The improved preliminary cut-off algorithm
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obe) oA B wael 917 #4 BEE AMe AWach Table 555
FAZHE A9 oAE, Table 5.6 AAZF ARE Ho]Fr),

Table 5.5 Example of the fingerprint map

€acon
RP A B C D E
1 -93, 2 -88, 1
2 -98, 2 =75, 1 -99, 3
3 -90, 1 -97, 2
4 -96, 3 -90, 1 -94, 2
5 -102, 3 | -81, 1 | -100, 2
6 -95, 2 -88, 1 -97, 3

Table 5.6 Example of the received data in real-time (2)

Beacon B C D E

Peak RSSI, | B _ _
Rank 92, 3 83, 1 90, 2 103, 4

Table 5.69] AAIZF AHe} FUg v|F] RSSIZF A4E RP7F &3}
A 7] WZe S48 FAZHUE A=E FA4F F gloh o]d A9
RSSIS) HAAi@t 5 7 &2 @& FASL vUr A RS o] 8dt 3
AZHE A 59} nlwdtth 9o oJAo)A Table 5.62 H= Eo tst A
£ F-Alstal Table 5.5¢F ®lwelglS i, Table 5.7 #2 F4H FA
ZHUE A7t FAHEG o|F Table 5.79] RPEY FHE AHEAke] X

f

fru
o
o N
kW)

=
T

Table 5.7 Example of the reduced fingerprint map (2)

Beacon
RP B C D
4 -96, 3 -90, 1 -94, 2
5 -102, 3 -81, 1 -100, 2
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D AEAY AHE S8l T HEY J R} RSSIE 4l
2) FAlE RSSIY Hjgke] Azl & 72 vZEE A4kt
3 FAEH AZA vEY HARE R
4) A&7t A" vE9 AE RPeF alE HIER Yo
U s &A% e S4H BAZHE AE 27 & vt
5 do
6) S= 27 o RP ME 9m]sta,
K& Abdol Aol HAH ol +E <fn|gith
7 ifS=0
8) 77 oA ALkE RSSIY Huigk 5 7P 22 3te
H|Z o A3k},
9 end if
10) end do while (S = 0)
1) if S>K

12) Q7 9 7} RPel AFE w9et A3 29 <=9 1t
+AF=E Spearman’ s footrule 322 o]&3lo] A4ksity

13) A= 2 K718 RPE HUAF ol xo = AT S = K)

14) end if

15) S7§ RP9] =91} A 2)o] =4 1te] fFAIRE ALt

>
rot
v}

16) S70 RP 7}$d SAL=7F 021 RP 714(T)=S mhetdlt},
Il AAZE 241 Jre) =9 Y} dAsh= RPe< e

17 if T=20

18) S/} RPY T3 < AT HAA= +4

19) end if

20) else /| &9 #Ele] UX3t= RP/F A= 3} U= A5

2D T7/0 RPY| FH<& HF A= +4

22) end else

Fig. 5.3 A preliminary cut-off scheme considering the RP with same
signal similarity
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Table 5.8 Example of the received data in real-time (3)

Beacon A B C D
Peak RSSI,

-80, 2 =70, 1 -85, 3 -96, 4
Rank

Table 5.9 Example of the reduced fingerprint map (3)

BC
A B C D
RP
2 =77, 2 =73, 1 -92, 3 -97, 4
3 -85, 3 -76, 1 -82, 2 -95, 4
4 -92, 4 -84, 3 -80, 2 =75, 1
o)A Wale Table 599 RP 2, 3, 48] F4<l RP 3& AgA9] 9=
Q@ ST B OPAL NEFAES AASE RPY £E shosia
o|% olgste] §XE FAHWP AN FHE HE A B C, DRHE
27k 2, 1, 3, 49 w92 AEE FAUNAT F4E FATIE A5
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5.4 Ft) RSSI 7ke] HALEE Fos @ AFAE FAP AW A
—om

53" adlE AT FAIEZE dAsk=E Fx AAE HI S
HAH oo 2 AAHE RPE 7h2dl AU =2 FAE7F 4A3
= RP7}F 9l A $o) 227} #AZIT) Fig. 5.39 4 2002 TV}
Jd A=, T/ RPY FTHES AHEAY A= FA43H o7
AA AR fX ol B A kot AAA] A =Tt AdtEH e EAF
< Btk o] EAHE FEst AYEE OS5 Eo|7] s HUAH o
%08 A" RPE9 RSSO Huigel g 7txE Foste] 715X
7} &2 RPoll 7FgAl SIAE F88hs BalS B HollA AhgeH29].

1
A #Hol

)

SSIZEe] FALEE ZIWre g2 3k JFFAIE Fofgh WA 9ollA
;o olyg}l Fig. 5.3 34 17), & T7F 09!
o= S/ RPol|l thsje] z+z} 7}
& RPoll 71A| AR&ALS] A S 8t &
N RPY FAF=EZF Z42F Si Spy vy St W, AR 91A] P&, y)E 4
(5.59¢ 2 5.6)= ol&3stq FHHAH.

o‘lo

Z (S(tfnJrl) XRPn'fE)

t
Pr: = = Z(I/I/(f i+1) XRP:E) (55)
i=1
rnzl m
t
,;(S(t—nm XRP”-?/) ‘
Py=- t - Z(I/V(t—iJrI) XRP,:-?J) (5.6)
2.8,
m=1
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ofef o] Table 5.10 ~ 5.12= 2} (5.5)¢F 4 (5.6)& ©] &3l
k= Aol gk dAjelth. Table 5102 AAIS R F4ld FHE,
Table 5118 49 FAZHE A oA T7} 3¢ B-¢E HoE

Table 5.10 Example of the received data in real-time (4)

Beacon A B C D
Peak RSSI,

-80, 2 =70, 1 -85, 3 -96, 4
Rank

Table 5.11 Example of the reduced fingerprint map (4)

BC
A B C D
RP
2 =77, 2 Swie, AL -92, 3 -97, 4
3 -82, 2 =76, 1 =83, 3 -95, 4
4 -83, 2 =74, 1 -84, 3 -92, 4

Table 5.12+= Table 5103} 5.11& o] &35lo] AAtE FAIES}F 715X
HoFEg. WA ZF RP v A, B, C, Dol Uit FAIEE Absla &
&3t Z RPE] 7oA s’ RPY| fAEE EE RPO FAE ah‘l
e greolth. Table 5.12¢] 715215 o] &8t AHEAFS] HA] PR, y)=
(6.D3 2 (5.8)3 o] FAHAT

Table 5.12 Example of the similarity and weight of peaks of RSSI

BC
RP A B C D Similarity | Weight
2 3 3 7 1 14 0.38
3 2 6 2 1 11 0.3
4 3 4 1 4 12 0.32
- 44 -
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_ (S, X RP,.x)+ (S, X RPy.x)+ (S, X RP,.x)
o S+ 5545,

(12X RPyz)+ (11X RPy.x)+ (14 X RP,.x)
; 14+11+12 6.0

= (0.32 X RP,.x)+ (0.3 X RP;.x)+(0.38 X RP,.z)

_ (*511 XRP2'9)+ (*93 XRP?,'Z/)"’ (Sz XRPAL‘?J)
v Sy +55+5,

_ (12X APy} (11 X RPyy)+ (14 X RP,y) (5.8)
= 14+11+12 '

= (0.32 X RP,.y)+ (0.3 X RP;.y)+ (0.38 X RP,.y)

ol#j ] Fig. 54% Hul RSSI te] HALE
A

AR A-ex ge) e Folth o

1) Fig 539 34 1D ~ 167 5

2) ifT=0
3) T=S
4) end if

5 else /| =% ¥l dA5t= RP7F o= sht e F5

6) T7) RP&] RSSI FH gt AAIZE A B o] RSSI Huhgk 119
FAEE ALEe.

7 A4 64 FAEE o83t T/H RPY 7HEX& 22t

Al4ksitt,
8) T70) RPE] 71=x7F AEH HS AHEA A2 FA35h
9) end else

Fig. 5.4 A weighted preliminary cut-off scheme based on similarity
between peaks of RSSI
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A6Fd A8 R ds HIL

6.1 A A-o= 2

6.1.1 49 &4 & 74

A Z-o = Ay 9% 24 WAL 7]= KNN gagl=e 24 A7
3 AHE SR AT PaelTh AP B4, Wz RPe &, Lela
H| &3} RPe 7114 & =24 AA3 271Re AdE 53] KNN &dag&

A

O
o=

28
@

=

75
Z
z
o
1>
N
ic)

3l Rank Based Fingerprint(RBF) 43 4

o E AT

2 gz disf Blastdnh 27k Ad #AL v Zrh A
A A BHL Fols FEol gl I8 E=d 5719 nlEE 6m
Ao 2, 10719] RPE 2m Ao 2 HjA3tth 28l F #A A3
AL Aoy FEol v UAY E=xd 7719 HIES 13m HFH o=, 17
7Nel RPE 6.5m A S = vjx|stieh. Fig. 6.13 Fig. 6.2+ F+ 43 24
< 7}7zt BojZt} Fig. 6.1% Fig 6.2914 715 O A& W %2, 7]
Z W& HEE, A= RP HEE YEeRIT
©) © © ©) © ©
[ | il [ | ] [ |
0 o) o) @ ® ® 0 8] )
B : Beacon
0@ : RP
0 : Room

Fig. 6.1 The first experiment environment : straight corridor
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@)
© m . Beacon ©
@ M @ ~ @ : RP [ |
© : Room
©)
© —= = = = - @)
@ ® ® @ ® @ ® ®
(©)} © © © © ©

Fig. 6.2 The second experiment environment : U-shaped corridor

6.1.2 43 A3

Fig. 6.3% Fig. 6.4= A HA 29 @AM 47FA B4 AF=E

CDF(Cumulative Distribution Function)

8
[e)

=L~ =
e

he EHA% adzoltt. CDF I =& 7IEF9] ko] LA

A
8 solth, }REL ALEARe] AA) 919

o~

— Cut-off
(a9
8 — KNN
Cluster KNN
RBF

4
Error Range (m)

5
Fig. 6.3 Accuracy comparison of the preliminary cut-off scheme

in the straight corridor environment
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Y HEo A3 SAHNA HAR=E FHS Fig. 6.3°04 AL A-2
Z gAe oz W9 3molA 092, & 92%2] AIE=E 7FZIth HiE
KNN €38]&, RBFE ©]83F W], Cluster KNN ¥4 @3} $] 3mol

0.7 0.68, & 72%, 68%, 68%° HAEEE 7IxITh

4 2, 0.68, 2 a8
AP A-23x HEAY A ox+= 3.2m<el HFHo] KNN €318 =, RBF&
o] &3+ W2l Cluster KNN ®2]& z+z+ 7.3m, 5.3m, 5.1mo]t}.
us
0.9
0.8
0.7
0.6 = Cut-off
0o KNN
04 VVAIANS AW TNV NANN VAW
Cluster KNN

0 10 20 30 40 50 60 70 80 90 100
Set

Fig. 6.4 Estimated time comparison of the preliminary cut-off scheme

in the straight corridor environment

Y Exo AF @44 100set A= sti<= ®l, KNN ¢ag&2
B+ 0.42ps, RBFE o] &% W22 W+ 0.42ps, Cluster KNN %22 3

32

- 0.6 3us, a8l A AH-x wkale PHt 0.18pus ] Aol AR FH
3l

&3

AR S o 225+ A 42 4.2ns, 4.2ns, 6.3ns, 1.8ns°]13]-
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X

Fig. 6.59} Fig. 6.6 F WA 23 344 4714 29 A=
A NS TP gz ol

0.9
0.8
0.7
0.6 = Cut-off
© 0.5
04 — KNN
0.3 Cluster KNN
0.2

RBF
0.1

0 1 2 3 4 5 6 7 8
Error Range(m)

Fig. 6.5 Accuracy comparison of the preliminary cut-off scheme in the

U-shaped corridor environment

LAY Bxo Ay oA FFTE EHI Fig. 6.5914 A A-2
A2 eak 1Y 3mellA 97%9 AFE=E 7T whHo] KNN ¢ar
2]Z, RBFE o] &3 92, Cluster KNN 2] x99 3mo|A z+2z;
2%, 62%, 710%2] A5 713t 28] AR FHA-23 "vF2lo] HT 2
2= 3.2m¢l ®WkHo] KNN ¢122]Z, RBFE o] &3 W2, Cluster KNN
2o ZvzF 6.1m, 7.1m, 6.1mo]t} o] Ad 3 A RBFES o] &3 wale
A7 ym A ol vl Aot @ olfe AY SAHNA Ex
o & ¥ Y FEA HAAH olxew HAAd KHe RP7F FA 8=
A Aol m- AAZ] W Eolrt,
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— Cut-off
2
— KNN
15
Cluster KNN
1 AN A= WYV VWSV RBF

05
~NAMAMAMMAMN ANV

0
0 10 20 30 40 50 60 70 80 90 100

Set

Fig. 6.6 Estimated time comparison of the preliminary cut-off scheme

in the U-shaped corridor environment

LAy Exo A7 74 KNN ¢1eE, RBFE o] &3 %4,

=

£
N
N

Cluster KNN #®F2), T28]ar AFH Z-Q3Z "rAlo] B =4 A 7He
10ns, 10ns, 18.5ns, 3ns©| T},
el IYPEZES Tl AP H-2x B2lo] gE 371A] Wl wvlF H

Jgsta MA ANE FHY 5 AL FAskAT
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6.2.2 43 A3}

A A 2
S A )% A A-S BAel ABAel SAE Ao
£ o
jé]

A

i o

S 72& A3tol A wrAIETE Table 6.1 Fig. 6.2 3+

AZUE ASE, Table 6.2 AATOT G HH

Table 6.1 A fingerprint map which constructed in the first experiment

environment
B9 A B C D E F G

1 -91, 1 | -95, 2

2 =77, 1 | -94, 2

3 -93, 2 | -88, 1

4 -98, 2 | -75, 1 |-99, 3

5 -90, 1 |-97, 2

6 -96, 3 [-90, 1 | =94, 2

7 -102, 3 | -81, 1 [-100, 2

8 295,72 | ~88y1 97,3

9 -101,-3~| =77, 1 | -98, 2

10 -90, 1 | -94, 2

11 -93,2 |-78,1 | -96, 3

12 -97, 3 |-91, 1 | -94, 2

13 -95,2 |-72,1 |-97, 3
14 -102, 3 -84, 1 | -95, 2
15 -94, 2 | -87, 1
16 -94, 2 | -72, 1
17 91, 1

Table 6.2 RSSI of beacon signal received by a user’ s device
Beacon A B C D E F G

RSSI, Rank -92, 3 |-83, 1 |-90, 2 |-103, 4
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Jolo] x| ALgA7} Table 6.29F #& HRE 4218 7§, Table
6.19] BAZHE A= Hlwsde of o F ]
71E AR - A2 AAE FAHAY 7t 8l
AEA RSSIZF 74 22 v]E<l EE AASHH
6, 70] ol Iz YANE AAHIL olFo 94X FA AFS AL o]
Uz 5 o

Fig. 6.85} Fig. 6.9 3 WA A3 A A 4712 B2 Hg=9}
B AE 77 HojF= g ot

4

0.9
0.8
0.7
0.6
An improved cut-off
I 0.5
© 04 The previous cut-off
0.3 KNN
0.2
Cluster KNN

0 1 2 3 4 5 6 7 8 9 10
Error Range (m)

Fig. 6.8 Accuracy comparison of the improved preliminary cut-off

scheme in the U-shaped corridor environment
2mell A oF 70%9] AS=E HAoh ®EAHO| 7]E W2 ¢F 53
S8 HATh o 17%2] A%=rl AoluE olfE 1 FAUE ol-:a—a—z
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RPE 5 ZrotA $12] FA o] E7Hs3etal7] WZolth. KNN ¢ag]l&2 o
42%, Cluster KNN W28 oF 35%9] AZ=E Hth o] Ix X7}
e AR - o] A eab= of 5.5mel W] KNN &arg]&
7 Cluster KNN 219 Htj J_i}b lz} oF 7mo]1:]- 7]Z "pale of

4.1me] 2= MLl oAl <k 79%2] %

E 2 F Iz 1JHE‘rUrX]

3=
Gt 1 ol o 2% ATHE A9 ol % RPEE HASA 2
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Fig. 6.9 Estimated time comparison of the improved preliminary
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Fig. 6.10 Accuracy comparison of the improved preliminary cut-off

scheme in the in-ship environment
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Fig. 6.11 Estimated time comparison of the improved preliminary

cut-off scheme in the in-ship environment
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6.3.2 43 A

Table 6.3 Fig. 6.12¢] A olA FA4E FAZHE Axo|t} o] FA
THE AE¢ 449 AFE HiEoR FAEHIUT. 2 92 RP
Zh e v FARE ov|gtt. wEkA Table 6.3 7
H| 259 RSSI # & HAd@td o] HoigtsEo] tig Zdoidd <4

AN
oy

Table 6.3 A Fingerprint map which constructed in the Fig. 6.12

RPBC A B C D E F G H I J K L M
1 [-74,11-80,2(-95,3
2 |-77,2|-73,11-92,3|-974
3 |-87,3|-76,1|-79,2|-954
4 |-100,4|-84,2|-74,1|-92,3
9 |-98,5/-96,3|-75,1|-83,2 -96,4
6 -78,21-73,11-96,5 -79,31-85,4
7 -87,4(-74,1|-82,2 -85,3(-87,5
8 -84,21-74,11-92,3 -97,5 -93,4
9 -94,5|-79,1|-81,2|-91,3|-924
10 -97,5|-84,2|-74,1|-91,4 | -90,3
11 -93,4(-83,1|-71,2|-86,3
12 -95,41-83,2|-71,1|-86,3
13 -97,41-90,3 |-75,1|-81,2
14 -92,3|-83,2|-73,1
15 -83,3 -68,1|-77,2 -97,4|-97,5
16 -92,4 -82,1|-83,2|-91,3|-98,5
17 -96,4|-97,5|-76,1|-82,2|-88,3
18 -924 -84,21-75,11-90,3
19 -98.4 -93,3|-76,1|-80,2
20 -96,3|-86,2 |-73,1
21 -98,31-90,2 |-75,1
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Fig. 6.13 Accuracy comparison of the preliminary cut-off scheme

considering the RP with the same signal similarity in the Fig. 6.12
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o} Table 6.4= A2 913 @A AHEARe] ZAE Tl AT R
E HAEH

Table 6.4 The received data at a random user
location of @

Beacon A B C
Rank 1

[\\]
w
~ O

Table 6.5+ Table 6.32] HAXZHE X =9 A Table 6.42] HRE wul&r
0% 247 48 PAZAE ARE RAFT

Table 6.5 The reduced fingerprint map for the user location of @

——

o] = [[BL) = | -
2 2 1 3 4
3 3 1 2 4
4 4 2 1 3

ALEAE X @A 71 w2 Table 6.52] RP 2, 3, 48] T3 o2 9
& FA3t}. RP 7tHo 74ﬂl:— SmE AAs7] wjEo] Al RPe =x o
RP 39| #x7} "k stAT AS{FAEE DA e Iz AAAE 18T
AP Z-e 3 A2 Table 6.5 ZF RPol|l disiA FAL=E AlLtgioh
AP AL A3, RP 2, 3, 40 Uik fAIE= 42 0, 2, 60l FAE}
02l RPE 1700]3 1 RPE 2t} mebA] o] W24 e RP 28 A&7 92 =
FAIG. A= Fg 6125 Tl AE&A A @34 7 ZAHIT RPe=
< AT 5 U

-

O
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64 Ft) RSSI 7ke] HAEE Foz @ AFAE FAP AW A
—om
6.41 43 &4 2 74

6.42 49 2%

o] AY BN FAE BATUAE AL Table. 637 FUs}}. of
#°] Fig. 6.14% o] ¥4 Hr RSS 91 FAEE Jtow @ 7F
AE Beld AH A-2= Ao YT HHEE RolFE T zolT,

Error (m)
12
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8

location @)
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Do

B A Preliminary cut-of scheme considering the RPs with the same signal similarity
B A weighted Preliminary cut-off scheme based on similarity between peaks of RSSI

Fig. 6.14 Accuracy comparison of the weighted preliminary cut-off
scheme based on similarity between peaks of RSSI in the Fig. 6.12
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ol AgA X 103 Fol @ - @ 23 @ AXANA oA B
of va) At ANHYLE Fig 6148 o HUAT 4 AT @ ~ O
A A T 0013, @ AXNA T 201tk o7 22 T7k 0L 1w S
A RP g A8 X2 451 T/t 29 ) T/} RPY FH o=
4@ AW Av) RSS| k] AAEE JWOT @ HFNE Bo
AR A-0Z g Fel ot AFA HEW AHE A A
2 347 WEe 237k ANE Y,

A3ttt Table 6.6 4299 AF&A 9F
FAE ARolth 1g]al Table 6.7& o] 9
o A Table 6.6 H}‘%‘f 2 54FH JAZYHE Axo|th 4 FAZ
HE A =9 RP (O« 3ola, =9 FA=7}F 091 RP +(D)+= 0]t

tee AREsE AHE X sbed Yo AgA 9N @A UXNE
S =

m

Table 6.6 The received data at a random user location of @

Beacon A B C D
Peak RSSI,

-99, 4 -92, 3 -74, 1 =75,
Rank

Table 6.7 The reduced fingerprint map for the user location of @

BC
A B C D
RP
2 =717, 2 =73, 1 -92, 3 -97, 4
3 =87, 3 =76, 1 =79, 2 -95, 4
4 -100, 4 -84, 2 =74, 1 -92, 3
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Table 6.8¢ =439 JAZYUE A5 7+ RPo| o RSSI 7+ SAIE
o 7FEAE AArstal Foid solth. i 4 (6.DF (6.2)= Lol
AR 914 @A 4 (5.2)9F (5.3 o] &3t AR&Ae] HXE FA B

= Aa 3AHE BoZEoh AF 3749 RP 2, 3, 49 HF= 247 8, D,
(13, D, (18, Deltt. z+ RP| & ks A4t Aol tidste] A& 9
A P, Y& F4gh

Table 6.8 Similarity and weight of the peaks at the location of @

BC
D A B C D Similarity | Weight
2 22 19 18 22 81 0.51
3 12 16 5 20 53 0.33
4 1 8 0 17 26 0.16
(26 x8) + (53 x 13) + (81 < 18) _
P, = SERE T g 6.1
(26 x1)+ (B3 x 1)+ (81 x1) _
£y = 81+53+26 T ©.2

Ao AgA A @9 HEE= (17, Dolx, 2 6.DF 6.5 T3 +
AE X9 HE= (14.7, Dolth AT o] W2 RP 2, 3, 49 T4
o2 FAs7] "ol RP 39 & (13, DS AHEA A2 FAIH
weba o] 7o o] e dme S E, JIFAE HAF A A-
oz A 23me exE B AAHo=m oo ALgA YA @l
Aok 1.7me] A7F AAEAT AAH oz A A Ao X
10320 thal A o)™ 4ol FF exte of 41lmelx, 7HEXE Ho3
WAlo] P oxtE oF 38mE PFHOoE oF 7.9% FAH AT

Collection @ kmou



Fig. 6.15= KNN &12]&, Abd #-
o RSSI 2Fe] HALEE 7] 7
S=E v dgze|th A4F B4

g&ol g BAZHE (=& 7|E 2oz 744
o] &3tttk 1Eal AP F-ex W 271 WS -k PAE
AEE o]&3tAth

Error (m)
24
22
20
18
16
14
12
10

‘ i
o mm | ll II II :I £ II Il
(3]

location @)
KNN algorithm
B A preliminary cut-off scheme
®m A weighted preliminary cut-off scheme based on similarity between peaks of RSSI

T4
AN\

N s O
A W |

Fig. 6.15 Accuracy comparison of three schemes

Fig. 6.12 &7 A4 KNN ¢agl&Fe H 3= ij 7.02m, Abd F-2
= e 27 WAL oF 560m, Lelx HFAE Rl AW R-oZ
WS o 38melth Huj RSSI ko] FAEE ez & AEAE ¥
B -z W] FREs doe] 91X 103 B KNN &

ol WIS oF 46%, AA F-QE e 27 wAel wls) o 34%
EEL IS

Collection @ kmou



| —
T

3

5
EYE vud FA

a4 &
A A-

AT R
Az 2E RPol AAd Az A7IE wl

& T

[¢)
dE

alis

A ES o

1)

of sl 27)

[}

A 71 <4

o A4
°R

]

X
—

A
QA

Ang

1

] 3]
i dl

|, AAZEOZ F4

ol

=
=

g7

[e)

-

=
=

A =2 RP9} ¥l

vl o2 RSSI &t AHA|7F old RSSI
. © Yol APS}

A =2] RP

E
AHgAL g A 99

d

S
A7171 flall BlE3 = /Ao WA &

©

FA T

\

3
9

A A%Hoz A7

S

< Hlal tidelA B5F A9

o o
I 9

&34 7]

=
=
=

“

p

R
£
Al

To-

)
L0

X

)A

X
oF

mK

=
a-

3l Hoi RSSI 3o} AL

9

[e)
= %

=

b7 99 A3
_66_

9

7}

7

ok,
4 AYEE

S

=
T

9%

AT7E Wy
Collection @ kmou



°F 46%, 34% 7N

77}

Hee< Fdsi.

shue A, £E,

E’_}‘

HH
L

o=

2l

0
st

S
&

ol 7]

L
) .

RSSI

= & T 7] W& A g4 o

A7 WEA

o))

3.

8

L —
)

Bl

Epe)

NN
=

|

2 7HA 2%

_67_

Collection @ kmou



FTEH

(1] H. Liu, H. Darabi, P. Banerjee, and J. Liu, 2007. Survey of Wireless
Indoor Positioning Techniques and Systems. [EEE Transactions on
Systems, Man, and Cybernetics, 37(6), pp.1067-1080.

(2] Y. Gu, A. Lo, and I. Niemegeers, 2009. A Survey of Indoor
Positioning  Systems for = Wireless = Personal Networks. /EEE

Communications Surveys & Tutorials, 11(1), pp.13-32

(3] JW. Kim, H.J. Jang, D.H. Hwang, and C.S, Park, 2004. A Step, Stride
and Heading Determination for the Pedestrian Navigation System.
Journal of Global Positioning Systems, 3(1-2), pp.273-279

[4] O. Woodman and R. Harle, 2008. Pedestrian Localisation for Indoor
Environments. UbiComp’ 08, Proceedings of the 10" International

conterence on Ubiquitious computing. Seoul, Korea, September 21-24,
2008, pp.114-123.

[6] F. Li, C. Zhao, G. Ding, J. Gong, C. Liu, and F. Zhao, 2012. A
Reliable and Accurate Indoor Localization Method Using Phone
Inertial Sensors. UbiComp’ 12, Proceedings of the 2012 ACM
Conference on Ubiquitous computing. Pittsburgh, USA, September
5-8, 2012, pp.421-430.

[6] K. Subbu, C. Zhang, J. Luo, and A. Vasilakos, 2014. Analysis and
Status Quo of Smartphone-Based Indoor Localization Systems. [EEE
Wireless Communications, 21(4), pp.106-112.

_68_

Collection @ kmou



[7] M. Horiba, E. Okamoto, T. Shinohara, and K. Matsumura, 2015. An
Improved NLOS Detection Scheme Using Stochastic Characteristics for
Indoor  Localization.  /nformation  Networking — (COIN), 2015

International Conference on. January 12-14, 2015, pp.478-482.
(8] o]&4, o]&H, 2011. HlA==9] X% 7§t 334 4= <
29 A AXAY Az U AT FFEY G =R,
36(4), pp.378-385.
[9] o] +f, o=, AR A, 2014. A A5 A7IE o] &3 Avre A
AA F4 dads &4 FFFEEL/SE], 398), pp.643-650.
[10] S. Ravindra and SN. Jagadeesha, 2013. Time of Arrival Based

Localization In Wireless Sensor Networks: A Linear Approach. Signal

& Image Processing: An International Journal(SIPL), 4(4), pp.13-28.

[11] S. Ravindra and SN. Jagadeesha, 2015. Time of Arrival Based
Localization In Wireless Sensor Networks: A Non-Linear Approach.

Signal & Image Processing: An International Journal(SIPL), 6(1),
pp.45-59.

[12] C. Yang and H.R. Shao, 2015. WiFi-Based Indoor Positioning. /EEE
Communications Magazine, 53(3), pp.150-157.

[13] JM. Keller, MR. Gray, and JA. Givens, 1985. A Fuzzy
K-Nearest-Neighbor Algorithm. /EEE Transactions on Systems, Man
and Cybernetics, SMC-15(4), pp.580-585.

[14] F. Yu, M. Jiang, J. Liang, X. Qin, M. Hu, T. Peng, and X. Hu, 2014.

5G WiFi Signal-Based Indoor Localization System Using Cluster
K-Nearest Neighbor Algorithm. [nternational Journal of Distributed

Sensor Networks, 2014, pp.1-12.

_69_

Collection @ kmou



[15] J. Machaj, P. Brida, and R. Piche, 2011. Rank Based Fingerprinting
Algorithm for Indoor Positioning. /ndoor Positioning and Indoor

Navigation(IPIN), 2011 International Conference on, pp.1-6.

[16] A. Zhang, Y. Yuan, Q. Wu, S. Zhu, and J. Deng, 2015. Wireless
Localization Based on RSSI Fingerprint Feature Vector. International
Journal of Distributed Sensor Networks, 11(11), pp.1-7

07) A4S, B, o 4F, v d
3 PAZAE WS A TLHA A AH

oF=3 H 7815, 38(2), pp.112-114.

[18] Q. Chang, S. Van de Velde, W. Wang, Q. Li, H. Hou, and S. Heidi,
2015. Wi-Fi Fingerprint Positioning Updated by Pedestrian Dead
Reckoning for Mobile Phone Indoor Localization. Proceedings on
China Satellite Navigation Conference(CSNC) 2015, Vol.3, pp.729-739.

[19] D. Kim and J. Son, 2017. Placement of Beacons and Reference
Points in Indoor  Positioning Schemes Using Fingerprint Maps,
Proceedings on Spring Conference of Korean Society for Internet
Information, 18(1), pp.241-242.

[20] D. Kim and J. Son, 2017. A Method to Construct a Cut-off
Fingerprint Map to Improve Accuracy in Indoor Positioning Scheme.
Journal of Korea Multimedia Society, 20(8), pp.1330-1337.

[21] D. Kim and J. Son, 2017. A Method to construct a Fingerprint Map
by Combining Multiple Maps to Improve the Accuracy of the Indoor
Localization. Proceedings of the Korean Institute of Information
Scientists and Engineers (KISE) Korea Computer (Congress,
pp.412-414.

_70_

Collection @ kmou



(23] &=, WHE, £59, 2016, ¥vES &85t AYHA 2= AHA
A-oZ A 0164 F5FFEIFG <03, pp.592-594.

[24] D. Kim, B. Park, and J. Son, 2017. A Preliminary Cut-off Indoor
Positioning Scheme Using Beacons. K/ISE Transactions on Computing
Practices, 23(2), pp.110-115.

[25] Y. Kim, H. Shin, Y. Chon, H. Cha, 2013. Smartphone-based Wi-Fi
tracking system exploiting the RSS peak to overcome the RSS
variance problem.  Pervasive and ~Mobile Computing, 9(3),
pp.406-420.

[26] B. Park, D, Kim, J. Son, and J, Choi, 2017. An Improved Preliminary
Cut-off Indoor Positioning Scheme in Case of No Neighborhood
Reference Point. Journal of Korea Multimedia Society, 20(1),
pp.74-81.

[27] D. Kim, B. Park, and J. Son, 2016. A Preliminary Cut-off Indoor
Positioning Scheme Applied to Positioning in Vessels. /nternational

Journal of Applied Engineering Research, 11(21), pp.10497-10500.

[28] D. Kim and J. Son, 2017. A Preliminary Cut-off Indoor Positioning
Scheme considering the Reference Points with the Same Signal
Similarity. [nternational Journal of Applied Engineering Research,
12(14), pp.4735-4740.

[29] D. Kim and J. Son, 2017. A weighted preliminary Cut-off indoor
positioning scheme based on similarity between peaks of RSSIL

Journal of Korea Multimedia Society, To be appeared.

_7’|_

Collection @ kmou



	제 1 장 서 론  
	제 2 장 관련 연구  
	2.1 삼각측량법을 이용한 실내 위치 추정 방식  
	2.2 핑거프린트 지도를 이용한 실내 위치 추정 방식  
	2.3 보행자의 걸음과 스마트폰을 이용한 실내 위치 추정 방식  

	제 3 장 비콘과 참조위치의 배치 관계  
	3.1 비콘과 참조위치의 배치에 대한 중요성  
	3.2 비콘과 참조위치 배치 간격에 대한 실험  
	3.2.1 실험 환경  
	3.2.2 실험 결과  

	3.3 최적의 비콘과 참조위치 배치 간격  

	제 4 장 핑거프린트 지도 구성방식  
	4.1 기존 핑거프린트 지도 구성 방식의 문제점  
	4.2 컷-오프 핑거프린트 지도 구성 방식  
	4.2.1 개요  
	4.2.2 실험 환경 및 구성  
	4.2.3 실험 결과  

	4.3 여러 컷-오프 지도를 조합하는 핑거프린트 지도 구성방식  
	4.3.1 개요  
	4.3.2 실험 및 성능 평가  


	제 5 장 핑거프린트 지도를 이용한 사전 컷-오프 방식  
	5.1 사전 컷-오프 실내 위치 추정 방식  
	5.2 이웃 참조 위치가 없는 경우를 개선한 사전 컷-오프 방식  
	5.3 신호유사도가 일치하는 참조 위치를 고려한 사전 컷-오프 방식  
	5.4 최대 RSSI 간의 유사도를 기반으로 한 가중치를 부여한 사전 컷-오프 방식  

	제 6 장 실험 및 성능 평가  
	6.1 사전 컷-오프 실내 위치 추정 방식  
	6.1.1 실험 환경 및 구성  
	6.1.2 실험 결과  

	6.2 이웃 참조 위치가 없는 경우를 개선한 사전 컷-오프 방식  
	6.2.1 실험 환경 및 구성  
	6.2.2 실험 결과  

	6.3 신호유사도가 일치하는 참조 위치를 고려한 사전 컷-오프 방식  
	6.3.1 실험 환경 및 구성  
	6.3.2 실험 결과  

	6.4 최대 RSSI간의 유사도를 기반으로 한 가중치를 부여한 사전 컷-오프 방식  
	6.4.1 실험 환경 및 구성  
	6.4.2 실험 결과  


	제 7 장 결 론  
	참고문헌  


<startpage>13
제 1 장 서 론   1
제 2 장 관련 연구   4
  2.1 삼각측량법을 이용한 실내 위치 추정 방식   4
  2.2 핑거프린트 지도를 이용한 실내 위치 추정 방식   5
  2.3 보행자의 걸음과 스마트폰을 이용한 실내 위치 추정 방식   8
제 3 장 비콘과 참조위치의 배치 관계   10
  3.1 비콘과 참조위치의 배치에 대한 중요성   10
  3.2 비콘과 참조위치 배치 간격에 대한 실험   10
   3.2.1 실험 환경   10
   3.2.2 실험 결과   12
  3.3 최적의 비콘과 참조위치 배치 간격   14
제 4 장 핑거프린트 지도 구성방식   15
  4.1 기존 핑거프린트 지도 구성 방식의 문제점   15
  4.2 컷-오프 핑거프린트 지도 구성 방식   16
   4.2.1 개요   16
   4.2.2 실험 환경 및 구성   18
   4.2.3 실험 결과   19
  4.3 여러 컷-오프 지도를 조합하는 핑거프린트 지도 구성방식   26
   4.3.1 개요   26
   4.3.2 실험 및 성능 평가   28
제 5 장 핑거프린트 지도를 이용한 사전 컷-오프 방식   32
  5.1 사전 컷-오프 실내 위치 추정 방식   32
  5.2 이웃 참조 위치가 없는 경우를 개선한 사전 컷-오프 방식   36
  5.3 신호유사도가 일치하는 참조 위치를 고려한 사전 컷-오프 방식   40
  5.4 최대 RSSI 간의 유사도를 기반으로 한 가중치를 부여한 사전 컷-오프 방식   43
제 6 장 실험 및 성능 평가   46
  6.1 사전 컷-오프 실내 위치 추정 방식   46
   6.1.1 실험 환경 및 구성   46
   6.1.2 실험 결과   47
  6.2 이웃 참조 위치가 없는 경우를 개선한 사전 컷-오프 방식   51
   6.2.1 실험 환경 및 구성   51
   6.2.2 실험 결과   52
  6.3 신호유사도가 일치하는 참조 위치를 고려한 사전 컷-오프 방식   57
   6.3.1 실험 환경 및 구성   57
   6.3.2 실험 결과   58
  6.4 최대 RSSI간의 유사도를 기반으로 한 가중치를 부여한 사전 컷-오프 방식   62
   6.4.1 실험 환경 및 구성   62
   6.4.2 실험 결과   62
제 7 장 결 론   66
참고문헌   68
</body>

