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Abstract

In this work we represent a multimodal natural user interface called MIDAS (Multimodal Interface
Directed by Action Sentences). MIDAS uses body motion, voice commands and other modals of
human communication, detecting them with technologies such as gesture, voice and facial expression
recognition, interpreting them as words. Users can manipulate the running applications on the
computer by constructing action sentences with the words. The device utilized for achieving
multimodal input is the Microsoft Kinect which provides RGB, depth and sound input. MIDAS is
based on a generic container which runs at the background and serves as an intermediate between
multimodal input and active applications running on a computer. We describe the architecture of the
system and its representative example using two PC applications.
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ovoyn

Xe auTV TV €pyacio TapovstdleTol Ui TOAD-TPOTIKY QUGIKY| JIETOPY] ¥PNOTN UE OVOUQ
MIDAS (Multimodal Interface Directed by Action Sentences). To MIDAS ypnowomotei
KWVAGELS, QOVNTIKEG EVIOAES Kt GAAOLG TPOTOVS avOpAOTIVNG emKOVmVia, evtomilovtdg Tovg
UE TEYVOAOYIEG OMMOC OvVAyVAOPIoN KIVomng Tov CGOUATOS, (POVNG, EKEPOCoNG — Kivmong
TPOCHTOV, EPUNVEVOVTOG TOVG WG AEEels Me Tig AéEelg avtég oynuatilel Tpotdoelg te Tic
OTOlEC 0 YPNOTNG UTOPEL VO SLYEPLOTEL TIG TPEYOVOEG EPUPUOYES TOL VITOAOYLoTH. H mOoA»-
TPOTIKOTNTO OTIG EL6OO0VG EMTVYYAVETAL e TN ¥prion Tov Microsoft Kinect to omoio mapéyet
glovo ypopatog, xaptn Pébovg ko fxo. To MIDAS Baciletan o éva general container to
om0l0 TPEYEL OTO TOPUCKNVIO AETOLPYDOVTAG G €VOLAUESOG UETAED TNG TOAV-TPOTIKNG
€10000V KOl TOV EPUPUOYDV TTOV TPEYOLV GE EVOL VITOAOYLIGTH.. EENyodue v apyltekTovikn
TOV GLGTHLOTOS OGS Kol TAPOLGLALOVE TAPAdELYLATO XPTONG TOL.
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1 Ewayoym

Mo mweprocotepo amd 40 ypdvia, 1 Olemapés avOpOITOL — VTOAOYIOTH £XOVV ECTIAGEL GTO
TANKTPOAGY10 KOl GTO TOVTIKL. AV Kol 0 TAPUTAV® GLuVOLACUOS TAV EMTVYNS, 1| CLVEXNG OVATTLEN
g teXvoroyiag 1 onoio BEAEL TOLG VTTOALOYIOTEG POPNTOVG, EVODMUUTMOUEVOVS O GAAEC GLOKEVEG KOl
TavTo 00 TapOVTESG, TOV KaboTd TOAD TEPLoploTikd cav povtého oAlnAeridpaonc. [9]

“To mpoyuatiko Tpofinue pe pio diemapy eivor Ot EIvol Uio OIETAPH.
O1 diemapés sivou gumooia. Ae Gedw vo eotidlw TV TPOCOYH OV TE U0,
oemopn. Oédw va ovykevipavouor oty dovieid uov.” - Donald A. Norman [10]

"Evag tpomog vo EKPpAcOovUE TO GTOYO Y10 TNV OOAANYT| HOG SIETOPNG EIVOL VO YOPOKTNPICOVE TNV
Kawvovplo. dlemaPr] «puotkny. O O6poc uowkn demapn yprot (Natural User Interface) dev sivau
aKpIPpne, aAld avaeépeTar cLVNBOG oe Lo SIETAPY] TOV EIVOL EDKOAT GTN XPNOT Kol KAVEL TN (pnomn
oV Aoytopkoy ompdokomtn [10]. T vo mpoceyyicovpe po tétote dema@r mPEmEL vo dobuE TV
avOp®OITIVY ETKOVOVi.

H enwowovia peta&d aviponwov mpodmobéter ) ypfion Swedpov pécwv Ekepacng. O
GvOpwmog ypnoomotel pio TA0HG10, TOIKIMO UNYOVIGUMV EKPPOoNG 0TS AOYO, YEPOVOLIES, PAELUA,
£€KQPOOT TPOCOTOV KOl GTACT COUATOS — KOABe €vo Eexmplotd OAAG Kol GLVOLAGUOVS CLTAOV.
Aivovtag T dLuVOTOTNTO GTO YPNOTI VO YPTCILOTOMGEL KAOMUEPIVOVG TPOTOVG EMKOIVMVING Y10 TV
OAANAETIOPOCT] TOV LLE TOV VTOAOYIOTH], EMTLYYAVOVUE VOV TLO AvOp®ITOKEVIPIKO GYEAGUO.

Mo va to katagépovpe OUMS avTd ¥PEWONNOTE TNV KATAAANAN Te)voLoYia 1 onoio Oa wpénet
glvan Tpoottn yia to péso ypnotr. To pikpdemvo kot 1 wWeb-camera givat Tpocttéc GVOKEVES 16050V
01 oToieg, pe TNV KatdAANAn enelepyacio TV E1600®V TOVG, IKOVOTOOUV KATOLES 0O TOLG TOPUTAV®
TPOTOVG EKQPACTS, OTWOC TO AOYO 1| TNV £KPPUGCT TPOGAOTOV. AALA Y10, TOV EVIOMIGUO TNG KivioT Tov
avOpOTIVOL GMUATOG YPEWLONACTE SLUPOPETIKO €EOMTAMGUO, TO EEEIOIKEVUEVO, Kol O OKPIPO —
OTOTE KAl U1 TPOG1Td TPOS TO YPNOTN.

Méypt tdpo. 0 evTOmoUOC Kivnong Tov 6MUOTO¢ NTay Tpovoulo povo tev studio kot tov
EPELVNTIKOV gpyaoTnpiov, Pe oKpPPES oToAég eviomopol Béong tov apbpdoewv. IIpdcpata dpmg
KUKAOQOPN GOV, TPOCITEG OE TIUY, 6VoKEVES Ontmg To Microsoft Kinect kot to Asus Xtion Pro LIVE ot
omoieg pe tov acOnmpa Paovg Tov omoio £xouvv evoouaTopéVo Tapéxovy Eva aEIOAOYO EVIOTIGUO
kivnong (Motion Tracking).

To MS Kinect, kokho@opnoe 1o NoéuPpto tov 2010 ®¢ ¥EPIGTAPLO Yio THV  TOLYVISOUNKOVT|
Xbox360, evd To Asus Xtion Pro LIVE kvklo@dpnoe yio tov vmorhoyiot| to devtepo od tov 2011.
Kot o1 2 ovokevég dev meplopilovror poviyo otov aictntipa fabovg. Ilapéyovv emiong pikpdewva
Kol KOpepo ypOUOTOC Kl £TGL O1 ¥PNOTEG UTOPOLV v £YOVV GTO OTITL TOVE T CLGKELEC TOAD-
TPOTIKNG €16000V, Ol omoieg Ba divouv Tn dvvatdTTo KoL TNV EAEVOEPiD. OTOVG TPOYPOUUUATIOTES VO
avamTOEOVVY TTO OVOPOTOKEVIPIKES EPUPHOYEG.

1.1 Kivntpo v ™ AeEayoyn s Epyaciog

Xxomdg TG epyaciag ovtig €ivor M TOPOLGINGT MOG OPYITEKTOVIKNG 1 omoio
YPNOLOTOLEL PLOIKEC (avOpdTIVES) UeBOSOVEC EKPPCTC VIO TNV CAANAETIOpACT TOV ¥PNOTN
L€ TOV LTOAOYIOTH, KOVOVTOG TN SETMAPN 7O «PUCIKN». Me tov Tpdmo awtd o Pabuog
OVOKOAING TPOGUPUOYNG TOV ¥PNOTH 6TO GVoTNUA Bo pewwOel TOAD, evd To chotnpa Ba gival
OPKETE EVEAIKTO Yl XPNOTEG PE OOVVOUIEG OE KATOL OO TIC QUOIKEG HeBOdOVE EKPPOAONC
(.. KvnTikég SOVOKOMEC).
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1.2 Aopn Epyaociog

Y70 emOUEVO KEQPAANLO TOPOVCIALOVTAL, Ol TPOCPOTO EUPOVILOUEVES, TOAV-TPOTIKES CUGKEVES
g16000v Xtion kot Kinect, ta APIS tovg kot extevéotepa o aodntrpag Kinect kot to enionuo SDK
and v Microsoft ta omoia ypnopomomdnkay yio v vAomoinon. 1o kepdiato 3 Oo e&nynoovue Tt
glvarl TOAD-TpoTiKEG Olemapég kol Ba doOUE TPOCPUTES EPEVVEG. XTO KEPAANIO 4 TEPYPAPOVTOL Ol
BPAoBNKes kot TO AOYIGHIKO TOV YPNOLUOTOMONKAV Kol GTO KEPAAOLO S 1 OPYITEKTOVIKY] TOV
GUOTANATOC UOG. ZTO KEPAAAIO 6 1 VAOTOINGN OV TOPOVGLALOVUE MG TAPAUSEIYUN HECH TOV OLO
oevapiov ¥pNong Kol oTo KEPAANO 7 TO CUUTEPAGUOTE HOC. XTO TOPAPTNUO TAPUOETOVUE TO
gpeuVNTIKO Apbpo To omoio dnpocievbnke oto TEMU 2012.
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2 Xvokevég [Horv-tpomikig Eve660v

Méypt TpéTIVOC, TEYVOLOYiEG OTT™G KOTAYpapr] BABovg Kal Kivnong vnpyov LOVo G EpYoTHPLOL KOt
otovvtio animated towidv. Amotehovoav okpo eEomhopd e€edikevpévng ypnone. Me v
ELOAVION TOL, YOUNA0D 6g KO6TOG, aotntpo Babovg amd v etaupior PrimeSense, ot duvotdtnteg
aUTEG EPTaCOY OTO YEPLOL TOV Kabnuepwvol ypnotn. Epevvntéc and didpopa medio ypnoyomoincay
avt) v texvoloyia. H mpdt cvokevun 1 onoia mepieiye tov aucOnmpa Bébovg frav to Microsoft
Kinect, n ovokevn mepieiye emiong 4 WKPOQ®VO, EMITOYLVOIOUETPO KOl Uio KAOOGIKY KAUEPQ
YPDOLATOG, OIVOVTOG £TGL TL HLVATOTNTO XPNOTG TAPOUTAV® OO P0G, EIGOOMY, GTOV TPOYPOULOTIOTY.
‘Emerto  Asus og cuvepyooio pe v PrimeSense kukhopopnoe to Asus Xtion Pro, to omoio mepieiye
povéyo tov ausdntipa Babove. Ma 1 cvokevy dev eiye TOoM anfynon oty ayopd, to Xtion Pro dev
eiye v molvpopeikodmro tov Kinect. ‘Etol n Asus mpoympnoe otnv dnpovpyio tov Asus Xtion Pro
LIVE, wog ocvokevng m omoio mepieiye tov awsnmpa Babovg, 2 uikpdeova Kol o KOpepa
YPDOLATOG,

2.1 Microsoft Kinect - Ov awcOntiipeg

Ewoéva 1 - Microsoft Kinect ywa to Xbox 360 Ewéva 2 - Microsoft Kinect ywa To. Windows

¥t¢ 1 Tovviov tov 2009, n Microsoft avaxoivooce éva project pue évopa Project Natal to omoio 6a
divel ) dvvatdmro avayvoplong ¢ kivinong tov maiktn oto Xbox 360. To dvopo 6mmg OAa To
Kodwkd ovopata g Microsoft 860nke and e noAn. H noin Natal g Bpaliiag emléyxbnke mpog
Ty tov Bpalildvov digvbovtyy g Microsoft Alex Kipman, o omoiog tav vredbBuvog yio 1o
project, kot Kooydtov amd eke.

Color Depth
IR light Camera Sensor

Motorized Tilt

Ewéva 3 — To sowtepikd tns suokeviig MS Kinect
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O dgdtepog AOyog Yo To Ovoua avtd frav 6t N Aé€n natal onuaivel Ko «yévvnony, pe 10 0moio
Nnberav va cvpPoricovv v yévvnon g Kawvovplag yevids yuyaymyiog oto onitt. To 6voua tov
tehkov mpoidvtog Nrav Kinect and tig Aé€eig Kinetic (kivntikdg) kou connect (cuvéém). To Kinect
ékave v epedvion tov otnv ayopd tov Noéufpto tov 2010. O asbntipag Bdbovg o omoiog mepiéyet
oxeddotnKe Kot dnuiovpyndnke and v opaniitikn stapio PrimeSense, Ltd. [2]. Abo urveg petd
amo v KukAogopia tov, 1 Microsoft, iye movinoet 8 exatoppvpla Kinect divovtdc g tov titho g
NAEKTPOVIKNG GLOKELNG HE TNV Toybtepn modAnon oto Piprio Guinness. Exovv movAnOei 18
gxatoppvpila Kinect péypt tov Iovovdpio tov 2012.

2.1.1 AwOnmipog Babovg (Depth Sensor) kot Iopmog YaspvOpov (IR light)

H teyvoroyia Light Coding ™ (gvpectteyvio tmv Zalevsky, Z, et al. [1]) emrtpénetl oo Kinect
vo dnpovpynoet 3D ydépteg BaBovg piog oknvng, oe mpoypotikd ypdvo. Mo doun omd onpeio
(oxed6v) vrépuBpov pwTOC mpoPdidetor otov ydpo (BA. Ewodva 4) ko évag oiodntipag sikdvag
CMOS (Complementary Metal Oxide Semiconductor) déyetat tig avakAoueveg aktiveg. To PS1080
SoC (System on a Chip) — toumt eriaypévo amd v PrimeSense nov mepiéyet to cvuotnua tov Kinect,
eAEyyel TV doun omd onueion eoTog kal va eneepyaletarl To dedopéva amd tov actnmpa CMOS
nopdyovtag dedopéva Pabovg oe mpaypatikd ypovo [3]. H péyiot avdlvon mg ewodvog Babovg mov
nopayet to (BA. Ewova 5) PS1080 sivar 640x480, pe cvyvotmta 30 frames ava devteporento. Xta 2
pétpo amdotacng omd Tov aotnmpa, €xel ) axpifeia 3 YIMOoTOV 0€ VYOG Kol TAGTOC Kot 1
ekatootd og Paboc. H euPérera opng Aettovpyiag sivar and 0.8 péypt 3.5 pétpa.

Ewova 4 - H dopn) vaepvOpov aré tov wopumé tTov Kinect Ewova 5 - Ewéva BaBovg amo to Kinect

2.1.2 Kapsepo ypoparoc (Color Camera)

To Kinect &yet eniong pia evoopatopévn kauepo ypopatog (Color CMOS - VNA38209015)
pe péyom oviioon 1280x1024 yio vo, £OVUE TV TPAYUOTIKY EIKOVO TEPA Ao TO YAapTn Pabovg. H
ovyvotta Ayne ™ kauepag givon 30 fps kot 1 elkdva mov Topdyetar gival apkeTd KOAR, HOTE Vol
ypnoononbel oe adyopiBuovg avayvmpiong TPoc®ITOV, SUKTOA®MY 1 OTIONTOTE GALO YpelalOHooTe
otV gpoppoyn poc. [Mopadetypo swovag omd v RGB kdpepa g cvokeunc Ba deite otnv Ewova 6.
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Ewéva 6 - RGB sikéva a6 to Kinect

2.1.3 Mwpégmva

M ogpd and 4 pkpdpova diver oto Kinect tn dvvardmra oyt andd va déxetan N0, oALd
Kol vo gvtomilel v yovia g mTyng Tov ot oknvh. v Ewoévo 7 PAémovpe ™ 0éom tov
UIKPOPOVOV LEGH 6T GVGKELN 1) ool emeepyaletar Eexwplotd To KabEva amd To TEGGEPU KOVAALL
To omoia déyovtar 16-bit Nyo pe cuyvotnta detypatoinyiog ion pe 16 kHz.

Ewova 7 - H og1pd prikpo@@vov péca 611 GUGKELT.

214 Emrayvveidperpo (Accelerometer)

To Kinect mapéyel éva emoyvvotopetpo tpiov a&ovov (KXSDI-1026, Bréne Ewdva 8) to
omoio mapéyel TNV TANpoPopio TG BEons g suokevnc. Ot Tég Tov X kot Tov Y kabopilovv
™mv KOMon ko v KAiom, eved to Z kobopiler €av to Kinect eivon avamoda M Oyt To
EMTAYVVOIOUETPO UETPA HOVAXQ TNV KAIGTN, KL Oyl TOV TPOCAVUTOMGHO TNG GLOKELNG. To
yapaktnplotikd avtd tov Kinect éyet ypnoyonombel evpémg 6ToV TOpEN TG POUTOTIKNG.

Ewoéva 8 - To Emrayvveioperpo s csvekevng Kinect.
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2.1.5 Mnyavokivytn Baon (Motorized Tilt)

H ovokevn dobétel emiong o pmyavoxivin Paon (PA. Ewova 9) n omoio. pubuileton
duvapkd péow kodka. H xivinon tng Paong mpoépyetor omd éva Uikpd Hotép oto péyebog
vopiopatog kot tpia eb8pavota mAaotikd ypavalia, Ta omoia eivar evaicOnta ot BeppoTnTa Kot icmg
amoTeAOVV To adbvauo onueio ™m¢ ovokevnc. H Paon diver oto Kinect ) duvatotnta va otpagel
TPOG T TAV® 1 KATO KOTd 27°.

Ewova 9 - H pnyoavoxkiviyty pacn tov Kinect

2.2 Asus Xtion Pro kxon Xtion Pro LIVE
2.2.1 Totopwko €EEMENG

To 1éhog ¢ avoiEng tov 2011 xukhopdpnoe N mpmn depth sensing cvokevn tng Asus: to Asus Wavi
Xtion Pro (Ewovo 10). AmevBuvotov kabapd oe developers kot mepieiye povaya tov asOntipa
BaBovg g Primesense Ltd.

Ewévo 10 — Asus Wavi Xtion Pro

H ovvdeon tov pe tov vmoroylot ywotay péow USB 00pag, ki éva peydlo mheoveKTnUd Tov NTay 0Tl
dev ypewlotav e€mtepikn tpoPodocio. Avtd to kabictovce mo @opntd omd to Kinect kol og
ovvdvaoud pe o YaunAd tov Bapog Ponbodce mhpa ToAd cto mEdio ¢ poumotikne. Ma to Xtion Pro
dev glye TO0M amiynon otV ayopd ened1| glye OMOKAEIGTIKA Kol Lovo Tov aoOntipa Babovg. ‘Etot,
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UETE amd pepLkovg UAVEG 1 ASUS GTOUATICE TNV TOPAY®YN TOL KOl KUKAOQOPNGE iol VEQ GUCKELN UE
T0 ovopa Asus Xtion Pro Live (BA. Ewova 11).

Ewéva 11 - Asus Xtion Pro LIVE

2.2.2 Tayopoxtnprotikd Tov Xtion Pro Live

To Xtion Pro Live oysdidomke étor @wote vo umopel va cvvayoviotei to Microsoft Kinect,
efomhMopévn pe mohhd opota yapaxktnpiotikd (BA. IMivaxag 1). Tlapéyet o Khpepo ypdUOTOC, Eva
aleOnipa Baboug ko 2 ukpogava (PA. Ewdva 12).

Depth RGB

Sensor Camera RS

Microphones

Ewoéva 12 - To e6mTepkod g cvekevig Xtion Pro LIVE

Kdmola amd o mheovekTipata TOL TapEXEL 1) VEQ GLGKELN TG ASUS ivat:

> Aev ypedletor eéwtepixn tpopodosio — OT®G Kol TO TPONYOOUEVO povtélo, to Xtion Pro
LIVE, d¢ yperdleton eEmtepikn Tpo@odocia, S0VAEVEL [E TNV evEpyELN OV TOL TTapéyel 11 USB
6vpa.

»  Mixpotepo oe uéyebog — To uéyebog tov (7" x 2" x 1.5") givan apketd mo epyovopko omd tov
Kinect.

»  Xounlotepo Papog — To Bapog tov (0.5 1b.), Pondd mord 610 MEdio TG poumoTiKng Kabmg To
Bapog to omoio umopoHv va VTOGTNPIEOLY 01 POUTOTIKEG GUCKEVEG EIVAL TEPLOPIGIEVO.
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Asus Xtion Pro Live Microsoft Kinect

Awotdoeig 7" x2"x1.5" 12" x 3" x 2.5"
Bapog 0.5 MBpeg (226~ vp.) 3.0 AiPpeg (1360~ vp.)
Kapepo ypopartog 1280x1024 1280x1024
AweOntipac Babovg PrimeSense PrimeSense
Mwpopova 2 4
Emrayvveioperpo O Now
Mnyevoxivitny Béon Ox Nt
Emtepixi] Tpo@odocia Naw Ot

Mivakog 1 - Xapokmnpretukd Asus Xtion Pro Live vs. Microsoft Kinect

2.3 To owbéoypo APIS Kot Ta YopoKTNPIGTIKA TOVG

Ot appokpepa tov hackers mepipevov to Kinect, ywti o siyav v gvkopion vo
YPTOULOTOCGOVY TNV TEXVOAOYIO LG HEYAANG €TOPIOG KOL VO S0VV €lval TU TPOYHOTIKG TKOVY Vo
kévet. TIpog peydin éxminén tov hackers, n Adafruit, pia etoupio TdANGNC NAEKTPOVIKOV EpYUAEi®Y
n omnoia £dpgvel otv Néa Yopkn, avakoivwos t pépa tng kKukiopopiag tov Microsoft Kinect (4
Noeuppiov otig HITA) 6t 0o ddoer 1000 dordpio 6Tov TPOYPOUUUATIOTH OV 00, KATOEEPEL VA
ypnoponomost to Kinect oto, Windows, 1 dilo Aettovpyikd cvotnuae. H Microsoft £édwoe axdua Eva
KivnTpo ywpig va 1o Békel. Alyeg dpeg petd v avakoivewon tng apoPng avakoivooes 0Tt dev dExeTat
™V mapanoinomn g cLoKeLNG kat Ba Kivovvtay vouikd dote va kpotioet to Kinect anoapoficcto.

H avakoivwon g Microsoft Aeitobpynoe cav kokkwvo mavi yioo tovg hackers, ki gkeivo to
amdysvpa dnpootevbnke oto blog e Adafruit: “Eviader loiwdv, n oporfn uélic dimdaoiaotnke, 2000
ooldpra”. Xuig 6 NoeguPpiov évac hacker pe to wevddvouo AlexP katdeepe va eréyéel v
unyxavokivnn Béon tov Kinect. H Microsoft npoonddnoe va apvnBei v gidnon avaxowdvovtag ot
1o Kinect dev éyel yokoprotei. Ot kowovia tov hackers mpe v avakoivoon g mpooBoin. H
Adafruit éypaye oto blog g 6t 1 avakoivoon tg Microsoft firav yaln kot avéface v apopn ota
3000 doAdpra.

Avo nuépec apyodtepa (8 Noepppiov) o AlexP dnuocievce éva Pivieo 10 omoio omodeikvoe OtL
elxe Tov éleyyo tov arsOntpa Pabovg ko ¢ kapepag Tov Kinect. To BpaPeio fTov dikd Tov £dv
dnuooisve tov kmddka, po o AlexP eiye dAdeg mpoodokiec. Amartodvoe 10000 doAdpia yio T
dMNUOGIELGN TOL KOIIKA.

Qo1060 KL dAlot dovAgvav yio tov id1o0 okomd. H Adafruit dnpooicvoe maxéta dedopévov
koroyeypapuévo and o Kinect. Tnv Tetdptn 10 Nogufpiov otig 10 10 mpwi, T uépa KuKAOQoOpiag
™G ovokevng otnv Evpdmn, o Héctor Martin, hacker kot @otrtntig emotiung vwohoyiotdv, ayopace
1o Kinect xat dpyioe va doviedel pe ta dedopéva mov dnpocicvoe i Adafruit. Aiyo uetd tig 11:00 m.p.
gmkovovovoe pe o Kinect, kot pio dpa apydtepa eiye eikdva, amd to yaptn Pabovg kat v kduepa
™G ovokevnc, otnv 006vn tov. O Héctor Martin dnpoocicvoe tov myaio kddKa yio TV ¥PNROT TOV
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Kinect otov vmoloyiot pe Linux Aoyiopukd kot n Adafruit tov avayvopioe og viknti divovtag Tov 1o
énabro Tov 3000 dorapimv.

‘Emerto. akolovOnoov ki dlheg exdoyég oamokmokonoinong towv dedouévav tov Kinect, pe
amotélecpa va, onovpynovv apketd APIS pe dtapopetikég SuvaToTNTEG.

Méypt oTiypng vmdpyovv mEVTE opkeTd OMuoeidnig APIS vy tnv amokwdikomoinon twv
dedopévmv mov mapdyel to Kinect — avauepa og avtd kar to official SDK tng Microsoft, ov omoieg
eivon ehevBepec mpog ypnon: Libfreenect [4], OpenNI kot NITE [5], CLNUI [6], Microsoft Kinect
SDK [7], Evoluce SDK [8] (to omnoio eivor faciopévo oto OpenNI). £to napdptnpa Ba Ppeite mAnpelg
001Y0VG Yo TNV gyKatdotaot Tov kafevdc and ta mopondve APIS.

T givar API;

To APl givan o ovvropoypagic tov Opov application-programming interface (Awemoon
TPOYPOUUUATICUOD EPAPLOYDV), TO 0Toi0 eivar éva cuVOAo amd gpyoleia, TpmTOKOALD Kol peBddoLS
Y. TNV EMIKOWVOVIO HE TO AELITOVPYIKO GUGTNUO N TPOYPOU eAEYyov 1 cvokevn. To APl eivat
Slemapn ovlpeco oe ePApUOYEC, Ki Oyl Oemagr] ypfotn. Me ta APIS ot gpappoyég emkotvaovovy
yopic va yivetor avtiAnmtd and 1o ypriotn. H xpnon evog APl onpaiver 6t €va Tpdypappio 0dnynong
N GAAN e@apuoyn, eivol 51006110 GTOV VTOAOYIGTN Y10 VO KAVEL KATO1Eg O1001KAGTES .

2.3.1 Open Kinect — Libfreenect

To Libfreenect tov n mpdty BipAodnkn mov dnpovpyndnke yio v omokmdkoroinon tov
dedopévov tov Kinect. Kukhopopnoe otig apyés tov Noegpuppiov tov 2010 amd to Héctor Martin, Aiyo
HeTd TV KuKAo@opio Tov Kinect oty ayopd. Anpocievdnke otnv otoceAido tov Open Kinect otig
10 Noguppiov 6mov amotédese TV apyf TG GUVTOUENG UIUG LEYAANG KOWVMVIOG TPOYPAUUATICTOV Y10
™ yxpnon Tov kot v eEEMEN Tov. Avamtuyuévo oe C ko Python, to Libfreenect napéyet éva ueydio
apBud amd wrappers, oe Siipopeg YAMSGESG, Kol TNV KatdAinin Pipioypaeia yia T xpnon tovg. H
Biprobnkn mapéyel mpécPacn oty Kauepa, oto arsbnmpa Bdbovg (BA. Ewdva 13), oto LED xon
ot unyavokivnen Paon g ocvokevng. Xapaxtnpiletar APl youniov emumédov yiati népa amd v
gmKowvovia ue N ovokevn dev mapéyel uebddovg dmmg aviyvevon okeketov (Skeleton Tracking).
Yrdpyer opmg évag ueydrog oplfudc amd mTPOYPOUUOTIOTES TOL TO YPNOLULOTOIOVV, KL anTd gival
eAevbePO Yoo gpumopikn xpnon pe dvvatotnta vo tpé€et oe Windows, Mac OSX kot Linux.Téhog 1
BpAoONKN eivar apkeTd SVGKOAN GTNV €YKOTAGTAGN TNG YTl YpetdleTar xelpokivntn tomobétnon
TOV apyelOV TNG LEGO GTOVG POKELOVG TOV GLUGTNHATOG TOV TPOYPULULOTIOTY.

T2 LibFreenect T e — W - T rmem— W e - V. R =S
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Ewéva 13 - Xaptng padovg kor RGB kapepa pe t ypion tov Libfreenect

23.2 CLNUI

H mhateoppa dwyeipiong tov Code Laboratories Booiletar 6Tov 6NV anoK®mOIKomoinen Tov
AlexP, o onoiog katdeepe vo amokmdikomomoet To. dedopéva tov Kinect mpwv amd tov Héctor Martin
oALG dev dnpocievoe auesa Tov K@K tov. H mpodtn ékdoon g mAatpdppog CL NUI ekd6Onke
otig 8 AekeuPpiov 2010, kou glvar evpémg YvooT 6TOV KAGSO TNG POUTOTIKNG, ylotl eivar n uovn
Biprobnkn mov diver T Svvatdmro TpodcPacnc oto emrayvvoldpetpo tov Kinect. To CL NUI
Aertovpyei povo oe Windows XP/Vista kot 7 otig 32 odld ko 64 bit exddoelg Toug kot TopéEyet
TPOSPacT GTNV KAUEPO XPDOUATOG, GTOV aaOntpa fdbovg, oto emtayvveidpeTpo, oo LED odhd ko
oty unyavokivnm Paon tov Kinect. Xopaxtnpiletar kot ovtd og APl yauniod emmédov kot
amevbovetor povaya otn cvokevr] Microsoft Kinect. To APl cuvodevetan and 600 mopadeiyporta, ek
TV 0moimV T0 éva. Kavel yprion tov enttoyvvolduetpov (PA. Ewova 14).

Active Camera Feed: X-Axis Data: Accelerometer Graph:

[Z Stream feed = | [Accelemmeter X Axis ¥

¥-Axis Data:

[Accelerometer ¥ Axis

Point Size:

E

Pause Feeds:

Camera

LED Status: [

Accelerometer v

LED Off .
Calibrate Accelerometer: Raw Accelerometer Data Feed:

Tilt Angle: 123
Sat 0 | = Te——

| VA% s 0 |

Resst
Serial Number: 215397105235 Z:652 TTE—

Ewéva 14 - Mapaderypa ypriong emrayvvoidoperpov pe xpion tov CL NUI.

2.3.3  OpenNI ko NITE

AnpiovpynOnke amd Evav apilokepdn| opyovicud o onoiog amaptileTor amd ddpopeg ETAPIES,
ovunepthapBoavouévov ko tmg PrimeSence Ltd. ov omoieg 0éAncav va Bécovv éva Propmyavikd
TPOTLTTO AEITOVPYIKOTITAS Y10, TIG GVGKEVEG QPULOIKY Otemapng xpnotn — vroAoyioty (Natural User
Interaction Devices) kot kukAo@opnoe to Agkéuppro tov 2010. To OpenNI avartoybnke oe C/C++
£161 ®ote vo umopel vo ypnotponombel and didpopa Asttovpyikd cvothiuoto, onog Mac OSX,
Ubuntu, Windows. Eivatr to emionuo Aoyiopukd tov Xtion cvokev@v g ASUS, oAAd pmopel va
Aerrovpynoet kot pe to Kinect. TTapéyet emkowvavia pe tov arodntipa fabovg, Ty Kauepo xpdUATOC,
To. WKPOPve, katl TN pnyovokivintn Paorn. To OpenNlI, duwmc, cuvodevetal Kol amd o EVOIAUEST
Biprobnkn n omoia Aéyetar NITE kou givon eEomMopévo pe teyvoroyieg avayvapiong eavig (Voice
Recognition), avayvodpiong yeipovomv yeprwv (Hand Gesture Recognition), kat aviyvevon okeietod
(Skeleton Tracking). H aviyvevon Tov 6keAeTOD TOL XPHOTN OTOLTOVGE apPyIK oTdor Pabuovounong
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(BA. Ewodva 15) aAdd otic mo mpdopateg exddoelg tov, o OpenNI/NITE, dev ypeidletar apyikn
otéon Padpovounong (xapakmplotikod mov eixe povo to MS SDK).

Z - Looking for pose

Ewova 15 - H 6tdon Babpovépneng tov OpenNI

2.3.4  Microsoft Kinect for Windows SDK

211¢ 16 Tovviov tov 2011 xvkhoedpnoe 1 beta £xdoon g Piiodnkng g Microsoft yia
xpnon tov Kinect oto Windows 7. To SDK £&dve t duvatdtnta GTOL TPOYPOUUOTIOTEG VO
avortoéovv gpappoyég oe C++, C# 1 Visual Basic ue m ypnon tov Microsoft Visual Studio 2010.
Mepikég amd Tng AmoKAEIGTIKEG dSUVATOTNTEG TOL TPOGEPEPE ivar 1| emeepyacio oL e dSuvatdTnTa
vmoloylopod ¢ mnyng (sound source estimation), avoyvopion opkiag (Speech recognition),
VITOAOYIOUOC TOV GKEAETOD TOL YPNOTN YWPic va ypeidletar apykn otdon PBabuovounong (skeleton
tracking without calibration posture) ot téhog avigvevel meplocdTePes apOpOGEG avd ypNHoTn
(aotpaydrovg kot kapmovg). H Beta éxdoon tov SDK dev mapeiye epmopikr| ddela.

21ic apyéc tov 2012 kukAopdpnoe n wpody emionun €kdoon tov SDK kor pali tng xai M
Kovovplo. ékdoon g ovokevng Kinect n omoion mpoopildtav amokAEIGTIKA Yoo TN YPHoN GTOV
vroloyioth. To SDK egiye moArég dopopéc otn ovviaén tov APl tng, mapeiye Oumg 10 KatdAAnio
documentation yio. vo. pmopodv 0t TPOYPOUUATIGTES VO, TPOCAPUOGOVY TOV KOSIKE TOVG 6T, KOVoVPLoL
dedopéva. Me v emionun €kdoon d0OnKe M duvatdTNTA AVATTVENG EUTOPIKMDY EPAPUOYDV UE TNV
npoimobeon ot Ba yivetar yprion ¢ ovokevng Kinect for Windows. "Etotl molég etarpieg dpyioav
™V avanTtuén epappoydv pe ™ xpron tov SDK g Microsoft.
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Ewdéva 16 - Aviyveven tpocdmov pg ypiion tov Microsoft Kinect SDK.

To Méptio tov 2012 o Craig Eisler, yevikdg dievbuving tov Kinect for Windows avoxoivoce
ot oxeddv 350 gtanpieg ocvuvepyalovtat pe T Microsoft yio v avamtuén dtGQopmV EPAPUOYDV LE TO
Kinect yio To. Windows , emiong avaxowodnke n 1.5 ékdoon tov SDK. Tov Mdw n Microsoft
dnupooisvce v Version 1.5 tov Kinect for Windows SDK. H ékdoon vt mepiéyel pio Kovovpio
Biprodnkn v avigvevon mpoowmov (Face Detection) (BA. Ewodva 16), avayvdpion @oovng oe
téooepelc kavovpleg YAmooeg — [NaAlikd, lomoavikd, Itodikd kot lomwvikd. Eniong avayvopilel kot
SWIAEKTOVS TOV ayYAIKGOV 0AAG KOl TV Tapomdve YAooodv. Ocov agopd v aviyvevon Kiviong tov
yxpnot, n Microsoft mpocébece v ToPAUETPO TPOGAVATOMGHOD TOV apHPOGEDY TOV GKEAETOV
(mapdpeTpo mov Tapeiye uéypt Tdpa wovo to OpenNl) kot Eva kavovpro mode to near 7 seated mode,
T0 omoio ypnotponotel K epueavifel LOvo Ta ¥EPLa Kol To KEPAAL TOV XPNOTH.

2.3.5 Evoluce SDK

H etaupio Evoluce avéntuée éva SDK Baciopévo ato OpenNIl. Mg tn yprion g Pprobnkng
Emgu CV [11] npdcbecav ) duvatdtnto. aviyvevong tov daktoAmv tov ypriot. To Evoluce SDK
dnpooctevdnke 10 Noéuppro tov 2011 ko wépa amd Tig 110t Teg Tov OpenNI Tapéyel avayvopion
ewvng (Speech Recognition), aviyvevon yepovopumv pe to daktoia (Finger Gesture Recognition)
(BM. ), vroothpiEn tov Surface 2.0. H ypnon tov mepropiletar povéyo ota Windows 7.

© meralechPort

Ewova 17 - Finger gesture recognition pe tn ypiion tov Evoluce SDK

2.3.6 XOykpion Avvatotitev TOv API’S

Metd ) peAétn tov APIS kataAn&ape 6ToVG TUPOKATO TIVOKES 01 00101 JIEVKOAVVOLY TNV EMA0Y
g PPAoBNKNG avaloyo HE TIC OMALTAGELS TG EPAPUOYNG TNV omoia BéAovue vo viomotoovpe. O
ITivokog 2 pog deiyvel g YADGOEC 6TIC 0moiec umopove vo Tpoypoppaticovpe pe kibe APl Mg N
ovpPoriovtor or Native (épputeg yAdoosg — yAdooeg ol omoieg ypnowomodnkay yw v
dnuovpyio Tov API), ue W o wrapper yAdooeg ko pe Kevo ot yAddooeg mov dev vmootpilovtat. Ag
onuelmOel 4Tt dTaV YPNOIULOTOIOVUE YAMOGH GTNY omoio 6gv givar ypoupévn 1 PLAoONKN, 0 KOOKAC
pog tvat o apyoc, EnEdN YIVETOL 1| LETAPPACT TOL KOTA TNV EKTEAEDN.
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_ VBNET
OpenNI
Libfreenect

wWowW N W W W W
CL NUI N
MS Kinect SDK N N

Evoluce SDK N

Mivoxag 2 - T'hdooeg Mpoypappotiopod ava API

Ytov Ilivaxag 3 éyovpe T1g duvatdtnteg mov mopéyel kabe APL. Kdmoleg amd avtég umopodv va
avamAnpwlodv pe KOO PTIOyHEVO amd TO YPNOTN, OTOV TIVAKA TEPTYPAPOVTAL Ot SLVATOTNTES OV
mapéyovv ta APIS akpipag 6mwg ta katefalovpe.

Yvunepoopotikd Prémovpe 6t to Microsoft Kinect SDK éyet mo modrég duvatdtnteg TOAD-TPOTIKNG
€16000V TIG OTOIEC UTOPOVLLE VO YPT|CLUOTOICOVUE, TOPEYOVTAG, EKTOG TNG OVIYVEVOTG GKEAETOD KoLl
QOVNG, KOl ovoyvopion mpoconov. Evag dhdog A0yog vy tov omoio KatoAnEoue o€ avth
BipAodnkn eivar n native yAdooco mpoypappotiopod C# pe v omoia siyope egoweiwdei. H C# g
native yhooco oto Microsoft SDK pog divet v dvvatdmra vo amogiyovue tuxdv delays
petdppaonc twv wrappers. To MS SDK mapéyel, emiong, Peitiopévovg alyopiBuovg evtomicopon
okeAetov, evromifovtag 20 apBpioelg 610 avOpdmivo cdpa pe toyd Kot otabepd amotédecuo. AAro
£Vl YOPOKTNPLOTIKO TTOL TO KAvel akdua 7o zmpoottd eivor to Near mode, n Sdvvatdtnto vo
YPNOWOTOLEL O XPHOTNG LOVO TO TAV®D HEPOC TOV oMuatog Tov. Me to Near mode o xprotng puropei va
k@Oeton, pe o Kinect va gvtomiel kot va ypnoipomotel povaya Tic aphpdcelg ToV KEPOAOD Kol TV
yepuov. Téhog mpémel va avagépovpe v PipAodnkn avayvdpiong opkiog v omoia mopéyel o€
dapopec YAMOGES Kot OLOAEKTOVC.

Yy emdpevn evomro e€nyodvtar avadvtikd ta mieovektpata g Pprodnkng MS Kinect SDK.

MéBodor Kot SUVOTOTNTES TIG ONOIEG TOPEYEL GTOV TPOYPOUUOTIOTY] YO TV VAOTOINGT QUGIKAOV
SETOPOV.
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RGB Ewoéva
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Low Level API Features

LED Control

Ytéon Babpovopmong

Near Mode

Aviyvevon Xeplov

Aviyvevon Ilpocanov

Avayvapion Xepovoudv
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MMivakoeg 3 - Xoykpien dvvatomitov tov APIS

High Level API Features

XopoKTNPLOTIK

Yelida | 24



Tunua Epoappoopévng ITAnpoeopikng kot Holvpéomv

2.4 To Microsoft Kinect for Windows SDK

270 TAPAdEYILO EQAPUOYNC TO OTolo VAOTOINGa Gg vt TV gpyacia ypnoiponomcape to SDK g
Microsoft kofdc mopéyer £toypwo Speech Recognition API, moAd ypriyopo Skeleton Tracking ot
Taporave apdpmnacels avd ypriotn (20 apBpaoerig).

Sensor Array
e 3411 110 NUI Library : Application
Audio Siream ’

= |

Ewovae 18 - H emkowvomvia Kinect kot epappoydv péeo tov SDK

Onwg Prémovpe otnv Ewova 18, 1o Kinect pog diver tpeig e€66ovg: Eucdva, Babog kot Hyo. To SDK
UTOKMOKOTOlEL aVTES TG €E00VC Kot AetTovpyel MG EVOIAUESOG e TIG €QaproYEG poc. Tapakdtom
Brémovpe v apyrtektovikn tov Kinect SDK. Onwg neprypdeetor oto documentation tmg Microsoft.
(BX. Ewcova 19).

Vi Covrpanats Avelin Cramparneats
@ NI A Mna:ﬂmﬁl:umdiﬂ ﬂ;:ams ml .Pﬁfsh @
| DM codac Tor mic aimary @
- 1
@ : D"“mu"""’p E’:‘; Wi lream contrel A stream contnl | User Mok
| WinlISE device stack WinUISE camerna stack LS Budio audic stack | Kamal Mods
| Kamal-modae drivars for Kinect for Windows |
___________________ |
| UsSE Hub | Hardwara
@ | hiotor | [T | | Base’s (Bt iy |
il sanssd
Kinect for Windows Usid-cheatisd
D Windows S0 D componsnts . COITHOnEnis

Ewéva 19 - Apyrrextovikn Tov Kinect SDK

2.4.1 Hardware Requirements
I"a ) gprion Tov SDK ypelaldHoote T TUPUKATO EAGYIOTES OTOLTOELC:

e  32-bit (x86) or 64-bit (x64) processors

e Dual-core, 2.66-GHz or faster processor
e USB 2.0 bus dedicated to the Kinect

e 2GBof RAM

e Graphics card that supports DirectX 9.0c
e A Microsoft Kinect for Windows Sensor

2.4.2  Software Requirements

e Microsoft Visual Studio 2010 Express or other Visual Studio 2010 edition
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e NET Framework 4 (installed with Visual Studio 2010)
e Windows 7 OS

2.4.3 Depth Stream

To depth data (8edopéva BaBovg) stream mapéyer frames oto omoia 10 kabe pixel mepiéyel ™mv
KapTesLOVn andotacn (o€ YIMOoTA) amd TV EMPAVELL TNG KALEPOS LEXPL TO KOVIIVOTEPO OVTIKEILEVO
OTIG CUYKEKPUUEVEG X KO Y GUVIETAUEVES, OTO OTTIKO Tedio Tov ausOntpa. Ymdpyovv dvo mhoveg
amocTAGELS Yio. To dedouéva Babovc: n mpoemheyuévn (default range) kot m kovivy amdctacn (near
range), po oo Tig omoieg dtaAéyovpe Kotd v évapén tov depth stream. Ot epappoyég pmopovv va
ene€epyactovv ta dedopéva omd to depth stream vmootnpiloviag d1Gpopo YoPaKTNPIOTIKA, OTMG
TapoKoAOLONoN TV Kivicewv Tov Yprotn (User tracking) kot avoyvdpion TOV OVTIKEWEVOV OTN
OKNVN OGTE Vo TOPUPAETOVTOL EV MPO. TOLYVISIOD.

Kdabe pixel oto depth stream ypnowuonotei 13 bits yio to faBog kot 3 bits yio v avayvdpion tov
ypnotn. H tyun Baboug 0 vodetkviet 6TL dev vapyovv dedopéva BaBoug yio 1o GUYKEKPLUEVO orueio,
YTl To avtikeipevo mov Ppicketar oe avt TN Béom eivar gite mOAD KovTd, €lT€ TOAD HOKPLYL OO TOV
acOntipa. Otav to Skeleton Tracking sivar amevepyomompévo, ta 3 bits, ta omoia ypnopomoovvtat
Yol TNV OVOyvAePLoT ToL ¥pNoTh, Taipvouy v tiun 0.

2.4.4 Color Stream
Ta dedopéva ypodpatog eivor dStobéoipa o€ 6H0 HOPPES:

e RGB popon ypduatog (RGB Color Format)
Me avt v emhoyn to Kinect mapéyet, £va 32-bit, ypaupkd X8REGBB8-poppomomuévo bitmap
rpoupotog, oe SRGB medio ypodpatog. Omov X 8 bits mov e ypnoyomoovvtor, R 8 bits ya to
ypoduo kokkvo, G 8 bits yia to mpdoivo kai B 8 bits yio to umhe.

e YUV popon ypouatog (YUV Color Format)
Me v emhoyn ovt) €yovue éva 16-bit, gamma-corrected ypoppkd UYVY-popeomompévo
bitmap, 6mov to gamma-correction oto YUV medio givar wwodvvapo pe to SRGB gamma oto RGB
nedio. Emedn 1o YUV stream ypnowomotei 16 bits ava pixel, avtq n popen ypnowomorel
AMydtepn pviun ya v arnoffkevon tov dedopévov tov bitmap kot deopedel Aydtepn pviun oto
buffer 6tav avoiyel 1o color stream. Ta YUV dedopéva eivor dabéoipo povo oe 640x480
avaAiven kot povo ota 15 FPS.

Kot o1 dvo poppég vroroyifovror amod ta. id1a dedopéva g kdpepag, £Tot mate ta dedopéva YUV kar
tov RGB oavtumrpocwnevovy v 101a €ikdva. Atoakéyovpe pe mo popen 0o dovAéyovue katd v
exkivnon tov Color Stream.

2.45 Audio Stream

To Kinect mepiéyet, dnmg mpoavapepnke pio oelpd amd TEocepa LIKPOQ®VE, 1) OTTOi0 YPNCUOTOLEL
24-bit ADC (Analog-to-digital Converter) ot mopéyer tomikny eneepyacic.  GNMOTOG,
ovunepthapBavousvov tov: Acoustic Echo Cancellation kou Noise Suppression. Ot gpoppoyég mov
avantoocoviol pe avtd to SDK pumopodv va ypnoilontocovy T GEPA HKPOQOVOV Y10, VYNANG
TOWOTNTOG KATAYPOQT MOV, Yo, TV €0pgon ¢ Myntikng mnyne (Source Localization), ywo tnv
gmloyn AMyng Myov amd e cvykekppévn katevbovvon (Beamforming). Me tn ypfion tov SDK ot
EPAPUOYEG pag umopovv emiong va ypnoipomomoovy 1o Kinect og input device yio ) Bipriobnkm
avoyvoplong optdiag tng Microsoft.
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oy S

Beam = -30.02: Source = -34.28;

Ewova 20 - Eoappoyi) gvpeong 0¢ong tg mymrukis Tnyfg

2.4.6  Skeleton Tracking

To SDK mapéyel emiong minpopopieg yioo v 0éom uéypt kot dvo ypnot®v ol omoiol Ppickovrol

umpootd and to Kinect, e Aemtopepnic mAnpogopies yio v 0£6m Kot Tov TpocavaTtoMGHd.

Ta dedopéva  TOPEYOVTOL GTHV QUpUOYn ©¢ évo cOvoro onueimv (Skeleton positions), ta omoia
GLYKPOTOVV £€val OKEAETO, 0TS paivetar otnv Ewova 21. O okeletdg awtdg aviumrposwnedet t 0Eon
Kol v otdon tov ypnot. e va ypnowomnomoet to Skeleton data, o epappoyn mpémer va
gvepyomomost 1o skeleton tracking (to omoio evepyomoiei tov auoBntipa Pdbove ave&dptnto av

éyovpe evepyonomoet to depth stream).

HAND RIGHT HEAD SHOULDER CENTER  HAND LEFT
S \. | Z
WRIST RIGHT &~ '\ 2 S WRIST LEFT
ELBOW_RIGHT , LA & tusow Lest
SHOULDER RIGHT )% () SHOULDER LEFT
|
SPINE
:/w_cmm
HIP_RIGHT & . HIP_LEFT
| \
f \
knee_RIGHT O ) xnee_Lerr
‘/ \
'.mxu RIGHT,  ANKLE un..
FOOT RIGHT ~ FOOT LEFT

Ewova 21 - Ta onpeia Tov 6keAETO 6€ G6YEoN pe T0 avOpAOTIVO cOpPA
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2.5 Egoappoyég mov ypnopomorovv to Kinect 1 to Xtion

Amo v kukhogopia tov péxpt onjuepa to Kinect éyet ypnopomombei o didpopovg kKAAdOVG, OTmS:
Ewovikry  Tpayuatiwcoémra  (Virtual  Reality), Eveun Tlepidilovia (Ambient Intelligent
Environments), Teyvnty Opoon kor Poumotikry (Computer Vision and Robotics), Avamnpieg
(Disabilities) , Avayvaopion Xepovopumv (Gesture Recognition), Ewovikr Ipaypaticoémro (Virtual
Reality).

2.5.1 Ewovu Mpoypotikétnta (Virtual Reality),

Ot Suma et al. Topovciocav o épevvo pe titho “Sharing Space in Mixed and Virtual Reality
Environments” [12], otnv omoia meptypdpovy éva cVGTNHO TOL EIGAYEL TO YPNOTN OE EVO. EIKOVIKO
nepParhov péow evog head-mounted display. Eeopuolovrag to éva awoOntipo Bébove mdveo oto
KEPGAL TOL YPNOTN, YPNOLOTOLEL TO XAPTN PABOLS Yo Vo E16AYEL AvOPMTOLE KOl AVTIKEILEVA OO TOV
oAnbwo koéopo otov ewovikd. Emurpémoviog €tol v emkowwmvia peta&d ypnotdv ot omoiot,
StapopeTikd, Bo NTOV ATOHOVOUEVOL GTOV EIKOVIKO KOGHO TNG epapuroyns. Xtnv Ewova 22 BAérnovue
TG 0 XPNOTNG PAETEL £va ATOUO PECH GTO EIKOVIKO TEPIPAAAOV.

Ewéva 22 - Evcayoyn Tov avdponmv mov givol prpoctd amd To (p1ioTn, 6ToV EIKOVIKG Kéopo.

25.2 Teprpdrrov Argyvtng Nonposvng (Ambient Intelligent Environments)

Mia aviimpoomnevtiky épsvuvo ue titho “Gesture-Based Hybrid Approach for HCI in Ambient
Intelligent Environments” o6 tovg Stefano Carrino et al. [13], otmv omoio mapovoidletar éva
ocvotnua pe O6voua ARAMIS. Xto6yoc tov cvomiuatog, n PBektioon g oAAniemiopacng Tov
avOpodmov pe Eva gueLEG TEPIPaiiov, akolovdmvtog o vEpdkn Tpocéyyion. H mpocéyyion avty
yopoktnpiletar vPpdkn enedn ypnoomoleital £vag cuvovacuds omd teyvikég onmg: wearable and
pervasive computing paradigms, brute force, fuzzy and ML methods, virtual and real worlds, optical
and non-optical sensing technologies. Emiong yia va afoloynocovv v mpocéyylon ovth,
dnuovpynoav éva moAv-tpomikd (multimodal) framework, cto omoio ot yepovopieg (gestures)
emAEYONKaY O KOPLog Tpodmog aAnienidpacng. Ztdyoc tov framework ivon mpmtov 1 cvyydvVELON
K0l (proT TANPOPOPLDV OO ETEPOYEVIC aONTPEG KOt HEVTEPOV VAL TPOGPEPOLY EVOL OTTAO EpYaieio
Y0l TNV GOVOECT| TETOLMY GLGKEVMV.

Yelida | 28



Tunua Epoappoopévng ITAnpoeopikng kot Holvpéomv

253 Tegyvnty Opaocn kot Poprotukiy

O gpevvntg Patrick Bouffard, amd to Hybrid Systems Lab tov navemompuiov tov Berkeley (EECS
department) [31], amogdoioe va ypnoipwomomoel o Kinect endve oe éva glkomtepo quadrotor.
Xpnowonotdvag Tov acOntmpa BdBovg, 10 elMkdmTTEPO, deXOTAV GTOV EVOMUATMOUEVO VTOAOYIGTH
tov éva ovvoro and onpeio (Point Cloud), onwg PrAémovpe kot oty Ewdva 23, kot petd omd puo
eneéepyacio TV SESOUEVOV OVTOV UTOPOVGCE VO TETAEL CVTOVOLLO KOL VO OTOQEVYEL EUmOdta. [ tnv
emkowvovia tov pe to Kinect ypnoworomdnke n Pprodnin Open Kinect.

Sensor view of the world

Ewéva 23 - To ehkontepdxt quadrotor pe to Kinect

254 Avamnpigg (Disabilities)

Ot Chang Y et al. mapovciocav wa épevva pe titho Kinerehab [15], n omoia givar évo cdothpa
Bactopévo oto Kinect yua puciobepaneio. Mo £pgvva yio veapog EVAMKES IE KIVNTIKEG oV pieg
OVETTUYUEVN UE QAT avayvdplon xelpovouldv (gesture recognition), ywa vo kéver v Ogpomeia wo
evolapépovoa kat TpocsPaoiun yio tov acbevi. Xpnowonowwvtog to Kinect o acBevig de ypetaletar
vo @opd Kavéva aicntipa Tave Tov, eMioNg To amoTeAESHOTO amodnKehovTal AVTONATO KL £TCL O
YwTpog Hopel vo apoctmbel TepiocdTEPO GTOV 0IGOEVT.

255 Avayvopion Xeipovopdv (Gesture Recognition)

Mia épevva n omoio avortdyOnke yioo Tov topéa g latpiknig frov avtry tov Gallo et al. [16]. To
GUGTNUA TOVG EMTPENEL GTO YPNOTY VO OAANAETIOPACEL UE 10TPIKEG EIKOVEG YMPIC Vo, Popd M va
Kkpotdetl kKamola cvokevn (BA. Ewdva 24). Me t xprion tov OpenNI wg Bifriodnkn entkovoviog ue
7o Kinect, kot to Open CV — i fipiodnin enelepyaciog iovag, o xpnotng EXEL TNV SuvATOTNTO VO
mhonynbei, va emré€el, va yopicel, va KIVAOEL, VO €GTIOGEL, VO, UEYOAMOEL 1| VO UIKPOVEL Kol VL
Sy payel ol elkOvVoL o Ty 00ov.
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Ewcova 24 - IThofynon o€ £1kéva EYKEQGLOV

To project FAAST (The Flexible Action and Articulated Toolkit) [30], to omoio avantiydnke omod
tovg Suma et al., sivar éva evidueco Aoyiopkd (Middleware) mov umopel va ypnoonocel o
TPOYPOUUATIOTAC Yo T xpNon Paocikdv yepovouimv (Basic gestures). To FAAST ypnoyonotei 1o
Open NI yio v emkowovia pue 1o Kinect (1 dAho vrootnpilopevo arcbntmpa Bédbovg) kot diver
duvaTOTNTO, YPNOTG OAOKANPOV TOV GMUOTOS TOV YPNOTH MG HECH OAANAETIOPOONG ME EPAPUOYES
EKOVIKNG TTPOyUATIKOTNTOG Kol Prvteomaryviote. Xwpilovtog Tig mAnpopopiec mov Aapupdvel omd tov
aleOntipa og dbo katnyopieg: Actions kou Articulated Skeletons, kot ypnoonoidvrag éva Virtual
Reality Peripheral Network (VRPN) petagépet Tig TANpo@opieg mg Kot TEGOAPOV GKEAETOV G éva
diktvo. To FAAST umopei emiong va pundel to mtnua €vog KOLUTOD Omd TO TANKTPOAGYLO
avayvopilovtag kdmota kivinon 1 xeypovopia omd to ypiotn. v Euwodva 25 PAémovue tov ypriiot va
ypnowonotei to Kinect og evallaktik €i60d0 yio Ty oAAnAenidpoaoct| Tov pe to moryvidt World of
Warcraft.

Selaben M e

|
e AN

L

Ewova 25 - Xpijon Tov Kinect péew tov FAAST og sicodo yia to maryvidr World of Warcraft (kavoviki] cvokeon
£16600V: TAMKTPOALGYL0)
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3 Ioiv-tpomikég Awemapés - Multimodal Interfaces

Ol TOAD-TpOTIKEG ETOPES GVVOLALOVY BLAPOPOVE TPOTOVE E1GOO0V YO TOV ¥PNOTN, OTOSG POV,
ypapida, aon, yewpovouies, PAéppa, xol kKivnon kKe@AAoD kol COUOTOS. AVTITPOGOTEHOLY HLd
Kavovplo. KatedBuvon, TapekkAivovtag omd TIG TUTIKES YPAPIKES OlEMAPES, EMEWDN TEPIAAPAVOLY
TEYVOLOYIEC AVOYVOPIOTG GYEOIOGUEVEG VO YEWPIloVTaL CUVEXOUEVE KOl TOVTOYPOVO, E1GOO0VE Ao
TOPOAANAQ ElGEPYOLEV KOVAALD, Kot va, eneEepydlovTal TIG aGAPELES TOV E1GO0MV UE TOAVOLOYIKES
puebddovg, KaTaveunuévn enetepyacio Kol apyITeKTOVIKEG Paciopéveg oTo Xpovo. Avtd 1o vEo €100¢
SIEMAPOV GTOYEVEL GTNV AVOYVAPLON TNG OVOPAOTIVNG ETKOVOVING £TGL MGTE 1) AAANAETIOPACT| LLE TOV
VIOAOYLOTH Vo €ivat o PLGIKT Yia Tov xpnotn. Kémola amd to TAEOVEKTILATO TV SETAPDY QVTOV
gtvan:

Evypnotia. (Robustness): O mleovaocpdg oty TOAD-TPOTIKY €16000 OowEAVEL TV TOOTNTO TNG
EMKOWVOVIOG OVAUESH GTO YPNOTI KOl GTO GUGTNHO, EKYOPAOVTOG TOPOUOES 1| GLOYETILOUEVES
TANPOPOPIEC YPNOUOTOLDVTAG OLUPOPETIKEG EGOO0VG AVEAVOLLE TNV THAVOTNTA TG AVOYVOPLOTG
[17]. Zrpammykéc apofaiog omocaiviong Kot €vomoinong 6edopuévav 16080V, OTIC OMOiEg Ot
EVOOUATOUEVEG TOAD-TpOTIKEC glc0d0t emelepyalovtar pali, pmopodv va, fondncovy oty adénomn g
€MIOOGTG TOL GLGTILLATOC.

Dvoikotyra (Naturalness): H molv-tpomikn entkovmvio. umopel vo, odnynost o évo peydlo Boadud
evowomrag, aflomoidvrag TG Koblepouéveg mpokTikég TG avBphmvng emkowoviag [17].
[ToAvmhokeg dtodikaciec pTopovy va SEvKoALVOOHV 0md TNV TOAD-TPOTIKY AAANAETIOpOOT|, ENTEDN TO
mapadelypo avédvel amotehecaTIKE To €0pog {MVNG TNG emKov®VIiag Uetal&d Tov ¥pNoTN Kol TOV
GLGTHIOTOG VEAVOVTOG TO EMIMEDO TNG EKPPACTIKOTNTOG EIGOS0V.

Elaoukotyro. (Flexibility): ‘Eva peydlo mAeovéKTnUO TV TOAD-TPOTIKMV SEMAP®V, €ivar 0T
EMTPEMEL GTOVG YPNOTEC, VO OVTIAQUPAVOVTAL Kot VO, SOUOVV TV EXIKOWVOVI, e O16.Popovg TPOTOVG
avaioya pe to mepParrov. Ot yproteg ddéyovy mowovg tpdmovg (modalities) Oa ypnoipomoticovv
kol TG 0o S1pBpwbolv pe Paom Tovg GNUAGIOAOYIKOVE, YPOVIKOVG Kol GUVTOKTIKOVG Kavoveg. Ot
xpNoteg £xovv deiet emiong TPoTiUnom oTIg TOAD-TPOTIKEG EIGOO0VG YOl TIG EPAPLOYEG TTOV £YOVV VoL
Kévouv pe TPOGAVATOAMOUO, ®MOTOGO, TEVOLV VO EVOALACGOVV UOVO-TPOTIKN KOl TOAV-TPOTIKY
aAANAenidpaon 6mov avtoi Bempovv Borkn [19].

Eloyotoroinon Xopaiudrwv (Minimizing Errors): ‘Eyet amodeiybel 0t1, o1 TOAD-TpOmIKEG SEMAPES,
avEAVOUY TNV 0Tdd00T] TOV GLGTHATOS EANTTOVOVTAG TOV 0PLOUd T®V GEAAUATOV (LECH OTOPVYNS
COUALATOV) KOl TOV TPOPANUAT®OV oL Onpovpyel 1 avBdpuntn pun evepadela Adyov, oe chykpion
LE TG IETOPES Ol OTTOIES YPNOUYLOTOLOVV HOVEAYO OVAYVOPIST) POVNIGC, Y10 S100PUCTIKES EPAPUOYEG TOV
£xovv va Kavouv pe ydpo [19].

3.1 Teyvohroyia péypr ofjpnepa

Ta, cvoTNUATO TOAV-TPOTIKNG €G0S0V UEYXPL GNUEPD, Eivar TKave Vo, enelepyaotoby dVo UE TPEig
KOVOAO €1GO00V, EIVOL EIGIKEVUEVO Y10, KATTO1EG EPUPUOYEC KOL £XOVV TTEPLOPIGUEVIG AAANAETIOpAON G
Ae&oyia kat ypoppotikég [21]. TToAld Bépoto mov oyetilovTal e TOV GUYYPOVIGHO, TNV 6VVOEST TV
TOAD-TPOTIK®Y 1603wV (epunveio TV €1600mV), 0 daywPIoHos Tov eEddmv (Tapovoiaon e£60wmV)
KOl 1] OPYLTEKTOVIKT TNG CAANAETIOPOOTG EPELVOVVTOL OKOUN).

Ot 800 mo10 S1006ed0UEVOL TOTOL GLGTNUATOV TOAV-TPOTIKMOV ELGOOMYV, GTO OTOI0 TO TOVTIKL Kol TO

TANKTPOAOYIO avTiKOTOoTAONKAY TANp®C, £ivor avtd mov cuvévalovy owAia kot ypoaeido [21] 1
oo ko kivinon yetmmv [22][23][24]. T'o to. GueTAHROTO TTOL KAVOLY Yp1oT OMAing Kot ypapidag, 1
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oAl emelepyaleton HePIKEG POPEC TAPAAANAN [LE TEPITAOKES KIVIGELS TNG YPAPIONGS, LE ATOTEAEG L
EKATOVTAOMV  SLOPOPETIKOY GUUPOMK®OV EPUNVELOV TEPAV TOL KAaoowkov pointing [25]. Zta
GUGTHKOTO TOL KOAVOUV ¥pNoT OpAiog Kot kivnong xetov, 1 owiio enefepydleton poli pe v
Kkivnon tov xelModv Katd T OdpKeld NG PLOIKNG aAANAeTidpaong ewkdvos kot yov. Ot epguvntég
£€xovv oTpaPel TPOG TO MOGOTIKO HOVIEAO OAANAEmIOPOONG, OTN CLYYPOVICUEVN emefepyocia ToV
YOPOKTNPIOTIKDY TOV dVO0 E1GOOMV, Kot £X0VV OVOTTOEEL KAIVOTOUES OPYLITEKTOVIKEG e fAoT TO XpOVO
v TNV ene€epyasioo AUTMOV TOV LOVIEAMY UE EVYPTOGTOVS TPOTOVG.

Ta woAb-TpomiKG cvoTiuaTe To. omoia meptlapuPfdavovy cuveyn 3-A yepovouieg kol opdio  €yovv
KOVEL TNV EUEAVIOT] TOVG, OGTOCO, OV €lval TOGO MPLLO GE GOYKPIOT UE TNG TEXVOAOYIEG 7OV
YPNOWOTOOVVTOL Y10, 2-A £16650V pe ypapido kot pekdavi [26][27]. Onwg eivarl puoikd, epeavilovton
VEEC TPOKANCELS HE TNV YPpNom 3-A yepovoldv o1l omoieg mepllaufaveTal o Oloy®PIoHOC
(segmentation), n eaymyn yapaxtnpotikov (Feature extraction) kot n epunveio owbopunTOV
Kwnoewmv (spontaneous movement trajectories), ta omoio, mpémel va emtAvbodyv mpv 10 GLOTHUATO
avTtd yivouv o dadedopéva. H elocaymyn dAhov tpoémev €160d0v ta omoia Paciloviol 68 GVOKEVEC
AMYMG ekdvas, OTmg PAEULA, EKPPACELS TPOGMOTOV, KIVIGELS LE TO KEPAAL KOl KIVI|GELS TOV GMUOTOG
QTOKTOVUV UEYOAO €VOLAPEPOV GTO VEQ €101 aAANAEmidpacng, To omoia &ival okOuo o€ eufpoako
eninedo [27][28][29].
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4  Teyvoloyieg Yromoinong
e ot T0 KEPALO0 Ba TapoVC1aGTOVY GUVTOUA 01 BifAloONKeS, Ol omoieg YpnooTomOnKay yio, TNV
avamTuEn NG EEUPUOYNG.

41 XML

H XML (Extensible Markup Language) eivatr pio yA®GGO GNUOVONG, TOL TEPEYXEL £Va. GUVOLO
KOVOVOV Y10 TNV MAEKTPOVIKY Kwdikomoinon kewévov. Ipoépyeton omd v SGML (Standard
Generalized Markup Language) and tv omoia mpoépyetat kar  HTML.

310 mopAdeyud pov xpnoipomoinca omAid apyeioc XML yio v amobnkevon tov gestures, tmv voice
command, T®V TPOTAGEMY KOl TV IKOVAOV EQUPLOYDV.

4.2 Microsoft Visual C#

H C# eivon pio avtikellevosTpapng YAOGoo TPOYPAUUATIGHOD oV divel T duvatdtnto avamTuéng
SaPOPWV AGPUADY Kot E0XPNOTOV EQAPLOYDV Ot omoieg Tpéyovv pe to .NET Framework. Mmopei va
ypnowomomBei yioo ) dnpovpyio. KAaooik®v e@appoydyv Windows, S1adikTookes epapuoyéc ue
XML, client-server epapuoyéc, epapuoyés e m ypnon Pacewv dedopévov, k.o. H C# gival 1dlaitepa
EKPPOOTIKY], MOTOGO &ival amin Kot g0KoAn otnv ekpuddnon. H ocdviaén pe t ypron dyKiotpov
umopei bkoAa va avoyvoplotel amd onolovonTote givan okeiog pe C, C++ 1 Java. [Ipoypappotiotég
7oV EEPOVV OTMOLOONTOTE AITO AVTEG TIG YADOOES EIVAL TUTTIKA £TOLLUOL VO SOVAEYOVV TAPOYDYIKA OT1)
C# péoa og pikpd ypovikd ddotnuo. H odvia&n g amhonotel moALES 0md TIC TOAVTAOKOTNTEG TNG
C++ kot mopéyel woyvpd yopaxtnplotikd 6mmg nullable tomovg petapintov, dueon mpoécPaocn ot
uviun To omoia dev vrootnpilel n Java.

4.3 Microsoft XNA Framework
To XNA givar pia ovddoyn amd epyodeio pe Eva runtime nepipariov avertoypéva omd v Microsoft,

pe okomd TV avamnTuén Kot dtoyeipion mayvidldv. TOY0G TG AvATTLENG OVTHG TG EPYAAEOONKNG
glvar vo, amoAAGEEL TOVG TPOYPULULOTIOTEG TOLYVIOIDV OO TV GLYYPAPT 010V KOUUOTIOV KOSIKA,
TOALEG POPEG KOl VAL EVAGEL S1APOPES SLVATOTNTES TNG TAPAYDYNG TOLYVIOIDV G€ €va cuoTna. To
ovoua “XNA” tponAbe amd o dvopa mov £iye kotd v avamntvén tov To omoio frav: Xbox New
Architecture. Avti 6pumg va dnpooctevbei pe to dvopa tov Xbox, to Xbox 360 dnpocievnke, ki £161 10
XNA tdpa o onuaiver “XNA’s Not Acronymed”.
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5 APYITEKTOVIKI] TOV ZVGTI|HOTOG

H opyrtektovikny 00 oLGTAHOTOG — amoteAeiton omd Tpio Pacikd KOupAT To OOl
ovvepyalovtot Yo (o) vo dexBovv dedopéva amd dapopes popPéc icodov (input modalities) dmwg
Nxo, Eyxpoun ewova kot ewova Babovs, (B) vo cuVTACCOVV TIG EVIOAEG OV EVIOTIGTNKAY Kot () Vo
TPOCIOPIcOVY TOLEC EPAPUOYEC EIVOL EVEPYOTOUNUEVEG KOL LTOPOVYV VO YPTCLLOTOICOVY TIG
ocvvtaypéveg eviorés. Ieprpepetokd oto oo pog eivar too APIS tov cuokev®dv €16000V Ta. omoia
TaPEYOVY TIG O1AQopeg Hopeég eloddov (multimodal inputs) kot o Asttovpyikd cOGTNUA TO OO0
dtvel TAnpogopieg 610 GVGTNUA HOG YO TIC TPEYOV EPUPUOYEC. To KOUUATIO QVTE TNG OPYLITEKTOVIKNG
givar: o “Sentence Compiler”, o “Action Sentences Modulator” ka1 o “Context Information Manager”.

5.1 Sentence Compiler

O “Sentence Compiler” (BA. Ewdva 5) givar vrebBovog yioo Ty GLAAOYH TOV EVIOA®V 0md Ta
dtapopa idn eloddov (input modalities) kot v cvviaén tev mpotdcemv dpdong (action sentences).
Amoteleitan and dvo uépn, to “Qualifier Input Control” (Eleyktig Aé€ewv €166d0v) kat To “Sentence
Syntax Evaluation” (A&woAdynon odvraéng g npdtaong). To TpdTo déxeTar TIG dAPOPES E1GOSOVG
TapUAANAQ Kol cuveyoueva. Otav, 1o TopAdEly U, EVIOTIGTEL U0, XEPOVOLIO 1) L0 QMVNTIKT EVTOAN,
apyiler pa ddwacio cvvtalng wog mpotaong opdone. H evioAr mov eviomiotnke mepvd o10
“Sentence Syntax Evaluation” wg gv dvvdauel npdtaon ywo vo eheyydei edv vdpyer ot Grammar
database (pio Baomn 6douévmv yio TV YPOUUOTIKY Lo, vAomompuévn oe XML, ot omoia mepiéyovtat
SOUNUEVEG TPOTAOELS) E1TE WG OAOKANP®UEVT TPOTOOT), EITE OG TUNLLO OAOKANPOUEVG TTPOTACNG. AV
VIAPYEL TOVAGYIGTOV GE piot dSoumuévn TpoTacT, aAAd 1 Tpdtacn ypeldletal KL AAAES EVIOAEG Yo TN
obvtaén ¢ TOTE KPOTAPE TNV EVIOAN/EG mov &yovpe Kot yvpilovpe miow oto “Qualifier Input
Control” meppuévovtog po kawvovpuo AéEn-gviorn). Otav ocvuminpwbel kot oavayvepiodei o
oAOKANpouéV] mpodtoor, amd to “Sentence Compiler”, otélvetar otov “Action Sentences
Manipulator”.

5.1.1 Iswtnteg Tov Sentence Compiler

e Edav o Sentence Compiler Adfet po eviodn mov dev vdpyel o€ Kopioo TpdTOoN T™NG
ypoppatikng Tov (Grammar Database) tote to Input Control kaBapiler t pvAun tov Kot
TEPUEVEL Kovovpla AEEN Yo va EEKvIoeL T cOVTAEN Ao TV apyn.

e Edv xatd ™ ovvtaén pog potaong (evd onAadn LITAPYOVY EVTOAES LECO, GTI) UVIUT TOV
Input Control) AneBel o AéEn mov kabiotd ™V v duvdpel Tpdtaon AyvmoTn TPOg TO
obvotnpa, tote to Input Control kaBapilel ™ pvAun tov Kot Teppével Kovovpia AEEN yia
va Eekvnoet ) obvtaln and v apyn.

5.2 Action Sentence Manipulator

O “Action Sentences Manipulator” (BA. Ewoéva 5) amoteleiton omd tov “Action Sentence
Accumulator” kot tov “Application-Action Binder”. Eivotl vredfuvog yio tnv €Dpect TV Qopuoymv
01 01101EC UTOPOVV Vo, avtamokpliovv oty mpdtoot dpdong (Action Sentence) v omoia déxOnke. o
vo yiver avtd, o “Action Sentence Accumulator” cvykpivelr v mpdtoon mov déyxbnke pe Tov
“Sentence Compiler”, pe tig TAnpogopieg mov Ppiokovtoar oto “Application versus Action specific
Scheme” (kau avtd viomomuévo oe XML), @idtpapoviag Tig epapuroyic ot onoieg givon ovufatég
wavég va tn ypnouonotoovy. ‘Enerta o “Application-Action Binder” déyetat ti¢ spapuoyés avtég
KOl GE GUVOLAGHO HE TOLEG €QOPUOYEC €lvar avolkTée, evmuepover tov “Context Information
Manager”.
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5.3 Context Information Manager

O “Context Information Manager” (CIM) tov cvotiuatog, gival vrehbBvuvog Yo TV ETKOV®Vi
TOV AEITOLPYIKOD GUGTNUATOG KOL TNV TTAPOYN TANPOPOPIDV GE GYECT| UE TIC TPEYOVCEG EPOPLOYES
(m.y. evepyég spapupoyéc, moto spappoyn sivor focused, moieg minimized, etc.). Kabs @opd mov
gvepyomoteital pia epappoyn, kataypaeetol ond tov CIM. Encita o CIM otélvel ) AMoto pe Tig
péyovoeg epoppoyéc oto Action Sentence Manipulator. Emiong eivor vmedbuvog yio v
amocaenvion ¢ Action Sentence g omoiag déyeton amd tov Action Sentence Manipulator. Otav o
CIM 6éyeton o mpdTaon (Kot TG EQAPUOYES OTIC OTTOIEG UTOPEL VO EKTEAECSTEL), KAVEL £Va EPMOTNILA
OTO AEITOVPYIKO GUGTNUO Y10 VO TTAPEL TNV EQOPUOYN 1 OTole €lval EOTINGUEVT €KEVN TN OTUyUn.
Otov mépel amdvinomn, eAéyyel €av 1 €QOPUOYN LVIAPYEL 0T AMOTA TOV WKOVAV £pappoydv. Edv
VRAPYEL, M TPOTOCT UETOPPALETAL GTNV EVIOAN TOL OVTIGTOWEL OTN GLYKEKPIUEVN EQUPLOYNH KOl
exteleltar. Edv dev vmdpyet 10te n mpotaon petappdleton yioo OAES TIG EPAPUOYES TIC MOTOG KOl O
XPNOTNG EpyeTan va emrélel o moto/eg OELEL vaL TV exTEAETEL.

Vocal

Commands DB 1. Activation Event
E= Sentence Compiler B.Request Focused Applidsti
[ —— Context :
Registry < | Information | ;. FocusedApplication
Manager 0
signal 7 ey seech L1 € 8 DisambiguiteAction c
N Recognition  [sURiTs - e 0
©
signal 7 g Applfication feeds 5.Ambiguity o
NUI 3 - resolution %
. i = o <
V2V Depth §  Gesture c )
Tension . JELCIEILEN] 8 g
per . - —— W
finger g. é Application-Action
= “':‘ Binder
— >
E (%] Composed
Gesture fr— Q Action Action Sentence
08 ‘_; g Sentence Accumulator
o | ]
) -
Facial Facial d c
Expressiof v 3. Action 4.Binding
RGB Image ~ M Qualifier 9 feeds Action
Recognition —-|—~ Abstracts
[
Grammar Application versus
Facial 08 Action specific

| ExpressionDB Mapping Scheme

Ewéva 26 - H ApyrtekToviki] T00 ZVGTHNOTOS

5.4 Xvokevég e16000v ko APIs

O1 6VGKEVEG OV JEYETAL TO COUOTNUA HOG OEV EIVOL GUYKEKPILEVES, EIVOL CLOKEVEG TOV KOTOYPAPOLY
éva N TOPATOV® YOPUKTNPIOTIKA TG avOpomivng emkowvmviag (6mwg optdia, KWVAGCES YXEPLDV,
PAéupa, xivinon yeudv k.o.) kol péow tov APl toug maipvovpe Tic KatdAANAES TANPOQOPIEG MG
€160000G GTOVG OAYOPIOHOVG avayvaplong Tov ke yopoktnpiotikod. Tétolec cvokevég Ba
pumopovoov vo givar m Kauepa, o oodntpag Pabovg, yaviio EVIOMIGUOD Kiviiong TOV JaKTOA®YV,
ypooida, K.0., T0 Kabe éva amd avtd Kot pe évo dtapopetikd APl yio v Aertovpyia tov. Ta APIS
etvan PifAodnieg o1 omoieg ¥PNOLLOTOIOVVTOL Y10l TIV EVEPYOTOINGT, TNV OTEVEPYOTOINGT Kot YEVIKEL
TO YEPICUO LOG GLOKEVNG amd 1o cvotnuo. Mg 1t ypnon tov pebddwv Tovg mov mEPLEYOLV
yeplopaote to input events kot ta TpowBovpe ®¢ €10680VG GTO TPOTLTA. CVOYVOPICNG TOL
GLOTNLOTOG,.
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5.5 Aviyvevon Kol avayvaplol cnudTov 16000V

Mo va avidoovpe TG TANPOQEOpiec TG omoieg yPellOUOoTE OMO TO KOVOAN €GOS0V 7OV
YPMOILOTO00ME, YpelopacTe aAyopiOuovg ovayvoplong kot aviyvevone. o mapdderypo yuo
mhpovpe TNV TANpoopio OTL 0 ¥PNOTNG XAUOYEAD, YpetdleTan TpdOTA Vo Ppode T0 KePAM Tov (1)
pepovopéva ta yelAn tov) ki émerta va avayvopicovpe €dv yopoyedd 1 Oyt Ot aAydpiBuot
AVOYVOPLOTG TOIKIAOLV KOl YPNCULOTOI00V SIAPOPES TEXVIKEG, £VO OLLMG YOPOKTNPLOTIKO TOV OTOLTEL
70 oVOTNUA pog glval 1 anddooT TOV aToTEAECUATOV 68 AEEELS. Avayvaopilovtog éva Yapoyelo, Hio
kivnon tov xeplov 1 o kivnon g ypoeidas (rpokabopiopévn and gudc) mpémel o adlyopBpog va
glvan og Béon va amodidetl v avtiotoyn AéEn (Qualifier) oto cvotua dote vo umopel va to evtdéet
o€ pia mpdToo.

55.1 Avayvopien Xepovopiog (Gesture Recognition) kon Gesture DB

Mia yeipovopio (Gesture) givar éva €160¢ UN-AEKTIKNG ETKOWVOVIOG GTIV 0010 KIVIGELS TOV GMUOTOS
amodid0VY GUYKEKPLUEVA punvopata, gite avtikabiotdvtoag v optiio, gite mapdiinia pe avti. v
EMKOWV®VIN HETAEL avOpdn®V, 01 yelpovopies Teplopfavouy KIVIGELS Le T XEPLa, 1 GALO PEPN TOV
ocopotoc. Ov yewpovopieg divouv i GLVATOTNTO GTOVG OVOPAOTOLG VO ULETOIMGOLV OldPopa
cuvaucnuato, omd mepiepdvnon Kor exfpdTnTe UEXPL £YKPIoT KOL Oy(mn, UE Tn YAMGGO TOV
OOUATOG,

H emotun vroloyiot@v ypnoionotel padnuotikode aAyopiuovg ylo Ty avayvapiorn dutov TV
YEWPOVOLLDY, UE OKOTO TNV avATTLEN TO QUOCIKOV TPOTOV EMKOWV®VIOG ¥pNotn — vroioyloty. H
avayvoplon uropel vo tpaypotomombel pe tevikés and o EMGTNUOVIKA Tedia TG TEXVNTNG OPOONS
Kol g enegepyaciog ewoOvag.

2NV aPYITEKTOVIKN LOG 1] GVOYVOPLOT| YEPOVOULMY UTopEl va, TEPIAaUPAvEL KIVIGELS XEPLOV, 1 GAA®Y
HEPOV TOV CAOUATOG, SOKTOA®V 1 0Tl GAAO Bo pmopovoe va YPNGIULOTOUGEL O YPNOTNG DOTE Va
eKQpAoeL TL BEAEL va KAVEL YOPIg VO YPNOYLOTOMCEL TNV OpAia.

Boowod yopoktnpiotikd n anddoon tov Gesture og AéEn cav gicodo oto Sentence Compiler tov
ovotuatoc. ITAnpogopicg yio ta Gesture kot ot avtiototyeg AéEeig (Gesture Qualifiers) vdpyovv oto
Gesture DB, 1o onoio givar o€ poper) XML.

55.2  Avayvopien Opiiog (Speech Recognition) kot Voice Commands DB

2NV EMOTNUN VTOAOYIGTMV, 1) AVOYVOPLOT| OUIALNG Etval 1) LETAPPACT) TV AEEEMV OO TPOPOPIKO GE
yportd Aoyo. Avo Baocikég Katnyopieg cvoTnudtov givar ta “ave&dptnta and tov oAnt” (Speaker
Independent) kot ta “eEapnuéve and tov owAnty” (Speaker Dependent) cvotiuata. To Speaker
Dependent ypnowonolobv “ekmaidevon” TOL CLOTAUOTOS KOTG TNV omoio. 0 YpNotng daPalet
KOUMATLO KEWEVOL, £TG1 DOTE TO GUCTN UM VO AVOADGEL TNV GOV TOV KOl VO T YPTCULOTO|GEL Y10 VoL
Beltiwvoer v avoyvoplon ouwdiag Tov oe oyfon W avtov. Ta Speaker Independent dSgv
YPNOLLOTOOVY  “ekmaidevoT”, dev amaltovV AOTOV TOG0 ¥POVO TPOCUPUOYNC QALY dEV £XOVV KOl TIG
id1eg emddoelg pe ta Dependent.

2NV OpYITEKTOVIKY UaG ol AEENG mov d&yeTol TO oVoTNUA pog eivol amoBnkevuéves oto Vocal
Commands DB, 1o onoio mepiéyet kat T1¢ ovtiotoyeg AéEgig mov otéAvovtat oto Sentence Compiler.
Mua AéEn (Speech qualifier) pmopei vo avtiotolyel o€ TOAAEG POVNTIKEG EVTOAEG, Y10 TOPASELYLLOL TO
Yes umopei va avyvevbei Aéyovtag Yeah, Yep, Yes. Xpnowomowovue Speaker Independent
GUOTHHOTE OVOYVOPLGNC QMVAG, YO, VO OTOQUYOVUE TN YPovoPopa dlodikacio eKTaidEuoN TOV
GLOTNLOTOG,.
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55.3 Avayvopwen ‘Exepaocng IIpocomov (Facial Expression Recognition) ko Facial
Expression DB

H éxppaon tov mpocdnov givar pia 1 mepiocdtepeg KIVIGELS 1| BECELS TOV LVDV TOL TPOGAOTOV. AVTEG

01 KIV|GEIS HETOOIO0VV TOL CLVOIGONUATO TOV ATOHOV OTOVS TapaTNPNTES. Ot EKPPAGELS TOV

TPOCHTOL givarl AAAO &va 100G UN-AEKTIKNG EMKOVMOVING.

2NV apyITtekToviKy pog pe tov 6po Facial Expression evvoobpe kéOe minpogopia Tov umwopovue va
QVTANGOLLE OO TO TPOGMTO TOV YPNOTH, OTMS Kiviion yetMmv, PAéuua, ékppaon ki, H Facial
Expression DB vrootpilel Toug aAyOplOons avoyvmpiong Log EXOVTag TIG EKPPAGELC TOV UTOPOVUE
vo, avayvopicovpe Kot Tig avtiotoyeg AéEeig (Facial Expression Qualifiers) tig onoieg 6téAvouv 6tov
Sentence Compiler.

5.5.4  Application versus Action Specific Action Scheme

To Application vs. Action Specific Action Scheme eivat éva XML apyeio. Xto apyeio anapriletol omd
TPOTAGELG KOL IKOVEG EQPAPUOYEG, ONANOT EQOPLOYES TOV UTOPOVV VO EKTEAEGOVLY TNV avTiGTOLYM
ohokAnpouévn mpotacn. To XML avtd, ypnowonotgiton Kot omd to. 600 Koppdtie. tov Action
Sentence Manipulator.
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6 Ylomoinon

H epopuoyn poag ypnowomolei to Microsoft Kinect wg ocvokevr] moAd-tpomikng 166600
(multimodal input device) to omoio mapéyet Mo, €wdva, Kor yéptn Pabovs. Me T xpron tov
Microsoft Kinect SDK, 6nw¢ mpoavépepa, eneepyalopacte tig mAnpogopieg PaBovg yio va mhpovpie
ToV okeAeTd ToV ¥pot g Action Points kot t vy tov ypriotn g nyntikn gicodo. H Béon tov
Action Points avavemvetat pe ovxvotnta 30 eopég o devtepdrento, 660 givar kat to frame rate tov
skeleton tracking.

Xpnowonotovpe avtd to Action Points yu va epappdcovpe évo amhd Gesture Recognition,
T0 omoio eAéyyxeL av o YpNoTnNg Kavel kdmown yepovopio amd T PProdnkn pog. To gesture
recognition oe ovt ™V epapuoyn meplopiletan og swing left/ right/up/down. Emedn éyovue pia
YEWPOVOUioL pE OPOPETIKEG KOTELVOBVVOES, OTO GLYKEKPIUEVO TOPAdEYHd, Topoieiyaue TNV
vhomoinom tov Gesture XML apysiov g apyttektovikne. EAéyyovue v 6éom tov action points ava
10 frames, kot cLYKpIVOLUE TO OTOTEAEGUOTO, e TOVG KavOVES oL éyovue Beomicel Yo To. SWing
gestures yio vo amoddcov e TNV KAtdAANAn AEEN.

H enefepyacio Myov yivetar oe mpayuatikd ypdvo pe t ypnon tov Microsoft Speech
Recognition SDK, to omoio aviyvevel Aé€gig o gime o ypiotng Kot Exovpe Beomioet gpeic. To Vocal
Command XML mopodreipbnke 610 GLYKEKPIUEVO TOPASEYHO €medn TO WKPO AeENOY0 TG
EQUPLOYNG T EDKOAO VO, TEPAUCTEL AUECHOC UEGO GTO TPOY PO,

Y10 mopdderypo €tpefo dVO SOPOPETIKA GEVAPLO YPNONG TOV GULGTIUOTOC. XTO TPATO
VIAPYOVV EVEPYOTOMUEVES KATOLES EQAPUOYES, KATOIEG 0o ovTé elvar minimized (omwe o Skype,
Mozilla kAm), kot 6V0 omd OVTEG &ivarl OVOIKTEG, Ol OmoieC €ivol Kl OVTEG MOV UTOPOVV Vi
avtomokplBohv oty moAD-TpomiKn Hog €i6000. Mo amd TiG avOlKTEG £QAPUOYEG Eivol E0TIOGUEVT
(focused), pe 6vopo Puzzle application, evéd n GAAn n omoio, gival po Tapovsiacn tov PowerPoint
glvar amAd avowktn. To dgbtepo ceVAPLO KAVEL YpMON HOG Kol HOVO EPOPLOYNG, 1 Omoid ival To
Puzzle kou givan avokty ko eotiaouévn (focused), kot ypnoonotet pia Tpdtacn TpLdv EVIOADV.

6.1 Xeipovopieg (Gestures)

O yepovouies (Gestures) yopilovior oe otaTKEG KOU U1 OTOTIKEG. XTIV EQAPUOYN OUTN
ypnoonoinca un otatikés. Onmg avagépape, N eoproyn avty avayvopilel téooegpa Gestures ta
onoia givor: Swing Right, Swing Left, Swing Up, Swing Down. H Swing ygipovopia givat ovc1acTikd
pia, ovtd mov aAralet givarl n kotevbuven. Eneldn Aoumdv 6T0 GUYKEKPIUEVO TUPASEIYU EY® LOVO
éva gesture de ypeldiotnke 1 vAoToinor tov gesture XML.

Ava 10 frames maipve ) 0éon tov point of reference (m.y. to joint Tov de&ov KapmOH TOL
¥pNotn) 1o amodnkedm o€ o petafintr Vector3D. Apyikd eAéyyovpe Ty omdoTocn Hetald Tov dVo
onueiov ypnowonotdvrog tv pébodo Distance3D g Pipriodnkng System.Windows .Media.Media3D.

if (accCounter > 10)

dist = Distance3D(curPointPos.X, curPointPos.Y, curPointPos.Z,
prevPointPos.X, prevPointPos.Y, prevPointPos.Z);
Vector3D cur = prevPointPos - curPointPos;

K®dwkag 1 - ZovOnijkn pérpnong tov frames kot apdéeig yuo v andctac).

‘Emterta agpoipodpe to €va onueio amd 10 GALO KOl XPNOILOTOIOVTAG TV OTOALTN T TOV
amoteheoudtov (|X,|y],|z]) Bpiokovue v katedBuvon g kivnong (PA. Kddwkag 1). EAéyyoviog tnv
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amooTOon Kol TNV katevbuven g kivnong ovayvopiloope to gesture kol omootEAAOvuE TNV
KatoAANAN AéEn otov Sentence Compiler.

if (dist > .5 && Math.Abs(cur.X) > Math.Abs(cur.Y) && Math.Abs(cur.X) > Math.Abs(cur.Z))
{
if (cur.X < 0)

rsltGesture = "SwingLeft";
else
rsltGesture = "SwingRight";
accCounter = 0;
prevRightHand = Kinect Device.skelMan.getScldSkeleton() .ElementAt (11).Value;
gestureCooldown () ;

return rsltGesture;
}
else if (dist > .5 && Math.Abs(cur.Y) > Math.Abs(cur.X) && Math.Abs(cur.Y) > Math.Abs(cur.Z))

{
if (cur.Y > 0)

rsltGesture = "SwingUp";
else
rsltGesture = "SwingDown";
accCounter = 0;
prevRightHand = Kinect Device.skelMan.getScldSkeleton () .ElementAt (11) .Value;
gestureCooldown () ;

return rsltGesture;

Kddwag 2- Avayvdpien Tov Swing Gesture kot g katevOvveng tov.

Ene1dm n puoikn kivnon tov ypnot petd amd kdmolo SWing eival vo eTeTpéYeL T0 XEPL TOV
oV apyikn 0éom, étol to cvotnua evtomile yio mapaderyua to Swing Right (BA. Ewdva 27Ewova 27
— H Swing Right kivnon tov ypnot.), 0 ypnotng enéotpepe 6TV apyIKN Tov BEon Kat T0 cVOTHUA
evtomle kar 1o Swing Right. Tw v avipetdmion ovtod Tov mpoPAfuatog mpocibeca éva
devteporento sleep time oto Gesture Recognition to omoio emtpénel 610 PHOTN VA EMGTPEYEL OTHV
apykn Tov Béon ympic va o cvotua va ennpeactel. MOAG AoumdV T0 GUGTNHO AVAYVOPIGEL Eval
Gesture kolei v gestureCooldown() n omoia divel ypodvo 6To ¥PHOTN VO GEPEL TO ¥EPL TOL GTHV
apyikf tov 0éom, ympic va mpokarécel TpoPAnuo otnv alknienidpacy tov pe 10 ovotnua (PA.
Kddwkag 2).

Ewovo 27 — H Swing Right kivyen tov ypiiot.
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6.2 ®d@ovrikéc evrorig (Vocal Commands)

Il TOV EVIOTGUO TOV POVNTIKOV EVIOA®DVY TOL ¥pNoTh, xpnotporoinca to Microsoft Speech
Recognition SDK. Xtov mapaxdto kodwka (PA. Kddikag 3) fAETOVUE TIC 0mopoitnTEG EVTOAEG Y10 TN
dnpovpyia véag ypappoatikns. Eniong, opiovpe ko tig peBoddovg ot omoieg Ba avardfouvv va
YEWPLOTOLV TO, ELGEPYOLEVO EVENTS.

var grammar = new Choices();
grammar .Add ("page") ;
grammar .Add ("next") ;
grammar.Add ("previous") ;

(
("
grammar .Add ("open") ;
grammar.Add(‘close")'
(
(
('

grammar .Add ("move") ;
grammar .Add 'thlS")'
grammar.Add ("there");
var gb = new GrammarBuilder { Culture = ri.Culture };

gb.Append (grammar) ;
var g = new Grammar (gb) ;

sre.LoadGrammar (g) ;

sre.SpeechRecognized += this.SreSpeechRecognized;

sre.SpeechHypothesized += this.SreSpeechHypothesized;

sre.SpeechRecognitionRejected +=
this.SreSpeechRecognitionRejected;

Kddikag 3 - Oéomion Tov Aéée@v TG YpoppaTikis pog kot opiopog tov Event Handlers

Katd v avayvopion pag AéEng éxovue, and ueboddovg tov SDK, wa confidence napdpuetpo.
H mapapetpoc avty pag ponda va eréyEovpe to Pabuod eractikotntag mov Ha éxet to Speech
Recognition pag oty cooth tpopopd g Aééne. Edv dexduaote AéEeig e yaunid confidence ba
dnuovpynOei éva xGog 6To GVOTNUE LOC, AKOUN TEPIGGOTEPO AV VTLAPYOLV AEEELS 1) PPAUCELS TTOV
Sapépovy TOAD Atyo peta&d tovg. Otav avayvopilotel po eviods and m Alota twv Voice Commands
amoOnkeveTon ot petaPfinty recostring. Otav n recostring waipvel wo T, evepyonoteitat Eva event
(BA. Kmdwkag 4) to onoio déxeton o Sentence Compiler, naipvovtog v AéEn 1 omoia evromioTnke,
apyiler mv avalnton péoa oto Grammar XML.

private void SreSpeechRecognized(object sender, SpeechRecognizedEventArgs
e)
{
recostring = e.Result.Text;
NotifyPropertyChanged ("recostring") ;
}

Kodwkag 4 - Amobikeven g AEENG mov Ppédnke oty recostring kau gvepyomoinen tov event.

6.3 Xvvdovaopniog £1660mv - O gvrorég This kar There

To “this” kou 1o “there” givat 300 18610p0pPEC EVIOAES 6€ Eva. oDGTNO TO 0moio dovAevel ue Graphical
User Interface. O ypfiotng umopei vo, deiyvel og éva Topdbopd, oe €vo AVTIKEIPEVO, GE U0 EQOPUOYT.
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IMa v vAomoinon twv dvo eviolmv, akolovOnoa 600 Tpooeyyicelg amd Tig onoieg eméiela TNV mTO
BoAwn ywo To ypfioTN.
6.3.1 A’ IIpocéyyien — Push Gesture

H mpdn mpocéyyion yw 1o mdg Ba deiyvel o ypriong éva avrtikeipevo oty 086vn Ntav va
npocBécovpe éva gesture “Push”, to Push Ba petatpendtav oe this v there avdioyo pe o context tng
TPOTOONG. OEAOE 01 TPOTAGELS HOG VO SIATVTMVOVTOL KAl VO avolyvaopilovtal Pe omoladmote oelpd
datvrwOovv, dnAadn Oélape va mapdyetor 1 idio TpdTAoT AV 0 YPNOTNG ddoet cav gicodo “Put, This,
There” kou “There, Put, This” (ka1 6Aovg Tovg VTOAOITOVE dVVATOVE GLVIVAGUOVG).

T'o v vAomoinon tov “Push” ypeialdpovy éva otatikd onpeio avaeopds. Mia emAoyn ftav
70 Kinect. Otov 1 andotoon avipeso 6to xEpt Tov xpriot kat to Kinect ntav pikpodtepn and A, 10te
o ypnomg éxave “Push” (BA. Ewova 28). Avti n vAomoinon ouwmc, meptopile v omOGTAGT TOV
xpnot amd to Kinect. O ypnotmg Nrav KabnAopévog oe éva GLYKEKPLUEVO, BOAMKO Y100 TOV KOSIKA,
omnueio.

Ewoéva 28 - Push Gesture pe etatikd enpeio avagopas to Kinect Device (apyf tov XYZ a&évov).

To ototikd onueio avapopac dev EMPETE VO EIVOL GTATIKO MG TPOG TO XPNOTN, OAAA GTATIKO MG TPOG
10 ¥épt ToL YpNot. Etot eméhe&a 10 keI TOV, ®G 6TOTIKO onpeio avagopdg (BA. Ewova 29). Omowa
Kt av givarl 1 B€om TOoV YPNOTN GTO YDPO, 1| OTAGTAGT] TOV XEPLOV TOV Atd TO KEPAAL TOV givor 1 idwa. O
xpNotng £xel eAevbepia Kivinong £tol dote va pnopet gite va TAnocidost, gite va anopokpuviet omd v
ovokeLn (ThvTa LECH OTA OPLOL TTOL OVAPEPEL O KOTOGKEVOOTNG).

Ewéva 29 - Push Gesture pe otatikd enpeio avagopds 1o Kepdit Tov ypioTh.

"Evo. mpoAnpo Tov Topoucldctnke Kot 6Tig 600 ekdoyés Tov “Push” ntav 6t ypriotng Kivdvtog
TO X£PL TOV TPOG TaL Updg (Y vo. kévetl to Push gesture) £xave to cuykekpiuévo onueio mov f0gle va
emAé€el. Avti N mpocéyyion Aowmdv amoppipdnke Adyw EMAenymng akpifeiag.
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6.3.2 B’ IIpocéyyion — Luvovacpog 1660 mv

"Evag 6e0tepog 1poOmOG, 0 0moiog pAvNKe apKETA POAKOS Kol g0YPNOTOG, NTAV O GLUVOVAGUOG
TV dVO €GOV TTOL Elyae oTn d1d0eon pag. Mio ToAD PLOIKN TPOGEYYioT OEXe amAd TO ¥pHOTN VA
deiyvel mpog to onueio mov Bélet kan va Aéet ) AéEn This 1 There. ‘Etot pumopet o ypnotg vo kpatd
otafepd 10 ¥EPL TOL 6TO oNpElD EMAOYNG Kot kabmG To cuoTnua avayvopilel v evtoln this 1 there
va omoBnkevel v Béom tnv omoia dgiyvel o ypnotg. O tpomog avtdg gival wo PoAkdg Yo Tov
XPNOTN OALG KO Y10, TOV TPOYPAUUATIOT, Kabndg dev ypeidletol ma to context evaluation ywo v
amokmdtkomoinon tov Push. Eniong, amlomoidvrag 161 Tov KOdike xovue kdmoto Pektioon kot 6To
¥pOvo avtamdkpiong (response time) g e@apuoyng.

6.4 O XML Baoeig oedopévav
6.4.1 Grammar XML

To Grammar XML amaptiletor ond olokAnpopéves TPOTAGELS TIG Omoieg dEXETAL TO GUGTNUA LOGC.
"Exovtog t1¢ mpotdoelg, 0 Sentence Compiler tavtomotei 1 amoppintel T1g €V SuVAUEL TPOTAGELS TOV
oLVTAOoGEL UE TIg AEEEIC TOV OEYETOL.

<?xml version="1.0" encoding="utf-8" ?>
<sentences>
<sentence>Page SwingRight</sentence>
<sentence>Page SwinglLeft</sentence>

<sentence>Move This There</sentence>
</sentences>

6.5 Xevdapwo 1 - Xovraln mpotaong pe 0vo ALEELS, EMAOYN EQUPUOYNS YO T1)
xpion .

O1 ewkdveg (Ewcova 30,Ewcova 31) deiyvouv 1o mpdto cevaplo yprions, eva to. flowcharts weprypaeovv
T1G OlEPYOTIEG TOV GLOTHUOTOC HOV. XTO YPAPIKO TEPPAALlOV pag PAETOVUE OTL EYOVE OVOLKTH Lol
gpappoyn pe ovopo “Puzzle Image” kot pia mopovsioon pe to PowerPoint. Emiong umopeite va. deite
to Command View Window 1o omoio pag deiyvel mowa vIoAn aviyvevsl 1o cvotnua kébe popd. H
aviyveuon TV EVIOADV UTOPEL va YiveL Kot TOPGAANAL, AmAd Yio AOYOLg Katavonong datvndonkay
He T€TO10 TPOTO MGTE VoL EIVOIL EPLPOVEIG OTIG EIKOVEG.

6.5.1 IMpa™ evror) — Swing Right

O ypnog Kvei to yEPL Tov TPog ta de&1d Ko To cvuotua, pécm tov Gesture Recognition, evtomilet
mv yewpovopio. Swing Right kot otélver v avtictoyn AéEn oto Input Control tov Sentence
Compiler. Aev éxer AneBel dAAn AEEN K1 £T61L TO GVOTNO TPOYDPA L,LUE TNV LOVOAEKTIKN €V OLVAEL
TpoOTaoN OV €xEl Kataypdyel, oto Sentence Syntax Evaluation. Xe avti T @don eiéyyeton €6v n
TPOTOGT TOL EXOVUE VITAPYEL, £0T® MG KOUUATL (oG TpodTaong, oto Grammar XML pag. H ev dvvapuet
wpotToon pag vrapxel oto XML, oAAd dev copminpodvel kdmowo olokAnpouévn mpodtacn. ‘Etot
KpatdvTog amodnkevuévn v v duvauel tpdtach pog emotpépovps oto Input Control nepuévovtag
Kavovplo £i60do0.
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il Command Recognised:
(Gesture) Swing Right

e Napovoiaon ou Microsoft PowerPoint.ppt] - Microsoft Po... | = | &1 &5

W™ s TN EW

Kwntikn evrodn: Swing Right

Speech Eediie Executt.a on Execute on
all active focused
|_ Swing R
— {SwingR s Sentence \N.'hll:f.l Which of Is any of
Control campleged —>1 Applications them are them
i can use it? active? focused?
No

Ewova 30 - Evromopog evrolijg Swing Right

6.5.2 Asgvtepn evroln - Page

O yprong Aéel ™ AéEn Page kai to cvotua, pécw tov Speech Recognition, evromilel v AéEn ko
otélvel v avrtiotoyn oto Input Control tov Sentence Compiler. To Input Control mpocBétet
Kovovplo, AEEN otnv ev duvauet pdtacn Kot T otédvel Eava yio Syntax Evaluation. EAéyyetan gév n
gv duvapel mpdtoon <’SwingRight”, “Page”> vrdpyet oto Grammar XML xai avayvopiletol and o
obonua ®g olokAnpwuévn tpotoaor. O Sentence Compiler otédvel v olokAnpwpévn tpdtact 6tov
Action Sentence Manipulator. Exeil mapaioppdaver tnv mpotacn o Action Sentence Accumulator, o
omoiog eivor veevBVvoc va. PIATpdper TIg epapproyEG ol omoieg Ppickovral oto Application versus
Action Specific Mapping Scheme ¢tot wote o Application-Action Binder va evnuepwbei yio to moteg
EQUPUOYEG OTO CUOTNUA HOG UTOPOVV VO EKTEAEGOVV TNV OAOKANpwHEVT TtpdTaoct. H Alota tov
KOVAV popuoydv omv mepimtoon pog eivar: {Microsoft PowerPoint, Microsoft Word}. O
Application-Action Binder, £yovtog tn Alota pe TG IKOVES EQAPUOYEC KOL TN MOTO UE TIC EPAPLOYES
OV TPEYOVY GTOV VTOAOYIGTH pag — 1 omoia eival: {Puzzle Image, Microsoft PowerPoint, Microsoft
Visual Studio 2010, ....}, otéhvel g amotéheoua otov Context Information Manager tn Aioto pe T1g
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EVEPYEG EQUPUOYEG O1 OTTOTES ElvaL IKAVES VO AVTOTOKPIOOHY 0TV TPOTACT UG, TNV TEPITTOOT oG 1
Mota avth €xel povayo éva avtikeipevo: {Microsoft PowerPoint}. Molg o Context Information
Manager ndpet tn Aota, {NTd amd T0 AEITOLVPYIKO GUGTNUO TNV EPAPUOYN 1 0ol Elval E0TIOOUEVN
(focused) exeivn T otiypn kot m amdvinon wov Aaufdvel ivar 1 epappoyn Puzzle Image (6mwg
BAémovpe kot oty Ewodva 31). H gpappoyn avty|, opme, dev vrdapyet otn Aiota, 0mote 10 cOOTHUA
HOG EKTEAEL TNV TTPOTACT GE OAEG TIG EPUPLOYES Ol 0Toieg Ppiokovial otn AloTta. TV TEPINTTOON HOg
oto PowerPoint. Kt éto1 mnyaivovpe oty 8£01epn S1QAVELD TG TOPOVGIOGNC.

Slide 2

sagovaal ans 2 |

TR e N ET W rpe e

dovnTikn evtoin: Page

Speech Gesture Executt.a on Execute on
all active focused
|_ Swing R
ki {SwingR s Sentence \N:hlcl:l Which of Is any of
—>1 Applications them are them
Control Complete? . .
can use it? active? focused?

No

Ewéva 31 - Evromopdg evrorig Page

6.6 Xevdapro 2 — Xovraln tpoTaons TPLOV AEEEMV.

O1 ewcdveg (Ewova 32,Ewcdva 33,Ewcova 34) deiyvouv 1o d£0TEPO GEVAPLO XPNGNG TOL GLOTHUATOS
pov. Ta flowcharts meprypdeovv Tig diepyaciec T0V GLGTAUATOG HOL PEXPL KOL TNV OAOKANP®OTN TNG
TPOTOONG. ZTO YPaPIKO TEPPdArov pog PAETovE OTL £YOVHE AVOIKTH o, UOVO EQOPLOYT LE OVOLLOL
“Puzzle Image”. Emiong vrdpyet kt €dod to Command View Window to omoio pag deiyvel mota
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EVIOAN aviyvevel To chotnua kébe eopd. H aviyvevon tov evioddv umopel va yivel Kot TopaAAnAa,
amhd yio AGyous Katavonong datum®@OnKay e TET010 TPOTO MGTE va glval ELEOVELS OTIG EIKOVEG.

6.6.1 Ipoty gvroi) — Move

O ypfiotng Aéer T AéEn Move kat to cdotnpa, pécm tov Speech Recognition, evtomilel v AéEn kau
otéhvel v avtictoym oto Input Control tov Sentence Compiler. Agv éxet AneBei G AéEN ki étot
TO GUOTNUA TPOY®PE ,LUE TNV HOVOAEKTIKN €V SUVAUEL TPOTACT] OV £XEL KATAYPAYEL, 6TO Sentence
Syntax Evaluation. Xg avt ) @don ehéyyetat v 1 TpOTOOT TOL £XOVUE VIAPYEL, E0T® M KOUUATL
pog wpotaong, oto Grammar XML pag. H ev duvapel mpotaon pog vadpyel oto XML, odrd dev
CUUTANPOVEL KAmolo oAokANpouUéEVN TpoTach. 'Etol kpatdvtag amobnikevpuévn v &v ouvauel
npdToot pog emotpépovpe oto Input Control meppévovtag kavovpla £i6odo.

% Puzzle Image D Command Vicwes o @] = P ==
’

Command Recognised:
(Vocal) Move

dovntikn evtoin: Move

co —l Input  |{Move}| IsSentence | ' Comp.osed
> Action
Control Complete? Sent
Speech entence
Move No

Ewéva 32 - Evromopdg evroing Move
6.6.2 Asgvtepn evrol — This

O ypriomc Aéer ) AéEn This kot to cvotnue, pécw tov Speech Recognition, evtomilel v A&En Kot
otélvel v avtiotoyyn oto Input Control tov Sentence Compiler, v mapdAinia amobnkedel v
0éom tov yeplov tov ypnotn (PA. 6.3.2). To Input Control mpocbétel ) kawvovplo AEEN oty &v
duvauetl mpotaon kot tn otédvel Eava yio Syntax Evaluation. EAéyyetar €év n ev duvauel npdtaon
<”Move”, “This”> vrdpyer oto Grammar XML. H ev duvapetl mpdtaoct| pog veapyet oto XML, oAl
OgV CUUTANPOVEL KATOL0, OAOKANp®UEVT] TPOTACT, OTOTE OMOONKEVETAL KOl EMOTPEPOLIE GTo Input
Control mepipuévovtag yio Kavovpla, €i6odo.
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B pirie Image B Cornend Ve ISIENES3 [y

| Command Recognised: |
(Vocal Command)This

EvtoAn moAd-tpomiknig €166d0ov : This

Push +
Gesture - Composed
Location | Input {Move, | 15 Sentence Yes_ Acrion
?
Speech | Control Push} (el Sentence

No

Ewoéva 33 - Evromopdg evroiig This
6.6.3 Tpitn evroi — There

O ypfotng Aéel ) AéEn This kot to cvotua, péom tov Speech Recognition, evroniler v AEEn kot
otélvel v avtiotoryn oto Input Control tov Sentence Compiler, v mapdiinia amobnkedel v
0éom tov yeplov tov ypnotn (BA. 6.3.2). To Input Control mpocOétel ™ Kowvolvplo ALEN oty &v
dvuvauetl mpotaon kat tn otédvel Eava yio Syntax Evaluation. EAéyyetar €év n ev duvauel mpdtaon
<”’Move”, “This”, “There”>vndpyst oto Grammar XML kot avoyvopiletolr amd 10 6OGTNUO MG
ohoxkAnpopévn mpotacn. O Sentence Compiler otélver v olokAnpopévn mpodtacn otov Action
Sentence Manipulator. Exeil mopolaufaver tnv mpdtoon o Action Sentence Accumulator, o omoiog
givar vevhuvog va EITPAapEL TIG eQappoyEég ol omoieg Bpiokovton oto Application versus Action
Specific Mapping Scheme ¢to1 @wote o Application-Action Binder vo evnuepmbBei yio to moleg
EQUPLOYEC OTO CUGTNUA UG UTOPOVV VO, EKTEAEGOVV TNV OAOKANp@UévT Ttpdtacn. H Aota tov
KOVOV gpoppoydv oty mepintoorn pag eivor {Puzzle Image}. O Application-Action Binder,
£€yovtog TN AloTo LLE TIG IKOVEG EQUPLOYEC KOl TN AMOTA LE TIG EPOUPHOYES TTOV TPEYOVY GTOV LITOAOYICTH
pog — 1 omoia givan: {Puzzle Image}, otéhver og anotéieopa otov Context Information Manager
Alota pEe TIG evepYEG EQOPHOYEG Ol OTOIES €IVOL IKOVEG VO OVTOTOKPLOOLY GTNV TTPOTOCH HOG. ZTNV
nepimtoon pag n AMota avty £xst povayo éva avtikeipevo: {Puzzle Image}. Moig o Context
Information Manager mdpet tn Aiota, (Nt 0md TO AEITOVPYIKO GVGTNUO TV EPAPLOYN 1 omola givot
gotiacpévn (focused) exeivn T otrypn kou 1 odvinon mov Aaufdvet givor: n epapuoyn Puzzle Image
(6mwg Prémovpe ko oty Ewdva 34). H epappoyn avti givor eoTioopévn Kt €T01 TO KOUUATL TNG
gwKova petokwveitar otny B€om v omoia dudkeée o ypNoTNG.
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o2 Puzzle Image

@' Command Viewer

==l

| Command Recognised:
(Vocal Command)There

EvtoAn mold-tpomikng e106dov : There

Speech

Push +
Location Input  [{MOVe, | |5 Sentence
?
| Control Push) Complete?
,[\ No

Yes

Composed
Action
Sentence

Ewéva 34 - Evromopog evrorng There
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7  Xoumepaocparo, Melhovrikn Epyacio kow Enektaoerg

e auTn TNV €pyacio TaPOVCIAGAUE IO TOAD-TPOTIKT QUGIKY SIETOPN XPNOTI, 1 OTTOio ¥PNCUYLOTOLEL
10 Microsoft Kinect wg moA0-tpomikn GueKeLT E1GOJ0V.

Ileprypdyape v te)voAoyiaL TNV OOl YPNCLOTOM|GALE Kot EIOOLUE TIG TPOCPUTES EPEVVES OTIG
omoieg ypnoomombnke. Eniong e&nynoape v €vvola g TOAD-TPOTIKNG E1GO00V KOl OVOPEPOE
TPOCPOTO TOPASELYLOTO EPEVVAV UUE SIAPOPOVS GUVOVUCUOVG EIGOSDV.

[apovoidoape v apyrrektoviky tov cuetipatog MIDAS 1o omoio ypnoionolei Tov Mo, v KoV
Kol 10 XapTn Pabovg mg dSPopeTIkEG €16000VC. H apyttektovikn Tov oYedUoTNKE UE TETO0 TPOTO
MOTE VO, UTOPOVUE UEALOVTIKA VO, YPTCLLOTOUNCOVUE Kl GAAEC €10000VG OTMG GUOKEVES HETPTONG
migong, évraong k.a. o v dwayeipion tov epappoydv dnuovpyndnke évag general container o
0m010G TPEYEL GTO MAPOUCKNVIO KAl AETOVPYEL G eVOLANESOG UETAED EQPOUPLOYDY KOl GUCKELMV TOAD-
TPOTIKNG ELGOJOV.

Agiape dVO AVTITPOCOTELTIKA GEVAPLO AELTOVPYING TOL GLGTILATOG UE SVO JLUPOPETIKES EPAPUOYES,
0l OTolEG OVTOTOKPIVOVTAY GE TOAD-TPOTIKEG EVIOAEG: Lid papuoyn TAlA, Kol U0 TepoLGiaoT) TOV
PowerPoint.

Ocov agopd v UeAlovTIKN epyooia, HEPIKE amd To OEHATO TOL TPOKVTTOVV Eival 1 YPNOT 7O
TOAOTAOK®V ahyopiBumv avayvopiong, 1 xpNon TePocOTEPOV €1600mV ONMG TEGN, OvVAYVAOPLON
TPOCHTOV KAT. Kol 1) SIEHPLVOT) TOL PAGLATOS TV EPAPLOYDV Ol OTOlEG UTOPOVV VO avTAToKpliovy
6€ TOAD-TPOTIKEC E1GOO0VC.
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Hopdptnpa

1 Eykoatdotaocn tov APIS
1.1  Oodnyoc eykarastaocng Tov OpenNI/NITE
e Bniual
Kévovpe ameykotdotacn Olwv tov mpoypappdtov odnynong (Drivers) tov Kinect/
Xtion. Avtd to Pruo ypewdletor edv nom vmdpyovv Drivers tov cvokevdv ctov
VTOAOYIOTH] HOG Ol omoiot &lvar mOAD mBovd vo TPOKOAEGOLV EMTAOKEG OTNV
gyxotactacn tov OpenNl
e Bhpo2
KateBalovpe kot eykabiotovpe tovg Drivers tmg cuokeung pog.

https://github.com/avin2/SensorKinect

O1 Drivers yia ké0e hoyiopukoé Bpickovtar oto gdxero Bin tov SensorKinect apygiov mov
Ba KatePdoete.

e Bnua3
Katepalovpe kar eykabiotodpie Tic vedtepeg Stable 1 Unstable exdooelg tov:
OpenNI Binaries

OpenNI Compliant Middleware Binaries

Amd 1o mapakato link:

File Action View Help

http://75.98.78.94/Downloads/OpenNIModules.aspx om0l

4 3 IstLabMain_3-PC

., /8 Computer
d BJ.M a Disk drives
&, Display adapters
r H 4 4 -3 DVD/CD-ROM drives
Avotyoope 1o Device Manager ywo vo BefarwBodue 611 T0 e i
L 2 14 A 4 L Qg Floppy drive controllers
TOPOTAVE PApatd pog MTav emtoynuéva. Av 1 gyKatdotoon I ot s
Nrtov cwotr Bo dovpe kdtt mapdpoto pe v sikova de€id. (Ewova Ca g:;::’;‘”"“"""°”e“
)ll Mice and other pointing devices
X) il 9
& Monitors
L¥ Network adapters
L B['| no 5 F Ports (COM & LPT)
4:@ PrimeSense
[Inyaivovpe otv mapoxdre devbuvorn Omov vmdpyovv 1o | Ewéve 35 - H sykateotnpévy
sammeS tov OpenNI: oG 6veKeLT] oTov Device
Manager

C:\Program Files\OpenNI\Samples\Bin\Release

KOl GTHV TOPaKaTe 6mov vdpyovy ta samples tov NITE:

C:\Program Files\Prime Sense\NITE\Samples\Bin\Release
 Biue6

Eqv 1o mopamdve Aettovpyodv 10te eykatactioapue pe emtuyio to OpenNI/NITE.
Mropeite va Bpeite T1g fiprrodnies otig €€ng devbiveelc:

OpenNlI: C:\Program Files\OpenNI\Bin
NITE: C:\Program Files\Prime Sense\NITE\Bin
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1.2 0dnyég eykartaoctaong Tov Libfreenect

Aovievovtag pe 6Aa ta APl tov Kinect kot avtaAAdoovtag evivmdoelg Kot pe GAAA GO0 ToV
nepapatioTnKoy HE 0vTo, HEcm NG epevvnTikNG opddag Natural Interaction Research Team
(NIRTeam) tov TEI Kpntng [20], xatdrafa 6ti to Libfreenect eivar pev to o dHokoro yio
gykotaotaon API, aAld etvol TOAD EVEMKTO KOl GUVEPYAGIIO UE TOAAG S10POPETIKG, AOYIGUIKE Ko
yAdooeg. [apakdtom Topadétm Tov EAANVIKO 0dny0 eykatdotaons g Biiodnkng yio ta windows

€161 AGTE VA O1ELKOAVVE® TOVG aPYEPLOVE ¥PNOTES KO VO AITOTPEY® TNV TUYXMDV OTOYON|TEVGCT] TOVG TNV

omoia glya kaOh¢ TpocmaBodon AKapTa VO TO EYKUTACTHOM.

370 GLYKEKPLUEVO TTOpAdeLy o, ykatdotaocng Bo ypnoonomcovue Windows 7, Microsoft Visual
Studio 2010 kow to Cmake yia va kévovpe build t BipAtodnkn poc.

Bipo 1

Kévouvpe ameykatdotoon Ohov tov mapoypaupdtov odfynone (Drivers) tov Kinect/
Xtion. Avtdé 1o Pruo ypedleton v Mon vmadpyovv Drivers tov cvokevdv 6TOV
VTOAOYIGTH] MOG Ol omoiot givar 7OAD mBave Vo TPOKAAEGOLY  EMMAOKEG OTNV
gyxotactacn tov OpenNl

Bipa 2

[TAonynBeite oto project tov Open Kinect ov axolovbsi:
https://github.com/OpenKinect/libfreenect

Eméyovpe branch (Master 1 Unstable deite mapokdte yio ene€nynon) kot Kavovpe KAMK

oto kovuni Download. "Exnctto anocvpumiélovpe o€ pia Porikr Ocn 6Tov vIoLloyloT pog.

Master xaz Unstable branch

Edv embopeite va alaEete To Libfreenect, va cuvta&ete wrappers, 1 8éiete va
dokipdoete o npdoeateg duvatdtTeg, T0TE givon TOavo vo BéLeTe To unstable branch.
To Unstable éye1 tig mo mpdopateg alhayég mov dgv Exovv edeyybel axoun. H dAln
gmloyn eivor to Master branch to onoio mepiéyet eheypéveg pebddovg Kot duvatdTnTeg, ot
omoieg eivar otabepég Kot dev VITAPYEL KIvOUVOG dNUIOVPYING TPOPANUATOV GTOV KOOIKA
oG,

Biua 3
AoV katefacape 10 apyeio Tov TNyeiov kKd®OKa, o TPOYWPNGOVUE GTNV EYKAUTACTOCN
TV apyeio mov ypelalopaote yio vo kévovue build v Biprobnkn pag.

Libush-win32 — katefdote v ékdoon tng emhoyn oag, aALd TPOoGEETE Vol gival oo
1.2.5.0 xon wéve. Mropeite va tn Bpeite €00:
http://sourceforge.net/projects/libusb-win32/files/libusb-win32-releases/

Ba ypnoonotoovue to Libush apydtepa ue o Cmake.

pthreads-win32 — katepdote Kol anocLUMTESTE TNV O TPpOGPaTN £kdoct. Mmopeite va
t0 Ppeite edm: http://sourceware.org/pthreads-win32/
Metd v amocvunicon Ppeite 1o /lib gdxero uéoa 6to apycio Kol avirypayte T

kotaAAnia .dll. Eneidn eueic ypnowomolodue to Visual Studio 2010, Oa ypelaoctodue 10
phtreadVC2.dll to omoio Ba avtiypdyoupe oto edxeho /windows 1 /windows/system32
TOL CLGTHUATOC LLOGC.
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Glut — xotefdote k1 omoocvuméste TV mo Tpdo@atn £kdoor tov Glut amd to TapaKdTo
obvdeopo: http://user.xmission.com/~nate/glut.ntml (emAé&re to ***bin.zip, de
ypelesTte OAO TOV TNYAL0 KMOKO)

‘Enetta Bpeite to glut32.dll xar avtypdyte to oto /windows/system 1 koo dAlo
directory 1o onoio mepiéyetor oto PATH (PATH givon pua global petapint tov
OLOTNUATOG TOV TTEPLEXEL dlevBivoelg amo directories va ypnoipomolodvtot Ta.
TEPLEYOUEVA TOVG 0O TO cVoTNUA). MTopeite va Bpeite To System Path, akoiovBdvtog
Ta tpia Pripota g ewovag X.

) |;E » Control Panel » System and Security » System - | +y | | Search Control Panel o

Centrol Panel H . .. .
S View basic information about your computer

B Device Manager Windows edition

) Remote settings Windows 7 Professional

rEE' Systern protection Copyright € 2009 Microsoft Corporation. All rights reserved.

1 r\“;' Advanced system settings« Service Pack 1

Get more features with a new edition of Windows 7

System Properties PY l
]
P
Computer Name I Hardware | Advanced |Sy5tem Protection | Rernote| Environment Variables
You must be logged on as an Administrator to make most of these changes.
User variables for Makis

Performance

isual effects, processor scheduling, memory usage, and vittual memory Yariable Value
1

path C:\Program Files\Java\jdk1.7.0_02%bin

4 TEMP %USERPROFILE%:\AppData\LocalTemp
i TMP %LUSERPROFILE®: \AppDataLocal Temp

User Profiles

Diesktop settings related to your logon

New.. |[ Edt. ][ Deete
System variables

Startup and Recovery Variable Value -

L 1 System startup, system failure, and debugging information o5 Windows NT |
3 Path C:\Program Files\NVIDIA GPU Computin... =
PATHEXT .COM; EXE; BAT;.CMD; VES; .VBE; . JS;....
2 PROCESSOR_A... AMD&4 ol
“ » Environment Variables... [ New... ] [ Edit... ] [ Delete ]
b
[ ok [ cancel || epi (o J[ canel |

Ewoéva 36 - Evpeon tov System PATH

e Bnuo4
AoV TELEIDCOLE LIE TO TOPUTAV®D TPOYMPTCOVUE OTIV EYKATAGTOCT] TOV TPOYPALUATOS
odMynong tov Kinect. O mapaxdte tpdmog Asttovpyei oe Windows 7 oArd kar XP.

1) >vvdéote to Kinect otov vmohoyiot. Ta Windows Oa cog gidomomcovv Ott
Bpébnke o kavovplo. GuokeLn aAAG dgv vEApyovy Stabictua TPOYpPapUaT
odMynong (to LED g ovoxevng Ba mopaucivel kheiotd). Eav ta Windows
gupavicovv éva uivopa to omoio Ba {ntdel ddsn vo Yagel yio TpoypapuoTo
odMynong, amid mathote Axvpo / Cancel.

2) Avoitte v Awyeipion XZvokevov (Device Manager) amd tov mivaka gAEyyov
aKoAoVOdVTOG TV Tapakate Tpotevouevn dwadpoun: Start >> Control Panel
>> System and Security >> System >> Device Manager
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3)

4)

5)

e Bnpae$s

Mo cvokevn mov Ba Aéyeton “Xbox NUI Motor” 6o mpémel va Bpioketon exel
(mBavév oto “Adlec Tvokevég (Other devices)”) pe éva kitpvo Tpiyovo pe
Bovpootikd oto mveo pépog tov ekovidiov. Kdvte 6e&l KAk o610 gikovidio,
emdéére “Evnuépmon Ipoypappdtov Odnynong” (Update Driver Software) kot
Kévte KMK o010 “Avolntnon mpoypauUdT®V 00MYNoTNG GTOV LIOAOYIGTH HOL”
(Browse my computer for driver software)

Enéére “Avalnmon” (Browse) kot Ppeite 10 @akelo oTtov 0010 VIAPYEL TO
“Xbox_NUI_Motor.inf” (/platform/windows/inf péca oto Libfreenect o@dxeid
oag). EmiéEre “Enduevo” (Next), av ta Windows cog sidomomoovy 0Tt éva un-
TIGTOTOMNUEVO TPOYPALLa 0d1yNoNg Tpdkettal va eykotactadel, amid ddote TNV
doela va, eyKataoTtadei.

MoMc 1 eykatdotaon teAeudoel to ovotnuo Ba umopel vo avayvopicer
ovokevn ka1 to LED Oa apyicel va avafoofrivel pe npacwvo ypodpo. Topa Oa
VIapyoLvV 2 Topanave cvuokevég oto Device Manager: to “Xbox NUI Camera”
ko “Xbox NUI Audio”. Eravorafete To 3 kot to 4 kot yio avtd.

A@ob tedetwoovpe 0 Biiua 4, tpoywpape oto build g fiiodning poc.

1)

2)

3)

4)

5)

6)

Katepalovpe to Cmake (Cross-Platform Make) and tov mapakdt®m cOvoespo:
http://www.cmake.org/cmake/resources/software.html

(Ed® Ba yperactovpe kot £va C compiler, 6nmg mpoaviépepa. 6TV £YKOTACTOON
avtn ypnowonotovpe Visual Studio 2010)

Avoiyovue To Cmake kot emléyovue g nyn (source) to /libfreenect @dxelod
pog, kot €va edkelo otov omoio BéAovpe vo amobnKkeLTEl TO AMOTELEGLO TOV
build. TTpocé&re va eivon emieyuéva ta checkboxes “advanced” kot “grouped”,
émerta matnote “Configure”.

Emié&re to C compiler mov Oa ypnoponomcete. (v nepintwon pog Visual
Studio 10)

EniéEte povaya to EXAPLES (rapadeiypota) kot C_SYNC. Onwg deiyver n

gova X.
O eloptioelc o1 omoieg €youvv mpoPAnuo Oa yivouv kokkivec. Bdkte Tig
dtevBivoelg mov Agimovv pe Pdon ™V mopamdve €KOVE Kol ToTHote Eovd To
kovumni Configure.

a. Ou petapintés * LIBRARY mpéner va deiyvouv oe og .lib apyeia, oy

POKEAOVG.

b. Ot petapintég INCLUDE npénet va deiyvovv oe include gaxélovg.
Oroav 6la ta TpofAnpata (kKoxkiva onpeia) Egovv Avbei, T0Te TOTNOTE TO KOLUT
Generate ywo va dnuovpynoete g PPAodnKec yio ta TpoypauUaTd Gogc.
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| - CMake 2.8.3 - C:/libfreenect /vs =101 x|
Ble Tooks Oplions Hep
‘Where is the source code: |C:.l‘ib§rseznett Browse Source..,
‘Where bo buld the binaries: |C:|l'ltﬁeen.ect,l’\.'s- ;l Browse Build. .. I
Search: W Grouped ¥ advanced o addEntry | 0 Revove Enty |
BHUngrouged Entries 1
B BUILD
BUILD_A53_SERVER [
BUILD_CPP E
BUILD_CY
BUILD C_SYHC
BUILD_EXAMPLES E
BUILD_FAKENECT
BUILD_PYTHON (]
- CMAKE
b Gt
GLUT_INCLUCE _DIR: C:fProgram FilesfMicrosoft Visual Studio 10.0/VC/inchude
GLUT_ghst_LTERARY C:fProgram FilesiMicrosoft Wisual Studio 10,0/ ib/ghat32. ib
B LIBUSE
LIBUSE_1_INCLUDE _DIR Ciibassb-wingz-bin-1.2.2.0ibush-winz2-bin-1.2.2. Ofinchude
LIBUSE_1_LIBRARY Ca flibussb-wind2-bin-1.2.2. 0fbush-win32-bin-1. 2.2. 0fibfmsve ibush. it
B OPEMEL
=l THREADS
| THREADS_PTHREADS _INCLUCE_DIR: C:fpthreads-w32-2-8-0-release/Pre-buik. Zjinclude
THREADS_PTHREADS WING2_LIERARY C:fpthreads-w32-2-8-0-release Pre-buik. 2 ibjpthreadvc2 b
| Prass Configure to update and display new vahses in red, then press Generate bo generate selected build files.
Configure Gensrate | Current Generator: Yisual Studio 10 |
Operating yiten iz Windous =
Got System Processor x86
libfreenect will be installed to C:/Program Files/libfreenect
Headers will be installed vo C;/Program Files/libfressnecet/include/libiresnsce
Libraries will be installed to C:/Progras Files/libfresnect/lib
Found libuskb-1.0:
= Imcludes: C:/libush=windZ=-bin=1_Z 2. 0/libush=windZ=bin=1_Z_Z_ 0/include :I
= Fadlwmedmme T Ml dlrebhcrrdm T Faldma] F F ATl m T Focldma] T T AV fomrem ] Sl 140

Ewéva 37- Tehkn o6yn pvOpicewv Tov CMake

1.3 0Odonyog eykataostaong tov CL NUI

INao v eykatdotoaon tov CL NUI dev €xovpe mapd va mhonynbovue otnv ceAidn
http://codelaboratories.com/nui kot va katefdcovpe tov CL NUI Platform Installer.

0 CoseLontors> L - M i e T W
€« c codelaboratories.com WA

™) kinect 43 Control Class (Syste.. [ Download Detais - . [} UDN - Thvee - Web... § VouTube - Broadcas.. (] graphix (§) wwnwiecerutgersed... 9 kinect sdk EEE - Go

3 Tynpa Egappooysy.

Home © Producs © CL NUI Platierm

CL NUI Platform - Kinect Preview Overview

0 CLNUI Device Test

10 "hack” Microsofts new Kiect
for use on Windows 7.

NUI Audio, Camera
nd otor

View platform overview.

Gizmodo

Engadget
Sashdot

Download Now

X -_— Move Up Serial Number: 001634704438
Y: 9 -_—
z783 -— Move Down LED Green = 1

Ewova 38 - To site towv Code Laboratories.
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1.4 Odnyég eykataoctaong Tov MS Kinect SDK for Windows

I v gykatdotacn tov Microsoft Kinect SDK 6a ypelootel va mhonynfovue 6tov mopokdto
ovvdeopo: http://www.microsoft.com/en-us/kinectforwindows/develop/developer-downloads.aspx

1.5 O0odnyog eykatdaotaong tov MS Kinect SDK for Windows

I'a v eyxotdotacn tov Evoluce SDK dgv éxovpe mopd va mhonynBodpe otnv cerida
http://www.evoluce.com/_win-and-i/en/software/overview/index.php?we_objectiD=55 ka1 va
katefacovpe to SDK.
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2 Anpoocigvon Tov cvetipotos oto TEMU 2012 (Accepted)

Multimodal Natural User Interaction for
Multiple Applications: The Gesture — Voice
Example

N. Vidakis, M. Syntychakis, G. Triantafyllidis and D. Akoumianakis

Applied Informatics and Multimedia
Technological Educational Institute of Crete
Heraklion, Greece
e-mail: vidakis@epp.teicrete.gr

Abstract—In this paper we present a natural user interface
system. The device utilized for achieving natural interaction is
the MS-Kinect which provides RGB, depth & audio signal. Our
system is based on the theory of multimodal interaction and
provides the ability to the user to interact simultaneously with
different applications using vocal commands and gesture in
conjunction. The difference of our system from other similar
efforts is that it uses a multimodal interaction approach to
manipulate multi-applications by employing a generic container,
which runs at the background and serves as an intermediate
between multimodal input and active applications running on a
computer. We describe the architecture of the system based on
multimodal interaction and its representative example using two
PC applications.

Multi-

Keywords-component; ~ Multimodal  Interaction;

Application Interaction; MS-Kinect

3 Introduction

Since 1963 when Ivan Sutherland has used a pointing
device in Sketchpad [1] to directly manipulate visible objects
on the screen, human-computer interaction has been focused on
the keyboard and pointing devices such as mouse, pen etc.
Although this has been successful and served well for many
years, as computation becomes increasingly mobile, embedded,
and ubiquitous, these interaction modalities become more
constraining as an interaction model. Current research trends,
suggest that natural-based interaction is the wave of the future
[2], with considerable attention from both the research
community (see recent survey articles by Mitra & Acharya [3]
and by Weinland et al. [4]) and the industry (see MS-Kinect[5],
Asus Xtion PRO LIVE[6]). Evidence can also be found in a
wide range of potential application areas, such as medical
devices [7], video gaming [8], robotics [9], [10], ambient
intelligent environments [11], and physical rehabilitation [12]
etc.

In HCI, several researchers are addressing the design of
natural user interfaces allowing the machine to understand the
natural language of human beings [13]. People naturally

communicate  through  voice-speech, gestures, facial
expressions and movements and they express themselves using
one of those modes or a combination of them. In order to
establish a Natural Human-Computer Interaction, the system
has to take into consideration the above communication means
not separately, but as an integral set whose purpose is to
convey the interaction act. Natural interaction modalities, as
defined above, have a number of clear advantages compared to
the keyboard and mouse modalities. They use “equipment” (i.e.
hands, face, head, voice etc.) that humans have always
available, as they are part of the human body. In addition, they
can be designed to facilitate acts that are natural and intuitive to
users and thus minimize cognition overhead and let the user
concentrate on the task itself, as it should be, not on the
interaction modality [2].

Recently, new devices have been released that are capable
of capturing body movement and sound, to allow a more
natural interaction of users with computers in the context of a
Natural User Interface. Kinect and Xtion PRO are such
devices. Kinect is a new game controller technology introduced
by Microsoft in November 2010. Since its launch date, it was
evident that Microsoft’s device is transforming not only
computer gaming but also many other applications like robotics
and virtual reality, thanks to its ability to track movement and
voice, and even identify faces, without the need for any
additional devices [14].

In this paper, we present initial findings and work in
progress with regards to multi-application, multimodal
interaction using the Kinect device as a two modal source. For
supporting multi-applications, a generic container has been
designed which runs at the background and serves as an
intermediate between multimodal input and active applications
- processes running on a computer. To illustrate the concept we
present an example with two applications responding to
multimodal commands: a simple puzzle application and the
MS-PowerPoint.

The rest of the paper is structured as follows. The next
section reviews the state of the art in multimodal multi-
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application interaction. Then we present our system which uses
both voice and gesture as input to interact with the currently
active applications of a computer. Finally, we summarize to
some conclusions and quote on-going and future work.

4 Multimodal — multi-application
Interaction

The main advantage of multiple input modalities is
increased usability: the weaknesses of one modality are
countervailing by the strengths of another.

Current research on natural interaction, combined with
devices like Kinect, define multimodality as: (a) every distinct
human body section is considered as different modality and (b)
depth and RGB signal are considered as different modalities.
Limited or no consideration has been given to the multi-
application interaction in conjunction with multimodal input.
The next paragraphs present three different systems that use
Kinect as a multimodal input device in order to offer natural
interaction to their users. These systems are representing
different research disciplines such as medicine, virtual reality
and robotics.

Gallo’s et al. developed a controller-free exploration of
medical image data [7]. The project allows users to interact at a
distance through hand and arm gestures, giving them the
opportunity to explore medical images. With the use of
OpenNI as a Kinect communication library, and Open CV [15]
Computer Vision library for image processing, users have the
ability to navigate, click, rotate, translate, zoom, scale and
erase an image from the screen. The gestures were one to one
assigned to a command and could not be changed by the users.

Suma et al. developed a middleware called “The Flexible
Action and Articulated Skeleton Toolkit (FAAST)” [8] to
facilitate integration of full-body control using OpenNI-
compliant depth sensors (currently ASUS Xtion and Microsoft
Kinect). FAAST incorporates a VRPN server for streaming the
user’s skeleton joints over a network, which provides a
convenient interface for custom virtual reality applications and
games. Although it is flexible at assigning different commands
to the user’s movement, it can only use one type of input.

John Stowers et al. on their project use the Kinect device
built on a quad rotor, to control its altitude by using the
information received from both the depth and image sensors
[9]. Another similar approach is developed by Michael Van
den Bergh et al. They use the Kinect device to direct a robot
with human 3D hand gestures real time [10] by using Depth
and RGB sensor information.

5 The System

Our system, unlike other systems, is designed to facilitate
multimodal and multi-application natural interaction of users
with computers. The architecture satisfies multimodality by
supporting audio, depth and RGB input devices as different
modals while remaining open to future additions of other input
modalities such as tension, pressure, facial etc. devices. We
have developed a generic container which runs at the
background and serves as an intermediate between input from

different modalities and information, concerning application
status, from the operating system.

5.1 The System Architecture

The system architecture consists of three distinct
components that collaborate together (a) to receive data from
different input modalities, such as Audio, RGB and depth
devices, (b)to compile commands and (c) to determine and
select active applications that can accept and perform the
compiled commands. Peripheral to the system architecture are
the input device’s APIs which provide the multimodal input
and the operating system, which provides information for the
currently running applications. The components of our

architecture are the “Sentence Compiler”, the “Action
Sentences Manipulator” and the “Context Information
Manager”.

The “Sentence Compiler” component (see Figure 1.) of the
system is responsible for collecting commands from the
different input modalities and compiling action sentences. It
consists of two components, namely the “Qualifier Input
Control” and the Sentence Syntax Evaluation. The Qualifier
Input Control “listens” to the input modalities continuously.
When, for example, a gesture or vocal command is detected, an
action sentence composition process is initiated, named the
composition phase. The detected command is passed on to the
Sentence Syntax Evaluation component for syntax check.
Evaluation is done with the help of a Grammar database (in
XML), that contains structured sentences. If the command
doesn’t fulfill the syntax of a sentence in the database then the
sentence is considered uncompleted and the system returns to
the composition phase waiting for a new input qualifier. When
a complete sentence is composed and recognized by the system
it is then sent to the Action Sentence Manipulator.

The “Action Sentence Manipulator” component (see Figure
1. ) of the system consists of the “Action Sentence
Accumulator” and the “Application-Action Binder”. It is
responsible for matching action sentences and applications. In
other words, it determines which application/s can respond to
an action sentence. To do so, the “Action Sentence
Accumulator” component compares the sentence received from
the sentence compiler, with the information stored in an Action
Sentence-Application database, concerning the ability of
applications to respond to sentence actions. The outcome of
this comparison is passed on to the Application-Action Binder
component. The Application-Action Binder component, having
on one hand the information about which application/s are
capable of handling the action sentence and on the other hand
which application/s are up and running, informs the “Context
Information Manager” which in turn passes the action sentence
to the corresponding application/s.

The “Context Information Manager” component (see
Figure 1. ) of the system, is responsible for communicating
with the operating system and provide information about the
current running applications (i.e. active application/s, focused
no focused, iconized minimized, etc.). Each time an application
is activated it is registered into the Context Information
Manager. The Context Information Manager then sends the list
of active applications to the Action Sentence Manipulator
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(ASM). ASM asks the Mapping Scheme which application/s
can use the composed Action Sentence. ASM then semi-
disambiguates the abstraction of the Action by filtering the
results with the active applications’ information provided. It
then sends the Action and the possible applications to the
Context Information Manager who in consideration of which

application is the focused one, disambiguates the Abstract
Action and sends the command to the specified application. If
there is no application focused but there are active applications
that support the action, the command is performed in all of
them.
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Figure 1. The System Arcitecture

B. The Multi Application Example

Our example application uses Microsoft Kinect as a
multimodal input device that provides Audio, RGB and Depth
Image. We use Microsoft’s official SDK for Kinect to process
the incoming information to get the user’s skeleton joints as
our action points and the user’s voice as input sound. Action
points’ position is refreshed at the rate of 30 times per second,
which is Kinect’s frame rate for skeleton tracking.

We use skeleton tracking to get the users action points (in
this example the joints) and apply simple gesture recognition to
detect any gesture from our database.

Our gesture recognition in this example is limited to push,
swing left, right, up and down. We check the change of action
points position every 10 frames, comparing the results with the
XML gesture database which contains the gesture traits such as
Distance, Orientation and Action Point of Reference. Sound is
processed in real-time with the use of Microsoft Speech

Recognition SDK, which searches for a match within our
Vocal Command XML database. The database consists of
commands and corresponding speech qualifiers.

We have run two different use case scenarios of our system:
The first scenario sets the operating system to have a few
applications running. Some of them are minimized (as icons
e.g. skype, Mozilla etc.) and two of them are open which are
the ones actually respond to multimodal input. One of the open
applications has the focus, namely the Puzzle application,
where the PowerPoint application is just active. The second use
case scenario uses one application, the Puzzle which is active
and focused and a three-command sentence.

Figure 2, demonstrates the first running use case scenario of
how our system works. In the left upper image we show that
our system detects a gesture command (Swing Right) and
sends the Gesture Qualifier to the Sentence Compiler. The
Compiler checks the sentence syntax, recognize the qualifier in
its library (see Input Control step of flowchart in bottom left
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side of Figure 2) but needs more input to compose a complete
sentence (see the NO branch of the “Is Sentence Complete” of
the flowchart of Figure 2), so the qualifier input control waits
for another input. Then system detects a voice command
(Page), and sends a Speech Qualifier to the Sentence Compiler
(see Input Control step of flowchart in bottom right side of

Figure 2) Qualifier Input Control sends two words for syntax
evaluation to the Sentence Syntax Evaluation component
which compares the two commands with the data stored in the
Grammar database and finds a match (see the YES branch of
the “Is Sentence Complete” of the flowchart of Figure 2). The
composed sentence is sent to Action Sentence Manipulator.
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Figure 2. Two Applications Multimodal (Gesture - VVoice) Example

The Manipulator checks which application/s can use this
“Swing Right, Page” action sentence (see “Which Application
can use it” of the flowchart of Figure 2). In our use case
scenario, only PowerPoint can respond to such an action
sentence. Then, it filters the results with those applications that
are active, sending the list of applications to Context
Information Manager. Context Information Manager gets the
current focused application, in our case the Puzzle Image
application. If the focused application can use the action
sentence it disambiguates the sentence and sends the command
to be executed to the application. Puzzle Image application
though cannot respond to the specific command (Swing Right
& Page) and thus, the action sentence is send for execution to
every active application that can use it. In our use case
scenario, PowerPoint is the application capable of executing
such a command (Swing Right & Page). The action sentence is
executed by PowerPoint and changes slide as seen at the right
upper image of Figure 2.

The one application and three-command sentence scenario
is demonstrated in Figure 3. In the left upper image we show
that our system detects a vocal command (Move) and sends the
Gesture Qualifier to the Sentence Compiler. The Compiler
checks the sentence syntax, recognize the qualifier in its library
(see Input Control step with the MOVE output of flowchart in
bottom left side of Figure 3) but needs more input to compose a
complete sentence (see the NO branch of the “Is Sentence
Complete” of the flowchart of Figure 3), so the qualifier input
control waits for another input. After that the system detects a
gesture command (Push, which is translated into “This”), and
sends a Gesture Qualifier to the Sentence Compiler (see Input
Control step of flowchart in bottom middle side of Figure 3)
but once more needs more input to compose a complete
sentence (see the NO branch of the “Is Sentence Complete” of
the bottom middle flowchart of Figure 3), so the qualifier input
control waits for another input. Then the system detects a
second gesture command (Push which is translated into
“There”), and sends a Gesture Qualifier to the Sentence
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Compiler (see Input Control step of flowchart in bottom right
side of Figure 3)

Qualifier Input Control sends three words for syntax
evaluation to the Sentence Syntax Evaluation component
which compares the three commands with the data stored in the
Grammar database and finds a match (see the YES branch of

the “Is Sentence Complete” of the bottom right flowchart of
Figure 3). The composed sentence is sent to the ASM. The
ASM in his turn, checks which application/s can use this
“Move-This-There” action sentence. It, then, filters the results
with those applications that are active, sending the list of
applications to Context Information Manager. The Context
Information Manager receives the list and as a result the
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Figure 3.  One Application Multimodal (Voice - Gesture - Gesture) Example

current focused application —in our case the Puzzle Image
application which can respond to such an action sentence. If the
focused application can wuse the action sentence it
disambiguates the sentence and sends the command to be
executed to the application. Since Puzzle Image application can
respond to the specific command (Move-This-There), the
action sentence is executed and moves the upper right piece of
the puzzle to a different position, further to the right. (see right
image of Figure 3)

6 CONCLUSION & Future Work

This paper has described an approach for multimodal —
multi-application natural interaction of users with computers
using the Kinect device as a two modal source.

We have described our system, and its architecture which
satisfies multimodality by supporting audio, depth and RGB
input devices as different modals. Its architecture is designed in
such a way that remains open to future additions of other input
modalities such as tension, pressure, facial etc. devices.

For the multi-applications perspective of our system, a
generic container has been developed which runs at the
background and serves as an intermediate between multimodal
input devices and information from the operating system
concerning running applications status.

To illustrate the concept we presented two examples with
two different applications responding to multimodal
commands: a simple puzzle application and a PowerPoint file.
To test the idea we have designed and run two use case
scenarios: one with two applications and another with a three-
command sentence.

However, on-going work exploits matters concerning (a)
grammar databases to enrich the ability of the system to
respond to complex sentences, (b) other input modalities such
as pressure and facial recognition and (c) further application
types that will respond to multimodal input.
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