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133) Kim, Y.-H. and Nam, J.-H. (2011) “Estimation of the Noise Variance in Image and
Noise Reduction,” Korean Journal of Applied Statistics. The Korean Statistical Society.
doi: 10.5351/kjas.2011.24.5.905.

134) Guo, W., Wang, J., & Wang, S. (2019). Deep multimodal representation learning: A
survey. leee Access, 7, 63373-63394.

_49_



A3 d HERrg 7ute] viged AojAAH EA

Ao HAY Bt oY AlojA2aHE Ao V)5S BRsiY, O
7150 el %2 QAo 7 HteYd AojA A AszeS MAAStAT)
HA HARS HY o9 752 offf mep o] 7P @ol Algdh= 7152 Al

[¢)
woletal 1 7lse & 2 54 JIMLer Aot 7't Yee st

(7% 3-2] HARY] Bl o9 AJolAl~E Ulshd

d 3-2]3 go] Alejwt FE2 HHedo| ZEHE Ee de Ao

U

olal ZAsh= Ul(User Interface)sbHolal, Aol Az HELS H|tje it
TUS HYor ¢ omAE UEUH AojmolA HEEI 3fHo] H
Hedyt FAdsHA ®Eo| He Ul sdeloh. [O¥ 3-2] [1”3-1]
o] Ao o

ghfjste] AWst a1gog zF AFESE 7152 U EA

sttt Aol 7ls2 HlHed Alolstedl 9 TlssE FAEEHA 3

7 e5AT 84 Aadelel Aolme] /5 Aogesn £54 % 2
T

AHog Aol 238L Fd vy Yof AAoAgo] HEE AR

—

_50_



g nhes F1B9 FHE oF, A3E %, TUx Fa/8 7

e E AojmollA Y]sol &5 ¥ 24 M= A

o Bzste] ]
I 7 5dR A8 o 9 J)E ntes Aot o Ae BEL 7

sto] AAsk [®3-1]12 [29 3-3]9] 7S AddYstn &5z 2
A7t o El= Fis UEAL ot
2 Hiperwall® Sontral hnp:,..,..,r,. ot omeren - x-c.——— - _@

Naime viges_streams\DESKTOP-IERTDMNIGDIsplay 1 b W
SOBpact Zoom mon i@ = 9 | Tae

Obpoct Do mséons (Dx) Curreat Sire (width and heigh
T 1020 = 1080 | 1920 | 1085

Objact Position | -Z856.00 | B

Gr—ea = : Of e
4)—Pp 3] : =w |

| Auributes [ Effects | Layers | Animation _____@

ﬁ { Seap te Grid ] =
Play Comtred
ol Ml“’l Mmt m
@““-H,___ Q p Show Selected b | = —
M@ smironments = Closs Seloctad J S
& w sseamn= -——-_____@
& sendera | | Creaie Texi Object |
& sudesnows | | Create sudesnow | =l F—
= | startupipg | - ___@
@ —fF  wioee

Bl Ocoan Fish.mod fnan
B Porw 85 HDFRE S0FPS (PLHD ) mp S T
B videoopiaybacic-High-S8gh mp$ hasw o
soea_siremms

B D.I::ll:nr 1 on DESKTOP-3ERTDM
Display 1 on DESKTOP-S1MMN2S1
[B ) Cloplay 1 on DESKTOP.SAOESWN
[E2) Cisplay 1 on DESKTOP-SKDZCES
Display 1 on DESKTOP-7LDMNLSN
[2) Display 1 on DESKTOP-AS4STED
[2) Dizplay 1 on DESKTOP-D212TUF
(B ) Display 1 on DESKTOP.-GS£9230
(&) Display 1 on DESKTOP-JOU1SKS
=) Cloplay 1 on DESKTOP-JOSUTKD
(B Display 1 on DESKTOP-KORBES)
[2) Display 1 on DESKTOP-LTVQZOG

?

i Schedules... [ Save E”Vi‘“"ﬂ.n& Managc l'_omu:ntﬁ—-—._\_
— ] | content | status | i, Messages | Displays | Hiperaccess |
--------- r— =
= Cloar Dizplay e sottings... | [E ) About... | e

(2% 3-3] HAM vl ed ‘A" Alojd Ulshd

(£ 3-2e HAel Hoed 11101313 UL shge] A5 At o ko
gat £54 e ks i HUd Zom &FAom nea off, 2
A, S S, e 5 A5 HEE Telolel AAE Ao

_51_



o

Tk

3-2] HAROl HH 29 Alejxt Ul 3t 715

T
ar

[

o

oo ojp
GO

alo

"

<]
o

ol

4

o

—

o
el
olm
~r

4

N

[yl
o
or
N

()
™
;01_

o<
%

mK

o]
_Z_

W~

=527

K
_.AO

]

3 A

o
N

cctv S A% Er

Aol AHA

:

oM
B

5
T 2 Ho

Wl

W AL ofol

[e]
=

s}

=

e B
- A=A
- SAAL:
HAE A&}

=

2|27
e 92

—_——_—

[ m -

B oo A
ﬂ%%g
HL B
G
| |

U1 2| 57]

=]

~—

L.

1

s

ol
=

o aag 4

|
7]

=32 S A%
A

5t

S b

Object Zoom

Object
Dimentions

Transparency

Environment

Closed Selected
CreateText

Snap to Grid
Object

Environment

Save

No

1

2

3

4 | Rotation

5

6 | Video

7 | Video Streams

8 | Clear Display
10 | Show Selected

9
12

11

14

15 | Manage Content

1
[}

Aelgt 7]

1 EEH_ [ 3-3]oflA

O

_52_

S|
&

N5e 2

T

o
il

Aot 75

16 | Exit
17 | Status

18 | Name

5t

o ©

Q



B9 S AN AR TR PAVF Sl ok TS R &
Saos FEL oE FUol} I, 93, 23E ohe/Y, vIes

o] dEM/H(ERD)E 2He= 7\1101’5}— 7)5& AASHAT
(18 3-3] Alol® o+ Ul HEZWE F Object Zoom, Transparency,

Rotation®] gtolt] ZEEL <@told e 54 R e A9 o =&

Z AgHE U 2e0ds £7e HA EL ulesz coagom

A mAlsHA g 2-T 5 X

o

8% o) Aga

Tz f/Fs, FYAE AW 5

[A=E°A- Zﬂ‘ﬂ”& }
r = o™ T o= % é‘lﬁ
T He

dor & gy | CH9S O1F 2| EH 015 evg A | g8y,
HE2¢ gE2e 1 24 4 G

Aol 2289 | Lo e | 2TE O £5R A4 | 84,
Aol FEETE D agmw Aol g4 94 | Ao
ALY BAE| o | BHZ OIS E5H Q4 | 84,
siof 89 zaz aq g9 9y | 33
ALY BUE| o e | DHZ 015 54 Q4 | 84,
4 I - B =S R 38
Aol~ad A | upes /e | Az oF | &5% A4 | 84,
A7) 29 2= A7) g4 Q4 o4

= ] =

= -
71E B mkeaz Aojsts WA AEShial, &AM 54 dAe=
g ed Alojge Aofste 7ol Ut 99 #8490 A4S T
Aog AAl| Htdsigdnt. AAE 7|5 Foe [® 3-3]3 2t

_53_



K| 0|t Hol A3

75 ™2l 1 75 del 4
&30 84 ol &850 84 2
422 F|of ofo] AOE U= &
2 28022 0] CHeats~ 8 €)
£ Hegz28 7ls)
2 2= =)
i} 2F= B8
75 ™9 2 715 Mol 5
2553 84 ¢l &30 g4 ol
Alo2 AE X A Aoz Ad=x &
2022 8 OHR)

H(OreA 228
g

2 2= 24
23 2HX AX

7|5 "2l 3

&850 84 ¢

Aoz ASE H

2H= BA(Ot:

A AJE 9|/0t2)

23t 2H= 9l

0 el

[ 3-4] Alojgxt Alojaad 7|5 325 ZH=

[1%] 3-4]2 Alojgat Aol AT "N 571] 752 Aoste] BEEHE=

THlz7} vhes A5sAS uje} mlwste] gt BN F84 4 A

1O
THoR olFstel Y EHrgIAel AT ‘two'Shi SAHOR
ki

‘two'dtT SHE ZEl=sb Alo] Adwe] EEEM TAZdo] sy
o FAo] Uehts ssold. mterd] skeld m@ EIET}
olFslel ErH Zesle] TelzE Huzesiy Zdxsl Aol A
o] BEHE 7)ot

e A% Aol 2 Aol A3 HEH oluA} YA mpesz 2}

Zejsle] Zdze AHstn $3esd Bds Ueht BdE A



ot 3Hol AAEE Tlse &£FHeR FH=E Aol

twoRtl FAHoR 9Ees W Zdxrt AREHT 2" 29

zoA FAHOR leftet ‘rightE WHoIH SiE EdvF YeERa

Al £52o 2 o]Fsto] clear Er|o] 1ASIY FAHS=Z ‘two'st
o

7502 Aojme mAH EHE

9o} ofgf 2 ofo]ZS B & Uk 7ol

o 715 A9 4, 5 1 & AojEATe] mEgd FTdHxE I ¥ F45)
£ Jeor £FFoz AojmAme ZHlzz olFsta xHH
ZH=E &5 718 BASHY 422 ‘up, ‘down'd HHE
Welw &5Zo] gr7uhE Zdzo] shHe g @ =45tE U
o]},

L9 7|&d dolkrl gEPr E Aol dX 7|E=db A 85}o]
gl sEe nEsty AMgAo] AHF Aga 2Ae motste] Abgat
7} Aojme] 7150l HEAHC %S AAEH U2 BESE AFLA7F 4

7h A&
2 A9 vded A2Fe Aol REE uheiy F|HE glo] &
%

AhoR Aot HES J15e PRI, qF J5 F ATHOR AF

135) 7A31-2.(2020). Natural User Interface EES} 5 AL F=EAISHS] 750-752.

_55_



Aot TS NE0R £52 AR Aort HiAg AAstdct. &
54 Aa4e 723 A}sﬂ nm 11@ M B & Xﬂii% Q14 &2 4

[
ku

>
i3
p)
ults
I=
jg
©
o
o,
ko)
;
rr

N

L ]
g® 12 *16 0. WRIST 11. MIDDLE_FINGER_DIP
» 1Y 1. THUMB_CMC 12. MIDDLE_FINGER_TIP
AP ERAL 2. THUMB_MCP 13. RING_FINGER_MCP
60107 o, S0 3 THUMBLP 14. RING_FINGER_PIP
. ol M9 ATHUMBTIP 15. RING_FINGER_DIP
4 19 3 Ms 5. INDEX_FINGER.MCP 16, RING_FINGER_TIP
3* 17 6. INDEX_FINGER.PIP 17 PINKY_MCP
" 7.INDEX_FINGERDIP 18, PINKY_PIP
2 8. INDEX_FINGER_TIP 19 PINKY_DIP
o 9, MIDDLE_FINGER_.MCP  20. PINKY_TIP
{0 10. MIDDLE_FINGER_PIP

[C1¥3-5] MediaPipe Hands Landmarks

77t 7)o et
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Mediapipe Hands. International Research Journal of Modernization in Engineering
Technology and Science, 4(06).
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AE omAE A drekeith HAAE &9 &rhee]l HAA eA ofd
218 wHsl7] 3) detector.fingersUp WA EE ARESIAL UT}.138)

o] fIMEE 7} &7t AHE UEdle 2AEE Wielsty, &71ete] H
AA J= A 1, wol A& o 02 wrekeiet, onk, 2o H¢ Jﬁ?—qx‘] AU
= o 0, ofy ™ 15 Wreketeh, AAH &9 757t 271 ofl &=
g 7t &9 &7t AHE wlsH, olmle & &9 ARE 74 aiEfr:
gttt o]fA d2 AHERE Higo=m mhero FEAS A4S, nhe

9] B2 egsp] 788 4 9

e
B

[1H3-7] £52 AH g|AE

138) https://blog.learningbix.com/creating—ai—virtual-mouse/
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, [19 3-1]9] landmark 8H9] x, y & 9IX|E St x=z W
o5 ARgsto] mkeAE At £%5& 2([0, 1, 1, 1, 17t A=
3-119] landmark 9¥9] x 7o} v HE A5 shd FHuEE A
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At A¥S "gESHETH &53 2= L, 1, 1, 0, 0D, (0, 1, 1, 1,
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11 | =10, 1,1,1,1]
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. 0,
1,

(77 3-9] ulos gRIe sEg

Al A= whes FHEE] digh &7 JAO" 3-10]4 &F
10, 1, 0, 0, 1Deo] ZAAHH, [28 3-1]¢] landmark 8He] x, y =
7b 7tE7Z|a Qe AEE #HEETH &2 2(1, 1, 1, 0, 0Dl #A
=W, [O29" 3-1]9 landmark 9¥19] x, y &7} AAS 7S FHEH
gtk &5 3([1, 1, 1, 1, 1Deo] #HA=W, [I” 3-11¢ landmark 9
Hip 019 F4Q x, y FHE7E A A ==

== ")

[0,1,0,0,1] [1,1,1,0,0]

)
-
oft
2

(1% 3-10] v 22

ol gt &5 A" 3-11]94 &5& 1((1,
& 3-1]19] landmark 899 x, y 37} 7127

A e Ade EERT &2 200, 1, 1, 0, 0Del #A=HE, 1™
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®I[1.1,0,0,0]-> @I[0.0,0,0,0]-> | DI[1.1,0,0,0]->
@70, 1, 0,0, 0] @10, 1, 0,0, 0] @]1.0,0,0, 0]

(18 3-12] op9s A2 £5%

oAl Al ofeA A3E o2 figh £%52 A" 3-12]9A4
&%z 1([1, 1, 0, 0, 0l°lA [0, 1, 0, 0, ODE <£xAHoz A=W,
oA 2g ol AT durE olEsitt &% 2([0, 0, 0, 0, 0]
oA [0, 1, 0, 0, ODE <£AHoRE AXEH, oA S otz dA
3 @ourE o)msity &% 3([1, 1, 0, 0, 0JolAl [1, 0, 0, 0, OD&
Ao R AW, uheA Fg ofgj2 AT TE o] 5tk

AR WA= npeA AFE Ao tigh £F52 QA[aY 3-13]ofl4 £
=2 1([1, 1, 0, 0, 0194 [1, 1, 0, 0, 1)=& L=xdo=rn AW o}
2 S 92 dAS dguE ol £%2 2([0, 0, 0, 0, 0]9A
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[0, 0, 0, 0, 1D= £AHec=z HAAHH, kel Fo = A4t &9
o &% 3([1, 1, 0, 0, 0leA [0, 1, 1, 1, 1D& *=AF4]

hi) 1O 1

o8 FAAEH, koA FZ 92 I FTF ol Ftth

=)

lu
o
offt

a5
=541

DI[1,1,0,0,0]-> (@DI[0,0,0,0 0]-> |DI[1, 1,0,0,0] ->
@]J1.1.0,0, 1] @10, 0,0, 0, 1] @0, 1,1, 1, 1]

(19 3-13] uk¢-2& 238 &5%

AdF HA= uhes & Ao Uitk &5 A" 3-14]oA £RoF
1(f0, 1, 0, 0, ODo] #HA=EHA, [2¥ 3-1]¢ landmark 8Hi} 4HO] x,
y A3 At s 4 ZHEel YEiE o] AgE 7|2 ot

ZIEEY 3™ Aol vlEste] A 2718 Sttt

I

=t [0, 1,0, 0, O]
< [0, 1, 0, 0, O]

[0, 1, O, O, 0]

(79 3-14] vh92 B £58

s 200, 1, 1, 1, 11, [0, 1, 1, 1, 1D7F BAlol AAEH, A&7 @
B4 Z474e] [29 3-119] landmark 899l x, vy HE IF AYE SATL
Ao A UetS wjo] AZE 7|F2=2 oto] 7|EHT AW Al H]
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£ gkt & =oF 3([0, 1, 0, 0, 0], [0, 1, 0, 0, 0])°]

Al AAEE, A&y @ 5L Z7Eo] O™ 3-1]19] landmark 83*94 X, ¥
3 7+ AYE SARNH g AS UEHE W AYE 7lee® 51
7R AW A HIEﬂOPOq A 2715 SRttt

ofgl WA= mhes & ok digh &53 AR 3-15]94 &R
& 1([0, 1, 0, 0, 0Dol EAlel HA=H, [18 3-1]¢] landmark 8H
4919] x, y FHED A7t A F ZHge] UERe de AZE 7]
o7 dlo ZlEHo Ztow Ao H|Fste] A A7E Fadtt. &R
oF 2([0, 1, 1, 1, 11, [0, 1, 1, 1, 17} SAo] AAEH, A&7 &
& ZZ+o] [O9 3-1] landmark 899l x, y E IF AgE FSHIT
A ZHEte] A2 dEgE "o AYE 7IelE sto] TR FHoH
Agle] HlHst] AA Z7|E FaS & =g 3([0, 1, 0, 0, 0], [0,
1, 0, 0, 0Dol sAlel #AAEW, &yt 2L ZFZFO] landmark 8F19]
x, vy #& 3 AYE 543 Aol AS UEEe "o AYE 7L
& otof 7|EHT Ztow Ao H|H st AH A7]E E<1Ith

[0, 1,0,0,0] =[0, 1,1, 1, 1] z+ [0, 1, 0, 0, O]
£ [0, 1,1,1,1] £ [0, 1,0,0,0]

[ 3-15] mpor ke &E

ko 2 vt g AHoJAA-|A ofH]

2 BGHL olFL o5A

] = o= [e) o
2 nherz 2ste] EAAYIA ANE SHIR olEstel mea e
08 R £ERS VH A9E PASe] Y FaE 520 o &%
2o p@stect

(29 3-16]9] &5 191A4[1, 1, 0, 0, 01=AADe] #AA=H, [I19 3-1]
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o] landmark 8W9] x WO} y HE A2 W HEz WG T,
ARgSte] mEeAE FAQIt ol FAIA AA fIX = wheA FHETE Fo|H
[1, 1, 1, 0, 01(=VA} &Heh)o] AA =W, [19 3-1] landmark 8%} 129
o] x, y & 49 A7t 30 A= oyt HHGY we AR} FA7 A
o] grghol Sl A9 mheATE 7H7IAL Sl AAIE =Sk AR
[1, 1, 0, 0, 0J(=AADo] FAA=H, [(1" 3-1]°] landmark 8¥He] x #}pxe}
y FHE QXS A HE= Het & o] AREStY] mheAE FAh
THo=w olFAA Ao AA7E =ESHA, [1, 1, 1, 0, 01EVA & R)o]
BAAA, [ 3-1] landmark 83} 12¥9] x, v & 7Fe] A=7F 40 A
L ol4fo] HH(40Y wle= AR FAZE HEA &1 VAT HEe B9 =
A1E X AAE Welse

oI5

k]

2521
14 2 94 otol @ A

o1 A% 257

[1.1,0,0,0] [1,1,1,0,0](|([1,1,0,0,0] | [1,1,0,0,0]  [1,1,61,0,0]

(2% 3-16] BF9A EQIE ofulx] W G4 o]F £ |

£52 29 [2F 3-171°01A [0, 1, 1, 1, 11(=&7IEF AAE "Hh)o] #A
A, [2" 3-1]9] landmark 9¥9] x XmEe} y R A E s Hu=Z
Hgket &, o] ARgStY meAE FARITh oA A YA 2 upes

Fu7t AoiAE, (1, 1, 1, 1, EIAT F52Anh) 5294 (1, 0, 0, 0,
01=FHE HArt) &£szozo] ¥spt A=W, nteArE 7H7|a Qe
ANE = 1st7] AFR [0, 1, 1, 1, 11(=&71 A4S doh)7 3R 5

H, [I" 3-1]9] landmark 99He] x 3ol vy 7 A& ot Hfx= W

i
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ooZ] L @4 ctolZ A s Ee
A1 A% £57 A &5

(0,1,1,1,1] | [1,1,1,1,1]|[1,0,0,0,0]

[138 3-17] oA ZOlE o]u]z] @ A} o] %2} )

(1% 3-18]3F Zo] &ReF 3o04= [1, 1, 0, 0, 01(=AADe] AR
W [298 3-1]9] landmark 8¥9] x Fmel y HHE A& A =
HEAS §, o5 ARgShe] wheid] ZIAES FAIMh o]FAZ A
A& ukes HxE7E ZAsHE, [0, 1, 0, 0, 0]EHADE & AHlA
A&7k 50 &'l AAEW, AAE =H1skr] AlER (1, 1
0, 0l(=g@ADe]l ZAA=H, [1H 3-1]9] landmark 8WHO] x F}pES} vy

B
t

rr

N oo e fo

B 9AE oW AEE WIG F, ol AHEsIe] nposo] EAES 87
k. AFHoZ oA Xl AAsL etw, [1, 1, 0, 0, 117
Ak ALl 2 & mopo] AANA, SHIE BI ANES
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=553
olulx] L g4 oto]E M
S A &5

[1,1,0,0,0] | [0,1,0,0,0] | [1,1,0,0,0]

[1%] 3-18] Ap¢-2& ERQIE o

Ze, nhes A2, 92 npes iﬂ%u}—g/os, s BT, o
A BHAgoR A7 Agst 3

© S
=2 .
S el A4Bel Y BT 840l Y B £ A%

aT

7h AA

24 A4S Fdst7] 98l "MIT/ast—finetuned-speech—commands—v2"'[1
H3-19]= MITOlA 7HEe 374 Q14 Edolth139) o] mEle 307] o)<
g o] 54 gygoe=z o]Fo]H Google®] Speech Commands To]E] Al
o

Agstel A strE T, 27HAQ mlA 24o] Hgle 140

o] ‘voice label.txt’ ol A=t

139) Gong, Y., Chung, Y. A., & Glass, J. (2021). Ast: Audio spectrogram transformer. arXiv
preprint arXiv:2104.01778.

140) https://huggingface.co/MIT/ast—finetuned—speech—commands—v2
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I ’[ Linear ]—D Ol.ltpl.lt

Transformer Encoder

IP[ll]I |P[l1| |P[z]| |P£31| Pm |P[51| |P[61| |P[?1| IPES]I
-+
|E[c:Ls1| |E[11| |E[2]| |E[31| IE[41| IE[51| |E[61| |Em| |E[81|

Llnear Pl’OjeCtIOI'l

éhhﬁéiﬁﬁ

P i N
s Patch Split with Overlap E - n

(13 3-19] 2r]o AMEZ EMAZD of7]H

Erlo] fxetth. AFEH "HAEE oAl ¢lojels o sidstE Tl
AYPA 7= o AFEHLE & 50, AREAPTT Cleft’, ‘right’, ‘two’, ‘up,

down' 59 ©olZ Westw, olo] Hgsts B4 sl%e] damrh ol
Kol

=
o4 QuEoEt ofeigol glol AR st vheso] EAES o
0}711 AR %7} Stk SHOR o]F Bt R AEHAelY] He

e} gz okdlel slol, AA} £ o ol walok o B

T

o). oleiat AbEALY] MEME wigste], A8A Fbg MelsH AHg

o] A

& & Qe mheL olF EFH 12 E8Sto] mhes 92 HEE i}tﬁOﬂ =
AlBt=s Fastt. o|A2 AR &5 I A0 ¢ote koA
Yot T £z S S ok
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& A2Y T 23U Shus T2l AEdtel AR LEAT
4 YL B oo 42Y U 93 5L A0lE & A Bek.
[ =
== =4 93 AoiErE

ohe s E

vhe s AZIE The
(=38 92 A%)

oA ATE Y

(&=3E 12 A7)

ohe-2A E [ &)
(-8 A=A A7)

[1,1,0,0,0]

| e g geEa)
- = (B A A7)

(19 3-21] 24 14 28 sl

Al A2 E AogtHg vkeA AFETR 2 4E 75E SAHLE A9
stEw [1% 3-21]1 ¢ Zo] &35, 1, 0, 0, 0Do& upeA ZQIEE o]

soto] Hste Al A &5 AT FAO SACR PHS FAT
of &R, 1, 0, 0, 0Do] HAA=H, &7kt &9 #Hud [1F 3-1]19
landmarks®] 89 & (x, y)E shHel iz Weste] nheAE A9
T, AHEA7E Down’' EE ‘Up'olgs dolZ wgalH, o] SA4o] HAE
2 =] ‘voice_label.txt’ f}%‘oﬂ ‘Down’ EX ‘Upolgts dolz =%
Hoh. 293 o] S ¢fo] Down’ Ei= ’O]E}% o7t AFHE A=
sl 7, @A hoavt AT AWL AaBChe W o] HEE w2
Ho] ZEste] A= & 54 ¥¥e S uhelol 2aEthe
W g 7]

1.4

nkx)g)



d 3-211 o 2ol &52H([1, 1, 0, 0, 0DS 4 oluAut IS AHT A
gl Up T Down’'9] 24+ <IAlste] BFe ettt [19 3-21]
o) &2 B, 1, 0, 0, 0Do] A=, &7k 29 sl [Od 3-1]
9] landmarks®] 8 #E (x, Y& i}tﬁﬂ ZEZ Hslsle] npeAs 2 z0]

AN

T, AL ‘Up’ B Down’olehs © 3‘%%@P5,01£LHM HAER
HgtE]o] ‘voice label.txt” T Up T ‘Down’©] tholg A&}
a3 o] mdg ¢lo] ‘Up EE Down’olzh= E‘rcﬂﬂ AAE AL shol
T, @A ueavt AT AHE E o 9 oheote] AAle] 3718 g 4
Fastes ZRIo] 255t &5 54 WP S8l vhes EdE@
) 9 th2(F4) 752 Aol Ao 4 Stk

oMY &4 IANte R npeAE olFo|u tEEY, F}FY, 29, A3

, 2389, A/ FPstldE ofglgol o] & FA

of do it
o ox L
10 o Mo
I
4

t
o
T
ol
S5
R
T
k)
=
2

2 7o) vced Aele] 4
Fdstol AT} H84L AZ 9 “
718 145 & ALA 14 EFA4<I MedlaPlpe Hands14De} 4 214]Q1
‘MIT/ast—finetuned-speech—commands—-v2'¢] R @142)2 Z3gls} Q
O] AloA Al Aojst= 4 WY RS 8ot B4 &5 24
FEe A 7150l aAEH AoA A" JAMEN HAHS TS =
= 7= L 7+ A== AAsHT
A HYed AojAA”He] Aol HUE A mteA HEZHS E-§5to
Ao ofolZ= S| s A= [I7 3-22]014 &&2H[0, 1

2
I
4 4

141) https://developeralice.tistory.com/10
142) https://huggingface.co/MIT/ast—finetuned—speech—commands—v2
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1hez £9o] ZAEQl [O9 3-1]9] landmark 8] x, y HEE SHHO ¢
A BEE 7EHQbA T A|OA mReA ZRIEE Alojjttt. tha THAA =
Abgzto] &4 WE-e 43yttt

o= T oil

(19 3-22] &5Aa 2404 AojA AR |

A2 ‘Two'®2 HYshH, 240 dAER HEtE o] ‘voice label.txt’
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Wee Saets 7@ WEe AAstar (19 3-220904 nhes #2
520, 1, 0, 0. )T $22 &5, 1, 0, 0, 1)L ey

o] %ZQIEZ} [19 3-1]9] landmark 8¥9] x, y FEE YA HEHE
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= ol Left &= Right'ehs o7 AAE] S e = ¥, A
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(1% 3-23] 2523 24 914 AojAAH 2

npAEtez Bt el AofjstHoA mhes ATErRR/AY nhes Y
/T Alofste 71eS AASHA. [ 3-23]3 o] ARATE mhe
2 23FE ves UHde &52K(1, 1, 0, 0, 0] — [1, 0, 0, 0, 0D
A A3E 4 UEde &5, 1, 0, 0, 01 — [0, 1, 1, 1, 1D
= ol AAAZI™E, o] &8 ERJIEQ [1¥ 3-1]¢] landmark 8%
x, y #HEE 39 HZ] dER= P O A= mhelo] 2Ade
Aejste, wheA AFEHRY EFAT Down'o 42 <A, whes
23899 &5 Upoldls 4= AAAZIE o] /4o HAER
HetE]o] ‘voice_label.txt’ T ‘Down’ EE ‘Up'olgts ©olz AHAEH
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™, o] & ¢o] Down’ F= ‘Upolghs @ol7t ARE o], @A mh¢-
27 QIAIRE AN AFTES E% theste B2 Adste] AH8AE
54N 34 WHE Adote] ureA AFEY 2 o 7E5E Ao
4 A4 9 o2 715E Aelsk] fleiAe [C1-3-23]19F &
o] mbe~ < £5ZN([0, 1, 0, 0, 0D v~ Hke &52K([0, 1, 0, 0,
0D)e Wi AAAAA [ 3-1] landmark 83} 4H10] x v FHFE 7H
AE SATA o] SFH Ade A A &o] YElLE wie] A9 z
£ 7o ® AAY A AHEAPE Up' |y ‘Down’eletal 3/44& d=st
A SAE Aol vleste] 27 om x|t FAFe] AA|e] A7|E FHASHAY
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R
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st FAL ol5e BAAS SAor At AASHE BE EAL
k20 E2IE 8 olnAL J4e] AHE ol5AY u] Bag He
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A4 729 HAE

A1E 78 a9

1) Aol A2 s

A3Ael A AT deme A wced AojAswo] Autge e
TE AuEL (2 41 Zo] L5447 284S Ak HHedo)
AN e Aofatr] $is) T@stAT e Aojstre HARY HHe
U Aolstle FEatAT HAY vt Alojstre] 7%t L5k 94
Moz Aolsh e Holx s RS [E 4-113 2t

Hagde]

Interaction User contents is shown

Display menu based on hand
gesture and speaker
Speaker | .| Hand gesture
Recognition Recognition
Landmark

User Action / Speaking / / [F:ar;de ;

Interaction

Inteface
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[® 4-1] £57 0 24 Q4 vced Aeld 7%
78 2 7 53 9 A
User i 87} 524 ofal]
Action - - AR 24 ol
Hand - Divice @ ¥ Zhd|2}
Recoenition | HdFd o] MediaPipe, OpenCV,
& Python(3.8.18)
Speaker - Divice : A1
Recognition | - 7H&E<lo] : Python(3.11.5)
Interface Application | - hiperwall contoller v8.5
- 134 IE® Fo™ i9-13900K (32
MB 7HA], 24 3], 3.00 GHz
Hardware - 32 GB: 2 x 16 GB
- NVIDIA® GeForce RTX™ 4080(16G)
- HDD 1TB
AR EAIR . sea 9 29 anoe A
pe
AR STE M 25 9 g4 aho2 A
pe
ieraction) - AL |- e5toz 2az 43 % 29 99
e |- e5%eR #uz A4 ¥ 24 9
QA | esdoz 2a= A4 ¥ 24 99

2) AlojAld" lzet 44

7h stEdle] 14

HT] @ AlojA] A" o] &=
StEflo] A2 [B 4-2]9
" CPUE FAIRt Hiaz gl
o] stEfJo] AARE TSN, &§ iE_E_—?M iperwall 8.59} 7l
Adol= molM, OpenCVE AX|ste] &4 {L5& SEoTh. E3F H[H Y
AN 2R o2& 7] flsf 50" EHHE 8/ME dZdste] diEd =Y

=
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HE 45t HHed A" &5z 9 34 4oz A7t =
A 87 RUEel HiE REHER S-S A5

W) A 8 9 AxEgo] 14

(B 4-2l= &% dHe F=o AEet 2Eas FolHEE]
Med1aP1pe HandsE 2835lo] &8 A5ty FAs= 7|42 £4519

MEddel= ooz 7 AstAaL, 2he]He 259l OpenCV, cvzone
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ABSTRACT

A Study on Multimodal Interaction Using Hand
Gestures and Speech for Video Wall Control
System

Cho, Young—Wook
Major in Smart Convergence Product

Dept. of Smart Convergence Consulting
The Graduate School

Hansung University

With the development of the display industry, the part that interacts
with computers through various interfaces is increasing. It is possible to
control the computer with hand gestures or speech without direct control of
a mouse or keyboard, or to listen to music or guide directions with hand
gestures and voice commands in a car. Voice and hand motion recognition
technology are being applied to various applications in entertainment, medical
care, robotics, and smart cities. The importance of smart cities in which
autonomous vehicles, autonomous security robots, and autonomous delivery
robots walk through cities, and drone taxis fly in the sky is increasing. The
function of the smart integrated control center that monitors and controls
various problems in the city is also being advanced. Monitoring of safety not
only in cities but also in railroads, power plants, manufacturing, and
construction has been strengthened, and the enforcement of the Serious
Accident Act made the management and supervision of business owners more

Severe.
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This study aims to efficiently monitor the control center operator by
developing a function to interact in a nature—friendly way with the video
wall control system, a system that monitors and controls CCTV images of
smart integrated control systems. Web cameras (RGB), 3D cameras, Leap
Motion, and LiDAR interface equipment are used to recognize hand gestures,
and in this study, a widely distributed web camera (RGB) was used, and a
microphone was used as an interface device for speech recognition. The hand
gestures and speech detected by the input device are designed to be
controlled by sequentially synchronizing and interacting with the hand
gestures and speech signals after actual detection verification through
preprocessing,.

The feature—specific technical elements for voice and hand—shaped
recognition of the video wall control system using a multimodal interface are
constructed, and hand-shaped recognition is implemented using Google's
machine learning—based high—performance hand gesture recognition solution,
MediaPipe, through webcam. 21 3D landmarks are deduced for each hand
by frame to recognize two or more hands at the same time and interface.
After recognizing the hand shape, the Ul of the control panel of the video
wall was controlled through a voice command to display content such as
images and web browsers on the video wall, and functions of deleting,
enlarging, and reducing content were developed to implement a
nature—friendly video wall control system.

In order to apply the most appropriate hand gesture, three hand gestures
were tested, and each hand gesture was selected by verifying the accuracy
and convenience of recognition. Speech recognition is designed by combining
the model of "MIT/ast—defined—speech—-commands—v2" so that when a voice
command is given, the voice is converted into text and controlled in
conjunction with the hand gesture at the same time.

It was applied to the designed hand motion and voice recognition—based

- 111 -



video wall control system, and used and tested for computer engineering
students and ICT workers for verification of the system, compared to the
existing mouse control method, and verified and evaluated for satisfaction and
usefulness through user evaluation. Among the functions of controlling the
video wall control system with hand motion and voice recognition, left—click
and right—click functions of the mouse showed the highest usefulness of 90%,
and mouse movement, double—click, and wheel up/down(zooming/down) were
slightly lower at 80%. And the control of the mouse scroll up/down function
confirmed the difficulty of controlling the scroll bar at the lowest 50%, and
when the video wall control system controlled the Ul of the control panel
with hand motion and voice recognition, the motion was recognized 0.3 to
0.55 seconds faster than when controlled sequentially with hand motion and
voice recognition.

The results of this study confirmed the possibility and usefulness of
controlling the video wall control system by hand motion or voice based on
multimodal. In addition, in order to recognize hand motion, it has become
recognized that it is necessary to research and develop a platform that is
recognized by various devices such as LIDAR and LeapMotion from a
general—purpose device such as a webcam.

In addition, after issuing the command with hand motion and voice
recognition, it was confirmed that the response time of the content must be
similar to or faster than the function of the mouse to control the content. In
particular, it is judged that research that controls the computer GUI
environment in a more precise way should be conducted to control the slide

bar that controls sound and resolution among the Ul of the control panel.

[(Key word) multimodal, voice recognition, hand gestures recognition,

smart control center, video wall control
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