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Abstract

Owing to developments in the intemet of things, many products have developed and various  researches have processed, Smart
home systems in Intemet of things area are receiving attention from many people than the other areas, Autonomous mobile robots
perform various parts in many industries, In this paper, a smart housekeeping robot was implemented using intemet of things and
an autonomous mobile robot, In order to make a smart housekeeping robot, Raspberry Pi, wireless USB camera, and uBrain robot
of Huins Corp, is used, To control the robot, cell-phone connected with IP of Raspberry Pi, and then Raspberry Pi connected with
uBrain robot using Bluetooth, a smart housekeeping robot was controlled using commands of a cell-phone application, If some user
wants to move a robot automatically, we implemented that a robot can be chosen an autonomous driving mode from the user, In
addition, we checked a realtime video using a cell-phone and computer, This smart housekeeping robot can help user check their
own homes in real time,

Key Words : Human-Robot Interaction, Housekeeping robot, Intemet of Things, Autonomous mobile robot, Raspberry Pi

This is an Open-Access article distributed
under the terms of the Creative Commons
Attribution Non-Commercial License (http://
creativecommons, org/licenses/by-nc/3.0)
which permits unrestricted non-commercial
use, distribution, and reproduction in any
medium, provided the original work is
propetly cited,

396 |

1. M

rhu

74 B A4 2 2 2GS 25 5 o] F2 vkel 21 ZAE S| /e
ulzl E84 0 2 FHG Aofa}] S13k Hhg el tht 7t Q7 E AL girk. o] 2igh e A =
745444 (Human-Robot interaction)o]2} gttt o] QIZF 235 A5 2k8-2 thoket Akgol] A &5
o] &-=]aL $irt1-3],

AFERIEIYI]] Intemet of Things (0T F=919] ARE sfbshtzt QIEl#) AA8S ofv]
ol2fgh JIEYl AEE Sl AHEF ARRto] A58 QAL AFE AR 2l A58 Qe 7
ofwlgitt, AFo] AFERIEYl 71 Skt HlvolE, AlA U|E9]A 53t Afeto] tha)d
AREES A3l Qi) T1e]aL FA) o5 o] 87 ARERIE Ul AlEE g theks Sl H L 9lrk
[47.

AFEQIE 9] ofe] Hol 5 XS} U3 Bo] 9le S UIEY=} o2 ARl Yl Hof
B} ookl S0l oL glrh 8] 2ntE E-5 k] Sla) AT EAL gl RolkEe 2vtE

2 ok =

=D
o

b

-

¢



http://dx.doi.org/10.5391/JKIIS.2016.26.5.396

TolZ53}, shA) 7HA), 2nlE 21 Fo] gitt [810]. o]2et 2nlE
FE2 ZFEY 2ntEES B ARE sl £ i, 47
Alo]g &= Tt

AgolER R A, 7, TAME S TRk EobellA
ARGE|L QJe}. ARQJelAl= opulEe] B 3l 9= 7 2R
AlzEE e 4 9l o] Fjul 22 ueke] HlEE 2EAS
SR}, FAREoRE HAE toluE)id]
HlEo] glt}, o] 2o ] Whg Aol 2io|n, Al A}
Fol £ =o] 21} o] YF-5 FetaL ek /Mo R
Housckeeping 2323} 2324 4-7] F0] 9k

Housekeeping 252 Qo] 910 W ARGAR7F A8 uff ] uf o]
7A3E RN AES BoFE 8-S 3irH11], #A) o] 2R
AARPUN-E Ijlehe 21 2 b =S Sl 25 viA
A, 27& #e] 5 gt 715-S Tge el /s gick,
SEANE o3t 2REC] RS SAY AU AE Ao R
olE3 F 9= 7Iso] 7] whioll TEA o ek viRe 715
F3E 7] of ke Al o] 8l

B =Roie 919 ZAAE s S8l Agols= il
AFERIE S Agste] ofolMm 3] ulpe] J3ke Beleh
4= Smart housekeeping 232-& 7813}t o] AH&olE2E-2
25 2ulEZ 0 2 Alofste] Zho] $AUE AEet 4 glom,
ARGAL A% A4 2R FHYUE AgolE BEg At
Fote] J S 55 02 ERIT - Qs Faa gt

2, A A

ARERIEI I §3et ol g =R HZo Sl dFEaL
A}, ATEHIL 9= ol FRHEL H=EWRE ofe} RFID, EMG
(Electromyogram), EEG  (Electroencephalogram) 52 ©]-83}o]
2R Aofsid, H 2 AT FolM AE o=
THEH

C. Turcu 9] 1912 AFERIEUlE $13l RFID 7[Rke] 223} ALt
T2 2R 2Ro] &5 F e ARRE BRE ol 9%
W& ARkt 12). 252 2-#o|H RFIDE 3l 23o] 4L
= 27 Q142 79 2ol v E-S ks Al2glolnt,

S. Wang 9] 2¢1-& ARSIl 7]¥kel Housekeeping 23S
ZHeodct 11, o] 2R Wikioh 2nfEES o]gato] 2H-&
AlofsaL, Fte] e G184 Sl 2ito|r} 3Rt o] 29
784 2nlEZ 0 2 258 A Aofsfogt 2R 22U 4 9l

J. W.Kim 9] 372 3k ZHAE $3l] ol g=R-2 ol-8sict
Bl o] 2X-L EMG 4135 7Nk R 218 Alofgitt, o] 2H-LE

d

o o

¥

&0 2 Aofa}7] FhEFrollM 7 E AN 2 R RS- AoBl =5
TR, SRl RS sk ZR-S 7P
sl T =AU,

JH.Yu 9] 1788 H9lR1 EEG 255 AMgsto] 2E-& Alofal=
WS 3okt odrt [13], EEG Alse 94 Falra Zhitol= LED
£ vlehks vl Hisg kR Hulrh vehs @41 Steady
State Visually Evoked PotentialsZ o]-g35}¢] Hlo[E}E A%l oH, o]
Hlo]El S ARg-slo] 252 Alofal it o] BR-E Aol T
QoL Hus ARgste] 2RS Al FEA Alofshr] #g
E2o % 7=t

w
1>
%
0z
T

31 T Al 2" 74

B e A dE Y o83t AgolE 255 Al ofsl]
9ol 7 13} o] PAJeklct. 7 19] 950 Sle =R B
Aol A 254 uBraineltt. o] uBrain 232 Huins AfellA]
W5E FHow EE. o] 2R TRt kgL FA717]
o8 EsHaL Q. o] 232 Cortex-M4 7|RkO 2 Al#tE|9) 0 v,

------------------ . ©

Camera

i [ S—

-

Smart Phone
Client

Raspberry Pi
I (Server)

uBrain robot

%1, HA AIAE PNE
Fig. 1. Overall system diagram

Connect cell-phone with
Raspberry Pi

Connect Raspberry Pi
with uBrain robot using
bluetooth
N

Autenomous mode

Autonomous algorithm
execution

Autonomous mode
ar manual modeZ

Command execution

a7l 2 ®A| Al2Y B2
Fig. 2. Overall system flowchart

QIE{ TS fIFH ADIEES 0|88 0|S2RC| Mo | 397



Journal of Korean Institute of Intelligent Systems, Vol. 26, No, 5, October 2016

7iEF 814 © = Keil AF] uVision 42 AR2-31C}

2utEEOR 2RS Alofelr] el AnlEZS ghzH|e]
glolo] AZE el R AZslort. A2 Wi gE eh=2ug]
glolo]| TFH ofolujo]] AnEZO T AAstal, AT E HUjaL
we Wez FEs chalel dolsh wbun wRe
EFFAE WHolE Wes 783, = HEolol 5
A FY L2 7F TS SHeF 7). g FHHEke] A9
USB F17eeks o]8sgict. 18 2= 255 Alofer| g
A Al ol gk S50t} sigshs HEolt & - A

F 50 5% FYL s TN

32xiB0ISER 2TRlS

Ao FRES el Slo) uBrin 2] s S|
o= 283 Aol Awe] 9E3 0EE stte] R AN
AHgalo] s oI, WA 2hzul2] sjole} 23to] Q1o] e
7B, 5% 23} )5 3L A o] 5 AT} A& FAY B
aleke] IR A wietol) Zo] gieA) Aulo] Q=] dkstol
$A9le AT, 2ol Aol Wo] Qe B9, o] Fz
9721 7] 9220 2 Soyles Talsieir), Tejw o] 9%
F& 0% vo] 9IS 79, A e $HUS Bgeles

ekt 1% 3& Ago|FRRe] $AelS Sl BEwol)

A

al
rﬂ‘.
o
N
o
)
o=
o
-
i)
st

Start
autonomous
mode
Is it
autonomous Is there a STOP —
cliff?
mode?
Change to s there a Moving
manual mode wall within backward and —
and execute 5cm? Turn right
command
Is there a
Do you want wall on the Turnright [
to end? left?
Is there a
wall on the Turn left .
right?

Go straight

a3 3 22 MO U AR FHS st 52
Fig. 3. Flowchart for robot control and autonomous driving

398 | |xE - etel- 0|y

rio

P

332 S0l
Rl 23] S A T P BIs] 918 74
USB7AIELE ol §35to] 2] AlobS A EO 2 1T wS
Shoick. T4 USB 7hileks ARgstel ok s ezl
solg Bl §) 2EHS & 5 JES WRIeE e
Sheg FHS. olF TS| I8N ehzilel stolo
AR5 9) 2E 2 Wb 5 5hob] MotionS AH§519E

ok

41 X2 =4 Aa}

A 73 daElEs 78] 8l uBnin 2o 253}
Axet R AME Adst S9, sl BolE &4 #5E
RIB=E FE3}oct. 19 4= 2o 2A8FaslHr 27k
ARl R A2} 223t A 2 o B 743 Fholt), o714
IR AllA] 2] Zho] 20001} F 7-9- 200002 VR A &3 o H,
ko] 258 Aol Ete] APt drke 21 oJulgitt. 11 49]
2F9] IR sensor Forwad®] 73--uBrain 23-0] ahke]] 9= 1R AA &
oJufat, vietel] Ao] gl=A] Z-2- A o] 9l=A| sk A
git}, S0 AFolEs S| Sdeto] IR AM 9t 253 Ak F
7 E AMBEE olfre AolES AEshe A7 a7 wizl,
Z5 0k AN Z GRES AABHA K8 A4 T 02 R AKX R
A &3] SlsliA ot 13 5 uBrain 23-9] 31 IR AllA] 2]
Ix1e} Ao 239t AlM, & SH] R A B 233} AlA <]
RIS repiict, 19 5o Wiz 92 39 AlM E ofnfshe, gt
X o] P IR AAME om|3lct,

& COM4:115200baud - Tera Term VT BRI

(B "&(S) HMUO) Fw =23H

O 4 R MMt =30 Mol FYoig =5 ot
Fig. 4. Measured values of some obstacle using IR sensors and ultra sonic
Sensors



http://dx.doi.org/10.5391/JKIIS.2016.26.5.396

(c) 2= 2& (d) olEt 25
Fig. 5. Locations of IR sensors (blue dotted line)
and ultrasonic sensors (red line) in robot :
(a) Right side view (b) Front side view
(0) Left side view (d) Bottom side view

42HEES 0[28 ZR Hlof

JgeFor RS Alofslr] fste] gERo|=g oS
Aolds T3t I8 62 I=Eow ZRE Alofske
Bolh aglal a8 7L 2E-L Aojsla £ZF0le] AnE
Blal] 91 FERo| =g o el o] ot 3hete] Auomode
HED} Manual mode BJE.0 2 A}-& 8 o2 Aeist = glom
HFHESS oldsto] HAUS 24T 5 ik Az e
doREw, QERL d, HREx 954, WEL s AFTY 2
5% F9L 9] chanacter 232 RYEE FAsloit 2t=H|g]
golo|XE 9] character AT E ZH 7| EFEAZ HUEE
Tt

(©) (d)
I 6. HEEZ 0|88 22 X|0f:
(a) 2IZ (b) Z=H (c) =2 (d) "X

Fig, 6. Robot control using cell-phone :
(a) Go straight (b) Tum left (c) Backward (d) Stop

KT8 % r ] T EGL % i ] 2
Control Control

165.194.123.161 8080 165.194.123.161 8080

VIDEO VIDEO

<~ stoP —

) \)

MANUAL

AUTO MODE MODE

(a) (b)
J8 7. 22 HUE 2Ist A=Z0|=& ofEZ[AH|0M :
(@) X2 78 2E () +5 2
Fig. 7. Application for Android to control a robot :
(a) Autonomous mode (b) Manual mode

438l
=19 7¢] Video +AYe d=gog

Rletes ?ﬁﬂ—s}%} olg Fasl7] fPEiA B =Eelre
gtzdlE] stoloa ¢ 2ENS 7Y F dv TH F
SRl Motiong: o]-83to] 23] A9 &
V=S st d=E 9 TIE AFEE 2R S
slelalr] flalirle ald ofolu]oll He] XE ¥s 8085% 2RIe
TME% TAstct. 22]aL 71 USB 7heet 2 E s /3
AEE 320x 2400 2 AAs o] ) AERH o R o HuE
| s}cﬂu} 19 82 714 Z5FEl9} =E O 2 uBnain 229
USB 7hlets 3 wiiel Akl 9 A7 375 4
2EgH o2 3R Aolt,

i Jﬂ -{>

(<0}

—Ll

b Hezs

Fig. 8. Image results using a wireless USB camera :
(a) Image result using a computer
(b) Image result using a cell-phone

2R9| HMof | 399



Journal of Korean Institute of Intelligent Systems, Vol. 26, No, 5, October 2016

5. 28

=

oot
ol

o7

Bl ARRRIE YIS o] &8to] oo AnfEE O 2
ApgolERES Aofslar Feke] NS I & ¢l Smart
housekeeping 255 783150t o] =29 Ao= o] 2R
QMBS ARg-8to] ThckaiA| Fote] ofjehg- FEolu} ofolEo] 2
A2 gH=A) SR1aHEE o] B 5 21 Hole). e 2kl
E50] EEA BT E =2 & Aot T3t FhlelE
oball shal7} oot & 430 Shlato] 2710 H3Fe 4 918
Hole} A7k

ko 2 o] Smart housekeeping 23H-8- A0l E T o|Z3} A3ls}o]
Sl AnfE §g Pag Agolc) g e 77159 dstol
2ntE F Al2Rle|| 715 o 371 Algolct. Bgk o] Smart
housckeeping 2326 7k 414 5 24 414 5o 7]5-2 Z710]
ks p ol sl 24, ohiale] A HAlate 715 Sk
Aol F7HA 0 2 S HAIAIE Hlle 7152 78 Algolt

References

[l K E KoandK, B, Sim, “A Study on Human-Robot Interface
based on Imitative Leaming using Computational Model
of Mirror Neuron System”, Jourmal of Korean Institute of
Intelligent Systers, vol. 23, no. 6, pp. 565570, 2013

2 J H. Yu K E. Ko, and K. B, Sim, “Facial Point Classifier
using Convolution Neural Network and Cascade Facial
Point Detector, Joumal of Institute of Control, Robotics and
Systems, vol. 22, no, 3, pp. 241-246, 2016

Bl J.W.Kim, W. Y. Lee, J. H. Yu, and K. B. Sim, “Autonomous
Mohile Robot Control using the Wearable Devices Based on
EMG Signal for detecting fire”, Joumal of Korean Institute of
Intelligent Systems, vol, 26, no, 3, pp. 176-181, 2016

4 Q.Zhu,R Wang, Q. Chen, Y. Liu,and W, Qin, “IOT Gateway:
BridgingWireless Sensor Networks into Intemet of Things ,
IEEE/IFIP 8th Intemational Conference on Embedded and
Ubiquitous Computing, pp. 347-352, 2010

I S. I Ahn, “Control of mobile robot using smart phone
for IoT(ntemet of Things)”, Master's thesis, Chung-Ang
University, 2015

[0 D Tracey and C Sreenan, “A holistic architecture for the
intemet of things, sensing services and big data”, 13th IEEE/
ACM Intemational Symposium on Cluster, Cloud and Grid

400 | SHIZ - ool - oy

rio

P

Computing , pp. 46-553, 2013

71 L D.Xu, W.He, and S, Li, Intemet of Things in Indlustries: A
Survey, IEEE Transactions on Inclustrial Informatics, vol. 10,
10, 4, pp. 22332243, 2014

8 S W.Iee ] H, Yu,and K. B, Sim, “Reaktime Streaming and
Remote Control for the Smart Door-Lock System based on
Intemet of Things, Joumal of Korean Institute of Intelligent
Systems, vol. 25, no, 6, pp. 565-570, 2015

O S. Kumar, “Ubiquitous Smart Home System Using Android
Application”, Intemational Journal of Computer Networks &
Communications, vol, 6, no, 1, pp. 3343, 2014

[10] M. Castro, A, J. Jara, and A, F. G, Skarmeta, “Smart Lighting
solutions for Smart Cities”, 27th International Conference
on Advanced Information Networking and Applications
Worlshops, pp. 1374-1379, 2013

[11] S. Wang, H. Zhao, and X. Hao, “Design of An Intelligent
HousekeepingRobot Based onIOT”, International Conference
on Intelligent Informatics and Biomedical Sciences, pp. 197-
200, 2015

[121 C. Turcu and C, Turcu, “The Social Intemet of Things and
the RFID-based Robots, 4th Intemational Congress on Ultra
Modem Telecommunications and Control Systems and
Workshops, pp. 77-83, 2012

[13] J.H.Yuand K. B. Sim, “Robot Control based on Steady-State
Visual Evoked Potential using Arduino and Emotiv Epoc’,
Joumal of Korean Institute of Intelligent Systems, vol. 25, no, 3,
Pp. 254259, 2015

X X} A 74

SHZ(Je—Hun Yu)
2015 : FF kL A7 1T shAL
20153~8A)] : =}l sk o &k¢d

A7 188 A

1=]
#ihto

b H25E QE o), omld, A, AR,
A28, AR RIE Yl (0T), HlH|o]E] 5.
1 +82-2-820-5319
s yjhoon651@cauackr



http://dx.doi.org/10.5391/JKIIS.2016.26.5.396

OkA91(Seong—In Ahn)

198413 : i otar AAbsott 35pAL

2015 : Tt AR ekl AR FA8k
I}

AR hestolr|a tiEo A}

AR} AFRQIEU(IOT), HlE|o]E] Z.
Phone : +82—31-688—0600
E-mail  :siahn@gaonht.cokr

0|4®(Sung-Won Lee)

20154 : XAt Eka AR g8l 23t

20159~317) : S0 ehakaL kel
W7t A

Aok AREIEYIOT), A UERS, dulvs, =t
daeE 5.

Phone  :+82-2-820-5319
E-mail  :sungwon8912@cauac kr

Al H(Kwee—Bo Sim)
19901 : The University of Tokyo HAlg-8t}
S SPRAL
1919~8A) : FYeh et 718k
g

20008~2007 : SRS A 28 8}5] 514

wAREol « e, H-ATE AEsolx, ZEIA, of=lA,
FHIAES ATHRR, AsAEE, ZsEH o d
PLePds, A58 & 2 & ENS, HFES
AR 2 AN dENT, AZE AFHAIAEY,
A, Zstehh, tiA 5l AR EARRREAIRE,
AEAAA L, A5 FHAA| 25, ARE eI (oT),
Hldol8 5.

Phone  :+82-2-820-5319
Email  :kbsim@cau.ackr
Homepage URLhttp://alife.cau.ac kr

AZQIEU TES ISt ADEES 0|8%t 0|52%2| Ao | 401



