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fDã⇥Ê¸∂hÌ‹√»hn¯íÑj\(hWf�jgã�±MWÅã�ÈK

åãjinShkÕ‹WfL’YãàF-�UåfDã⇥

3.1.2 lDPã�ãÌ‹√»“≥‚≥‚”�

*✏⇢>qùn4(â[2]o�⁄√»Ì‹√»“≥‚≥‚”íãzW_⇥SnÌ

‹√»o��≈_˝í�a�∫iX%˝õh˛∫¢¬˝õíÍ’Ñkf“zUg

Mã⇥Ê¸∂nÕMKQk˛WfÌ‹√»kz�Yã≈“h)(⇧nT—ø¸Û

hL¢#ÿQâåf⇠∂Uå�Ê¸∂k˛Yã}MÃDízÅãnk�èåã⇥

}�≈í�Hã)(⇧kÌ‹√»o–OàFkjä�⁄√»Ì‹√»Lyön∫

ih™∆kjã·´À∫‡í-�WfDã⇥

�≥‚≥‚o�Ê¸∂n•—�)(⇧kàã´gÑÈMn•Ê:¿�)(⇧nÛ

ûY�Tn !h∫in%�œÛ…∏ßπ¡„¸íçXWdd�’\hÛg

‹TYã⇥

3.1.3 ¨ã⁄√»Ì‹√»AIBO

1999t�SONY[3]o�∂≠(⁄√»Ì‹√»AIBOERS-110íãzW_⇥ERS-

110gof“_˝L�eUå�Ê¸∂Kân§ÛøÈØ∑ÁÛ(jgãji)í⇢X
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f�AIBOo∫n•Wπ�BãDohän∞Ékàä]å^åpjãÌ‹√»k 

�WfDO⇥

�SnAIBO-ERS110köDf�ERS-210�ERS-7ji2�íöQ�2021t˛(g

o�SONYo��AIBO�n∞ãåô_�aibo�ízÚW�WjÑKj’Míh˛

Yãji9oW�†Hf�ÛçXkàãÊ¸∂h⁄√»Ì‹√»nÛ§Ûø

ÈØ∑ÁÛ�JYèäÑ✏[ �~_;Hn´·Èkàã;œçXí�(W_

™¸ ¸nX%�ú≥in⌧ÂLÔ˝kjcfDã⇥

3.1.4 Íã˚’ãLOVOT�

LOVOT[4]ny¥hWf�ËKhSnÿPíc∫kä·WfËKn-ni�∫

nT�nYãπ⌘~gc∫kflÂYãShLÔ˝gBã⇥

�LOVOTn≥o�6dn«£π◊Ï§À g�10⌅⇢äÂ⌦nD��è[kà

ä�ñ⁄n’MÑ≥TnãM�<n˙åjinh˛íÔ˝hWfDã⇥†Hf�

/í∑ÂflÏ¸∑ÁÛW_ÏÍn«∏øÎ∑Ûªµ§∂L- UåfJä�’

ÑkÛí�⇣YãShLgM�LOVOTn∂Kk�è[fzU[ãõkŒfip

jãí˙YShngMãÙMíh˛WfDã⇥

3.1.5 Nene: an interactive pet device

PaFanâ[5]o�±ÑÊöjin⁄√»ny¥íÍ¢Îø§‡gç˛Yã§Ûø

ÈØ∆£÷j+ãn«–§π�ñö˚Ûˇ_˝n‚–§Î¢◊Íjin�#n«

–§π�mm�íãzW_⇥Snvgo�dÏhπ»Ïπntbk&πíSf

f�ÕÕL∫ìk�Hã√⌃Ñqˇíø˚Yã⇥U°o�Ê¸∂¸k√í=a@

K[ÍÈ√ØπU[ãπúíÇ_âW�π»ÏπÑdÏ�í˝�YãÔ˝'LB

ã_Å�ØöÑjPúí:WfDã⇥
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3.2 –¸¡„Î⁄√»

«–§πÖg;’Yã–¸¡„Î⁄√»Ç�ÿk�ÍãWfL’Yã⁄√»

í�qíYãShgóâåãRW[6]Ñ�ÊåãShgóâåãRWπúí–õY

ãvLjUåfã⇥[8]~_�⁄√»hWfn_˝k†H�)⌫≈1ÑÓö~W

_˝jiíÿ^U[)ø'íÿÅãvLLèåfDã⇥[7]

¸D;hn¯íÑjL’hWfo�πfi¸»’©ÛÑ≥Û»Ì¸Èí�(

W_�Ñä�«–§πn‹øÛí�(W_ œÖgn˚’}‰jiLÔ˝gB

ã⇥[6][8]

WKWjLâ�–¸¡„Î⁄√»oÔ+n œ⌦gL’W�≥Û»Ì¸ÈÕ

\YãShKâÂ↵nàFj6PLX(Yã⇥

• –¸¡„Î⁄√»n�ÑäInÕ\o≥Û»Ì¸Èn‹øÛÑπfi¸»’©

ÛgLèåã_Å�üõn�ÑäYãBnL’hopjä_∞ÑgBã⇥

• –¸¡„Î⁄√»o«–§πn��üzì ⌦gL’YãShLgMj

D⇥

3.2.1 _~Tca�

1996t*✏⇢>–Û¿§n*ïâ[6]kàcfãzUå_unbíW_:/ã

«–§πn-k{4Yã–¸¡„Î⁄√»�_~Tca�⇥}“≤v;bn↵Ë

k3dn‹øÛíôHã⇥‹øÛoÊKâ≥fiÛ…nxû˚zö˚≠„ÛªÎk

räSfâåfDã⇥

_˝hWf;k��Ñä�»§ÏÉd�≈⌫nªB�;bÖgn˚⌫íàYji

LÔ˝gBã⇥Såâíö�ÑkLFShg�_~Tca�nSõ∂KLoOj

ä�⌃k��Ñ�Édí ãh∂KL™Ojä�™n4�ko{lShÇBã⇥

�qíWjLâBìLLfp�JÑXca�In≠„ÈØø¸k⇣wYã⇥≠„

ÈØø¸oSÕÑ_ÃkÊÛUåãàF-öUåfDã⇥~_�;bí⌥äˇH

ãShg_~TcaoËKí˚’YãShLgMã⇥
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3.2.2 –¸¡„Î⁄√»�Juno��

2021t*✏⇢>Ê‘∆Î[7]kàcfãzUå_±ã«–§πn-k{4Yã

–¸¡„Î+ã⁄√»�Juno�⇥

¸D;Ê¸∂Lπfi¸»’©Ûí�(W_�ÑäÑÛçXí�(W_�Joà

F�In�IKQíLFShg�–M¶ÏŸÎL�öìîg⌦Lã⇥πfi¸»

’©Ûh#:WfDãShg`îKân�ÑäLÔ˝⇥ÏŸÎL⇣wYãh–¸

¡„Î⁄√»�Juno�íÀWf�)⌫≈1n–:Ñ�ø§fi¸_˝�Óö~W_

˝�IoT∂˚nÕ\jin_˝LqHãàFkjã⇥

3.2.3 LITTLE FRIENDS –DOGS CATS-�

§fi∏À¢*✏⇢>[8]kàcfãzUå_Nintendo Switch™Ω’»�LITTLE

FRIENDS –DOGS CATS-�⇥

Swichÿ^nJoy-ConhDF≥Û»Ì¸Èí�(W�ÓÛÑj⁄√»kÊã�´g

ã�,í�c5ã��íBRãIn¯íÑjL’LÔ˝gBã⇥SåânÕ\W

_Bk≥Û»Ì¸Èk/’L�èäÊ�’£¸…–√Øíü˛WfDã⇥~_�

@[ˇH_˝�SNSï?_˝jií WfDã⇥

3.3 AR⁄√»

�åk�üzìÖgL’YãAR⁄√»gBã⇥AR⁄√»oüzì⌦k œí

 W˙WL’Yã⁄√»gBã⇥—tgo�Weiâ[9]o�üzìn∞Ék˛Wf

ÍãÑkL’YãAR⁄√»í–HWfDã⇥~_�Nahalâ[10]o∞ÉÖn÷nü

(n∫⇧k¢Wf�üzìn∫hn]Åí⌧ÂW�AR…√ØL✓åãjiAR¨

íããShLgMã~_oããShLgMjD÷n∫⇧hn>⇢Ñj¯í\(L

 �YãShí:WfDã⇥~_�Wuâ[11]o�⁄√»k ”≤¸∑ÁÛ_˝j

iø)j_˝í�_[ã≥πKâvíLjcfDã⇥

WKWjLâ�AR⁄√»o�¸D;n}‰kìcfL’Yã⁄√»hDF≥

πKâvoUåfDjD⇥
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Â⌦nShKâ�,vgo�˛üzìkJDf�AR⁄√»nL’í¸D;

n}‰kàcf6°gMãS◆í–õYã⇥

3.3.1 Scene-Aware Behavior Synthesis for Virtual Pets in Mixed Real-

ity��

Weiâ[9]o�HoloLens2í�(W�üzìkJQã∑¸Û⌃„íLD�ÓÛ

⁄√»L⌥�˛ügÏÀWfÍ6kL’gMãàFkYãAR⁄√»nL’í∞

Ék˛WfD�ºÄ∞WD¢◊Ì¸¡í–HW_⇥≠„◊¡„Uå_∑¸ÛíM

–hWf�W⇧n¢◊Ì¸¡o�#n⁄√»nflyã�›ãjinL’í�⇣W

_⇥!k�fly_åk⌘ÄjiBìLNk4F⌅’\íüõn∑¸ÛÖn4@k

räSf_⇥

3.3.2 Walking Your Virtual Dog: Analysis of Awareness and Proxemics

with Simulated Support Animals in Augmented Reality�

Nahalâ[10]oAR…√ØL∞ÉÖn÷nü(n∫⇧k¢Wf�zìä·k¢Y

ã˚’í/ÙW_⇥W⇧o�AR…√∞í�(W�AR…√Øh]åíããShn

gMjDüzìn∫hn]Åí⌧ÂW�AR…√ØL✓åãji�¬†⇧n˚’L

’�JàsAR¨íããShLgMã~_oããShLgMjD÷n∫⇧hn>⇢

Ñj¯í\(L �YãShí:W_⇥

3.3.3 Real-world AR Pet: An Emotional Supporter and Home Guide�

Wuâ[11]o�dÏ�Ñ¢Îƒœ§fi¸nOLí„zYã_Åk�ykÿb⇧

k�LWf ”≤¸»Yã_ÅnRealworldAR⁄√»∑π∆‡í–HWfDã⇥

Snvo�πfi¸»’©Ûí⇢Wf�Ê¸∂oAR⁄√»íñöÑk⌃„W�∂

n-íÊ¸∂k�LWf ”≤¸»YãS◆í–õWfDã⇥



3.4¢§»È√Ø 12

3.4 ¢§»È√Ø

—t�Ê¸∂nñ⁄í⌧˙Yã¢§»È√≠Û∞ÄSí�(W_«–§πL

ãzUåfDã⇥ñ⁄˝·«–§πo�-Ë˙öã«–§π[12]�`î¢§»

È√≠Û∞«–§π[13][14][15]�¶ß¢È÷Îã«–§π[16]�]Wfq�ã«

–§π�HoloLens k⌃^Uåã⇥

Såân«–§πo�fi¶πÑ≠¸‹¸…hDc_ÿ⇧jeõ_hn„ˇh

jäFã“Â¸fiÛ§Ûø¸’ß§πgBä�áWeõjiK≥L�Í1júL

D⇧n≥flÂÀ±¸∑ÁÛ≈nÑÊ¸∂nñ⁄í„êYã«¸ø⌃êjik;(

UåfDã⇥ÓÛ œh:«–§πíïqYã«–§πHololensk¢§»È√Ø

ªÛµL- Uå_q�ã«–§πLãzUå_Shg�ÓÛzì⌦kJQãñ

⁄Ÿ¸πgLèåã§ÛøÈØ∑ÁÛnvLLèåfDã⇥

wSÑko�ARzìÖkJDfÊ¸∂nñ⁄kàcf˚✏n≈1í÷óYã

v[17]Ñ�ñ⁄k˙eOÓÛzìÖgn≥,π’nv⇥[18]ARzìÖgnñ

⁄í�(W_˛a™÷∏ßØ»íxûYãÍ6j§ÛøÈØ∑ÁÛnv[19]j

iLjUåfDã⇥~_�ñ⁄≈1k†Hf�3‚íD��è[ãShgVRzì

gn∆≠π»eõíµ›¸»Yãv[20]ÇLèåfDã⇥

ñ⁄í�(W_6°n≥πKâo�ñ⁄˝·ÄSí�(W�Ì‹√»íñ⁄

g6°YãvjiLLèåfDã⇥wSÑko�˚’ DY˚’íñ⁄Ÿ¸π

g6°Yã⇥[21]jiLBRâåã⇥

¢§»È√≠Û∞n˙�Ñjvgo�VRzìkJDfÊ¸∂nœÛ…Õ\

BiSíãfDãKí⇠2W„êYã[22]⇥jin«¸ø„ên≥πKâv⇥

~_^≈@ã¢§»È√≠Û∞»È√Ø«–§πkdDfnv⇥[13][14]¢§»

È√≠Û∞ÄSnæ¶í⌘⌦Yã⇥[23][24]jinvLjUåfDã⇥

,vgo�ÓÛzìnAR¢–øíñ⁄í�(W6°YãhDF≥πKâ

vYã⇥¸D;Kânñπí-√hW_AR⁄√»hn¯í\(íü˛Yã⇥wS

Ñko�ËñYãShgwäYã’£¸…–√Ø�Ê¸∂nãfDãüzì⌦n

4@n�T�AR⁄√»hn¢§≥flÂÀ±¸∑ÁÛ�Ê¸∂ñπKânñ⁄˚’

kàã�ÑänS◆LÔ˝hjã⇥
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3.4.1 -Ë˙öã«–§π EyeLink1000 Plus

EyeLink1000 Plus [12]o�nHnMãgKd-Ëí˙öYãbgñ⁄˝·íL

F¢§»È√Ø«–§πgBã⇥-ËL˙öUåfDãngñ⁄«¸øLc∫k

$≠gMã⇥ñ⁄«¸øíæ∆k⌃êYã;BÑ√⌃fn⌃Œg�(UåfD

ã⇥

3.4.2 `îñ⁄˝·«–§π Tobii pro’Â¸∏ÁÛ

Tobii Pro’Â¸∏ÁÛ[15]o�nHnMãn¢§»È√Ø«–§πgBã⇥«

–§πKâ`îgÊ¸∂nñ⁄í˝·YãShLÔ˝g�≈@Yã≈Å'LjD

_Å�ü◆¬†⇧n˝�Ñ∑ Í™k�è[f«¸øLŒ∆gMã⇥

3.4.3 ·¨Õã«–§π Tobii pro∞Èπ

Tobii Pro∞Èπ[16]o�·¨Õãn¢§»È√Ø«–§πgBã⇥Snø§◊

o�≈@ãjngŒ�gnÊ¸∂Kânñπ«¸øn⇠2�„êYãShÑ�π

fi¸»’©ÛnÕ\ÑK’ji-Ëí;Ak’KY≈ÅnBã⌃Œg;(Uåf

Dã⇥

3.4.4 StARe: Gaze-Assisted Face-to-Face Communication in Augmented

Reality

Radiahâ[17]o�·5˛ü�AR gµ›¸»UåfDã⇢q-nñ⁄˝·n�

(kdDfø˚W_⇥Sn∑ Í™go�Ê¸∂¸oüõn⇢qn™TíYãS

hjO�⇢qíµ›¸»Yã≈1í÷ógMã⇥Ê¸∂¸Lñ⁄í�(W�ê⇧

k≈1í�âKkgMãShí–HW_⇥≈1oÊ¸∂¸n-nhäkh:U

å�ñ⁄L]n⇠flk�:ÑkS_ãhåhkãHãàFkjã⇥Ê¸∂¸oá

�≈1hñ⁄nÃπ⌘'g⇢qí7�YãShkM⌘MgBc_Shí:WfD

ã⇥
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3.4.5 Anyorbit: orbital navigation in virtual environments with eye-

tracking

Benjaminâ[18]o�^8k )jÃS ”≤¸∑ÁÛÄSgBãAnyOrbití9

ÀWfDã⇥Såo�ñ⁄˝·í�(WfÃSn’Mn-√í6°Yã�ÓÛ∞

ÉgnÙ�ÑgœÛ∫’Í¸n≥,π’í–õYã⇥3D)á«¸øn≥,Ñ≥&

π›¸ƒji�ÓÛ/·5˛ünÿ√…fi¶Û»«£π◊Ï§Jàs«πØ»√◊

ª√»¢√◊gnDOdKü<UåfDã⇥

3.4.6 Combining Brain-Computer Interface and Eye Tracking for High-

Speed Text Entry in Virtual Reality

ñ⁄kàã∆≠π»eõ∑π∆‡go�ñ⁄˝·h÷Ï§Û≥Û‘Â¸ø¸

§Ûø¸’ß§π�BCI L�,Ñk�(Uåã⇥Xinyaoâ[20]o�ö8∂Kñö

òz˚M�SSVEP hñ⁄˝·íD��è[ãShkàä�VRk∆≠π»íeõ

Yã_Ånœ§÷Í√…BCI∑π∆‡í9ÀW_⇥

3.4.7 EyeHead: Synergetic Eye and Head Movement for Gaze Pointing

and Selection�

Ludwigâ[19]oÓh-n¯WÑj’Mí;(W�ñ⁄h›§Ûø¸n’ÑjP

��z-k\bYã€–¸§ÛøÈØ∑ÁÛ�xûnhÚnñöÑ¢"�Jàs

ø¸≤√»nÕ©Ñj∫çíÔ˝kYã3dn∞WDK’í–HW_⇥

3.4.8 Gaze behaviour on interacted objects during hand interaction in

virtual reality for eye tracking calibration�

Ludwigâ[22]o�ÓÛ˛ügKn™÷∏ßØ»n¯í\(-kËñ˙öíT⇣

Yã∫áhø§flÛ∞íø˚W_⇥15∫n¬†⇧í˛ak�ÓÛ™÷∏ßØ»h

n˛q-kñ⁄í⇠2W_U°íüΩW_⇥«¸øí⌃êWf�U~V~j™÷
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∏ßØ»ø§◊n¯í\(nU~V~j’ß¸∫gn›ñn∫ákqˇí�Hã

Å‡íãdQ_⇥

3.4.9 Exploring Eye-Gaze Wheelchair Control�

ñ⁄o� ⇧PÑÌ‹√»nÕ&k�(UåãÔ˝'LBä�]åkàc

f�üzìí˚’Yã4@íxûYãµ›¸»W_⇥Sn÷áo[21]�ñ⁄6

°§Ûø¸’ß¸πnü˛Ô˝'íø˚W�VRü◆go�3dn6°§Ûø¸

’ß¸πL18∫ne8⇧kàcf∆π»Uå��1 ñ⁄kàã2Ôπ⌘‹øÛ

xû��2 …È§–¸nMn0bnôöÑjËñπ~gn˚’��3 0bkM

nUå_ø¸≤√»xn ”≤¸∑ÁÛ⇥Púo� ”≤¸∑ÁÛπ✏L*å_

—’©¸fiÛπí:W�Ê¸∂¸kÇ�Ç}~å_⇥

3.4.10 Eye Gaze Controlled Robotic Arm for Persons with Severe

Speech and Motor Impairment�

Sharmaâ[13]o�Õ¶nzqJàsK’ú≥nBãÊ¸∂¸LÌ‹√»¢¸‡

íÕ\Yã_Ånñ⁄6°§Ûø¸’ß¸πn-�hãzíW�Õ¶nzqJà

sK’ú≥nBãÊ¸∂¸í˛ahW_Ê¸∂¸ví1JW_⇥

3.4.11 Environmental Control System for Locked-in Syndrome Patients

Using Eye Tracker�

Analynâ[14]n;jÓÑo�¢§»È√´¸kàcf6°Uåã/ÙÄSí

�(W��Ën˚⌫/˚P«–§πn6°kJDfLISkÊWÄ£⇧n�;í9Ñ

YãShgBã⇥≥Û»Ì¸È¸h�Ê¸∂¸Lñ⁄íeõhWf4dn≥Û»

Ì¸Èn™Ûh™’í⌥äˇHãShLgMãΩ’»¶ß¢í-�W�∞É6°

∑π∆‡íãzW_⇥
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3.4.12 Long range eye tracking: bringing eye tracking into the living

room�

Craigâ[23]o�¢§»È√´¸Lπfi¸»TVjin«–§πh˛qYãõk

oÍÖnEìjinàä„j∞Ég’\Yã≈ÅLBä�Eì∞Égnñt⇧

n’MnÍ1íÔ˝kYã_Å�^≈@ãnñ⁄˝·∑π∆‡í–:WfDã⇥

3.4.13 Eye Movement Synthesis�

ñ⁄«¸øn�⇣n_Åks�º�’£ÎøÍÛ∞ÄSL�eUåfDã⇥

Såo�nñ⁄Mnß⇡h¢§»È√≠Û∞góâå_«¸øí�⇣Yã_Åg

Bã⇥Andrewâo[24]�¢§»È√≠Û∞góâå_«¸øhüõnñ⁄Mnn

«¸øí‘⇤W�U°íLc_⇥



Chapter 4

∑π∆‡«∂§Û

4.1 ∑π∆‡ÇÅ

Fig. 4.1∑π∆‡ÇÅ
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Û4.1nàFk�¸D;Ê¸∂o�üzì⌦gÓÛÑj⁄√»¢–øíÍ1k

6°gMã⇥¸D;Ê¸∂LüzìÖgÍ1kAR⁄√»nL’í6°Yã_Å

k�,∑π∆‡o�üzì⌦kÓÛÑj⁄√»¢–øíïq�¸D;nÊ¸∂n

ñ⁄í»È√≠Û∞Yã_Åk�Â↵nœ¸…˚Ω’»¶ß¢í�(Yã⇥

• Microsoft HoloLens2�Hardware 

• Unity 3D�Software 

• Mixed reality tool kit�Software 

• Azure Custom Vision Service(Software)

Microsoft HoloLens[25]o�ARnÄSí–õYã∑¸πÎ¸ø§◊nÿ√…fi

¶Û»«£π◊Ï§gBä�3D™÷∏ßØ»hWfÓÛÑj⁄√»¢–øíü

zì⌦kïqYã⇥~_HoloLens2ko�¢§»È√ØªÛµ¸L- Uå�Så

í�(W�¸D;Ê¸∂nãfDãß⇡÷ó�ñ⁄í�(W_Í6j⁄√»¢–

ønL’6°k�(Yã⇥

4.2 L’Ô˝⇠flnzö

4.2.1 zì⌃„

¸D;Ê¸∂LÍ1küzìÖgAR⁄√»¢–ønÿ⇧jL’í6°Yãk

o�h∫zìL6°Ô˝jzìK&KkdDf$≠íYã≈ÅLBã⇥,∑π∆

‡goAR⁄√»¢–ønL’Ô˝⇠flízöYã_Ån��n◊ÌªπhWf�

zì⌦näb�¡b�ú≥iíX%Yã⇥



4.2L’Ô˝⇠flnzö 19

Fig. 4.2zìçX-öÛ

• Update Interval...0.1

Spatial Mappingn¢√◊«¸»ìî

• Observer Shape...Axis Aligned Cube

⇤SÑ±jin⇠flíö©YãÛb

• Triangles/Cubic Meter...500

Àπ·¸»ÎŒnzìki(Yã “›Í¥Ûnp

• Display Option...™ØÎ¸∏ÁÛ

Spatial Mappingn·√∑Ânh:/^h:n-ö

zìçXn-öíÛ4.2k:Y⇥Microsoft HoloLens íÀWfñL⌦nüzì

k˛W�Ò¶ªÛµJàs Mixed RealityToolkit�MRTK [26]n Spatial Mapping /

UnderstandingÈ§÷ÈÍ[27]nD��è[í�(Wf�h∫zìb∂ny¥πí

Ω˙W�ƒMUå_zì⌦ny¥π§í˙k·√∑Â�W�zìçXíLF⇥S

nÊ⌃í0.1“ìk1fipä‘YShg�8kzìniSíçXWfDã∂Kí≠

�Yã⇥~_�·√∑Â�W_Çní™ØÎ¸∏ÁÛk-öYãShg�Ê¸∂

LHoloLens2íÀWfzìí:ÅfÇ·√∑Â�L^h:kjãàFkW_⇥

4.2.2 i⌃™÷∏ßØ»⌃„

Ê¸∂nñLÖk ãi⌃Ñj™÷∏ßØ»nçXko�Microsoft >

àäØÈ¶…µ¸ ”πhWf–õUåfDã Azure Custom Vision Service –
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Object Detection[28]í�(Yã⇥Microsoft Azure˝¡n 1dgBã Azure Custom

VisionServiceo�BâKXÅi⌃˛a™÷∏ßØ»nf“‚«Îí\⇣W�]n

‚«Îk˛W∞_k�Hâå_;œhny¥œí‘⇤Wf�i⌃˛a™÷∏ßØ

»L;bÖkX(YãK&Kí$öYãÇngBã⇥ fio�i⌃™÷∏ßØ»

hWfÂ8ÑjzìkX(Yã⇧Pí„hhWfqD�AR⁄√»¢–øn€s˚

äL’Làä—âKkLHãàFkW_⇥

Fig. 4.3f“n_Ån;œ{2 sø∞ÿQ

Microsoft Azure˝¡ko�ÿn_˝í�dAzure Cognitive Servicek�(Uå

ã‚«Îo Microsoft>LãMkö©W_Çnn�gBã_Å�,∑π∆‡go

Ê¸∂ÏÍn´πøfi§∫LÔ˝jAzure Custom Vision Serviceí�(WfDã⇥

Û4.3kf“n_Ån;œ{2Jàsø∞ÿQn-ö;bí:Y⇥Ê¸∂ÏÍnf

“‚«Îí\⇣Yã_Åk�ãhWfi⌃˛a™÷∏ßØ»gBã⇧Pn;œí

∞èk{2WfDãÇngBã⇥~_�Såân;œí�öZd⇧PnƒÚí⌥

öW�ø∞�”chair”hWfø∞ÿQíLc_⇥ÿDçXæ¶gBãf“‚«Îh

Wf⇣ÀU[ã_Åko�Û 4,3n{2Ê⌃ípä‘Y≈ÅLBäpã⇧Pn;

œ21öíñôW�]åân;œíhf{2W_å�Azure Custom Vision Servicen
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f“‚«ÎhWf»Ï¸ÀÛ∞íLD�zì⌦gn⇧PnMn⌧˙íÔ˝hW

_⇥

4.3 AR⁄√»¢–ønL’6°

4.3.1 ¢Ø∆£÷6°

,vnÓÑo�AR⁄√»ízìÖg6°YãShgBãL�⁄√»hWf

n_˝í�èYã_Å�¸D;Ê¸∂o�wMfDã(¢Ø∆£÷)›fDã�^

¢Ø∆£÷ n∂Kíñ⁄í�(YãShg�6°gMãàFkW_⇥Såo�

B_KÇ¸D;nñ⁄íAR⁄√»L�X÷äwMãL’íhã⇥ñ⁄LjDd~

ä¢–øk�sLjDh›ãL’íhãÇní!#W_6°nbgBã⇥~_�

›fDã∂Kgo�ãH¸D;L⁄√»¢–øk}‰íW_hWfÇL’íWj

D⇥ñ⁄í�(W_¢Ø∆£÷�íLFShgAR⁄√»o¸D;n}‰kìFà

Fkjã⇥

Fig. 4.4¢Ø∆£÷6°∂Kw˚Û

Û4.4kwMã›ã6°n_Ån∂Kw˚Ûí:Y⇥AR⁄√»¢–øL›fD

ã4�kJDfo�ñ⁄eõLBã�¢–øn⌦kñ⁄LBã�]n∂KL✓“

ìÂ⌦öO�Såâ dnaˆLÄ_Uåãh�¢–øowMãL’íhã⇥⌃
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k�AR⁄√»¢–øLwMfDã4�kJDfo�ñ⁄eõLjD�]n∂KL

�“ìöO�Sn✓dnaˆLÄ_Uåãh›ãL’íhã⇥

4.3.2 ¢§≥flÂÀ±¸∑ÁÛ

Ê¸∂nñ⁄k@ÓW_AR⁄√»hn¢§≥flÂÀ±¸∑ÁÛíÀ…Yã⇥

~_�Såí�(W�¸D;Ê¸∂nÇhk0ÑYãL’í6°YãShÇÔ

˝gBã⇥ÍãÑj0ÑÍSo�Ì‹√»ã⁄√»gÇÔ˝gBãL�,v

o�ÓhÓkàãÍ6j0Ñ6°Jàs�¢§≥flÂÀ±¸∑ÁÛíÔ˝hWf

Dã⇥¸D;Ê¸∂nÓhAR⁄√»¢–ønÓL�c_B�AR⁄√»o¸D;

Ê¸∂n˛(0~g˚’W_å�Ê¸∂nCgí⌦RjLâúv⇥∑π∆‡

o�Ê¸∂nñ⁄ŸØ»Îí8k÷óWfJä�Ê¸∂nñ⁄L⁄√»¢–øn

≥kMnYã≥È§¿hn]Åí⌧ÂYãShg�ñ⁄hñ⁄L�c_Shí

çXWfDã⇥]ÅíçXW_õ�Ê¸∂n˛(0í÷óW�]nß⇡KâM

π0.5m~g⁄√»¢–øL˚’W�ÛhhÇkúv¢Ø∑ÁÛL’íhã⇥S

åkàäñ⁄hñ⁄n¯íÑjL’íÔ˝hYã⇥

4.3.3 ˚’6°

,vn˚’}‰o�B_KÇ¸D;n✏Ûí≠�÷cf˚’Yã·<Ñj

˚’LgMã⁄√»í«∂§ÛYã⇥]n_Å�AR⁄√»¢–øn˚’6°o�

¸D;Ê¸∂nñ⁄hÛí�(WLF⇥Såo�ñ⁄gÓÑ0íhâH�Û

L»Í¨¸hjãÍ6j˚’}‰íÔ˝hYã_ÅgBã⇥
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Fig. 4.5¢–ø˚’6°

Û4.5k¢–øn˚’6°Ûí:Y⇥∑π∆‡kàäÊ¸∂(üπ)Kâ⁄√»¢

–ø(x1,y1,z1)~gnß⇡í8k⇠2WfDã⇥¸D;Ê¸∂nÛ}‰�DQ�

íçXW_Bπg�¸D;Ê¸∂nñ⁄ŸØ»Îhüzìnähn§πß⇡í÷

óW�✏ÛYãÓÑ0(x2,y2,z3)í∑π∆‡kàä⇠2íLF⇥⇠2Uå_ß⇡

«¸øíÇhk�⁄√»¢–øo�˛(0Kâ�ÓÑ0~g“¶í HjLâ˚

’Yã⇥ÛçXko�Mixed Reality tool kitnInputDataProvider[29]Kâyöná

W(Sn4�o"LQ")k˛YãπØÍ◊»í⌥öW�ÛçXkàãL’w˚í

LcfDã⇥

4.3.4 €s˚ä6°

AR⁄√»¢–øn€s˚äL’o�¸D;Ê¸∂nñ⁄hÛí�(WL

F⇥Såo�˚’6°k4cf�LFShngMã6°gBãKâgBã⇥˚’

6°h�ÿk�ñ⁄gÓÑ0íhâH�ÛL»Í¨¸hjãÍ6j˚’}‰í

Ô˝hYã⇥
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Fig. 4.6¢–ø€s˚ä6°

Û4.6k¢–øn€s˚ä6°Ûí:Y⇥∑π∆‡o�Û}‰"∏„Û◊"í

çXYãh⁄√»¢–øoú≥in⌦~gi⌃™÷∏ßØ»íçXW�ß⇡≈1

 sÿU≈1í÷óYã⇥zìçXn�gú≥ií⌧ÂYãShoÔ˝`L�S

Sgo�ÿæ¶g€s˚äL’LÔ˝hjãàF�Azure Custom Vision Servicen

iSçXkàãÊ¸∂Kâú≥i~gnß⇡yö�Mixed RealityToolkit�MRTK 

n Spatial Mapping / UnderstandingÈ§÷ÈÍkàãú≥inÿUçXíu(Wf

i⌃™÷∏ßØ»k˛W€s˚äL’LgMãàFkYã⇥Såânß⇡hÿU

n«¸øíÇhk�¢–øn∏„Û◊W_ÓÑ0ízöYãhhÇk�∏„Û◊

ÿUn�ÿ0Tπí⌧˙W_ÓÑ0nÿUn30cmÿO-öYãShg⌦KâÓÑ

0k0TYãShíÔ˝hWfDã⇥

4.3.5 �Ñä6°hSã �

Û4.7kñ⁄πÔ§◊ÛhüõnAR⁄√»nL’í:Y⇥ AR⁄√»¢–øn

�Ñäo�¸D;Ê¸∂nñ⁄í�(WLF⇥Ê¸∂Lñ⁄í¢–øn„Kâ

Ê¸∂nKkñ⁄íπÔ§◊Yã’\íçXYã⇥Såo��íBRãõk¸D

;Ê¸∂⁄√»n„KâKkÍ6kñ⁄í=hYL’k@ÓW_ÇngBã⇥Û

}‰Jßänåk�AR⁄√»¢–øn„Kâ¸D;Ê¸∂nKkñ⁄LπÔ§
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◊Yãh�AR⁄√»o�íflyãL’íhã⇥SåkàäÊ¸∂oÙ�Ñj�Ñ

äLÔ˝kjã⇥

Fig. 4.7ñ⁄πÔ§◊kàã�Ñä

~_�ìenÌ‹√»ã⁄√»go�Sã �oπ◆gojD_Åü≈Uå

fDjD⇥]n_Å,vgo��ífly_AR⁄√»nÍ6j¯í\(hWf�

�ön–§¢πgSãLó†π⌘k bWfDOàFk«∂§ÛYã⇥

Fig. 4.8�ÑäL’k˛Yã’£¸…–√Ø

Û4.8k��ÑäL’k˛YãñöÑj’£¸…–√ØnÛí:Y⇥Ê¸∂L

⁄√»¢–øk˛W�ÑäL’íLFh�Lc_fipí∑π∆‡L⇠2Yã⇥

⇠2W_fipk0.04�Yã⇥Såo�Í6jSã �kYã_ÅSn$k-öW

_⇥Sn$k¢–ønX¯d~ä*¯π⌘k�ó†U[�ñöÑkó†π⌘kS
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ãL �YãàFkÊ¸∂k˛W�’£¸…–√ØíLc_⇥Û4.8k�Ñäfi

pkàãSã �í:Y⇥⇡ñ∂Kh10fi�20fi�íBR_∂KnàFk�Ê¸

∂L�ÑänfipíóÑYShgSãoê⇧k �WfDO⇥

Fig. 4.9�ÑäfiphSã �



Chapter 5

∑π∆‡ü≈

5.1 œ¸…¶ß¢

Sn∑π∆‡nœ¸…¶ß¢oHoloLens2�Û5.1 hDFARh:«–§πí

�(WfÀ…W_⇥ÓÛ⁄√»¢–øíHoloLens2í(DfüzìnäkïqYã

ShgAR⁄√»íü˛W_⇥Ê¸∂nñ⁄oSn HoloLens2k- Uå_¢§»

È√≠Û∞ÄS[30]í�(YãShg�Ê¸∂nñ⁄n⌘M�eõ�’Mí⌧˙

W_⇥

Fig. 5.1 HoloLens2
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5.2 ãz∞É

ãzk�(W_Ω’»¶ß¢íÂ↵k:Y⇥

5.2.1 Mixed Reality Tool Kit

Mixed Reality Toolkit�MRTK o�Unity⌦gØÌπ◊È√»’©¸‡nMR¢

◊Í±¸∑ÁÛíãzYã_ÅnÈ§÷ÈÍgBä�Microsoft >L–õWf

Dã⇥,∑π∆‡go Microsoft HoloLens[25]í�(W_zìçXJàs⌃„

íLF_Åk�Spatial Mapping/UnderstandingÈ§÷ÈÍ[27]í�(WfDã⇥~

_�speech Input Handler[29]kàãÛçX�JàsIMixedRealityEyeGazeProviderk

àãñ⁄˝·í�(YW�,vn∑π∆‡À…íLF⇥

5.2.2 Unity3D

Unity 3D[31]o�OS kùXWjDbgn 3Dãz◊È√»’©¸‡gBä�

≤¸‡6\n�jâZ�AR/MR¢◊Í±¸∑ÁÛãzLÔ˝gBã⇥,∑

π∆‡goUnity Ök5.2.1nMixed Reality Tool Kit íÈ§÷ÈÍhWf≠�º

��UWP�Universal Windows Platform ¢◊Í±¸∑ÁÛhWf≥Û—§ÎW_

å�Visual StudioíÀWfMicrosoft HoloLens2k¢◊Í±¸∑ÁÛí≥Û—§ÎW

fDã⇥

5.2.3 Azure Custom vision Service

ÏÍn;œ«¸øíAIÊ⌃W��;œ⌃^�h�iS⌧˙�íLFµ¸”π

gBã⇥Ê¸∂nñLÖk ãi⌃Ñj™÷∏ßØ»nçXkDetectioní�(Y

ã⇥Microsoft Azure˝¡n1dgBãAzure Custom Vision Serviceo�BâKXÅi

⌃˛a™÷∏ßØ»nf“‚«Îí\⇣W�]n‚«Îk˛W∞_k�Hâå_

;œhny¥œí‘⇤Wf�i⌃˛a™÷∏ßØ»L;bÖkX(YãK&Kí

$öYãÇngBã⇥ fio�i⌃™÷∏ßØ»hWfÂ8ÑjzìkX(Yã
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⇧Pí„hhWfqD�AR⁄√»¢–øn€s˚äL’Làä—âKkLHã

àFkW_⇥

5.3 zìçX

Mixed-RealityToolkitnSpatialMapping/UnderstandingÈ§÷ÈÍí�(W�HoLolens2n

ÿ√…ËKâRay�I⁄ í€pW�zìny¥πí⌧˙YãShg�üzìk

ä�iSíçX�X%Yã⇥~_SnÊ⌃í0.1“ìk⌘fiLFShg�Ê¸∂n

˚’k4c_zìçXíÔ˝hWfDã⇥

5.4 ¢–øhzìMn

AR⁄√»¢–øn3D‚«Îo�unity asset store[32]Kâ®<í Yãfbx’°§

Îí¿¶ÛÌ¸…W_⇥¿¶ÛÌ¸…W_Çníunityk§Û›¸»W≤¸‡®Û

∏Û⌦g3D‚«ÎíqFShngMãàFkW_⇥Û5.2krigid bodyn-öí:

Y⇥Íœí�_[ã_Åk⌘k-öW�~_Õõíÿ†gMãrigid bodyí3D‚

«Îkÿ†W�~_�fi‚¯íX,Y,Z]å^åkJDf˙öW_⇥Såkàä�Õ

õLBä�⌅ß⇡xæMnjDÍ6j3D¢–øíÀ…W_⇥

Fig. 5.2Õõÿ†h¯fi‚n˙ö

Û5.3k·√∑ÂW_ähMnW_¢–øí:Y⇥MnW_äk˛W�Õõh

n]Åí⌧ÂWäk3D‚«ÎLMngMãàF]Åí⌧ÂJàs�Õõk˛Wó

õLÕMäk˛WfYb∂KíhãShngMã≥È§¿í3D‚«ÎnÙSƒÚ
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Ök-öWäkMnYãàFkW_⇥~_�äí·√∑Â�YãShg�∞Ék

ÊÛUåZKdÊ¸∂koä™÷∏ßØ»LãHZüzì⌦k3D‚«ÎíMng

MãàFkW_⇥

Fig. 5.3än·√∑Â�h3D‚«ÎnMn

5.5 ¢À·¸∑ÁÛh}‰kàãw˚

3D‚«În®<í6°W�⁄√»nL’í6°Yã⇥ÿ^WfBã¢À·¸

∑ÁÛk†H�®<XMgß⇡hfi‚íBìLNhhÇk6°W�iO∏„Û

◊jin¢À·¸∑ÁÛnMnÑfi‚w�íø¿W�ÿD∏„Û◊Ñpãji

nL’gMãàFkW_⇥¢pnw˚íñöÑk6°gMã¢À·¸øí�(

W�bool$nture/falsekàäL’Lw˚YãàFk-öW_⇥~_�}‰kàã

L’w˚íÔ˝kYã_Å�HoloLens2nÛçX�ñ⁄˝·í�(W�Ê¸∂n

ÛÑñ⁄kàãeõkàä�bool$Lture/falsek⌥äˇèãàFkW�AR⁄√

»n¢À·¸∑ÁÛLw˚gMãàFkW_⇥



5.6 AR⁄√»¢Ø∆£÷$ö 31

Fig. 5.4¢À·¸økàãL’w˚

5.6 AR⁄√»¢Ø∆£÷$ö

Mixed Reality tool kitnIMixedRealityEyeGazeProvider[30]kàãñ⁄˝·_˝

í�(W�Ê¸∂nñ⁄eõn !í$öYã⇥Û5.5kΩ¸π≥¸…í:

Y⇥bool$gazeStatuskñ⁄eõn !≈1í<�W�ÇWñ⁄eõLjD4�

obool$eyedownktureg‘Y⇥Õ˛k�ñ⁄eõLBã4�o�falseg‘Y⇥S

åkàä�eyedowng !$öíÔ˝hYã⇥
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Fig. 5.5ñ⁄eõn !$ö

!k�✓“ìÂ⌦nñ⁄eõLBä�ñ⁄LAR¢–øn⌦kBã∂Kh��

“ìÂ⌦ñ⁄eõLjD∂Kí$öYã⇥~Z�AR¢–øn⌦kñ⁄LBãKj

DKn$öko�‡5.4g�(W_¢–øhSxkMnW_]Åí⌧ÂYã≥È§

¿í�(Yã⇥~_⌥pn≥È§¿h:%íYã_Å�◆D‚«ÎhSkÿ†W

_≥È§¿í"Dog all"nø∞ÿQíW∞Î¸◊⌃QíLF⇥Û5.6kΩ¸π≥¸…

í:Y⇥≥È§¿n]Åí⌧ÂYãh�wakeítureg‘YàFk-öW_⇥

Fig. 5.6ñ⁄h¨¢–øhn]Å$ö

Û5.7k´¶Û»nΩ¸π≥¸…í:Y⇥DataTimeofssetí�(WBì´¶Û»

íLF⇥aˆ⌃êg◆D‚«În¢À·¸∑ÁÛLwMã⇥]Wf�›ãí⌥ä

ˇHâåãàFkW_⇥ñ⁄eõÇ]ÅÇjD4�L5“Â⌦LNYãh�¢À
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·¸øw˚¢pSleep();kàä�¢À·¸ønbool$L �W�AR⁄√»nL’¢

À·¸∑ÁÛLw˚W�›ãL’k˚ä èã⇥⌃k�ñ⁄eõLBä�≥È§

¿hn]Åí⌧ÂYãhStartCountDown2L≠�º~å�´¶Û»LãÀUåã⇥

ãÀUåfKâ✓“ìLNYãh�sleepend();¢pL≠�º~åã⇥d~äwMã

¢À·¸∑ÁÛkw˚Yã⇥Sn$ökàäAR¢–øn¢Ø∆£÷6°LÔ˝h

jãàFÀ…W_⇥

Fig. 5.7¢Ø∆£÷�$ö
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5.7 ¢§≥flÂÀ±¸∑ÁÛn_Ånñ⁄§Ó$ö

Û5.8k3D‚«ÎnÓk]Åí⌧ÂYã≥È§¿n-nMní:Y⇥‚«În

Ók≥È§¿í-nYã⇥�ÿk�ñ⁄≈1kÇ≥È§¿í-nW�✓dn≥È

§¿�În]Åí⌧ÂYã⇥‡5.6n≥È§¿kàã∞Î¸◊⌃Qh�ÿk�ø

∞"Dog"g∞Î¸◊⌃QW�÷n≥È§¿hn]Å⌧Âí2PàFkYã⇥

Fig. 5.8 3D‚«ÎnÓxn≥È§¿-n

Û5.9k¢–ønÊ¸∂ncb~gn˚’k¢YãΩ¸π≥¸…í:Y⇥✓d

n≥È§¿n]Åí⌧ÂW_4��Ê¸∂n˛(0ß⇡KâcbKâ0.5mínß

⇡í÷óW�]nß⇡~g˚’W�úv¢À·¸∑ÁÛkw˚YãàFkW_⇥
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Fig. 5.9Ê¸∂ncbß⇡n÷ó

5.8 ˚’6°kJQãñ⁄n$ö

Û5.10kñ⁄eõí$öYãΩ¸π≥¸…í:Y⇥◆D‚«Înß⇡˚’�

ÓÑß⇡~gn“¶ø¿n_Å�ÓÑ0ítargetkö©W_⇥unity∑π∆‡

nmethodgBã�MoveTowarsí�(W�˛(0KâÓÑ0nåπìn˚’íÔ˝
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Fig. 5.12 SpeechInputHandlerkàãÛçX
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