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* Python. C/C++. Matlab. Java. ...

W 5 K458
« MARRG. WIFES . RALEM. ...
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A Course of Computer Vision

BUE R

11

Hangzhou Dianzi University bimm ik School of Computer Science and Technology itsibis: @i




FESEHH

Rafael C. Gonzalez. Digital Image Processing (3™ Edition). Prentice Hall.

i ok IE A, H RN e —i SRS 5 AR, B k. 2003.

Richard I. Hartley, Andrew Zisserman. Multiple View Geometry in Computer Vision.

Cambridge University Press. 2004.
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What kind of scene?
Where are the cars?

How far is the building?
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Vision is really hard

o« BB fe K H R Z A
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F FHAL

Is that a
queen or a
bishop?
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3D from a single image and shape-from-x

Action and behavior recognition

Adversarial learning

Biometrics

Computzational photography

Datasets and evaluation

Detection and localization in 2D and 3D
Efficient training and inference methods
Explainable Al

Faces

Fairness, accountability, transparency, and ethics in vision
Gestures and body pose

Image and video synthesis

Image and video retrieval

Image and video manipulation detection and integrity methods.
Low-level and physics-based vision

Machine learning architectures and formulations
Medical, biological, and cell microscopy

Motion and tracking

Neural generative models

Optimization and learning methods

Recognition and classification

Representation learning

Scene analysis and understanding

Scene text and document understanding
Segmentation, grouping and shape

Stereo, 3D from multiview znd other sensors
Transfer/Low-shot/Semi/Unsupervised Learning
Video anzlysis and understanding

Vision + language

Vision + other modalities

Vision zpplications and systems

Vision for robotics and autonomous vehicles
Visual reasoning and logical representation

CVPR2021 ICCV2021

2D object recognition

3D computer vision

3D object recognition

Action and behavior recognition

Adversarial learning, adversarial attack and defense methods
Biometrics, face, gesture, body pose

Computational photography

Datasets and evaluation

Efficient training and inference methods for networks
Explainable Al, fairness, accountability, privacy, transparency and ethics in vision
Image and video retrieval

Image and video synthesis

Image classification

Low-level and physics-based vision

Machine learning architectures and formulations

Medical, biological and cell microscopy

Motion and tracking

Optimization and learning methods

Pose estimation

Representation learning, deep learning

Scene analysis and understanding

Transfer, low-shot, semi- and un- supervised learning

Video analysis and understanding

Vision + language, vision + other modalities

Vision applications and systems, vision for robotics and autonomous vehicles
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CVPR 2018 Submission Top 75 Keywords CVPR 2019 Submission Top 75 Keywords

CVPR2018 CVPR2019 i
image 133 image 174
video 90 detection 105
object 77 3d 96
2d 75 object 96
detection 66 video 93
adversarial 61 segmentation 0
segmentation 60 adversarial 75
visual 59 recognition 67
estimation 54 visual 63
feature 46 estimation 61
recognition 45 semantic 60
semantic 45 feature 54
pose 43 unsupervised 53
face 37 scene 48
model 36 representation 48
generative 35 model 47
: ; ECCV2020
action 32 face 44
human 30 pose 44
unsupervised 30 point 42
re-identification 29 domain a1 Number of papers per area
scene 29 generative 38
shape 28 action 37
attention 27 efficient 36
transfer 26 cloud 35
i 26 33 2 " .
";.,c:.':i?, 25 r.f':,sﬁ 2 Deep Learning: Applications + Methodology + and Theory
matching 25 adaptation 32
depth 25 transfer 32 " y
point 25 reconstruction 30 Recognition: Detection + Categorization + Retrieval and
representation 25 attention 28 Matchi
question 22 robust 28 atching
localization 22 based 28
reconstruction 22 supervised 27 . A
adaptation 22 prediction 27 Machine Learning
generation 21 tracking 27
recurrent 21 person 26
fast 21 joint 26
supervised 20 motion 26 Image and Video Synthesis
synthesis 20 data 25
robust 20 instance 25
answering 19 depth 25
facial 19 dassification 24 Segmentation + Grouping and Shape
prediction 15 generation 24
efficient 19 matching 24
toward 19 re-identification 23
weakly 18 embedding 23
e 18 adaptive 3 Face + Gesture + and Body Pose
dynamic 18 dynamic 23
motion 17 cnn 23
end-to-end 17 stereo 22 i
doud 16 ocal 22 Representation Learning
n 16 toward 22
inference 16 metric 21
monocular 15 training 20 .
data 15 hierarchical 20 Low-level Vision
embedding 15 end-to-end 20
guided 15 dataset 20
raph 15 temporal 20 s "
dlassification 15 synthesis 20 Unsupervised Learning
camera 14 weakly 13
context 14 dense 19
based 14 fast 19
sparse 14 search 18
large-scale 14 retrieval 18
gan 13 large-scale 18
super-resolution 13 map 18
stereo 13 captioning 18
approach 13 loss 17
analysis 13 zero-shot 17
zero-shot 13 guided 17
filter 13 camera 1;
map 13 context 1
loss 12 task 17 . J T ﬁ [ . " s L
regression 2 fewhot 0 ter Science and Technology ilsimes: Fi i
102 107

Frequency Frequency
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N Deep Learning: A Critical Appraisal
ﬁg # 2 ﬁ Ilﬁ myk & https://arxiv.org/abs/1801.00631
1. sz HAr, TREE S SIUROR ™ B AR K 5= 1) o F A
2. HEHA, WEFAIBERIVAR: Errash], RERED R T RRY.

3. BEHHET, WREAAEANEIEY]; MEMEH “ R TERE S B ok
4. RIEZEER SR ARE
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NeurlPS 2019 https://objectnet.dev/

CMITBEA IBM B EIER S T — iR, Eigig) N awreR RS T AR AR T

20195105150 14:46:20
TR fy b S8 T (& P NE
SOTA *%:b H/\J réE Hb‘F IS':F‘ T 40 g PARNY ;E;J? : *J-L%%ZIL\ 0)\%5 0:L$.I:/b\
ImageNet ObjectNet FnulING THE AI
Chairs f:;:l[;}? bﬂ‘k‘g::}:x 5 52‘:;}:’;‘3’1 Teapots T-shirts Deep neural networks (DNNs) are brilliant at image

4 =N

R -

recognition — but they can be easily hacked.

These stickers made an Speed limit 45
artificial-intelligence a7
system read this stop 2

sign as ‘speed limit 45’.

Scientists have King penguin
evolved images that
look like abstract
patterns — but which
DNNs see as familiar
objects.
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http://gb.cri.cn/36724/2011/09/08/5751s3365791_2.htm
http://gb.cri.cn/36724/2011/09/08/5751s3365791_6.htm
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https://commons.wikimedia.org/wiki/File:Grey squ
are_optical illusion.svg
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Peterhans, E. and von der Heydt, R., J. Neurosci. 1989
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© ¥ VIN2 HERETHSES
Pan et al., J. Neurosci, 2012
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Breast Imaging Technology
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Digit recognition, AT&T labs License plate readers
http://www.research.att.com/~yann/ http://en.wikipedia.org/wiki/Automatic_number_plate_recognition
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http://www.research.att.com/%7Eyann
http://en.wikipedia.org/wiki/Automatic_number_plate_recognition
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o Canon, Sony, Fuji, ...
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The Smile Shutter flow

Imagine a camera smart enough to catch every smile! In Smile Shutter Mode, your Cyber-shot®
camera can aufomatically frip the shutter at just the right instant to catch the perfect expression.

Smile Captured: Smile Coptured| Smile Captured!

~
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http://www.sonystyle.com/webapp/wcs/stores/servlet/ProductDisplay?catalogId=10551&storeId=10151&productId=8198552921665200469&langId=-1

ZUR=ZHER

* Building Rome in a Day
F’
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http://www.flickr.com/25851570@N03/2431023736
http://www.flickr.com/78834482@N00/2691860925
http://www.flickr.com/12560343@N03/1832008386
http://www.flickr.com/25935916@N07/2445871641
http://www.flickr.com/38981051@N00/2249863408
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“How the Afghan Girl was Identified by Her Iris Patterns”
Read the story wikipedia
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http://www.cl.cam.ac.uk/%7Ejgd1000/afghan.html
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Face recognition systems now
Fingerprint scanners on beginning to appear more widely
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http://www.sensiblevision.com/
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L-» manufacturer products consumer products - News

Our Vision. Your Safety:

rear E 1 A | \ forward
looking T 'R ‘+ Jooking
camera '- : | camera

side looking camera

Events
.
vi5i0ﬂ on iSi I I ﬁdvaﬂce obileye a ui uto,
- Eye e -Vision Applications - AWS R o | | > okt ot oo Ant
Road, Vehicle,
Pedestrian Protection > go'gfv&at SEMA, Las
and more T
» read more
: > read more > read more
VR, i
» Mobileye

114 i |

Techiiology et 8
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http://www.mobileye.com/
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 DARPA “Grand Challenge” 2004/2005

10/NE) PN I 5813205 E

s
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i DARPA “Urban Cha”enge” 2007 is united to catalyze

a technical, culturaliand/industrial
revolution for a.new classiof robofucs
to advance the state-of-the- artg..

g‘ ﬁ%?f %Iz I—_ﬁ‘ ﬂ: j%zi g in driver safe:cy . ___, . L‘;“;
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Google T ABBIRE

http://www.nytimes.com/2010/10/10/scienc
e/10google.html?ref=artificialintelligence

Autonomous Driving

Google's modified Toyota Prius uses an array of sensors to navigate public roads without a human
driver. Other components, not shown, include a GPS receiver and an inertial motion sensor.

I o ] - e e N e PR PP EEP P e resnnns PDE!TIDN ESTIMATOR
A rotating sensor on the roof : ' A sensor mounted on the left
scans more than 200 feet in all rear wheel measures small
directions to generate a precise movements made by the car
three-dimensional map of the and helps to accurately locate
car's surroundings. its position on the map.

e

UIDEG cAHERﬂ ...........
A camera
mounted near the
rear-view mirror
detects traffic
lights and helps
the car's onboard
compulers
recognize moving
obstacles like
pedestrians and
bicyclists.

! B Four standard automotive radar sensors, three in front and one
Hangzhou Dianzi University b ik i e o s il
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http://www.nytimes.com/2010/10/10/science/10google.html?ref=artificialintelligence
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LEFT REARWARD VEHICLE CAHERA

| HEDIUH RAMGE VEHICLE CAHERA
-'_ |- rerre—
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RIGHT REARWARD UEHICLE CAMERA
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* Kinect

http://www.microsoft.com/en-
us/kinectforwindows/develop/

| <

-
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http://www.microsoft.com/en-us/kinectforwindows/develop/
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NASA'S Mars Exploration Rover Spirit

Matthies et al. “Computer Vision on Mars”
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http://marsrovers.jpl.nasa.gov/gallery/images.html
http://www.ri.cmu.edu/pubs/pub_5719.html

TokpLEs A
s —IRAI IR IRE

Hangzhou Dianzi University pimmtrx¥: School of Computer Science and Technology i1sms: s



Hangzhou Dianzi University bimm ik School of Computer Science and Technology i1sms: s




B—E &R

1.2 E15 H Al

Hangzhou Dianzi University pimmtrx¥: School of Computer Science and Technology i1sms: s




I

CCD/CMOSE A% J5 3

* TGRSR I RE

— Imlm}_laf

:c.ﬂslﬁimn AR
;i
;
= T

e oo

N o o

EREREEEERRE L .

| | Serial Register | |—I-
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Sampling
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255| 255| 255| 255| 255| 255| 255| 255| 255 255| 255| 255

255| 255| 255| 255| 255/ 255| 255/ 255| 255| 255| 255/ 255

255| 255| 255 20 0| 255| 255| 255| 255| 255| 255| 255

255| 255| 255| 75| 75| 75| 255 255| 255/ 255| 255/ 255

255| 255 75| 95| 95| 75| 255 255| 255| 255| 255/ 255

255| 255 96| 127| 145 175| 255| 255| 255| 255| 255/ 255

255| 255| 127| 145| 175| 175| 175| 255| 255| 255| 255/ 255

255 255| 127| 145| 200| 200 175 175| 95| 255| 255/ 255

255 255| 127| 145| 200| 200 175 175| 95| 47| 255 255

255| 255| 127| 145| 145| 175| 127| 127 95| 47| 255 255

255| 255| 74| 127| 127| 127| 95| 95/ 95| 47| 255 255

255| 255| 255| 74| 74| 74| 74| 74| 74| 255| 255 255

255| 255| 255| 255| 255| 255| 255| 255| 255 255| 255/ 255

255| 255| 255| 255| 255| 255| 255 255| 255| 255| 255/ 255

BN

AME N —NET, 0= black, 255 = white

AN
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092 [ 093 | 094 | 097 | 0,62 | 0.37 | 0.85 | 097 | 0.93 | 0.92 | 0.99

095 [ 0.89 | 0.82 | 0.89 | 0.56 | 0.31 | 0.75 | 0.92 | 0.81 | 0.95 | 0.91

0.89 | 0.72 | 0.51 | 055 | 0.51 | 0.42 | 057 | 0.41 | 0.49 | 0.91 | 0.92

0.96 | 095 | 0.88 | 0.94 | 0.56 | 0.46 | 0.91 | 0.87 | 0.90 | 0.97 | 0.95

071 | 0.81 | 0.81 | 0.87 | 0.57 | 0.37 | 0.80 | 0.88 | 0.89 | 0.79 | 0.85

0.49 | 0.62 | 0.60 | 0.58 | 0.50 | 0.60 | 0.58 | 0.50 | 0.61 | 0.45 | 0.33

0.86 | 0.84 | 0.74 | 0.58 | 0,51 | 0.39 | 0.73 | 0.92 | 091 | 0.49 | 0.74

0.96 | 067 | 0.54 | 0.85 | 048 | 0.37 | 0.88 | 0.90 | 0.94 | 0.82 | 0.93

il 0.69 | 049 | 0.56 | 0.66 | 043 | 0.42 | 0.77 | 0.73 | 0.71 | 0.90 | 0.99

1 35 079 | 0.73 ] 090 | 0.67 | 0.33 | 061 | 069 | 0.79 | 0.73 | 0.93 | 0.97
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column >

row
0.92 [ 093 | 094 | 097 | 0.62 | 037 [ 0.85 | 0.97 | 0.93 | 0.92 | 0.99 |
095 | 0.89 | 0.82 | 0.89 | 0.56 | 0.31 | 0.75 | 0.92 | 0.81 | 0.95 | 0.91 |
0.89 [ 0.72 | 051 | 055 | 0.51 | 0.42 | 057 | 0.41 | 0.49 | 0.91 555 1 059 G
0.96 | 095 | 0.88 | 0.94 | 0.56 | 0.46 | 0.91 | 0.87 | 0.90 | 0.97 095 | 091 B
071 | 081 | 0.81 | 0.87 | 0.57 | 037 | 0.80 | 0.88 | 0.89 | 0.79
0.91 | 0.92
049 | 062 | 060 | 0.58 | 0.50 | 0.60 | 0.58 | 0.50 | 0.61 | 0.45 097 | 095 0.92 | 0.99
0.86 | 0.84 | 0.74 | 058 | 0.51 | 0.39 | 0.73 | 0.92 | 0.91 | 0.49 0'79 0'85 0.95 | 091
096 | 067 | 054 | 0.85 | 0.48 | 037 | 0.88 | 0.90 | 0.94 | 0.82 0' 2t 0'33 0.91 | 0.92
0.69 | 049 | 056 | 0.66 | 0.43 | 042 | 0.77 | 0.73 | 0.71 | 0.90 0' 29 0'74 0.97 | 0.95
079 | 0.73 1 090 | 0.67 | 0.33 | 061 | 0.69 | 0.79 | 0.73 | 0.93 0'82 0'93 0.79 | 0.85
v 091 | 094 | 0.89 | 0.49 | 041 ]| 0.78 | 0.78 | 0.77 | 0.89 | 0.99 ' ' 045 | 0.33
e e 0.90 | 0.99 0.49 0.74
079 | 073 | 090 | 0.67 | 033 | 061 | 069 | 0.79 | 0.73 | 0.93 | 0.97 0'82 0'93
0.91 | 094 | 0.89 | 0.49 | 041 ]| 0.78 | 0.78 | 0.77 | 0.89 | 0.99 | 0.93 F= '
oo T o T oo T oo T o T oo oo T o= 0.90 | 0.99
l 079 | 073 | 090 | 067 | 033 | 061 | 069 | 0.79 | 0.73 | 0.93 | 0.97
l 091 094|089 | 049 041]078] 078|077 0.89 ] 0.99 | 0.93
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YR 128 128 128
AN 255 0 0
ot 0 255 0
W 0 0 255
H 0 255 255
gt 255 0 255
g i) 255 255 0
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B BERIRR

» —IBEBAT DU N — 4R B fixy), RIS (xp) LHE f RN IZ R
BRI

/(0,0 /(0,1) - f(O,N=1)
N %E@i%ﬂ—:\" f(x,y) _ f(L:O) f(lal) f(laNz_l)
JM-1,0) f(M-11) - f(M-LN-I1)

EEFRNESAN TR NERRN—AREXER, HRARK (pixeD) .
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B BRI

C AR
o THEEUA Axy)=1[y][x]
o —HEHA fixy) = I[y*width+x]

o ZHLM (8bits)
« BYTE &Y unsigned char

o TREHRIS: WAR ORI T K
- JEEF BYTE* pimg;
« FRIFFREFHIFERET BYTE** ppimg;
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B BB R

o BME S
« BMPHE 2
* GIFFE
* TIFFF% X
* JPEGH% 2
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BMP 5 48 =,

o BMPXCHH-ZH
o PSLESCHEL. ALEME Bk BRI E S

 DrESCHEk
» ALEBMPICIFIIZEAL . SRR AR B (5

typedef struct tagBITMAPFILEHEADER {
WORDDbfType; /] BrBESCARRIZEAL, W ANBM
DWORD bfSize; /] ALESTAFRR N, BL 5y B
WORDbfReservedl; // frEISCHIREEF, DAZN0
WORDbfReserved2; // frEISCHIREEF, DAZN0
DWORD bfOffBits;  // A7 B L 46 bk AH X ST Ak ) 2
} BITMAPFILEHEADER;
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o A7 PG Bk H T A B RS SEE B
BMPE typedef struct tagBITMAPINFOHEADER {
DWORD biSize;  // AR&5¥IF 5 A1 4L
BRI, Lone biwidth; 7 fEImGERE, LG
2 LONG  biHeight; //fCERIS R, DR ENEAL
( ) WORD biPlanes; // HFrRE&RI0, ©0N1
WORD  biBitCount; // BMEEFTHMIALEL, LA LA H),
/] 4(16€1), 8(256%)E24(EH ¥ fh) 2 —
DWORD biCompression; // S E|E4a288Y, W20 o(A K 4H),
// 1(Bl_RLE8JE 425 %Y) 5k 2(BI_RLE4AJE4HI5ARY) 2 —
DWORD biSizelmage;  // DLEIRIR/N, LA AL
LONG  biXPelsPerMeter; // HLEKF7 &, BARBE R
LONG  biYPelsPerMeter; // (i ETEE 785, RRIGEL
DWORD biClrUsed; /7 5 B S A3 FH ) B0 L 3R R I B EA 2R
DWORD biClrimportant; // iz Bl 7~ it 2 A 25 2 1) B4
} BITMAPINFOHEADER;

Hangzhou Dianzi University pimmtrx¥: School of Computer Science and Technology i1sms: s




BMP B 4% 3 (3)

o VAR T U A B ) B
typedef struct tagRGBQUAD {

BYTE rgbBlue; /I ¥ 5 B ({E Ve [l 4 0-255)
BYTE rgbGreen; Il 2R ({E Y [ 4 0-255)
BYTE rgbRed; Il 2168 5 B2 (1E Y0 [El 9 0-255)
BYTE rgbReserved; // &%, ZiAN0

} RGBQUAD;

IR VASEAET
- ik TR MR R
o AR R AT PR A B AT Z IR R R

- B ENNFFZGBR
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SEEBMPE4(1)

/] AT HFBMP LA

FILE *fp_BMP; fopen_s(&fp_BMP, filename, "rb");

/ASSDASRE LSS

fread(&bmfh.bfType,sizeof(unsigned short),1,fp_ BMP);

if(bmfh.bfType != (unsigned short)0x4D42) // %5 A% Sk AN A A" BM“
return FALSE;

fread(&bmfh.bfSize,sizeof(unsigned long),1,fp_ BMP);

fread(&bmfh.bfReservedl,sizeof(unsigned short),1,fp_BMP);

fread(&bmfh.bfReserved?,sizeof(unsigned short),1,fp_BMP);

fread(&bmfh.bfOffBits,sizeof(unsigned long),1,fp_ BMP);
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EEBMPEI4(2)

AEAASIEYSS R

fread((char*)&bmih,sizeof(BITMAPINFOHEADER),1,fp_BMP);

bmpwidth = (int)bmih.biWidth; // LG T
bmpheight= (int)omih.biHeight; /] CEEL B =
if (bmih.biBitCount == 8) nbit = 1; // CEE G A EL

else if (bmih.biBitCount == 24) nbit = 3;

else return FALSE;

// BEBE SRR WS bmfh bfOffBits, JTaH 32 KA

fseek(fp_BMP, bmfh.bfOffBits, SEEK_SET);
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EEBMPE4(3)

/1 B
for(i=bmpheight-1; i>=0; i--) {
addr = i*bmih.biWidth*nbit ;
fread(linebuf,sizeof(BYTE),linebuf_size,fp_BMP); // B2\ —4T %1
if (bmih.biBitCount == 8)
memcpy((pbuf->Img+addr), linebuf, bmpwidth*sizeof(BYTE));
else if (bmih.biBitCount == 24) { // f£J#Ii)¥ ~B,G,R,B,G,R,...
for(j=0; j<bmpwidth; j++) {
pbuf->Img[addr+j*3+2] = linebuf[j*3];
pbuf->Img[addr+j*3+1] = linebuf[j*3+1];

pbuf->Img[addr+j*3] = linebuf[j*3+2];
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Matlab % H Bl {& Ab 38 BE

e MATLAB & Math Works 7] H & BB 21T E T BB A4,

. FER
» “ERARVT WIRFEIE S
o M 1R AYREAT B ARE R S R AT
o Jff 1A AR DA
« HAT RIFRIH - Feim
o« FAT R Ry 52 F 1
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Matlab &

e Matlab & If
s fLFESNT

File Edit Text Cell Tools Debug Deskiop Yindow Help

A H—)
IVI | b \\ A —:‘ ‘)N l:l O | & kR o ra|5ﬁ|‘?| Currert Direclory: | CosTLASTwark v|,
at a _L < _:I_A [§I Shoricuts @] Howedo e (8] ¥Wnet's New

i

Yorkspace L]
T rLTILN O
VNama - I Walle J Class 1 - L::l::;clem: e

- M=512;  RFHEMETE
- N=285; WESEE

p=0. 9, SFEECTIERMEEND 0

-  interation=20; SERHEAREH20E b
-  alpha=0.89 xErEnERE 0.9

- fl=20;, % {5S#fE4

f8=40; % FAE=E

te=1/fe; % FEHEARR b
Is=1:N; & REFI

55}

i
=2}
[l

12 = g=0.9%cos(Z*pixfl+Teats); § SEES
13
3l ii | 3| |[14 = D=l-2wrand(NN); SFHEIEE[-1, 118085
= //J? Current Citectory | Wwicrkspace 18 = for k=1:NM
Y /\ IB I§l 16 - I=norniD(z, ]} ;
: I Command History FES | lbredis D, k) =Die, k) i1
P=a-aatrand (W, M) ; SFEHIEE[-1. 1THEFS 55T A ’ ’ '
e —Ill1E = end
l.ar -[::p[‘ K3 18 - sigmas?
-:]:??r]r:)—d:'; k)..':l' 20 -  e=sigmastrandn (N, )SIEERE |
N P VR md" e [ e :cl examplem  ® Fastlsplacem
i |
cleiclear Coamznd Window o

¥=B12; SFHRRTH
¥=2E6, HESEE

p=0. 9% 2ECTERFEABE D0, 0
sigmar=1;5/EREHMNITENL
£1=20; % {E54=
£5=d0; % FoEE

To get started, sslect MATLLE Help or Demos from the Help mern.

The element ty¥pe “name” nust be terminzted by the matching end-tag “<¢/nane>".
Could mot parse the file: crinatlabtoolboxiceslinkieceslinksind oo zml

]

Jais

= m
T
Ry R
O O O

te=life; % FHEEMR i
Ts=1:N; % REFT
x=0. 9*cos (Zepivfl+Tewts); & FEEFS =
Q / ‘/_‘? B=l=2#rand {100, 1) ; -
[ J ) / I§[ I:l < L | [ 8
= / . Start serict fn Col 1 OWR
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Eile Edit V¥Wieaw Go Fagvorites [Desktop Yindow Help -~

MatlabffJimage e L :
Processing TOOLBOX  |:g:ntoim  °

o Image Processing Toolbox
W &8 Genetic Algorithm and Direct Sea || | KM

B &F Image Acquisition Toolbox
=] @ mage Processing Toolbox Functions:

B @ Getting Started " By Category )

B What |s the Image Processing  InAlphabetical Juder 7

f# Example 1 - Some Basic Cor

# Example 2 - Advanced Topics Documentation Set
[+ Getting Helg =

00036 M

So0ds

Image Credits " Getting Started
-l:; Examples ! Introduces the Image Pracessing Toolbox and gets you siarted using it R |
# B Introduction
(5] Dizplaying and Printing Image: " User’s Guide_ o ) i
@ 1B Spatial Transformations 'IEurng::qu;:E iutonals and comprehensive information about Image Processing
# B Image Fegistration
# B Linear Filtering 3nd Filter Desi » Examples in Documentation
# ) Transforms Lists major examplzs in the Image Processing Toalbox docu mentation
# B Worphological Operations
R E ﬂ-na!'_q'zing and Enha nn:ipg Irma Product Demos
# B Region-Based Processing

@ ) Image Deblurring » Image Processing Toolbox Demos
& Calor FPresents 3 colleciion of dermos 1hat you can run fram the Help browsear 1o
4 iL * £ il

[€

|+ ¢
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Bl 4b 38 T B A6 % F R 3

imread B EIER S

imwrite 5 RMG

imshow STNGIA

image 1 R R GO 5

imnoise 25— R R e 7

dct2 THEE AR LA

fft2 AP AR
wave2gray /N AR R

imfilter TRV RN E1E

wiener2 PHAT 4 2 M I
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#l: ANERER

File

Edit Text C=1l Tpols Debug Desktop Yiodow Help

— - —
D= b BB e oo B % curetbrectory | COocumerts and Sefing=\driristratonsm v . '-_ B
Shortouts (2] Howe to Leel [F] Wiat's Desw File Edit View Insert Tocls 1 Hindow Help

b3
Forkspace X 1
4 S |l ||l | steo]Eae [T B o S rF | 88 BREES| |
Mam= | ek E Class « ya - f = imread( babale. jpz"1;
ans <256x206%3 wintd=  uintd =  whos T
hahalz «256x296x3 uintd=  uintd imshow (£)
1 25632963 uintd>  uintd N
< [ | &
Clrrect Directory | \iorkspace |
l:,i',--,i'“',' i|7|:-l_0l':|r " Vx
W=256,  HEEEE ~
p=0, 9 N EETEREFEERD. B
signar=| HERFHITEDL
f1=20; ¥ A=A ©OBPAM x| examplen = Fostlapbcem = | Unitledm x| UnfillecZm
fs=40;, % SFdEH= . .
t==1/fs; & FHEWR Command Window ?‘757
Ts=1:N; & F&EF7 f ZEE 2563 L26E0E  uirtd array -~
x=0, Qkcos (ZxpieflaTsxts) ; % TEFS
A=1=2rand {100, 1) ; Grand total iz 12608 elements using 196605 bytes
A=1-2xrand(100, 3} ;
= - Zarand (N, M) ; Iane Size Bstes Class
%— 10-4-4 TFeF1:48 —%
®— 10-4-6 T*6:56 —% f Z2EEu 2563 26606 uwirtd arvay
¥— 10-4-8 LFB:27 —% |
Bl %= 10-4-8 F&F3:42 -—% = || Grand total is I1BE608 elements using 196608 bytes N N, (e =g
Vo= e T 3 imology ism s o
figure; ~
= ||

zerict Ln 4 Col 1 | Rk
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2 R M
. 22 14 1 14 22

3 % K 0k Z 3
22 141 1% 29
F 78 22 2 .22 2%
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 RIX PR, NFRETIEEE B EL B S iR B Dy(p.q)=|x—s|+|y—t]

3
3k B
q 3 &£ E & 3
JJ_' F.0Z T B X 2L 3
2 2 1 & 3
P 3 X 3
3
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R R Wik,

AENp)  RHAENR) SN

r 5 5 5 r 5
. P r 2 r P r
r 5 3 b r 3

N4(p) = {1 [Dy(p,r)=1} = {1 |De(p.r)=1}
Ng(p) =1 1 |Dg(p,n)=1}
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o THENIML G ETA B H HU A TR ?

o THENLE I B BRI 20 L A RS AR RN A
o X 37y AT AR AN 4 1A
o MRIEXT s WO MR RIS 1A 1) iE 47 v )
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b KIAB-REI L BB R M 4B I BB R NI P, AR MMER
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sqrt(5 X 5+2X2)=5.39
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The End
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