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# # 5971420821 : MAJOR COMPUTER ENGINEERING
KEYWORD: Area classification, Fingerprint, Indoor localization, Indoor localization
system, Large-scale, Wi-Fi
Teerapat Vongsuteera : Indoor Localization System for Smartphone using
Deterministic Wi-Fi Fingerprint Technique. Advisor: Assoc. Prof. KULTIDA
ROJVIBOONCHAI

Generally, fingerprint-based indoor localization works inefficiently when
deployed in a large-scale area. Furthermore, the approach can suffer from non-
coincident location problems which lead to inaccurate localization. Moreover, the
changing environment can degrade overall performance. To tackle these problems,
this research proposes an indoor localization system for smartphone using
deterministic Wi-Fi fingerprint technique. The system consists of three main parts.
The first part is area classification. It identifies an area of the user’s queries whether
they are outdoor or located in a specific building. The second part is fingerprint-
based indoor localization algorithm. It utilizes the information from the first part by
searching only the fingerprint in the specific building. Third, our missing-BSSID
detector algorithm detects the missing Basic Service Set Identifiers (BSSIDs) in the
incoming query and updates a sampling database. This part is for our system to
quickly adapt to the changing environment. According to the evaluation results,
the proposed system achieves high accuracy of area classification, indoor
localization and missing-BSSIDs detection. The area classification algorithm can
significantly reduce the overall processing time compared to the previous
work. More importantly, the missing-BSSID detector algorithm improves the overall

performance to the proposed system as well as other existing systems.

Field of Study:  Computer Engineering Student's Signature .......ccoecevvieennen

Academic Year: 2020 Advisor's Signature ..o
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Algorithm 1 Creating the List of Known BSSIDs

Input: collection of Wi-Fi scanning results sc_list
Output: known BSSIDs set bssid_set
1: Initialize bssid_set

2: foreach scinsc_list do:

3: for each bssid in sc do:
4: Add bssid to bssid_set
5: end for

6: endfor

7 return bssid=set
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Algorithm 2 Filtering the Unknown BSSIDs

Input: Wi-Fi scanning result from query sc,

known BSSIDs set from database bssid_set
Output: filtered Wi-Fi scanning result filtered_sc
1. Initialize filtered_sc

2. for each bssid in sc do:

3: if bssid is in bssid_set then
4: Add bssid to filtered_sc
5 end if

6 end for

7 return fi Itered=sc
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Algorithm 3 Fingerprinting algorithm for ExtHit

Input: top-N BSSIDs N,

collection of Wi-Fi scanning results sc_list,
building name building_name

Output: fingerprint fingerprint

1
2
3
4
5:
6.
7
8
9

10:
11:
12:
13:
14.

Initialize bssid_set
for each scanning_result in sc_list do:
Initialize county to O
for each bssid in scanning_result do:
if county is less than N then
Add 1 to county
if bssid not in bssid_set:
Add bssid to bssid_set
end if
end if
end for
end for
fingerprint « {building_name, bssid_set}
return fingerprint
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Weaesaeilevedyainuay asaunsadnguiuulansl
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= & 2 ) ' A o
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score lagayyn1sulasanwasdguialagld 2 Arasi Fsuszneulunieal top-N
BSSIDs Mgnldlunisaianeiinlieovesdyqynuazen pre-defined RSS! @alivaie
aladlaniArnduusedyyraiosninan pre-defined RSSI Aggniieeanly
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l
k
H; = maxZ{l' Si €k (10)

0, otherwise
k=1

danesfudmsunsAuInArkuuiIng1gnkanslINdaneIiun 4 Ay

Fudouvasdanasiiufie OBN) wield top-N BSSIDs Wudeyavudivesdane3iiu

wag b Adwiuaetiilouasdny1uves1ns lutuneugnelugalziionaviuy

'
a

neanasduan adaptive threshold score \iialidmsuldlugssialy

dana3iiun 4 danasnuAuinazuuuimTulugaduunluaIAIT/UaNa1ATs

Algorithm 4 Indoor/outdoor identification algorithm

Input: top-N BSSIDs N,

minimum RSSI min_rssi,
Wi-Fi scanning results from query sc,
list of fingerprints from database fp_list

Output: fingerprint score score

1
2
3
4:
5:
6
7
8
9

10:
11:
12:
13:
14.
15:

Initialize countn to O
Initialize score to 0
for each bssid in sc do:
if county is less than N then
Add 1 to county
if bssid.rssi is more than or equal to min_rssi:
for each fp in fp_list do:
if bssid in fp:
score «— score + 1
end if
end for
end if
end if
end for
return score
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Algorithm 5 Building identification algorithm

Input: top-N BSSIDs N,
Wi-Fi scanning result from query sc,
list of fingerprints from database fp_list
Output: building ID building_id

1: Initialize county to O

2:  for each fp in fp_list do:

3: Initialize fp.a to O

4:  endfor

5:  for each bssid in sc do:

6: if county is less than N then
7 Add 1 to countn

8: for each fp in fp_list do:
9: if bssid in fp:

10: Add 1 to fp.a

11: end if

12: end for

13: end if

14: end for

15: Initialize « to 0

16: for each fp in fp_list do:

17: if fp.a is more than a then
18: a — fp.a

19: building_id « fp.building_id
20: end if

21: end for

22:

return building=id

3.5) dana3iy InHit
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v

Algorithm 6 Fingerprinting algorithm for InHit

Input: top-N BSSIDs N,

collection of Wi-Fi scanning results sc_list,
floor level floor_level,
position (Xx,y)

Output fingerprint fingerprint

N RAR®NMRE

-
e

Initialize county to O
Initialize bssid_list
for each bssid in sc_list do:
if county is less than N then
Add 1 to county
Add bssid to bssid_list
end if
end for
fingerprint — {floor_level, (x, y), bssid_set}
return fingerprint
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Algorithm 7 Localization algorithm for InHit

Input: Wi-Fi scanning result sc,
pre-defined value v,
fingerprints from the database fp_list,
pre-defined value k
Output: floor level floor_level,
position position

1. foreach fpin fp_list do:

2 Initialize fp.f to O

3 for each bssidsc in sc do:

4: for each bssidsp in fp do:

5: if bssidsc equals to bssidsp:
6: if |RSSI(bssidsc) — RSSI(bssidip)| < y
7 Add 1 to fp.g

8 end if

9: end if

10: end for

11: end for

12: end for

13:

14:  Selects k fingerprints from fp_list which provided the highest B value as k_list
15: Initialize sum_position, sum_floor, sum weight to 0

16:  for each fp in k_list do:

17: Add fp.p * fp.position to sum_position

18:  Add fp.g * fp.floor to sum_floor

190 Add fp.B to sum_weight

20:  end for

21: Initialize floor_level to sum_floor / sum_weight

22: |nitialize position to sum_position / sum_weight

23: return floor_level, position
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2aNd37INYl 8 9and3NNE319 Actual missing-BSSIDs set

Algorithm 8 Creating the set of actual missing-BSSIDs

Input: list of missing-BSSIDs set MS,
list of found-BSSIDs set FS,
Output: set of actual missing-BSSIDs AMS
:Initialize AMS to {}
Initialize U_MS to {}
for each ms_i in MS do:
U MS <« U_MSunionms_ i
end for

Initialize U_FSto {}
for each fs_i in FS do:

U FS« U FSunionfs i
end for

N AR LNRE

el
= o

-
N

AMS — U _MS-U_FS
return AMS

-
w
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'— Tested with LG 5X
- - Tested with Samsung S5
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