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NOi dung mon hoc

* Lecture 1: Téng quan vé Khoa hoc di¥ liéu

 Lecture 2: Thu thap va tién x& ly di liéu

e Lecture 3: Lam sach va tich hgp dit liéu

e Lecture 4: Phan tich va kham pha dit liéu

e Lecture 5: Trwc quan hoa di¥ liéu

* Lecture 6: Tric quan hod dit liéu da bién

e Lecture 7: Hoc may

e Lecture 8: Phan tich dit liéu l&n

* Lecture 9: B4o cdo tién dd bai tap 1&n va huéng dan
 Lecture 10+11: Phan tich mot sé kiéu di¥ liéu

* Lecture 12: Danh gia két qua phan tich

VIEN CONG NGHE THONG TIN VA TRUYEN THONG



NOI dung

Thi giac may tinh va mét sé rng dung

Khai niém co ban vé anh sb
— Anh sb, lvgc d6 xam, dd sang dd twong phan, mau,...

— Thuw vién : Opencv

Nhan chap va mét sd bd loc co ban
— loc nhiéu

— phat hién bién

Biéu dién ndi dung &nh / trich chon dac trwng: dac trwng cuc
bd va dac trweng toan cuc
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Thi giac may tinh ?

« X Iy anh
— Lam viéc trén dnh nhw mot ma tran sé
—Pau vao: anh s6 & dau ra: anh sb (ma tran)
— Hb tro kiém tra va stra déi anh
* Thij giac may tinh
— Lam may tinh hiéu ndi dung anh sb va video s
— Anh va video coi nhw di liéu dau vao
— DPau ra: thdng tin nglr nghia, théng tin 3D

What kind of scene?
Where are the cars?

How far is the building?

SCHOOL OF INFORMATION AND COMMUNICATION TECHNOLOGY =



U'ng dung cua thj giac may tinh

« Anh, video:

— Nguén di liéu doéi dao,
moi trrong da dang

— Giau théng tin

= Linh vwe thu hat nhiéu
quan tam dac biét trong
Ky nguyén mai ..




U'ng dung cua thj giac may tinh

« Hiéu ndi dung anh
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U'ng dung cua thj giac may tinh

« Hiéu ndi dung brc anh

i\ WAY.

Ban c6 muén gan thé Ho Thi
“ =" Phuong khéng?
Co - Khéng

Facebook's suggestion
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U'ng dung cua thj giac may tinh

. Earth View, Google earth (mé hinh 3D tir nhiéu anh 2D): md
hinh dwoc sinh tw ddng + cac cdng trinh tiéu biéu can chi
tiét: mo hinh dwoc thiét ké tha cong (Golden Gate bridge or
Sydney Opera house)

P =
r tl
g

Microsoft's Virtual Earth
SCHOOL OF INFORMATION AND COMMUNICATION TECHNOLOGY




U'ng dung cua thj giac may tinh

« OCR (Optical character recognition)

— Technology to convert scanned docs to text: each
scanner came with an OCR software
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Digit recognition, AT&T labs Licence plate detection
http://yann.lecun.com/exdb/lenet/ and character recognition
L
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http://www.research.att.com/~yann

U'ng dung cua thj giac may tinh

« Phat hién mat ngudi: dwoc tich hop trong hau hét cac
camera dé focus tw ddng, cho phép c6 cac birc anh dep
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U'ng dung cua thj giac may tinh

 Phat hiéen mat cwoi: smart camera

— Camera c6 thé tw ddng chon thdi diém chup dé co burc
anh co6 biéu cam hoan hao

Smile Captured! Smile Captured!

Smile Capiured! Smile Captured! Smile Captured!

> Source: Derek Hoiem, Computer vision, CS 543 / ECE 549, University of lllinois
A
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Ung dung cua thj gidc may tinh

« Dang nhap vdi thdng tin sinh trac hoc (van tay, mong mat,
mat,...
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BO quét van tay duwoc trang bi trén nhigu  Nhan dang mat dwgc xuat hien rong

T ~ PR . rai hon
may tinh cung nhu cac thiet b! khac http://www.sensiblevision.com/

Source: Derek Hoiem, Computer vision, CS 543 / ECE 549, University of Illinois
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http://www.sensiblevision.com/

U'ng dung cua thj giac may tinh

« Phat hién ddi twong (trén mobiles)
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http://www.infoworld.com/article/07/04/24/HNnokiasiliconvalley_1.html
http://research.nokia.com/researchteams/vcui/index.html
http://www.google.com/mobile/goggles/

U'ng dung cua thj giac may tinh RTH}E}’%
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« Truy van anh dwa trén ndi dung m B resues
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U'ng dung cua thj giac may tinh

« Smart cars 2> autonomous vehicles

-» manufacturer products . consumer products <

Our Vision. Your Safety:

rear \ I \ forward

Jooking o i e "I Jooking
camerd , [ camera

Events

= Vision on ES isi i i Advance obileye at Equip Auto,
EyeQ a Chip V.SIQI’I Appll(atlons *AWS Warning System >;Iarli)sl, e e

l Road, Vehicle,
Pedestrian Protection
* and more

> Mobileye at SEMA, Las
Vegas, NV

> read more

> read more > read more

~
Mobileye: vision systems currently in many cars
“In mid 2010 Mobileye will launch a world's first application of full emergency
braking for collision mitigation for pedestrians where

vision is the key technology for detecting pedestrians
Source: Derek Hoiem, Computer vision, CS 543 / ECE 549, University of lllinois

=nl ""‘ SCHOOL OF INFORMATION AND COMMUNICATION TECHNOLOGY
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http://www.mobileye.com/

U'ng dung cua thj giac may tinh

« Ghép anh toan canh:

Source:http://miseaupoint.org/blog/en/wp-content/uploads/2014/01/photo_stitching.jpg

SCHOOL OF INFORMATION AND COMMUNICATION TECHNOLOGY
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Ung dung cua thj gidc may tinh

« Games / robots:

& XBOX
Kinect”

http://www.robocup.org/

Vision-based interaction game
(Microsoft's Kinect)

: % y J Robot vacuum cleaner
v :nl s=ew=  SCHOOL OF INFORMATION AND COMMUNICATION TECHNOLOGY
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http://www.robocup.org/

Ung dung cua thj gidc may tinh

» Tim hiéu thém vé cac (rng dung va cdng ty trong lint
vire thi giac may tinh, tham khao trang cua D.Lowe:

https://www.cs.ubc.ca/~lowe/vision.html

SCHOOL OF INFORMATION AND COMMUNICATION TECHNOLOGY
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Mét sb topics trong CV

Camera giam sat:
— Pém sb lwong khach hang trong ctra hang
— Phat hién hanh dong bat thuong
— Do mirc dd hai long cua khach hang

— Object tracking: Someone ran a red light?

Phat hién va nhan dang dbi twong
— Phat hién mat/mat/ngudi
— Nhan dang hoat déng
— Phéat hién 10i

Gan nhan anh sb

Phat hién nhan dang ky tw

— Poc card visite, CMT, bién sb, ...

« Xay dwng dbi twong 3D tir anh 2D

(9 =n"""' SCHOOL OF INFORMATION AND COMMUNICATION TECHNOLOGY
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Noi dung chinh sé& dé cap

- 2 kiéu théng tin ching ta trich chon tir anh:
— Thoéng tin 3D

— Thoéng tin nglr nghia
3D building?

Where is it?

~ Text in the picture,
the content of images ?

Are there person
in the picture?

Feature extraction

Learning

Pre-processing —

——> | Model

Deep Learning

SCHOOL OF INFORMATION AND COMMUNICATION TECHNOLOGY

21



Anh sb ?

« Con ngudi nhin thay gi trong anh?
— M6t chiéc oto?

« May tinh co thé thay gi?
— Anh 1a mot ma tran cac diém ant
—Anh N x M : ma tran N xM
— 1 diém anh (gray levels):

 Gia tri cwong do sang ‘
64 60 69 100 149 151 176 182 179

— 0-255 65 62 68 97 145 148 175 183 181
_ DPen: 0 65 66 70 95 142 146 176 185 184

] 66 66 68 90 135 140 172 184 184
— Trang: 255 66 64 64 84 129 134 168 181 182

59 63 62 88 130 128 166 185 180
60 62 60 85 127 125 163 183 178
62 62 S8 81 122 120 160 181 176
; 63 64 S8 78 118 117 159 180 176

Y
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Anh sb ?

« Anh I: X
— Chi s6 (0,0): goc trai trén
— I(x,y): cwdng dé sang o
vitri (x,y)

y
X: v
58 59 60 61 62 63 64 65 66 67 68

210 209 204 202 197 247 143 71 64 80 &4
42 | 206 196 203 197 195 210 207 56 63 58 453
43 | 201 207 192 201 198 213 136 69 65 57 55
44 216 206 211 193 202 207 208 57 69 60 55
45 1221 206 211 194 196 197 220 56 63 60 55
46 | 209 214 224 199 194 193 204 173 64 60 159
47 | 204 212 213 208 191 190 191 214 60 62 66
48 | 214 215 215 207 208 180 172 188 69 72 55
49 | 209 205 214 205 204 196 187 196 86 62 66
50 | 208 209 205 203 202 186 174 185 149 71 63
51 | 207 210 211 199 217 194 183 177 209 00 62 ;
52 | 208 205 209 209 197 194 183 187 187 239 58 68

53 | 204 206 203 209 195 203 188 185 183 221 75 61 38 60 60
54 | 200 203 199 236 188 197 183 190 183 196 122 63 358 64 66
55 | 205 210 202 203 199 197 196 181 173 186 105 62 57 64 63

n
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Anh sb ?

e Loai anh chinh
— Anh nhij phan:
- I(x,y) € {0, 1}
- 1 pixel: 1 bit
— Anh da mlc xam:
- I(x,y) € [0..255]
- 1 pixel: 8 bits (1 byte)
— Anh mau:
- Tr(%,y), Ia(x,y) Is(x,y) € [0..255]
- 1 pixel: 24 bits (3 bytes )
—Khac : anh da phd, anh do
sau,...

SCHOOL OF INFORMATION AND COMMUNICATION TECHNOLOGY
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Anh mau trong khéng gian mau RGN

Khéng gian mau khac:
Lab, HSV, ...

ﬁ T SCHOOL OF INFORMATION AND COMMUNICATION TECHNOLOGY
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Lwoc d6 xam cla anh (Image histogram)

® |3 biéu dién d6 thj sw phan bé mau sic cda cac diém anh trén
anh so

h(s) * .----—10 pixels with the intensity value ¢ = 2

ol 1l Dl

23456789101112131415 2values

h(z) (0(2(10/0|0]|0|5]|7|3|9|1]|6|3]|6(3]2

¥ 9 2 0:1-2 34 5 6 7 89 101112131415
mz Sa'c-r SCHOOL OF INFORMATION AND COMMUNICATION TECHNOLOGY

26



Lwoc d6 xam cla anh (Image histogram)

® Histogram
® Phai chuan hda bang cach chia cho tdng sé diém anh trén anh

P.(k)

I

\
8

Image dynamic range = [min_value, max_value]

Lt |

=h| a=e=  SCHOOL OF INFORMATION AND COMMUNICATION TECHNOLOGY
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Lwoc d6 xam cla anh (Image histogram)

« Histogram
— Chi théng tin thong ké
—Khéng cé thdng tin vé mat khdng gian cda cac diém
anh
— Anh khac nhau c6 thé c6 histogram gidbng nhau

SCHOOL OF INFORMATION AND COMMUNICATION TECHNOLOGY
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b6 sang (Brightness)

e L& gia tri trung binh cwérng dd sang trung binh cla tat
ca cac diém anh trén anh: dé sang/tdi cia anh

B(I) = th > Z I(u,v)
v=1 u=I
/ e "

Divide by total number of pixels

Sum up all pixel intensities

29



b6 twong phan (Contrast)

* D6 twong phan pﬂa anh s6 thé hién mc dd dé dang
phan biét cua doi twong trong anh
« M6t s6 cach tinh:
— D6 I&ch chuan céac gia tri diém anh

:?

—1 M-1

C = \/MxN (f(x,y)—Moy)’

X r=()

| |
o
-

— Khéc biét gitra gia tri I&n nhat va nhd nhat cta diém anh
trén anh

C = max[f(x,y)]—min[f(x, y)]
max[ f(x, y)]+min[ f(x, y)]

SCHOOL OF INFORMATION AND COMMUNICATION TECHNOLOGY
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b6 twong phan (Contrast)

« Contrast vs histogram

y
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Vi du

I 1 I I I 1 I

Dark image Low-contrast image

Bright image High-contrast image

SCHOOL OF INFORMATION AND COMMUNICATION TECHNOLOGY
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Tang cwdng dbé twong phan

. Thay dbi gia tri diém anh dé c6 dé twong phan cao hon
« Mot s6 phuwong phap:
— Kéo gian dai dong anh (Linear stretching of intensity
range):
 Linear transform
 Linear transform with saturation
» Piecewise linear transform

— Bién déi phi tuyén. VD: Gama correction

— Can bang histogram

SCHOOL OF INFORMATION AND COMMUNICATION TECHNOLOGY
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Linear stretching

Original intensity range

Alow Qhigh
| | . o Omax — Amin
N s R . fac(a) = Qmin + (a'_alow) ’
I S Qhigh — Alow
[] e
A 4 h
, ifa,,=0 and a,, =255
a
255

Amin Amax f;lc(a) — ( I r) N

New intensity range

34



Linear stretching

No efficace?
SCHOOL OF INFORMATION AND COMMUNICATION TECHNOLOGY
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Can bang histogram

» Histogram cta &nh sau thay déi hwéng téi phan phdi
déu h(i) Original hec (i) Target

Histogram ."II\-
« Khong tham s6. OpenCV:cv2.equalizeHist(img)

| .

e m. BN -‘-

SCHOOL OF INFORMATION AND COMMUNICATION TECHNOLOGY
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Can bang histogram

SCHOOL OF INFORMATION AND COMMUNICATION TECHNOLOGY




Can bang histogram

SCHOOL OF INFORMATION AND COMMUNICATION TECHNOLOGY




Histogram trén anh mau

« Lwoc do xam:
— Chuyén anh mau sang
anh xam
=> Tinh hist cda anh xam
« Histogram cua cac kénh
mau riéng:
3 histograms cho (R,G,B)
 Histogram 3D:
— M6t mau dc xd bai 3 gia tri

— Khong thwong dwoc dung
do kich thwoc Ion

Source: https://web.cs.wpi.edu/~emmanuel

=n| s=ew=  SCHOOL OF INFORMATION AND COMMUNICATION TECHNOLOGY
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HSV (Hue — Saturation- Value)

« HSV: khdng gian mau tot thuwdng dwoc st dung trong
bai toan phan vung hay nhan dang
— Bién déi phi tuyén tv RGB
— Biéu dién trwc quan mau sac

-——.—‘9"

« Méi pixel co:
— Cuwong do6 sang:intensity (value)
—Mau sac color (hue + saturation)

40



HSV (Hue — Saturation- Value)

* Hue (H) dwoc ma hoa nhu 1
goc thay dbi gitra 0 va 360

« Saturation (S) dwoc ma hoa
nhw d6 dai cua ban kinh, gia
trj ttr 0 dén 1

—-S=0 :xam
—S =1 : mau tinh khiét

* Value (V) = MAX (Red,

Green, Blue)

SCHOOL OF INFORMATION AND COMMUNICATION TECHNOLOGY
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HSV (Hue — Saturation- Value)

» Néu biét mau clia doi twong tim kiém < ¢ thé biéu
dien st dung 1 khoang gia tri H (Hue)
* Lwu y: H co chu ky
— Hue < 60° khdéng co nghia
« 350° nho hay Ién hon 60°?
— Can xac dinh H trong 1 khoang gia tri. VD: 350° < H < 60°

» Khodng gia tri H c6 y nghia néu Saturation > threshold
(néu khdng 1a mau xam)

 H, S doc lap v&i Value, Value nhay cdm hon véi diéu
kién chiéu sang

SCHOOL OF INFORMATION AND COMMUNICATION TECHNOLOGY
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Khdng gian mau Lab

* Lab (thi thoang goi L*a*b*) dwa trén moét nghién clru
vé thi giac nguoi
—Ddc lap voi tat ca cac cdng nghé
— Thé hién mau sac nhw mat nguwdi nhin thay
« Mau duwoc xac dinh béi 3 gia tri
—L (luminance) — dé sang: ttr 0% (black) dén 100%
(white)
—a* biéu dién truc mau tr mau xanh |4 (negative
value, -127) t&i mau do (positive value, +127)

—b* biéu dién truc mau tr xanh dwong (negative
value, -127) toi )

SCHOOL OF INFORMATION AND COMMUNICATION TECHNOLOGY
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Khdng gian mau Lab

Modéle Lab




Khéng gian mau vs. Diéu kién chiéu sang

oooooo

« Thu thap 10 &nh cla khdi lap phwong trong diéu kién

chiéu sang khac nhau

. Cat riéng ttrng mau dé co 6 bd cho 6 mau khac nhau

Changes in color due to varying Illumination conditions

« Tinh toan phan bd gia tri cila mau sac cu thé trong cac
kKhOGng gian mau khac nhau

Source: Vikas Gupta, Learn OpenCV

Y
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Khéng gian mau vs. Diéu kién chiéu sang

- Diéu kién chiéu sang gidbng nhau: gia tri tap trung

RGB RGB RGB

S0 »0
10

200 200 200

150 168 150 150

-—g
100 ﬁu 100 100 15

10

% w ©w

< , 1 0 v v v h v v 0 v v ~ v
50 00 ) 0 200 150 00 0 0 0 300 200 %0
[ [ R
HSV YCrCb LAB

0 l 0 20

200 | 10 200 200

150 150 150

w =

1

100 100 100

R

10

0 0

% SO0 1% 150 17 % 200 1 200 20 0 % 200 150 200 20
A

Fig.:"Density Plot showing the var

iati

channels for 2 similar bright images of blue color

SCHOOL OF INFORMATION AND COMMUNICATION TECHNOLOGY

Source: Vikas Gupta, Learn OpenCV
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Khéng gian mau vs. Diéu kién chiéu sang

- Diéu kién chiéu sang gidbng nhau: gia tri tap trung

RGB RGB RGB
50 2 bl
2 0’
» ] 0
200 3 200 200
150 107 150 10’ 150 %
100 100 100
1 10! 10¢
w0 )
1 0 v 10 0 o
0 ) 0! % 0 ) 200 % 0 0 20 %0
[ [0 R
HSV YCrCb LAB
%0 T 250 5
|
1 10°
20 20 200 w 0
150 10 150 o 150 -
w d @ 3
100 1 10¢
1 w 20
Ly 0 10 0 10
X 9 5 100 S 15 18 0 9 100 150 200 20 0 ) 200 150 200 20
H O A

Fig.: Density Plot showing the variation of values in color channels for

2 similar bright images of

y. ) Source: Vikas Gupta, Learn OpenCV
g -.:n'c-r SCHOOL OF INFORMATION AND COMMUNICATION TECHNOLOGY
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Khéng gian mau vs. Diéu kién chiéu sang

- Diéu kién chiéu sang khac nhau:

RGB
50 100 50 10* >0
200 00 200
190 10"
150 150 150
o — e o« 10° O
100 100 100
© -. . © : o | g
0 bl A }I;O 350 - . 50 o : 0 20 ).”J:' S 200 30
M!S!V LARB
50 ! 10 0 50
200 200 q 200
1 "
150 150 ‘u 150
- 1 8 H - !.“
100 100 100 5::'
0 w © 0 »
10° 0 T 10° 0
5 %0 ] 0 125 150 1% Q %0 100 150 200 0 0 % 100 150 200 50
H O A
Fig.: Density Plot showing the variation of values in color channels
% 255 under varying illumination for the blue color Source: Vikas Gupta, Learn OpenCV.
g =n' amemm  SCHOOL OF INFORMATION AND COMMUNICATION TECHNOLOGY
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Khéng gian mau vs. Diéu kién chiéu sang

- Diéu kién chiéu sang khac nhau:

RGB RGB RGB
0 - 0 50
00 1w 200 10° 00 ' 10°
150 150 150
e Ly - W S 10
100 100 100 l
a
1 10 10
w0 ) “
1 0 v W 0 o
0 30 00 5 S0 30 00 50 0 0 W 20 50
B [ R
HSV YCrCb LAB
30 3 0 0
' 107
200 10" 200 10° 200 % )
150 150 150
w
w 1w 4 o @
100 100 100
L0 !
w0 w H w
'
0 10* 0 T 0 T W
) 5 %0 S 00 1% 150 1% Q % 100 150 200 20 0 % 00 150 200 50

A

Fig.: Density Plot showing the variation of values in color channels

~ . under varying illumination for the ,
LLE G Source: Vikas Gupta, Learn OpenCV
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Khéng gian mau vs. Diéu kién chiéu sang

« Diéu kién chiéu sang khac nhau:
— RGB : sw bién déng gia tri & cac kénh Ién

— HSV: gia tri tp trung & kénh H. Chi c6 kénh H chira
thdng tin tuyét d6i vé mau = 1 Iwa chon

— YCrCb, LAB: gia tri tap trung & kénh CrCb va kénh AB
- Gié trj tap trung t6t hon & khéng gian LAB

— Chuyén déi gitra cac khdng gian mau (OpenCV):
» cvtColor(bgr, ycb, COLOR_BGR2YCrCb);

» cvtColor(bgr, hsv, COLOR_BGR2HSV);
» cvtColor(bgr, lab, COLOR_BGR2Lab);

SCHOOL OF INFORMATION AND COMMUNICATION TECHNOLOGY
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Nhan chap (Convolution)

« Loc &nh : V&i méi diém anh, tinh gia tri méi cta diém anh dwa trén 1
ham theo cac diem trong Ian can cua né
— Cung ham dwoc ap trén mbi diém anh
— Anh dau vao va ra thuwéong co cung kich thwéc

« Nhan chap : phép loc tuyén tinh, ham s6 la téng c6 trong sé clia cac
diem anh trong lan can cua diém anh xét.

I'=1*K
« Co vai tro quan trong!
— Tang cwong anh: giam nhiéu, lam tron, tang dd twong phan, ...
— Trich chon théng tin tr anh:
» Texture, edges, distinctive points, etc.
— Phat hién mau
« Template matching

SCHOOL OF INFORMATION AND COMMUNICATION TECHNOLOGY
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Nhan chap (Convolution)

, m,
/ i ¥
»
v
vy
4
’/.;“1'3: 4
19,
L
Mask (kernel)
Original image Filtered image
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Nhan chap (Convolution)

K: convolution kernel,
mask, filter, ...

| L-1)/2 (L-1)/2

['i,j)l= ¥ Y Ili-u, j-v}K(u,v)
u=-L-1)/2 v=-1(L-1)/2

7
L\

iy
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Nhan chap (Convolution)

Kernel Matrix

97 96 0 -1 0
101 | 102 -1 5 -1 89
102 | 100 0 -1 0

99 101 | 106 | 104 99

104 | 104 | 104 | 100 98

Image Matrix 105%0+ 102+ -1+ 1000 Output Matrix
+103%x—14+99%x5+103 % —1

+101*0+98%—1+104%0 =89

% L Source: http://machinelearninguru.com
_— s=am  SCHOOL OF INFORMATION AND COMMUNICATION TECHNOLOGY
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Nhan chap (Convolution)

SCHOOL OF INFORMATION AND COMMUNICATION TECHNOLOGY
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Nhan chap (Convolution)

| * K

SCHOOL OF INFORMATION AND COMMUNICATION TECHNOLOGY
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Nhan chap (Convolution)

| * K

v =n|"- SCHOOL OF INFORMATION AND COMMUNICATION TECHNOLOGY
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Nhan chap (Convolution)

« Van dé & canh anh?
— Thém dong/cot 0 vao ma tran dau vao

— Ddi xtrng gwong:
» f(-x,y) = f(xy)
» f(-x,-y) = f(x)y)

100 | 97 | 96

100 | 97 | 96 100 | 97 96

103 | 101 | 102 103 | 101 | 102

0 | 101 | 98 | 104 | 102 | 100 101 | 101 | 98 | 104 | 102 | 100
0O | 99 | 101 | 106 | 104 | 99 99 | 99 | 101 | 106 | 104 | 99
0 | 104 | 104 | 104 | 100 | 98 104 | 104 | 104 | 104 | 100 | 98

r. s 2
§) |- smam  SCHOOL OF INFORMATION AND COMMUNICATION TECHNOLOGY
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Nhan chap (Convolution)

0 0 0 Kernel Matrix

100 | 97 | 96 0 -1 0 320

103 | 101 | 102 -1 5 -1 210 | 89 | 111
0 | 101 | 98 | 104 | 102 | 100 0 -1 0

0 99 | 101 | 106 | 104 | 99

0 104 | 104 | 104 | 100 | 98

Image Matrix 0x0+0%—-14+0%0 Output Matrix
4+0+x—14+105%x5+102%—1
+0%04+103x—14+99x0 =320

100 | 97 96 Kernel Matrix

100 | 97 | 96 0 -1 0 110

103 | 101 | 102 -1 5 =il 39 | 111
101 | 101 | 98 | 104 | 102 | 100 0 -1 0

89 99 | 101 | 106 | 104 | 99

104 | 104 | 104 | 104 | 100 | 98

Source: http://machinelearninguru.com

Image Matrix Output Matrix
= 59



Mot sO bd loc (Some kernels)

* Nhan chap 2D

— Chu yéu duoc sir dung dé trich chon dac trwng trén anh
— Puwoc str dung nhw phép toan trong khdi co' s& ctia mang
Neuron tich chap: Convolutional Neural Networks (CNNs)
« M6i bd loc c6 hiéu trng riéng va hiru ich cho cac nhiém
vu cu thé nhu:
— Lam m¢ (loc nhiéu),
— Lam nét bién,
— Phat hién canh,

SCHOOL OF INFORMATION AND COMMUNICATION TECHNOLOGY
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Mot sO bd loc (Some kernels)

Filtered image

Original image
(no change)

Filtered image
(shifted left by 1 pixel)

L, = Source: David Lowe

Original image

nlc-" SCHOOL OF INFORMATION AND COMMUNICATION TECHNOLOGY
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Mot sO bd loc (Some kernels)

« Loc trung binh (mean filter):

— Thay gia tri b&i gia tri trung binh cua 1/9 x

cac hang xom

— Anh dwoc lam tron

Original image Filtered image Filtered image
with box size 5x5 with box size 11x11

SCHOOL OF INFORMATION AND COMMUNICATION TECHNOLOGY
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Mot sO bd loc (Some kernels)

® Gaussian filter

0.003 | 0.013 | 0.022 | 0.013 | 0.003
0.013 | 0.059 | 0.097 | 0.059 | 0.013
0.022 | 0.097 | 0.159 | 0.097 | 0.022
0.013 | 0.059 | 0.097 | 0.059 | 0.013
0.003 | 0.013 | 0.022 | 0.013 | 0.003

Gaussian filter with size 5 x5, sigma =1

Gaussian function in 3D

1 _@E*+)
Gy = e 202
2o 2

Rule for Gaussian filter:
set filter half-width to about 30

Gaussian image

T SCHOOL OF INFORMATION AND COMMUNICATION TECHNOLOGY
63



Mot sO bd loc (Some kernels)

* B6 loc Gauss:
— Bd loc théng thap: loai bd cac thanh phan twong &ng tan sé cao
trén anh

« Anh tron hon

« Tt hon bd loc trung binh

— Nhap chap Gauss v&i chinh n6 ta dwoc mét ham Gauss

« Lap nhan chap va&i bd loc ¢6 kich thwédc nhd => thu dwoc két
qua nhw nhan chap v&i bd loc cé kich thwéce Ion hon.

« Nhan chap 2 1an véi bd loc Gauss c6 dé rong o gidng nhw
nhan chap 1 l1an vé&i bd loc ¢6 dd réong ov2 : I"G,*G, =1 * G
oV

— Bc:) Ic_>c~c6 thé phan tach dwoc: Ham Gauss 2D cé thé dwoc
biéu dién nhuw tich cua 2 ham 1D: 1 ham theo x va 1 ham theo y:
* Golxy) = Go(x).Goly)

SCHOOL OF INFORMATION AND COMMUNICATION TECHNOLOGY
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Mot sO bd loc (Some kernels)

* BO loc Gauss

Filtered image
with box size 5x5

SCHOOL OF INFORMATION AND COMMUNICATION TECHNOLOGY

Filtered image
with box size 11x11
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Mot sO bd loc (Some kernels)

Vertical Edge
(absolute value)

SCHOOL OF INFORMATION AND COMMUNICATION TECHNOLOGY
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Mot sO bd loc (Some kernels)

Horizontal Edge
(absolute value)

Y

T SCHOOL OF INFORMATION AND COMMUNICATION TECHNOLOGY
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Phat hién bién

* Vi tri bién:

— Pat cwc tri trén dao ham bac 1

— P6i du qua khéng trén dao ham bac 2

o' f
3 12

= V \}
()
L ndc khoa |

g =n| a=e=  SCHOOL OF INFORMATION AND COMMUNICATION TECHNOLOGY

Image

First
derivative

Second
derivative
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Phat hién biéen v&i dao ham bac 1

» Tinh két qua nhan chap gitra &nh vao bd loc dé tinh
dao ham bac 1
— BO loc dé tinh dao ham bac 1: Sobel, Prewitt, Robert
— Cac bd nay nay déu dwoc cai dat OpenCV library
* Tim cwc tri dia phwong

— Bién bao gbm cac diém anh co gia tri cwe dai/cwec tiéu trén
dao ham bac 1 cua anh.

— C6 thé dung ngwéng dé phat hién nhanh cac canh

— C6 thé gébm nhiéu bwée dé tim dwoc canh ti wu: Canny
detector (cai dat trong OpenCV)

SCHOOL OF INFORMATION AND COMMUNICATION TECHNOLOGY
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Phat hién biéen v&i dao ham bac 1

7
L\

Ay

* BO loc dung tinh dao ham bac 1
trén anh
— Robert

— Prewitt
« [t nhay cam v@&i nhiéu
« Lam tron vo&i bo loc trung
binh + tinh dao ham bac 1
— Sobel:
« [t nhay cam v@&i nhiéu
« Lam tron v&i Gauss + tinh
dao ham

=n|“- SCHOOL OF INFORMATION AND COMMUNICATION TECHNOLOGY
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0 |-1
1| -1|-1
0|00
1111
1 |-2 |-
0|00
1|21

0| 1

-1 0
-110 | 1
-1 1
-110 |1
-1 0| 1
2102
-1 0| 1

X
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Phat hién biéen v&i dao ham bac 1

Image 1D f(x)

1st derivative f'(x)

\V4
ool /\ ----------------- f\-""""‘FhreShold

Edge pixels: — —
If'(x)] > Threshold

(9 =n|CT SCHOOL OF INFORMATION AND COMMUNICATION TECHNOLOGY
b ¥V
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Pao ham (Image gradient)

N

[ acH Knoa |

e 1st derivatives :

Jlol 1
I*

200 2 w—

Jlol 1

1| -2|-1
I*

olol|o | =—>

1211

———  |mage gradient

A&

=n' a=e=  SCHOOL OF INFORMATION AND COMMUNICATION TECHNOLOGY

Pao ham bac 1
theo x

Pao ham bac 1
theoy
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Pao ham (Image gradient)

« Pao ham thé hién hwéng thay dbi vé cuwdng dod
sang/mau trén anh
« M&i diém anh cé: Gx, Gy
=» Tao thanh 1 vector dao ham (Gx, Gy) :
- Théng tin quan trong dé mé ta ndi dung cla
- D6 Ion dao ham = ,/(Gx)? + (Gy)? =|Gx| + |Gy)|
- Hwéng cua dao ham = arctan(Gy/Gx)

Pwdng mau xanh thé
hién hwéng cua dao
ham: tr sdng nhat dén
t0i nhat
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Phat hién biéen v&i dao ham bac 2

 Tinh dao ham bac 2

— Nhan chap anh véi bd loc Laplace

0 ]
-41 _—8
0 1

» Tim diém d6i dau qua khéng

S = O

SCHOOL OF INFORMATION AND COMMUNICATION TECHNOLOGY
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Pao ham bac 2

« M6t mat na xap xi cho ham Laplace
0 1
| -4
0 1

Gradient

0
I
0

Laplacian
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Trich chon dac trwng

 Hai loai dac trwng dwoc trich chon tr anh:
— Pac trwng cuc b va toan cuc
« Pac trwrng toan cuc:
— M6 ta toan bd anh nhw 1 doi twong
— Pac trwng dwérng bién, ddc trwng hinh dang, dac trwng két cau

— Vi du: Invariant Moments (Hu, Zernike), Histogram Oriented
Gradients (HOG), PHOG, and Co-HOG,...

« Pac trwrng cuc bé:
— M6 ta dac trung cuc bd mo ta tjmg vung nho trong anh, tirng
vung cuc bd cua doi twong (diém dac trwng trong anh).
— Bién dién d&c trwng két cAu/mau sac trong mdi viing cuc bd anh
— Vi du: SIFT, SURF, LBP, BRISK, MSER va FREAK, ...

SCHOOL OF INFORMATION AND COMMUNICATION TECHNOLOGY

76



Trich chon dac trwng

« Dac trwng toan cuc

Input Image (image.jpg)

256 bins intensity histogram

- -
Ittt L.LLLA Laalil) ‘
Output PHOG descriptor (image.jpg.txt)
Pyramid Histogram of Oriented Gradients

16 bins intensity histogram

Source:http://www.robots.ox.ac.uk/~vgg/research/caltech/phog.html
SCHOOL OF INFORMATION AND COMMUNICATION TECHNOLOGY
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Trich chon dac trung

« Pac trwng cuc bd: xac dinh ving cuc bd nhw thé nao?

Dividing into
patches with
regular grie

Keypoint detection

| Image egmentath

Khéng can biét ndi dung
~cla anh

(Y =n|"'"' SCHOOL OF INFORMATION AND COMMUNICATION TECHNOLOGY
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Trich chon dac trung

* Phan vung anh
— Lay nguwdng (Thresholding)
— Chia va hop (Split and merge)
— Phat trién vung (Region growing)

— Watershed

4
Lt |
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Trich chon dac trung

» Phat hién cac diém dac trwng:
— DoG /SIFT detector
— Harris corner detector

— Moravec

« Dac treng cuc bo: tinh trén cac ving

cuc bd xung quan diém dac trwng: \
_ SIFT, ) .
- SURF(Speeded Up Robust Features), Y|y
- PCA-SIFT 1 \' l
- LBP, BRISK, MSER and FREAK, ... ._./——’—:‘

Harris o = 0.2

) |o=gmpoma= SCHOOL OF INFORMATION AND COMMUNICATION TECHNOLOGY
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http://www.vision.ee.ethz.ch/~surf/eccv06.pdf
http://www.cs.cmu.edu/~rahuls/pub/cvpr2004-keypoint-rahuls.pdf

VD: B& phat hién diém dac trwung DoG/SIFT

,ﬁp@—;ﬁ

Scale
octave)
,ﬁ ﬁtﬁ

(next
A

Scale
(first
octave)

Difference of
Gaussian (DOG)

" % i, Source: Distinctive Image Features from Scale-Invariant Keypoints — 1JCV 2004
[/ L %
)

[TTT
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http://citeseer.ist.psu.edu/lowe04distinctive.html

VD: dac trwng SIFT

Blur the image
using the scale of
the keypoint
(scale invariance)

2 ORNEDnER
.7{“ ] L mls] =] ] o o]
J A0 R DR eE
/‘-d lelnfeBelald|afs] -
S EE B E S e D
IRRE AERE BRNE B
;ra.o’q.s FARY EA Ak
| | x| 8 - #| #1 L1
HEED BEED B N EEE
DI KR G U
'su:‘\\%7 .FR’O\.\,
ale |t |= — “Bo|n|s “le |
- IR DR alel sl s~
BN oar LRI Al
'“"'h""-'“f"'f

J‘.‘.\.»‘v'-"il

Compute orientation
histogram in 8
directions over 4x4
sample regions

Compute gradients in
respect to the keypoint
orientation(rotation
invariance)

Source: Distinctive Image Features from Scale-Invariant Keypoints — 1JCV 2004
http://campar.in.tum.de/twiki/pub/Chair/TeachingWs13TDCV/feature descriptors.pdf
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http://citeseer.ist.psu.edu/lowe04distinctive.html
http://campar.in.tum.de/twiki/pub/Chair/TeachingWs13TDCV/feature_descriptors.pdf

Trich chon dac trwng: Dac truwng tot?

« Gon (Compact)

- Bat bién voi
— Mét sb phép bién dbi hinh hoc
— GO6c nhin camera

— Diéu kién chiéu sang

Mot trong nhirng dac trwng tot nhat: SIFT (David Lowe)

SCHOOL OF INFORMATION AND COMMUNICATION TECHNOLOGY
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M6t s6 bd dac trwng cuc bd khac

Popular features: SURF, HOG, SIFT
http://campar.in.tum.de/twiki/pub/Chair/TeachingWs13TDCV/feature descriptors.p

df

Summary some local features:
http://www.cse.iitm.ac.in/~vplab/courses/CV DIP/PDF/Feature Detectors and Descri

ptors.pdf

SCHOOL OF INFORMATION AND COMMUNICATION TECHNOLOGY
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http://campar.in.tum.de/twiki/pub/Chair/TeachingWs13TDCV/feature_descriptors.pdf
http://www.cse.iitm.ac.in/~vplab/courses/CV_DIP/PDF/Feature_Detectors_and_Descriptors.pdf

Trich chon dac trwng: OpenCV

« SIFT & SUREF:
— Da dang ky so hiru tri tué
— St dung tw do cho muc dich nghién clru/giang day
— St dung trong cac rng dung thwo'ng mai: can giay phép

« Tlr OpenCV 3.0, cac thuat toan da ddk s& hiru tri tué:

— Puoc loai bd khdi goi cai dat chuan,

— Puwoc dat trong goi "non-free" ( , khdng dwoc
cai dat mac dinh)

« Mot sb cac thay thé cho sift, surf:
— ORB (Oriented FAST and Rotated Brief)
— BRIEF, BRISK, FREAK, KAZE and AKAZE

SCHOOL OF INFORMATION AND COMMUNICATION TECHNOLOGY
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Trich chon dac trwng: OpenCV

« SIFT
— sift.detect() : tim cac diém dac trung
— sift.compute() : tinh d&c trwng cuc bd tai cac diém dac trung
sift = cv.xfeatures2d.SIFT create()
kp = sift.detect(gray,None)
kp,des = sift.compute(gray,kp)
— Tim diém dac trung va dac truwng cuc bd: sift.detectAndCompute()

sift = cv.xfeatures2d.SIFT create()

kp, des = sift.detectAndCompute(gray,None)
— https://docs.opencv.org/3.4/da/df5/tutorial_py_sift_intro.html

« SURF: tvong tw

Y
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https://docs.opencv.org/3.4/da/df5/tutorial_py_sift_intro.html

Trich chon dac trwng: OpenCV

« SURF:

>>> 1img = cv.imread('fly.png',0)

# Create SURF object. You can specify params here or later.
# Here I set Hessian Threshold to 400

>>> surf = cv.xfeatures2Z2d.SURF create (400)

# Find keypoints and descriptors directly

>>> kp, des = surf.detectAndCompute (img, None)

>>> len (kp)
699

_— https://docs.opencv.org/3.4/df/dd2/tutorial py surf intro.html

9 n'—-- SCHOOL OF INFORMATION AND COMMUNICATION TECHNOLOGY
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https://docs.opencv.org/3.4/d4/da8/group__imgcodecs.html
https://docs.opencv.org/3.4/df/dd2/tutorial_py_surf_intro.html

MO hinh tui tw

« Xuat phat tir md hinh biéu dién van ban khéng tinh dén
thr tw cac tw: chi tinh dén tan suat xuat hién cua tr trong
van ban saiton & McGill (1983)

~

2007-01-23: State of the Union Address

abandon

choices ¢

deficit ¢
expand

insurgen

palestini:

violenc

SCHOOL OF INFORMATION AND COMMUNICATION TECHNOLOGY

George W. Bush (2001-)

1962-10-22: Soviet Missiles in Cuba
John F. Kennedy (1961-63)

bandd 1941-12-08: Request for a Declaration of War
abandc Franklin D. Roosevelt (1933-45)

build

abandoning aggression aggressors airplanes armaments armed army assault assembly authorizations bombing
britain british cheerfully daiming constitution curtail december defeats defending delays democratic dictators disclose

eliming  economic empire endanger faCtS false forgotten fortunes france freedom fulfilled futness fundamental gangsters
halt ha german germany god guam harbor hawaii hemisphere hint hitler hostilities immune improving indies innumerable

modern . .
invasion 1Sl@ands isolate J a pa n ese labor metals midst midway NaVYy nazis obligation offensive

recessi cially paC1f1C partisanship pearl peril 5 -tual philippine preservation privilege reject

surveill repaired resisting retain revealing rumors seas soldiers speaks speedy stamina strength sunday sunk supremacy tanks taxes

treachery true tyranny undertaken victory Wa r wartime washington

US Presidential Speeches Tag Cloud
http://chir.ag/phernalia/preztags/




M& hinh tui tir (Bags of features) dé nhan
dang doi twong

« Hoat déng tot cho phan loai anh ciling nhw bai toan
nhan dang cac thé hién clta dbi twong




MO hinh tul tw: cac budc chinh

1. Trich chon dac trwng
2. Hoc ttr dién trwc quan (visual vocabulary)
3. Xac dinh tw twong rng cho cac dac trwng
4. Biéu dién anh b&i tan suat xuat hién cla cac ti truc
quan (“visual words” ) /
_ - A 4
I_I; —> ,I_l =) II ‘ I,,P
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References

« CVIP tool to explore the power of computer processing of digital images: Many methods in image
processing and computer vision have been implemented

— https://cviptools.ece.siue.edu/

* Library: OpenCV, with C/C++, Python and Java interfaces. OpenCV was designed for computational
efficiency and with a strong focus on real-time application: https://opencv.org/

 Books:

— Rafael C. Gonzalez, Richard Eugene Woods, Digital Image Processing, 2nd edition, Prentice-
Hall, 2002: Chap 3 (spatial operators), 6 (Color spaces)

— Richard Szeliski, Computer Vision: Algorithms and Applications, Springer, 2010.
http://szeliski.org/Book/

* Atrticles:
— SIFT (DoG detector and SIFT descriptor): https://www.cs.ubc.ca/~lowe/keypoints/

— SURF: Herbert Bay, Andreas Ess, Tinne Tuytelaars, and Luc Van Gool, "Speeded Up Robust
Features", ETH Zurich, Katholieke Universiteit Leuven

— GLOH: Krystian Mikolajczyk and Cordelia Schmid "A performance evaluation of local
descriptors", IEEE Transactions on Pattern Analysis and Machine Intelligence, 10, 27, pp 1615--
1630, 2005.

— PHOG: http://www.robots.ox.ac.uk/~vgqg/research/caltech/phog.html

* https://www.learnopencv.com/ : many examples with code in C++/ Python and clear explanation
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https://cviptools.ece.siue.edu/
https://opencv.org/
http://szeliski.org/Book/
https://www.cs.ubc.ca/~lowe/keypoints/
http://www.vision.ee.ethz.ch/en/publications/papers/articles/eth_biwi_00517.pdf
https://www.robots.ox.ac.uk/~vgg/research/affine/det_eval_files/mikolajczyk_pami2004.pdf
http://www.robots.ox.ac.uk/~vgg/research/caltech/phog.html
https://www.learnopencv.com/
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