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[Abstract]

Far East University, Eumsung, Korea

In this paper, we implement a control system for an loT-based backpack type vacuum cleaner using

a smart device such as a smart phone or smart watch. The implementation system consists of control

module produces, control module programming, and smart device programming. The control module is

made of Arduino Nano, HM-10 BLE(Bluetooth Low Energy) module and relays as basic parts. The

smart device exchanges signals with the control module via bi-directional BLE communication, which

allows it to control the start/stop of the vacuum cleaner. Backpack type vacuum cleaners are effective

for cleaning high places that require the use of ladders. However, it is often necessary to take off the

backpack type cleaner to start/stop it. The IoT-based vacuum cleaner control system implemented in this

paper fundamentally solves the problem by allowing users to control the start/stop of the vacuum

cleaner without taking it off.

» Key words: IoT, Arduino, BLE, Smart Device, relay control
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I. Introduction

e 471 FolA HidAl Ad47](backpack type
vacuum cleaner)= ZARP} 47|12 Sof o A
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i 2gM0R Rasted 985tk It uigAl A
A7) 4719 AR/ARS AR 98 ol ol A
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o] =oALt ole} e BA|Z siAsH] sl Avte
Z FL 9oj3)E fjulo]A(wearable device)l] U=9l
ADFE QJX|(smart watch)g ©]-&st0] FA7]E A|ojst
a7 ®o] A|AELS Ffarstc). 7Rar AJARLL. A 47
of 7AlEl Aefol ADEE Ei AUFEYR|S} e A
OFE OJulo|A(smart device)Z5EH A4L= Alsof
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rlr

cjutolaz gt
AD}E Cjuto] 20t H47] Ao 2E Aololq Ao] Al
52 @] YF B4 meeEa ARIIEU(OT :

Internet of Things)ollX] FH9IsH] ALE= ] o 47|
%E—‘?’\(BLE . bluetooth low energy)E ©o]&3HH1].
BLEE cjzio] Ante rjulo]Ao] B2E02 Sxjsld 9
7] Uﬂ%oﬂ o3| RIS Aol Aleg wksfiof sh= 7
27| Aloj2ge] Al aToz Agsio1].

¢ 2] Aolnge ozan sl gUvE of
o]Z2.& 7AEEd(single board micro controller)?l o}-+
olx(Arduino)g ©]g3te] PHIC obfolnt tihol
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II. Related works
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RISC(reduced instruction set computer) o}7]ElX O
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III. Backpack type vacuum cleaner

analysis
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Fig. 1. Backpack type vacuum cleaner

Al 471 Fig. 1014 & 4 9l uie} o]
2 &0l 5o AolA 4 U&= o] oy FA7]|9] AJAF
/73R Fig. 1014 2RI 4 Q1= viel Zo] F4r] 2
Alof] #AE]o] Q= &4 A9X](operational switch)e}
AL SR MR|Eo] Qe XY AYA|(power
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Bfoll A Zg47] 2A 27 AYX|7F OFF /Jefetd 47
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IV. Cleaner control system modelling

1. Cleaner control module modelling
Al FAar)o] 24 Alol= Fig. 104 LERd diet
7ol Ko thgt ON/OFF 7|52 ZH= AQX|5 Ad=2
AAsH 52 o] AFolct. of28 Alo] 127 B G4
o2 g|o] Q7] fizof Aol wet A7 ST tid
= YhEofiof sk 49 WAl o]ef #H2 A=

BLES 7|90 2 3 241 Ao} 7189 =YL 5l 313 &

e}

2 et Far] 2A1 AAE s 24 AAXIE g
US StHA AOLE dufo]lAg F3l ASEE Alo] A=

o
S 7[R HATIE AA/GAIE o RS Sk Ao
2y S 3ol 24T 4 o 4S9 Fig. 2= Alof
259 =92 5o =AAY 712 i8S 2ol &

vacuum []

cleaner o

motor L]

operational
switch

control module
switch

power switch
220V AC

Fig. 2. A concept of cleaner control using control module
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2. Design of cleaner control module

Ba7] Alo] A|ARE QhoflAf AASE 47| Ao Rg
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a70f] RAFE AJEfollA ADLE tjufo] AR HE| BLES &
ol == Aol Aleof] wet J4r] FlolE E@Eshe Al
o] BEL ool Ui, Uzfo] L BLE $Al BEZ O]
gafo] PHJICE Fig. 3 ofFole o] 2ojofga}
Ay wojEch

SCK/D13 (1
+3V3 (

AREF (
AO/D14 (
A1/D15
A2/D16 (
A3/D17 (
SDA/A4/D18 (
SCL/AS/D19 (
(

(

(

(

(

(

(15) D12/MISO
(14) ~D11/MOSI
(13) ~D10/5S
12) ~D9

J 5D

4)

(3) RESET

(2) DO/RX
) D1/TX

Fig. 3. Aduino Nano Board Layout & Pinmap
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3 HM-102.53} ob£0] i Ajojo] RS232 EAI% o}
t}. o2 9Jat M IS th2o] Table 1.1t 7},
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Table 1. Arduino pin assignment for cleaner control
module
name assignment direction role
D4 |Censor Relay NO | Digital In sensing
cleaner stop
D5 |Censor Relay NC |Digital In sensing cleaner run
D6 | SoftwareSerial Tx | Serial Out |to HM-10
D7 | SoftwareSerial Rx|Serial In from HM-10
D8 |Relay Switch 1 Digital Out |Relay 1 switching
D9 |Realy Switch 2 Digital Out |Relay 2 switching

Table 1.9]]A D4e} D5of] AZAH AlA] g o](censor
relay)e] AlE|E AEelr] Yat HomA sije] 3
(pole)ol] % 7R A%(contac point)E F/dsk=
SPDT(single pole double throw) & Zzfo] o|c}. AlA
2ddo]9] NC(normally closed) A& D4o]| HASIAL,
NO(normally open) &AL D50f] |3ttt Doy} D72
ofFo|e} HM-10 Z-& Ato]of] UART SAlS $ist A4
2 o}%o|k IDEYA Alus= SoftwareSerial 22~
ol-gsto] UARTE F/Jstet Woloh. upA|Ztez Ao &
=0l 9ol Aloje]= 32 AR 2AlS l5H] sl &=
7i9] SPST(single pole single throw) Zgj|o]E o] &5}+=

o, oS 9i5l D8} DOS it

Table LoJA 213 4 9l W & o= HM-10
259 HY 3L 917 VAT GND o] 98 5 7
PV Fgo) glout, ol ] A2 YL gt 7l

Q424 AojRE m2 1% Jjual SYs BEC Table
Lol AMelstgirt. ol2ist £7A0IA oS PHess v

et F27] Alo] 259 s|2k+= Fig. 49 £t

wer  Power Switch

AC 220V to DC 5V
Amp Adapter

RMY AC 220V B0l AP0 2HE Sxe DC 5V AY
2 olgslo] TEES sjgon], HFHoR Ha| B
£ Aolst=g PsIGt

c}39) Fig. 5% Fig. 49 Alo] 2§ #)20] Uehtt

i)

25 o] U Agixle] el ot Wellet S5-2 5
M 2 ol HEhE Uehd Zolct,

<operational

<censor relay> <switching relay>

switch>
1 3 |2 |2 |4 2l 3|
1. 3| £t 7]
2 K} I's a4l 1]
(a—1) 3-way (b=1) SPDT (c=1) SPST
switch ON relay NC relay OFF
| I 2| 3

L7 N

T/ (T (5D
2 P s al 7l
(a—2) 3-way (b-2) SPDT (c-2) SPST
switch OFF relay NO relay ON

Fig. 5. 3—way switch and relay contact legend and status

Fig. 5= Fig. 404 &4 AYR|E J5te 32 A9
], AlA Zeo] g F/dshe SPDT Zeflo] U Ao 259
32 AR =2] F/doll Foshs & 7He] SPST Hejo]
o] A4 ®Helg Qofst Zlolt) Fig. 5ollA A2 (signal
source)22 ArEsh= 281 7o A¥(hinge)o] A4
o] 9lon], o] AHo| >FXRAT E= Y| 2ol AFEo}
WA AR 8-S oM ot =05 Ao 2 Hrlst
7] 9ol Fig. 59] Hef 2 Aefollx] AQA A A7
A2 Boll HREE B4A7] Aol tigh A
Table 2.0] 7g2ls%ict.

Table 2. Definition of cleaner control logic

No operational | censor relay switch cleaner
switch relay | SW_1 | SW_2 | &Ef | status
@ null null OFF OFF OFF | STOP
@) ON NC OFF ON OFF | STOP
©) ON NC ON OFF ON RUN
@ OFF NO ON OFF ON STOP
® OFF NO OFF ON OFF RUN

Fig. 4. Circuit diagram for cleaner control module

Fig. 404 %£99] o}Fo]: Lhof 9l= HE2 Table
1.9] &gof gkRof sl25 S4dstgion], Zao]AYA]
d&kS sh= SW_13F SW_2+= 24 AQR|9} 32 AQ]R]
2202 AAEGSZ Y 2 Ut} = A st

Table. 2014 iz QL Yeihe 139 Ug 3
BRI WALAOIS] U null2 i, o
o] £ 4157} 9Ju] 132 Uerdick. 5 O el
2fo] Agix|g FAIstE SW_13H SW_28 95 OFF 412
02K Aa7lel YA Hejg FH2 Ae ol of
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Fig. 6. State transition graph for
cleaner control module
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V. Implementation and Evaluation

1. Implementation of cleaner control module

ADLE tBfo]AS o]gRt IoT 7|9he] vigdd 47
Alof AJARIO} e Aloj g A}, Alo] Bg mg e
Y, AULE dejola mzTdigjog o]fofx gt o
% Aol & AR obFolk U, HM-10 BLE 2,
SPDT @ SPST &ajlo], AC 220V to DC 5V o}HE|E 7]
Buzo2 slof AIACE tho| Fig. 72 Aloju-go]
AIAF Ao} ol Aalof A% gt Aplolct.

AC 220V to DC
5V Adapter

(a) control module (b) mounted on cleaner

Fig. 7. Picture of implemented control module

Fig. 79] (a}e A47] Uso] Axlsb] s mz1ga
Alol2go] AR, (b (a)E a7l Ul Ak
ot Fig. 82 Table. 2 X Fig. 69] Ao =28]& ¢
@5 oboli me 13l0] 2 oxtEo|t,

CwEs

| Toggle the relay switch to the ON state ‘

| Toggle the relay switch to the OFF state

__—Teceiving data on the BL
communication port?.

RUN————""_BLE received value?

/l T .- L
—
- -
perational switch sﬁ&h-\_ mﬂmn atstus O
-\Ew‘lchslmus oN_— '\-\n._n-.-ny witc) ry
=
w/' \“‘r

NG

msmwj

4 roley swtch status O —
—

YES
¥

)
| Toggle the relay switch to ON ‘
Set operation sistus 1o STOP ‘

fo'om\onal switch stas GR%-
‘._&tnlly switch status DFF
NES
NG
| Toagle the relay switch ta ON ‘
| Set operation stalus 1o RUN

Fig. 8. Flowchart of cleaner control module process
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Fig, 80M (N2 BAIH X2|7} A 27] Ao 2EofA <
RSt Qe Bar]e] HHE AntE tjafo]2of A&}
+ A2jolal, @)= ®AIH A2jo] oJsH ADLE tjsfo]Ag
FE Ao] AleE ASE=S stal Tt oA @5 &
5l SAIRE Alof Alee} Alojg Yol AX|SHL Q=
Aol GBS 2gsto] Fig. 69 AJEjoll T2t B47|E Al
ofsh= o] Fig. 89 m2A|A SFo|ct

2. Implementation of smart device app

ADIE Clajo]2 Qe ADLEED ADLE 93] Qo2
TR E1 PR BT ohs2o]S S0l AFssie
tjulol2g o]§al] mh2o) 7] maxA0] Pe B
511, QIEfmlo] 2 YRet cjufol0) B4g vieate] 7
A} ThS Fig. 9 k= 20| §740] AULE clufo] A
ol BLEEAlS 4°85t= B9 S22 cfojot1io|ch.

ServiceConnection

DeviceControlActivity
- mConnectionState
- mDataField
- mDeviceName
- mDeviceAddress

+ onServiceGonnected()
+ onServiceDisconnected()

- mGattServiceAddress

- mBluetoothLeService

- mGattCgaracterristics
AN - mNotifyCharacteristics

—®| - mServiceConnection

- mGattUpdateReceiver

- servicesListClickListner

LeDeviceListAdapter

- mLeDevices
- minflator

+ onCreate()
+ onResume()
+ onCreateOptionMenu()

+ addDevices()
+ getDeivice()
+ clear()

+ getCount()

+ getitem()

+ egtitemld()

+ getiiew()

+ onOptionMenuSelected()
+ updateConnectionState()
+ displayGattServices()

DeviceScanActivity BluetoothLeService
- mLeDevicelistAdapter
- mBluetoothAdapter

- mHandler

- mScanning

- mLeScanCallBack

- mBluetoothLeManager

- mBluetoothLeAdapter

- mBluetoothDeviceAddress
- mBluetoothGatt

- mGattCallback

- mBinder

+ onCreate()

+ onResume()

+ onActivityResult()

+ onCreateOptionMenu()
+ onOptionitemSelected()

+ broadcastUpdate()

+ onBind()

+ onUnbind()

+ initialize()

+ connect()

+ disconnect()

+ close()

+ readCharacteristic()

+ setCharacteristicNotification()
+ getSupportedServices()

+ onListitemClick()
+ scanlLeDevice()

Fig. 9. Smart device app class diagram under android
environment

9

Fig. 99J|A] DeviceScanAvtivity~= BLE AX]S A7Hs}
= 250|1, BluetoothLeService= BLEAIR]Q}C] HZA
2 ole B4 52 4t LS G 12

DeviceControlActivity= BluetoothlLeService 2-51}9]
FU= &0l QF=Zo|E TjHlo]20A ] A S9YS F
it

C}S Fig. 102 QF=20|E 7jvto] AntE £} AnjE
HRIOIMS] AlE stHE HolRt.

e o

227Ut @ &

btCleanerControl

| @ CLEANER_001

received Datais 1

Fig. 10. Smart phone and smart watch initial screen
shot inder android environment

Fig. 109] ADPEED} A0jE Six]o] sjgioly] 5ol
mje] BES 225}% ON/OFF2 £22 5iof ONY 7
9 02 OFFY 9 12 BLESAIS 53] H4710] H4a}
T, BA7|29E WA FA7PE SESRA o8 E e

o} 8j2io] ON/OFFS BAIGHES 73 algic,

3. Test and evaluation

T3 A|AFE BLES 7|92 AULE tjdlo]AF o
gsto] HigAl JAar]9 A5 Alojshe AlARolth 7
D= sl Yt Aar] Alojege] §8 e AA
% Table 2.9] ¥ AEIS &3 Tk AAUR) 4
B AL 3 F47lo] 21 el OFF AEl2 9hE7] 9
i Table 2.9 @ E @9] 4Elg @4ote ol ¥
Aol A st 3ol

H47] Mol REo] Bejo] g 1t rhg Anter]
gfo] 29 BLE gAlS et AZ BAkE Zls¥sfiof etk
BLESAIS #3h A2 BL

]:.]E}Z__éjxo} == o ou g T & lbxo}
A2 dejo e e 2tk U8 Fig. 112 4
x| 2709 ZAuel x7E ¥ 2AYEHE B
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=
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CLEANER 00301 #1238l CLEANER 0030] 2128

(a) device scan (b) initial state (c) operating
result state
Fig. 11. Pictures of device scan result, initial state and

operating state

Fig. 119] (a)g#x|2702 4} oA XIS AEsH (b)&
71’3 = o7k H=d, ol Table 2.9] QoA @ &
© @O Ro|&= TAVAS UeHT) o] AJeollA 54
o 281X ofo|Z2 SH3A Fav1Y The/EAE A
afl 7HHA Fa71S Aofsh=dl, S 2] oto]E 2
2ol ™2t (c)olld (b)= E= (D)OlIA (0= 2970l o]F
oItk olep Z2 RN 47| Aojrso] 15
H 7] Alojs BE $ A0tE EJH}OIA AEo] 28

sigon, oj2 59 yhe

£}2-9] Table 3.2 A7t

Table 3. Result of time measurement (unit:millisecond)

normal
0oC
scope temperature
avg | max | min | avg | max | min
booting of cleaner | 1,351 1508 | 1175|1234 | 1276 | 1174
controller module
BLE device scan 4528 | 4925 | 4239 | 4438 | 4872 | 4196

Table 3.01A Alojzg 2H2 1= 25 ¢ Ze &
[ A% 5HIT: Alo] =59 ohFol: L HEA|
O]Eq 2 Z2]7IXgE BLE 41 ¢J3t HM-10 &

| &7] SW_13t SW_20] thgt Ao} ¢ibe

ARWIHA] Zgtsl7] whzoll Table 3.3 22 Al

Zloz W 4 o} olgd AUIE ¢

dlo] A0] AFx] AZHO| A QE|L X7 45F Aw AQF]
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AF
o
I3 4 9k o2e o’c Uit L 1 Aloje] A

o mn Y oM
o B I‘TS >
o 1o
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m\l

>v'3

N
ilte
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VI. Conclusions
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