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Introduction to Computer vision
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B Segmentation

https://www.youtube.com/watch?v=KYNDzIcQMWA (instance segmentation)

B Detection

https://www.youtube.com/watch?v=00T3UIXZztE&t=12s (4K mask RCNN)

B 3d reconstruction

https://www.youtube.com/watch?v=SkJG-uFU2yA (high quality streamable)

B Image Generation

https://www.youtube.com/watch?v=XOxxPcy5Gr4 (GAN CelebA HD generation)
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https://www.youtube.com/watch?v=KYNDzlcQMWA
https://www.youtube.com/watch?v=OOT3UIXZztE&t=12s
https://www.youtube.com/watch?v=SkJG-uFU2yA
https://www.youtube.com/watch?v=XOxxPcy5Gr4
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Image formulation
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color space

Low-Level vision
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Low-level vision : edge detection

m Edge: 57[2| B3t7F AL 87| 2442 =95d2 E0|= ©= O|0F7|2tC} EX| 2
BAME BHeo M2 Eot %49101| H|SHO B2 §EE =St QUCH ot =X 7t
o ZAE & == U E'01| 2t O|=2| Me|o &= & = AUCL meEtA olH §E42
7tX|= edge Lt cornerE O 1 HEE &&5t= 8427 BLL

m Non-trivial task : §17(2| B2}7F 5431 ojLi= 2 &= A2 Ezo ZX 0|t
H3to| A= 7HolOH: 12 75 WE.'J L JEO| BSIE edge 2 =X| OfOHSHY| [f
= O|LCF. EEOF L0|=z2= °|0F01 edge 7 Ot MO| ot HotE 7HX|= 8% Eof /UE
& olct

5 7 6 4 |[152 || 148 || 149 5 7 47 113Y 148 || 149
O Yol H3LE edgeZ =X 2= 3IC} HANYANG UNIVERSITY
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Low-level vision : edge detection (cont)

m Sobel edge detection : 7% 7|28 2l edge detection method 2M O[|=Z QIBt
dstS M A Sk= gaussian filtering of 74 1-xF 0|2 EM& 0|83tCt.

|44| Normalized Agy X axis edge Agy Y axis edge
gradient magnitude

0f1]1[T}040 0. . —
1] 0 |+ +1 | +2 | +1 ofoftfrfrfofor-.. e ooo1]4]3]4]1 AQX = A * Gx
olojojLjif1]o 1{0|1 1[214/3]3 —
2 0| +2 ol ol o o[0]0|TT+{0|07~=% |01 ="11{2[3[4]|1 AQY A Gy
olofi|t]ofo|t}—. |1fo]t| ~|1]|3][3]1]1 5 5
1| o | +1 1|2 |- o[1[1]o]o]o]o 3[3[1]1]0 | |=
1]1]ofofofofo A.g A.QX +AgY
Gx Gy I K I+«K
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Low-level vision : edge detection (cont)

m edge detection kernel. X St= edge 2 S0 M) Chfek &
MO = kernel = Td5t= A0| 7rSILt.

Operators Gx Gy
[-1 =2 -1] |’—| 0 -1]
Prewin Schel o0 o -2 0 2
1 2 1| -1 01 |
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r 11| -1 01
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Robert [-1 of
fo 1|
-1 -1 -=1f
Lol -1 § -1}
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Low-Level vision : gamma correction
m CHH| 37} : ojofx|el &tE3t O] FF ALO|2| XIO|E F7HA|I7| 7Lt E)C =2
W Ees R SEAL O B2 20| AND BS87| 98 ARSIt
Vout = AV;Z
250 f ' ' T et
== ]
fﬁﬂ_:-l-:ﬁ"-f --fff-“"- gf(__u_/ f‘l_f II.'I III
w7
204 7
1501/ / £ 11

/ ff -'I
‘:.": - /f/ =1 I:“'II .- I-'II
| / s { 'I ,-'I
oy / Ls | |
! / I,-f )

50 A=3
| 1/ 10

et 2

% 50 100 150 200 250
HANYANG UNIVERSITY




g e e 11—

Low-Level vision : histogram equalization

m S|2ER : ool gt O e kXl Mol =& 't A 0|0]X|Q]
durdel M9 EES LEHHEE S| 2B S 0|8t S 52 /2 o=
W S|A~ER Hetsbst QUL HEsts SOl B2 o Ao =8 /= 7
HO HO Zipl 7t SCtSIC}
T - dHio =2 oOL-_=2 =2 O L .

CDF 7t &of| 7t
ZA histogram &
Mottt

i
—
Ju} 1] Ju} 200 u]

O|O|X| | O] histogram PE A 4t

T[O] = P[O]
% cdf ALt
For k=1 to L
Tk] = T[k-1] + P[K]

% HEt ALt
Forr=0to L
S[r] = round(T[r]*L)

% O|O[X[0ff X-&
Fory=0to M
Forx = 0to N

r=1Ily, x]
Hely, x] = S[r]
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Low-level vision : histogram equalization (cont)

0o 3 1 1 1 Cdf
1 1 1 1 3 0 1 >
(T TR T = 1 18 2
2 la |1 |1 |2 2 21 2
(I T - R . 2 3

Normalization to max value 4-1=3
Value |number T

0 1 B cdf(v) — cd fomin
h(v) = round ( (M = N) —cdfon x (L — 1))
1 17 l l
2 3
5*5=25 1
3

Round operation for discrete value
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Template matching : What is matching?

B Matching
» Panorama image [1]
o Traditional Method & ZIHZt22H =3 & o O|0[X| Zt2| "Align"1td
« Harris Corner, SIFT 52 &%} Feature map &1t 5%t XS &= 1M

Image aligned according to a Homography

HANYANG UNIVERSITY
A —

[1]M. Brown and D. G. Lowe. Recognising Panoramas. ICCV 2003
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Template matching : What is matching?

m Matching

» Ex2. Stereo Matching
« Reference O|O|X|2t Target O|O|X|2| Depth map#t2| matching2 Sdll AlXt
(disparity) & A2 SHE &
« SAD(Sum of absolute difference), SSD(Sum of squared difference),
NCC(Normalized cross correlation), Census transform, Rank transform =

Left Right

L

. >
disparity
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Template matching : window sliding & patch distance

m Template Matching

» Goal : Template O|O|X|7} =O{ N Z [l Reference O|0| X[} LX|5t= &

HO E T -
—= |:|I'A—I|4°|'t I:c|>|'|:|é|'I

» Method

Reference O|O0|X|2 £E window sliding2 Sdll Template O|0|X|2} & Lot

AHO|=2| patch &

2. Tﬁrr;plate O|O|X|2} patch AFO|2| patch distanceE Z75I0] score map=
=5

3. Score map ZE[SHZtQ| patch EAH

—_—

Patch image Template image

H 1
el

N A

Patch distance
(Score)

.-
aF

Reference image Window sliding
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Template matching : window sliding & patch distance

m Template Matching
» Window sliding

« TH| O[O|X| planel| ZtEHE (x,y), F=E p

BE ()= JeMs M, tt=1F 20| 2

« Reference O|O|X|  {size: W *H}:R

« Template O[O X| {size :w*h}: T
 patch O[O[X]| {size:w=*h}:r
« Reference O[O|X|2| xy&HM & : R(x,y)
« Template O|O|X|2] ij #HA TH : T(,j))

« patch O|O|X[9] ij S A

Window Sliding Process

(@)

Patch : r(i, ) Template : T(i, )

late Matching H
indow sliding

FA O|0|X| plane2| ZHE® (v, y), BHE patche| T}

HE 2 Eelils o, ChEM 0| 59 8§ 5 [UCH

Reference O]D|X] {size : WeM): R

Template ©|0|X| {size tweh} T
= patch O|0|X]| {size tweh)

+ Reference O|0|X|2] xyHF W@ : B, ¥
= Template O|0|X|2] ij WO W T
«  patch O|0|X|2] ij MR & B

Reference : R(x,y)

Image Size

(1D

B A A 4

..............................................

Image Size (W )
HANYANG UNIVERSITY
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Template matching : window sliding & patch distance

m Template Matching

» Patch distance

e Patch—= Reference O|0|X|2| Window
Slide2 9= == QULC}

r = WindowSlide(R, x,y)

« Window slide &AlS S3lf A0t 2t
patch= Template image®f Cr= A4 &

Of HlwE & RUCE,

S(x,y) =dist(r,T)

Score map : S(x,y)

1L,H—h+1)

In (x,y) S can be decided, \ (W, H)

Patch image Template image

r()) T(@))

Patch distance
\ =S y) /

HANYANG UNIVERSITY
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Template matching : window sliding & patch distance
B Distance Measure

» Mean-squared error (MSE)

« B Ml& 2Xt= 4 patch O|0|X[2} Template O|O|X|S] H& QX M=o E

22 #3i0) 2 + olrt

w,h
1
S(0,y) = distyge (r,T) = WZ{R@ +iy+)) = TGNHY
i,j

e Ex)

3

Template (w =

2,h =2)

1 1 2 1
2 3 4 1
1 2 1 1

Reference (W = 4,H = 2)

0.75 0 3
2.5 45 5.75
MSE Score (W = 3,H = 3)

2,2
1
S(1,1) = mZ{R(l +i,1+4))—T(3, )}
ij
= %((1 —1)2+2-1%+(B-2)2+(4-3)%=0.75
1 2,2
S(1,2) = mZ{R(l Y024 ) =T3P

iJj

=%((1—1)2+(2—2)2+(3—3)2+(4—4)2)=0

2,2 :
1
5@23) =55 ) (RA+5.2+)) =W )Y
iJ

=%((1 —4)2 4+ 2-1D%2+(B-1)2+(4—-1)?) =575

HANYANG UNIVERSITY
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Patch distance : MSE, PSNR

B Distance Measure

» Peak signal noise-to-ratio (PSNR)
- Z|0f M= Of &ZH| 2 F&, 0|0|X|9] ot E &4 HEZ B7IE I AHE R
MSEE O|&3dHA Aitgh = UL}
« MAX,2 patch image r2| Z|C &4 ZIOE nH
MAX, =2" — 12 BT = QUL

r = windowslide(R, x,y)

S(x,y) = distpsnr (T, T)
(MAX,)?

=101
810 (st (7Y
MAX,)?
=1010g10( 1 wh ( . T) . - )
Ry ROx+iy+)—T30NY
« Ex) when, Image is uint8 format, MAX, = 28 — 1 5(1,1)=101oglo(—di$MX(Tr),2T))
0.75 0 3 49.4 inf 43.4 = 10 * logyg (0—752> =494

2.5 4.5 5.75 44.2 41.6 40.5 )
(MAX,)?
distyse(r,T)

2552
=10 * 10g10 ﬁ =405

MSE Score (W = 3,H = 3) PSNR Score (W = 3,H = 3) HANYANG UNIVERSITY

5(2,3) = 1010g10( )
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Patch distance : CC, NCC Note

Template MatchingA| Cross-Correlation2
B Distance Measure Distance-measure2% E motivate T/ X| T,

Similarity-measure2 2+ Z10| X gtsict,

» Cross Correlation
e WXt MO Z Cross Correlation2 Convolution@ 2 2 H Qajj=ICt.
e Cross Correlation?| ™2 = =L o] HAO|2= &A™O| QL

S(x,y) =distec(r, T)=1r QT
w,h
= Y TGNHRGH+1Ly+))
L,J

» Normalized Cross Correlation

 Reference O|O0|X|2t Template O|O0|X|Z =} 5t0| Cross Correlation=
ASSE S SO}

o ur= Template O|O0|X|2] HHO|H pu,.2 patch O|O|X|2| H+O|LC}

S(x,y) =distycc(r,T)
ST ) — url[R(x + 1y + ) — ]

JE TG = PN RG+ Ly +5) = i)

HANYANG UNIVERSITY
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Patch distance : CC, NCC
m MSE Example
Patch
Template
Reference

Max Score(xy) Z 2 E

— Score

HANYANG UNIVERSITY
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» 1. O|0]X| 2227

« "HO}Y O|F.png”, "IfX| O|F.png” € +=85I11 ShowsE =] LS =HE
2 st}
catpng —— [ cat 2019-02-.. PNG DY GKE
|&| patch_cat 2019-02-..  PNG Lbg B
patch_catlpng /

‘
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rot
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Cross Correlation

Normalized Correlation Coefficient
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Mean-square error : 1

Search ‘
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» 1. TX2| HES}H

o Test_patch_catpngE =2{2 & ©X 2| 7|
matching =&

ste Xz A
Az 7| ME  parameter A1 EH HE

. v 5 Aol

Soarch

23 y

0| 873}0] template

HSV : template 2t o|E'|7(| = HSV color space
2 WSS} parameter = H X 20 FO{X|=
7H&X| O|C}. 0-10 AtO|2Q| gfolLCt,

Gamma : gamma ¢ correction 2 = o|o|x|of H&
SHCt Parameter = gamma %fO|Ct. 0-2 *folol
W2 AH8dHOF StCt.

Histogram equalization equalization & &
SIC} Parameter £ bin 2| 7i4=& 2|O|stCt.

HANYANG UNIVERSITY
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4& 3 : Low-Level H{H 0] 2310 52 & &7|
m Low-Level €112|F1} patch-distance 41EH
noise 2t outlier §0| Z&t&l template01| CHSHY X E|9f X 5tot patch-distance & M
U5t matching = A5 =L 442 @12|F2| 5d= 44510 g12(Fd}p ot
ctO|HE 2€4d5t= Aol E8.
m 22X 53
& et ol T Zhel fIX[2| Xo|2 _AE 5
S8R —
PSI= distance N\
2S5
Cu’% MSE
| A\ PSNR
Gamma correction \NL
histogram
equalization NCC
Error evaluation
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