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|. Features and filters: low-level vision Il. Grouping and fitting: mid-level vision

Linear filters

Edges and contours
Binary image analysis
Background subtraction
Texture

Motion and optical flow

Segmentation and clustering algorithms
Hough transform

Fitting lines and curves
Robust fitting, RANSAC
Deformable contours
Interactive segmentation

IV. Recognition: high-level vision

Object/scene/activity categorization I1l. Multiple views
Object detection

Supervised classification algorithms
Probabilistic models for sequence data

Visual attributes

Active learning

Dimensionality reduction

Non-parametric methods and big data

Deep learning, convolutional neural networks

Other advanced topics as time permits
https://manara.edu.sy/

Local invariant feature detection and description
Image transformations and alignment

Planar homography

Epipolar geometry and stereo

Object instance recognition




Why is the study of computer vision?

* Images and videos are every where |8 JS 2 ol ) suall
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Google

Image Search

flickr

You (T3

Broadcast Yourself ™

S

Surveillance and security Medical and scientific images

https://manara.edu.sy/



Artificial Intelligence

Robotics

\

Computer Graphics Neuroscience

Image Processing




What is computer vision?

* A field trying to develop automatic algorithms that would “see”
aeii g 5y STAY) 2l T cilia ) )ALy gl Jglay aieall olSA) Jgia (g Jin o
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What is computer vision?

e Understand the scene in order to take actions: perception, planning, reasoning
LY g Jadadil) g el oY) ;o al Sl Jal (e agiiall agh

How do | prepare dinner in this household?

https://manara.edu.sy/
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Applications of computer vision

501 ® Ohio Blcentennial ™ 2

B! [
-j& Central ) S
v Processor / upervision
A swimmer in difficulty  Workstation
o Poseidon wams the Ifeguards '
45 s00N as it detects

o possible drowning

Reading license plates, Monitoring for safety
checks, ZIP codes (Poseidon)

W bmw2002R e gistry.com

SIS Driver assistance
Autonomou§ dr!vmg, (collision warning, lane departure
robot navigation warning, rear object detection)
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cations of computer vision

Assistive technologies Entertainment Movie special effects

(Sony EyeToy)

[Face priority AE] When a bright part of the face is too bright

Digital cameras (face detection for setting focus, Visual search
exposure) (MSR Lincoln)

https://manara.edu.sy/



Applications of computer vision

https://www.youtube.com/watch?v=gybg3380Gzo

Fold laundry
Skl aorans

Amnon Shashua's Mobileye autonomous driving system

https://www.youtube.com/watch?v=4fxFDypHZLs
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Applications of computer vision

Fancy visualization and game analysis Fancy visualization and special effects in movies

https://manara.edu.sy/



Applications of computer vision
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Play with Faces
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Applications of computer vision

A small plane parked in a field with trees in the background.

Generate Image Captioning
(Lol chag) Jgall dand ¢ Clrasa 2 g0
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The goal of computer vision

* To perceive the “world behind the picture”

* What exactly does this mean?
* Vision as a source of metric 3D information (<lé <ila slza
* Vision as a source of semantic information 4 size Cla glas

https://manara.edu.sy/



The goal of computer vision

Vision as measurement device Vision as a source of semantic information
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http://people.w3.org/rishida/photos/html/slides/0311-beijing1_031111_035240+8_beijing_e031124.jpg.html
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Computer Vision: Challenges <baaill

2. lllumination variation

1. viewpoint variation
delal) uad

C\QC\‘\“AA
OONAANRD
IA/AYAYAYAY4
NOOOOA
NOOOON
(IATATAYAYo!

«—— Weightaxly ——p

Torraioa https://manara.edu.sy/



Computer Vision: Challenges <baaill

4. Occlusion 5. background clutter

3. object intra-class variation
(e sSh) Jlia) Adlidia aaldia (Al Ciiial) JS& yas
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* Images are confusing, but
* they also reveal the structure of the world through numerous cues
* QOurjobistointerpret the cues!
Ada) Bae DA (e allad) Ay GRS i<t Ao dll 9 5 juaa jpual) o
gl gﬁ 5393 gall A1aY) 53a et Al Llaga o

Depth Cues: Information
about the 3" dimension

of the image (Depth)

nttps://manara.edu.sy/



Depth Cue: Linear Perspective

* Parallel lines converge by depth
(Band) 3L ) e dadaliia gadil o HlEH 4 ) giall Lo gladll
* Deals with the organization of shapes in space

[INATIONALGEOGRAPHIC.COM



Depth Cue: Linear Perspective

Which red line is longer?
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Depth cues: Aerial perspective
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* Deals with atmospheric effects on tones and colors.
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Depth ordering cues: Occlusion
(Aadaadll) (Baadl (g 3 ‘
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* Occlusion: is a cue to relative depth order in which one object partially occluded by
another one. TR
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Shape cues: Texture gradient

(C‘T)“'d‘ GJJS) JS) d:\h ‘
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* Texture Gradient is the distortion in size which closer objects have compared to objects
appearing denser as they move farther away.




Shape and lighting cues: Shading
Bh A ;dS.:ﬂ\j '5;:1.:.'4}(\ d:\h
5 sl Ll acal) mha o)) Jie cbdl o dlaie YU dlel) DG cladll b (AD) awall (g jusd o
(slSaa¥) Jia Balal) aibiad (any g ) malsl) e Ay gl 1 g (Agal) aadall g ddlucall
The process of altering the color of an object/surface/polygon in the 3D scene, based on

things like (but not limited to) the surface's angle to lights, its distance from lights, its
angle to the camera and material properties

* Result: Object gets its 3D shape from shading.
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Position and lighting cues: Cast shadows

d.!:'ﬂ\ c\ﬂ\ :é}d‘) c«}a.'aj\ dgh
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e (Cast shadows are formed when one surface occludes another surface from the light
source.

Shading

Attached shadow
Inter-reflection
Cast shadow

Penumbra

Mamassian et al. —Perception of shadows, Trends in Cognitive Sciences -Vol .2,
No .8 ,August 1998

https://manara.edu.sy/



Position and lighting cues: Cast shadows

DL o8] a8 gall 5 ¢ guial) s

Shading is the variation of reflected light on a surface patch

which faces directly the light source .
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Shading

. _ Attached shadow

Inter-reflection

Cast shadow

Penumbra

Mamassian et al. —Perception of shadows, Trends in Cognitive Sciences —Vol .2 ,

cast shadows are formed on
remote surfaces.

il e ) mdad) e (R3S JMUa
For extended light sources,
penumbras surround the cast
shadows .

Sy laas M Penumbra Jall 4.
Cast Shadow

Shadows are regions occluded from the light
source and come in two types.

attached shadows are
formed on the very
surface which is
occluding the light
G bl e J<a DU
¢ godall Canay

Attached shadows sometimes include inter-reflections that result from
light rays bouncing back from surrounding surfaces.
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Position and lighting cues: Cast shadows
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Which square is lighter, A or B?
f8sla) Y A0 L& (e

Edward H. Adelson
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Grouping cues: Similarity (color, texture, proximity)
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Computer Vision Levels: “Early vision”

Basic image formation and processing

Linear filtering
Edge detection

Cameras and sensors
Light and color

Feature extraction: corner and blob detection

https://manara.edu.sy/



Segmentation and grouping

nttps://manara.edu.sy/




Computer Vision Levels: “Multi-view geometry”

Local invariant features: detection

Local invariant features: description and matching

https://manara.edu.sy/




Computer Vision Levels: “Recognition”
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Clustering

Classification
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Computer Vision Levels: “Advanced Topics”

[

Motion and tracking

Segmentation Face detection

https://manara.edu.sy/
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Occlusion Relative size Cast Shadows
Shading Distance to horizon
A A\

Texture gradient Linear perspective
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