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Computer Vision

Lecture 1: A Very Brief Introduction to Computer Vision
Peter Belhnumeur

Computer Science
Columbia University
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FINd these pixels In
this Image:






Ihey aren't there.
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Raw features are very weak in computer vision

Computer Vision VS Natural Language Processing
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When you strip away the
machinery of the human visual
system, you have to start at the

beginning...



What Is vision”
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Visible light travels In straight
lines and is not bent or diffracted
by objects that we interact with like
animals, buildings, furniture, etc.



Macula lutea

Fovea centrals
(central depression)

i
1!

.

Postenor chamber
Suspensory kigaments

Ciliary body and muscle




Distant
Object

50 Meters
in Lens Retina

Shape Humor

25 Centimeters



So what can vision measure”?

e radiance ~how much light is reflected by the
surface in a particular direction

* radiance = the radiant flux emitted by a surface,
per unit solid angle per unit projected area



https://en.wikipedia.org/wiki/Radiant_flux
https://en.wikipedia.org/wiki/Solid_angle

Radiometric Concepts

SOUMCE d » (solid angle subtended by dA4 )
N
Z

__—dd

v

.
N

foreshortened area
( ) ) o dw
i SN
R T T \ RN ¥ .
&\\&l\\\\& dA (surface area) \\\\\&\\Q\\x\\\w dA
'
(1) Solid Angle : dw = d‘% = aA CCZS 9" ( steradian ) (4) Surface Radiance (tricky) :
R° R°
dd )
What is the solid angle subtended by a hemisphere? L= (watts / m™ steradian )

d®

(2) Radiant Intensity of Source : J = — (walts / steradian )

dw
Light Flux (power) emitted per unit solid angle

dd

(3) Surface Irradiance : [ = — (watts/m? )

dA

Light Flux (power) incident per unit surface area.

Does nol depend on where the light is coming from!

(dAcosf) dw

 Flux emitted per unit foreshortened area
per unit solid angle.

* L depends on direction &
» Surface can radiate into whole hemisphere.

* L depends on reflectance properties of surface.



So what can vision measure”?

SO vision can measure the amount of light reflected back
toward the eye by each point in the field of view as a
function of time

NOT size

NOT weight

NOT smell

NOT temperature

NOT chemical composition...



But from vision we can infer an awful ot
based on innate or learned experience...
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But what about computers”
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Codex Atlant
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Camera Obscura
Gemma Frisius’ 1545 De Radio Astronomica and Geometrica



Camera Obscura (1490) Next

1llum 1n rabula per radios Solis, quam in caelo contin-
git:hoc eftfiin ceelo (uperior pars deliquud patiatur,in
radus apparcbitanferior deficere,vt rario exigicopuica.

—_— e S =y
15 il " Due 2.4-']41«“74 |
r v .

Sic nos exaéte Anno 1944 . Lovan eclipfim Solis

obleruauimus, inuerumusq; deficere pauld plus g dex.

A camera obscura is a dark box with a small hole in the front. Light passes through this
hole and lands on the back of the box, casting an upside-down version of the scene.
Although this idea had been understood by scholars for hundreds of years, Leonardo da
Vinci (1452-1519) was the first to write a detailed description of the camera obscura in his
Atlantic Codexin 1490. An astronomer named Gemma Frisius (1508-1555) was the first to
draw a camera obscura around 1545.

bigshotcamera.com



http://bigshotcamera.com

J. Physiol, (1962), 160, pp. 106-154
With 2 plates and 20 text-figures

Frinted in Great Britawmn

RECEPTIVE FIELDS, BINOCULAR INTERACTION
AND FUNCTIONAL ARCHITECTURE IN
THE CAT'S VISUAL CORTEX

By D. H. HUBEL axp T. N. WIESEL

From the Neurophysiolo yy Laboratory, Department of Pharmacology
Harvard M edical School, Boston, Massachusetts, U .S.A.

(Received 31 July 1961)

What chiefly distinguishes cerebral cortex from other parts of the
central nervous system is the great diversity of its cell types and inter-
connexions. It would be astonishing if such a structure did not profoundly
modify the response patterns of fibres coming into it. In the cat’s visual
cortex, the receptive field arrangements of single cells suggest that there is
indeed a degree of complexity far exceeding anything yet seen at lower
levels in the visual system.

In a previous paper we described receptive fields of single cortical cells,
observing responses to spots of light shone on one or both retinas (Hubel
& Wiesel, 1959). In the present work this method is used to examine
receptive fields of a more complex type (Part I) and to make additional
observations on binocular interaction (Part 11).

This approach is necessary in order to understand the behaviour of
individual cells, but it fails to deal with the problem of the relationship
of one cell to its neighbours. In the past, the technique of recording
evoked slow waves has been used with great success in studies of
functional anatomy. It was employed by Talbot & Marshall (1941) and
by Thompson, Woolsey & Talbot (1950) for mapping out the visual cortex
in the rabbit, cat, and monkey. Daniel & Whitteridge (1959) have recently
extended this work in the primate. Most of our present knowledge of
retinotopic projections, binocular overlap, and the second visual area is
based on these investigations. Yet the method of evoked potentials is
valuable mainly for detecting behaviour common to large populations of
neighbouring cells; it cannot differentiate functionally between areas of
cortex smaller than about 1 mm?. To overcome this difficulty a method has
in recent years been developed for studying cells separately or in small
groups during long micro-electrode penetrations through nervous tissue.
Responses are correlated with cell location by reconstructing the electrode
tracks from histological material. These techniques have been applied to

Hubel and Wiesel's 1962
single cell recordings in
the cat’s visual cortex



Visual Cortex
Mapping receptive fields



MASSACHUSETTS INSTITUTE OF TECHNOLOGY
PROJECT MAC

Artificial Intelligence Group July 7, 1966
Vision Memo. No. 100,

THE SUMMER VISION PROJECT

Seymour Papert

The summer vision project is an attempt to use our summer workers
effectively in the construction of a significant part of a visual system.
The particular task was chosen part%z because it can be segmented into
sub=problems which will allow individuals to work independently and yet
participate in the construction of a system complex enough to be a real

landmark in the development of “pattern recognition!l.


https://dspace.mit.edu/bitstream/handle/1721.1/6125/AIM-100.pdf?sequence=2

Vision from a 1970s
neuroscience perspective

David Marr

Shimon Ullman

iomaso Poggio




input image  edge image 2112-0 sketch 3-D model

'
Input Primal 21/2-D 3-D Model
Image Sketch Sketch Representation
Zero crossings, Local surface 3-D models
_ | blobs,edges, | _..|orientation and | | hierarchically
.Percel.v.ed bars, ends, discontinuities organised in
Intensitics virtual lines, in depth and in terms of surface
groups, curves sutface and volumetric
bound aries. orientation primitives

Stages of Visual Representation, David Marr
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DANA H.BALLARD * CHRISTOPHER M. BROWN oo
Vision from a 1982

computer science perspective




(3.57) as clasely as possible and alsa is locally smooth [Horn and Schunck 1980].
In this case as well, the Laplacians of the two velocity components, V' 2z and V7.
can measure local smoothness.

Again using the method of Lagrange multipliers, minimize the llow error
E™ o, y) = (fiu 4 Ly + f)7 + N2 (V20)? 4+ (V)Y (3.58)
Differentiating this equation with respect to & and v provides equations for the

change in error with respect to w and v, which must be zero for a minimum.
1,4 M I - e .
Writing V2uas u — u,, and V2ras v — v,,, these equations are

W2+ fADu+ f.f,v=Nu, — f.t. (3.59)
Fohfuw+ O+ Dy =2y, ~ £, (3.60)
These cguations mayv be solved for wand v, vielding

P o L
U= Yy, = 3.01)

. | N D
. P s
V= Py — fo— (3.62)

av o Y D

where
P .f-'uw ™ _{',' Va\' + .fl
D=x+fI4 f]

To turn this into an iterative equation for solving u(x, y) and v(x, y), again use
the Gauss-Seidel method.

Algorithm 3.4: Optical Flow [Horn and Schunck 1980].

k=0
Initialize all w*and v* to zero.
Until some error measure is salisfied, do

/. 3 P
BE “';l:'.' Y o th)'

o k1 s
i T P

As Horn and Schunck demonstrate, this method derives the llow for lwe time
frames, but it can be improved by using several time frames and using the final sol-
ution after one iteration at one time for the initial solution at the following time
frame. Thal 1s:

104 Ch. 1 Early Processing




Vision from a 1986
electrical eng. perspective

Berthold Klaus Paul Horn
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for sure e 1his s the Powssen distribution, We can calealate the aversge

wrnber Jdberated m tace T ooas ollows:
.

= me™ ™y

pa—

S —
bt (91— 1)!

'I=|

so the average 13 just v, We show 1o exercise 2-18 that the variance 1s elso

ri. The stancard deviation 1s thus /o, so that the ratio of the standard

1 . . . "
dovialion Lo :l.l JCPLL IS l,f \‘,"'.’l. Tlll‘ measureiaenl lN'l'U.ll"ta more acovg ale

the longer we wait. sinee more clectrons ave gathered. Agoin. the ratio of
the “sipgnal” ta the *naise”™ enlyv improves as the square oot of the average
wrnber of electrons colected, however,

To obtamn reosonable yesults, many clectrons must be measweod. It can
be shaown that a Polssan hatvibotion with wean o s abnost the same as
a Gaussian distribution with mear e and variance me, provided that o is
lurge The Ganssian distribution 13 often zasier to work with, In eny case,
to abtain a standand deviation that s one-"housard=h of the mean, one
must wait long enough to collect & million electrons. T'his 15 a small caarge

still. since one electron carries only
e= 1602162 . %10 " Coulomb.

Fven a million electrans have a chavea of only about 1600 £ (fernrn-
Cowowb). (The prefix fende- denoltes o wudbiplier of 107-2) 10 5 nol
casy to measure such a small charge, sinee noisc = ntrocuced i the mea
Jurament process,

The number of electrons liberated from an arca 8.4 in time i 1s

o
“r

N =981 " BUAY gl dA,
J—

where ¢(A) is the quantun eficiency and 6(A) is the image irradiance in
plotons per unit area. To obtaln a usable result, then, clectrons must b
rollected fram a finite image area over a fnite amount of time. There 15
thus a trade-od between (spatial and temporal) resolution and aceuracy

A measinement of the numher of electrons liberaterd noa small area
during a tixed time interva. produces a resilt thav 1s proportional to the
wradianee Cor fixed spectrul distribution of incident photons), These wea-

sweements are quantized in order to read thom to o digital computcr.




Computer Vision Algorithm:
Document Scanner



DOC SCANNER

ML TEAM @ DROPBOX

Dropbox Tech Blog



https://blogs.dropbox.com/tech/2016/08/fast-and-accurate-document-detection-for-scanning/

DOCUMENT DETECTION
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STEP BY STEP

Edge Detection

4

Find Lines

4

4

Find Quadrilateral



SIEP BY STEP

Edge Detection
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SIEP BY STEP

Edge Detection
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