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A Study on Development of Indoor Object Tracking System Using
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ABSTRACT

In industrial fields like big factories, efficient management of resources is critical in terms of time
and expense. So, inefficient management of resources leads to additional costs. Nevertheless, in many
cases, there is no proper system to manage resources. This study proposes a system to manage and
track large-scale resources efficiently. We attached Bluetooth 5.0 - based beacons to our target
resources to track them in real time, and by saving their transportation data we can understand flows
of resources. Also, we applied a diagonal survey method to estimate the location of beacons so we
are able to build an efficient and accurate system. As a result, We achieve 47% more accurate results
than traditional trilateration method

Key words : IoT, Smart Factory, Bluetooth, Bluetooth 5.0, Beacon, Indoor Location
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Algorithm 1. Beacon Position Estimation

for receiver_area in factory do
for beacon in receiver_area do
X = estimatePosition(beacon)
positionList[beacon].append(X)
end for
end for

for listPerBeacon in positionList do

X, = max(listPerBeacon)
sendToServer(X,,.)
end for
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<Table 1> Bluetooth 5.0 specification

Feature Bluetooth Classic ‘ Bluetooth 4.2 Bluetooth 5.0
Radio Frequency(MHz) 2400 to 2483.5
Distance (m) Up to 100 Up to 100 Up to 200
Data Rate(Mpbs) 1~3 1 2
Latency(ms) 100 6 3
Nodes/Active Slaves 7 Unlimited Unlimited
Message Size Up to 358 31 255
Power Consumption 1w 001 to 0.5 W 0.01 to 025 W
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Algorithm 2. Beacon location estimation
and database update

data = receiveData()
data.time = currentTime
beaconDataldata.macl[data.factory] = data

notUpdated = True
while notUpdated do
X = maxRssi(beaconData[data.mac])
if currentTime-X.time < threshold then
uploadData(X)
notUpdate = False
else
removeData(X)
end if
end while
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<Table 3>+
A 478

<Table 2> Experiment result of Diagonal Positioning method

Real Location | Pred. Location Error Distance(m) Real Location | Pred. Location Error Distance(m)
(a) 0, 0) (-3.09, 1.04) 3.26 (h-2) (10, 0) (11.27, -5.59) 5.73
(b) ©, 0) (-5.28, 8.07) 5.05 (-1) (-10, 0) (-14.69, -3.61) 592
(©) 0, 0) (-1.05, 4.45) 457 (i-2) (10, 0) (10.19, -1.48) 1.49
(d ©, 0 (-4.33, 1.49) 4.58 G- (-10, 0) (-9.52, 2.70) 2.75
(e) 0, 0) (-1.70, 2.92) 3.38 (G-2) (10, 0) (12.63, 7.22) 7.69
® O, 0) (-6.07, -4.56) 7.58 (k-1) (-10, 0) (-14.02, -6.50) 7.64
(g-1) (-10, 0 (-9.24, 2.63) 2.74 k-2) (10, 0) 9.02, -0.71) 1.21
(g-2) (10, 0) (13.04, -1.67) 348 -1 (-10, 0) (-7.51, -2.06) 323
(h-1) (-10, 0) (-9.75, 2.52) 253 1-2) (10, 0) (4.46, -4.02) 6.84

<Table 3> Experiment result of trilateration method

Real Location | Pred. Location Error Distance(m) Real Location | Pred. Location Error Distance(m)
(a) 0, 0) (5.28, 8.07) 9.64 (h-2) (10, 0) (13.20, -5.28) 6.18
(b) ©, 0) (-1.81, 5.46) 5.76 (-1 (-10, 0) (-7.23, 0.77) 2.87
(©) ©, 0 (0.50, 5.15) 5.17 (i-2) (10, 0) (1328, 1.57) 3.64
(d ©, 0 (-7.50, 1.19) 7.60 G- (-10, 0) (-6.32, 9.30) 10.00
(e) 0, 0) (-1.8, 0.80) 1.97 (G-2) (10, 0) (9.40, 1.31) 1.45
® ©, 0) (6.98, -5.91) 9.15 (D) (-10, 0) (-3.36, -0.15) 6.64
(g-1) (-10, 0) (-3.39, 5.00) 8.30 (k-2) (10, 0) (1.30, 7.06) 11.20
(g2) (10, 0) (12.83, 2.39) 3.70 (-1) (-10, 0) (-6.89, 3.48) 4.67
(h-1) (-10, 0) (-9.92, 8.59) 8.60 1-2) (10, 0) (625, -5.14) 6.36

71& A7 (Jeong et al,, 2018)°] 7%, 7kZ 10m, A2 10m9] YA AP oz FF B 24 L=
L17mel 3L, 71 AiEs dueFe] A9 k= 2.56molth £ A7) A4 7FE 30m, AlE 20m o] 3
A FHstE O, WASFe A9 A= 440m, AWSFE A= 94ImE UERT F A7 49

e

A34E 100mF A 2AZ W@ <Table 49 2T B9l WAY A2l oAE B AT A
HAR, T dpeld B thAEd gae] exvh o A7 24
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<Table 4> Experiment result comparison (*: result by Jeong et al., 2018)

Estimated Error Distance Experiment Space Error per space(100m?)
Diagonal Method 442 m 30m x 20m 0.73
trilateration method 941 m 30m x 20m 1.57
diagonal Methodl 117 m 10m x 10m 117
trilateration methodl 256 m 10m x 10m 2;56
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ol AHE YW yploadmold.phpE F3 dloEH|o] 20 F7}git)

A 3 FE 528 24T 79 mainjs U9 classifyByFactory() MlAEES £%3}4] classifyByFactory.php
£ Fofl tlelguo] 2o HZetth TA 2 oIy 34 HRol wie} P2l graof GUIo| =93ttt

=9 olF TEF &219 %% login_checkphpE 53 managerdgt o] AHEATE 58 ol 55 € &
2 715 AR UTh employeeddHO] AREARRD A9 23|V Jhsstth 58 555 S Wk vt
A dlolEwo] 2ol HIste] 58 H5& B H, AL AEd S8 dis) 542354 01]}‘]' =
2 o ARE FAFNA Attt o] % addschedule.phpE 3l HoJE Mo 2ol F7}gtet o] &2l
9] 74§ login_check.phpoll 4] manager@ gt o]/ A2 HEd S of v ERlE o]Fo gk ¢PA-& =9
ARl Al FRlE @A sHA Hoh
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<Fig. 8> Web system user interface

<Fig. 10>= §§ A" 9] Hlo|gmo] 2 Fxo|t}. o] HolEulo]las o Al2Hl Itk ) A28
#AHH dlo]EjHo] 2= login, mold_tracking_data, receiver_info, mold_data=Z, & 47]1¢] H o] &2 FAH ot}
QR_datar= S} AlZ=EloA AFS-H T} login H| o] &2 AHE-2Fe] A EE, mold_tracing_data H| o] &2 S8 2] o]
& % AEE, receiver_info= 572 HAE Fefatr] A FAl7lo tiF JRE, mold_data= 2 539
ARE T3 9t} HE F3Z FPo|JdE ZZ2 WL npAEH T2 WS B3| receiver_info H o] &9 F417]
HARE whol ey 4%k H|E AR wel mold_tracking_data HO| &S Ju|o]EST)

mold front

addnewmold.php

addschedule.php index.html chart himl is login rhp
checkalarm.php

nomepageZoneSearch. php classifyByFactory.php allpaging.hitmi main js check.php delete_update.php
search.php Css moldAlert php details.himl bootstrap.is login. _add php upload php
signupPage php map.html bootstrap. min js Iogin_check php view.php
tracingSerach.php bootstrap.css - moldTs html login.js Iogin_move. php viewmap.php
uploadmold php img web_ar_page.html npm.js logout php web_ar_page php

warning.php normalize.css memebrSave php
sign_up.css sign_up.php

<Fig. 9> Web system file structure

login meld_tracking_data mold_data QR_data
D wvarchar{15) STANDARD | varchar(10) H ] STANDARD wvarchar{10) ft H QR_standard warchar({50)
PW varchar(15) MNAME varchar(15) H-=====-=====- ] NAME varchar(15) QR_name varchar(50)
ROLE enum ETC varchar{10) M ] ETC varchar(10) QR_serial varchar(50)
REGIONM | varchar{10) ZOMEFROM | varchar{15) ZONE varchar{15) saveDate datetime
EMAIL varchar{30) ZONETO varchar(15) TIME timestamp
PHONE | varchar{15) SCHEDULE | timestamp CUTTIME int(10)
NAME varchar(10) ALARM varchar(1} HISTORY int(10)
DEVICE | text e H IDFROM wvarchar(20) MATERIAL wvarchar(100})
E ***** H IDTO wvarchar(20) WEIGHT wvarchar(100)
WHERETOUSE varchar(100}
receiver_info SIZE wvarchar(100}
FACTORY_NAME text x int(11)
RECEIVER_GROUP [ int(11)  p#---, ¥ int(11)
NUMBER int(11) ; BATTERY int(11)
TYPE imt(11}) i****% RECEIVER_GROUP ini{11)
x int(11) ZONE_HISTORY int(11)
Y int{11) MAC_ADDRESS text

<Fig. 10> Database structure
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