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ABSTRACT

Telepresence robot is an innovation in facilitating the
communication between two parties, who stay in different location, as if they
were staying in the same place by using real-time video. However the
telepresence robots are not only expensive, but they are normally controlled
by pressing buttons which make the controlling process feels unreal. This
research address the issues by proposing an implementation of a
telepresence robot within a constraint budget. The proposed robot is based
on the Raspberry Pi computer. It can be connected over the Internet by using
the virtual private network. The robot can be controlled in two ways: by
following the direction of movements from the controller smartphone, or by
automatically following a face of a communication party in the room, using
face tracking technique. The research makes three contributions. First, it
presents the collection of knowledge in developing telepresence robots and
the involving computer science techniques used to implement the
controller. Second, the proposed telepresence robot can be used as a model

for further development of telepresence robots within the budget of twenty



(@)

thousand baht. Third, the research presents the verification results of the
robot functions and the comparison of effectiveness in communication
between using the proposed robot and the video chatting. Thus, this research
would offer another option for communicating remotely via robots in a

secure and natural-movement way of control.

Keywords: Face Detection, Face Tracking, Natural-Movement, Raspberry Pi,
Real-Time Communication, Smartphone, Telepresence Robot, Virtual Private

Network
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Tassnudnde uwarmenuagllasiadveatdomiudoauainerinug

1.1 anandunuazanuddguasdeym

nsdeansnstnameninuazidsstutagiu idesduiflewalni (Video
Telephony) s¥uun15Usegunelng (Videoconferencing) #3en15daa13unufinislna
(Telepresence) fluwAnsiamuinsganduiaininvindul nmsdeasnislnamisninuiagzides

Wusuaulu w.e. 2507 USEW Lwa Faweu (Bell System) latausnisd@eaisnislnalnal
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Waduannsdedugadsaiissediaien Wunsdearsmslnaniinmuazideaniouiu

Vel Tunageds Svendnsdue As finwesinly (Picturephone) (Davis, 1970) Asn1wd 1.1

Y

Anesvuiolduuinnssunisdearsmslnananunsasvdsdygraniniazidsandoniuly

aferu uiidosriaduewn 511 nsldou wasmalulad W a9 vesduaa Ay
axdunvosnnuasideaiinn rausumudygranmkasdsdiaiioy wazaanudiuves
é’zy,zgwmmwLLazL%sqﬁé’aqmmmﬂﬁu%mﬂﬁmﬁu ("Whatever happened to the
Picturephone?," 1982) agdlsfiniu fintaesliufogaisuduvesszuudearsmilnasenm

a8 A o
wazidesnauysalluagiu

1964 Picturephone Set

A technological tour-de-force,

this telephone let you see as well

as hear. Its successors provide video
teleconferencing service.

A, e ST

Picturephone® installation showing Touch-Tone® control console.

A 1.1 fineesliu lne USenua 3awmu (Davis, 1970)

walulagnisdearsnislnagduuuninuasidesdnmsiauiassguuuy loun
walulagndnnluaninuindeuaivnuive lgldiinauidnialiovedluaniunty waz
wialulagnldvusudiludeiialinisdearsinuaiouass walulagnisdeaisvielna
= Y Yy i Ay = v -
susvuwsniidwangligldsanegluaniuninaenis lngniswssussuuluaninuindeud

L o v e o v o a a T T
Wweduglvgunsaldearsvirauldiudseansain wu vesdmiunisusegunialng

]
al

(Venolia et al,, 2010) luvauzinaluladsuwuvuiasslduesudidudelinisdeansiniy

A Yo 1

w@louaswniu Wi szuunIasienndavnslnaidinnsiidinanunsateiiu e we uazds
usudidaUatenilaaioudvadluia s uinisase (Singer, 2010) ¥ud13539
ANNWINRBUANITIASTRAIUANAINITONBITY Tl9 uazAIUANTUEUAlUTIAVNSTIRBIN1TUY
dy a % & 1 6 o b2 o Y} a v d' d' %

WURIN89A15 (Kac, 1998) viserueudd1sialinzadmniuiuidenauisadoansaienin
WaZLALaMUUTUT (Real-time Video Call) Hnussuudumasidin (Internet) (Rekleitis, Dudek,

Schoueri, Giguere, & Sattar, 2010)



A9 1.2 viuduaedid auida wagieinies (andreluvdn) (Davies, 2014;

DoubleRobotics, 2014; @virugdun, 2014)

nsdeanstagldvusudunudimilnaifulselevduazldsuniseansuly

a s ) o o/ Y v o < ¥ A £4 z.ﬂ' 1 3
WNFINEIEans widmsugldanuiilididududeaienldnisdearsnialnaniiugunsal
Foansran nuwazdsainty e nvusudunuiimalnalisnaas Wy viueudfuaedil &
sIAUsTINMARILAUUINGDST (@ViAuEIua, 2014) wagvusudduila (Double) 51A1
Uszanauuuaniuumeesi (DoubleRobotics, 2014) ugudunudiniglnadimsuaunu
gsnaeldlunisuszyudaiinagefaniladuumsen (Davies, 2014) FanMe 1.2 8IANS
FINIVUIAEN WINNAN wAUIBNUTIYNT AUz Adsliaunsadenldiueud

atnalunisa@eansia

a

wonnil Tulagdudaliuvasteyansiusinnuidenaiuisaldanadsluns

Y

Warnusudunusslnafimnzaegies wihyanamluaisinudsrglunsiam
vusuddunuefisnneeuiauniusudunuimslnalusieniynauannsodhdeld uwd
fFaamuiudgmmamadiansldnuifinrdudeunasgen
mATeatuiaauemadeniieandamiiintumeusauaznsldig
vasjusuAunusimslnatugldanlulidndsldie Taenniamdanuaeguyudil
arwaulaneiunsiauugud wagnineinsauddoifadurusudusufuiau
wuguiunusimislnaliansaldauldaduaziisadninusudussiamferfundl
$vwogluilagiu lnssuitedagldnoufinmesmauesiln RaspberryPi, 2012) 1y
qﬂﬂsaimé’ﬂﬁﬁﬂwaw%wwmﬂwammmmmmamawﬁaaﬂizmama Broadcom BCM2835
SoC (Broadcom, 2014) wrldlumsidenazneassfuvusudunuimisinaiiamisoaua

n1swadeulng lagldnisuyuidesvesaunsninussuuuifiniswounsess (Android) &

gunsalfsnandeiinsnatninelisamunmuasevueuiviiiifuaemiuuineed



1.2 InQuszasA

nsdnvhanerinusasuifidhmnefenunuesdamuianunasusuiia
mwaulalumsiausuumusinislag sauinfussdauiauisendnnisifeiuns
anvusudnlFsunsiausuazifinsigatsisuy woldlunsimuvueudunusmisina
dmsumsdeansdruyana n13Uszyn nsdeanslueadng uaznisdearsmalnadmiy
msdnw TaelddununisnanlsiiAuasamiuumdeds edumadenlsigldamluidhas
nsldnuvesiueudlaig

ol lelnsiTesuiunsussanuinedandn SatmuatngUseasd
ypansiaLkaznslduvesnsfmuusudunudmslnasmenauesilniiaiunsa

1 s % dy
AIUANHTUAN IR

121 WeWauwusuiuarsyuumUANuUATTAIa N sof

(1) anunsaiudierdn wavanunsanuwentils nglduewesivesly
(Servo Motor) §1uaugessiilunisduiadeunisindeulngly
LAILAZUUIUINS

(2) aw1TananIHavuIsnIn Sudsdoyaninuazidssdiviunis
doa1sniuiiaiada lasldmeufininessaivesilmdud.
Uszaanadeyasiudugunsaldug MAeades idu iuuay
(Webcam) a1lwg (Speaker) uaglulasinu (Microphone)

(3) aunsamuaunnedeulmvesiusuduuuSHlusTE Tunsdld
Lildldaundnlvu amvaunsindeulm laedsiunisnsadu
fumislunthvesgaununiiomuiaiundswedluniiuay
\doulmnny

(@) fszuumununisadeulmivesiusudfedfldnuesiiy
au$nlnu Tnsfudeyasniwuwesnsradunisindeulm
(Moving Detector Sensor) Uasassvliu

(5) flszuuiu-detoyanarauuuldnsia (Virtual Private Network)
sENInafueudunudIniginatazau sy diupIetng

Sumasilin vsawAsatrenaInuylU (Local Area Network)



122 wefnwismsusugsaussauglunisnsindulunthvesiueuduny

Fnnalna F9UTLUIANAUUABUNLADIIVAUDSTT LI

1.2.3  iieusuiiumsldau (Usability Evaluation) ugudunudiniglng

1 I3
2819 JuUsYUU

1.3 ¥auLun

dieliniswaueudunudaniddnaiauaudisaunsninudusalanu

WJwinneg nagIdedslammunveuunresinuideeenun Al

1.3.1  dn1simunueudunuiimisinatuinegiatesnilayn iefng

ausTauznvukaznsedeulnvesssuulumsldusudunuidis sy

1.3.2  vugudwnudInigbnaszaiuisainnunanlalagineuiiiines

AU nludiAIuANNITNY LWWeuRBiUIIRIAIUALLBINES NABIIULANEDIFT

0NN Al wavaunIalesuau Inedivaulunnisvinaunal

(1)

2

(3)

(@)

(6)

()

flasasenanunsaiugne-vIn waraunanuwenile lneniu
HNITAIUANNBWBITULAFIUTISUAE NN AL UBST LN
A107150LAFOUINININNITAIVANTANIIVBIUEUARIENITLBEY
vsenyuasninuvewldnula
aunsandaulminunisaiuauiandnludfivesiueudnie
msnTdusiurislunivesgaunume i uLANf v
ausasudininuasidssmiuanaseldausvinulariiwiu

o o (% 1 ] [ =)
wandanaesdmsunw wazsululasinudmiudes
auTangan1TSudsnInuazidss nieed1elneg1anilanen
uudle
fiszuunsuansnavuvannidaiaunelunisueniulussey
9L NUDLABUNNT

~ ! LY A ! 14 N A A ! a f = !

ausaendaiuATaYITindurI oI oY BumBsLINNIY

gUNIALLATOUIHVDIABUTNIABITINALUBSTIN

133 aursnlvunldavauvueudazdesiindesaiunii Tiwuigesin

! a A § @ a
AITULIILAEAITNLB Y (Accelerometer and Gyroscope Sensor) BIBLEULYD I LTU A
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(Compass Senson) Tsvuuuftnisuounsosrsuaiuly uazdesinisdenseiinginietng
visduniedumefilaiflefndeiinludiszuuiudoyanarsuuudnsdlueildou
134 syuumuavusuinan sliudarwansafwiolui
(1) mugunsiedeulmvesiusudunusimsinaldlagldnismyy
aunivilviu lumudhevan wasiuele
2) muaunsedoulmvemjusudwusinslnaldlaglduaua
famaaiieuuuninvevesaunsninule
(3 Amuslijususindeulymusiumnidunthuesgaunuildlng
onlullf
@ dmsSudannsazidsswuuriuiinnauniinuludmiueudla
(5) eenmdmganisudininuazidss wioegndlnod1amilsiisn
aunivilviule
6) fvuslvnanainmiaununmadeulmlussiugusdls
135  syuuivdedeyananauvuiisiialdienisiudsdoyaseminsjuous
wazaunSvlsushunietnefeduriodumesidnlurieiiiinsdoamsuionsusyiiniy
136 vusudunuimslnausazdramsoliifusmunudldaulafleas
szuumuAuAnfseguuainininy uiluszniiinsldautugldnuaulaaunisogiy
fdrueuduarlbiaunsodiaunsnussnisldnuldaunitgduganslinuesnainjusud
siflogluvizi

1.3.7  vusudlianansawmdeud wazlianunsauiussiuanugamuiasla

1.4 Uszlewinaindnaslasu

a

1.4.1 Ievusudunusmidlnaifiusyansamuagsainnauauisoidia
1 Tngldaufmlvilunsdeansuazauaumsvihaiuvesjusudiniaietionslnaiiannse
dhsaiennuvasndesenisindedeansuaznisiudsdoyadiuiiseninetu verede
ANEINsaluMSARaNsUBINTUTE N TEAUBIANTIEAULAN nane UTIVNT MFEMTAUNLA
dudlsiufduiusinnty

1.4.2 lfiaueitmsmsnouiiumefiiouiuugsaussauzlunsnsadv
Tunthuesususiunusimalng desznanauuneufamossauesdi

1.4.3 lgunauanamsuseiiunisldnuiusudunudmislng
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sl Ingluumivilslinanieiuvesiym fnguszasdlunisiiide wagamsu
yesnIAiunsite uniiaeananimeguiuasiiddeiisdedunsiaunsiusudunud
milna susesdanudiieafunalnnseenuuunazmunumaiadoulmvesiusud unil
awmﬁnﬁqsﬂu’umaumﬁ%’aLLazmiaaﬂwajuawﬁmuéffgmﬂﬂa unfidnananadnsluns
Wavusudunusslnauas MIRaugedniiomuausudwimidlng waguni

inseuagUilomnandluineinusiaun
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nsmuugudunuidlnafinruauisaunsninuliussauadsony
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npUsvasanimuald Sndudedddniuiiugiuainnismumuissanssuuazauiden

= 1% X = aov o 4 v o A  aa ° v
LAYV IU‘U'VIUﬂa']'JﬂQ\T']U'JQEJ‘V]LﬂEJ'J‘UENﬂ‘UL‘VW’]Uﬂ 8N19 BUINN LLaZﬂ'ﬁu’]‘lﬂisﬁﬂqu"Uaﬂ

a v 1

yugudunudmalnaiiiuuluguiuudieg 1iived deunnses wisdiunaunsatiluse

o '

vonlusuanliaditls suwluinisuuzihdmaefniadeniifiuiselaanindumadonsia

ngadmsuihluldiuiueuiunuimelnasgamngay

o/

2.1 NUNIUUIYNNIUNN

2.1.1 msAnwnsaimsldauiueudunudmislnaludidneu
13deveausengiia (Google Inc.) kazun1ingrdeuuag1yiend lariag
(University of Massachusetts Lowell) lafinwinsainisldauvesjusudunuiinisinaly

nsldanumeludinnulagliasgvinsanisldauvesiueudid (QB) vueudild (VGo) fe

A 2.1 (Tsui, Desai, Yanco, & Uhlik, 2011)

Al 2.1 siusudiand (§10) wagrjusudIlA (1) (Tsui et al, 2011)



Han153enuIINstEiusudfduasusuiilinigluiesdssyulasuaiy
fonngidnfanimmanessuauaNNgUINTIIATNNGY ANVHIIINANTHLINGBNNTS
Tuusudunusmidlnavesisanunguiifeldagyimiidufyneuieanssaneded
vianeaulddu uidnaesnguiidymnsldauiusudunuimslnaluies ssyuagsiming
aoluuiries nguaavneldonidnnsldnujusudunusinislnanigluiesssyanieann
gildviusudunusamdlnaldsumadunaiionvhsssluninalndifesfuil uiussqulu
FIIAINITNARBINGR

Jamiintuvesaaanquiddyinisldnujueudunudiniglng fe aiu

14 o o

Lililalunisldau wazdgminisquatunisiafauivasjueudunudimislinanidediin

v | a 1w v " & a v 1 oaa
mMemuyuieswazduinseiugldulidusssunadieldluiesUsey winquidideymans

o

nauildsasldviusuiunuimalnalumadunigludinanuueniesUseguaiuuni

Usznulgmaesanululilalumsldnuiusudunusmislnavesaaingui

=

Ty Ao Girsrumeasdlivilaluanulaendevesnisiinsiateyanldsudininuasides

IS |

HIUUSNNINALe (Cloud Service) vasviupunAIluariueudiln nan1sfnwinstinisldu

td'ﬂ.lill

Fanudayyveinisaivanviusuiwnuiglinaigidisinvinnisnaaesnnguny laud gals

d

usudwnuimslnaidiussgudnagldvusudiui ssdevinegiaunen ulazanusauiu
| & v A L@ a o v YR |
ANNgeveuudield wisllaswnananuliidudasslunsusuyundeannadegiingy
Usza Fedemaliinisaununseninsyanaiidesiuninszninaiu (Eye contact) Wiiefage
aulalunisaunuianas wasnad1513999 USEN suwAud Asuy Aty (Raindance
Communications) (Gilbert, 2004) loatuayunatayalUluiianmadeiiuiuauifenuans
i snUssguiidnsnenssiegrsduiilifesduseduivszguuaznniuaula
TunsaunumseussinulunUssyuegnediduddy
wonINUN1ITuladnwIn1sldnuuendunudinialnaldluniaaiu
neludrinauiia@neinsmnistdaudod n1saunuILuULiLrTIiY Nan1sANYINULN
uanmnL%amiaummﬁéfaqLﬁwﬁﬂ%wdwﬁ’mﬁaﬁq@JmmmaﬂﬂumiaummLLé'a gragilu
= a Ay o a Y o o Ay ) v
Sewveadusaunuiisewiufiandludgaunu wavsviudeandesusulaegranunzauniy

an1izwIndeuiegluvuiume

[
a v Aa

nan1sAnwuAde LR IuInsldueudunudmslnaluuinamisiu
eludrinauyilinisaunuisuudiseiiidsedninmanazo1agivnagaaulalunis

aununle nsldvueudunuiinislnaluresUssyuanuisofsainvaulaluriesUseaula
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willaufuyaraautiuegluieUseruiiuase wiusudunudinslnadslimanenagiunly
WanisaunuikuusdesiluiesUssygu iWesainnismauaujueuddliiludaszuay

UG

o w a1 (3

AaNURFANuEudunuRInIelnaned
uinidevesvsengifiawasuningrdousaniyand larias tanaiids

2.1.2
AauRd Ay viueuALuiavalnafisll (Desai, Tsui, Yanco, & Uhlik, 2011) luuuanig
lunisWaudessn swluiansiuisauantfiusudunudimisinagudeldiinisidu

(%
LY [

aglsluowan lnsanunsoagulianuauds dall

a = =~ = a aayy a
AN 2.1 @WtiL‘UiﬁJULVIEJ‘UﬂflJﬂ']WGUENﬂ’]WLLagLﬁENsU@ﬂﬂ’JU ']Iﬂ LLa%aI’J

(Desai et al., 2011)

Video QB vs EVO VGo vy EVO QB vs VGo
characteristics

Overall quality QB (4.17 vs 4.08) Same (4 vs 4) QB (4.17 vs 4)
Field of view QB (3 vs 3.5) Same (3 vs 3) QB (3.5 vs 3)

Scale perception

QB (5.25 vs 4.42)

VGo (4.67 vs 4.08)

OB (5.25 vs 4.67)

Pauses in video

QB (4.17 vs 3.25)

EVO (5.92 v5 3.82)

QB (4.17 vs 5.00)

Latency QB (3 vs 5.17) EVO (4.42vs4.33) | QB (3 vs 442)
Contrast EVO (3.91 vs 5) VGo (5.08 vs 4.08) VGo (3.92 vs 5.08)
Resolution EVO (3.17 vs 3.67) VGo (3.75 vs 2.67) | VGo (3.17 vs 3.75)
Color depth EVO (3.5 vs 4.8) VGo (4.75 vs 3.83) | VGo (3.5 vs 4.75)
Degration EVO (4.16 vs 4.08) EVO (4.58 vs 4.67) VGo (3.58 vs 4.58)
in quality

nsldarnuninvesdyyin aduseidevesdyyin wazanuiives
Sypnalinzaniuiusuituiinadeannmasimananianinuazndes defiuideldiden
WisuisuszUUN LAz dssve9All 1A wazdla (EVO) (EvoTechnology, 2014) #1uA1914
i 2.1 naSsuiisuannmuesmnvesitiidululdildmudasdyyuuuuevaesmnd
&I (H.264 SVC Codec) (Woon, 2013) arailaraulilunisaeuaussuinningawdad

o a

A IULUULETADINNELDIT (H.264 AVC Codec) ¥093LA (VgoCommunications, 2010) wél
QmmwmqmwﬁugﬂawaumLﬁaﬂiw%mmﬁwé’@@m inlinsSudsdayaninle
590152893 (Schwarz, Marpe, & Wiegand, 2007) Fsvilvinunziuyusudunudiniglng
LUUAABUTIaEASEUNN T ULU AU wivnlglurieaUseyy fulaidyaimuwuuievans

a aa ° Y A va P ° a v av v
ﬂﬂaL@'ﬂ“&mgwﬁlﬂu’]V}lﬂ@ﬂﬁq Lu@fm']ﬂﬁqmqiﬂmqﬂqqmaglﬂﬁﬂcﬂ@\iﬂ']WLLa%ﬂ'J']QJQﬂW@QGU@Qal@
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) ' a = [ o a L% ' < A
Wuae19m QQL%?,J']SﬂUﬂ’]i@Jﬂ’]uu’]LﬁU’e]LLUUﬂ%LE]EJG]ﬂWEJI‘H‘VI@\‘iUiS‘QQJ E]EJ’]\‘iliﬂGﬂiJ{jin’}Li@ﬂ

I Ao

Aunmde dssagiou ldeates uandesuiame Ssanmnsaiatuldiuuiithuvagen
Tnglowzidfasindgmudssuameldunian
JymdrunilsvesnsaruauiueudunudainidlnassiAaduldainnig
ponuuvdAndetudldnuiildmanzan fidunisesnuuvdudadetudldvuvosdau
AuANueuiunudimdlnassdesligeenn lududou nevausssiag Tdauldde lvivld
AlusAnduan wazanmnenienInvemiugudnlsinisesnwuulilminganiunisldau
fail
AaNURYRINTRONLUUAIYUEUA
(1) usudunuimalnamsusumnugsldfinnugssesu 1.5 - 1.8
R dmunsaununuLs iy wasdu
(2) ndesiiRndsiurusudnisiassyaduaiation iieldlunns
aunuuazgidumafulufelunsdfindesnisaunumiodu
Wasugudwnuimslnaanansaiutiev vsenuele
(3) muslunsiedeuiimseguszana 5 Alawasdedalus Fudu
ANuIveIMsiAuegsUnAveyed uagAsinTieud
\douiidnlui@lddneg udrnusinsiiulasiadevesyudils
NnManaaes ansainadeldi 2.25 Alawmssednlus
(@) aunislunisusaiiumisagninfiaairmdululd anua
d199veeidnTunisvaassiiasninuiuitdesnisliyuuedly
nsuaadiunafigavidululy
AuautAn1sidinunIoniseauiunadinuvesusudunuiInialng
duiilesainanuldlindalufissuuvesusuduazanuvasadelunsldeu ufinueud
uwudmslnaunsguldsunsudletigmilasfinsudafeusedemdounmianinaeniia
i ldanulutsla sonanmisldnulugade Mmdvheslsfudsiuoud Tadsdedise
wazinnlfaunsaduiivonsulumdsaumniuluewian
mmé{’wﬁfgﬁuaqmiﬁﬂmmu%%’aiﬁuﬁaamsaam%’umqéﬁﬂmmvjuLmuéh
milnadidadosiulys ennandafiviusudunudmslnafedvdanauifdufiouuami

Tunsiannregenlusuiraiisliviusuilinuantfduneeusunisdny
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2.1.3 nMswaussuUiusudunuanielnalugadaly

yfseauaranldinumenandululfueansiamnnsdearsmslnase
Anuazidesguuwuulnivesjueudunudinielng (Budihal, Mohanan, Anand, & Kamat,
2011) Fr8NTAIUALRUBUANAILNI (PRATAM) 3osiugudunudmislnainienmugld
fiundudegunssiiaulugunuunivaudefiouasdnlui® Usznoulufefumuny
(Joystick) uagliunlailonuas (Virtual Reality Glasses) ﬁm%%’aL%a'j'm"ﬁﬂ’m@umim?iauﬁ
YOI UALNUAINIELNAIBNE (Mouse) Aguasa (Keyboard) uavaan1w (Monitor) 13l
annsalvszaumsalnseueuialiiugldals

dndadefliuiussuuiinelutiunaiiouaidldnmildanndesves
fvusudnuIniugunsalszuiurisenisnuazdufirdiaavselindneluiviusudun
Usznanaluntuazfngansluvinalndifes fldnuannsadsnuldfonsmuausiiy
gunsaimuAuvIoszyRiaULHUTluIAReuTilULoald

nsAnwmanosil naasstudldnuvusudunuiimalnasiuauisdu 40 au
wazinaasianualdlmelfazuuuresjusudnwaunsludiulsraunisainisldaussuy
unusmslnagadususunilafnnsnsi 2.2 Wefleuiunsuszgumisinayhluasjueud
uwnugmslnagudun feiiusnglunised 2.3 Wedliifuinuludmauaunsadeud
otrafudass n3§dn wazdwAndefugldnuiiiauls annsaviligldnuianuaulaly
n13ldauge

AaURUTRva uEUANa L NARANLINg TUNTInT lunkaEnIS
aradumaedeulmussiumeuysd uinmsduunorsuaivdluntiagyldfangluniii
Buudy anla uasied Jgmivesnisuenuezorsuaiuuluninvssuywdanunsauflale
usnuerligniesnnldtusenisfiuanuasndeavesnn uidediavesdnmmsiudsoya

PuazlUAINY9EIUNNAABIIYIN LA LN SAILANNAZLD 8RR IN N LA

[
Y

M1397 2.2 #anshmenzuuulaglinsIunmaaeansdudduaud (Budihal et al., 2011)

Experiential Video Conferencing | Telepresence Robots | Cisco's Telepresence
Telepresence

8.5 42 6.3 5.2
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= = = wa | s A a Y| fa o ay Y
AITNN 2.3 C‘]'ﬁ']\‘iL‘Ui?J‘ULV]EJ‘U@QJ?{@J‘UG]EU'EN‘HUEJU@W@']LLV]ﬂJL@J@L‘VIEJUﬂ‘UWUEJu@ﬂTU 'ﬂﬂ

waLlad (Budihal et al,, 2011)

Pratham QB VGo Jazz
MacOS with Windows Any with Flash
05 Ubuatu Firefox Vista/XP 0
Battery Life 4 hours 4-6 hours 163::511-: Ezgm 5 hours
Top Speed 3.6 km/h 5.6km'h 3.3 km/h 4km/h
Height 597 6’ 37 4’ ¥4
‘Web Interface g:t(ﬁta)nned Yes Yes Yes
Sound 1 _speaker, 6 1 '..;peaker, 3 2 _speahzrs, 4 2 :f,penkm, 1
microphone microphones microphones microphone
Depth Cameras Yes No No No
Video Camera Tilt 3-axis No No 2-axis
Navigation Control JKo?s]:lgd o Keyboard I]:{aﬂy;l:;ard = i{{ZﬁMd or
Autonomous Path Yes No No Yes
Planning and
Navigation
:;Si;lnmm L Yes No No No
Emotion Synthesis Yes No No Yes
Affective Interfaces Yes No No No
. q Yes (Work in
Cognitive Intelligence No No No
progress)
Context Awareness Yes No No Yes

9INMIANIUITDVIMUALINUNIULAZIATIZI TTIAUI U UG WU

1 = v

NelnanmarIudvankasUaunns o Nwana19iuaanly w1 nufenanirilaunuved

q

=

] I3 Y a oA o ] s A VY Y Y b4
vugudwnuimglnadl Ae nisiawmueudiveldilufunuiiyaaanigluriosussyunie
anundu MatawgunmMsTuddayaniniasidesinileuaseiign uaznisimunaia

nmsdsrumuanliludaszuazinisndeulmlndifsssssurfuinign

2.1.4 nMsWaunueudLnudmglnadunuan

[y

NuATeARLI e luiagiaus eI TR uwnugImialng

¥
=

Tiauauysaiundu Wuilsenivludsaunindy uwidimufuguassanisiusiaives
yusudunusmdlnadsliamnsasiilvisnagnasmnls dundadumsizsniaigunsal
gmereusuduimslnafianansandnoonuldegaysaldafisngs uiaide
WU AU uFIslnafunusn (Lazewatsky & Smart, 2011) Tnglddeyaainunds

YUBURA U UL UARIUABUTIAB TWUUHIAT (Embedded System) #ildsuuszanaluns
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Waws sufugendulsuidevusudndauninliesnunluusudunudimilnad
anysalluszaveeuuld

6 1 (3

nsAnmuiedfidmnevesnisUssusviusudingunsaifesmiold
U Uszneuaslddte s1adn fnauselovigs dedensldau wasminzauiuaui
Ul ansredslalaenislduinninysznauiurueudlalsuen (iRobot) AouRianes
Tinda unes wazrenduiseiunuide welddmiunsussginlufanini 2.2 udtiym
yuianvesivusudunuinslnadsasgsegnitauviiuaesiuum uiideifisuiuueud
wusmalnatanngnseg i dndodliud fedndurusudunusinslnadiisinfamnn
winuantinugniestesdoyauarnismunudldauysaiviiladn ewidedidudedid

Usglevlognannlunisrssennuliauy el

Al 2.2 fegaviuesudunuimislnafinuinauvesinimuiueuddunueiesnsiuiu

MABvugUANIiAMNINEs (Lazewatsky & Smart, 2011)

2.1.5 Mmsldausninuauaunisindeulnivesjusudunuimielng

[y

A a X ' 13 Y a A 1
’=ﬂ'1ﬂ{jQJ}‘VI’]‘VILﬂ(’WJ‘Uﬂ‘Ufﬂiﬂ'J‘Uﬂ'J‘UF’]N‘l{!u‘c‘J‘UWLLVIUG]'WI’]\‘ivLﬂaVILﬂa@ubLﬂ/i’JlelL‘Uu

I
Y 1% [y

555u97A uliduwimannlelagfndandesaesgndmiunisusmisiuiaznisiunnneiu

edD_
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auvun wiAIvANusuddasdLnaan niIndeNivaategeluansg iy vilivnauns
lunsueReiugaunuy
fuuvesomaasansniudevesantudule?l (MIT Media Laboratory)

[

Feldavenanisideuflodgmiiindulaeldusudiven (MeBot) (Adalgeirsson &
Breazeal, 2010) fluaulimgnaiinsaunuiidigafonisiiuninsgninadu agsinli
anunsanevennuidn arwey mnuidesiu wasnsldudlunsaunuldinntu fey
Falidnduidosiinsedouiangenilugidngamiaanely uinmsauauvesiugudiiuen
fadudou 1lesangmuguiusudidestiduururemjusudiionansitmalssnouiunis
WAAY Lazi3eamsiuAsuzvesmuauvusudnotaiuiinfiamadesainaailiduiunis
pratunasinmunindedunidalui® fuduisiamsaniunujusuduuiinidingd
Fudeutiovastanlddafifldausiluiioguds wu ausnlnuaiuaunisiuusuiunu,

milnalpenisiudievrviseduedaidunisemuauiidusssun@uiniu

PN | e £ 1 ¢
NINN 2.3 BUBUANUDYN (B78) LaZNITAMIUANTUEURNUDY (V1)

(Adalgeirsson & Breazeal, 2010)

2.2 npufiigatas
2.2.1 NguffuUaidyIanWLUURYEDMNE (H.264 Codec)

lovapnd Ao 1nsgrunsTudadeyaialefignitannseainidufia (Mpa)
waziduiaes (MP2) Tnangu Tudu fintees 1Badfisn (Motion Picture Expert Group #3e
MPEG) uagnau 3dle Tafa i8aduiisn (Video Coding Expert %30 VCEG) taifuunnsgiu
nanavesnaiisfalaznoasiafugunsaitansuamly wu nsad aunfvlnu ia3ouau

Inle AauRImes wI9aUY MngInunAdeuln
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Jaatuevasannalasunisussiaduninssiunalenisiudadayainlony
9 &9 Y

nngunsalnmuazidediaenguleiy (ITU) (Wiegand & Sullivan, 2007)

PANNITNIIUVDBYERINNAUTENaU UM EDIAIUA ARSI UNINT 2.4

loun duvesnisidnsviainle (Video Encoder) Sudayaiflowtuvinisvitungnaainam

| i

A wadviniswlasdudeyandeslduuidiuliidisianaziudanseudienen

[ 1 v Y =]

deyayod wazdIuveIn1saensialnle (Video Decoder) Sudayan1siudnaindiuvednis

dhsiaunaensiadoyaiedslayanisiuwerafiunimseninausenundunatoya nni

AaLlag

VIDEO ENCODER

Video source— Prediction —4 Transform —— Encode

Transmit or store

VIDEO DECODER (H.264 syntax)
Video output t Reconstruct K—— I_nverse K—— Decode 4—’
Transform

Scope of H.264/AVC standard

AT 2.8 LHURINSINTHALaY00ATIELAYTINTBUDTEADINNE (Wiegand & Sullivan, 2007)

nanmsvhaungluvedeyasmnaluniseseuaunsau i iatayaiive
VY = = o a ¢ o aa ' | <
Judndsuandlunini 2.5 Aensvimsiasizinmaindeyaiflousaznmlaguusesndy
YoadayavuIn 16x16 30 dxd Uavinsiieudeyasenitenininfiaudeunlasuesa
muAivuainls wndianuildsunlasiivislddanuginisivusvuindusadeya 61
szuvayllaulateyatuuariiaszidednluaunsunndeslunilanmuiideoyasanluds

drveansisauazdudateyaiiielddwialifiudiunisnensiaduansluning 2.6
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Previously coded pixels

1 -

2 3

o q

§ v

S |Predict

=

]

_g Current block
E (16x16 or 4x4)

A9 2.5 NMSUSEULNEUTRYATDIYRITRYALAaYYRITENINININ

(Wiegand & Sullivan, 2007)

Coefficients (weights)

anu J

- .- l.l IH Weighted !
=" .: l:l l:l: ::> combination ::>

| |
__ :: E ::E 4x4 image block

Basis patterns (4x4 DCT}

r-:ll a ) I ! a 1 i = !
AN 2.6 IMAUANITHUSEUEUAIAINULUASULUAIYDITDI8 D8 UBIN TN UIYD

(Wiegand & Sullivan, 2007)

drumanmsinaunigluvesevaemndlunisieseuauniounansiadoya
AosudwndudateyaitnuninsgivesdoyaiadadnunveusiarMNIILANNLANAT LAY
AMmUAdmIUNISHanIRanIall MndaAuUANFA1LIANTIATIAIVILA SEUULSUFRNEIY
T a o a ] | £ o
Mudsuudasuanmanaziswiuensivasuslaivesninseluauninagduannisinanu

AILEAILUNING 2.7
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Previously coded frames Blocks in current frame

At 2.7 mMsvweszrinsn e lduansanimdaly (Wiesand & Sullivan, 2007)

PnmATaLazNTIUYeLeYdmnd a1 sain akazludndoya

Ao al

lé’mﬂ%uwhéhLﬁaL‘ﬁ&mﬁ"umiL%ﬂiﬁaLLazﬁUé’ﬂ%’ayJaé’wLéuﬂam WU AIRN YN
wazdudndoyamedufidgesazaunsatuiinaauenivesnmeunsliaesdalus wideldioy
ADIMNAUTLAUNITTUDAWNAUALANNNTATUTNANNYNVDIANEUAS LAF DTS hazdl

AUANTALINNINENTdDY MatuaUanIaTeInsisiaLas Tudntoyavesoyanannd

Jafiusz@viamannninduiiaes wazimnzdmsunislidiugunsaliudsdoyainlenuansly

Y

mwﬁ 2.8

al' = a o o VY- )
AINN 2.8 ﬂ']ﬁL‘UiEJ'UL'V|UUF’TJ']?JV‘]QJ?I@IUiS@UﬂWiUU@@WLcl/nﬂusUafl

Bufiaes (Fe) 1Bufid (naa) wvdennd (¥11) (Wiegand & Sullivan, 2007)
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v A

aglsfinny wovaennddalilymidunisiuteyailiseilies leswinnis

MungwlsuARANaInINN15VINNITSUTaNaUdIUusTezaww il Fadumaled

Y 9

NSNAILNAIULATUVDILDTVADINATDLOEIT (SVC e Scalable Video Coding)

NANNIIINUVDLDAITIINIBINUFTININOYADIVINARY el LabNT U

ToyaLiinduielvilsTuteyaaiunsaidensutudeyanimdsdwininlvaiuisasudeyals

Y

agratlodlaglianduamuninvestayaluuin (1. Richardson, 2008) Asuandluning 2.9

Y Video 1 {one layer):
2 CIF(352x288)@15fps

9

é """""" 4 Video 2 {two layers):
5 » SD{720x480)@301ps

»

Scalable encoded Vdeo:

HD{1920x1080)@30fps x‘

Video 3 (three layers)
HD{1920x1080)@30fps

A9 2.9 Msiiintunsdsdayaveedigivnudiudseyalniudiusudeya

Tngdiusutoyaaunsaidonsututoyaustula (. Richardson, 2008)

2.2.4 nufn13n3293ulunti (Face Detection)

n3Anu19Atefiansansedvluniuywddudedendnlunisiia
Ufduitusnsaumnvemiuguiunusmising uazdadudeiivnmedmivauidelutlagiu
mezmaﬁﬂmsmm%’ﬂwﬁwé’qmﬁﬁugmmiﬁwmmmﬂaﬁ (HAAR) wazueadn (LBP
30 Local Binary Patterns) iJudulng ilesainanudirslunisidnla Waun wagnisi
%a;gamﬁtmwﬁl,ﬁaﬁiaaam (Unanue et al,, 2011) f1a15197 2.4 FalSeuifloudendode
vesdanesfiulunsnsradulumin Sruiuindanesiiy JefveswealinAesinaulsegissinga
dlosmnmsvhauesmeadfiazieutuamdiduandm (Grayscale) Wefwnmavde

Y 1 1

Tuusiagfiniga (Pixel) 1nqaaudnalsvesnmiignsingaseanun dees veneaeniluining

Y
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LU g ULABIRaaNEVosdAINlnaLABIAUNARINITUINTEA (Ahonen, Hadid, &

Pietikainen, 2006) §4n M9 2.10

P15 2.8 M5UTeuIsUImAtiAN1T1TTUlURTNLUUAISY (Unanue et al., 2011)

Typical
-m Application Cons

Haar Objects Simple & Fast Too simple

Shape C b - Shape/Silhouettes SR Fails with clutter
o spatBins ~ Compact

EOH 1 Objects Simple & Fast Nog s’z:;;tured

Encodes lots of

HOG aBins - cells Objects info Computation time
LBP 1 Textures / Objects Powerful Too local
85/ 99 21Th hold 110
o resho Binary: 11001011
e N A / ! ! Decimal: 203
57112/ 13 |1]0]0]f
\\\ //;

U I

AN 2.10 NMSUIHAINTINNANTNNANLBEDDNUIVDILBAUN (Ahonen et al., 2006)

Y

woadNanusansrduluntnlaeg1emaitasivungegadanunisiiunly

allo,

fugunsalvuaaniduszaninmnisuszanananide wu Wsdniiieds wseasuiiaime
WUUleAT wadaiduvesueadifeaiuisaauialaifissninaadinuiitu wdaziivenn
aunsavinaulasgnesiasiuazliassdinansenunianiuuas (Ojala, Pietikdinen, &

[y

Maenpas, 2002) uanrinsosn1sasraduluntvieing “Lﬁu“%mmsaﬁﬂéfmﬂﬂ’hmﬂﬁﬂ

sURUUBY
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wAlAvaIansamsunisasaduluntinlaglleanaslaud (Viola & Jones,
2004) Teunlalgmaiaduvesea ditlosanansavhautunuiiludlalaenisesds
INNINTIIMALLUTEULTEUTDIAWRN (Edge) tdunss (Line) w3alastasneduilngdinss

1Y

3 v o LY Mg YA 1Y) o 1% v cdg v a 1Y) ¥ o
wa1eAse wavinnisindiunldlndifesivluniheeniulanadnsiilndifesivluninignan
nau (Classified) aanun innuusiugninmaiavesiealitlunstiniiuasainmnnsenuiu
Togluameeuiisans (Lin, Li, & Zhou, 2012) Awms1eit 2.5 udagldhalumsvinuuag

wgANuNNluntigninnguisinnitueatil

ANSN 2.5 A1BUSIUNEUUTEANSNINN159 993Ul UNTNUR9815 Lhoal
(Lin et al., 2012)

Algorithm Test Set Correct detection rate False detection rate
Haar Set I 02.33% 2.86%
Set I 86.72% 6.12%
LBP Set I 87.51% 4.67%
Set IT 76.93% 0.34%
Haar+LBP Set T 95.75% 129%
Set T 91.09% 3.76%

a4 o v a1

SEUUNSATIIVTUNLN AN QLI A N8 AL UALN U INIS L NaaI NS ARSI U

q @ < q

Tunikazraauluisiuniswasunvasluntile seuun1snsiaduwazinauluntnves
Vugudagaunsafiulseansamnisiujduiusivgaununlouniu fanuidevaeatuld

naluluiienafesiuinnisiivueudunudinidnaniissvunsiaduiasinniulumi

v 1

gnludiunldluanuniauazdigigldnuiueudiiinanuiisnelaluni stugduiusiueg

Y

AUNUININTU (Berri, Wolf, & Osorio, 2014; Keng Peng, Rui, Yuanwei, Zhiyong, &
Liemhetcharat, 2014; Riano, Burbridge, & McGinnity, 2011) warItsuavulnuaue
watansUTEENAldundesAlund (Kinect) Suiuyueudlunisamadunisindeulmuag

nsfanulunti (Berri et al., 2014; Keng Peng et al., 2014) %qﬁwmﬁﬁamiaﬁuayu'jﬂ

o w I

SEUUNTITURAL AR TunTInluTRAe a8 dAnveius uaLnusmIsbnanazaelinis

v 9

¥
v 3 =

A o av = Y =~ a a Aaa
mﬂgaMWUﬁ%iamiauwmﬂU@auwumUizamﬁmwmﬂm‘uu
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a a Aa

ATednnglifmussuusnanlfiuusudunudimslnaifussansaings
wihttu Fdluthgtudslifniafelaiiereufiinessaivesdnanldruegnndeds aziiug
nuiifigedieoufiumessavesilnansathunldnsaduluniinumeUsznananm
AuAlaue9g13Laa (Tripathy & Daschoudhury, 2012) LAUNSIUITLE 9IS EY
Aoufimassiauesslniionsaduluningslimunzay esnuszaninmasandae
Uszananananstududszansamnsldndsnunnninussdviamnnsuszanana (Bilaniuk
et al,, 2014) FapmaTaudwnnuivtganaiansvinulimnganseueadi avamsn
lmeufumessaessinauisansaduluniuuuiuileseussansawnnsussanana
vaslgUsyananan nliaunsaussanananuanignisegransasadulunilailueeng
7 (Fernandes & Bala, 2015) Faifludnuilaniudeniiarldnuirsuszurananingaes
Usgansnmnisasadulunilifupeufinnessiawesiln (Sabarinath, Shyam, Aneesh,

Gandhiraj, & Soman, 2015) wazu1u1UszynAliAauiieesTIaUess bnaIn1sarinau

avvumazfnmulurinlaednlulRladuasem

2.2.5 ne)Msinauvasszuulfianisuaunsasn

[

Lﬁ@LﬁUﬂW?UEJ’]EJﬂ'NMGUENﬂ’NNL‘Vill’]8ﬁﬂJIUﬂWiﬁWU’]%@W(ﬁLL’J%ﬁWWEU

[

52UUUURANSHOUATRER F95UNeRINITvIUlagsn 1ne8198991Nn WA 2.11 el
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Applications and Framework ‘

Binder IPC ‘

Android System Services

Media Server System Server
MediaPlayer Window
AudioFlinger il | Search Service Manager
Camera |
Activity [ |
Service Other Media | Manager . [ | g(eheT Syster:
ot g . B icas | rvices an
L . Managers
HAL
|
|
Camera HAL | Audio HAL Graphics HAL Other HALS
Linux Kemnel
Audio Driver
| Camera Driver | (ALSA, 0SS, Display Drivers |
[ | etc) . Other Drivers

AT 2.11 BHURINYINNUeesuUU URNsuounTaeRsEAua1s (Google, 2014a)

n13virunelunsolussAuan1eIszuuUfuRnIswaUNTOEAIZLUINIS
o I % g.'l/ v 1
viauesnidurgu laun
(1) Fuldsunsuussgndwazisuiisa (Applications and Framework

YV v

Layer) A® %y'uuufcjmaaiswﬂﬁﬁ’ami ‘1'7iL"TJoﬂmQ‘w@um%ﬂﬁuﬁﬁm%’mzuuﬂﬁﬁam'iu,au
aseansentduaIusaUsraulUsunsuUsEend (Application program interface %38 API)
sy uuledn il Wlewinfeduseuszaugunsal (Hardware Interface) lelaglainsymuiu
LAWUAN (Kernel) Y09M58UU

2) fuduined Lo (Binder IPC Layer #3® Binder Inter-Process
Communication Layer) fio fuilhaueghdomasiulusunsuuszgnduassuida ol
fimsensuafanusadonnisldnusiussaana (Process) semrinedu dutulusunsa

Uszgnauazilsuidsalalaeilidesdianuslunisianimsedadiuiuszuiana
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(3) YUUTN15VBITEUY (System Services) Aid FuUNITIAIUTNITA99
Y a va A o Yy A & Y Y a Y = ¢ 1 1 &
vaaisruulJURnsiviminfdudinansdunisliuinisnisidrfisaunsalengg lnudu
lUsunsudszenduazivsuiinegednluliflaglidwmansenunsenaideivgunsaiuazuny
naNveiTEUY Tuilavgnuustunieludniluassdiu fe diuvesnisliuinisdiude
(Media Server) L9u ndod L3S LAZLTUEDIAIN @IUVBINITIAUIAITATUTEUY (System
Server) LU NMILAAIHANIN N1TIANITNITAUN NITTANITNITINNUVBILENALIT waznIs
IAn15awingg Nvinuegludiissuuies
(1) YunisaivuaansedAyveigunsal (Hardware
Abstraction Layer 159 HAL) Ao Fundinassdiuso
Uszauvedgunsali1udIdu (Driver) vaaununans Ny
AU WA TEUUTUUI MRS en duastdnaanis
ihauvesgunsails
(2) Fuwnudlind (Linux Kernel) An FUIIUTINAITUYDS
¢ ) DI Y = 61 1%
gunsal waslutuanvnenaunsadifsgunsaisige 1a
ag9laenss uludanisdndrdutunisUssaIana N3
ININNIEANNT wazN15IANITVRIRUNIallaens
91395ulngl (ART Runtime) fua133n (Dalvik Runtime) aglutuseninety
a 4 N ) o o w & v PN Y v
Juines lofid waztunsivueansed1AyveunsaldanIng 2.12 nangadudnEwmu
FNALISAMTUITUUUHURNSWOUAIRES aunsaimukennaintulifnsodiuestudug
gniudunnudindlalnenss (Native Development) Liiaainusiaiialunissineuves

wannAAdU uin1sILIzEIen Fudeu uwazidusiunisianisdiudasenazdiulssaiu

=

duANLMALA AIUUNISHAUINIUDISALaEAISINSULNLTAINNTaNANLASIANURANANATNID1D

Wnvule
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Applications

Application Framework

Android Runtime

Core Libraries
Libraries

Dalvik . ART

Linux Kernel

AW 2.12 WEURINSYINNUIeessuuU UAN s wounsaunlagsiuianua (Vitas, 2013)

2.2.6 nemsidrsianisiudetayadisiaTatnediudaiiou

mNuvInevesAsetdufuaiion Aonsaiaesudsteyaiifinsithsia
vueetnedumesidn (Intemet) Miairsoteviosiu Tiaunsadeasiuldedisuasndelag
lidesfnainiteyaarilnaludayaaalifivussasd Sntandetnediuduaiiouiidlday
Bousoazlasuialefinguifieafuiumsilausiang shldansaldanuldiussuaiioudldeglu
\Seveviesiutanemne Famnzegidsiumsldnuuenaniu

Ussinnveanietiediuiiaiioundseenliduassusznn fe Yssianld
\A383gnTnELTouseId1LAT LY (Remote Access VPN) uazia3asusidioidendeidy

AYNUTTIINNUY (Site-to-Site VPN)
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WPN connection

VPN VEN
YN connection Raouter

rTunnel

Dedicated Dedicated —
Branch or dial-up link to ISP Corporate
Office link to ISP Hub

= aa v A 1 d‘ ' v a [N £ a [
ANN 2.13 ’]‘WL@u‘Ui%LﬂVﬂ‘ULﬂi@ﬂ’QﬂsmFJL%@@JG]@L%WL@?@QLLN‘U']EJ (78) ALLATDILIUVIY

Fouseduayniuseninaiu (1) (TechNet, 2003)

Y o v A | o = aa v A Aaaa
n1sinsiateyavenaiediediudialioundeuldiauwuy An ARAR

(PPTP #3® Point-to-Point Tunneling Protocol) LLaawﬁﬁ (L2TP %39 Layer 2 Tunneling
Protocol) wazlawnudiidu (OpenVPN) uilawmudiiduldgndneenainauideiliiesann

Jaymiuanuvasndevesaaden (Shell Lock) ﬁﬁmwmﬁmqa (lew, 2014; mk, 2014)

aa A

ANUANTENIIRTTLAZ LEAY TN AB

aa o N a

(1) NAANVNUNIUATN (TCP 38 Transmission Control Protocol)

(2) weaNNNVinUNIUEAN (UDP 38 User Diagram Data)

U Y

aaa 14

(3) WAl siaveyalamesiiies

(@) woayillanansansiateyalameiies

Y

5) woayiiidasldnisidrsiadeyasiuiuledivan (IPsec 3o Intemet

Y
Protocol Security)
(6) woaynnidANUUasnisvensiisiateyangndt udlimineins
Tumsinsaunn i
aa

(1 AdRldsnenslunsdrstadesndy Jalundeuduaunsalin

=} 1 o
LASDUETIANUTLRER
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Encrypted
L ¥
IP GRE PPP PPP Payload
Header Header | Header (IP Datagram)
| - PPP frarme :-I

A9 2.14 Tassadranisinsiauesiitdifi (TechNet, 2003)

IF DP LZTP PPP FPF Payload
Header | Header | Header | Header [IP Datagrarn)
| J
IF I'ESSEC UDP | LzTP PPP PPP Payload Iggsc IEUStEhC
Header i Header | Header | Header (IP Datagram ) Traler | Trailer

t }
|

Enctypted by IPSec

A9 2.15 lassasenisinsiaveseayfif (TechNet, 2003)

AaaAav

¥ L ¥ A 1 1 U A = ‘NI
msihsadeyamelseigdiuiualoudssinnitiiiiduanduning 2.14
& =t = g Y ea o A | ]
Jusnnilsmadenigldauaunsagunsaliaduayuanuaunsaiiiiiludiuveuliiig
wargndieladng 151190 waziinudasadenslusedunis ieanainulililaniny

Uaansiemesnudeyavesnsidauueudunumimelnaas

& 5y 2 a 1 A ] v a N a v
Lﬂi@%qﬂﬁju@ﬁLﬁNQUUigLﬂwLﬁi@ﬂ@lﬂﬁﬂqﬂL%@MW@L%WL@?@QLLN%WE’J QﬂLa@ﬂsLGU

(%

Auaddell Inglvgldauldamniminugeuseludgunsaluiingveanisviediuduaiioud

;Y |

Y
W STatRYanIe AT uazAuugudunuisinaideansitewldnuisnng 2.16
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—> D ﬁ g 0
3L<::><: =L || 1

User ISP Gateway Router with

@ VPN Server

AMA 2.16 wrulinsdeuseifiduiadimuauusuduusvislng

2.3 MsAnwIMslgnuiusudunudmiglnaivanisAne

ugudunusmalnalutlagiududunumlunnsldauivaunesugsie
MINITUWS wagnsfing Ssanansnthluldeulufiudivingng iuiiidndsldenn viofiud
dunsne snATenanenuldideesniniusuduudamalnaanunsadaeiinu féuiusues
nsaunusemIiuliunnIameazideiisted1aufel lnglanziununimunisiny
(Bloss, 2011; Denojean-Mairet, Tan, Pivot, & Ally, 2014; Tanaka, 2014; Tanaka, Takahashi,
& Morita, 2013; Yeung & Fels, 2005; Yun, Kim, & Choi, 2013) kagd1u398U199IUaI1150
Prelinguinfiavanunsaldvusudunusimalnadifhudusouderianssusiie sy
douls (Kristoffersson, Coradeschi, & Loutfi, 2013; Tsui & Yanco, 2013) LLGh/jusJuﬁLmuﬁa
malnadiliiaunsasesiuivausunisdneilfodrafuiidesninsiagaiuniiiinis
andunsfinuazasquihanldnu dunmiheresfiwesnaessnuiaulFtuiueus
uwnudvslng tnednduiiddnlunisiinufduiusnisaunun wu nsldszuunmatuuae
Aanuilunihdaluifanzdi Weanyunmsimuiruoudas uidinnuaansadaan
Tvidvans ?1 LM 1‘71' Al ( Bamoallem, Wodehouse, Mair, & Vasantha, 2016; Janard &

Marurngsith, 2015; Prabha, Antony, Meena, & Pandian, 2014)

'
= =

wugudunusmistnafiedsulmlinizdruiiaunsaiuniaiand

Yo Y] = v & A 1% = ad Aa
L‘VillWgﬁiﬂ‘ﬁﬂUWWQﬁﬂWUUﬂWiﬂﬂHW"L@L‘Uu@fﬂﬂﬂ LWiqgﬁﬂ']WLL’J@aaﬂJﬂ']EﬂuﬁﬂWUﬂﬂHWNWUV}W

LY

° ° o v o = i o 1 s A v | @ D
dAndmsunisidnuaned Jsidulymdenisuiusudinadeulmlaiiesdiuiuly

U Fansatunuidennanfeguuuunisldauvesszuunnldlaegnazdiszuvunldau

'
a

agals wiihszuuimnzauinldiunungniewsels (Isabel Martins, Queirds, G. Silva, &

v @

Pacheco Rocha, 2014) Luifgdfuauidenauiviueudunudimisinadmsunisfnwly
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g‘ULL‘U‘UiﬂL%u (Di Gironimo, Matrone, Tarallo, Trotta, & Lanzotti, 2012) 3n581U@1Ua D
(Tanaka et al,, 2013) #3ounau snlnuuldluursdiureanisaIuANugusd (Emami &
Bahmani, 2015; Tetzlaff, Zandian, Drippel, & Witkowski, 2015)

[

2.4 #5UN1IMUNILUIIBNEIUIN

aw o a

NANUMINATETAEITRY nautunungufmiaulaluanideusasnu
o8 v & 1 ] ' ¢ o a Y =~ a 9] N
il lduresueudwnuiimslnaisudiuniunuimlunisesunsidaundeans
pennLazidssegune ludInlsedriuinntu wadsuszaulynmnisaiusinn wagnsly
nuAdslaiidusssumawingaag

MTUNIIRILIAEBANIIAUNISAIUANLEUS IaInsawndeuTldeg 1y

a & aa 4 a | [ Y =3 | =

sysudlunundanuinmengavesiusudunuiimialng sauluiaaudeiiiowenis
SudslayaninuazidesiussuuiasetneNiinasen1sniunuueudlazUsea un1sain sy

VU UAvDI T
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HAIINAITNUNIUNGELazITsainssuiieates uansdbiiuuuamidlunis
Waunugudunudmslnaiiniuaumeauisning Wemuninanagluaulun1sinide ns
20NLUUIASIATIVBIRIULUALAZ TEUUAIUANNISYINUYBIUELA Walianunsariaule

mudnguszas

3.1 S2U8UATNI5YNIY

nITeLieNRusudunudItlnanauaumeainininumsInginusatull

(% 1%

Yo a

o o a [ 2 o
HYURDUNITANUUNTLUBTULINTUR DY aqﬂlmmu

Yupauil 1 NMsAnwnITeLazonansNieIves
(1) Anwnuddennestosiurueudunudiimnilng
2) Fnwmguiuazmeliafaulavesiueudunudimilng

(3) AnwAseslawasinAlulagitng U949

Sunauil 2 msfinwunalulad mafle wezngquiidmiumidde
(1) auauTRvosnouiumesfauessin
(2) mﬁmﬁf}gﬂiwuﬂﬁﬂﬁmsﬁmﬁﬂu (Rasbian OS) (M. Richardson & Wallace, 2012)
(3) mafnsauarlfnueeslusanes (ServoBlaster) (Hirst, 2014)
(@) nsAndauasldanumdivh (Qts) (Project, 2014)
(5) welulagnssudanmuazides
(6) wadamsnsadumaideulmvesgunsaliounsoss
(1) noudnsnsrvdulumi

(8) MgunsinuessEUUUURnIsweuUnseLs (Android OS)

FURaUil 3 NMTUATILVUALDBNLUUNTEUIUNTYINIUYDI UL UG
(1) MsoanwuUlATIEsIuEUALNUAIMIglng

(2) MIPRAKUVIATNTYIINUNETUUEUA



31

(3) nMsvenLUUTTUUaMUANNsIRdsUlmve Uil

(4) mIvonuUUTTUUIEnTIaTUNasAnAL Uy

(5) MIvenuUUTTUUIDIUdsTayanmuazIFBNzanTUjuL s

(6) MsvenuuUlugadmulnsTanTsSudsdeyamelATotgdumLailou (VPN)
Sunaudl 4 M iusuRuazTenT ST UMUALN T TR VLB
Tumaudl 5 MsmaasailonsIvasuANNgnFBILarUsIlulsEAVE A NvRmiuEUA wazns
nageun1TlYa

(1) MSRRUMUEUAIULERATINIUNITATIZANAZEONUUY

(2) MstufinNanImL

(3) MmanaaeuLarUsziliuNaUsEaNSn M sideulnfienmslumilngsnlu

@) Manegeunsldu
fumaudl 6 msaztuariesginanimmaaes
Funaudl 7 msdariiineniinug unanumiIng LardmeUNATIY

(1) MsWiguunaAIBuazaIUNa

(2) M3IavienansIneinug

(3) NSAIUDUNAITU

3.2 mMseanuuulassaiisjusudunuaanielng

N1seanwuULEUdwudIalnaneuaussauininudmsunwidy avld
n1skaunaIuvedlasiaiuatddy g uwazinnunIesdudiduing sruiuyngunsal
JuipfauLarARUNIABIIIAUES Td M UsTUUUEUAWNUAINIglng Tnedinseanwuy

LN IENINEILTILaYAINg U UEUARITEaBunsalUL

3.2.1 N152NLUUAIUIN

Usenoulufetudiuuargunaal 13 Su fanndl 3.1 uay 3.2 1Hud
(1) nsounthaeduuen wigiuiuanmwauazituiisuam 9adn 4 9
(2 wihaouansHa YA 5-8
(3  ndewmsradumaiadeulin (Motion Camera)

@ Guuandmsuteyaninuazides



(5)
(6)
)
(8)

9)

(10)
(11)
(12)

(13)
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[

N3aUNNTETUNAIN LZiuNve Ndel uaziulaw 9adn 4 9n

nseuMNIeTUNas lguAuaell 9ndn 4 9n

1 '
=] =

1 a 3 4 a =
wHusesRnnsgUnTal Lziiuiduaesln 9ndn 8 9n
ARUTiMBTIIaUasIlndmsunisAIuqunIsiafeulnl uas
AsRIUNMTAReUlm

NITUAAINANTNRD

(%
=1

Tnsshnsauaimeiiveily wsfuiAuamelidumiuasdumss
veweswesli 2 Yn dmsuuTuyuiuwe
lassasrmanvesdiuiidiniudaiuusimasiwasiiusuyunuwe
uowosigeslauuiudienn uazdalnssfnsadinedouaze

1ASIRARIAN TN NEAEVN LANTNUNLA a1l

3.2.2 n19929N LL‘U‘Uﬁ")uﬁ']u

Usgnaulumenguaunsalanuain fan i 3.2 uag 3.3 lauwn

(1) lAseadarandiug U uunsinssuen Wwideaaualidiiumea

Jumuae I Nean UTIAIUFIAIUNEY LALTDIRNAILDLADSLYDSTIN

2) unasdngliuazulaslafisuaranudisdnglugag 110-240V uay

wlasAnpudnedndaaniiseau 5V lUdsgunsaldu du 12V lUda

NATVUDUARIHA

(3) ARUNILABITIFLUDSI INANNSUNISITOUFADLATDUNY SUAININLAY

WF8991NIULAYN WARIHANTNNENRD WARIHALEEEILNG d9A1FaNT

‘:4' | o @ A A A 9 dll
wanulin wavdsmdalanrselnsyuun1snsiadunisiaaeulnm
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WU0UEAINE

v Q [ L]
nyoUNTIBUANINATULDIN ﬁ\
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alng
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b Tasead1anandausia
T~ wawasiwasladmsunisu

Tassairmandaugiunsanszuan

AN 3.1 Wuuugudunudmslnanumi

' a @
. L uHusDIRnAsUNIAl
ATAUNUNIVDUEAIHATUNANN
NTDUNTINVDUAN IHATUNRAS Trssdassuamasiigadln
el
B iy %/
o
= u s o v
[] o 1 s I UBLABST YRS AT UNULY

- 3 i< @

o 9 =

alng

PN 1 6 U b ¥
AN 3.2 LL‘U‘U‘V!‘UEJ‘L!G]LLVIUG]’J‘VI'NIﬂﬁW]U?J'N
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doadudylv .
— ﬁ* j
P
. o i
3
T

AND 3.3 LUUBUBUAWVIUAINISLNAATUNAS

3.2.3 N1399NLUUNISLYAUABYDIAIUNAT HIUFIU LAZINTITAIUAN
VRIINDBNWUUAINUEUA F990NLUUNATNTTIUNB AU AUflATEse

‘vjuwuﬁ (Janard & Marurngsith, 2015) éﬁmwﬁ 3.4



User 1 — facing the robot avatar of User 2

| Raspi Camera |

120l 1 Webcam image/audio
I/O Interface Module pipeline
(a.k.a CSI) Raspi#2 4
- ¢ - — Image/audio data
Video stream conversion | — separation
(V4L2 driver) & ¢
-_—
v = :
Video Frame ’?:cilg dciililta
preprocessing on GPU ' £
(MMAL/OpenCV) o~ + .
Mixing data & submit
l over the Wifi connection
'__'i FaCC Detéctionr USing I.BP - ( ____________l___________ .......
fa (Opeil(,V) % | Virtual Private network !
I
Motor position = l
g Separate data & process
conversion .

i data decoding

ServoB —>| Servo motor 1 — —
laster | : | Display | | Speaker

librarv

AN 3.4 UHURRsiaeTINve B UALNUiIvelng Janard & Marumngsith, 2015)

—PI Servo motor 2 |

3.2.4 919821380 lAYTINVDIULUA

An Android Smartphone

User 2 — controlling the
robot using a smartphone

35

Fwazdungunsaivsiuaildiuiueudunudimisnaladavindudeyanisns

Fauanlums1di 3.1 Uanard & Marurngsith, 2015)
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M137 3.1 wanaeaziduntayagunsainevunveiugus (Janard & Marurngsith, 2015)

ﬂ"J’]SJ’d’]ﬁJ’]iﬂ"UE]QE?I’JUﬂ'JUF’J.SJﬂ'Iiﬁu

FIIAUANNTHY ATmega32ud / ATmega328

ussUnvouaLnes 10Kg-cm Max Torque

Aaslunsu Up to 0.21 Second per 60 Degree Max Speed
gmaﬂmmiﬁuqmm 180 Degree Pan and 180 Degree (lock for safety at 120) Tilt

WUIBUTTUIANA KUIWAIUT LAZUTID

NYUIZUIANANA Broadcom BCM2835S0C 800MHz (OC) Single-Core
NUIIAIUIN 512MB RAM, 8GB SD Card Class 10
NUBUIZUIINANIN Broadcom VideoCore IV

N190 5 Inch Screen with 720x480 Max Resolution
naoInsuTuntn

mmazlﬁamﬁiaﬂ%’u 1440x1080 Max, 640x480, 320x240 Effective
Snsnmiisessu 30 FPS Max, 25 FPS Effective

DIANTTUBUIIU 54 Degree

J2ULNITNTIIIU 1 M to Infinity

nassnnenandesnaznInAfaU Y9

mmazlﬁmﬁiaﬂ%’u 640x480 Max, 640x480, 320x240 Effective
Snsnmiisessu 30 FPS Max and Effective

D9FNNTUDUTIU 58 Degree

JEHLNITANTINIV 1 M to Infinity

sULUUNSTULEeS Mono

s1waziduaszuulnin

dng1nsTulign 100-250 VAC 47-63Hz

o a o @
gnsnsagdemdslu

<0.7 mA / 220 VAC

Snspaaedounisaglil +-0.5%
gn51n1337elvigege 50 W
msanglnuuuiinds 12 VDC 2 A +-10%
msselnuuuTides 5VDC 4 A +-0.5%

Uszansnimnisanelal

>85%
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3.3 NI9INUUUITZUURUBUAUNUAINISLNG

3.3.1 msldauniminuatuaunisiedeulvivesjusudunudiamalng

masaidonldsruuUfiRnisueunsesdlunismunurusudunusmising
[Heanszuuufiinmueuasesddussuudafianunsadawuasmsldnudmivnuideld
ogmarnvane flyaiedesiloatiuayunsiauiduduiumnn nmsdansmtieanudia
uazannsaitdanguildanuiluldlungniis

mawndeulvesjusudunuimslnaiidusssunalagldaunivinuniunm
msadeulm Fudunmsiumaedeulmuesainivivulaglfwenduifuuleunsesd uén
dsdnsiedeulmussaininludelufineuimesnauessindinind 3.5 fgenduas
Wi BsmsrurdetuevosansmliuseynidsdiudeUsrarulusunsulssynduaenis
ns19dunisindouluide SensorManager Tneldilafidu getOrientation() AU
getRotationMatrix() (Google, 2014b) fieuAnIsHuLLILEU (AZimuth 158 Z Axis) wazA1
13wk (Pitch 138 X Axis) 31ngUN581T0A13L39 (Accelerometer Sensor) kaggunsal
Judier (Magnetometer Sensor) dssiadoyalufinsufinmessauesslmiledrnuueines

waslisrelusunsutgasiiustainastudiinanitandesnisiaeludndudesld

lulasmaulnsataas (Microcontroller) AMSUTULARDUNLBLADS DI LALNIZUIADNI

Accelerometer

il
|
ik B
Raspberry Pi
| 4
'y
CPU [»| NIC - Servo Motor 1
Magnetometer __ | *
@ Servo Motor 2

Telepresence
Robot

SmartPhone

A9 3.5 WHUEIN1TAIUANNITTUVRIUE WAL RN namaun vy
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Bnsmarildanyaidsdiusouszaulusunsuusegndveanisnsiady
nswndeulmifegluszuudfoAnisueunsosd Ae nsfuAiangunsalinauiseuay
guUnsalifudiadae TYPE ACCELEROMETER uaz TYPE MAGNETIC FIELD fifloglugndnda
SensorManager dasalUdaflaidu setRotationMatrix() Lilaf1urmIA LA AgAlaa1n
gunsaiin ntuiuhnmsuenaivesunudieg sendeiladdy getOrientation() iterluld
Tumsweudidoyanisiadoulmliiufmusuddanind 3.6 nafldfeldsudnsindeulm
yosandvlvluguuuuunu X Y wag Z Tedulsvjusudilumudinisiddsuulameusias

WAUAININA 3.7 Ay 3.8

Accelerometer Magnetometer

magvalue accValue

h 4 ¥

getRotationMatrix ( matvalue, null, accvalue, mag\value )

matvalue

h 4

SensorManager

getOrientation (mafvalue, orienValue

44' aa Y ¢ ] ¢ & a 2 v
AINN 3.6 jﬁﬂqﬁiUﬁqf\]’]ﬂQUﬂﬁm?fﬂﬂ?qNLﬁﬂLLaSQ‘UﬂimL%N‘V]ﬁﬂJqLLUaQLUum@%aLLﬂUﬂqﬁ

d‘ U
wasulmuAaznu
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Center Left Right
_

anh /Bﬁ NN S 4 I SmartPhone

/! / \ N / / ™
/ \ / f o\
[

I‘: O | \@ - O/ | 00,
@ @ @ @Human

S
@ F\ Robot
V View Angle

a v v | ¢ M s
AN 3.7 ﬂqiﬁu%qﬂﬂqqmQQWUSUW@qﬂfniLﬂa@lﬂﬂamaﬂﬂNWiWIWLﬂuuﬂu Z

©/ Q |:>§ —> %‘\ g Smartthone

Human

=N = o
Robot

\ . V View Angle

A9 3.8 NMsfukgveuEudnuNIsiadeulvasaunsniuluuny X

nswensiealialddmunsiudilayaseninannininuuarAeunimessa
wesshn 1EnsweuselugUuuuidi (Transmission Control Protocol e TCP) lngdinns
o A a s sl o Y a & [ Aaad o 4 PN .
11914 o Apufiamesawessini i iiluudine AR muanesnasi (Static Port)

WU wasn 10000 dwsuiuteyanisindeulnivesaunivivuiietluduindoussinesives

I 1 ANaa A oA

TauAmMuun d@uausninuyiuinnduandnefdfieweusalugutrssunuieaylon

Y

(IP Address) uagnasnveIfaiueuafents Weoldoudediia dursvlnuasisudloys

Infudvuguaiunauniagduganisldanuiuauiatansdiunsiaulunm 3.9



Telepresence Robot

—
_ Start TGP Server b
— T e

v

Get TCP Client IP Address

v
Set TCP Client IP Address,
Set Port

-

w

Listen Socket

Receive Transfer Signal -

Open Socket

-

w

Respond Transfer Signal _—

40

SmartPhone

—
_ Start TGP Glient b
— T e

v

Get TCP Server IP Address

v
Set TCP Server IP Address,
Set Port

w

Open Socket

Send Transfer Signal

Receive Respond Signal

{

Get Data

MNo

Yes

Control Server with X, Z Data

Mo

No

Yes

Send X, £ Data

Yes

Close Socket

J

d' Y] =~ ! | v | A a
AINN 3.9 LNUNINITEUDUAN DAL AIUVDUANTUNDNWS

Y

Is
End Data
?

Yes

End Data

Stop TCP Client

ginausulara sl
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Mé’ﬂmsv‘hmumaiusuaqmumuq:umiﬁwuaqﬁuwﬁt,mu@hmqlﬂa%%’u
Toyaiduanednuse (String) a1naurinlnuasazdfdnusudimvandumasmnisiu
WUIUBUNIOLUIRIAINNTINT 3.2 v3aAsNarIfsneshawlasduaiivanasrwuIuey

= o o ~ Ao w ° ) ~ A a
PIDBUIFIAIANTIN 3.3 IAgTa1PUNITIUAILEAIIUAINT 3.10 ABLSUASIVABUANIUY
Yoanasnounsy (Serial Port) 31319m3alal vl TviinsnsiaaeudIauninaginawaisiy
ToyarinunUszinanaiiagdidneslaesusuienisuenindunisauauusznndunienis
W (X 139 Y) isoriiuananearnisyiu (P wse M) yinidudssinniivuaainisiu (X or Y
Axis Mode) 5$UULMAUALBLABINITAIANEI N UNBLABSTINGITDY INNUUILSUAIDNYTH
saluitnludianednuszauiagainundugaussiia (EOL 3e End of Line) 34m8an135u
Mdnwsuawlasaaesnasaiuesmideansiulivamesaivaunsiedeulny wasvin
WudsziannisifinanAtesd1niswu (Plus or Minus Degree Mode) S¥UUA81UAIONYS
salUINTUNI T ALANANDIATL UL UV DLUIF LA IR UALBLA DS NITAIAFI AT UL LD
Aetes ntulzsumdnusiseluidnludanednussaudsganimunduanussvia (EOL

B . = v v W v | o I3 a v a =
%30 End of Line) 3angan1siusidnesuainuasanangdnuseiluaeeiinenisiiuvisoan

iedludwemeasauaunisiageulm



AN 3.2 USLANMTAUAAINITHU (X or Y Axis Mode)

a2

XorY Axis
String String
0] 1] 2 3] Move to Degree 0] 1] 2 3] Move to Degree

XorY + 0 0 90 XorY - 0 0 90

XorY + 0 5 85 XorY - 0 5 95

XorY + 1 0 80 XorY - 1 0 100
XorY + 1 5 75 XorY - 1 5 105
XorY + 2 0 70 XorY - 2 0 110
XorY + 2 5 65 XorY - 2 5 115
XorY + 3 0 60 XorY - 3 0 120
XorY + 3 5 55 XorY = 3 5 125
XorY + 4 0 50 XorY - 4 0 130
XorY + 4 5 45 XorY - 4 5 135
XorY + 5 0 40 XorY - 5 0 140
XorY + 5 5 35 XorY - 5 5 145
XorY + 6 0 30 XorY - 6 0 150
XorY + 6 5 25 XorY - 6 5 155
XorY + 7 0 20 XorY - 7 0 160
XorY + 7 5 15 XorY - 7 5 165
XorY + 8 0 10 XorY - 8 0 170
XorY + 8 5 5 XorY - 8 5 175
XorY + 9 0 XorY - 9 0 180

AT 3.3 UsztannisiiiuanA1aeAIn1siu (Plus or Minus Degree Mode)

XorY Axis for Plus or Minus Degree Mode

String
[0] ] 2] 3] ] Plus from Current Degree
P XorY 0 0 0 0
P XorY 0 0 1 1
P XorY 1 8 0 180
String —
[0] [ 2] 3] ] Minus from Current Degree
M XorY 0 0 0 0
M XorY 0 0 1 -1
M XorY 1 8 0 -180




Set tmpint = 0, inByte = 0, inString =", motorType = 0, pmType =0

Read SerialData

l

inByte = SerialData

inByte == "x' or inByte =="y’ e =="p' or inByte ==

Yes
if '’ set motorType ="' if 'p’ set pmType = 'p'
if 'y’ set motorType ='y' if 'm' set pmType = 'm’
Read SerialData Read SerialData /
] inByte = SerialData ‘ inByte = SerialData |

inByte =="EOL’

No
¥

inByte =="x’ or inByte =="y'

] inByte append to inString ‘
Yes

if 'x' set motorType = "x'
if 'y’ set motorType ="y’

Read SerialData

l

‘ inByte = SerialData |

‘ tmpint = (converted)inString

f motoyType = 'x’ Send tmpint to Motor X
If motoyType ="y’ Send tmpint to Motor Y.

inByte =="EOL"

No
¥

‘ inByte append to inString |

I

Yes

l tmplnt = tmplnt+(converted)inString

!

f motoyType = "x' Send tmplint to Motor X
If motoyType ="y' Send tmplint to Motor Y.

a Y v Y = s P ) s
2NN 3.10 LLNUNQﬂ’]ﬁ’iU‘UEJEJ_Jaﬂ’ﬁLﬂﬁ@ubL‘VI'JﬁﬂﬂﬁiJ']iVlIWULWEJﬂQﬂ’JU@NN@Lm@i
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3.3.2 nmshanuluniivesuysdlagldinadiauaaldn

msliueudunudimslnadnaunisindeulmvssuyudladalusiuuy
vuiiviiladummidefiansodesenldegsreaiies ewinusedninmussnisiedouln,
deRnnuluniidutuegfuanmundoniiliansanueld winisiualuladnizadis
wuadounamitldainndesndasdmuanuisinlunisuszanana wilsnisdananiiiiv
Aldfnglunsiawn ineudeintsidslunsussnanawuiiadou wasifiuanudonis
Tmhoanusvesjusudunnifuausidu nerdnusaduifahesdanuinisduns
Usznananmanldsuiunisléndesilunisduiaunsdvuaginauluntuysd e
Waruvusudunugvslnandfuuei

N1398NKUULASHAILNTEUUATIFFURAERAnN U Az UssendaInaILide
n9t59UsEansninnisasraduluninaieniulrsUseulananin (Berggren, Gregersson,
Grafulla, Platforms, & Hasselgren, 2008) TagfiuHudIn15911914999n115015333UTuntN A
nanslunIni 3.11 szUUILBUmsA (Thread) nilsfudoyaiuainndesiuduseUssaiu
gunsal@ieale (CSI v3a Common System Interface) 1ungesiitullnsueay (VL2 w3e
Video for Linux 2) wlasfudeyanimindeuln udrdweludslomudivszanananimiaen
Frudvdiuseuszauvendulsuszandduiduiousa (MMAL APl #30 Multi-Media
Abstraction Layer) fiaisenldniisUszanananimidnunsinysyananasalseansnnuay
anAlollesian (Overhead)ﬁ]ﬁﬂﬁ?u%qﬁwiaiﬂﬁqmmﬁaaﬂﬁ%%gamwLﬁﬂ’;L“ﬁﬁ@ﬂ
Uszanananiglomudisiuiuimatianisussinanauaza s luniuuuuweadil (LBP %3
Local Binary Pattern) dswani1suszunasanludimtinasuazaiunusluninluaiuiuszee
aarmpdsuvesluntuduassdl fe AIANNEY WAEAIAIINLBEY uaddedalufugatly

s A o o dll s 2/ A v o 1 6 2/
‘Ui’]ﬁLWEJiLWEJﬁQ“UULﬂﬁ@u&l@LG]EJiL"’UEJ%I’ﬂ‘VTLﬂ@EJUIU‘ENGﬂLL%UQ@U‘EJﬂaNGU@QELUWUW



a5

| Raspi Camera |

Raspi#1

'O Interface Module
(aka CSI)
-
Video stream conversion
(VAL2 driver)
v
Video Frame
preprocessing on GPU
(MMATL/OpenCV)

Thread 1

v
Face Detection using LBP

(OpenCV)
Motor position
conversion

Thread 2

ServoB |[—| Servo motor 1

laster

library —»| Servo motor 2

AN 3.11 WRURIN1SYINUYBITEUURTIATULAEAnA N lUNTA

(Janard & Marurngsith, 2015)

wianaidenldnsssiananazamanlumidisueadi esnuanis
nunusAferiliiuiueadfiiuszansamgs wazmunzAunineinsnsUseananadil
Siadlodieuiumainady

NMSMUYBITEUUATIATULALAAAUTUMIIANULA LRI T9RauRInes
awesiln uazndossaessl (Raspberry Pi Camera) Wugunsalvanlunisuszanana
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MITNN 7.2 115196198 1UANITIEAELEEAANUANDIIVINFUHLTTINARDS

(1) (2 (3) (@) (5 (6) (M
o _ 95% Confidence
Yo N | Total Score X SD wUany
Lower Upper
1 14 46 3.2857 2.81 3.76 0.8254 J1unang
2 14 45 3.2143 257 3.86 1.1217 1uUnang
3 14 46 3.2857 2.67 3.90 1.0690 U1uUnang
q 14 a2 3.0000 2.45 3.55 0.9608 Junang
5 14 49 3.5000 2.83 4.17 1.1602 A
6 14 56 4.0000 3.55 4.45 0.7845 A
7 14 53 3.7857 3.22 4.35 0.9750 A

DB UNYAMUNUNIBVRINNT AR I8aLIBEnANNTINElY Auanslunis1ei .2

(1)

(4)
(5)

LAAY UU8LAVTD NE919997 U0 lun1519519819 fauandlunisen a.

1 ifidnunaastissiuanufisnela vieseduaufnuiu vieduy

4

LEAY A1ANUIURIBENNLTIUNITATIE
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30U
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M3 A.3 AN5FRRE AR IEaELREALUIB UL UNATRYA

(1) (2) (3) (4) (5) (6) @) (8)
o — 95% Confidence
U8 X SD SE Mean T DF | Sig. (2-Tail)
Lower Upper
1 0.0000 1.3009 0.3477 -0.7511 0.7511 0.0000 | 13 1.0000
2 -0.3571 1.0818 0.2891 -0.9818 0.2675 -1.2352 | 13 0.2386
3 | -0.5714 | 1.0894 0.2912 -1.2004 0.0576 | -1.9626 | 13 0.0715
4 | -0.5000 | 0.8549 0.2285 -0.9936 -0.0064 | -2.1885 | 13 0.0475
5 -0.3571 1.0818 0.2891 -0.9818 0.2675 -1.2352 | 13 0.2386
6 0.0000 1.0377 0.2774 -0.5992 0.5992 0.0000 | 13 1.0000
7 | -0.2857 | 0.9945 0.2658 -0.8599 0.2885 | -1.0750 | 13 0.3019

BTUNEANUMINYVBINNTNUARITEAzIBEAUSB U UNaTRYS Aawandlun1sned .3

(1)

WEne vneaute NlE1999 UTeURluA15 199819 Aauandlunseg A,
1 idnunaaedisyauanufionela viessduaudeiiy vieduy
LAAY ALRAIAIIULANA
wans AndudeauuiInggIu
WARY ANRAEAIINARIALATOUYDIAIUTELUUNINTEIY
wane AduUseansduiusvseruiulavetoyaniosas 95
wana Aedd T NllunsnaaeuaFigy

U d‘ o wa | U
wans Andilglunisivunamauddseniu

1 | < 1 I aa al a
wana Arpunaslulaainaradanidlunismaaevauusigiulay

Sig. (P-Value) > 0.05 fiagansu HO InbiuanasAusslited ALy

Sig. (P-Value) < 0.05 Doiwausu H1 1uansenusg1eiitedfgy

M39TEUITNTOUANENTTI
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M3199 4.1 ANTNTBYANITUANLIILUUTLDNAGDUAIULANF1NYDINGUDE

Tul509A LR8I VDILARE MUNBLATINITNAFDU

whauiaunguaie 18-22 1 uay 2340 1l

Independent Samples Test

a & a

MUUDET

146

(-

vAvNU

Equality of Variances t-test for Equality of Means
Sig. (2- Mean Std. Error of the Difference
F Sig. t df tailed) Difference | Difference Lower Upper

1 4507 .046 =777 21 446 -2.187 2.816 -8.043 3.669
=727 13.786 AT79 -2.187 3.007 -8.646 4.272

2 727 404 259 21 .798 738 2.849 -5.187 6.662
246 15.034 .809 738 2.999 -5.652 7.128

3 7.971 .010 -2.200 21 .039 -7.213 3.278 -14.030 -.396
-2.030 12.607 .064 -7.213 3.552 -14.912 486

4 .369 .550 -1.976 21 .061 -5.550 2.809 -11.392 291
-1.941 18.062 .068 -5.550 2.859 -11.556 455

5 465 503 -1.382 21 181 -8.057 5.828 -20.177 4.063
-1.385 19.620 .182 -8.057 5.819 -20.211 4.097

6 .683 418 -291 21 774 -914 3.137 -7.438 5.610
-.305 20.876 763 -914 2.995 -7.144 5.317

Sig.
Sig.
Sig.
Sig.

< 0.05 1vige Sig. (2-tailed) a9 nunady AnuulsdnuuaInguLvindu
> 0.05 1vige Sig. (2-tailed) vu viunadfy anuvlsdnuuasnanlivindu

(2-tailed) > 0.05 Liusnenvacirofifasgdey
(2-tailed) < 0.05 umnenvatirvfitaddny
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M3NN 4.2 MeeUTeuiisuaasauianelaluusiasiavteveingueny 18-22 U

nxuangy 18-22 1l

Paired Samples Test

Paired Differences
WFeuviay 95% Confidence Interval
weLaua of the Difference
Std. Std. Error Sig. (2-
Mean Deviation Mean Lower Upper t df tailed)
Pair 1 .286 .825 221 -.191 762 1.295 13 218
Pair 2 .500 .855 228 .006 .994 2.188 13 .047
Pair 3 143 770 .206 -.302 .588 .694 13 .500
Pair 4 -.500 941 251 -1.043 .043 -1.989 13 .068

Sig. (2-tailed) > 0.05 LiwaneneduacineiitasdAty

Sig. (2-tailed) < 0.05 uanevduacroiddadrAgy

M13199 4.3 assUTeuiisuAtadsauianelaluusiaziartavenguey 23-40 U

naNang 23-40 il

Paired Samples Test

Paired Differences
[S1Ef TR I35T] 95% Confidence Interval
wWNELauUa of the Difference
Std. Std. Error Sig. (2-
Mean Deviation Mean Lower Upper t df tailed)
Pair 1 167 1.115 322 -.542 .875 518 11 .615
Pair 2 .333 1.073 .310 -.348 1.015 1.076 11 .305
Pair 3 -.250 .965 279 -.863 .363 -.897 11 .389
Pair 4 -.583 .996 .288 -1.216 .050 -2.028 11 .067

Sig. (2-tailed) > 0.05 LiuansrvfuacrofifdadrAey

Sig. (2-tailed) < 0.05 uanevfuatrofivadAey
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A& a -

AT 9.4 ANTNTBYANITUANEILUUTLTENAGBUANULANG19YBINGUD L M TuBaTE B

Tul399ANRRINA VN ELEINTNAEBY 7

whauiaunguaiy 18-22 1 uay 2340 1
Independent Samples Test

Equality of Variances t-test for Equality of Means
Sig. (2- Mean Std. Error of the Difference
F Sig. t df tailed) Difference | Difference Lower Upper
- .909 351 381 21 707 8.244 21.633 -36.745 53.232
420 16.763 .680 8.244 19.631 -33.219 49.707

Sig. < 0.05 Tvigan Sig. (2-tailed) a19 wunade ANNLUsUTIURDINAULYVINAY
Sig. > 0.05 lvigAn Sig. (2-tailed) vy vunade anuwlsisiuvasnauluvindgu

Sig. (2-tailed) > 0.05 Luwangsinvacirvfitiag1deay
Sig. (2-tailed) < 0.05 wangsinvacinviitiagdeay

a @ a ! v

MINA 4.5 MITBYANITUINLIUUUTLNENAFBUALLANA 19YBING Ny udaserariy

T11599A1L QA8 ANUNIND 1AV ILAALUUNELAVTD

whauiaunguaie 18-22 1 uay 2340 1l
Independent Samples Test

Equality of Variances t-test for Equality of Means
Sig. (2- Mean Std. Error of the Difference
F Sig. t df tailed) Difference | Difference Lower Upper

1 5.616 .026 -1.397 24 L7/ -.381 273 -.944 182
-1.452 21.629 161 -.381 .262 -.926 .164

2 .685 416 -478 24 637 -179 374 -.950 593
-.484 24.000 633 -179 .369 -.940 .583

3 1.492 234 -1.545 24 135 -429 277 -1.001 144
-1.600 22.203 124 -429 .268 -.984 127

4 .330 571 -.728 24 AT74 -.238 327 -913 437
-742 23.835 465 -.238 321 -901 424

Sig. < 0.05 TvigAn Sig. (2-tailed) 819 nunady anuwlsdsiuaasnauLvindu
Sig. > 0.05 TvigeAn Sig. (2-tailed) vy nunads anuundsdnunasnanlivindu

Sig. (2-tailed) > 0.05 Luuanginvacinofilasg1day
Sig. (2-tailed) < 0.05 wanginvatinviita&Aay



15197 4.6 ANTRTEYaNITHANKIILUUTITieVdeUALWANATeINgue g Tk uBas Aot

luiTesrnafnaveminglavuhuun1svagey 3

amuBauiauldnisenatutasdinauluminuasnguaiy 18-22 1 uay 2340 1l

Independent Samples Test

149

2ia

Equality of Variances

t-test for Equality of Means

of the Difference

Sig. (2- Mean Std. Error
F Sig. t df tailed) Difference | Difference Lower Upper
3 910 351 .381 21 707 1.17754 3.09083 -5.25020 7.60527
420 16.762 .680 1.17754 2.80481 -4.74650 7.10158

Sig. < 0.05 Tvigan Sig. (2-tailed) a19 wunade ANNLUsUTIURDINAULYVINAY
Sig. > 0.05 lvigAn Sig. (2-tailed) vy vunade anuwlsisiuvasnauluvindgu

Sig. (2-tailed) > 0.05 Luwangsinvacirvfitiag1deay
Sig. (2-tailed) < 0.05 wangsinvacinviitiagdeay
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M3N 4.7 Wisuieuanuiienelaves AnudiesdonIuaNusudmeUunaalouuuaNniv

Inufuanudesion1sAIvANusudliviunlunthvedwiasnguey

flu

ANuEsamIuANuausisaNnaLETautuguITnNInY

ANNIEAANTAILAN UL UG TR UANTUNIN
nauaiy 18-22 1l

Paired Samples Test

Paired Differences
1a sd. | std. Error of the Difference Sig. (2-
Mean Deviation Mean Lower Upper t df tailed)
Pair 1 571 1.016 272 -.015 1.158 2.104 13 .055
Pair 2 429 1.089 291 -.200 1.058 1.472 13 165
Pair 3 -.429 1.016 272 -1.015 .158 -1.578 13 139
Pair 4 143 1.167 312 -.531 .817 458 13 .655
nauangy 23-401l
Paired Samples Test
Paired Differences
242 St Std. Error of the Difference Sig. (2-
Mean Deviation Mean Lower Upper t df tailed)
Pair 1 .083 996 .288 -.550 716 .290 11 a77
Pair 2 .333 .985 .284 -.292 959 1.173 11 .266
Pair 3 -.667 .888 .256 -1.231 -.103 -2.602 11 .025
Pair 4 -417 1.084 313 -1.105 272 -1.332 11 .210

Sig. (2-tailed) < 0.05 aaudu HO Lufienuuanaafu
Sig. (2-tailed) < 0.05 aausu H1 danuuanenIAY
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M37 4.8 Wisusuanuienelaved ANNNIERENITAIUANYUEUARIENSAUEN VLY

fu anudesensauAuueudliiunulunt veudaznguee

AU FDNITAIUANNUL UGIHIENITRURNIN THY

fu

ANUdaaanITAMUANUE U6 TR uauTuKLN
nayane 18-22 1l

Paired Samples Test

Paired Differences

12 sd. | std.Error of the Difference Sig. (2-
Mean Deviation Mean Lower Upper t df tailed)
Pair 1 .286 1.069 .286 -.332 .903 1.000 13 .336
Pair 2 -.071 1.072 .286 -.690 547 -.249 13 .807
Pair 3 -571 1.222 .327 -1.277 134 -1.749 13 104
Pair 4 643 1.216 325 -.059 1.345 1.979 13 .069
nAauang 23-401l
Paired Samples Test
Paired Differences
s Std. Std. Error of the Difference Sig. (2-
Mean Deviation Mean Lower Upper t df tailed)
Pair 1 -.083 1.084 .313 =772 .605 -.266 11 795
Pair 2 0.000 739 213 -.469 469 0.000 11 1.000
Pair 3 -417 .669 193 -.841 .008 -2.159 11 .054
Pair 4 167 1.030 297 -.488 .821 561 11 .586

Sig. (2-tailed) < 0.05 aaufu HO lufimnuwanaafu
Sig. (2-tailed) < 0.05 aausu H1 danuuansinadu
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1591 4.9 M139TBYANITHINLITLUUTLNeNAdOUAILANA 1 naULaE ATl WS BIALRGY

Anuianelavesusiagminewtovainguety 18-22 U

ATNAINIUUANANNDULASUA 9NN TNAGDY (Paired - Samples T Test) Yadinguaty 18-22 U
. 95% Confidence . .
2a Mean SD SE Mean T DF Sig. (2-Tail)
Lower Upper

1 0.000 1.301 0.348 -0.751 0.751 0.000 13 1.000
2 -0.357 1.082 0.289 -0.982 0.267 -1.235 13 0.239
3 -0.571 1.089 0.291 -1.200 0.058 -1.963 13 0.071
4 -0.500 0.855 0.228 -0.994 -0.006 -2.188 13 0.047
5 -0.357 1.082 0.289 -0.982 0.267 -[%235 13 0.239
6 0.000 1.038 0.277 -0.599 0.599 0.000 13 1.000
7 -0.286 0.994 0.266 -0.860 0.288 -1.075 13 0.302

Sig. (P-Value) > 0.05 da3inaausu HO Inluuansvduad e g1day
Sig. (P-Value) < 0.05 dariudfjids HO nuanenvduacinefitiaddey

M57 4,10 M159TBYANITUANKAITUUT DN AR UAIHLANANBULAE AT lWITBeALARY

ANuianelaveusazineyteuaInguey 23-40 U

A159AIAINLANAWABUUALUA IIN15NARBY (Paired - Samples T Test) vainguane 23-40 U
e 95% Confidence . .
2Aa Mean SD SE Mean T DF Sig. (2-Tail)
Lower Upper

1 -0.500 1.000 0.289 -1.135 0.135 -1 11 0.111
2 -0.250 0.754 0.218 -0.729 0.229 -1.149 11 0.275
3 -0.667 1.073 0.310 -1.348 0.015 -2.152 11 0.054
4 -0.667 0.888 0.256 -1.231 -0.103 -2.602 11 0.025
5 -0.417 0.996 0.288 -1.050 0.216 -1.449 11 0.175
6 -0.250 0.965 0.279 -0.863 0.363 -0.897 11 0.389
7 -0.083 0.996 0.288 -0.716 0.550 -0.290 11 0.777

Sig. (P-Value) > 0.05 dairaauiu HO MNluuanevduatinefifas1deay
Sig. (P-Value) < 0.05 daiudfids HO Nuanevduatitfitad ey



M3199 .11 M15190BLANTHINLIIMUUTILNENAHOUAILLANANVBINGHB Y

AUl U DIANRAYIAVDILAREMLNYLAYNITNAFDUVBINBUIININITNAR D

ATNAIAMUUANANABLYINNITNAADY (Fairea - samples | 1esy) VBINGURNY 18-22 U wag 23-40 Y
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Equality of Variances

t-test for Equality of Means

ua Sig. (2- Mean Std. Error of the Difference
F Sig. t df tailed) Difference | Difference Lower Upper

1 117 .736 .365 24 719 119 .326 -.555 793
.364 23.309 719 119 327 -.556 794

2 1.937 A77 -522 24 .606 -.202 .387 -1.002 597
-537 23.241 597 -.202 377 -.982 577

3 3.802 .063 -.833 24 413 -.298 .357 -1.035 439
-.863 22.126 397 -.298 .345 -1.012 417

4 573 456 -494 24 626 -.167 .338 -.863 .530
-.505 23.611 .618 -167 .330 -.848 515

5 2.044 .166 -.639 24 529 -.250 391 -1.058 .558
-.660 22.506 516 -.250 379 -1.035 535

6 169 .685 -.889 24 .383 -.250 .281 -.830 .330
-.906 23.879 374 -.250 276 -.820 .320

- 3.664 .068 -.892 24 .381 -.298 .334 -.986 391
-.918 22.997 .368 -.298 .324 -.968 373

Sig.
Sig.
Sig.
Sig.

< 0.05 1vge Sig. (2-tailed) a19 nuady ANuwlsUHURINFULYINAY
> 0.05 Tvige Sig. (2-tailed) uu viunady anuwlsdnuuasnanlaivvindgu

(2-tailed) > 0.05 Liunnenvacirufidasgdeay
(2-taied) < 0.05 wanevatofifad Ay
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Equality of Variances t-test for Equality of Means
a Sig. (2- Mean Std. Error of the Difference
F Sig. t df tailed) Difference | Difference Lower Upper

1 117 .736 .365 24 719 119 .326 -555 793
.364 23.309 719 119 327 -.556 794

5 1.937 77 -522 24 .606 -.202 .387 -1.002 597
-5637 23.241 597 -.202 377 -.982 577

3 3.802 .063 -.833 24 413 -.298 .357 -1.035 439
-.863 22.126 .397 -.298 .345 -1.012 417

4 573 456 -494 24 .626 -.167 .338 -.863 530
-505 23.611 .618 -.167 .330 -.848 515

5 2.044 .166 -.639 24 529 -.250 .391 -1.058 .558
-.660 22.506 516 -.250 .379 -1.035 535

6 169 .685 -.889 24 .383 -.250 .281 -.830 .330
-.906 23.879 374 -.250 276 -.820 .320

- 3.664 .068 -.892 24 .381 -.298 .334 -.986 391
-.918 22.997 .368 -.298 .324 -.968 .373

Sig.
Sig.
Sig.
Sig.

< 0.05 1vge Sig. (2-tailed) a19 nuady ANuwlsUHURINFULYINAY
> 0.05 Tvige Sig. (2-tailed) uu viunady anuwlsdnuuasnanlaivvindgu

(2-tailed) > 0.05 Liunnenvacirufidasgdeay
(2-taied) < 0.05 wanevatofifad Ay
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Independent Samples Test

Equality of Variances t-test for Equality of Means
12 Sig. (2- Mean Std. Error of the Difference
E Sig. t df tailed) Difference | Difference Lower Upper
1 032 859 -2.955 24 .007 -774 262 -1.314 -233
-2.953 23.332 .007 -774 262 -1.315 -232
5 .001 972 -2.223 24 036 619 278 -1.194 -.044
-2.219 23.191 037 619 279 -1.196 -.042
5 2227 149 -728 24 A74 238 327 -913 437
-742 23.835 465 238 321 -.901 424
. 1.142 296 -1.163 24 256 286 246 -793 221
-1.149 21.897 263 286 249 -.801 230
5 847 367 -3.175 24 .004 905 285 -1.493 -317
-3.100 19.975 .006 905 292 -1514 -296
6 1.250 275 -1.614 24 120 560 347 -1.275 156
-1.582 20.589 129 560 354 -1.296 177
; 2671 115 -1.202 24 241 405 337 -1.100 290
-1.174 20.042 254 -.405 345 -1.124 314
Sig. < 0.05 TvigeAn Sig. (2-tailed) a9 nunady anuwlsdsuaasnauLvindgu
Sig. > 0.05 Mg Sig. (2-tailed) vy runads Anundsdnunasnanluvinduy
Sig. (2-tailed) > 0.05 Luwanginvacinvfidesg1day

Sig.

(2-taied) < 0.05 uanevatitvfitad Ay
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Independent Samples Test

Equality of Variances

t-test for Equality of Means

a Sig. (2- Mean Std. Error of the Difference
F Sig. t df tailed) Difference | Difference Lower Upper

1 1.911 .180 -2.317 24 .029 -571 247 -1.080 -.063
-2.330 23.800 .029 -571 .245 -1.078 -.065
5 .014 .907 -2.225 24 .036 -.595 .267 -1.147 -.043
-2.207 22.433 .038 -.595 270 -1.154 -.036
3 .001 972 -2.223 24 .036 -.619 278 -1.194 -.044
-2.219 23.191 .037 -.619 279 -1.196 -.042
126 726 -2.735 24 .012 -.690 252 -1.211 -.170
4 -2.729 23.175 .012 -.690 253 -1.214 -.167

Sig. < 0.05 1vigan Sig. (2-tailed) a19 vunafiy AmNuwsUTIUAAINRNLYINAY
Sig. > 0.05 TvigeAn Sig. (2-tailed) vy nunad anundsdnuuasnanluvinduy

Sig. (2-tailed) > 0.05 Liuanenvacirvfifasgdeay
Sig. (2-tailed) < 0.05 wanenvatinviiva&1Agy



157

AANUIN 3
1BNE#159UILNTTWsEANT NN IR TRV TUNTIve suB AU

nslnadgsiauassin



Fifth international conference on Innovative Computing Technology (INTECH 2015)

158

Accelerating Real-time Face Detection
on a Raspberry P1 Telepresence Robot

Krit Janard and Worawan Marurngsith
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Thammasat University
Pathum Thani, Thailand

Abstract— Effective face detection in real-time is an essential
procedure for achieving autonomous motion in telepresence
robots. Since the procedure demand high computation power,
using it to create autonomous motion in low-cost robots is a
challenge. This paper addresses this issue and making three
contributions. First, the process to enabling the real-time face
detection on Raspberry Pi’s graphical processor is presented.
Second, the development of an autonomous pan-tilt telepresence
robot to follow an interlocutor face using two Raspberry Pi-1
model B is demonstrated. Third, the evaluation on resource
requirements when operating the robot in various scenarios is
described. The face detection module ran in average at 16.7
Quarter VGA frames per second, while mediating real-time
video conversation remotely between two parties. The results
confirmed that vision-based autonomous motion can be added
to a low-cost telepresence robots with acceptable performance.
Thus, making secure telecommunication via robots is viable
with less budget constraint.

Index Terms—Face detection, LBP, robot, Raspberry Pi,
GPU.

I. INTRODUCTION

Telepresence robot is an invention for making users feel
as if they were in two places at the same time. The user
controlled his/her avatar robot remotely, while being in
another place. Telepresence robots equipped with video
conferencing module. Thus, the user can interact with his/her
interlocutor at the robot site. Various types of telepresence
robots are available for commercial, in both mobile and
desktop features. Apart from using as a tool for scientific
discovery in unmanned area, telepresence robot usage has
gained advantage over video conferencing in wide range of
applications e.g. for research, elderly health care, office,
school and general purpose uses [1]. The usage of
telepresence robots are still limited as commercial robots are
not affordable. Emerging of the ultra-low cost computer for
education [2], the Raspberry Pi (RP), has brought attention on
telepresence robot research. As the RP computer is a platform
aimed for teaching computer component in the DIY fashion,
it has a limited computation power. A research on
telepresence robot has used the RP computer for controlling
the robot motion and offloaded some computation on the
Cloud [3]. Using this technique, the robot has been equipped
with some autonomous features like following an interlocutor
face.
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Real-time face detection is a key step in controlling the
pan and tilt unit (PTU) of telepresence robots to automatically
follow the face of an interlocutor. By doing so, the robot
autonomy is enhanced; and it could be extended to maintain
eye contact with the interlocutor. Several research have shown
that this feature increases users’ satisfaction when using
telepresence robots in office environment [4-6]. Some
research has proposed techniques to add more user interaction
capabilities to the robot using the Kinect camera, e.g.
implementing motion tracking and image-based face tracking
[5]; having gesture based recognition [6]. The key success
factor for face tracking and face recognition tasks in the robots
is the effective face detection technique used in real-time.

Several real-time face detection techniques have been
used in high performance telepresence robots [1, 7], but has
not been mentioned in a robot using pure RP computers.
Tripathy and Daschoudhury [8] presented a technique for face
tracking using the Haar classifier on the graphical processors
(GPU) of the RP computer. Bilaniuk et al. [9] has shown that
the face detection can run at 5 VGA frames per second when
highly parallelized the Local Binary Pattern (LBP) technique
on an embedded SIMD architecture with low power
consumption. Experiments from various algorithms on the RP
computer confirmed the effective of LBP [10]. A research has
shown that different applications can be accelerated by
offloading to the GPU of a RP computer [11]. Existing
research have confirmed the feasibility to implement effective
real-time face detection on the RP computer. However, to use
the face detection for moving the PTU of a pure RP
telepresence robot to follow a face is still a challenge.

This paper presents a technique to enable the real time face
detection on the RP’s GPU and using the result to control the
PTU of a pure RP telepresence robot. The robot is connected
remotely with its user using a client application on Android
smartphone. The user can set the robot to follow a face of the
interlocutor who stay at the robot site; or manually control the
PTU of the robot by turning or rotating the smartphone. The
robot mediates a real-time video conference between the two
parties. For this, the proposed robot uses two RP computers
model 1B as the main processors. The paper presents the key
concepts used for implementing the robot and makes three
contributions,

1) A pipelined technique used for accelerating the real-time
face detection on the RP’s GPU is presented (Section II).



The technique uses Local Binary Pattern (LBP) algorithm
available in the OpenCV library, which achieved 16.7
Quarter VGA (QVGA) frames per second (Section 1V).
2) The integration of the face-detection technique to allow
the head of a telepresence robot to follow an interlocutor
face is demonstrated (Section 111).
3) The evaluation on resource requirements when operating
the robot in various scenarios is described (Section 1V).
The experimental results show that the proposed face
detection and following techniques used in the robot requires
only 10 percent more memory, approximately 10 MB, in
comparing to operating the robot in the normal mode. The
results also highlighted that using the ServoBlaster library to
control the PTU of the robot increased more than 10 percent
of CPU resource and only achieve 15 QVGA frames per
second speed. Thus, different hardware should be used. For
all testing scenarios, the robot can follow a face of the
interlocutor at real time (16.7 QVGA frames per second in
average), while mediating real-time video conversation
remotely. Thus, vision-based autonomous motion can be
added to a pure RP telepresence robot with acceptable
performance.

II. REAL-TIME FACE DETECTION ON RP-1B COMPUTER

Real-time face detection has been implemented on a
telepresence robot which has two RP computers, model 1B.
As shown in Fig.1, the face detection module is allocated on
the RP#1 computer, while the real-time video conferencing is
handled by the RP#2 computer. The robot has two camera,
i.e., the RP camera module for face detection and the web cam
for video conferencing. Existing research has shown the
benefits of using LBP algorithms and offloading the face
detection to the RP’s GPU. Thus, the LBP algorithm from the
Open Source Computer Vision (OpenCV) library has been
used for face detection. To offload the computation of the face
detection process to the CPU, the multi-media abstraction
layer (MMAL) application program interface is used.

A. Face Detection Technique

Baseline face detection techniques used in telepresence
robots are the Viola-Jones detector, Haar classifier and LBP
[12]. In this work, the LBP algorithm is used as research
confirm its advantage of speed over the other two techniques.
Despite, the correctness of results depending on the effects of
illumination. The LBP is used for measuring local image
contrast. The whole image is broken into small parts called
integral image, which is normally 3x3 pixels. First, a binary
threshold window of 3x3 pixel is calculated for each integral
image. The value of the center pixel is compare with all eight
neighbors. If the value in the neighbors’ pixel is greater than
or equal to the center pixel, the threshold bit at is set to 1;
otherwise is set to 0. Second, the 3x3 threshold windows is
multiplied with the 3x3 weighted window, resulting the
weighted threshold 3x3 windows. The weighted window is
normally two power by the position of the neighbors. Third
the LBP value, the value of the central pixel, is calculated by
the summation of the neighbors” weighted threshold value.
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User 1 — facing the robot avatar of User 2
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Fig. 1 Process of the real-time face detection model and the real-time
video communication with the connected smartphones.

B. Real-time Face Detection Pipelining on Raspberry Pi

Implementation of the LBP algorithm is available in
OpenCV. To accelerate the face detection process in the GPU
of the RP computer, the pipelined implementation has been
used. As shown in Fig. 1 (left), the face detection was
implemented in two asynchronous threads, using the MMAL
APIL. The first thread is responsible for obtaining and
preprocessing image frame obtained from the RP camera
module. Once an image frame is ready the callback function
to perform face detection is signaled. The second thread
implements this callback function, which is responsible for
calling the LBP algorithm and calculating the motor position.
The second thread interfaces with the display to show the face
detected (if mirroring mode is set). It also interfaces with the
ServoBlaster library to pass the x and y position to the
corresponding servo motors attached in the PTU.

OpenCV has a set of pretrained object-recognition files
which can be used for detecting objects which has consistent
texture. A set of frontal face models from these pretrained
objects are used to train the face detection module by
specifying the corresponding xm!/ file. Thus, prior to running
the robot, thirty pretrained faces were used to calibrate the
face detection process.

It is important to note that the RP camera module used in
the robot has been set to support only the gray scale image.
The default QVGA video frame size (320x240) is chosen.
Two level of frame speed i.e., 15 frames per second (fps) and
30 fps are used to exercise the robot. It is possible to configure
the video frame size to VGA (640x480). However, testing on
the VGA frame size is not yet covered in this initial stage.



TABLE 1. SpecIFIcATION OF THE ROBOT

Physical Specifications

5Kg-cm Max Torque,

Pa i
T Up to 0.21 second per 60 degree Max Speed

180 degree Pan, 180 degree (lock for safety at

Maximum Degree 120) Tilt

Computer and Display

Raspberry Pi | model B Broadcom BCM2835

Frocessor SoC B00OMHz (OC) single-core

Memory 512MB, 8GB SD Card Class 10

GPU Broadcom VideoCore IV

Screen 5 inch screen with 720x480 max resolution

Face Detection Camera

Resolution 1440x1080 max, 640x480, 320x240 effective

Frame Rate 30 fps max, 25 fps effective

54 degree Angle of View, 1 m. to infinity Focus Length

Streaming Camera
Resolution 640x480 max, 640x480, 320x240 effective
Frame Rate 30 fps max and effective

Angle of View 58 degree

Focus Length Im to infinity

Servo Controller ATmega32ud or ATmega328

Microphone Type ~ Mono

Electrical Specifications

Power Input 100-250VAC 47-63Hz

Input leakage current <0.7mA / 220VAC

Line regulation (full load) +-0.5%
Output Power 50w
Output Voltage 1 12VDC 2A +-10%

Qutput Voltage 2 S5VDC 4A +-0.5%

Efficiency >85%

I1I. AUTONOMOUS PAN-TILT TELEPRESENCE ROBOT

The real-time face detection unit has been added to the
development of a telepresence robot. This is to allow the robot
to have autonomous PTU to follow the interlocutor face. The
robot consists of a monitor, a web cam, an RP camera module,
a ServoBlaster library and two servo motors, a power supply
(as the prototype shown in Fig.2). As described in Section II,
two RP computers model 1B have been used for processing
the face detection and video conferencing. The specification
of the robot is listed in Table 1. The total cost of the robot
prototype is approximately 550 USD as of today currency
value. For safety reason, the robot will be packaged using
Acrylic cover which push the cost up to 600 USD.

A. Mode of operations

As shown in Fig. 2, the robot is built for facilitating the
real-time video conferencing between two users. The first user
(Userl in the figure) stays at the robot site and interacts with
the robot. The second user (User 2, at the bottom of the Fig.2)
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Fig. 2 The telepresence robot (left) prototype of the robot hardware design
(right) the robot’s screen when testing face detection module.

remotely connects to the robot and takes control of the robot
by using an application provided for any Android smartphone.
User 2 can configure the robot as his/her avatar using the
following configurations.

Freeze: the robot has no movement.

Manual control: the robot is controlled remotely by User
2 moving his/her mobile phone. In this mode the Android
application detect the movement of the mobile phone by suing
the data from accelerometer and gyroscope sensors. The offset
position is calculated and transferred back to the robot. Note
that the RP#2 computer is also connected to the ServoBlaster
library to control the PTU.

Autonomous Face following: this mode is used to allow
the robot to move the PTU autonomously to follow a face.
When using this mode, the robot will first detect a face at the
center of the screen. Then the face detection is calculated in
every second to detect whether the face has moved. This step
is done by keeping the current frame with face position
resulting from the LBP algorithm. At every second, the new
frame is used to calculate LBP value; and the results are
compared with the current frame and face position value. If a
face has been detected, and moved, the displacement of the x
and y axis are calculated. These result are then mapped back
to the absolute position of the motor, and send to the
ServoBlaster library. If the no face has been detected in the
current frame but a face is detected later on, the motor position
is used to calculate the offset with the new face frame. The
new x, y values are calculated to keep the face frame in the
middle of the QVGA frame. The updated x and y values are
sent to the ServoBlaster library to move the PTU.

B. Video conferencing interface with Android smartphone

As shown in Fig.2 (right), the connection between the
Android smartphone is done by the virtual private network
(VPN) connection initiated by the application in Android, to
the port listened by the second RP computer in the robot.
Once the connection established, two sets of connections are
done concurrently. First, the manual control of the robot PTU
is done as a background process by using AsyncTask, an
asynchronous lightweight thread. Second, the web cam is
interface is done in foreground. The PTU position controlled
is described earlier in the manual control mode.



As the web cam is connected via a USB port, the video and
audio signal received has been processed by the webcam to
the mixed video and audio data. This mixed data comprises
the compressed video data using H.264 encoding and the
compressed audio data using AAC encoding. Once the mixed
data arrived at the RP computer, the data is preprocessed into
the size and format that is suitable to display on the smart
phone camera. First, the mixed data is separated back into the
compressed video and compressed audio stream. The audio
stream is decoded (using AAC decoding) and then encoded
again using the Android specific audio compression. The
recoding audio data is mixed with the compressed video data;
and sent over the VPN. The Android application received the
mixed compressed data and separate it back to video and
audio stream. Both stream are decoded and send to the
display and speaker. On the way back from the smart phone
to the robot, the process is reverted. Thus, this video
conferencing process is going on during until User 2 stops the
communication and frees the robot.

IV. EVALUATION AND DISCUSSION

The real-time face detection for adding face following
feature in the pure RP robot has been evaluated by measuring
the resource requirements. These include the memory usage,
the CPU load, and the maximum send/receive bandwidth. The
aim of the evaluation is to quantify the computation resources
spent on face detection and observe the interference to the real
time video conferencing module.

A. Experimental Method

Experiments have been done in four steps. First, the
baseline resource requirement is measured while the robot is
idle for ten minutes. The amount of memory usage and
buffered, the percentage of CPU time, and send/receive
bandwidth were collected. The collected data are summarized
using the arithmetic mean (average). The baseline resource
requirement is presented in Table II.

Second, the resource requirement during the robot is used
for video conferencing and controlled manually is measured.
The robot were used to communicate in using three content
delivery modes i.e., the audio only, the video only and the
video and audio mode, without having PTU movement. As
mention earlier, the audio quality used in the robot is 16-bit
mono. The video quality can be adjusted using 15 fps or 30
fps, for each frame being a gray-scale QVGA size. When the
audio and video content mode is used, the robot resource
requirement at 15 fps frame rate is also measured when the
manual PTU movement is activated ie., the ServoBlaster
library was controlled by a remote user via smartphone. Raw
data are collected in ten-minute time frame with three repeated
run, sampling every 5 seconds; and are averaged. The results
presented are the ratio between resource requirements during
the video conferencing and the baseline (Fig. 3 — 5).
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TABLE Il. RESOURCE CONSUMPTION OF THE ROBOT IN TWO MODES

Memory (MB) CPU Time Bandwidth
Mode of total 1 GB (percent) Byte/sec (Bps)
operations
Use Buff | User Sys Send Receive
Manual Control 74.5 31.8 124 353 | 2,769.2 | 1,649.6
 Idle - baseline 725 | 315 4.9 7.5 | 6952 2445
Inc. Req. Ratio 28% | 1.0% 25 4.7 4 6.7

Third, the resource requirement during the autonomous
face following feature is turn on, while the video conferencing
is ongoing. The robot were used to communicate in three
scenario i.e., when it is (1) idle, when it perform autonomous
face following while users (2) using video with mute and (3)
using both video and audio. Collected resource are
summarized against the baseline resource requirements, in the
same way they were done in the second step (Fig. 6 — 8).

Forth, the detailed performance of the face detection
module is captured. The RP camera module was set to it
maximum capability capturing video at 30 fps. The number
of frame produced, the detection outcome, and the CPU loads
is measured. Raw data are collected in ten-minute time frame
with three repeated run, sampling every 5 seconds; and are
averaged. The amount of frames was calculated per second,
and the CPU load was calculated into percentage of overall
CPU time. The results is shown in Table III.

Note that all measurement of memory and CPU time
shown the resource used two RP computers. In this case, the
memory usage was aggregated, and the parallel CPU time was
measured using both RP computers.

B. Results

The baseline resource requirement, when the robot is idle,
is shown in the highlighted row in Table I1. In average, only
7 percent and 3 percent of internal memory was used and
buffered'. The total CPU load in both user time (the time
spent on executing the robot controlled program) and system
time (the time spent on running operation system and
services) was 12.4 percent. As the robot is connected with a
remote user mobile phone, small amount of signal was
exchanging to establish and keeping the connection. Because
sending and receiving are not happen at the same time, in
average the overall bandwidth required was dominated by the
sending bandwidth of about 700 Bps. To quantify the
increasing of resource requirements when operating the robot
remotely, the ratio of increasing resource requirement with
reference to baseline is calculated (the Inc. Req. Ratio row in
Table I1). The robot was controlled manually, and the
resource requirement was collected. It was observed that in
this situation, the increasing of memory requirement was not
significant. The increasing of CPU loads and required
bandwidth were 7.3 and 10.7 times with reference to the
baseline. The manual control used nearly 48 percent of CPU
time and required nearly 3KBps bandwidth.

! The 214 MB internal memory was cached in all
experiments.
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Fig. 3 Increased memory requirement for broadcasting different modes of
content with reference to the baseline.
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Fig. 4 Increased CPU loads for video conferencing only and with manual
movement (Servo) (value shown in times higher than the baseline).
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Fig. 5 Increased bandwidth requirement for video conferencing only and
with manual movement (Servo) (times higher than the baseline).

The second step of the experiment is to quantify the
increased resource requirement reference with the baseline
while using manual controlled mode during video
conferencing. The results of memory requirement (Fig.3)
show that when no robot motion, 108 - 111 MB internal
memory is required, ranging from 5.5 — 13.1 percent increase
over the baseline (with 0.03 standard deviation). More
memory is required for manually controlled the robot (Fig.3
15 fps-servo). The required CPU loads when no robot
movement range from 38 — 86 percent of total CPU time,
increase from 6.7 — 15.3 times over the baseline (Fig. 4). The
user time dominates the CPU load; and is clearly increased
when setting more fps at the web cam. More system time and
CPU load required when manually controlled the robot with
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Fig. 6 Increased memory requirement when using face following during the
video conference with different modes of content (reference with baseline).
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Fig. 7 Increased CPU loads when using face following during a video
conference (value shown in times higher than the baseline).
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Fig. 8 Increased bandwidth requirement when using face following during
a video conference (value shown in times higher than the baseline).

the ServoBlaster library. However, the overall CPU load is
the same as when using full video conference at 15 fps with
still robot. The bandwidth requirement was dominated by
sending, and shown high variation. The send bandwidth
range from 751 Bps — 143.4 KBps, increased from 112.8 —
206.3 times over the baseline (Fig. 5). However, the manually
controlled robot show surprisingly low bandwidth used. This
is because the RP#2 computer was busy with connection
from the mobile phone. Thus, the less time spent on
processing the video signals and sending data causes less
bandwidth used.

The third step of the experiment quantified the resource
requirement while the autonomous face following feature is
turn on, during a video conference session. The memory



TABLE IIl. PERFORMANCE AND CPU USAGE OF FACE DETECTION

Face detection outcome fps 1 User time ratio
Face Found

Moving detected 16.7 86.7%

No moving detected 14.9 87.1%
No face found

Moving detected 17.7 86.9%

No moving detected 17.5 86.7%

requirement range from 120 — 125 MB in all content mode,
increased from 25 — 34 percent over the baseline (Fig. 6). The
CPU load was push to peak when using face following
feature, increased quite stably from 15.7 — 19.4 times over the
baseline (Fig. 7). Similar to the second experimental step, the
sending bandwidth was dominate, however, shown less
variation. The send bandwidth range from 760 Bps — 56
KBps, increased from 43.8 — 95.5 times over the baseline
(Fig. 8) during a video conference session.

The last experimental step quantified the performance of
the face detection technique in terms of speed and CPU load.
Table 1II shows that, on average, face detection ran 16.7
Quarter VGA (QVGA) frames per second and used 87
percent of CPU time. The worst case scenario for real-time
face detection occurred when target face is found, but no
moving detected.

V. DISCUSSION

The internal memory of two RP computers (1GB in total)
is enough for all telepresence robot operations including the
autonomous face following feature. Adding face detection
module pushes the CPU load up to its maximum. Thus, when
adding a new feature, like mobility, to the robot a separate
processing resource is required. Using the ServoBlaster
library for interfacing with servo motors added overhead on
the CPU load, thus, causing slower response from the robot.
In the future work, this hardware will be replaced with an
Arduino controller. A clear pattern of bandwidth requirement
has not yet found using this experimental design. The
maximum bandwidth used in this experiment is 143.4 KBps,
or 206 times increased over the baseline. Thus, all findings
suggested that the proposed face detection technique has reach
the maximum usage of computation resource on RP computer
model 1B. To achieve a low-cost autonomous telepresence
robot, the stable and high speed communication bandwidth
and the separation on CPU loads using task parallelism are the
key design factors.

V1. CONCLUSION

This paper presents a technique to enable real-time face
detection on the RP’s GPU for making autonomous face
following in an affordable, pure RP telepresence robot. The
design of the remote steering technique by using a dedicated
RP computer to support the real-time video conference has
been described. The proposed techniques have been evaluated
by measuring the memory, processing time, and bandwidth
requirements. The results showed that the proposed face
detection implementation exploited full CPU loads with little

141

163

extra memory required, and has no impact on the quality of
the real-time video conferencing. This showed that vision-
based autonomous motion can be added to a low-cost, pure
RP telepresence robots with acceptable performance.
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Usability Evaluation of a Raspberry-Pi Telepresence
Robot Controlled by Android Smartphones

Krit Janard and Worawan Marurngsith
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Thammasat University, Pathum Thani 12120, Thailand

Abstract. Telepresence robots in static pan-tilt form can be a viable and
affordable choice for tele-education. However, cost considerations may impose
limitations on usability and expected performance. The goal of this study was to
explore the usability of a low-cost, static pan-tilt telepresence robot operated
using an Android smartphone. Experiments were carried out with 26
participants from two age groups (14 students M=20 years, 12 staff M=25
years) in a laboratory. Each participant interacted with the robot to perform two
tasks. The opinions of the participants pre- and post-experiments, and the time
they took to complete the tasks, were recorded. The results show that the
average latency (of 3.1£0.8 seconds for one robot movement) is quite
acceptable. The students were faster than the staff when controlling the robot
remotely but slower when working at the robot site. Correlation analysis shows
that confidence in the robot and the likelihood of adoption is strongly related to
data privacy features. All the methods used to control the robot remotely show
positive interaction to each other. This implies that the majority of participants
were focussed on the control methods and data privacy provided in the robot
platform, and were willing to accept a small delay in robot movement.

Keywords: Usability Testing, Performance Evaluation, Telepresence Robot,
Raspberry Pi. Higher Education

1 Introduction

Telepresence robots already play a large role in telemedicine, tele-education and

remote offices for enterprises, as they allow users to have ad-hoc verbal
communication in a remote, restricted, underserved or dangerous area. Telepresence
robots have been successfully used to extend accessibility to remote education around
the world [1-6]. Some common uses are allowing students with special needs to
attend classes and to perform laboratory experiments remotely, allowing remote
teachers to give lectures to underserved or restricted areas, and conducting field trips
(as reviewed in [7. 8]). Despite their broad range of applications, commercial robots
are not affordable for many institutions. Thus, several affordable robots based on
Raspberry Pi (Raspi) computers, with essential autonomy over e.g. head movement
using a pan-tilt unit, have been proposed [9, 10]. Applications involving head
movements have shown positive impacts on user involvement when interacting with

adfa, p. 1, 2011.
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telepresence robots [11]. Thus, a pan-tilt telepresence robot with the capability to
orient its screen to face the interlocutor can be a good candidate for educational use.

Fig. 1. Prototype of the ACTR robot

Although telepresence robots in static pan-tilt form can be an affordable choice for
remote learning, cost considerations may impose issues on usability. As reviewed in
[12], usability concerns not only the effort needed to use a system, but also the extent
to which the system may be used by specific users in a specific situation to achieve
particular goals. Usability covers the user's experience before, during and after the
interaction with the system. The focus of a robot’s usability is on the control method
and the interaction between the human and the robot. Several control methods have
been developed, along with evaluations of their usability e.g., using wheelchair con-
trol [13], using tricycle-style control [3], control by tablets [14], and control by
smartphones [15, 16]. Among these investigations, the usability of robots by school
children has been addressed in [3]. To use a static pan-tilt telepresence robot effec-
tively in a higher educational context, a systematic usability evaluation is needed.

The goal of the study described in this paper was to explore the usability of an
affordable, static pan-tilt telepresence robot (Fig.1), called ACTR (the Android
Controlled Telepresence Robot) in Higher Education. The robot used a low-cost
Raspi2B computer as its main controller, Thus, the cost to develop the robot prototype
was US$600. To explore the usability of the ACTR, usability testing and assessment
were performed in a laboratory. Experiments were carried out on twenty-six
volunteers from two age groups (14 students M=20 yrs., 12 staff M=25 yrs.). Each
participant performed two tasks. In the first task, the participants stayed at the remote
site. He/she used an appropriately programmed smartphone to remotely control the
robot using three control methods (i.e., using navigation buttons, tilting the
smartphone, or using an automatic face-following mode). The aim of this task was to
observe how the participants controlled the ACTR robot to accomplish the task. In the
second task, the participants stayed at the robot site but had a discussion with an
interlocutor via the robot. During this task, the participants were asked to walk around
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so that the robot could turn its head to follow the face of the participants. Empirical
data, including the satisfaction rating from the participants pre- and post- experiments
and the time to complete each experiment, were kept and analysed.

The results showed that a majority of participants agreed that the speed of the low-
cost robot and the ways of controlling it, were acceptable. The majority of the
participants also agreed that the robot could be integrated well into educational use.
Correlation analysis showed that users’ confidence in interfacing with the robot, and
their intention to adopt one, is strongly correlated with the data privacy feature.

Moreover, the robot’s design should focus on an efficient and effective control -

method in order to ensure a satisfactory user experience.

2 Android-Controlled Telepresence Robot using Raspberry Pi

2.1 The ACTR Prototype

An Android-controlled telepresence robot based on a Raspi2B computer, called
ACTR was used in this study. The ACTR robot, the upgraded version of [10], is a
static pan-tilt robot which can rotate its display to follow the face of a speaker who
moves during a talk. This face-following capability imitates the natural synchronous
posture of a listener when he/she pays attention to the speaker. The robot’s hardware
consists of a monitor, two cameras (i.e. a webcam and a Raspi camera module), two
servo motors forming a pan-tilt unit (PTU), and an AC power supply (see Fig. 1). The
Raspi2B computer and an Arduino Nano controller were used for real-time face
detection and video conferencing simultaneously. The Local Binary Pattern (LBP)
algorithm from the Open Source Computer Vision (OpenCV) library was used for

face detection. The computation was accelerated by offloading to the GPU of the’

Raspi using the multimedia abstraction layer (MMAL) application program interface.

2.2  ACTR Robot Usage Scenario

In Higher Education, the ACTR robot can be used for remote learning, remote
teaching and group discussion. The most common use is for remote learning in which
the robot can be used to allow a student to attend a class remotely via video confer-
encing. In this case, a lecturer teaches the class at the robot site and interacts with the
robot. The student remotely connects to the robot and takes control of the robot by
using an application provided for any Android smartphone. The connection between
the robot and the smartphone is done by using a virtual private network (VPN) over
the Internet to ensure data privacy. Once the connection has been established, two
modes of communication operate concurrently. First, manual control of the robot PTU
runs in background mode to control the head position. Second, the webcam interface
runs in foreground mode to display the images of the student and the lecturer on the
screen of the robot and the smartphone. The student can set the robot to freeze at its
current position or control the movement of the robot by using three control methods.
These are 1) using the navigation buttons, 2) tilting the smartphone or 3) using the
autonomous face-following mode.
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Fig. 2. User interface on the robot’s display (left) and on the smartphone (right).

2.3  User Interface Design

Since the ACTR robot and the smartphone cooperate over the Internet, the design
of the user interface (UI) also considered issues regarding the user experience of a
system with multiple devices. The key issues considered in the Ul design are the
conceptual model, usability, consistency, continuity, latency and reliability, as
suggested in [17]. In terms of the conceptual model, the Ul of the robot and the
smartphone have an icon to show the status of the remote device (Fig. 2 (A) and (B)).
This is to allow users to clearly see the overall connection of the system conceptually,
and to see what might have gone wrong if the connection is not successful. For
interoperability, all of the control functionality is implemented on the Android device
as it is a suitable device in the context of use. Consistency and continuity require the
use of consistent naming for the same system features, and the ability to continue the
task on other devices respectively. Since the ACTR framework has only one control
device, the Ul design does not have to cover these issues. Regarding latency and
reliability, a transparent model was used. This means that when a remote user tries to
connect to the ACTR robot, the UI will show the real situation while it is trying to
connect. The connection light is red when the robot is not connected and blinks while
it is trying to establish a connection. The connection light turns green, when the robot
has sent back an acknowledgement message.

3 Design of Usability Evaluation Experiments

In order to improve user interaction, empirical evidence on how users use the
ACTR robot to execute tasks was gathered by performing usability evaluations. The
relevant 1SO standard distinguishes five usability factors: efficiency, effectiveness,

adfa, p. 4, 2011.
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satisfaction, absence of risk, and context coverage'. Efficiency means users can
perform the key tasks within an acceptable time interval, while effectiveness also
specifies the level of satisfaction of the users to finish the tasks. To examine usability
of the ACTR robot in a Higher Education context, both usability testing and

assessment methodologies [12] have been used. The goal was to systematically .

observe how well students and staff can use the robot for discussion in a lab.

Table 1. Measures of Subjective Experience and Characteristics of Participants

Factor Range X SD
1 | Height (cm.) 154-183 | 167.7 | 1.9
2 :.Frcquency of video call usage (times/month) B 0-6. T .3 . 22 .
""" 3 Average length of video call usage (minutes/call) © 060 | 283 | 146
. reque y of teleconference usaﬂ im 0-6 0.79

: verage Iengthul‘telccont&mnoé usage (minute ca.l.l.) 1 0-60 2077

| Mobile phone's OS (Android:iOS: Windows) 17:07:02
Computer:Smartphone: Tablet: Other) SN
xperienced of video calls on devices

12:2:0:1

3.1  Participants

Twenty-six volunteers participated in the experiments ie., 14 students (7 females,
7 males M=20 yrs.) and 16 staff (5 females, 11 males M=25 yrs.). Their subjective
experience and characteristics are summarised in Table 1. The average height of
participants is 167.7 cm. (approximately 30 cm. different between the tallest and the
shortest). Most of the participants made video calls 3 times a month on average, with
each call lasting for approximately 28 minutes. Very few participants engaged in
teleconferencing. Many participants used Android phones, and thought that
smartphones were the main device for making video calls. However, most of them
only used computers to do an online video conversation.

3.2 Method

The local usability testing and assessment were done in a laboratory comprising
two rooms, one emulating the robot site and the other the remote site. For the usability
testing, all participants performed two sets of predefined tasks with the robot develop-
er. In the first task, the participant stayed at the remote site while the robot developer
stayed at the robot site. The participant used a prepared smartphone to control the
robot remotely while pretending to discuss laboratory work with the robot developer.

The participants were asked to control the ACTR robot using three control methods

' The original 1SO 9241-11 standard defines efficiency, effectiveness and satisfaction. Later

in 2011, the ISO 25010 added absence of risk, and context coverage to the 1SO 924-11.
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i.e., (1) using navigation buttons, (2) tilting the smartphone, or (3) using the automatic

face-following mode, using one method at a time. The aim of this task was to measure
the time and perception of the participants in turning the head of the ACTR robot to
face several marked points at the robot site. The participants were asked to complete
this task in three different ways i.e., (1) moving the robot’s head in the horizontal and
vertical (H&V) directions, (2) moving the robot’s head in a diagonal direction, (3)
allowing the robot’s head to follow the face of the interlocutor autonomously.

In the second task, the participants stayed at the robot site, pretending that the

participants had to give a talk to the remote user. In this task, the participants were -

asked to walk around, while the listener at the remote site configured the robot to
perform autonomous face following.

For the usability assessment, the opinions of the participants pre- and post-
experiments, and the time to complete each scenario were recorded.

3.3  Measurement and Data Analysis

The amount of time the participants required to accomplish each task was recorded

in units of seconds. The participants’ behaviour was video recorded, with the

participants’ consent. Data from questionnaires were also collected pre- and post-
experiments. The questionnaire had five parts. The first part had sixteen questions on
demography and prior experience. Later parts had satisfaction rating (using the 1-5
Likert scale). The last section of the questionnaire had a box for written comments.

All the empirical data gathered from the experiments were entered into an Excel
spreadsheet and analysed in five steps. First, the data obtained from the students and
staff were tested to see whether they showed different responses, using the two-
sample T-test. Second, the cne factor ANOVA test was used to determine whether
there were any significant differences between the means of data when steering the
robot in different directions using one control method. Third, the average time and
satisfaction rate on the Likert scale were summarised by using an arithmetic mean
with 95% confidence interval and presented in forest plots. Fourth, the correlation of
features related to the participants’ acceptability of the robot were analysed by
constructing a correlation matrix. Lastly, the change of satisfaction rating scores
before and after the experiments were analysed by calculating the difference and
using statistical summary.

- Experimental Results and Discussion

4.1 Efficiency

The efficiency of the ACTR robot was measured by observing the average time to
complete tasks. All participants were able to finish all tasks successfully but the
results from the students and the staff were significantly different. As shown in Fig. 3,
the students used less time to finish the tasks when controlling the robot remotely.
The students were 20% and 10% faster than the staff using the button and phone-

tilting control methods respectively. Phone-tilting control allowed the tasks to be.
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finished faster than button control at 44% and 58% for the students and staff
respectively. However, as shown in Fig. 4, the students were slower and showed more
variation in the total time to finish the task when they were communicating with the
robot site, approximately 10% slower. The total time shown in Fig. 3 and Fig. 4 is the
time taken to move the robot twenty times. On average, the latency was 3.1£0.8

seconds. The results clearly show the greater efficiency of the phone-tilting control
method over button control.

Students using navigation button e
Staff using navigation button |
Students tilting the smartphone —d
StafT tilting the smartphone p— —
Average time (in sgrgndg) 40 S0 60 70 80 90 100 110 120 130

Fig. 3. Average time to complete the tasks of participants using different control methods.

Students using face following mode I s 4 |
Staff using face following mode : f—— —
Average time (in seconds) 40 50 60 70 30 90 100 110 120 130

Fig. 4. Average time to complete the tasks of participants using automatic face-following.

4.2 Satisfaction

The opinions of students and staff showed no statistical difference when moving
the robot in different directions. However, the results obtained from moving
horizontally and vertically (Fig. 5) were different from moving diagonally (Fig. 6).
Interestingly, participants gave the button control the highest score for accurately
moving the robot in the H&V direction (avg. of 3.9). However, button control was
perceived as the least accurate method when moving the robot diagonally (avg. of

2.7). Button control also received the lowest score for the robot’s responsiveness, ie. -

having an average rating of 2.9 (See Fig. 7). The smartphone-tilting control method
also received a similar rating pattern, yet having a narrower range of rating scores (i.e.
average rating of 3.6 and 2.8 between moving in H&V and diagonal directions
respectively). However, tilting the smartphone was rated as the most responsive
method (See Fig. 7. avg. of 3.5) The participants felt that accuracy dropped when
steering the robot to move diagonally (see Fig. 6 in comparison to Fig. 5). When
ranking the average participants’ rating of different control methods from the highest
to the lowest score, the ranking is phone tilting, face following and buttons.

171



The robot’s movement is accurate when using button control. fed
The robot’s movement is accurate when tilting the phone. = -
The robot’s movement is accurate when using face following. }"'l
Strongly Disagree 12 3 4 5 Strongly Agree 1 2 3 4 5

Fig. 5. Perception of accuracy when controlling the robot in horizontal and vertical movement.

The robot’s movement is accurate when using buttons control. I—.—l
The robot’s movement is accurate when tilting the phone. —G—
The robot’s movement is accurate when using face following. =

Strongly Disagree 1 2 3 4 5 Strongly Agree 1 2 3 4 5

Fig. 6. Perception of accuracy when controlling the robot in diagonal movement.

The robot’s movement is responsive when using button control. F—@—|
The robot’s movement is responsive when tilting the phone. = —
The robot's movement is responsively when doing face following. —@—]

Strongly Disagree 1 2 3 4 5 Strongly Agree 1 2 3 4 5

Fig. 7. All participants’ perception score on responsiveness of the robot using different modes.

Size of images displayed on the smartphone.
Lighting and color of images shown on smartphone.

Speed of image transmission from robot to smartphone.

Control of sound echo sending from robot to smartphone.

Speed of sound transmission from robot to smartphone.

o
o
o
Loudness of sound on the smartphone. o
o
i

Synchronization between image and sound.

Very unacceptable 1 2 3 4 5 Very accepte 1 2 3 4 S

Fig. 8. Acceptability rating of image and sound quality at the smartphone site.

4.3  Acceptability

Acceptability was analysed using three criteria (a) the Likert-scale acceptable
rating of video conferencing at the remote site, (b) the correlation of features affecting
the participants’ acceptability rating and (c) the change of satisfaction rating after

using the robot. As shown in Fig. 8, the participants found that the image and sound -
quality fell between neutral to slightly acceptable. Correlation analysis shows that the

data privacy feature is strongly correlated with confidence, and the likelihood of
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adopting the robot. As shown in Table 2 in bold face, the look of the hardware design
was also very much related to the likelihood of adopting the robot. After using the
robot, most participants changed their opinions on five aspects (see Table 3). The
staff’s opinions were less varied than the students. After using the robots, all
participants showed more positive rating for the affordability of the robot in
educational use and agreed that using the robot can increase the quality of interaction.
A majority of the participants showed more positive agreement that using
telepresence robots is becoming common. After doing the experiments, some of the
students seemed to have less confidence to control the robot.

Table 2. Correlation matrix showing the related features in bold face

Confi- Data Adoption Should
dence Privacy ~ HW Look Ul Look  Likelihood Cont.
Confidence 1

Data Privacy 0.706 1

HW Look 0.094 0.081 1

Ul Look 0.192 0.218 0.287 1

Adoption

Likelihood 0.439 0.312 0.391 0.315 1

Should Cont. 0.024 0.157 0.140 0.163 0.721 1

Table 3. Statistical summary showing the change of satisfaction rating afier using the robot

" Students (Age 18 —22) ] Staff (Age 23 — 40)
Strongly Disagree | 2 3 4 5 Strongly Agree (satisfaction rating using the 1-5 Likert scale)
~ Before . After | Changes l IIIIIIIII Before | After | Changes )
''''' 1 )P;mc:lpanl feels confident in using smartphone to control the robot.

Range | 2-5 25 1% | 57% Range 25| 34| %| 92%
Average = 3.3 33 | + . 38%| Average 3240 37 A 3%
Sld.Dev_.____é____C_r__._83 L0915 | o= 63% | Std.Dev. |  0.83 049 -| 27%.

2) Using a telepresence robot is becoming common.

Range | 1-5 | 1-5 | % | . 43% | Range 2-5 34 | % | 33%
Average | 32 | 3.6 |+ | 83% | Average | 3.4 37 1+ | 75%
StdDev. | 1.12 = 122 |- 17% | Std.Dev. | 0.79 | 049 |- | 25% |

| 3) Using the robot can increase the quality of interaction.

Range 2.5 | 25 | % | 64% Range 2-4 351 % | 33%
Average | 33 | 39 | +  78% | Average 3.6 43| + | 100%
StdDev. 107 | 1.03 - | 22% | Std.Dev. | 067 062 - 0%

4) The price of the robot (US$6ﬁ'f}‘i is affordable for educational use.

Range = 1-4 | 25 | % | 29% | Range 241 35| % 67%
Average 3 | 35 | +| 100% | Average 320 38| + | 88%
Std.Dev. 096 | 0.85 \ - 0% | Std.Dev. | 072 058| - 13% |

ity and utilisation of the robot meets your expectation.

Range = 2-5 | 2-5 % 57% Range 3-5 [ 35 % 42%
Average 38 | 41 | + | 63% | Average 41| 42| +| 60%

[ 097 | 38% | Std.Dev. 067 | 058| -| 40%




4.4 Discussion

The results confirmed that using a static pan-tilt telepresence robot in Higher
Education is efficient and effective. The participants were quite satisfied with having
three ways to control the robot. When informed of robot price, the participants felt
that the quality of the image and sound are quite acceptable. This shows that within
this price range, the participants did not expect much improvement in the video
conferencing quality. After using the robot, many participants felt less confidence to
control the robot. This suggested that the expectation of participants was different
from what the system provided. Thus, the effectiveness and ease of use of the control
methods should be improved. As the experiments were done in a local setting, the
real communication delay has not yet been observed. Thus, more work should be
carried on to assess the impact of internet delays on the quality of the communication
offered via the robot.

5 Related Work

The PEBBLES mobile telepresence robot is one of the earliest developments of a
robot for students at elementary school and high school level used in Canada and the
USA [1]. The high school version of the robot has two monitors to display the
student’s face and his/her work separately. The unique feature of the robot is a wire
hand for waving and getting attention. The robot prototype has been tested with users,

however no usability study has been reported. A commercial robot, VGo, has also

been used to enhance the educational experience of a special needs student [2]. The
case study showed that the student felt that the robot has given him back his
socialization and excitement about school. Moreover, the cost of using the robot (at
US$6,000) was only one tenth of the cost to provide private lessons for students with
special needs.

In Japan, a child-operated telepresence robot using tricycle style has been proposed
for early education [3] [6]. Usability testing on twenty children of 4-8 years old was
used to compare two controlling styles i.e., using a tricycle device and using a video

game controller. The results showed that the children performed tasks faster when -

using the tricycle interface. This research emphasizes that the interface used to control
a remote robot must suit the physical and mental state of the expected users.

Instead of a student-controlled telepresence robot, in Korea, the teacher-controlled,
mobile Tele-education robot has been proposed to offer an English language course
[4]. A 12-week pilot project was performed in 2011 using 29 English teacher robots
controlled by native teachers in the Philippines, with each teacher conducting a class
of 8 students. The results show that majority of students found the class useful, had a
strong desire to re-attend the class and were more interested in learning English.

An affordable telepresence robot for education at university level, with an arm.

capable of performing remotely in a chemistry laboratory, has been proposed in [5].
The robot was built within the budget of $400 Canadian. The case study showed that
remote laboratory and telepresence robots can provide added flexibility to online
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learning and can allow special needs students to experience learning activity in real-
time.

The usability of telepresence robots has been addressed in many publications. Yan
et al. studied the usability of a pan-tilt static robot with the capability to orient its
display in the direction of a user voice [18]. Experiments performed on 15 partici-

pants showed that the top rank usage scenario suggested by the participants is for a.

business meeting. Lewis ef al. evaluated the usability of two commercial telepresence
robots, the VGo (US$6,000) and AVAS500 (US$70,000) [19].

6 Conclusion and Future Work

Telepresence robots have been applied to education at every level ranging from a
well-equipped, full function commercial robot for business to an affordable design for

Higher Education. Telepresence robots in static pan-tilt form can be an affordable

choice to integrate with existing online activities for Higher Education. Usability
evaluation is a key step to gather empirical evidence about how users use the robot.
Therefore, within the cost limitation, the robot’s design can be suitable and improve
user interaction. This study aimed to examine the usability of a low-cost, static pan-
tilt telepresence robot controlled using Android smartphones. Usability testing and
assessment were carried out on 26 students and staff. Empirical data, including, the
time to complete tasks and subjective satisfaction ratings were gathered and analysed.
The results showed that the participants had neutral to positive attitude to the
performance, and to the ways to control the robot. A majority of the participants
agreed that the robot could integrated well into educational use. The results of
correlation analysis highlighted that the confidence to interface with the robot, and the
intention to adopt one, is strongly related with data privacy feature. Thus, future work
will focus on enhancing the data privacy feature and improving the degrees of
autonomy such as mobility, turning the robot’s head by voice or by poking, calling for
attention by raising a hand, or a light signal.
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