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A+#E H| T (Computer Vision)

« 2K} FAO 2 HE| 3AHE HHS XA
501, 841511, OlBHSHE 242 7ot
2of

|
" %_II__Ilol_l %X__Il

= ARFEH AT EQ| 0L} SIER|0E AFEDHY |
QIZte| Al ZtE RS FH|S L= A
= OI7F A|Z}0] H|3} 3 OFE| HA|Ho = X
FEILIPE
= H=Z0UA SN X 52 578 =H[0|A= 2
ZHO|AtO| M ek

OO =2 O
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R
u

image processing)

s Q1 HIS QALS ALE 2O TA HE RO B e
SolA| A 2|5t ECF 7| MEl HARS A T G R
" €ocD2D3 D {3 Y Da™AEY 1 4

L 1< AS5uy.. g O A )
4 B ESSONN e

= Q1 G0 U= HSB(noise) MIAH, E& sstds00l 5. ¢
Of Ci{H](contrast) 7H4d, B B H(region of | —-
interest) &%, H =& (segmentation), S
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ij E1 91 & (pattern recognition)

CreFet GO & 0fl CHol A B El=
O|Z O|8ol0 YH HO|HE &
(class) 2 = ot= Y E

s YAH|RL|IA |O|E, S Al JifshA
il

==
F=E
o

= PATTERN RECOGNITION

o Oy y O O L—

2 OOl S Ciet HIO| B of 2k
« Lt 7| AIgt S 7= 28
» A H|TO A THA| AE

QIAO 2t E FZ20| ALE

— —— T =
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AE A2 & A (computer graphics)

. E-” Ol E_I -c')él EH E SII__?_I_-I EEIEI% DI_ ‘m, :"E[m.mm 1]‘ @é‘oﬁ'ﬁiﬁﬁf|§ﬁsb£mu;@?|ﬁéﬁvzﬁiééﬁﬁlmiéslﬁéﬁ}@u&b» ]
& 2= AFESHO 24 Fdd/8

« YHOZHE| 3K RES M

S HIEC = HAxH A2iHE
of0f Hf B0l b Sot=

o
=0l gHdot=7I&

View Selact inage UVs [ =[MRender Resut |X | [1 Rengeita
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ARE |2 X2| A

I .E'.Jhl'

y N Y N
H A | FME| | SRSS HP| FHEM |
: M4 b ) (aszum

= HX 2| THA
» T2 GQUKNE 7= AE
= ISt EH T8
= O|X|(edge), 1=, B <, SIFT(Scale-Invariant Feature Transform) &
» == K2

» SYZESALESI0 Y=oy, B/, JERBM S SELS

’
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2t (pixel, S %)

» LX[E Sd= Boor= 24 B S0 M 4 =&
« 5l S FIX[0| A S| M|7]0f T Sot= X
s 0= 2= LIEHL AL, St g0 HAE = B2 A
. g2 g
= R(red), G(green), B(blue) Al| 7t X| A 210f| Chot HE 2fA
SE HY

E’SUCII’\'CIb - QI EX|S(Artificial Intelligence) - 09 HFE{ H|™

13



E"SUCII’\'CIb - QI EX|S(Artificial Intelligence) - 09 HFE{ H|™

O| X~ X|- A|-_9_

I 2

. ) = f(y, x)
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E:_
1L

o
O &l G & (binary image)
= QAU EET
= 12|0] Feb(grey image, S E &)
« EE AL 2padk
= 2] G (color image)
« 7h 2] 2R 20| Q20| LRSIl 2t
 E N
» CIO|H 0| 27| MZ0f YHHH o = A=shM M
« UE2 AT LEROIIM 0 22 H 2ot YN 2| A Y
= CIYSE HET O 2 jpeg, mpeg & 0| =AY
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F X 2| (image processing)

>
0
o
i
0
HL
i
O

 Qato| BtAHS HiBHoHs BHelg

%:l o= d—— o o HA — 1

= H AL (point operation)

» Sl 2t VLR =9 S0 oS fIXe] =tk 27

= O|Flsl S| AEE e 0] S| dat, B 7| XpA L,
= Y AHek(area operation)

» TS0l hE FSH0] Aol g Y

= ZZF M (convolution, 2|4)= 0|2t A4t
= 7|5} ALk (geometric operation)

= 7|otetd A0 et 2| ZO T 2f0| gis S 00H0] 4 HE

« F42| 21, 0| &, =l S5 outl 2 affine transformation)
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O| ZI2}(binarization)

« 02)0] Y42 0T YHO B BT A
« B33 AAZHS HoHe 20| S

_ 1 iffGi) =6 f0.0):EEel oty
| ' e o3

101 =0 it 76li)<g U
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[0
Hx

o| ¥ 112|F(Otsu’s algorithm)

Original Noisy Image Histogram Global Thresholding (v=127)

 BAUE BtH e E 2780 U E
« UAZLECEE St 0l Mt A e
A2 siAZHE 0| ZTH| ChsiA, V<
II:I I:I_l-—o—l —E—tl’Ol _$_| _+_7|' | E E -(I)-l- :: OI:I 7:” Original Noisy Image Histogram Otsu's Thresholding
HA O 1
Gaussian filtered Image Histogram Otsu's Threshoiding
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o| A E 1 2 HED(histogram equahzatlon)
» JYO| S| AEOFO| TN F
= 8 Qute HEe s S

Yozt iHA| £ Iz

accli Z}hzstb i=0,-,L—1 nlil = acclil/ Nx (L—1)

(¢) (d)
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(a) (b)

(c)

(d)
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715 F M (convolution, 2| 4)

f. il = wlo] - flil +wl1] - fFli—1]+--4+ulk—1] - fFli—k+1]

—1 o
Y uljl - fli— 7]

i=0

Evsucmlqb . 91 ZX|5(Artificial Intelligence) - 09 ZFE{ H|H

(2

(3

@

(5)

(6)

A0 M1 M2 3]

rlafafz]s]

[2lafz]s|
1|43
l1][a]2]s

u[0] «[1] 2]

N aras N
[.[0] = u[0]f10]=3-1=3
Sol1]= a[0]T1] + u[1] 10] = 3-4+4-1 = 16
Jol2]=ul0] /121 + u1]S11] + u[2] f10] = 3-2+4-4+1-1=23
fi3]1=35+42+1-4=27

fo[4]=45+1-2=22

LI51=15=5

So |3 [16f23|27|22]5 |

21



= 222 O0FA T (mask), 7' (kernel), B E(filter), = 3 (template)
f (k—1)/2 (—1)/2 - _
folg.i) = uly-2)fG—yi— x)
—1)/2 z=—1(%k—1)/2

u

1 |-1 | -1
1 |2 |-1 )
1 (1 |1 Jo = [f"u
1 |1 |1
112 |12 3| 4 5| 2] »
180° 1'131132 21 2| =2
2|H
2| 1| 4| s 2 21 2
1 |1 |1
1| 2| 3| 1 2| 2| 2
1 |2 |1
HE r
1 |-1 |1
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| X| (edge)

» 32| Y, &, E= HARNZE 540 Boths fIXIZA BAH0| LtEiLE =2

origional image Final Image
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Sobel ¢ 4HX}

-11 0
-21 0
-11 0

m&'

-1 -2 -1

00| 0

1] 2] 1
m%’

VIAGai) + f2(.4)
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Prewitt A 4t X}(Prewitt operator)

Evsucmlqb . 91 ZX|5(Artificial Intelligence) - 09 ZFE{ H|H

-1 -1 -1] -1
-1 0|1 0] O
-1 1 1] 1
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40
z
|||I=I

|E{(Gaussian filter)

—— | 7|26 41| 26| 7

4 |16 | 26| 16| 4
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1. GA| Z=O{ X1 37|9| 7FAIQLEIEIE HE

2. Sobel HAXIE X 83510], 0| X[ 2| Z o Wheks Lt
3. XHAO| O|RLELCEIS ZtE E Zt= SIA S S H|A

4. F2 225 SOAM YA ol 2l LE &= B0 A A[ASH0] 2 E 0|RSS KO HESHY Of| X|

mll
v’/d|
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LOG ZH

= SO 1A DfZ8r 2%t O] &
= OfX|(edge, Z7A4)2] 21X

Ysuanlab -
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LOG EE

1 1 | | |
0 200 400 600 600 1000 1200 1400 1600 1800 2000

,J

| _1 m
?l | { | 1|

|
I

0 200 400 600 800 1000 1200 1400 1600 1800 2000
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LOG(Laplacian of Gaussian) & E

A0l 7t A HE|E XM 23} L+, 2HZ2FA| 2F HAXKLaplacian operator) 2 X 26}
_|

X

2 f(y, x)2l EFSEHA 2 v2f
. B4 £(y,2)0fl THEH X2t yOll CHSH oA} B B0 B

=

(@
e
L_
—_
ol
o

ai’ ai’
Lo o]

Vif(ya) = —
o oz
= 2} S 2FA| @t E E{(Laplacian Filter)
\_’Qf(y..r') = 02f+ 02f 0 1 0
' 8y2 oz’ 1] -4] 1
= fly+1lz)+fly—Ll.z)—-2f(y.z) +fly.a+ 1)+ fly.z—1)—2f(y.z) O 1] 0

= fly+Lz)+fly—Laz)+fly.a+1)+fly.z—1)—4f(y.2)

30
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LOG(Laplacian of Gaussian) & E

= Y f(y,00 7FRAICHEH G(y,x) 2t EFEEIA EH Ly, ) E HE

HA|R DX} &
(Mexican hat function)

“rsuanlab -

LOG(y.x)
O & AlZFH[E
N S

r

5 L+
v Gy.a) = |4

Q1 & X| 5 (Artificial Intelligence) - 09 HFE{ H|™

) 2
x"—20° !

Gly.x)

L(y.x)=(Gy.z)=f(y,z))

LOG(y.x) = (L(y.x)*Gy.x))=f(y.x)
cFSEHACF 726G (v, x) = L(y, x)*G(y, %)

0,4038 0,8021 0,4038
QM — e 0 EI
0.8021 1.8233 | 0.8021 3x3= E—|
0.4038 0,8021 00,4038
0,0239 0. 0460 00499 0.0460
0, 0460 0 0061 -0 0923 0 0061 0 0460
0.0499 | —0.,0923 | —0.3182 | —0.0923 | 0.0499
0,0460 0,0061 -0.0923 | 0.0061 0.0460
0,0239 0.0460 0.0499 0.0460

5x5EZ H
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DOG(Difference of Gaussian)

e

s

* NZ2 L= otla K= 7IRA S EHEHE

DOG(0) = Glko)*f —

= LOGIIDOG2| 2HA|

Glko) — Glo) =

» LOGLH 410 DOG AHE 7t
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Glo)*

oF = 3L Xt0| = o=

—

f= (Glko) — Glo))*f

(k—1)0°V*G

S | R~

A
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DOG(Difference of Gaussian) ¢4

» JuAtE AL8ot= of|X| dE
G(ko) — Glo) = (k—1)0*V?G

s (k—1)o? &2 2ASLTD G (ko) — G(0)ANM &
WUKf EFA

« U FORS Y9 B 55

« 7t2AQH BB = =20 20 dZ2 S M A=
k=anl,

« MEZOE o U2 7121 EHE HES B2 At
(difference)

= S&(blob, FHI TEE|= 57| M 22 SE
2 ZH= g A=0| AL
= XT oF1) o=

w
c
Q
3
Q
O
re
0|'J
ﬁ
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I =& (image segmentation)
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of HIEH
=

2282 e (spllt-and-merge) S
= 2= e THO| HI=ol 2 W7HK| AIESICHHE O] & 20| ZX| B2 H AL

. 'f'_l'?'|EE(mean-shift) rats k-1 Rl

-
= 2| = "Thgraph-cut) 2H| 2 F= 2= 7|8t YD E|E
- OZIAI-O|§|.AE _L|:|:§7|- -'-|__|_ I E=Xe) _IC_DI_
Aot Cr=0, 1= 2Ct EXH = o1 &
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CH-S % (correspondence point) 7| 4|

« £ UM M2 YX|ot= " =2

vy
=

20

i

-
@)

2 H|g| 2 H

7,

o4, g3

N
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i}t 2H0F G & (panorama image)

3

ar
OF

A B2 8o+ AROA THSE S 20t += A2 THSd 50| dX == &g

— =

i Ju

°E suanlab - 23X S (Artificial Intelligence) - 09 A FE H|H



2 OIS S AFRIONA ChS

S
=

=)
=

Ysuanlab -

Q1 & X| 5 (Artificial Intelligence) - 09 HFE{ H|™

A0

f

40



A H| 2| 2 H| M (stereo vision)

E5E SIS A2| ALt

Xieft Xright
Viefis X1et) (Vrights Xright) o 4
Jieft  Jright } / /
of 1) &2} A =
714 /
w
pw_(ywaxwazu‘) N 9} /
%&\
) P
( P (
\_/ | \_J Xy b
(a) £ 1 (b) 1xI2lo=2 ths}
. - "Yl(zf! 'Yw o N
U PFlr] = =2 /A bi:
B Xpge brx, " X Xpp €
Q8% ol = R

2 X XH0] X &=
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gistration)

image re
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Xt MRI

)

S| @l
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=
EWH

= 5% H(feature point)

o
. QAfo|CHE Rt HMBHA CHE 2

= 7| =X(descriptor)
- SEEQ FHBES E0IU ®BoH=

« LHENQ 7[=X}: SIFT

= O °H (matching)
= EUEO| 7|EAtE 2 E
= HlWwSHCH&0| B2 Z

0)

Ho Txf
2

rr

ot

o M
il

Evsucmlqb . 91 ZX|5(Artificial Intelligence) - 09 ZFE{ H|H

A4



+ 221|0] FALOA] X
S HEHT BRE RS A= U

(distinctiveness) : =X 2| CHE X4F S&9]
x

21
‘g

» 2 (accuracy): SYHL| YK E &S| 2H 7ts
X o

o™=
» 28/ SEHEH0| HF BO| BEE|X| f2 T B2 AlLE Al

Lo — L—
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F < 1|0 E(image pyramid)
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2| Y Sk (scale space)

« 22| 20 A= =7t Sl 0fopA| EQICH= ZHof & et
» 32| 37|5 E0|= AO| OfL|2t 71 A2 EEQ| HEHA o=
ZE7I197IHM 02 /e[ Bd= UHEES A
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=& & (blob detection)

\ _f»;_ l.l! ?]

N\

Buy oA}
(a) (b)
18 9.28 2E2tAQt g0 ST
(a) & FAlof 2t=2tAICt g2 TEIE M ZHE
cS2tA|Ot &9 Z40] 00| &= BE0| SAH

i
1o
ox
=
e !
rin
ful
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=& & (blob detection)

"R
L"F-f f!‘. e"t‘l\". \’uf

200

150
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SIFT (Scale-Invariant Feature Transform)

= 19994 22 (David G. Lowe) 7t 7H &St C
= 7| 2 QI E (keypoint)

= SIFTO|A S8
= 272 S OEf0jE A ARS

= SEfH (octave)
» A2 379 AAH Y S
= HE5-6712 B 23

« OIF QIAFTIO| 524O| X}O| K H|S
= 213~ 126
= g=16

» O SEEO| HHR Fd
= k%02| 0| A Cr2E 2 (downsampling)

. SPL} 7L S} M
. QIAF 377} 447t Y | b

Al
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SIFT SN 4=

= SEFE L{O| QI Ha0|| CHSHA DOG Al 4k
= LOGE o= 24t
» O|2}0|E 2= 0PHO|A 7FAICHEH M E

» 7|ZOIE AEH

= 22O DOGQAMEE =
HAJ—l' Hl ul

R PN

H2AM Ol

A
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3
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i,

« ST QX Q0| F4
« EXF 37]: 99 37
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= Of 2| A-2F= 2f A (Harris-Laplace)

= SURF(Speeded-Up Robust Features)
= FAST

= ORB

= BRISK
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= SIFTO| 7|=X}
= SIFTO| i Ol PCA-SIFT2 GLOH

. DIOF

* ORB
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ZEIA E (shape context)
BRIEF

BRISK &
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SIFT 7|=Xte| 578 7|=

TN IEQE 4x 4220 LD, 2t 20| CHSHA| ST R YRFSLSL0] 5| AE D

A\ A

« 2t 220| S| AEIWS DOLE HE
_I

P 37, e, BE Halol By S S

A
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HOG 7|=X}

= HOG(Histogram of Oriented Gradients, 22fd 18] 0| HE Q| S| A E 1 TH)
» AFEO| HE||LT BAXLE HES= U T2 ArE L= a2l 7|=At
» o= €49 37|12 28522 Lt+0 A E|UES Al ihot L5,
G| HHES O|E0Y 6 ==2 XI9H S| 2™ S d-dot
SRS O|ﬁEJEHO O|0{= 0 1XH& HE = &l 7|=Xtdd
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Hough transform)

N of
I

02
2
o

bal
rx
o
-
JH

O

ot 5

rg_l"< 0Q
2o

b xrpaty;

. {.r}-. ;)
(a, b)
o (2 ¥)
"ol o/
y—art+o 5 Zaty

\J Y v
I a r

Evsucmlqb . 91 ZX|5(Artificial Intelligence) - 09 ZFE{ H|H



o] = B3t (Hough transform)

of| A Sl & AR of

XS BHS M

= 540] X[LiZE A

Ok
Lo

H= AHE 7ts

O XL

_I

A L_=2=2 X -

02 34
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0’8 (matching)
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 BUS 2R
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o
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= X| 22} 8l & (locality sensitive hashing) 2 &

7|

]
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o
—

= Kb G[O[E10f CHoN teh-E ZAHY AA0| Vs

50| & S{{A| @==(hash function)E A&
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k-d E2|(k-d tree)

= [Bently, 1975]
= IR O] 21 32 A CIO|Efoff CHet B 1
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6 =t "o—

E ‘ Y
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2 G‘ X

A
‘ (1.9) (2,5) (8,8) (9.2)
(0,0) 2 4 6 8
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K| F 21 & ol °d (locality sensitive hashing)

= FASHEO|H = €2 HA (bucket) 2= =2 2H=2 0l
» XO|7F 2 HIO|H= 22 HIl 22 X2 =& 2 oo
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Ol A 2R

= A2 @14 (instance recognition)
» S8 =2M7r B0 A=K &= A

 SIFTO} 22 Q48 X| HEFO| HLE|BA 22 M5

o
= Lo #Halvt Ol 37| 2 0f OF&] 2H%
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CLOVA OCR

https://clova.ai/ocr/

Text [SON

2P (=AEMNELE

HOW to use Hose ree! Fire hydrant.

ASHES ¥T B (=3)2 BT M

1ZAYS o= HUCE

Open the Fire wall cabinet and take out the hose
and grab the Nozzle

2 ASHH WHE O3 Sagu it

Open the valve by turning left hand side

£ £02 TS I HRIHeE

3 =AZE FOHSHY 25 ZLh
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CLOVA OCR

https://clova.ai/ocr/

Model type: Document Understanding OCR

Recognizes receipts by type, and extracts all items on the receipt, such as store information, payment history, and payment method,

Text json

Store name

Siore address

Store phone number

ltem
M3 2 2350ml

M3 2t4350ml

emart

Fo| dgA 2+ FAE2 120

(031)786-1171

Quantity Unit price Price
2 800 1600
1 800 800

>7suanlab -
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Source image Inference visualization
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Al %] ZE UM U AS 2T EHEY 2

= R-CNN £ &
= R-CNN, Fast R-CNN, Faster R-CNN

» YOLO 2 &
= GSD 2 E
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Fast R-CNN 242!

A X 20| A Qo RO L ;| F0| =
1o 24 ASASof L3t LS SIXIZ
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e Fg o= ME
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Fast R-CNN 22!

SR RZREE AH AN JA2 o W] |
A= Ot RO S Lo Zet 01 83

(¥ =27] At28t)
7 -ﬂ
4o Ak 3 /
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Faster R-CNN2| €4 X|QF aF

« EX X|Z0f| CH3H 02 27| 2| W740)| CH3H 24K 2]

“rsuanlab -

Ma)| v]|AAE rHE yHNE wE h x|

1x1 HEFHA

ol 5122 HHA =

| 3x3auss
NN N N N\ N

\ \“x \‘xl \\\.\ M\

Q1 & X| 5 (Artificial Intelligence) - 09 HFE{ H|™

2 HI}
128 256
O3 ||
212
11 1:2
97}A] YA

2.1

79



-

“3

2 5 3

_ X%

3 192 256 512 024 w24 1024 4006 30

Conv, Layer Conv, Layer Conv, Layers Conv, Layers Conv Layers Conv, Layers Conn, Layer Conn, Layer

TxTx64-8-2 3x3x192 1 x1x128 11‘1!256} 4 x 512 } 9 3 x3x1024
Maxpool Layers Maxpool Layers  3%*3%256 3x 3x512 3 3 1024 J ° 3x3x1024
2 X Q=g=9 2 X Q=g=9 1x1x256 1x1x512 3x3x1024
Jx3x512 3x3x1024 Ix3x1024~-5-2
Maxpool Layers Maxpool Layers
2%X2-8~2 2% 2-8-2
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SSD R Elo| L=

7|3 - 9H(base network)

F7} 574 3(extra feature layers)

VGG~16 through Convd 3 layer

e

, A .

>

Classifier : Conv: 3x3x (4 x(Classes+4))
\ Classifier . Conv: 3x 3 x(6 x (Classes+4))
s |A s o |B
Conva_3 ' | Convé Conv? 0 C 5 Conv: 3x3x (4 x (Classes+4))
| (Fes) (FC7) Conve.2 \ 5
- | s D E
F\19 9 0 5 Corp10_2 Conwt 2
3
512 | | 1024 1024 512 256 256 EI 2% |

.(;mw: dx3x1024 Conv: 1x1x1024 Conv: 1x1x256

Conv: 1x]1x128

Conv: 1x1x128 Conv: 1x1x128

8732 per Class

Detections

Conv: 3x3x512-s2Conv: 3x3x 256-s8onv: 3 x3 x 256-81Conv: 3 x3 x 256-8l

INon—Maximum Supperession|
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Food Localization

Marc Bolafos, Petia Radeva, Simultaneous Food Localization and Recognition, https://arxiv.org/abs/1604.07953
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https://arxiv.org/find/cs/1/au:+Bolanos_M/0/1/0/all/0/1
https://arxiv.org/find/cs/1/au:+Radeva_P/0/1/0/all/0/1

Food Recognition

Marc Bolafos, Petia Radeva, Simultaneous Food Localization and Recognition, https://arxiv.org/abs/1604.07953

-

Food
Detection
CNN

-

Image Input

E’ suanlab - 2 3X|S(Artificial Intelligence) - 09 Z&E{ H| M

Foodness Map Extraction

~

Food
Recognition
CNN

Apple

Strawberry

Food Type Recognition
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https://arxiv.org/find/cs/1/au:+Bolanos_M/0/1/0/all/0/1
https://arxiv.org/find/cs/1/au:+Radeva_P/0/1/0/all/0/1

Cooking Recipe Retrieval

Black beans - :

gﬂ:pped green onion

hﬂﬁﬂﬂ-m>

Ingredients

50 grame, Do ’ 70
grams, CarroHall: perEnd 30 gram, ankon 2, ginger 1
scrap, garfic § petals, 5t Right ameut

Canking i, ,
sugart

yarsalt, whits

16t slivees the kan moat cianing the semi-fisished yam,
abundanty I tha bawi, adds the salt and tha water starch mibis
well;

I, the orion ginger garke deaning cuts the sik spare.

3rd, the auriculaia ausicua aed the cerat cut the sk spare.

4th. the white sunar. the sov sauce. the aromatic viegar. the refined

Ingredients

Egg 0.99  Seacucumber -0.94 Thymus vulgaris 0.97 0.90 Intestines 0.92

Chives 0.72 | Green onion 0.91 Beef 0.70  Fresh pepper 1 0.99 Spareribs i 0.79 Thymus vulgaris 074

Freshpepper = 052 Blackfungus = 057 Pork = | 051 Parsley 4 049 soybean | | 051 Greenonon | 051
: (a) Fried egg (b) Braised sea cucumber  (c) Beef seasoned (d) Hot and sour (e) Pork ribs & lotus (f) Braised intestines

fern root noodles 0.99 Lotus root

with scallion with soy sauce fern root noodles root soup in brown source

Deep-based Ingredient Recognition for Cooking Recipe Retrieval, http://vireo.cs.cityu.edu.hk/papers/jjchen_mm16_cr.pdf

“Yrsuanlab - XI5 (Artificial Intelligence) - 09 ZFEf H|H
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AI-II nl 0=IAI- _?_A'l https://www.clarifai.com/models/general-image-
- KX O Ly | recognition-model-aaa03c23b3724a16a56b629203edc62c

General
Kc;rAeera;w (ko) >

PREDICTED CONCEPT PROBABILITY
oA 8.997
oA 8.996
S Eol 0.998
MEHE 8.987
StLt 8.974
LEA 8.965

i

S" suanlab - 2 3X|S(Artificial Intelligence) - 09 Z&E{ H| M 88


https://www.clarifai.com/models/general-image-recognition-model-aaa03c23b3724a16a56b629203edc62c
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NN e
‘man in black shirt is playing ‘construction worker in orange "two young girls are playing with "boy is doing backflip on
guitar. safety vest is working on road” lego toy. wakeboard.

"man in blue wetsuit is surfing on

wave.

"girl in pink dress is jumping in ‘black and white dog jumps over "young girl in pink shirt is
air’ bar. swinging on swing.’
Deep Visual-Semantic Alignments for Generating Image Descriptions, http://cs.stanford.edu/people/karpathy/deepimagesent/

“Yrsuanlab - XI5 (Artificial Intelligence) - 09 ZFEf H|H



CaptionBot

https://www.captionbot.ai

B® Microsoft

CaptionBot

| think it's a baseball player holding a bat on a field.

-

»

ghon

“Yrsuanlab - XI5 (Artificial Intelligence) - 09 ZFEf H|H
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Image Question Answering

DPPnet (Dynamlc Parameter Prediction Network)

——————————————— T ————————————————————————————————————————— T ——————————————————————— i ————— - ————— - —————————

/ Classification Network —  — Dynamic Parameter Layer 'll
: \ _ - teddy
i " | el — bear
i i | ' =
o T  — | N— =
i ) L ,} a |
'\\ 1 — — |-
Q {,_------------:.".'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'_'.'.'.'.'.'.'.'.'.'.'.'..':\'""'""""— """"""""
s | Parameter Prediction Network i
: | a
E- '| GRU P GRU [ GRU P GRU [+ GRU p{ GRU E
E, : A A A A A A ”’,‘.‘«:: i
a H I
g | i
5 What 1s in the cabinet ? Candidate Weights j
_‘:5 M e .

Hyeonwoo Noh, Paul Hongsuck Seo, Bohyung Han, Image Question Answering using Convolutional Neural Network with Dynamic Parameter Prediction, https://arxiv.org/abs/1511.05756

Evsucmlqb . QI B3 X|5(Artificial Intelligence) - 09 ZFE{ H|H
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https://arxiv.org/find/cs/1/au:+Noh_H/0/1/0/all/0/1
https://arxiv.org/find/cs/1/au:+Seo_P/0/1/0/all/0/1
https://arxiv.org/find/cs/1/au:+Han_B/0/1/0/all/0/1

Image Question Answering

Hyeonwoo Noh, Paul Hongsuck Seo, Bohyung Han, Image Question Answering
using Convolutional Neural Network with Dynamic Parameter Prediction,

ImageQA using DPPnet

https://arxiv.org/abs/1511.05756, http://cvlab.postech.ac.kr/research/dppnet/

Q: How many cranes are in the image?
DPPnet: 2(3)

Q: How many people are on the bench?
DPPnet: 2(1)

Q: Whatis he doing?
DPPnet: skateboarding

e Qs this person dancing?
DPPnet. no

O Is it raining?
DPPnet. no

Q: Whatis he holding?
DPPnet: umbrella

Q: How does the woman feel?
DPPnet: happy

Q: What type of hatis she wearing?
DPPnet: cowboy

Q: What is the boy holding? Q: What anlmal is shown’?

DPPnet: gir:mfe
Q: What is the animal doing?

DPPnet: surfhoard
Q: What is this room?

DPPnet SW mmmg (fishing)

DPPnet: living room DPPnet: kitchen DPPnet: resting (relaxing}


https://arxiv.org/find/cs/1/au:+Noh_H/0/1/0/all/0/1
https://arxiv.org/find/cs/1/au:+Seo_P/0/1/0/all/0/1
https://arxiv.org/find/cs/1/au:+Han_B/0/1/0/all/0/1
https://arxiv.org/abs/1511.05756
http://cvlab.postech.ac.kr/research/dppnet/

Question Answering

DAQUAR 1553

What is there in front of the
sofa?

Ground truth: table
IMG+BOW: table (0.74)
2-VIS+BLSTM: tuble (085
LSTM: chair (0.47)

COCOQA 33827

What is the color of the cat?
Ground truth: black
IMG+BOW:

2-VIS+LSTM: 1l

BOW: gray (0.40)

COCOQA 33827a

What is the color of the couch?
Ground truth: red

IMG+BOW: 5
2-VIS+LSTM: black (0.44)
BOW: 1« 3

COCOQA 5078

How many leftover donuts is
the red bicycle holding?
Ground truth: three
IMG+BOW: two (0.51)
2-VIS+BLSTM: three (0.2
BOW: one (0.29)

DAQUAR 1522

How many chairs are there?
Ground truth: two
IMG+BOW: four (0.24)
2-VIS+BLSTM: one (0.29)
LSTM: four (0.19)

DAQUAR 1520

How many shelves are there?
Ground truth: three
IMG+BOW: three (0.25)
2-VIS+BLSTM: two (0.48)
LSTM: two (0.21)

COCOQA 1238

What is the color of the tee-
shirt?

Ground truth: blue

IMG+BOW: blue (0.3]
2-VIS+BLSTM: orange (0.43)
BOW: green (0.38)

COCOQA 14855

Where are the ripe bananas sitting?
Ground truth: basket

IMG+BOW: ¢

2-VIS+BLSTM:

BOW: bowl (0.48)

COCOQA 14855a
‘What are in the basket?
Ground truth: bananas
IMG+BOW:
2-VIS+BLSTM:

BOW: |

Exploring Models and Data for Image Question Answering,
https://arxiv.org/abs/1505.02074
Dataset: http://www.cs.Toronto.edu/~mren/imageqga/data/cocoqga/

COCOQA 26088

Where is the gray cat sitting?
Ground truth: window
IMG+BOW: window 8
2-VIS+BLSTM: window |
BOW: suitcase (0.31)

DAQUAR 585

What is the object on the chair?
Ground truth: pillow
IMG+BOW: clothes (0.37
2-VIS+BLSTM: pillow (0
LSTM: clothes (0.40)

DAQUAR 585a

Where is the pillow found?
Ground truth: chair
IMG+BOW: bed (0.13)
2-VIS+BLSTM:

LSTM: cabinet (0.79)

Evsuanlqb . 91 ZX|5(Artificial Intelligence) - 09 ZFE{ H|H
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B sky

Building

Pole
Road Marking
Road

Pavement

-Tree

-Sign Symbol
Fence

Vehicle

Pedestrian

» -Bike
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Pyramid Scene Parsing Network

CVPR 2017

Hengshuang Zhao'! Jianping Shi? Xiaojuan Qi' Xiaogang Wang! Jiaya Jia!
!'The Chinese University of Hong Kong *SenseTime Group Limited
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High-Resolution Image Synthesis and
Semantic Manipulation with Conditional GANSs

Ting-Chun Wang', Ming- Yu Liu', Jun-Yan Zhu Andrew Tao',
Jan Kautz', Bryan Catanzaro'

'"NVIDIA Corporation “University of California, Berkeley
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= Google Project Sunroof Savings estimator Data explorer Solar 101 FAQ

’

902 Stanford, Irvine, CA 92612, USA

«/  Analysis complete. Your roof has

o 1,901 hours of usable sunlight per year

d on day-to-day analysis of weather patterns

~ .+ 2,467 sq feet available for solar panels

.

Based on 3D modeling of your roof and nearby trees

$12,000 savings

Estimated net savings for your roof over 20 years

Wrong building? Click another roof o view

. N p
% K\ . ; Map data 82020 Google | Terms of Use
Fine-tune your information to find out how much you could save.

YOUR AVERAGE MONTHLY ELECTRIC BILL @ YOUR RECOMMENDED SOLAR INSTALLATION SIZE @

We use your bill to estimate how much electricity you This size will cover about 97% of your electricity usage.

use based on typical utility rates in your area. Solar installations are sized in kilowatts (kW).

o - 3.3 kW
(229 ft?)

“Yrsuanlab - XI5 (Artificial Intelligence) - 09 ZFEf H|H 102



Real-time Multi-Person 2D Pose Estimation
Using Part Affinity Fields

Zhe Cao, Tomas Simon, Shih-En Weil, Yaser Sheikh
Carnegie Mellon University



OpenPose + Face + Hand

rsuanlab - 2E%5(Artificial Intelligence) - 09 2 FE| H|H



Real-Time Hand Tracking

camera
-
E FHNIZHED M:G': E
! RealTimeFlowLimiter .
Hand Detection only
' | runs on: '
' B 1) First frame !
i IMAGE 2) Hand is missing ;
: HandDetection ;
' DETECTIONS ;
' » :
: UEILL'.IIDNS :
DetectionToRectangle
. RECT )
|
- -
RECT IMAGE
ImageCropping
CROFPED_IMAGE
-
L g
IMAGE
HandLandmark
REJECT_HAMD_FLAG LANDMARKS
I L
DETECTIaNS LANDMARKS  IMAGE y Palm detector %‘
LandmarksToRectangle  AnnotationRenderer
= REMDERED IMAGE Frame #1 Image > ] I-;and y Y GeStu.re
I " andmarks recognizer
=  Hand BB
Blue Edge: i I Hand Gesture
Temporal back edge to naxt frame display Frame #2 = ™ Landmarks | | recognizer
+wHand BB
https://ai.googleblog.com/2019/08/on-device-real-time-hand- o mage , Hand | | Gesture
tracking-with.html | Landmarks recognizer

“Yrsuanlab - XI5 (Artificial Intelligence) - 09 ZFEf H|H 105
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it SMP

MAX-PLANCK-GESELLSCHAFT

4% RSIF )

| YO
. 8 }
LN~ /{_\Q

Microsoft “xyix

* ; ;
Equal contribution
All the work was performed at MPI

f 3D I

| Automatic Estimation

uman Pose and Shape
from a Single Image

Federica Bogo*
Angjoo Kanazawa”
Christoph Lassner

Peter Gehler
Javier Romero
Michael J. Black




SFV: Reinforcement Learning of
Physical Skills from Videos (with audio)

‘ ™
r‘ v -

NNFZZAT TN

Xue Bin Peng, Angjoo Kanazawa, Jitendra Malik,
Pieter Abbeel, Sergey Levine

RN

UC Berkeley \Gil?/



DeepMimic: Example-Guided Deep Reinforcement
Learning of Physics-Based Character Skills

Xue Bin Peng1, Pieter Abbeel’, Sergey Levine', Michiel van de Panne”

LB

? University of British
Columbia

1 University of California =58\
Berkeley \&.od)




EverybodyDanceNow

https://github.com/nyoki-mtl/pytorch-EverybodyDanceNow

S" suanlab - 2 3X|S(Artificial Intelligence) - 09 Z&E{ H| M 110






Fusion4dD

Real-time Performance Capture of Challenging Scenes

Mingsong Dou, Sameh Khamis, Yury Degtyarev, Philip Davidson*, Sean Ryan Fanello*,
Adarsh Kowdle*, Sergio Orts Escolano*, Christoph Rhemann*, David Kim,
Jonathan Taylor, Pushmeet Kohli, Vladimir Tankovich, Shahram lzadi

*equal contribution

MICROSOFT RESEARCH

contact: shahrami@microsoft.com



holoportation

http://research.microsoft.com/holoportation

Interactive 3D Technologies
http://research.microsoft.com/groups/i3d

Microsoft Research
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https://github.com/david-gpu/srez/blob/master/srez_sample_output.png

DeepDream
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https://research.googleblog.com/2015/06/inceptionism-going-deeper-into-neural.html




Deep StYle https://deepdreamgenerator.com/generator

Choose Style Image

1~'=.\th

Nk

Starry Night

https://deepdreamgenerator.com/
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https://deepdreamgenerator.com/generator

Artistic Style

AT ST S| T e BRI

I v, <tV 17~

Justin Johnson, Alexandre Alahi, Li Fei-Fei. ECCV 2016, Perceptual Losses for Real-Time Style Transfer and Super-Resolution

Leon A. Gatys, Alexander S. Ecker, Matthias Bethge, A Neural Algorithm of Artistic Style, https://arxiv.org/abs/1508.06576
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https://arxiv.org/find/cs/1/au:+Gatys_L/0/1/0/all/0/1
https://arxiv.org/find/cs/1/au:+Ecker_A/0/1/0/all/0/1
https://arxiv.org/find/cs/1/au:+Bethge_M/0/1/0/all/0/1

Picabo

ﬂmagenta
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Artistic style transfer for videos

Manuel Ruder
Alexey Dosovitskiy
Thomas Brox

University of Freiburg
Chair of Pattern Recognition and Image Processing

lab - 9ZX|5(Artificial Intelligence) - 09 ZAFE] H|H 125



Automatically Create Styled Image From Sketch

T T R o P P S P T S PR R P o L R R R o e Synthesized Image "
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https://github.com/alexjc/neural-doodle Synthesized Image

#NeuralDoodle /-»
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https://github.com/alexjc/neural-doodle/blob/master/docs/Workflow.gif
https://github.com/alexjc/neural-doodle/blob/master/docs/Coastline_example.png




Learning to Paint
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https://github.com/hzwer/LearningToPaint/blob/master/demo/sunrise.gif
https://github.com/hzwer/LearningToPaint/blob/master/demo/sunflower.gif
https://github.com/hzwer/LearningToPaint/blob/master/demo/palacemuseum.gif
https://github.com/hzwer/LearningToPaint/blob/master/demo/deepdream_night.gif
https://github.com/hzwer/LearningToPaint/blob/master/demo/deepdream_bird.gif
https://github.com/hzwer/LearningToPaint/blob/master/demo/lisa.gif

http://mangacraft.net/

https://github.com/lllyasviel/MangaCraft

MangaCraft
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PaintsChainer

https://petalica-paint.pixiv.dev/index en.html

4 Color Satsuki Wl | 4 Colorize

£ Upload other image #> Share 4 Download
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https://petalica-paint.pixiv.dev/index_en.html

Image Generation

| draw! | | shuffle! | | reset |

noise_strength

long_hair

=
braid

red_hair

purple_hair

green_eyes
Il

El

one_eye_closed
=]

li}
bunny_ears

short_hair

ahoge
orange_hair
pink_hair

B

blue_eyei

very_long_hair

E]

black_hair

=
blonde_hair

?
black_eyes
g
purple_eyes
looking_back
B

smile

B

EP suanlab - 2 3X|S(Artificial Intelligence) - 09 Z&E{ H| M

ponytail
B
brown_hair
B

green_hair
=

brown_eyes

pink_eyes

side_ponytail
silver_hair
aqua_hair

‘z
red_eyes

B
aqua_eyes

E

cat_ears

g
g

tears

twintails

g

white_hair
blue_hair
yellow_eyes

closed_eyes

B
pointy_ears

g

sweat

|

AL

C

DCGAN face generator, http://mattya.github.io/chainer-DCGAN/
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Options [ Advanced Mode

Madel

Bouvardia 256x256 Verazizs (g.gMB)

Hair Color

Random -

Dark Skin

Random @ On

Open Mouth

Random @ On

Glasses

Random | On ‘

Moise

Operations

Import = Export  Reset

Hair Style

Random

Blush

ﬁ Random @ On

Hat

m Random @ On
Style

Current Noise

WebGL Acceleration @

Disabled

Eye Color

Random

Smile

Off | Random m

Ribbon

ﬁ Random | On

Maoise Import/Export

Import = Export

Current Backend

WebGL

http://make.girls.moe

olr
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Selfie 2 Waifu

https://waifu.lofiu.com/index.html
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https://waifu.lofiu.com/index.html

Real-Time Data-Driven Interactive
Rough Sketch Inking

Edgar Simo-Serra  Satoshi lizuka Hiroshi Ishikawa
Waseda University
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Imagine This!
Scripts to Compositions to Videos

Tanmay Gupta?l, Dustin Schwenk?, Ali Farhadi?, Derek Hoiem?!, Aniruddha Kembhavi?

tUniversity of Illinois Urbana-Champaign
*Allen Institute for Artificial Intelligence %p‘
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Neural Image Analogies

https://qithub.com/awentzonline/image-analogies

github.com/awentzonline/image-analogies
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https://github.com/awentzonline/image-analogies

pix2pix

Labels to Street Scene Labels to Facade BW to Color

v

-3
—

input ot 7 input output
Edges to Photo

output

input output

https://github.com/phillipi/pix2pix
https://qithub.com/affinelayer/pix2pix-tensorflow
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https://github.com/phillipi/pix2pix
https://github.com/affinelayer/pix2pix-tensorflow




Image Inpainting
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https://www.nvidia.com/research/inpainting/

removebg

https://www.remove.bq/
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https://www.remove.bg/

JPEG Artifacts removal Inpainting

g ! . \:-_"!‘.t";.;'_.".:_L
Corrupted Deep image prior Corrupted

ted

Corrupted ' o Deep image prit;r
https://dmitryulyanov.github.io/deep_image_prior
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this flower is white and yellow in color, with a single large
petal.
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this jail-bound bird resembles a crow, but has an all orange
body, a small beak in comparison and a solid black head and solid black wings.
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GANimal Demo of Few-Shot Unsupervised
Image-to-Image Translation1

http://nvidia-research-mingyuliu.com/ganimal/

1. Input

2. Curly-coated Retriever

3. Lakeland Terrier
4. Boxer

5. Pekinese

6. Chihuahua

7. Bedlington Terrier
8. Alaskan Malamute
9. Kit Fox

10. Hyena

11. Snow Leopard
12. Tiger Cat

13. Red Fox

14. Meerkat

15. Cheetah

16. Pomeranian
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http://nvidia-research-mingyuliu.com/ganimal/

StarGAN

https://github.com/yunjey/StarGAN
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https://github.com/yunjey/StarGAN/blob/master/png/main.png
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Face2Face: Real-time Face Capture
and Reenactment of RGB Videos

Justus Thies!, Michael Zollhofer?,
Marc Stamminger!, Christian Theobalt?,
Matthias NiefSner>

IUniversity of Erlangen-Nuremberg
2Max-Planck-Institute for Informatics
3Stanford University

CVPR 2016 (Oral)
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Deep Video Portraits

Hyeongwoo Kim' Pablo Garrido® Ayush Tewari! Weipeng Xu! Justus Thies?
Matthias NieRner® Patrick Pérez? Christian Richardt®* Michael Zollhofer> Christian Theobalt!

TMPI Informatics “ Technicolor ° Technical University of Munich — “ University of Bath > Stanford University
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paGAN: Real-time Avatars Using Dynamic Textures

Koki Nagano, Jaewoo Seo, Jun Xing, Lingyu Wei

Zimo Li, Shunsuke Saito, Aviral Agarwal, Jens Fursund, Hao Li

AV S .



hyprface X

Deep Learning-Based Facial Tracker
with Top-of-the-Line Performance









NEON - Artificial Human
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