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An Improved Preliminary Cut-off Indoor Positioning Scheme
in Case of No Neighborhood Reference Point

Byoungkwan Park+, Dongjun Kim“, Jooyoung Sonw', Jongmin Choi' ™"

ABSTRACT

In learning stage of the preliminary Cut-off indoor positioning scheme, RSSI and UUID data received
from beacons at each reference point(RP) are stored in fingerprint map. The fingerprint map and real-time
beacon information are compared to identify the nearest K reference points through which the user position
is estimated. If the number of K is zero, this scheme cannot estimate user position. We have improved
the preliminary Cut-off scheme to get the estimated user position even in the case. The improved scheme
excludes the beacon of the weakest signal received by user mobile device and identifies neighborhood
reference points using the other beacon information. This procedure are performed repetitively until K
> (. The simulation results confirm that the proposed scheme outperforms K-Nearest-Neighbor (KNN),
Cluster KNN and the conventional Cut-off scheme in terms of accuracy while the constraints are
guaranteed to be satisfied.
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Table. 1 Pros and cons of existing algorithms

Pros

Cons

. Performs better when there are more

similarity between map and user’'s data.

.. . 1. Biased by value of K
1. Training is done very fast . .
. 2. Computation complexity
KNN 2. Simple and easy to learn
3. More trained data, more effective 3. Runs slowly
’ ’ 4. Easily fooled by irrelevant data
1. Overcomes the defect of uneven distribution | 1. Threshold parameter (K) is difficult to be
Cluster . . .
KNN of trained samples chosen before running algorithm.
2. Robust in nature 2. Runs slowly
. P.erforrgS better when there are r,nore 1. Performance depends on distribution of the
RBF similarity between map and user’'s data. trained data
2. Robust as based on rank
1. High accuracy , .
9 Runs fast 1. If number of RPs used for user’s location
Cut-off 3' estimation(S) is 0, the estimation is

impossible.
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Fig. 1. (a) Fingerprint map, (b) Beacon map, (c) RP map,
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Req.: fingerprint map £, and vectors Vi, Vi,
Req.: real-time RSSI ¥y,

1: Receive RSSI(»y,w)of near by beacons through user’s device

: Identify UUID of beacons received RSSI

3: Calculate the peak RSSI of each beacon

4: do

5 Get a reduced fingerprint map (L2 with only beacons (rows) in the 2-tuple data set and reference

points (columns) whose have only the beacons in the 2-tuple data set from the fingerprint map (£)
if (S ==0) //Let S be the number of reference points in 2’

7 ignore the 2-tuple data of the beacon whose max. RSSI is the lowest in the set (in the further cases,
ignore the 2-tuple data of the beacon whose max. RSSI is the next lowest in the 2-tuple data set,

respectively)
8: end if
o: end do while (S == 0)

10: if (S > K) /#Let K be the pre-defined number of nearest neighbors considered in the estimation#*/

11: Calculate relative ranks of peaks got in step (3)

12: Compare those with relative ranks of each reference point in 2~

13: Calculate similarities using Spearman's footrule formula

14: Choose the most similar K reference points as the nearest neighbors

150 else // S <= K

16: Choose the S reference points in £'as the nearest neighbors

17: end if

18: Find the coordinates of the nearest neighbors from vector V1,

19: Calculate the coordinate of the center point of the S nearest neighbors as the user’s location

Fig. 2. Improved Cut—off algorithm,
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Table, 2 Comparison of Cut—off schemes

Cut-off

Improved Cut-off

1. High accuracy

Pros 2. Runs fast

3. Performs better when there are more

1. Higher accuracy
2. Although number of RPs used for user’s
location estimation(S) is 0 , the estimation

Features similarity between map and user’s data. is possible.
1. If number of RPs used for user’s location 1. If number of RPs used for user’s location
Cons estimation(S) is 0, the estimation is estimation(S) is 0, it takes more runtime for
impossible. estimation.
1. If number of RPs used for user’s location
estimation(S) is 0, ignore data of the beacon
Improvement - of which RSSI is the lowest in the set.

Using the remaining beacons, at least more
than one RPs are chosen.
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Table, 4 Fingerprint map used in the experiment

Beacon
RP 1 2 3 4 5 6 7
1 -91 -95
2 =77 | -94
3 -93 -88
4 -98 | 75| -99
5 -90 | -97
6 %6 | -90| -9
7 -102 | -81 | -100
8 -95 | 88| -97
9 -101 | 77| -98
10 -90 | -94
11 -93 | -78 | -96
12 -97 | -91 | -94
13 -9%5 | =72 | -97
14 -102 -84 | -95
15 -94 | -87
16 -94 | 72
17 -91




Table, 5 RSSI of beacon signals received by a user’s
device

Beacon

1 2 3 4 5 6 7

Realtime

RSSI -92 | =83 | -90 | -103
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