TUOZALLEKR—F
CDSL Technical Report

BIEETRER D TRICED<
X BLEBEDORTICLSEENIL

=fE the AT A2 B S

BLE : GPS ZEHE FAWAMERIN & = AAADNEIEHRDEEEITD oT Hisnd 5. MEflh e g
BRMOEEIHBENZEL T2ERTH 25, FAEICH 2 EEFRER IoT #8 L@EZ2TV, ZOH0
1 BOAPMERNL L F— AAMNBHEROEEERITT 2 THEBNERNZ2E0TES. 200D
2 ToT B#E BLE O 7 FAXA X 2% v Y275, L L, @BEARER IoT #MIsH & HE 2 »itET
ZF, BLEDY RAXA X AF v Y 2FILT2HSTERY. BLE DT RAX A X 2% v VI3EHRD
339.7mW] QBN ZHET 54, HEBNHPEMUET, oT #HEOBERMIRD T 2881 H 5.
DHBEBENEHIRT 2512, TNTO IoT HisoMEEHRETRL, FHlMIED 5EEHER IoT #5H
BUZIGEU72 BLE D7 RARXA X Rx v Y DEIEZT 5. ROPINIZ A I > 7 TD IoT HEROMEER
EFRT 2512, ToT MERICHi - Ic il > ZWMD 4135, — N ETHIBS >V OfE»S AL
GPS Z s oFoh-NB L EERZFEH L, ROBIMNEZA 2V 7 TOMNEBEERE FETS. IXTD
IoT HROfMEFHRZ THIL, TRIMED &EERTRER 0T BEREEIIIG U/ BLE D7 FAAX A X2 R
Xy OEIEETS. FHliz LT, BLEDY RAZXAL XX 2% v U 2FEIELZWV ToT ## Yy, #EHARD

BLE D7 RANXA X A% v U 2AF1ET 5 IoT IR DEEB 2N S.

1. EL&HIC

=2

=

IoT #2513 A > X —% v F2NA L TEEZITTV, AOF
ZED FTIWCHBMEIS T 2B OHETH S [1). ToT B
BEHEA Y 2=y MHEHIL, VI T X2 5TF
ANELEE N, LYy psESINLT &% Y T
XA LTI TW3 [2]. Ericsson Mobility Report 2022
WEUE, EAA LRy b — 2 E2FH L IoT fes 0

GEEBUE 2021 4FIC 14.6 (D ToT MESHTFE L, 2027 I
3302 BERHEA S TFHIIATYS [3].

KE, a> Ry, FAYTEBEN 10 TALLLE, £V F
TIREBE 6 HFANDFHGEPTHAHICL > TW5 4], F
EHbDORFDETI DI, EXf LRy bU—T L
GPS pE# E N7 oT ERHEH S, FEBBTHA
Hic7z o BRI E DM B BRI T2 RS F2rD &
%%, 2D, FHOMEBERBREZLLERT 2 HIBEITR
% [5]. MEEHRIZEEZLEETDS.

i

L B TRERYE
AV a— XYL TV RS
T 192-0982 HEHER/\ L7 AH] 1404-1
2 HETRRERFRE
NAF - BWAT 4 702 —XF 4 TV RHIK
T 192-0982 HEH/\E T R 1404-1

© 2022 Cloud and Distributed Systems Laboratory

Z< D IoT &I NYy 7V —THEIL TVW3 D, &
BICIEAN Y 7V —BERFR 2 EE T 72 DI D EETH
% [6]. HBBEBNPEMT 2, Ny 7V —EREIRE A5
{72278, EREEMET 22782 LFUERS 1
W [7].

FHESF O D IoT ##81213 GPS ¥ EAXNAL L2 v b
7 —27 (4G - GSM) MR XA TV [8]. frEHINH IS
20(mA] OEFRZMH L, VEEHEEIC 240(mA] ZEH
5 [9]. ToT K& % MM T 2BoMEE, #HENDHIR
TH5. ToT HERIHEB T BRI L H— "D T — X%
BERIT25E, HEENZIEL &5 [10].

HEBEHEES T HIEL LT, BLE ZHWTRHBE®D IoT
SR Y BERITV, ZOHT 1 AD [oT MM BRI &
P = NADT = REEERITT 2 HEDH 5. DUT, HI6
RiTe WS, BIMARITOEREEEZN 112RT. OBLE
DT BARXA X%ATV, BIEAIRER IoT HERCTH 2 HE
f£9%. FFHICBLE 2% ¥ > %175. QBLE 2¥F v I
X 5T, FEFIBIZATAER 0T M Rom - =854, #
MER 24T S5 . Hehitk, HHZERDIT o 7483513 ToT #%
ROMEFRAIFREZREL, RITEBEVT5. M1 Tik
IoT #8% B 231723 5%. @RITE2 BV L ToT #
FEAY —FIBATT 5. ORIT% T 5 ToT FEdmd il
%175, GORITET 2 IoT HEs3IT2 BV L 726



TUOZALLEKR—F
CDSL Technical Report

RO EFGAE S & ALEERE b — N NEET 5.

@&RY—-7 &é’;

H—n

®RY-F
@B A O7:3H
ﬁ ﬁ
_ S _ ,
ORF v (OF & 237 ‘
(@BLE&(E N (@BLE&(E
loTHEZRA loT#25B loT#25C
1 BLE #f{3ic & 2 N7
B o

BIIARATIZE P O ToT £%25 & BLE @BEx2 1TV, (EH
ML I —=NADT = XEEOMRITEITS . ToT HERILE B
DIE(ERHERR ToT HER L BE 21T 5 729, BLE D7 K&
A R A% v RITV T HEEHT. Lo L, BHFEFE
TIXBEETRER ToT MM EFICAEE 2 »itiETE 3,
BEAIEE ToT BRI L o 25 TH BLED 7 KA
RARE A% % YEFEILETZHEPTEY, MiEH I X
ZIHBENMEMLTCLE S FELD 5.

BLE D7 RAZA X 2F v YOMBEBNZFHT 2
7oz, ToT BERIC ESP32 2 L, BiRatley 2 —1
INA219 2 L CIHEB N ZEHHIL7-. ESP32 ® BLE
DT ENRZA R 2% v Y OFREMER 1ITRT. HEE
TEHEICIX 0.5 MICEREZ FTARA, 2 7REHIZIT -
72 FERER 2 IRT.

£ 1 BLE &l
Advertise Scan Scan

interval[ms]

100 11.25 128

window[ms] | interval[ms]

275256 BLEDY FAXA XL AF ¥ Y E(ToTND
fil, 226.1[mW] 25 388.1[mW] O ZHBE L TW2. HE
BHOVEEEEUF LT, 339.7mW] 127k -7z, KR
5, BLED 7 FAZA X ¥ 2¥F % 2iF 1 I 339.7[mW]
HELTWS. MWEARER 0T HEESAEL K- 2B A TR
BLE 7 FAXA X AF v Y Z2FIET 2HNTET, 1
gz 339.7mW] HE § 2 EH 5.

BEOHE

552 ECIBEM L LT, loT ##i & BLE ZfIA L
HBROEBENICOVTIRN S, 53 HTIIARORE
ERERT 27D DFIEICOVTBNRS. HAETIIHE I H

© 2022 Cloud and Distributed Systems Laboratory

500
450
400
350

HEBESN mw]
S S R O
o o o o &
S & & & S

(@)
o
T

0 10 20 30 40 50 60
BB [s]

2 BLE D7 RARA X AF v Y DOIEEEN

o

TRE LY AT LOEEHFHER, EFREICOWVTIANR
%. 5 5 ETIXFEROFME LRI T IEIC DO WTIRN,
6 ETIHER LTI LW CHEHRz AR S, HTET
EHFEE ARRDOF L D EFTS.

2. PBEEASE

Ulrich Bareth 5%, MERMOBEEE N ZIMZ 2751k
LT, HEBHOEWGPS RO DIZ, Wi-FiD7 7+
ARA ¥ M RIEH LU IABRIN T EREANA LRy F T —
7 OEMFEREZ T 2 HEZHNMLTWS. GPS &b
HIHBEBBROD 4L, MERIGIC D2 2 R Iz,
HEBEHEMZ2HITES. LirL, GPSFEEIE 10m
PIZxf LT, Wi-Fi OFRZIERA 50 m. E A Ly
bV — 27 OFFEIRA bk LELEEI ATV [11]. Wi-Fi
ZHALUAEIMICE SR 2, HEENZHIKT 2
HITEDD, KRERBREICKD, FRPOFIZMD > TV
2, BOGHANRD > TW20HETERk5.

Gaoyang Shan 51X, BLE #{EOHEB2HZ % /1%
LT, MK, 7 XA XEREERR, AFr >
bR, 7 v > 1B FERREZ O L, REEZ BRI
EHET2ETHEMEBORRRMEEZ 5 00 10 E, BT
BHEEREL TS [12]. Lo L, ToT #3850 X 5 &
BRI Z A 2 27T Deep-Sleep & — N IZBATT #8512
SR BN A ERERE R BN % &, Deep-Sleep E— FD
R < 72 5. EEREROF R ZHITR L 724 ke
W & B 2 IR DS 000 B 355, THEE AT 5.

Tim Hadwen 513 IoT #83icBWT, HEEBE 2D 1L
T 57012, EXA LAY bT =27 Db DIZ LoRaWAN
ZREALTWS. 4G HIFRZMH L7z GPS FEEROXEH
BT 184[mA] ICH LT, LoRa iZ 40[mA] £ AFEIT



TUOZALLEKR—F
CDSL Technical Report

H3. F7z2, LoraWAN O@ESHIPHIIE T CTHRA 5 km,
AT 20km TH 3 [5]. LA L, FHANEEHANCKE
By sr, MBHRELRTERVEENIHEET 3.

3. I’REAR

JEPFNCEERIEER [oT R R o A TH BLE
DT FARRA X A% VEEIETZENTET, WINL
el 2HBEEFE S OHIEE B LTWw3

K3 IHREREDa vy MRERT. ToT BRI
YHEERD Y, =N ETHIEAE VY DEYE GPS %
B o/ o AEFRE HEHREERAL, ROBIA
24 Iy 7OMEFERE TS 5. —EORIMHERETME
WL ZAT S %, ROPBIR A 2 > ZFIREDR BN RN
W% B LRRIC A 2. fiho ToT #8s b MEFRO T8 %
75. 20k, BIEFEER IoT Mo aiz Flls 5.
173 % IoT #4238 DR TR L 7= ToT #gs 0 B 80% LRl - /-
B8, BLEDY RAZ A X 2 F v U REIEXYE, (MEHE
e 7—XREERITD. AT % IoT RO THIL 72
IoT RO B E % LB 2 H R WiGE, 21[#) TBLE ©
T RANRAZRERAF ¥y v RAFIEEEE. ZO21MIF1A
DR RATIC L > THBEB N ZHIB L 721HEFE 1% BLE
@7Pﬂ&ﬁftx#vy®@ﬁ#ﬁx5¥w®FWT%
3. ZAUCT X D EBErTHER ToT DL ko G E
b, BLEDT FAXA X X% % y%@lt?é%iﬁ’é%%
7-%, BLE#EOHEBN O THENTES. £/, A
FEE AT REZR ToT DMV & FHIL 7285513 BLE O
7 RN X X%y U EITHRWV.

IoT #WERIFTHBEEN 2D R LT 212DIRITEITbR
TW3 IoT #8513 Deep-Sleep E— FIZ A %. Deep-Sleep
E— FOMIE, SV OMEETEIETERY. 2079,
REDOEKMF LT, NERUBfTHEETEH D DL T 5.
NMEBEHRO T L BETEER IoT M0 BT —
NTREEITV, ToT BEHICIE TR L 72@BErTEEZ ToT #%
MOBHEEFET 5.

I EBEFRDF R

RDPNEZ A 2 > 7 DALEBTDEEATHER ToT D
BEERD ZHEDD 5720, ROPNLZ A 2 > 7 ONE
BWE TR 5. FTHICIEHBR S OfEe GPS %213
B o@ohMEERe HEHREFEHT 2. LEH
ML OFEFE DT E 2~3m TH % [13]. GPS ZEHIE
NMEA Bz 7 — X D217V, BEDALEE L
AMCBENEE D BT 2ENTE 5. BEIEEZIZ NMEA
7+ —<v hDSGPRMC THHE 27— Xt > 7T >V ATl
BTE3 [14]. T/, MKt YV OHEIUFCIZHFT XA
DFATIZEIC X b, KL HDF» VT L —2av%
fIORENH 3. F¥y VT —aryFEEXEE Y
DENETNDRAMEE F/MEZ B L THIZ Z & THREDS

© 2022 Cloud and Distributed Systems Laboratory

MoloTHE o GPSOIE - EEHEHL
® 3 FH| WKt EEFERAL
7Q ROBEE P
M ;1ﬁwﬁ TE1T 5 BAICHIN
— F—4
AL A 5. | BLE |Em) #E )
14 7t | | | e

BORITET BEIHN
,ammkk 7z
0T BLE huEfifir) %05

A A [

7—.“
JEIERML) XS
| | I

3 #Eoartx7s MM

l]II[I \&

BIEFEE o
loTi#3%
L

DESDEERDZZENTES. ZOEFOHTZNZEN
@%@ﬁﬁkﬁﬁ?éptf%kU7V—/ayﬁT%
% [15]. ¥F¥ V7L —yaryET5HT, HIEKE T D
3 200, BITHAZRDZENTES.
MEERO TR ZEEZK 4 177, ORX 1 2@#HLTHE
BilEEEE R 2. N 1ICBWT, Md I3, speed 1Z
BATHE, time IZRXOMBERIN E TORMEZRT. @t
MR I ERFERL, HTL TV HNERD S, HilK
oY OEEMERVOM, EEEEE L, RAEEZ R
T3, OMIESE Y OERHRDz, HBITL TS
~, BEHHOBE 2. OBFXEMSA TR
MEEHRICR 5.

AL QS H T
HITHE%ERD B
!

RED

A=) —
el S @FH LI

So fEEE
OBMERERDZ N |

BEcEZ—

4 (IEFROTHTTE

Md = speed * time (1)

BIEFTEER IoT ¥R DB D FH
JEETTRER IoT BER DA ETARS 120, TXRTOD IoT



TUOZALLEKR—F
CDSL Technical Report

B OB TR ZITV, FRIFERZITICEH T 5. Frank
5DFEBIZE D, BLE 1 100m OALE TIESHE < HHHE
WENTWVS [16]. 207, BHEOFEE 50m UNICH 5
AR % BERTRER IoT #%8R & 3°%. BIERIREZR [oT #ER D
BEERD 2 HEERK 5 RT. O 4 DHEEFHL,
fthd ToT F§%5 M BIERDO THEITS. @OBEFAIHER
HPANIZ ToT 2B D 20KD 2. ZORD7 IoT HERD
BHBIErRER IoT RO THIGE L 2 5. K5 D5E,
WIEATHER IoT KO THIBEIZ 1 B L 2 5.

\
g \\ \\\
I ," \ \\\
”"1“\\/ ' 50m !
e LN @—) 1
/// l ’,_—I‘-—\\\ «_"'
. . ! \\ \\\ /’
OftdloTHzZD ¥\ /
FogEws- QN
\ N NES \ Phd
Ve Qo Fmies
Q=" /. EEE
AN \ 7 /!
QBETHERE
WBETHEloTHERR 15

5 JEEAIREZ IoT B BROTHl

BLE D7 ENZA4 X X¥ v U DIELE
AREOFETH %, WSARELR [oT IR ko 73
ETHBLEDY FAXA X ZAF v U 2EILT 2HENT
=9, METERIC X 2 IHBEBIEIMLTL X 5 E:
RS 2. ARUTT 2 10T EROEDNEEFIRER [oT R0
FTHIEH%E LRl 72354, BLEDTY FAXA X Ax v
VEEILEXYE, MEHNME T REEETS. HIERG6IC
AT, X6 Tk, WBETHER IoT #4850 FHIEA 2 BTkt
LT, fATL72 10T BEROED TE>TW2 0/ 1 AD
FRE BLE 7 FAARA X 2AF v U E{ToTW5. @EfE
A[AEZR ToT #88 O THIBUIRAT L7z ToT HER OEH L
722B0DK, BLEDY FARAL X 2% v VEXHT
W5, ZAUT & D EEARER ToT MERDEL - 54T
$, BLED7 FAXRA R ZAFx v VR FEIET2HENTE
%7:%, BLE BEOHBBNZRMOTENTE S, 7,
M70&5, WEAHER IoT #ERD FHIBED 0 B DR
X BLE O 7 EAZA X 2% % 3 TH 32, HidEilha:
T —REEEITD.

© 2022 Cloud and Distributed Systems Laboratory

BEFRERIOTHREBEOFALEH 256

—————

-

—————
- - ~
- ~

—————

| o\\\ e O\\\ e @
K7L Tl Tl
loTHZZ DK loTig23 D loTHERDEL
0& 15 25

6 BLE O7 FAXA X Z2F % YDIEIE

1
\
1 S \
y b . LN .
= - | At -7 Ss
teosEmo V1 \ .
FUCEEE — Q ; L <
o Q —Fmmzumms- Q 5
\\“T\ o I I", ‘\‘\ Il’
BLE®&{E%1T5 BLEEEZ{THhA L

K7 BLE ®7 FAZXA R RF v YOHE

BLE O7 FNZA X A% v DR TR
FTHBEED IoT Hds r EFICTBETER WA, BLE
D7 RNRNRA X ZAF YR LRI TLES. 207D,
BLE D7 RARXA X AF v VT3 5-00RM%
RDFHUEI S v, IRARATIC X - TIHEE S % HITR
L72BLEWC BLE O 7 RANZ A X2 A% % > DEIHEM
L CTEBINARAITORESEL 5. 207, HIRITIC
FoTHIRL 2B NEEZBXZWVWESIZBLE ©7 RANX
AR AF v O TR ZRD 5. FIGAITIEAL BRI
EH—NADT—XEELRHIRT 22 TES, F—nN
ADTF—REFX, ToT IR Ay b7 — 218 L Th
LY —NZTF—&ZEEL, UMT2ETOLEEZED
1 BOPNRITTHIR L /2B NHEZFAXRS 12012, 1[EOD
MEHIN e 7= XBECERT2ENEEZNTS. BN
FHCIZ INA216 ZfEA L, 900 EENEZEFHL T, FEH
ExRDZ. HREL2ITRT.

& 2 1 AORMRITCHIR L 2B N
(IEMAL [mWh] | 7—Z3%15 [mWh] | &FF [mWh)]

0.749 1.321 2.07

£226 1 AORNARATTHIT L 72 J11& 2.07[mWh]
THol. BLEDT7 RARA X ZF ¥ i 1 BHEIZ
339.7mW] HE L TW3 728, 1 AORNRITTHII L 72
2.07[mWh] Z i 2 72\ K 5. BLE @{3 R & 1H



TUOZALLEKR—F

CDSL Technical Report

HENOBREN 8 IR, T 1 B ORIGAITCHIR
L7ENTH % 2.07mWh] 27”7 K825 21[#)] ZH A

2.5
BERITICE-T
9 | B LE-BHE >----ammmm- i
2.07mWh
=
215 }
£
]
R 1t
05 F
0 L L 1 1 1

Os 5s 10s 15s 20s 258
WIS [s]

8 BLE \ERH » EHEROHER

¥, HIRL7-EHE% BLE@EENEM LS. BLE
DT FPARXA X AF ¥ O TR Z 21 1255, M
IDEIICHEDBLE D7 FANXA XL ZAF v Y OKT
FRERICBEIRIE <, ToT M8 2 BE L7235 &E BLED 7 K
NEAL X 2% % O TRENIEE 21 gk 5.

21® 10% 2»1*’9
BLEDQ7 F/i&4 Xk loTH%25 & YNk
R ¥ ¥ OFFE LR BE21MICES

K 9 BLE ®O7 FAXA X ¥ % VDR OIEE

A—RT7—X <+ VF

=R T =AY F VA TINFEOEME TRICBIF 3,
FHRSFED H IoT BB ZHE L TV 5. ZRISKRV, K
IR TZRVWE WK RAE LTZBIC, BT 7o)
2 OIMEDBITRIE FHER T 5. INERTIXERE TR %
EHLTWEH, 77 THEHPZEROSMED, 1A
PULNHMTTRT2HH 2. oT Mz RE Y EETE
LIGFNCRIE T 20BN D 2720, 72 FEALDEHMICE
DT CTRER T 2. BRUCID AT 2729, /NNy 7
V—TEDEL IoT BHBZzHET2HDOTEXEI X T A

© 2022 Cloud and Distributed Systems Laboratory

T 2REDDH D, ARERICKD, HEENZHIRT 2%
MTE DR, Ny 7V — OB ZHIXTENTZ 2.
Ny 7 ) —BREIR R 2 T HET, RROEBERES TH
MTELEIITRS.

4. RRCERRAE

K=

IoT IR HREDY —ABDX v =YD HEDIE
MQTT Z /3 5. AEHHRO T @EEATEER ToT #
WOBRDOTHNIFREDY — N TRD 5. Python %l
H5%.

RERERIR
EERTHM T 2 EN 10 VR

/7 2N7000
GPS 9 ESP32

T/ 1ILIL—F

[@

K 10 KX

uTﬁUFﬁ ESP32

ESP32
ToT #3: DHlfEER . LT, ESP32 Z{#f3 5. ESP32
¥ Wi-Fi ¥ Bluetooth ZNE 3 2 1KIHEE 172 SoC
DA rznarytru—5TdH5. loT HiEFELOEE
Ti&, AlEXNTWS Bluetooth T 5.

GPS Z{5#%
GPS {2813 GYSFDMAXB % iH ¥ 5. & - &
fE - - LR ) 7OUVEETHIT 5.

s >
Hifk &£ > ¥ 1x QMCH883L 2 ffifl 3 5. 12C T
ESP32 LG 21T 5. BT AMZBRAT 272012
fHHT 3.

+
BRI INA219 ZHHT 3.

HEEFHHIA ESP32
SD & — NIZRiERT 7=, ESP32 23 %. EiR
5 INA219 ¥ 12C TH#Hi L, INA219 OHIEM%E SD
H— FIZEZAD.

ENAL N —K
ENA NL— R iPhone DT7H V) ¥ 7 F 7213 HWD36
T 5. ESP32 & ENA L — X Wi-Fi T

ESRI)

i
p=(11

BELBNZHITS.



TUOZALLEKR—F
CDSL Technical Report

B s, BHNTEREITS 1-DIHHT 5.
FIUIRK
bT YUY RKIFZ2NT000 ZEHT 5. GPS ZEHOE
JRHIENC RS 5.

VPS
MEEEDY — Ny ESPRMETT—X %2 hWD T3
Bz VPS 25 %. VPSIZIE MQTT o7 a—%
T % mosquitto A YA +—sLF 5. OS & Ubuntu
Server Z{#f3 5.

AR—=FT7
IoT B2R D% 77 U THRRT 5.

i7EE D VPC
ALEEHR O & BLE BERHOFEZ1TS. 0S X
Ubuntu Server Z {3 %. Python & MysqlServer
DA VAP =ILHITH. WHRED VPC H 5 VPS D
MQTT 7'u—h w3 2H T, loT Hds & EEHA]
HEWC /2 B,

5. FHEFEL AHFE

EBUHFTEITY, BLE D7 FARA XY 2% ¥ ¥ DR
Mz EE L7 IoT iR e IREARD IoT IR DIHEEF %
teN3. EE, BREZEEL, FFEICX-oTHEh
T BRME T EITS . EBRTIEIREBNEHITT 2T
ETHD. HETRRFENEFF ¥ > R1F 380,821 FH
A= MLDIRET, @Y - i - MR ED H 5720, @
FRICHEANT, BBATHITT2HENTES. BLEDT K
NEA X A% % ORI ZEE U7z ToT #ds 2 125 45K
D IoT & ZE Y 2 v ZIZID 1T 5. BLE D7 KX A
A A% % VORI ZEE L7 ToT #8  BR A AD IoT
BEESIHWSEETERWE 5127 3.

BITON— 2R 11IRT. HETERKFOKEOAHB

WHZELEDED EHTTS. 1H500m DIa—2ATH5.
BBNTERZITY, &R - BROHRZ @8 T 2 8ICE0R
2175, BRANBUSGE LR, G0 - Est @i s 2
HICIREZITS .
REFETIE, PHILEEATRER IoT RO B DR
LI EERO PN R EL AG3N3 2 EZ 5. (EE
HOFHRITIIBLR L > Y OfEZ AL E RN DR, A EE
BL, REEEFEAL V. KL P OEOEE %
D ZEANCHITHADNED S &, ZbSHOBITH M
KX TLE S AR E V. 2078, 58 L TS
L7zt T —Zhb b XA NI LRERL, WA 20H
25 EERBIGEM X N7z 1L B R T 2 FoHigk & >3
DT =R DPNFEETERLSBZ T BEDD .

BfE, ST IoT H#RF 12 BLE fE T g,
WALRAT 21T 5. BLE @EXRE L EWEANLEEE

*

© 2022 Cloud and Distributed Systems Laboratory

aR i1 @ \__JE::I
1

i ?@@

Zhk 4\ ®@ @;gé

siieee] || ¢L Foods FO°
RN iR

B 11 #HfiLr—+

HENREL 22, 2Dk, 777905 loT i NEE
WMEMR L2, BLE @SS ORRENFRRINTL
EORREMEDH B, BLE 2 ¥ ¥ VBT BRICHUSE S 2%
DTE?S, BIEBEDIBETH S RSSIEE 7 4 LR Y
T BNEEEZ TV RDERD 5.

7. BHOHIC

TIoT FEERIEE PN BISATRELR ToT 8RNI B H 5 Db
B, Z D7, BIEFIRE [oT #0225 58T
b BLE D7 FAXA ¥ A% % 12 X 58 0.097[mWh]
DHBEENHIEMUL, ToT HEOBER LD 3 2 &
Mol BEFHRICKD, @EEAER T KRG 8e T
W 2ENTEDX51TRD, BENRRTES. 5%,
TR TV, IRBEFRIC K 2REMEREL TV E 20,

BE

[1]  Gubbi, J., Buyya, R., Marusic, S. and Palaniswami,
M.: Internet of Things (IoT): A vision, architectural el-
ements, and future directions, Future Generation Com-
puter Systems, Vol. 29, No. 7, pp. 1645-1660 (2013).

[2]  Granat, J., Batalla, J. M., Mavromoustakis, C. X. and
Mastorakis, G.: Big Data Analytics for Event Detec-
tion in the IoT-Multicriteria Approach, IEEE Internet
of Things Journal, Vol. 7, No. 5, pp. 4418-4430 (2020).

[8] Cerwall, P.: Ericsson Mobility Report November 2022
(2022).

[4] Tahmidul Kabir, A. Z. M., Mamun Mizan, A., Saha,
P. K., Kibria, G., Ta-sin, A. J. and Saniat Rahman Zis-
han, M.: A Comprehensive Smart IoT Tracker for the
Children, Elder, and Luggage With the Assistance of
Mobile App, pp. 1-5 (2020).

[5) Hadwen, T., Smallbon, V., Zhang, Q. and D’Souza, M.:
Energy efficient LoRa GPS tracker for dementia patients,
pp. 771-774 (2017).



TUOZALLEKR—F
CDSL Technical Report

(6]

(7]

(8]

(9]

(10]

(1]

(12]

(13]

(14]

(15]

(16]

Jaya, M. 1., Tong, G. X., Razak, M. F. A., Zabidi, A.
and Hisham, S. I.: Geofence Alerts Application With
GPS Tracking For Children Monitoring (CTS), pp. 222—
226 (2021).

Raskovic, D. and Giessel, D.: Battery-Aware Embedded
GPS Receiver Node, pp. 1-6 (2007).

Al-Mazloum, A., Omer, E. and Abdullah, M. F. A.: GPS
and SMS-Based Child Tracking System Using Smart
Phone, pp. 238 — 241 (2013).

Rajaiyan, A. and Sobati-Moghadam, S.: Optimized
Power Consumption Formula for Designing IoT-Based
Systems, pp. 74-77 (2022).

Pang, Y., Ding, H., Liu, J., Fang, Y. and Chen, S.:
A UHF RFID-Based System for Children Tracking, pp.
5055-5064 (2018).

Bareth, U. and Kupper, A.: Energy-Efficient Posi-
tion Tracking in Proactive Location-Based Services for
Smartphone Environments, pp. 516-521 (2011).

Shan, G. and Roh, B.-H.: Advertisement Interval to
Minimize Discovery Time of Whole BLE Advertisers,
Vol. 6, pp. 17817-17825 (2018).

Schutz, Y. and Chambaz, A.: Could a satellite-based
navigation system (GPS) be used to assess the physical
activity of individuals on earth?, FEuropean Journal of
Clinical Nutrition, Vol. 51, No. 5, pp. 338339 (1997).
Keskin, M. and Say, S. M.: Feasibility of low-cost GPS
receivers for ground speed measurement, Computers and
Electronics in Agriculture, Vol. 54, No. 1, pp. 3643
(2006).

HH R, A —Z, BEEE: BEEICE S GPS
BERDIRRIC & 2 0T 754 2B B/ LRI DA
fiR, CDSL 727 =h L LR— 1+ (2021).

Frank, R., Bronzi, W., Castignani, G. and Engel, T.:
Bluetooth Low Energy: An alternative technology for
VANET applications, pp. 104-107 (2014).

© 2022 Cloud and Distributed Systems Laboratory



