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Classification of Bus Passengers’
Indoor/Outdoor Status Using BLE Advertising
Packets for Automated Bus OD Data Collection:

Accounting for Smartphone User Behavior*

Yoshihara Arata

Abstract

Automating the collection of bus origin-destination (OD) data, which records
where passengers board and alight, is crucial for achieving efficient bus opera-
tion services. An approach that tracks passengers by utilizing BLE advertising
packets emitted from smartphones has gained attention as a method for automat-
ically collecting bus OD data. However, BLE advertising packets from passengers’
smartphones inside the bus are mixed with those emitted from smartphones out-
side the bus, necessitating a method to distinguish between them. This approach
requires linking MAC addresses after they change to their previous addresses in
order to track smartphones with randomly changing MAC addresses. Existing
methods for classifying BLE advertising packets as inside or outside the bus in-
clude: interpreting packets with weak Received Signal Strength Indicator (RSSI)
as outside the bus based on an RSSI threshold, or interpreting packets with short
transmission times as outside the bus based on a transmission time threshold.
However, methods using RSSI require threshold adjustments tailored to the in-
vehicle environment. This research aims to improve the classification performance
of BLE advertising packets without adjusting RSSI thresholds according to the
in-vehicle environment by implementing a method that considers the behavior of

smartphone users around buses. To achieve this, we reproduced the movement of

*Master’s Thesis, Graduate School of Science and Technology, Nara Institute of Science and
Technology, January 31, 2025.
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smartphones inside and outside buses and compared the RSSI and transmission
intervals of BLE advertising packets from smartphones inside and outside buses
with data collected from existing bus routes. We propose a bus interior/exterior
classification using thresholds that consider the patterns of transmission time
and transmission intervals identified from this analysis. For evaluation, we con-
ducted classification experiments using a dataset created from BLE advertising
packets collected via sniffers from smartphones carried by test subjects moving in
an environment simulating actual bus operations. Results demonstrate that the
proposed method improves classification performance by up to 23.3% in terms
of F1 score compared to conventional methods using transmission time, without

requiring threshold adjustments for the in-vehicle environment.

Keywords:

Bluetooth, MAC Address, OD estimation, indoor positioning
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oobooooboo,gbooobooobooobo0. gbob, BLEDODOOO
OO0000O0O00DbOO0o0O0obOOoobOOoOoMACOOOODOODOODOODO.

OO00D00000, Becker U0 BLEODOODODOOOODOODODODOOOODO
00000000000000000000oDoo000 [8). i0S/macOSO OO
OO0O000O0O000O0O00bOO0O0oMACODOOODOOODDOOODOOO
Ob0. 0000000000 oobooon, NearbyO OO 50000
OO0 Handof OO DO OO0 14000000000000. 00000000 MAC
00000 Nearby/Handoff 00 0 0000000000000 OOO, MACO
O00000000000000 Nearby/Handof OOODODOOOO, 000000
gob. bboobbobboodooooooboboboo,bbobbboodgooon
goobobooobodgbbodb.boo,ogobuooobooobon. o
00000000000, Nearby/Handoff 00000000000 MACOOO
OO0000D0.000O0000,0006R3000000000DODO,MACOO
OO0000bo0boob0ooooooobooobooobogn. Kawashima O
O Becker DO ODODOO0D0O0OOODOOOODOODOODOODOODOO,BLEODODOOO
OO0O0DOoOO0o0ooO0obooobooboOoboOo MACOODOORSSIODOOO
OoOoob0. BLEOOOooOooboobooboob,oboobobobbon
O000000O000O0O00000000000D00O0DO Apple D Google O
OO00oOoDOoDbD cocoAbonoooouoooboooobouonoOobD BLEODDOO
O0000000000D000D0. COCOAD BLEODODODOODOOOODOO
D000 10000 MACOOOOOOODOOODOO,0000000 MAC
gbbbuoooobbooodgb.bbuooobbbooobobboooon



1000. 0000000000, COCOAD BLEOODOODODOOoOooOooo
OO0O00,0000MACOOOO0ODOOOODOOOODOOSROOODOOO
O000,0000000000MACOODDOOODO.ODDOORSSIODOOO

OO000,00000000MACOOODOOODOOMACOOOODOODO
oo.



gbobug 10bobbodaogbooboooobbbooooooboobod

1:
2
3
4:
5:
6
7
8
9

10:
11:
12:
13:
14:
15:
16:
17:
18:
19:

20:

21:
22:
23:
24:
25:
26:
27:
28:
29:

30:

function ADDRESS_CARRYOVER (observed_dct, noise_eliminate_addrs)

for ne <+ noise_eliminate_addrs do

o-addrs < observed_dct 0 0 000
lo_time < observed_dctine] 0000000
up_time < lo_time + extract_int
for o < o_addrs do

fst < observed_dctjfo) DO OOOOO

if lo_time < fst and fst < up_time then

addrs 0 o000

end if
end for
carryover_dct 0 {ne: addrs} 00O >ne 0000 coaddrs 00000
for co_addrs + carryover_dct[ne] do

rssi_df < |disappeared_dct[ne] O RSSI —observed_dct[co-addrs] O RSSI|
end for
min_rssi_df < minrssi_df
rssi_idr < rssi_df O minorssidf 0000000000
target_addr < carryover_dct|ne|[rssi_idz]
if min_rssiidf < rssiith and observed_dct[target.addr] D00 0000 =

observed_dctne] 0000000 then

observed_dct[target_addr] 00000 MAC OU0OOO <« observed-dctine] O

MACOOODO

else
observed_dctlne] 0000000 True OO
end if
carryover_dctlne] O 0O O
for c_key < carryover_dct 000 do
if target_addr € carryover_dct|c_key] then
carryover_dct[c_key] 00 target_addr 000
end if
end for

end for

31: end function

23 J0dooubbooooooobbod

OOooobOOobOobob obUobOobOobOOobOOobOO,0bO0DOobDODbDOD
goboobbobbbbbbbbobbbob,doooobobbbbboboo, bbb
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ODoOO0oOoooooooooooboo MACOODODOOODOODOOOoDOOOoOoo.
Oransirikul OO DO O0O00O0O0ODOOOOOO0ODOO,Wi-FiOOODODOOoOOO
gbobobooog,0bbbuooogbboboduooobboobbooooon
00000000 (9. 00000,00000000 Raspberry PiODOOOOO
gboobodoboboodbooobooobbuooobooobboooboon
OO00. 0000000DO0o0oo0oo0 MACOOOO,RSS,oooOooogoo,
OOo0oboOobOoboooboobooooobgno RSSIo-4odBmd0Ooooonon
O200,0000RSSIO-60dBmO0000O00O0OOOO00O0O00O0O0O0O0O0O
gboboggbooobogbooobobo.gbboobb,ebodbbogon
0000000000000 00,0000000000FI000 %0000
gboobooodgon.

Kawashima OO O OO O00OO0O0OO0OO0OOOO0DOODOOODOOOOOODO
ooOooboooob,o0boobbo, BLEdDbooboooooooon
0000000000000 000000O000bOoOOOooOoOO (7). 0000
O, 0000000000 MACODOOOOODOOOODOOOOSODO0OO
OO0 MACOOOODODOODO MACOOOO,s000000000 MACOO
OO00oO0bOO0oMACOODODODODO.

24 0J00000OOOOOOO

OO00O00O00oooooonO, Oransirikul OO0 OO0OO0OOOOOO0O RSSIO
gboobobouooogobobooooobobbo,gogoobobbbouooon
goobogboo,gbbboogbbuoobobooo.bb,obbooobboon
goobodb,dgbbobobdodboobbodboo,oobbodobogan
gboooboooon.

gooO,bu00ggbobbbogooobbobbooooobobooooon
gboboboooobbodo.ggbbobuogobobbuooooboboooon
O, 000000000000 000O0000DOO0O,MACODDOOODOOO
gbooboodgbbuoobboobbuoobboodgbbuoobboooboon
gboboboobouooogb,bbuooogbobbobbouooobobobbooooon
OoboO0.obobo,00MACOODOOOODOODOOobooboooD,bDOobO
gooboooobobbooooboboooobb.boooobobboooon
gbbobooogbobboooobbooodgbbbogad.

gboobo,ogobbbbuogogobbbuooognobobooooon

11



ood.ogbobgoobo,boboobooboboobobo,o0bobon
OOo0ooO0.oobo,b0o0bboo0obooobooooo,RrSSIooooooon
gboboodgbbuooobooboobbuogob.oog,uoooboboob,od0n
gboboboooogobobog,gobbobbuoooobobouooon
goboo. odd,gggoboobobodoooooobooboboooa. gob,
gbbobbuooogbbbbooooobbbboooobbbbooa,ob
gboogboboggboda,bbugobo,oboogbbooobbod.
gobobooboboodoooo,guggoboboboobooooooooon. b
OO0,00000000RSSID0O00ODOOODOODOOOODOOOOO,000
Doobodogd.
gbboooobbobogoobbod.

1. 0boboboboobooboobooboobooobg.

2. 1gggbbuogobobooobboo,bbooobbooobbooon
obobodbooobgoobob.
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3. BLEOUOUOOUOOOOoooooooooono

Ooog,3.100gobobo0oobboooo,0oogobooooobob
OOobo0oboobooboo. 32000,0000obooboboooobDOobO
Ooobooboooo. 33000, BLE0NDO0O0O0Oonooboboobonoon
00000000,00000000000000DO0 (0000 OO0)0000d
240000000000O00DOODO.

3.1 J00Oooooboooooooon

O0000, KawashimaOO OO ODOO0OOOOOOOOOO0OOOODODO
obooboo.ooboo,obbooboobobbo0obo BLEODOODOO
oooooboobog,BLEoobuoobobooboooboboboobooobon
0000000 MACODOOOOODODOODOODODODODODOOD. ODOOO
OO,0000000000000D000DOO0DO0ODOMACODOODOO
ooobobooobo,oboob BLEOODOOobooboooobobobon
OO000000DOO0OO0.0000MACOOOOOODOOO,0bDob0000d
gooboboooooob,bodggobbobbooooobobbbooooon
OO00000000b00bOo BLEOOOOOoDOOoobOooboboboobooooo
oobooooooog.

Kawashima OO OO OODOOOOOO BLEOOOOOOOODOOOOOOO
I
000000000000 [10]. 000, KawashimaOOOOOOO BLEO O
goobooouoooboboo,0ob BLEO0DOOobDOo0bbOobOobon
DoOooobodo. BLEoogooooooboooooobobooobooob,
O000i0SO Find MyOOOOO BLEOODDOOOOOOODOOOO (Find My
O0000) 0 Android O Google LLCOOOOOOOOOOOOOOO UUIDO
xFEF30 00O BLEOOOODOOOOOOOODO (xkFEF30000)00000
gubbobboobogbugbooboobboobobo.bbob,ob
OoOoo0o0Od BLEOODODOOODOOOOOOOObOOoobooD, BLEOOO,
BLEOOOOODODOOoOoooooboboo,boo0boboooboboobooon
OOo0O0b0obo0oo0b0 BLEODOOOOOOODOODOOOOOOODOODOODO.

13



3.1.1 BluetoothOOOOOO

BluetoothO O OO OOODOOOOOOODOOOO. OOOODOODOO Wi-Fi
gbooo,g0bboodagd.

o 10

o IO
e OO
e OO

Wi-FiDOOoooooo, 0dobogooooonb. 000, Bluetooth 0 OO
ooooboooog wi-Fidoooooog, oobbbooooobooon.
OO0, Wi-FiODOOO 24GHz O, 5GHz O, 60GHzOODOOOODDOOODOOO,
Bluetooth OO 24GHzOOOOOOODO.

Wi-Fi0ODOoOOOoOoooooo MACOOODOOODOO,MACODOOO
gobboobobobouodgooodo,gooobbobooboboouoooooon. b
OO0, BluetoothD MACOOODOOODOOODOODODOOODDOOOOODOOODO
O.00000000 BluetoothOODOOOOooooo.

Bluetooth O OO OOOO0DOOODOOOOODOOOO. DOOOOODOOO
Bluetooth ClassicU OO0, 00000000000, 0000000000, 0O
ooobbooooooooboobboobbboooooooob. bbb, BLEO
Bluetooth Classic D0 00O O00O0O0O0OO0OOOODOO,000000000O
DoOoobooobooboobbooobo. bb,0bbo0bg 2000 300m
000000000000 [11).

3.1.2 BLEOOUODOOOOOOOOOO

goboboobgboboooooooboooob,oboobobooobon
gboogboodgoodgoodo. bogbuoobooboobooboboob, o
gbobobobouooodgbobbboodg,gbbbbduooobbbbbooodoaon
gboooog.

BLEOOOOODOOODOOOOD 24GHz2O000, 2402MHz 0 O 2480MHz
D40000000000,0000000000 2MHzOOO. 2402MHz, 2426MHz,
20MHz 0 00000000 OOO, 00000000000 0DO00DO0O. O
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OOooooo3b0b0b0 wi-rFiooooooooooooooo,oooon
gobobbboboboobbboooduad. bbb, gobobbbbbb30n
gbobobobouooogobobobooooo,bbbuooobbobobbooooon
gboobuoogooboboooooboo.
BLEOOOUODOOOOOOOOooOO,0b0ob0ob BLEOODOODOoOooDoOooo
000000000000000000 (D0O000)0000o0Do0oood
gobobooob. bbbobouoooooobbbo,bbbobbbooduoooon
googbogoobooa,bogbogboobb.ogbobbooboooobooan
gbooobog.goboboooobbbooooobboon.

e JOOODOOD: BLEODUODODODLDOODOODOODDLOODOODOD.

e JOOOUDOOD:DODODLODLOOODL PDU TypeOODOOOO
gbooogdgbo,0gboogbbooobbuooboboobooonobooogn
gboogob.ogobuogbogbbogbobobooboobobbogn
obhooobo. booboboobboobboooboobbooobon
gbooboooogn.

00000000000 Bluetooth Special Interest Group (Bluetooth SIG) O
00000000000000 [12]000. 010BLEODOOOOOOOOO
gboobod. gbbbougooogbbobboooooobbb. oooon
gbooboogogboboboogd.

gbobogd Oobbooobobluoobbooobbbuooobboodon
O.0bogdgb,ggoboggbbogbboob,oobbuooobboon
Ooooooobooboobo. ooooooboooboo 1IMEzOO 1000,00
O2MHzOO 2000000.

gbooodbbod oobbuoobuooobboobboobboobboob
ooboooboob400b00b0bO0obDbO.0booboobooboobon
000000 (0x8E89BED6) DO DO OO O.

PDU 000000 DOOOOO0OOODOOOODOOOOOLD2000,0000O
o000 1im2s000000000000. PDUODOOODOO, 0000000
OO00000D00D040000 PDU Type, 0ODOODOODOOOOOOOOOO
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JUFToITIL FOEATELAR | PDUAYSE — PDURABA—F CRC
(1~2/31 k) (4131k) (27N F) (1~255/31 k) (3731 F)
PDU Type RFU ChSel TxAdd RxAdd Length
(2Ewk) (1EwYR) | 1EwR) | (1IEwWR) (1Ewh) (8Ewh)

U 1: BLEODOO0DOODooboooobooooon

00 10000 Channel Selection (ChSel), 000000000000 1000
O TxAdd, 000000000000 10000 RxAdd, 00 0DO0OOD0ODOO
080000 LengthODOOOODOO. OO, RFEUODOOCOOOOOOODO 100
obobooobogob. pPDUODOODOOD,DO00D00O0DOODO0ODOO0
gboobuoooobobooooobn.

Cyclic Redundancy Check (CRC) OO0O0O0O00O030000000000
gb.booggobobuogoobbbogogoobobuoooon.

pOUODOOOOOOOOOOODODODOOO0O0O0O0O0O0OODODODOOODODO
od. ddoooooooooooooooooobobbbbobbobbbbb.
gooooboobopbvbgoboobboboooobo2000. 0b0n
0000000 MACOOOOODOO Advertiser Address (AdvA) , 000 MAC
0000000 Target Address (TargetA) OO0, 000 6000000.

O00,0000000000000000PDUDDOODODOODOOODOO
O003000.000000060000 AdvAO OD3100000000DOO
000 (AdvData) 000 . AdvDataOODOOOODOOD 4000. 000000
0000 Advertising Data Structure (AD Structure) 000000000000
O000,0000 AD Structured 00 00O O Length, AD Structure 0 0 0 0O O
00 AD Type, Advertising Data (AD Data) 0 000000 . Length, AD Type
00000000 1000000, AD Datad AD TypeOOODODODOO
goodoo.

OO0,PDUODOODOODO AD Structwre 000000, 000000i0SO0O0O0
000000000000 0000. 00, Android000000ODOOOODOO
0000000000000 00DO000. 000, Android0000D0OODOO
gog320duuoooobobobouooad.
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AdvA
(6731 1)

TargetA
(6731 F)

U2 0000000000PDUODOOODO

AdvA
(6751 1)

AdvData
(0~31/34F)

03 00bogbooboopbubogonOg

AD Structure 1 | AD Structure 2 AD Structure N

Length
(1781F)

AD Type
(1734F)

AD Data
(Length—1/3AF)

0 4: AdvDataO O OO OO0

3.1.3 OSOUO0O AD Structure 0000000 ODOOOOO

AD Structure 0000 (ADType) OO0, 000000000.0000,000
OO00iOSO0000BLEODOOODODOO0O0DOODOODODO Manufacturer
Specific Data, Android 00000000 BLEDOOODOODOOOOOODO
000 Service Data OO0 00O AD Type OO OO ODOODOODOO.

3.1.4 iOSO AD Structure0 000000

iOSOD0000 PDUDDOOOOO AD Structure 000 O0O0O0OOOO, AD
Type 0O Manufacturer Specific0 0000000 5000. LengthO 1000,
AD Type 1000, Manufacturer ID 00 20 0 O, Manufacturer Data [0 Length
OO00000000D00OD0O AD TypeO Manufacturer IDOO OO0 30000
O000000000. Length AD TypeOOODDOODODOODDODODODO

17



Length AD Type: OxFF Manufacturer ID Manufacturer Data
(13 1h) (1734F) (2/31F) (Length-3/\AF)

O 5: Manufacturer Specific0 000000000

gooobood.

Manufacturer ID 0000000 0OO0OODOODOO. Apple Inc. 0000
0x004C, Nordic Semiconductor D OO0 0x0059 0 0000000000000
O00000. 0000 ID0O Bluetooth SIGO O OO OO OO, Bluetooth SIG
O Assigned Numbers[13] 0000 0O0O.

Manufacturer Data 0000000000, 000000000000O00O0O
DOodoooooood.

OO0O0O00O0o0ioSOoboboboon, NewrbyOODOOD BLEODOODOD
0000000 (NearbyOUODOD)O Find MyOOOQOQOQOOOO. 00000
BLEOOODODOOOOODOODOOoOoDbooobOooDo.

3.1.5 NearbyUUO OOOODOODO

Nearby OO0 OO0 Apple00D00D0O0O0O0OODOO Continuity 000000
O00000000000. Apple0 0000000000 BLEODODODOOO
O0D0DO00O00O0DOOo,ioS1ntb0b0b0obD. oboboDpoooobobOooDoon
0000000000, MartinO [40000000000000O00C0OOOO0O
O00000000D0000000000. 0000 NeartbyODODOODOO
0000000000, 00000000DO0000O00O0O0oDOon.

iOS 10/11 0 0 macOS High Sierra
e 30U UOOOUOOUOLOLODLDODODLODLDbDOO

e JODOODOOODOODOO

18



Location | Action
Sharing Code Variable Length Data
(Ak) | (134h)

Type Length
(2/314K) (2734F)

O 6: Nearby OO O OOOOOODOO

iOS 1200 macOS Mojave OO
e DI OOOIOOODUOODOODOOOOODO

- BLEOUOOOOODOOODOOO0OO
—pgbboogoboboood
- macOSOO0O, 0000000000

e JO 2000000000000

00, Manufacturer Data OO 0O 0O0000 6000000000, TypeO
Nearby OO OODODO0O 0x10000000DODO. Location Sharing0 0000 O
oOooodobobooobbooobooobobooobboooobbooooo,
Action Code 0000000 Apple0 0000000 ODOOODOODOODOOOO
ooooooo.

3.1.6 Find My oooonoono

Find My O Apple 00000000 ODOOOOOOODO 201900 i0S 13,
macOS 10.15, watchOS6 0 00000 . OO0O0O0O0O00000O0OCOODODO Apple
ooboooboooooobogooobooooo. FindMyOoooooog,
goobooggooog.

Lost Device 00O 0O0O0O0O0O0ODOODOOOOOO.ODODOOOOOOODOO
D000 BLEODODOODOOOOOOODO. 1s000b00boobobooonb,?
OO000 BLEOOOOOOODOOOOOOOOODOO.

Finder Device GPSOUOOOOOO iPhone O iPad. 0 O 0O 0O Lost Device O
oottt uobuobuobuobuoboo.
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AdvA Length AD Type(OxFF) Company ID(0x004C) AD Data

Ob11 PAN: Type Length Status DNBERUSIN | ABRE Y Hint
(EfB2Ewk) | (5731 R+6E W) (181F) A%ED) ALY (22731 F) (2Ewh) (1734k)

O 7 FndMyOOOOOOGOOOGOoO

Owner Device 00O Apple IDODOOODODODODOOO. macOSO i0OSO
Find MyOOOOQOOOOOOOO,000000000000DO000DO00ODO
ooogo.

Heinrich O [15]0 Find MyO O OO OO0O0OO0O0O0O0OO0O0OO0OO0O0O0OOOOOOO
000000000000, 00000000 Find MyO PDUODDOOOOOO
000, Typed Find MyOOOGOGOQOO ox1200000000. statusd 00O
O0000o0o00ooooooood,HntOOD oo ox00O0O00OO0O0DOO0O0d
O00000000odbD. FindMyOOoooooooo 28000000, 000
00000000000 AdvDataDOOODOOODODOOODODO, 000000
OO0O000OO000O0. 00b000boo0bD,AdvAd0 6000000 BLEOODO
OO00D0000000ODOO00000200000000000000000. 0O
00220000 20000 Manufacturer Data 0 0 OO0 00O 0.

3.2 BLEUUOUDUODODUOOoOoooooooooooboooooboo
gooobbuooouoobuoooooon

Doboo,0bo000booooobboooobbbooobb BLEDOO
O000000C00OD0D0O0O0O00O00O00C0O0O0ODOOOOO, iPhone/Android O
oohoobooooboboodo BLEoooooooooooooobooo, oo,
goboboobooboboodddo. oo, goooobobobobboddooooooo
00000 BLEOODOOODODOOOOOOOOoobooooboooboon
gbooo,g0boboogaobo.

3.2.1 0000

ODO0O00D00O00O0O Raspberry Pi 4 Model B 0 Raspberry Pi 5 00 TP-Link
O Bluetooth 4.0 00 USBOOODO UB4000 BLEOOOODOOOOODOOODOO
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0000000000000, BLEOODODODOOODODooooooooboooo
OO0D0D0D000000000D0O0DO00D00,000000000 pcapO0oaon
O000.000000000000D000 hcitool version 5.66 [ btmon version
5660 0000. iPhone3 0, Android 0000000 3000000000O. O
o000 OoSOo000dooDoooooooooo300on.
oSOddDbhOoOobn,b00bDo0o0oDbOo0boDbOOoOoDO. ooo,b00 oSO
O0000o00ooooooo,oSudooobooooooooooooon
OO000. 000000, 00b000d0b0ddooooDoooooooooon
00 iPhone0 0 iCloud D 0000, Android0 00000000 Googled OO
00000000000, 323000000, 000000000000000
O000000,00001000000000D0000000O. 3240000
OO0, 0000000000 1/mO0000000O00OOOOOOOO0O, 300
0000000000000 0. o00,0800000000000000OAO
000000000000 bO000DO,00b0000b0O000b000 BLEOOO
000000000000 0oooooooobooooo. 3250000010,
O000000 mOsS4mO00 06mOO0O0O0O0O0D0ODOOO0O0OOOOOOO
O0000O0000000.000,3.24000000,000000000000
0000000000000 DOO0,00000000D0DO0O0D0DO BLEDDODOOO
0000000000 O00bOO00bOO00bOOo0bOO0.000bOoo0bOooDbOon
0000000000 (000000)0oooooooo oo, 00d
O000020km, 0000000000 &8mOOO, 00000000 2400

0 3: 0000 iPhone/Android 0 000000

OS 000 000 |O0D0O00odg
iPhone SE2 17.5.1
i0S iPad Pro Apple 16.7.4
iPhone 7 15.8.3
Pixel 4a Google 13
Android | AQUOS sense3 | SHARP 11
ROG Phone 5s | ASUS 13
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U8 gbbbugoobbobooobbobuoooon

O000.00,00000000000000000C0OO00OOO 8OO0
0000000000000000000000 [19]00,0000000 10m
gb,0bo00odgboembb0. DODDODDOOOO0O0OD, 00000000
OOooOoboboooooogo,RSSIOD0ooooooboboboboobD.ooo
gboobboobboobboosmuboooboobboob,bodon
OoO0ds54mdngn.

3.2.2 0000

gboogbuoobobbobooboBO2002080000000.000
gbobodgo,bogbugbobbobugobob,0bobid 9mx 9m
x 3mO04000.

3.23 ODUoO0bOOobOoobooboon

iPhone 0 Android OO O0O0OODOODOO, iPhone d O Nearby DO OO O
Find MyOO OO, Android00000000O0COO0O0O BLEOOOODOOO
gbodboboobooboobogbuodb,obgoobooboobbon
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Ooooobo,00bob1obob0boobooboobobo. 000, Find
MyOOUOOOOODOOOOOODO, iPhoned Android00O0000OOODO0O
OO00ooO0,00b00bbo0ogn,0oobog, BluetoothD OO OOOOoOoOO
4000000000000 0O0DO0O, iPhone00 Find MyO OGO OO, Android
OooboboOobooobob BLEOOooOoboooboboooboobo,obobgon
gbbooodobboboooobobod.

OOobOoboooooobooboooobooogooboon,iPhone0onogon
OO050, Android0 0000000 0OO0ODOOOOG6O0OO.

OO000000 iPhoneO0DOOD0ODOODOO NearbyDOODOO Find My O OO
OO00000o0ob0obobobob. 00, Nearby 0 00O O Bluetooth O O

04 0000:00000000

OO0 No |ODOODODODO |ODOOO | Bluetooth
1 o o o
2 X o o
3 o X o
4 o o X

O 5:iPhoned BLEOOODOUODODODOOOOOOOOODO

aogd
OO00O0O00O0 | 00 No.
iPhone 7 | iPhone SE2 | iPhone 15
oo1 o o o
og 2 X X X
Find My
Ooo0d 3 X X X
o0 4 X X X
oo1 o o o
og 2 o o o
Nearby
o0 3 o o o
o0 4 X X X
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OO0o00o00o0o0oo00oo0oooo0. oo0,FindMyOOOODOOOODOOO
00000000, 0000000D00D000. ObOoDbOoDOOoDOOoDOOobDOO
O0000000000O,0000000000DO0DO00000O0O00O00O0O
OO00oDO0DoOOoDooooo.

iPhone D Find MyO OO ODODOODODOOODOOODO,FindMyOOGOGOGO 20
O00000D0000D0000. 000 Manufacturer Datad 4000000, O
0000 Manufacturer Data 3100 00000.

Android0 0000000000000 AD TypeO Service Data (0x16) O O
OBLEOOOODOOOOOODODODOOODOOODDO. AQUOSsense30 000,
BluetoothOOOOODOOOOODOOOODODODO. AQUOSsense30 0,000
O0000000,0000000000D00.000000000, AndroidO
O000000000000000 AD TypeO Service Data (0x16) O BLE O O
0000000000000 DoO0DOdbOooooooooooooon.

Android0 0000000000 DOODOODOOOODOOO0O0O, AD Structure
OO00000Do0obDotnog. vulbOO0 OxFEF30 0O OO Bluetooth SIG O
Assigned Numbers 0 00000, Google LLCOOOODODOODODODOOOO
OO0O00D0Oo0oDbOoOooo. 04, Service DataD 0 OO0 OO PDU Type O
Scan Response 0 0000000270 00000000O0OOODOOODOOODO
O0.00000 Service DataDO0O0 10000. 0003000000000O,
0002400000000000000000.

OO0DO0bOooO0,iPhoned D000 0OO0ODOODO,0000O, BluetoothO O
O, Android 000000000, 0000, BluetoothODODOOOOOOOOO
000000000 BLEODODODODOOOOODOODODOODOODOODOODOOO
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OO00000 2BLEOODOOODOODOOOOOO MACOODOOODOOOO

Require: maclist: MACOOOOOODODO, datadict: MACOOODODODODO
OO0000,0SO000, bus_timetable: O OO0 OO

Ensure: mac_results: MACOOOOOOODOOOOOOOOO

1: mac_results < {} >0000000000000

2: for mac € mac_list do

3: mac_resultsimac] < “0 07

4: appearance_time < GetAppearanceTime(mac)

5: if appearance_time > 600 then 00001000

6: detection_period < GetDetectionPeriod(mac)

7: is_at_stop <— CheckBusStopTime(detection_period, bus_timetable)

8: if not is_at_stop then >O0O0002000

9: os_type < GetOSType(mac)

10: if os_type = Android then

11: mac_resultsimac] < “0 07

12: else if os_type = iOS then

13: packet_intervals < GetPacketIntervals(mac)

14: if median(packet_intervals) < 15 0
Amax(packet_intervals) > 15 O then

15: mac_resultsimac] < “007 >0000 3000 (10SO0)

16: end if

17: end if

18: end if

19: end if

20: end for

21: return mac_results

OoOo0oo0oobobo1be0Db00O0.00D0OOO,10000 MACODOOO
gobboobobooooooooobboobb. bo,bbouodoooooon
gbo,0bodgogbbbbogogobobbbouoooboboobbooooon
ooOoooooo. oobobog, Find MyOOoobooooooDboo 10
ODO000O0O00MACOOOODOOOODODOOOOO. OO0, Android O
BLEODODOODOODOODODOODOOOODODODODO Find My onoono
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gboobog 30bobooogon

Require: detection_period: O 0O O O, bus_timetable: OO0 O OOO0OOOOOO,
O0o0D0oooad
Ensure: isatstop: 0000000 0OD0OOO0O0OOOOO0O
1: is_at_stop < False
2: for (arrival_time, departure_time) € bus_timetable do
3: window _start < arrival time - 10 O
window_end < departure_time + 10 0

4
5: if window_start < detection_period < window_end then
6 is_at_stop < True

7

break
8: end if
9: end for

10: return is_at_stop
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OOoboobobobobooob,0b0bobooboobuoboobO. Kawashima O
000000000 FI0000000000,10S0 1.5%, Android O 0.2%0 O
gobbooboboooooooobo. bbb, bbbbbbodoooooon
O000000000.00,00000RSSIOOOOODODOO0ODO Oransirikul
00000 F1IOO0ODDODO0OO0O0O000,i1080 8.3%, Android 0 0.3%0 0000
gobbobobobououogo. ogobobbobbboudo,goooooon
O00000000000,0000O0S000000000W%CO0000,0
O Android0000O0O0O0OCODOODO.

6.3 UOODOOOOOOoOooooDg

OoooooooboobooboooooooboobooboobooogoD
gobo.o0bodggsgobbboogoobobbooooobobobuoooon
obooopoOoOOoO,b0o0bo0oobooboOoobo.ooobboboooooDOon
OO0, Kawashima OO DO OOOOOOOODOOOOOODOOODOOODOODOO
gbbobuoooobbooogboboboooobbbuoo.bbbboooon
gbobobobouooogobobbiodoooo 40, dobobuodoooon
goooooooobsbogog.

gbodbgbodbooboobboobodbuoobbobbogbad.
gboboooobooboboooobobod.

026 00BO0OD0ODO0OMACOODODODOODODOOOODODOODOOOO

ooof
gogd (gboo | Figod
i0S 100.0% | 99.6% 99.8%
Android | 100.0% | 96.3% 98.1%
i0S 98.9% | 100.0% 99.5%
Android | 89.1% | 100.0% 94.2%
iOS 81.4% | 100.0% 89.7%
Android | 88.1% | 100.0% 93.7%
iOS 83.9% | 100.0% 91.2%
Android | 88.4% | 100.0% 93.9%

HRN (0N

Oransirikul 0 (0O0O0O00O0O)

Oransirikul 0 (0O0O0O00O0O)

Kawashima O

gooo
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e RSSIth: 00 DOODOOOOOOODOORSSIODOD. MACODOODOOO
0000, RSSIDOOOOOOOOOOOODOOOOOOOOOOO.
Kawashima 0000000000 15dBmO000. 000, RSSIOO OO
000000000000000000000000000000000
0oo,0000.

e extract_int: MACOUOUODODOOOODDODOOOODOOOOODOOOOD
MACODODODOOOOODOOODODOODODOOO. FindMyOQOQOQoOGOoOO
150, Android0 0000000 BLEOOOOODOOOODOOOOOO
100040ag.

e timetableint: D0 D000 DO0OO00OOOOOOOOOOOOOO. ODODO
gboobobbouoooobbbooooob,bbbo3uobbobougn
Oo0000DOOo0o00obooO0oOoMACOOODOOO,0000boobOoO
OO00OO0bOobo0oo0ob0 MACOODODODOOO.

0000000000000 00000000000000, 0270000
0000,000,Fl0000000000,000,Fl000000. OO,
Oransirikul 00000 RSSIDOODO0OO0OOOOOOOOOOO. 0000
000,802000000000000, Oransirikul 00000000000
000000000000,0000000000000.000,000000
0000000000000000009%0000000,00000000
0000.1403000000000000,0000000000000000
00000. 00000, Oransirikll 000 0000000000000000
00000000.170370000000000000000 Oransirikul O O
000000,00000000, KawashimaJOOOOOOOOOODOOOO,
O00000000000O000. 000,0000000000000000
0000,000000000F100000000000000000. 000
000,0000000000000,000D000000000000000
oooooooooo.
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000000 40000000000000000000 (Find My/0xFEF3)

Require: observed_dct, noise_eliminate_addrs, device_type
1: if device_type = iOS then

2: extract_int < 15

3: else

4: extract_int <— 10

5: end if

6: for ne € noise_eliminate_addrs do

T o_addrs < observed_dct 0O OO ODO0O

8: lo_time < observed_dctine] DO O 00O

9: up_time < lo_time + extract_int

10: for o € o._addrs do

11: fst «+ observed_dctlo] 00000

12: if lo_time < fst A fst < up_time then

13: addrs 0 o OO 0O

14: end if

15: end for

16: carryover_dct 0 {ne: addrs} 00O

17: for co_addrs € carryover_dct[ne] do

18: rssi_df «+ |disappeared_dct[ne].RSST — observed_dct[co_addrs].RSSI|
19: end for

20: min_rssi-df < min(rssi_df)

21: rssisidx < rssidf 0 minrssidf 0000000
22: target_addr « carryover_dct[ne][rssi_idx]

23: if min_rssi_df < rssi_th then

24: target_addr 0 0 MACOO OO <« neld MAC
25: else

26: observed_dctne] 000000 <« True
27: end if
28: carryover_.dct 00 ne 00O
29: for c_key € carryover_dct.keys() do
30: if target_addr € carryover_dct[c_key] then
31: ckey O target_addr 0 0O O
32: end if
33: end for
34: end for

> Android
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OO000bO0O sO0bO000O0OODOODOOD

Require: passenger_data, timetable_int

NN DN DNNDDNDDNIDNRFRRRFR B R~ B P B & &=
S B S A T Tl - o e BT A e e

Variables:
od_data: bus_stop_list x busstop list 0 20000 (DODOD 0000O0O)
busstoplist «+~ 000000000000 (1000)
bus_schedule list +~ OO0 0O O00O00OO0OOOOOOOOO
ids < passenger_data 0 0 00O ID
for id € ids do
fst < passenger datafid 0000000
Ist < passenger_data[id] 0000000
for stop € bus_schedule_list do
arrival_time <— stop D O OO0
departure_time < stop 00000
if (arrival_time - timetable_int) < fst A fst < departure_time then
originidx < stop DO OO O0O0O
o_stop « bus_stop_list[origin_idx]
for dest_stop € bus_schedule_list[origin_idx+1:] do
d_arrival_time < dest stop OO0 O OO
d_departure_time < dest_stop 0O 0O 00O
if d-arrival_time < Ist A Ist < (d-departure_time + timetable_int) then
destination_idx < dest_stop 0O 00000
d_stop + bus_stop_list[destination_idx]
od_datalo_stop][d_stop] + od_data[o_stop][d_stop] + 1
break
end if
end for
end if
end for
: end for
: return od_data
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O27.0000O0Ob0O0Ob0Oob0O
00 0 goog
Ood (goo | F1ooon
8:25 | 54.5% | 60.0% 57.1%
Oransizikul O 14:30 | 10.5% | 66.7% 18.2%
17:37 | 22.9% | 53.3% 32.0%
00 | 28.9% | 57.9% 38.6%
8:25 | 50.0% | 61.1% 55.0%
Kawashima O 14:30 | 10.5% | 33.3% 16.0%
17:37 | 31.4% | 61.1% 41.5%
00 | 31.6% | 57.1% 40.8%
8:25 | 40.9% | 90.0% 56.3%
14:30 | 10.5% | 40.0% 16.7%
goon
17:37 | 34.3% | 63.2% 44.4%
00 | 30.3% | 67.6% 41.7%
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7. OO

Dooo,7100b0e0b0b0Ob0O0bODbODLODODUOLODbOODbObLODO
gooobobobbobbo. 7200060000000 000000000O00ODO0OO
oboooboooboboobb. v3obboooboobboobboon
oboboooboob. 740000000 BLEOODODOOOOODOOODOOO
crRCOODOOOOOOOOOobDOobDOobDOobOoDbOoDb.7s0b0e6e0nOnO
OO00oobbOoboobooobOoboooooboobobooboobOo. re0OO
gooboooooooo.

71 Jooooooooboboboooobootboouoooa

goobobobobbobobobooooa,bbooobooboobbbb,0obobn
goobobooooooboobo,ggobobobbooooobbbbooooon
gobbobobbo. bdgooodgobobbbbbboudoooodo,oooon
O00000000RSSIDOOO0OOOOODOOOOOODO. 00 A/BOODOOO
000 RSSIDOOOOOODO,O 30,38,40000000000/0000 RSSI
000000/000000000000. 000000000 MACODOOOO
goobobgboooboboooobobobooobobooboobobon
gboudb,gbboobugboobobuodoboobbooboboo,uon
0000000000 BLEODOOOOOODOOOOOODOOOOA/BOOOO
gbobobbouooogobobobooooobobboooono,bbbouooon
gooboooobboboooa.

72 JUo0ooooooobbobooobooboooood

OOoO0ooOooiostodb, Android0000000OO0ODOODOOODO,DO
gooodbboobboooboboobboobbooobooobboon
gobbooo. boo,bbudgooooobobbbbbbodgoooooon
OO00o0O0O000.000,0b0ggoboobooooooooo MACODDOOOO
gobboobobooooooooo. bbb, bbbbboodoooooon
googbobooo,obugbooobuooboobbooboboo,oon
ODoOO00ooOOo0ooooOoooboooOooooooooooo MACOOODDOOO
gbobobouoodgob,bbodogobbbboduooobobbbooooon
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gbooboobooboobooboobobobboobooboo,bob
gobbobobbououoooooobobbbbbbood. o0, 000oon
gbooboodgbbuooobboobbuoboboobboobbuooobboon
O.o0ogd,bgdgbbugoboogbbog,boobbuooobbodan
00000000000 bO00bO0 MACOODOODODO,b0obDOob0O0ob0OoO
ODOoO00O0o00O0. oobO,00BOOOODOODOOMACODODDOODOO
gbobobuoooobobooooobbod.

721 JO00OOo0ooooooobobobooboobooobg

gbogbogbogboogboobuogboobogboobooboob,
OO0 A0O00OO0ODOO0OO0OOODOODOODOODOOOO,00b0000,00000
ooooboooobo. b20000,0000000000000,00000
gbooodgbo,dgbbugobooobbuoobboogbba.obb,on
MACOOODOOODOOOOODO 13840,00002.100000. 000
gobo,bodgoobbobbdoooobbbooooobobboooon
Ooooobog.d2e000000000000000DOO0OO0OO0DOODOOO
OO000OO000O00o0O0,0b0b0 MACOOODOOODOODDOODDOODDOO
OO0000000. OODOO0OMACOOUODODODOODOOD MACODOO
gboboboogoob leo0d,0bod 200000, d02900000000n
goobobgboooboboooobobobooobobobooobobon
gbbobboooodgbbb,boogobbbbuooobobbbbooogoon
ODO000O00DOO0oO0bO. ObobMACOOOOOOOOOOOOODO 800,00
gb4.000000.

gooboboooooboboooo,bbobbooooobobobbooooon
oobooobbbooobb. bboooooboboog,s200bbo0odn
3smO0000. 000,00 A0D0CO0O0O0ODOOOOOOO0OMODOOO,
gbobh200000000000.0boo,00bbooobooba,bboogn
goboboooobbbo.oggbbobuoooobbbuooooboboooon
oobooobobooo,0bboobbuoo,oobbooobboobboon
go.
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722 0J000O0OO0OO0OOO0ODOOO0ODOO

OO0 AQ0O0ODOOOOO0OOOCOO0OODOOOODOOOOMACODOO
0,00 BOOD0O0O0O0OOOOODOOOOOODO MACOOUODOO, Kawashima
goobbouooooobobobooooobb,boogooboobbbouooon
ODO0O0O00ooD.0o0boo0o0ooooboobo0ooooooD,000o0nD MACO
gbobobobouooodgbobbobooog,bbbbuooobobbbbouooon
OO0o00000oooOo0oO00.ogoO,0o0ooMACOOODODODOOOO
gbobobbuogoobbobbuooguobobbuooobobb,buooon
oobobobobobobobobobobobooboboobooooooon.

OO0, Oransirikul O OO0 00000000, RSSIDOOOO0OOOOOOOO
gbobobouooogbobobobo,gogobbobbuooobobobbooooon
goboooobobod. doogodgo,ggobbobobbbododoooooon
O0000,000000000O000DOO00DbO0ObD. OD00MACODOODO
ODOo00O0o0oO0ooo0ooooooOobo,bo0obo0 MACOOODDOODOO
gbbobuoooobbbooodgbbobuoooobbbuoobobbo.ooon
OO0000,000000000MACO0O0ODOOOOODOOOOODO,OO
gooboogooboboood.

723 00BOOODOMACOOODOOOODOOODOODODODOOO

O0BOOOOOODODO FindMyOOOO,xFEF30ODOOO MACODOO
OoOo0ooboooobobooobogob. bboO00 KawashimaOD OO OO
gooooo,b0bobboddoooooobobbobbbu0. boooooo
D000, KawashimaOOOOOOOODOOOOOO MACOOOOOOOOO
000, Fnd MyOOOOOOOOOODOOODOO MACOOOODOODOO
O0O0000.00000MACOODODOOODOOO42000.0000000
oooboooobo,obo0boboboobooo BLEODODOODODOO
Ooboooobooboooooobob.bob0, 000000000 BLEO
oooboboobbooboobobob,04200b00b0oboobobon
O0O00000000D0O0O00 MACOOODOODOO MACOODOOODOO
OO00bO0boobooooobOon. oxFEF3000D00ODO Kawashima OO OO
OOo0oboOobobobobo0oboob0. oboboboboobobd Kawashima O
ODO0O0O0OoooooboMACODDODOOOOOOODO,00MACOOOOO
gbobodeobbood,buogdgobbuoooboboboooobba. ogn
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‘ MAC addr: e6:81:45:0a:50:08
—201 e Departure
| | Arrival

RSSI (dBm)

: . .
i i . P i

PPN pamn e o T B M o e Norrtstep & et Wi s
i | i
i i

N > o A®
N
Time

042 000000000000000DO0OOCOCOOO0O00O0O000OOO0O (O
O B)

O0000OxFEF3OO0OD0OO Find MyOOOOOooooooooooooono
OD0000, Kawashima OO ODODOOODODOOODOO. OO0DO,00000000
O0000b0o00o0ooboo oooboooboo,oboo0bbooobboon
000000000 DO00000O0DbOO0bO0OO0o0OO0ooODMACODODOODOOO
O, 000000000000 b0o0b0o0b0oob0oob0oooDoooDbOon
ood.

O0,00000 OransirikulO00000DO0O00ODOO, Oransirikul 00000
00000000000 00D000. 00DbOO0o0oDbOo0oDbOgdd, Oransirikul 00
00000000000 DO MACOOODDOODOODODOD,00000000
Oo00b0o0ooooobobOooooboboooooboooooobooon
0000000000 oobOoobOo0obo0.0oooooooboooDoon
0000000000000 000D0O00ODObOOoO0DbOOoO0,00b000DDbOO0
ooodoboboobboooboobbooobUoob. boobooobo,on
000000000 MACODODOO,0000000D00D00D00D00D00OO
0000000000000 ooobOo0ooDbo0obOooobDOoOnD BLEOO
O000000DOO0DO0OO0 MACOOODODODODODOOD.ODOO,0000000
OO0D0D00MACODODOODODOODOOODOOD.D43,44000 BOO
O0MACOOODOOD,000000D00000000D0O00DO00. Find My
OO0O00bO0o0obOooboobooo,boobooboobooooooooboon
000000000000, 0000000000b000b000D0oOOoDDOon
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MAC addr: e6:81:44:0a:50:08
—20/ I s Departure
Arrival

RSSI (dBm)

Time
043: 000 BLEOOOOOODOODOOOOOOOOOOO MACOOOO (O
0 B)

OOoboooooooboo0o. Find MyOoooooooooooooooOo
goooo,ouoooooouooood. gud, oooooboobibobn
MACOODODOOOODOODOODOODO.

o ¢6:81:45:0a:70:08

€6:81:45:0e:50:08

€6:81:44:0a:50:08

£6:81:45:0a:50:08

€6:81:45:0a:56:08

e ¢6:81:45:0a:5¢:08

ODOo0obOOooooooOo,obo0MACOOOODOOODOOODOODOODOO
Oob0.0bobob,b0obobo0ooobobooboobDob0ob0bO0obO Find
MyOOOOOOOOOODO. OO,000000000,00000 MACOO
Oooboboooobobuoooobo.bobuob FindMyOooooono
OO000000O0o00obooO0obobOOobobOooboooobo, MACODODOODOODO
OO0,MACODOOODOOOOOOO,00b0000bDbo0oDoboOon.
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‘ MAC addr: €6:81:45:0a:70:08
201 fffff Departure
Arrival

RSSI (dBm)

Time

044: 000 BLEOOOOOOOOOOOOOOOOOOO MACODOOO (O
O B)

73 Juoooooonobon

000000000000,00 A/BOOOOOODOOOOOOOOOOOO
obooboobooboo. bboobbooboobobooobooobo,on
BOOODODOOOO MACOODODOODO RSSIOOOOOO, Oransirikul O O
OOoboobooooooboobo.boboo,RrSSIoD0oooooboooonDoon
gobboboouogooooobbooobo. oo, bbboddgoogn
gooboboooobbobbooooobobooo,gbobbbbooooon
gbooodgbboodo.bog,boogbboobbo,bbuooobbodab
OO0 Orasirikul OO DOODO0ODOODOODOODOODOOOOOOOOO. OOOOO
O, 0000000000000 00b0g,RrRSSIc00oooooboboon
goobooooo.

74 D0O00O0OO0OOO0OODOcCRCOUOObODbDOoOooobO

ODO0O0O0O0O0OO0MACOODODODDOOD,00000O0OoOooOooODOCObOOO
gooboooooo,bbbogooobbobbdooooboobbbooooon
OoO000o0O.0o000,00000o0oo0oobo crRCcopboooooooboOoog
gb,bbuooooobbbbduogobbbbuooooobbbbouooon
OOoooobooboooobooobbooobbooobobo. cRCcoooooon BLE
gbobobbuooooobobbuooguboboooooobobobboooa,on
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o
=)

- CRCOK + CRCError
———— Departure -20 ----- Departure
Arrival Arrival

|
N
o

RSSI (dBm)
I
IS
S
RSSI (dBm)

-60 —60

Time Time

() CRCOOOO0O00O0O00O0O0O0O0O (b)CRCOODOOOOO0O0O000O Find
Find My 000 O MyOQOOO

0 0
- CRCOK + CRC Error
-20{ Departure 204 Departure
Arrival Arrival

|
EN
=]

|
N
o

|
o
=}

RSSI (dBm)
|
o
S

RSSI (dBm)

sTh | nak aaradslRal.iRza
2 :‘.-:_‘\w';n-,-,,’-,-.-'e-

PEERLN PV

|
©
=]

|
©
=]

—-100 N A ~ o -100 N
) 5 » &S ) o

Na Na N N N
Time Time

(a) CRCOOOOOOOOOOOOOOD (bh)CRCOOOODOOODOODOODOOO 16
160000 oood

ODoOO0O0O00OcCRCOODOOOODO.ObOcCcRCObDOOoOoOoDooooDooboOoog
OOo0oooOo,0040 CRCOODOOOOO BLEODODUODODODOODODOOO
OCRCODODODOODOOODOBLEOOOODODOOOODOODOODOO 45a,
45b 0, 0000 CRCOODOODOODO BLEODODOODODOOOOOOODODO CRC
OO000bO00000BLEODOOOODOOODOODLOOOODOOD 46a, 46b O
O0. 00,0040 Find MyOQOUOQo, 0000 16000000000DO,
BLEOOOODOOODOOOoOOoooboooboboobooboooboobo. oo
D000 cCRCOOOOOODODOOOODOoDbD,bb00oboOobOo crRCcOoOonO
O000 BLEOODOOOOOOOobOOoobooobobooobooooo. O
O,00000000000000000,0000000,0000000 CRC
gbobobbouogod. ggogbb 28000, bogoobbobboo,oon
gbobobobouooooobobobooooobobbuooogob,bbuooon
0000, 1% 0000 CRCOODO00ODODODOO00O0DO0ODODDODOO0OODOOOO
ODoOO0O00,RSSIOCO0000DOOO0O00O0DOOOO00oDoOoOoOooDooOg
OO0oO0booO.crRCOoboogoooRSSIDO0OODOoOoOooooDonoO
O000000. 00, Signal-Noise Ratio (SNR) OO0 000000 ,00000
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CRCOOOODOoOOoooooooboooo.

75 D0ODODOUOOOOOOODbOOUODbObOOoUOobDDbDOn

OooboboobOoboboOooooobO,0o0ob0obobo,000OoD F1O
ODoo0oobOo0ooooo0ooooooooooo. oo, MACODODDOO

U 28 000000bboogobbn

gooo
o000 |0000oo0g (cRCcobpoobogno |[crRCcooboO
g1l 378 1 0.26%
g 2 905 2 0.22%
ud 3 376 2 0.53%
oo 4 1595 1 0.06%
g s 1612 1 0.06%
ggo1 104 2 1.92%
oo 2 1313 6 0.46%

gooo
g1l 391 2 0.51%
gg 2 1131 2 0.18%
go 3 496 0 0.00%
oo 4 1579 1 0.06%
g b 1582 1 0.06%
ggo1 162 3 1.23%
oo 2 1284 2 0.16%

gooo
oo1 429 0 0.00%
oo 2 1154 0 0.00%
oo 3 529 0 0.00%
oo 4 1602 1 0.06%
g b 1623 1 0.06%
ggo1 141 3 2.13%
gog 2 1257 18 1.43%
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MAC addr: d9:c8:36:66:61:9¢c
fffff Departure
Arrival

RSSI (dBm)
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047 00000COODOOOODOOODOOODOOO

gbobobobouooooobbo,buoooobobobooooobbobbuooon
gboogboodgbodgbouogbogboogbog. bog,ugobogoboon
OO0bO00O0O00O0obO0bO0ooooo MACOOODODODODO oObDhOoOO
OO000000000000. KawashimaOOOOOOOOOOOOOOODOO
go,dbbgdgbobobodgbouoogobuoobbuoobboobboob, o
O00000D0O0OO00MACOODOOOOD47000.000000O000O0O
g, ggbodbouogbboob,0bogbuooboobboobuooboon
O.000000000D00C0000,000000O0Do0 MACODODOOOO
goboO,0bbobbooooogobobbobbbouoooo. oooob
oooooo,0oobb0dboooobooboobboooboo.oboooOo, o
gbobobbuogogoboobooooobobbuooa,obbbbuooon
oooobog.

b0, dddodododddoob,doooooooooooobb
Ooooboobobooboobobooboooooobobo.obobooo
OOoboOoboobo,oooboobuobobbooboooOobob 48000, 0
00000000 FindMyOOGOQoOOoooooOo 20000,0000 1500
ooboob,00b0bb0o0110g00oobobbooobbbd BLEOOO
gbbobuooobobbooogbobuoooobbbu.gobbboooon
obobobobooobooobooobooboobOg,FindMyO oo
g,0bbodgoobbobodoooo,bbboogoobob.bbbo,0o00on
ooobobooboboobobooobob,bbobooboboboob,
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MAC addr: f4:b6:db:79:16:9¢
MAC addr: d5:4f:83:23:fb:e4
----- Departure
----- Arrival

| |
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o o

RSSI (dBm)
|
o
o

_80,

—-100

N o ~ \© N o
5 5 IS KX s 4
N N ® N ® ®
Time

048 J00DoO0boOooooobbobooooooooooboDon

goboboobboodoooooobbobobbboodoo. oo, gooon
Oransirikul 0 0 O0O0O0000D0CO,00 170 3r000 00 Oransirikul 00O
Ooboooboooooboobo.ooobooboobooooooobooog,
OO0DO000O0boob0oooooobooonog, OransirikulDOO0O0OO0ODO0O
O04000000. 0000000000 Oransirikl000000OOOODOO
00, Oransirikul 0000000 Find MyOOOODOOO ODOOODOOOOO
ODOoO00OO0oooooOoo. oog,RSSIcOobooooD,0obo MACODOO
gbobooooobooboooobobod.

7.6 DOUO4Qg

Ooooobooo,crRCcUbbgooboooboooboooooboobogon
oobooobo,o0obbogoobbooo0 BLEODDOoOoooooDboo
oobobooooooobobob.0obobobobuo BLEDODOooDOoo
gobbobodbboobooobodgb,ebgoboobbooboon
oood. gbob,00bbooobooob,boobbuoobboobb BLE
gbbobuooobobbooodgbbobuoooobbbuooobobbo. oo
O,0000000000b000bo0bo0ooboooooocrCcoboooDO
go,0bodgoobbbodoooobobbooooobobbuoooon
oboobooboo,bboooboobboobboooboooboob. 0oo
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Ooboo0,00000000000 BLEOOOOOOODOOOOOOOOOO
ODO0O000ooooOoooOOo0oOoOooo,bob MACOOODODOODOOOOOoo
gbbogobbuooo,uoggbbuoggbbuooobbuooobbooon.
O0O,00 BOOOOO,00b000boboo0obgoboboobobooboo
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