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A Method to Construct a Cut-off Fingerprint Map to
Improve Accuracy in Indoor Positioning Scheme

Dongjun Kim*, Jooyoung Son'’

ABSTRACT

In off-line phase of the preliminary Cut-off indoor positioning scheme, which is one of the indoor
positioning scheme using the fingerprint, relative ranks of peak RSSIs received from beacons at each
reference point are stored in the fingerprint map. In some reference points, signals of multiple beacons
may be received. In this case, the relative ranks may be different when constructing fingerprint and
when receiving signals in real-time. To solve this problem, we propose a method to utilize only up to
five beacons with high ranking when constructing a fingerprint and when receiving signals in real-time

and comparing them with stored information of a fingerprint. Experiments were conducted on the
estimation probabilities and the average error when using this method. Those are compared with the
previous methods. Experimental results show that the estimation probabilities and the average error are
improved by removing only the remaining five beacons at each reference point of the fingerprint.
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1) Allocate beacons and RPs at the proper location in indoor environment
2) Receive RSSIs from nearby beacons at each RP during 30 seconds
3) Find a peak of RSSIs received from each beacon

4) Calculate relative ranks between the peaks

5) Construct a fingerprint map by performing step 2) and 3) for all RPs

6) Exclude the beacons with less than N RSSIs stored in each RP in the fingerprint map constructed in
step 4) from the corresponding RP (the first cut-off process)

7) Make the first cut-off fingerprint map by performing step 5) for all RPs

8) If the number of beacons stored in each RP in the first cut-off fingerprint map more than M, exclude
the other beacons except M beacons with higher relative ranks (the second cut-off process)

9) Make the final cut-off fingerprint map by performing step 7) for all RPs

Fig. 1. A method constructing the cut—off fingerprint map.
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Table 1. A Fingerprint map constructed by the previous method

HEIOICIOES] ==X M20A XI8=(2017. 8)

RP BC A B C D E F G H I J K L M
1 97,1 |1 97, 2 | 96, 3
2 99,2 199 1199 31|99 4
3 99,3 198 11|98 2|99 4 51, 5
4 98,5198 21]99 198 31|99 4|69 8 9, 6 | 95, 7
5 98,4 197,598 11|98 2|87 98,3 | 97, 6
6 97,2 1 98,1 | 98, 5 97, 4 | 98, 3
7 87,9 |99, 4 |100, 1100, 3|100, 7| 93, 8 100, 6| 99, 5 | 100, 2
8 98, 8 [ &8, 101|100, 3 |101, 2|101, 1| 97, 7 | 100, 6 | 100, 4 | 68, 9 | 101, 5
9 114, 6 | 114, 5| 114, 1 | 111, 2| 115, 3| 115, 4
10 97,51 97,6 | 98,2199, 1|99 4199 3
11 80,5196 4199 1199 2|98 3
12 34, 4 102, 5| 105, 21| 105, 1 | 105, 3
13 53,5 | 53,4199 3 |100, 1]100, 2
14 34, 4 90, 3 | 97, 2 | 96, 1
15 87,4197, 2|33, 7 97, 1 | 98, 3 67, 6 | 89, b
16 115, 3 115, 1 | 115, 2| 116, 4 | 114, 5
17 47,4 | 31,5 |127, 1| 97, 2 | 98, 3
18 97,4 | 38,5196, 3 |97, 1|97 2
19 91, 4 97,3 | 97,1 | 97, 2
20 9, 3 | 97,2197, 1
21 84, 3 | 100, 2|101, 1
Table 2, The number of beacons received RSSI in all RPs
RP 1 213141516 819 1011|1213 14 |15]16| 17|18 19|20 |21
Number | 3 | 4 | 5| 8 | 7 |5 0(6 |6 |5 (5|54 |7|5|5|5]4|3]3
22 A9 AUl &7 22 MAE AL S U KNN €ugj& 2 ARl Z-ex 43 H-ex 3
A5 AAAIIE HA oItk MS FA AAstA A AZYUE AERE &85 A Z-ox o7 9
ol gel gk g Folv &7t HWIEPD} Claz) A g FAste Agdl g A3 k¥ Fig. 37%
2 ME AA AAstE A AR vnd o, A Fig. 45 3] &g & Utk Fig. 32 37}A] Hlat)
= T Hlf’—c’ﬂ izl Blasky] wiel Hg=r} Yo} Aol 4 & g 1ol Fig. 4+ B 24}
Aok M& 24387 S8l 24 RP B2 418 B2 of thdk 2otk KNN ¢ag]&e ZE RPdl| i3]
TE 3%01 shitt. ok o] Table % A4 @7 = B 100%9] F88ES Bolx, 7|E PHer
£ RPolA RSSIE 413 Hl2e| £8 Holer. 48 IAZIE ASs B3 A1 202 34
AA RP 21X 5 83o] 57} ¥4 RSSIE F4lsHA 2 50%, A-2E YAZUE AEE F83 ALd A
o A3 #A 9 RPF 571 HIEZe] RSSIE A% -2 WAL 60% FEEES 7T KNN &L
RP7} 714 7] g & o] M 52 AARstATt. 99| BZe FAZIE 50| BE HolEe} vlug 3
N7 M ) 8739) Aol mek gro]l WAE Aee o AgAel AAE FHe] HE 100%2] 4
&=t} Table 33 Table 4= 12 4 343 23 ZES Hol= HhHo| AFA A - "o /‘]-%X]'
2 4 Fo) PAZUE ARE %47 BAFE 7} ANZEo.Z 5203 ol Bl E Seldte] YA
NEWHOR FHE BAZUE ASS BEF  E AR PAS Fol7] g 100%) %Zéz%
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Table 3. A fingerprint map after applying the first step of the cut—off method
il A B C D E F G H I J K L M
1 97,1 | 97, 2 | 96, 3
2 99,2 199 1199 31|99 4
3 99,3 198 11|98 2|99 4
4 98,5198 21991198 31|99 4 9, 6 | 95, 7
5 98,4 197,598 1|98 2| 827 98, 3| 97, 6
6 97, 2 1 98,1 | 98, 5 97, 4 | 98, 3
7 87,9 199, 4 |100, 1|100, 3|100, 7| 93, 8 | 100, 6| 99, 5 | 100, 2
8 98, 8 | 88,9 | 100, 3|101, 2[101, 1| 97, 7 | 100, 6| 100, 4 101, 5
9 114, 6 | 114, 5| 114, 1 | 111, 2| 115, 3| 115, 4
10 97,51 97,6 | 98,2199, 1|99 4199 3
11 80,5196 4199 1199 2|98 3
12 102, 4 | 105, 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| 116, 4 | 114, 5
17 127, 1| 97, 2 | 98, 3
18 97, 4 9%, 3 |97, 1|97, 2
19 91, 4 97,3 |1 97,1 | 97, 2
20 96, 3 | 97,2 | 97, 1
21 84, 3 | 100, 2| 101, 1
Table 4. A fingerprint map after applying the second step of the cut—off method
- BC 1 A B C D E F G H I J K L M
1 97, 1 | 97, 2 | 96, 3
2 99,2199 1199 3199 4
3 99, 3198 1|98 2199 4
4 98,5198 21991198 3994
5 98,4 | 97,5 |98 1 | 98, 2 98, 3
6 97,2 1 98,1 | 98, 5 97, 4 | 98, 3
7 99, 4 | 100, 1100, 3 99, 5 | 100, 2
8 100, 3101, 2101, 1 100, 4 101, 5
9 114, 5| 114, 1 | 111, 2| 115, 3| 115, 4
10 97, 5 98,2 199,199 4|99 3
11 80,5196 4199 1199 2|98 3
12 102, 4 | 105, 21| 105, 1 | 105, 3
13 99, 3 | 100, 1100, 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| 116, 4 | 114, 5
17 127, 1| 97, 2 | 98, 3
18 97, 4 9, 3|97, 1|97, 2
19 91, 4 97,3 197, 1|97, 2
20 9, 3 | 97,2 | 97, 1
21 84, 3 | 100, 2 |101, 1
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Fig. 3. Estimation probability of the three schemes,
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