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What 1s Computer Vision?

* Trucco and Verri
—computing properties of the 3D world from one or more digital images

*  Stockman and Shapiro

—To make useful decisions about real physical objects and scenes based on
sensed images

* Ballard and Brown

—The construction of explicit, meaningful description of physical objects from
images

* Forsyth and Ponce
—Extracting descriptions of the world from pictures or sequences of pictures



Computer Vision vs. Graphics
Is Vision the “Inverse” of Graphics?

* Computer Graphics
—Produce “plausible” images
—You choose the models, conditions, imaging parameters, etc.

* Computer Vision

—Given real images with noise, sampling artifacts ...

—Estimate physically quantities

—Ill-posed ----what 1s the minimum world knowledge we need?



Why study Computer Vision?

* An mmage 1s worth 1000 words

* Images and movies are everywhere;
* Fast-growing collection of useful applications
= building representations of the 3D world from pictures
= automated surveillance (who’s doing what)
= mMOVie Post-Processing
— face finding

* Qreater understanding of human vision

* Challenge: To develop human-level capabilities for computers and
robots



What do you see 1n the picture?

Black background
Two objects
One teapot
One toy
There 1s a light coming from right
One object 1s shiny the other 1s not

Toy:

Consists of 5 layers, in different colors
There 1s a text : Fisher Price

The layers are in donut shape

Layers are plastic

Bottom 1s wood

Teapot:

Consists of body and handle
Body 1s metal

Handle is ceramic

Handle: Dark blue on white
Body : golden

Reflection of toy on the body



Perception and grouping

Subjective contours

People draw distinctions

between what 1s seen




Subjective contours

Kaniza triangle




Shading

Cheacker-shadow illusion
The squares marked A and B
ara the samea shade ol gray.

Eaward H



Recognition

*perceptual organizati
We need some sort of perceptual organization
process that tells us what “low-level”
measurements might “group” together

* Which bits of image should be recognised together?
— Segmentation.



Recognition
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Biederman’s Geons

Possible approach: If line drawings are easy to recognize then
maybe we should first find lines.



Recognition

Edge detection - parameters
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Recognition

|
Match “model” to
measurements?




Matching templates

*Some objects are 2D patterns
— e.g. faces

*Build an explicit pattern matcher

— discount changes 1n 1llumination by using a parametric model
— changes 1n background are hard

— changes 1n pose are hard



Templates and relations

e.g. find faces by
— finding eyes. nose. mouth
— finding assembly of the three that has the “right” relations

Patch Model

http://'www.research.ibm.cont/ecvg/biom/facereco html



Is 1t only about matching?

What are our
“models™?

How good
are they?




Problems

Inverse problems. Recover information that 1s lost. Make
explicit information that 1s implicit.

Understand geometry and physics of light and world.

Our measurements are always ambiguous. ['his means
perception involves inference. We must use our prior
information about the world and the combination of evidence
from multiple cues to mfer what is in the world.

Understand probabilistic inference.



Image Representation

Digital Images are 2D arrays (matrices) of numbers
Each pixel 1s a measure of the brightness (intensity of light)

— that falls on an area of a sensor (typically a CCD chip)

File

Putdata: /home/camps/cowgray.jpg = =1IET]
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Representation of Image Properties

What are the “informative™ areas of an image and
how do we detect them?

(©)

Figure 4.1: Transformation, quantization and color median filtering of an image.
(a) Original image. (b) Image produced by applying RGB to HSV color trans-
formation and quantization. (c¢) Image produced after applying color median
filtering.



Texture

Statistics of filter outputs

* [ssues

— description

— segmentation

— shape from texture
— synthesis




Texture synthesis

Ay temm e s, s Bl

; '_. R i
-:r-_i TI -.r;_'l' -:lll:.i:-_ .Ir:rllr._r“'_l v ;
i _.'-_J‘l*LF" 'I":*‘l""_all'. Fr-:.—'ql-rnl- rﬂ- * Lot

1.




Segmentation

* Which image components “belong together™?
* Belong together = lie on the same object
* Cues

— similar colour

— similar texture




Mosaicking




Mosaicking




Tracking




Raw Video
Data

Moving
Regions

Classified
Objects

Annotated
Actions

Conceptual
Predicates

E. Saykol et al. / Engineering Applications of Artificial Intelligence 23 (2010} 331-345




Applications

* Industrial inspection, quality control
* Surveillance and security

* Assisted living

* Human-computer interfaces
* Medical image analysis

* Reverse engineering

* Image databases




Applications : Image Retrieval
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