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Chap. 7 — Color and Imaging

http://di.ubi.pt/~agomes/cg/07/-imaging.pdf
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Eye’s image formation: overview

Involved entities:
— Light source
— 3D scene (with objects)

— Eye/retina

Steps of image formation:

— The scene is illuminated by a light source.
— The scene reflects light towards the eye.

— The eye/retina senses it via bio-photoreceptors: rods and cones.



375 nm wavelength (1) 740 nm
Definition:

— Light is an electromagnetic wave.

— It is the visible portion of the electromagnetic (EM) spectrum

— It occurs between wavelengths of approximately 400 and 700 nanometers.
— Spectral color bands: magenta, blue, green, yellow, orange, red

— Distinct colors correpond to distinct wavelenghts
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Electromagnetic spectrum

-« Increasing energy
Increasing wavelength >
0.0001 nm 0.01 nm 10nm 1000 nm 0.01 cm lcm I m 100 m
| | ! I 1 I
Gamma rays Xrays Ulira- Infrared Radio waves
violet
Radar TV FM AM
Visible light

400 nm 500 nm 400 nm 700 nm
f=7.5 x|0'*H f=4.3 X 10"*Hz

V4

Light velocity: ¢ = 3x108 m/sec = A.f
Light energy: E=hf
where h is the Planck constant

http://www.antonine-



Note that:

Because your bones and teeth are dense and absorb more X-rays than your skin
does, silhouettes of your bones or teeth are left on the X-ray film, while your skin
appears transparent. Metal absorbs even more X-rays - can you see the filling in the
image of the tooth?

http://science.hq.nasa.gov/kids/imagers/ems/xrays.html
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Long wavelengths

On the other hand:

— Copious quantities of infrared (IR) radiation are emitted from warm objects (e.g.,
locate people in total darkness).

— “Synthetic aperture radar” (SAR) imaging techniques use an artificially generated
source of microwaves to probe a scene.

— SAR is unaffected by weather conditions and clouds (e.g., has provided us images of
the surface of Venus).

Synthetic Aperture Radar image of Washington, D.C.

Source | http://www.youtube.com/watch?v=_WP2XwBhmAk

Source | http://www.sandia.gov/RADAR/sar.html



http://homepages.inf.ed.ac.uk/rbf/CVonline/LOCAL_COPIES/OWENS/LECT I /node2.html
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Image formation in the eye

How does it work?:

— Light enters the eye through the transparent cornea, passes through the aqueous
humor, the lens, and the vitreous humor, where it finally forms an image on the
retina.

http://faculty.washington.edu/chudler/eyecol.html

— The retina itself is a complex of photoreceptors: rods and cones. When stimulated
by light, they produce electrical signals that are transmitted to the brain via the
optic nerve.
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Eye’s light photosensors

How does it work?:

Human retina

— The human fovea has a diameter of about 1.0 mm with a high concentration of cone
photoreceptors.

— The center of the fovea is the foveola — about 0.2 mm in diameter — where only
cone photoreceptors are present and there are virtually no rods. The central fovea
consists of very compact cones, thinner and more rod-like in appearance than
cones elsewhere.

— Starting at the outskirts of the fovea, however, rods gradually appear, and the
absolute density of cone receptors progressively decreases.
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http://hyperphysics.phy-astr.gsu.edu/hbase/vision/rodcone.html




Spectral response of the eye photosensors

Cones:

Rods:
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50 S S

445 nm 535 nm 575 nm

Color-sensitive (6 to 7 millions).

http://hyperphysics.phy-astr.gsu.edu/hbase/vision/colcon.html”

By population, about 64% of the cones _ 2

o S S
are red-sensitive, about 32% green  E%
sensitive, and about 2% are blue 23

sensitive.

They measure the light frequency A - 760 nm
(color).

Yellow
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Orange
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Blue
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Yellowish
Green

Luminosity-sensitive (75 to 150

millions).
) Sl()") is the absorption response curve of red cones
They measure the ligsht intensit
X . & 4 S (}L) is the absorption response curve of green cones
(luminosity). 2

S3 (}\,) is the absorption response curve of blue cones
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air n(A) glass

refraction index

incident ray

refracted ray

Light source: reflected ray e e —

Object:

http://www.hunterlab.com/pdf/color.pdf

Ambient Diffuse Specular = Phong Reflection

http://en.wikipedia.org/wiki/Phong_shading



What is color?

E(MR(A)
— Similar to a texture or shape, color is an color stimulus
attribute of an object.

Definition:

As observed before, color depends on:

— The spectral properties of light source (e.g., S.(A)

sun) that illuminates the object (SPD or spectral
power distribution E(M)). imaging device S (A)
S:(M)

— The spectral properties of the object (i.e.,
reflection R(A)).

— The spectral properties of the photoreceptors
of the imaging device (e.g., eye or camera).

Thus:
— Color is defined by 3 values: p, = fE()L)R(A)S,.(A)d)L, n=123

visible
spectrum

http://www.hunterlab.com/pdf/color.pdf

http://en.wikipedia.org/wiki/Phong_shading
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Camera’s image formation: overview

Camera (artificial eye):

— Camera replaces eye in image formation.

— The role of the camera in machine vision is
analogous to that of the eye in biological systems.

Steps of image formation:

— The scene is illuminated by a single source.
— The scene reflects radiation towards the camera.

— The camera senses it via chemicals on film.



http://en.wikipedia.org/wiki/Pinhole_camera
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Pinhole camera

How does it work?:

— A pinhole camera is a simple camera without a lens and with a single small aperture
— effectively a light-proof box with a small hole in one side.

— Light from a scene passes through this single point, called “pinhole”, and projects an
inverted image on the opposite side of the box.

— This is the simplest device to form an image of a 3D scene on a 2D surface

— The human eye in bright light acts similarly, as do cameras using small apertures.

camera



Simplified pinhole camera

object

Perspective geometry (computer graphics):

camera Image

— Perspective geometry provides a 3D to 2D mapping without inverting the image.

http://en.wikipedia.org/wiki/Pinhole_camera

— That is, the perspective geometry provides a simplified model of the pinhole camera
by placing the image plane between the focal point of the camera and the object.

xX'=x—
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rojection S — _ o
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Simple lens model

Pinhole camera:

camera

— A pinhole camera is not able to produce real images.

Lens:
— Alens is necessary to get a sharp focus of the image.
— A lens gathers light over an finite aperture (pinhole).
W W e
% -.-'__-_‘_-.::'__'_:_‘_-_'_':-___ §‘ ::-'_'.'_: -~ % \\\‘\/
object point object point object point
With a large pinhole, the image spot is With a small pinhole, light is reduced With a simple lens, much more light can
large, resulting in a blurry image. and diffraction prevents the image spot be brought into sharp focus.

from getting arbitrarily small.

http://en.wikipedia.org/wiki/Camera_lens



Simple lens model (cont’d)

Lens:

— A lens is necessary to get a sharp focus of the image.

. . . x' X
— By similar triangles in front of the lens, we have: 272
— By similar triangles behind the lens, we have: g - = y
Z —
Lens formula: r.i1_1
z z' d

— This formula is obtained from those two two equations.

camera
|

focal point

(x',z")

image plane

TO07 Color and Imaging

The focal point F and focal length f of a
positive (convex) lens, a negative
(concave) lens, a concave mirror, and a
convex mirror.

-------------

http://en.wikipedia.org/wiki/Focal_length
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Simple lens model (cont’d)

Lens formula: ‘.1 _1
z ' d
— It can be re-written as: Z'= ded
_— ' xd . yd
— Similarly, we get  x'= 4 and y'= —
Projective transform:
x' d 0 0 O ||x
— In matrix form: N 0 d 0 olly
2| lo 0 4 o]z
w' O 0 1 -—-dl||w

— This means that surface points (x,y,z) and their conjugate image points (x’,y’,z’) are
related by a projective transform.

— Note that the conjugate transform is its own inverse i.e. the conjugate point of the
conjugate point is just the original point, since:

(d 0 0 O0][da 0 0 0] [¢> o o o] [1 0 0 O]
O 4 0 0ofllo 4 0o o0 O d> 0 0 0O 1 0 O
0 0d offo o a o|7lo o &« o| oo 1 0
0 0 1 —d]J|lo o 1 -d| [0 0 0 & [0 0 0 1]

http://www.cim.mcgill.ca/~langer/557/lecture2 | .pdf
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Camera optics

Camera Optics:

— In practice, the aperture must be larger to admit more light

— Lenses are placed to in the aperture to focus the bundle of rays from each scene
point onto the corresponding point in the image plane

— Optical parameters of the lens
" |ens type, focal length, field of view
— Photometric parameters

" type, intensity, and direction of illumination

" reflectance properties of the viewed surfaces
— Geometric parameters

" type of projections

" position and orientation of camera in space

m  perspective distortions introduced by the imaging process
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Camera calibration

Camera calibration:

— ltis a process that allows us to deduce 3D geometric information from an image,
one must determine the parameters that relate the position of a point in a scene
to its position in the image.

— This is a cumbersome process of estimating the intrinsic and extrinsic
parameters of a camera.

— There are 4 intrinsic camera parameters: two are for the position of the origin
of the image coordinate frame, and two are for the scale factors of the axes of
this frame.

— There are 6 extrinsic camera parameters: three are for the position of the
center of projection, and three are for the orientation of the image plane
coordinate frame.

— However, recent advances in computer vision indicate that we might be able to
eliminate this process altogether.

http://homepages.inf.ed.ac.uk/rbf/CVonline/LOCAL_COPIES/OWENS/LECT | /node2.html



Definition:

Other names:

General 2D image

Color Range image
(depth information)

OPTEX 3D range image camera

http://www.optex.co.jp/e/product/3d.html
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TO07 Color and Imaging

CCD (Charged-Coupled Device) cameras

Working pl"inciple: CMY Bayer Pattern RGB Bayer Pattern

— Tiny solid state cells (photosensors) convert light energy into electrical charge.

— An analog-to-digital converter (ADC) then turns each pixel's value into a digital
value by measuring the amount of charge at each photosite and converting that
measurement to binary form.

Image:

— The image plane acts as a digital memory that can be read row by row by a
computer.

Lens Prism
incident light beam [

incident light beam

| chip CCD camera 3 chips CCD camera

http://www.modernimaging.com/Kodak_DCS-

AN . T L



Image digitization
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/- Gray level

A b
Sampling: K./ ‘

Physical image

An image captured by a sensor is expressed as a continuous function f(x,y) of two

co-ordinates in the plane.

Image digitization means that the function f(x,y) is sampled into a matrix with M

rows and N columns.

Sample points are called pixels.

Quantization:

Pixels

Digital image

http://css.engineering.uiowa.edu/~dip/LECTURE/ImageProperties2.htm

The image quantization assigns to each continuous sample an integer value.

The continuous range of the image function f(x,y) is split into K intervals (recall the

levels in the previous chapter).

Quantization = number of bits per pixel.

Overall:

The finer the sampling (i.e., the larger M and N) and quantization
better the approximation of the continuous image function f(x,y).

(the larger K) the
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Image sampling (example)

original image sampled by a factor of 2
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Definition:

136 x 208

o
68 x 104




Image quantization (example)

256 gray levels (8 bits/pixel) 32 gray levels (5 bits/pixel) |6 gray levels (4 bits/pixel)

2 gray levels (I bits/pixel)




Digital image representations

color depth = number of bits

Black-and-white image:

— Quantization bits per pixel: | (2 levels). o
Gray scale image:
— Quantization bits per pixel: 8 (256 levels). 256 levels

(8 bits)
8-bit color image:

— Quantization bits per pixel: 8 (256 levels).

GIF format

24-bit color image: (8 bits)

— Quantization bits per pixel: 24
(256x256x256=16,777,216 levels).

— | byte per color channel (RGB)

JPEG format
(24 bits)
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Graphical representation of 24-bit “true color”

pixels in the frame buffer

converting digital RGB values to
their analog counterparts

VALV A A

pixels in the screen

/
~ 1

A\
A\
A\
A\

> T
T
T T
T —
pErSrsse

3 bytes (I per color channel) associated to each pixel o ’ﬂ’

.22
-1
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Image file formats

HEADER IMAGE DATA

magic number bytes

Structure of an image file format:

— Many image formats adhere to the simple model shown above (line by line, no
breaks between lines).

— The header contains at least the width and height of the image.

— Most headers begin with a sighature or “magic number” - a short sequence of
bytes for identifying the file format.

Common formats:

— GIF (Graphic Interchange Format)

— PNG (Portable Network Graphics)

— JPEG (Joint Photographic Experts Group)
— TIFF (Tagged Image File Format)

— PGM (Portable Gray Map)

— FITS (Flexible Image Transport System)
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PGM format

Main purpose:

— A popular format for grayscale images (8 bits/pixel)
— Closely-related formats are:

= PBM (Portable Bitmap), for binary images (| bit/pixel)

= PPM (Portable Pixelmap), for color images (24 bits/pixel)




PGM format (cont’d)

PGM ASCII storage P2 identifier, line 1
640 480 width height, line 2
. 255 ber of colors, line 3
ASCII storage has the following advantages: pmberer ol e
— Pixel values can be examined or modified very +++ | datalines,
: : : EE each line has the size of width and
easily using a standard text editor. oach pixel 1o Seperated with Spaces.
— Files in raw format cannot be modified in this way
since they contain many unprintable characters.
RAW storage has the following advantages:
— It is much more compact compared to the ASCII
format.
— Pixel values are coded using only a single character!
PGM binary (raw) storage
25 0Ah 640 20h 480 0Ah 255 0Ah
identifier width height Number of data
colors
2-chars 4-bytes 4-bytes width*height bytes

1-byte
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Image processing software

Examples:

— CVIPtools (Computer Vision and Image Processing tools.
— Intel Open Computer Vision Library.

— Microsoft Vision SDL Library.

— Matlab.

— Khoros.

For more information, see:

—  http://www.cs.unr.edu/~bebis/CS79 | E

—  http://www.cs.unr.edu/CRCD/ComputerVision/cv_resources.html



Summary:

Light & Color

Image Formation
Image Digitization
Image Representation
Image File Formats

Imaging Processing software
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