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ABSTRACT

These days, research has been made for a variety of internet of things (10T) technologies over industrial fields. The
current research trend includes the effective adoption of the IoT technologies. But, most 10T researches assume a
relatively complicated structure, which consists of sensor devices, gateway, network server, and application server. Of
course, the structure has distinct merits in the aspects of flexibility and expandability. However, the complicated
structure causes the system implementation overhead including high-cost implementation, and hinders the practical
usage of 10T in the industry areas, which require a small-size network. In this paper, we propose a novel IoT system
architecture, which guarantees the small-size network and the low-cost implementation. Also, we implement the
infrastructure, which includes the RF433-based sensor network, the ARDUINO-YUN based gateway, and the
application server using Apache/PHP/MySQL (APM) package. Finally, we present the effective power management
scheme among these components.
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Fig. 1 The System Infrastructure of LPWAN
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Table. 1 The Field Description of Transmission Data in
Sensor Device

Microcontroller¢] ATmega328[4], RF433 AR ES Type Field Description
TIALS] CCL101[5], 2%/H= BE HES 9l Packet ID RF433 Packet 1D
SENSIRIONARS] SHT21, 72]3 2% AIA(CDS) @ | packet Z’W "e; — Z"m""a[r)e V_ers'fl;”
, _ L ensor Device ensor Device
ulEle] ek 342 gis) MCUG] U4el 10bit siate | Dala - T Sateway 1D
] ADC(Analog-To-Digital Converter)S A-8-2tf. ~1 Sequence Number | Packet Number
9 32 AlA] tjufol A A EE B ojET Pavioad T Payload Type
ayload Type (Data or Command)
RE433 Sensor | Payload Length Payload Length (18 bytes)
ATmega328 Y Data | Temperature Temperature Data
CPU [ rlast Memory | Humidit Humidity Data
SHT21 (AVR Core) Internal EEPROM cC1101 CDS Y Photo Li);ht Data
cps L ne [ s e s | Sensor Device Sleep
++! Inemal 10bit ADC | | GPIO —{ Gpo | e Sleep Interval Interval
~T- Batter
= & RF Power Level RF433 Output Power
Power Level 1
Fig. 3 The Conceptual Structure of Sensor Device Data Battery Power
Y Battery Voltage Level
Level
ZF A E B35 HEH ARE= MCUL| SPIE £3 Checksum Chgcksumec;r Sensor Data
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Data | Packet ID | F/W ver. } Device ID Gateway 1D Number
9 10 11 13 15

Sensor Payload Payload .

Data | Type Length Temperature Humidity CcDS
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Fig. 4 The Transmission Data Format of Sensor Device
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Fig. 5 The Conceptual Structure of Gateway
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Fig. 6 The Response Data Format of Gateway
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Table. 2 The Field Description of Control Data in Gateway

Type Field Description
The Received Payload
Payload Type Type From Sensgr Device
Common Payload The Received Payload '
Length Length From Sensor Device
Response Type for Succe:'ss: ACK
for Error: NAK
The Received Sleep Interval
Sleep Interval for Sensor Device From
Success Application Server
RF Power RF Power Level Used In
Level Sensor Device
Predefined Error Code
Error Error Code When Response Type is
NAK
Padding 0x00

Aol Egolof A AA tluto] AR RE 5418 Hlo]
Ej7F Qo2 BAEH 217 4 of| 4] Checksum 2 Hfo]
EE AASIL 441 Al7]Q] RSSI (Receive Signal
Strength Indicator) 1 v}-o|E & )50 UARTE E35
YUNS] Atmega32udo] &3ttt Atmega32udol At
% dlo]8= BRIDGEE 53l 2w wEo AdEaL
AR93310]| 4= Wi-Fi F-41 AP(Access Point)o]] <3}
of el 2FH o8 HEghrh YUNOA ofZ2]A o]
A A R 9] dlo|E| 52 Atmega32u4ol 4] 252 4l
3 "= o]Ql CURLZ T&3to] POST W4 0.8 4234 %
o} qkef Al HlolHrt ef e EAEY s 9t
Eof tlolE= AYEA ¢l 59 tloly EHofA
Control Data®] Response Typeo] NAK, Error Codeo]
2% I, 78|31 Padding Z =0 0x000] LA A All
Al Hufolzof SEEILE ks AlA HHfo]ie o]
L5 FZEF EEPROMe] AAFsto] 29 07 2091 &

o] Ape-gIT,

23, 0{Z2[AI01Md Mty
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Table. 3 The RF Initialization Settings for CC1101

RF Parameter Initial Setting Value
RF Frequency 433 MHz

RF Output Power 0dBm

Rx Filter Bandwidth 541.666667 kHz
Deviation 127 kHz

Data Rate 250 kBaud
Modulation GFSK

Channel Spacing 200 kHz

Channel Number 0

3.1, Sleep Interval H|o]

loTgHg ol A AlA Huto]l A= A ARE 37|12 Al
A AEE 974 Aol BastA Hoh 21 sk 77t
< AQlstar YA A7 Sleep Mode & 526t E 5=
slof HY AamE 2|43} k= o] 7HEsth mEbA
ofFT|Alol A AElolA Kl 7|5 M oR &4
sk 71wk A A 4= glo] aupAolt 1
7 Ao ARE il 275 AlA tufo]Xof A
| A7) S HojErh

AlA tiuko] A 9] w9l CPUQI ATmega328-2 5714

Sleep 2= (Idle, ADC Noise Reduction, Power-down,
power-save, Standby)E- | ¥ttt o] FoflA 71 ol
AEE A3 4~ )= Power-downS A1e85}a1 Wake-
Up 141 6 2 Watchdog Timer& A-8-3} it

Watchdog Timer= AllA] tjulo]AoA 822 1A
Al ARE-SE7] wjmoll AHfoflA] 89 vl 7= AllA
HloJE| & =4l e & A7 3 4= Qitt,

Application
Sever

Sensor Device Gateway

Sensor Data Tx

First Gateway Response
Report
Period

Gateway Tx

return Sleep Interval
Sensor Data Tx

Response
(Sleep Interval)

R

Next
Report
Period

Fig. 7 The Control of Sleep Interval

Sensor Data Tx

\‘“ﬂ

A 2EE AA tiEto] A9 Sleep Interval A|oj=
Aol ESolE Tl thah &2 HAE 3y dh

1) AlA duto]l e Alo]Ef ol HlolH & %5}
I AolEflol= AlA trfol o] FAtAom &
@3t

2) Alo|Efol= Aol AlA FHE HEst=t] ol
A2 RE Hlo]EHo]Xof AAFE o] Ql= Sleep
Interval-2- ~A415}10] Hatksicl,

3) ok W AlA ARE A S o] Alo]Eg o] &
Fo 2 AqHREE $AIE Sleep Interval 2 AlA t]
Hpo] o] kgt

4) KA tlutol 2t Ao]Eglo] 2R E] S ke Sleep
Interval-2- EEPROMo] ##}5}aL Sleep Modeo]] 2l
it 1831 8% Watchdog Timer7| expire® ]
ulc} Wake-up 3l A4 Sleep Interval-2- &-¢] 3ttt

5) A&7l 2745 Sleep Interval i} -5 U3t AJ7ko] it
3k 1) B R e HhEsi,
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RkoF A 25 E AEHh Sleep Intervalo] 163 o]
A A tlulo] A= Sleep 3 Wake-up 242 211 $~3)
14 gloel5 AlolEfolo] MFgtet ojet T2
S Sl Abshs WAl AEofl A Sleep Interval
Alojsto] 2w A& A 4 girk 1Y 8L o
200% F9oo] AlA tiulo]A Sleep Mode2} Wake-Up
o) & Al ULE Hof Zr

.
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-
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Fig. 8 The Power Consumption of Sensor Device at
Sleep Mode

1% 84 = 4= Aol AllA tjufo] 2= Wake-up
ol A oF 8mA2] HE-& Aws}lal, RF 7|52 active 3}
7] §18fl CC1101¢] 15 = AlZ|A =9 oF 28mA 9
AYS 21 Fhr) 28] CC11019) 1] @ 3 W AlA]
tjulo] 9] Sleep ModeZ RIQJshH ZEZog oF
0.9mA2] Huhe AMgsloZ a7 Ay AT

AT S gk

32 XS ™M™ Hlof

TIAFe] CC11012 RF &9 u19] #efE 9o 8T
Al2] Output Power[dBm] &S $£|3t Power Table2-
A Bt EERF AS A A AE A71E 2 5 9l
= RSSI= AlF&itt

kx| 2 Hoj A= Alo|Eg o]0l A =41 A7 u}
2} AlA] t]ulo] A 9] RF Power Table LevelS 2 4d3l=
2§ e Alo| & ARkt Alo]Ego]ofl A AlA tfuf
o|ARRE PuE MY WL ) 4 AT AVIE =

Astal S H 43 A717F AP el 214§ Threshold 2.

o} 2H8 79 Power Level & 571 A7) & 9ol
o A AA Alo]Efo] g ulolE 23(1H 6)2] RF
Power Level Z=of ZhS A% 31 3 AllA| tjvfo|io
gt S5 AlHol Aol EQol= A4le] 41 &4
THE AllA HEpo] 2ol 3 HEh= Power Level st &<
SHA| A sto] HEgich o] IS Alo|Egolet A
H 2E AlA tuto]2of thsf] vhE 4=k o 2 g
A Ao]& 2=g)slr}. CC110129] RF Output Power:=
-30dBm ~ 10dBm o] o]o]| WZ AR AFE F 49
ot}

Table. 4 The Optimum Power Table Settings

Output Power Setting Currgnt
[dBm] Consumption[mA]

-30 0x12 11.9
-20 OXO0E 12.4
-15 0x1D 131
-10 0x34 14.4

0 0x60 15.9

5 0x84 19.4

7 0xC8 24.2
7.8 0xC6 25.2
10 0xCO 29.1

3t 4= RF 1}9] 0dBm o]/Jo] oA He Am7}
A3] F7hekE Hojth whebA viE 2] = 54l
22 este] 2% Power Level-2 0dBmo.& A4
=
Data Rateo] 250kBaud$] 7-¢- RSSI+= -110dBmoj| 4]
-10dBm 712] &7 EltH4]. Ale|Egololl A= 3t 59+
o] o] 5 5tA = F-iE5}H Threshold= 4THA| = 75}
ek webx RSSIZE 4dkA| o]stold 3E 4o whet
Power Level- &t THA| 27} 27|31 4hA] o]Afo|H
Level-Z gt ©AIA ZrAA]7]= S Fal AlA Hut
o] A0 A& Alo] Firt.

flot & A-g Hg Aol & 43 3t RSSIZ} 3tk
Aol 4k A o] A HHE 2 0 2 ZAw] 7] uj o] 2|2 <]
A FAS fASHA E&A A LTt 7k

s},
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Table. 5 The Indicator Stage Depended on Received Signal
Strength

RSSI Received Signal Strength [dBm]

Level 1 -110 ~ -100

Level 2 -99 ~-80

Level 3 -79 ~-60

Level 4 -59 ~-40

Level 5 -39~-10

7 9% 23 71 Ao} S 53 AlA tiuto] 7L RF

29 19)2 Alolshs 91y Hol 17 102 7hus)
= RF 29 u}9jo] uhet Wslsa Qi Am FRo| u}
< welt

RF Output Power

Power [dBm]
S
=S
I

S0y RSSI 1

Job il

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

Packet Sequence

Fig. 9 The Adaptive Power Control of Sensor Device

Current Consumption [mA]

L L . L L .
] 100 200 300 400 500 600 700
Time (s)

Fig. 10 The Current Consumption Based on Adaptive
Power Control
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19 10-& 19 99] RF Output Powero]] wha} AR &
Aeo] Z7FIAL Zadte FA1S Btk wheba
sas BRo A 28 A Aofof ol A Mool
FE| o=

ez 3LAQl Aewels} st

4y oy r{r

3.3, H{E{2| M2 2|

loT eHgolA ARgE = vl s 2ryd FFos
22 w7 gk T ASHA ol zojAnE A
2 Aol A 7E @Rk 17 49 dloje] Zaiof A
Battery Power Level Z=o] ADC(Analog-Digital
Converter)2 3} Z49 wje|e] Hgto] Aem
ofFg Aol MHl= olE 7IELe R WA AlFE 74

3 4= glo] wiEle] #el7} 7155t} Battery fho] Mgt

2722 Atmega3280]] W& 10-bit ADCE A}-&3191 2
H A7 % Voltage Reference+= 1.1V o]t}. w}2}A] ADC
£ &3l &4 7hse A g 1.1V ojstolar I
1157} 22 Aok o83 At &l =5 53 54
gtk
V_IN
R1 - 20KQ <
1 _ Battery ADC .
T 1 ”
R2 - 10KQ < 1’
1

Fig. 11 Voltage Divider Circuit

Battery ADC= 4] 13} o] AAbE7] di&o] g
o] 3.3Vel A9 LIVE 4 Hrt.

Battery ADC = V,, x R1/(R1+ R2) Q)
T 123 o] 2 24 e e A 13}t
© = Poly-nominal Curve Fitting3l 252 Ho|n A1}

cRAle A 23 E ek

Vv = 3.2015 X (Battery ADC/1023) + 0.0196  (2)
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Fig. 12 The Poly-Fitting of Battery Voltage based on
the Measured Voltage

A3 A} e g] Heo] 2.55V 74A] AlA] tiupo] A
L Ao|Egolet AAAH o g AlA dolEE HEshH
A BAlo| 7Rss)c) whekA] vjE 2] Heto] 2.55V =g
S el AL GAF A AlA] tirto]29] uljE
2]

£ AB¥EE g (AN S = 4= ok
=] 29] RF Output PowerZ 0dBm &
£ 7S 7 dAolA del= AR AR

H

Table. 6 The Running Time and Current Consumption
of Individual Stage

Sleep Sensor Rx Tx/Rx
Interval Acquisition RF RF
Time (s) 56 1.2 0.2 0.2
Current
(mA) 0.97 8 8.2 26
AT 10T A 28-S 69 A2 7|uho & 2o
S 1 AIZHERT 62537} 43 Ho] AR ameL o
St Zro] Ak

[(0.97m A < 3500s)
(8.2mAx12.55) +
~ 1.2285mA

+ (8mA X 75s) + 3)
(26mA4 = 12.5s)]/3600s

ARl AA ujE] 2] o] §akS 2850mANE AHE A

MiA | ES)=I9t ARDUINO-YUN 7[EkS| |0|E¢0|S &2 ™

2| loT A|AR

7he kg3t o] A Hek.

2850m Ah/1.2285m A (4
~ 2320 hours/24 hours = 96 <

wehs] A|QFshH= AlA] Tiafo] X, Alo]E o], of &2
Aol AH Al A"k AY ge] gare]Fo R loT &
G Al oF 3 A=E wiE g wA| glo] AME- 7Hssk
Sleep Interval-Z ©f ZA 2-&3tH 1 o]44<] 7|7k &<t
ARg-o] 7hssith gk AAlo wiE el E wAE 4= 9l
o] A% Y= 10T Al {FA7F 7Hadhe Aulgo s
TEAQAARE 15 3 4= Qlrk

FFois B =Rl FE 10T A|AS 2-83)
of o qA] s}u| g (harvesting)2 &3 41 AlA HIE
70] mEA Q1 g wetel tisl A3 o i olch
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