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ABSTRACT

These days there have been trying to fuse the various of 10T (Internet of Things) technology over the industrial
field. However the complicated IoT System structure comprised of sensor devices, gateway, network server, and
application server causes the difficulties to the system implementation and the increment of installation cost, thereby
preventing 10T system deployment in the industry fit for small size network environment. In this paper, authors propose
a novel 10T system architecture that is useful in the industry field to be implemented by the small size network with
low cost. Also, we implement the infrastructure to RF433 wireless sensor network, the gateway on ARDUINO YUN, and
the application server using AMP (Apache, PHP, MySQL) package and then present a power efficient management
scheme for sensor devices.

7IRE
T4 Al YES A, RF433, ofFolx &, IoT

- 719 -



IoT(nternet of Things: AFEJIEYD= ZHE AME
o AlA9l FBAVSES Foste] QIEUlY Adsh=
7S Yulgitt A7|A ARECld, 7HAIE, Eak
A=), 2utE fyto]x, @ Ao] AH], oy
AFE T ohFg guiti= Al2-glo] Hth o]
g AT AlA AR dAd fAEa 9
AR FE 52l 75e B3 A5 A2
A=t 3 o] AlA Huto]~ 9 Alo]
AolGIWE A% F1E F e a8 2 &
AE BASTE Jeg AH/ AR TSEE
AHo R FF 3t &§ stEe Boklie 72
o] B3, AXnlE, 183 99 oEg o=
1elA] o3& o Aok wWetA B =wdie &
A AA ESL T Aty AHlgow 7=
7Fed &2 0T Alz=® T4 WUeke Akt

Aoteh= Al2ElE 433MHz 9o FAEAS
2835k AX HEST A4, AolEHelE E 3
=90 Z3EJA ARDUINO YUN (e]3F YUN o=
) AHg gz oZgAA AMuE
APM(Apache, PHP, MySQL) #}71A& A}gdle] T
At S Al tulolxEe] G870 Ay &
g WRke AAEHY olE B3l viEY FHE 9%
st} FFHor A2~H Life Cyce A%l 7V
3 STHITL

B2 FE 0T A=" 725 A&3s)a,
Zy A a4d oiE) AAME] A gtk 3-HoA=
AEgg Ot 2 AFAAE AASHH 48X =
#AdE A8 thste =gt

e o P 1 A e

o

o X

Cal )
s

neg =

[oTE #9je] 7d<el LPWAN(Low Power Wide
Area Network)ell [1] F4Etk LPWAN AJ2&l2
AA uto) 2] 719 EE FAS R0l EE 7]
A AlclEelE Bt BE YENI AW
5 A Aok AlMsHE Al2ES HEHI AW
o] AlolEgolet oAZEA o)A Aol 2H A4
< B3 AR Ol At BE AR FHe=
% 19} o] Tk

ANzEe AA gulelx, Alo)ESe], T o
ZgAold AvE FAEY. a8y A 24 A
ole] FAMAloz A Tinfo]xel Alo|Ed o=
RF433 ¥4 541, Al°]ES|e] U RF433% YUN&
RS232 AEY B4, 183 Alo)Eole}t o=
ol MWE Wi-Fi F4 B4& o8, 5%t A
&3t} AAH.

0|0 Z2/H0]4 &

R} AOEYol - OfERIAOLY A
HA ClHROj A% aNEN
RF433
M Ad) RS232
i Clg0j 22 NEEER PHP

ARDUINO YUN 1+ MySQL
RF433
A CJHO[A#N

a2 1. MK loT AJA™ &

AA gulolas &5, §%, 5 183 fufe]x
of FEEE HEY MY #@Es HSATh AR
= MCU= ATmelAFe] 8-bit AVR RISC 7]HEe]
Microcontroller! ATmega328[2], RF433 EAIZE
2 TIA] CCLI0112], +5/5E AH HES 4%
SENSIRIONA}e] SHT21[3], 18|31 &% AlA(CDS)
2 diEE Mo S-S s MCUo Wd= 10-bit
3l =2] ADC(Analog-To-Digital ConvertenZ Af
£33tk 2 AAE Bl AS5HE AEe MCUS SPI
£ 53 CCl1012 ¢=E=a CCl1019A4= wad
FIFOol Al® AHRE dA A T Fu4
433MHz 2 Hz3t] Alo|Efolof] A3t

AlolEgo]l o}Folx &(YUN) [4] & IoTE
A% EFHE T R 2E st=go 7EkY
ZFAE otk AXNES B3 BRE HAS T 5 AU
£ 7]& ARDUINO EF3#Fd AWl 40| 7Fsst
EE Wi-Fi 7ls°] #7189 JH=E #4859 Uk
metA] B =FolA AMSE AlolE ol AlA ¢
nlo]zol A 433MHzZ Z$H 4158 Bxs7] 9
gk Shield dulel2 F 2l dolEE T34
B3l AF 7S szl WEE 4 9de YUNS
2 FA"EY YUN uE= W<l CPUI
Atmega32u4, Wi-Fi FA8Ae @93t 52
37de] AR9331, IEla F MCU9 BAlS 23t
+ BRIDGEZ FA4d9t}. 52 722+ Linino
7} AR HEd Lininos oT Alz®lo] 2 23}l5 o
A= OpenWRTE <JvlslH OpenWRTE FAH#
EE Qg s 7Rk o E 4 FFAA
o]t}

oAl A= ¢ AW FEE BF < H
o|AE #7+ Apache, 57 € Ho|XE 9% PHP,
g3 dlojEdeol2 #EE 93 MySQLES A5t
o 78 Hh Alo|ESo]=HE] HTTP Z2EF
S o]g3ly POST Wo=z 4w AHRE PHP
HolAoll A A= mE AHoHo] e vl
o]29] EA Hlolgo| F7HoE A "ok Ho|
Elfo]xo] AAH AHHEe oZgAold A HolA
o AolA ARjbsle E&4Q HMEAe dgs
g =t &8 "

- 720 —



RF433 =4 MM LIEQT 2 ARDUINO YUNS &85t M2 S8XQI loT AIAH

m. Al

o

A A MEZNA AN el st HlE
£ A8 WEe] 282 AgBs} wEA &
THw olel] tig e AT sl SEH5I6]
Tt TR ApEo] olAel S XA
gtk ¥ ERoAE A A @ ¥ bsw Al
A Helel g 915 HeAlo] ke Ak

H 1. %|™9| Power Table MXZ}

Z3[dBm] a4 A5 F{mA]

-30 0x12 11.9
-20 0xOE 12.4
-15 0x1D 13.1
-10 0x34 14.4

0 0x60 15.9

5 0x84 19.4

7 0xC8 24.2
7.8 0xCo6 25.2

10 0xCO 29.1

TIAke] CC1101[7]2 RF &% 3¢ #AZE st
o 89Al9] Output Power[dBm] AL 93+
Power Tableg A&ty =3 RF A& F41 A
A% M71E & 4 Y RSSIE AFdo. welbA
AL AolEolollA 4l Al7lel whef Al T
Hlo] 9] RF Power Table Leveld zdsl= 2%
g AoE stAth AlelESoldlA A4 tulo]x~
ZHE AHRE AY B¥E o £ s AVE S
At A" As AZE ARGl XA
Threshold®t} 2HS 7-$- Power Level2 &7} A
7la & ALoE A AA AP RF Power
Level #+& A4 tlufe) 2o AEdth 2 A A
o|Edlol= A1l F4l 28 9 E A4 Hulo]x
o] &&= Power Level# YA AAste =
F3t} o] HAE AC|Eelet dde BEE AA
tjuto] 2o tial] W8 3o A3 HY Ao
£ 433t CC1101¢] RF Output Power:=
-30dBm ~ 10dBm ©]iL olo] W& AR AFE &
1o BRItk

I8 2+ A5 A9 AAE Tl A4 dulo]x~
7} RF 29 39 E Aloshes o3& Holx I¥ 3
< 7Wsk= RF =9 39ld wgt fgsia Jde
28 AF9 3¥E Hol=d 18 29 RF Output
Powerel] whe} AREE HHo] FrlshAY 1hAs)
T FAE Bt weA] ghske R S
g Ao oJgt A Hofo] FPEnE TEHQ
A8#7T Jhssith e AlEr AlA EEolH
sk A&7} RSSI o]t}

L L . L L .
0 20 40 60 80 100 120 140
Packet Sequence

T2 2. MM CIHOJA =S FME ®of

Current Consumption [mA]

L L I L L I
0 100 200 300 400 500 600 700
Time (s)

a3 3. S M Hojof mE M AR

g =

Agshs AEH A o] Loz AHES #
getA =¥ ulElE] ARAES AR 5 3
Sleep Intervals © ZA Hg3ld 1 o)ide] 7
B Aol Zhssith m=d FaAe] wiEEE o
AL 4 Jorz A&A e T B 4471

7Fssith

AL

3k
ok

it

[1]1 N. Sornin, M. Luis, T. Eirich, T. Kramp and O.
Hersent, “LoRaWAN TM Specification,” LoRa
Alliance, Jan. 2015.

[2] Atmel Corporation, “ATmega328.pdf”

Available: http://www.atmel.com

[3] SENSIRION, “Datasheet SHT21.pdf”

Available: http://www.sensirion.com

[4] Arduino Yun [Online]
http://www.arduino.cc/Main/ArduinoBoardYun

[5] D. Cascado, J.L. Sevillano, A. Jimenez, A. Civit, P.

Available:

- 721 -



IYBENSHS| 2016 FAHSESHEHE

ro

Inigo, J.L. Font, “Determination of a Power-Saving
Method for Real-Time Wireless Sensor Networks,"
[EEE SPECTS International Symposium, 2010.

[6] Xiao Chen, Neil C. Rowe, “Saving Energy by
Adjusting Transmission Power in Wireless Sensor
Networks,” [EEE Globecom proceddings, 2011.

[7] Texas Instruments Incorporated, “Low-Power Sub-1
GHz RF  Transceiver” Available:  http://www.ti.com/
lit/ds/symlink/cc1101.pdf

- 722 -





