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Lecture 2: Image Formation

Image Formation

A
St Light Source

Lens

Surface

« Pixel is a building block of an image.
« Image represents light intensity values at
different pixel locations
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What wesee  What a machine Sees
3
2D Points .
2D points can be denoted using a pair of values,
x = (z,y) € R2, or alternatively, x = [;] = [a,y]"
Homogeneous coordinates % = (&, §, @) € P?
2D Projective Space, P? = B* — (0,0,0)
X = (&g, w) = w(xr,y, 1) = &X, where X is the augmented vector
1wy, i @ s s | T ]
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Motivation

7 Reflectance and
R~ S - - shading
i 1
-y B Optics: Lens and its
§ position

Shutter speed

Sensor gain
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Geometric Primitives

2D Line

2D line in homogeneous coordinates system 1 = {a,b,c)

Equation of line %-1=az+hy+c=0.
L= (ng ny.d) = (f.d) with 4] =1

i is the normal vector

x
d is the distance to origin .
0 = i1z, y) = (cosh; sinf) (0, d) is polar coordinates
w2 B, 51000 5 e [ ETE WY



Why Homogeneous Coordinates

« Intersection of two lines as % —1, x I

Find the intersection point of

c+2y+1=0
r+3y+5=0

« Line joining two points as | = X1 X Xo

Point of intersection x = [73‘]

X1 i Xa
M/W /E-2 PM, 6108 @ BITS Pilani
2D Euclidean Transformation
2D Rigid body motion y
x =Rx+t
=[R t]x
! _ |cos(8) —sin(f) T
where I = [sm(a) cos(0)

&
is an orthonormal rotation matrix RRT =T and |R| = 1
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2D Affine and Projective

Projective/Perspective Transform
Homography
%' = Hx

where H is an arbitary 3 x 3 matrix

2D Affine Transform, x' = Ax y
where A is an arbitary 2 x 3 matrix A
J-.'v‘
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2D Translations

2D translation are denoted by

x'=x+t
=[1 t]x

I: 2 x 2 Identity Matrix
t: Translation Vector

o I t]|_
X=lor q|%
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2D Scaled Rotation

2D Similarity Transform

x =sRx+t
= [SR t}i{

e =b t,
b ety

X

s is an arbitary scaling factor
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2D Transformations Summary l
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Euclidean affine

Transformation  Matrix  #DoF  Preserves  foon

sranslation [14,, 2 orienmion

rigid (Euclidcan) [11 ..JM 3 kenghs <>
similarity [ o 4 g <
atne [, & et [/
f— M, & s [
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Photometric Image Formation

* Radiance (W): Amount of energy that flows from source

Light Quantities

* Luminance (Im): Amount of energy observer perceives from a
light source

« Brightness: Subjective descriptor of light intensity, that
describes colour sensation

.
“ 7 &) .
N/f_
Luminance of the inner square is exactly the same.
Perceived brightness is different
Computer Vision (BITS F159) L-02 (10-01-2025) 15

The Digital Camera Model

* Optics: Lens focuses the reflected light onto the sensing area

« Aperture: active sensing area, often denoted by f. The ratio of
the aperture's diameter to the lens's focal length.

* Shutter (Speed): Controls the duration of exposure, denoted in
seconds.
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Electromagnetic Spectrum

~ Increasing Frequency (v)

L S L L A A AR T
Yoy Xeays | uv ® Microwave |FM| |AM Long eadio waves.
lio waves |
| ¢ | | J i | _— ' i 0
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e e Increasing Wavelength () —
Visible spoctrum
o 0 w0 0 A= .
Increasing Wavelength (1) in nm —
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When light hits a surface it is scattered and reflected
Diffuse

Scatters light uniformly in
all directions

Specular

Reflection depends strongly
on the direction of the
outgoing light

Phong Shading: Diffuse 4+ Specular + Ambient Illumination
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Image Sensor and Gain

* Incoming light radiation reflected s
from a 3D scene is transformed to a me LI
voltage by an imaging sensor that is = . { - st
sensible to a specific type of energy B . o )
(wavelength).

* Usually, sensors are arranged in 2D
array

* Gain (ISO setting): sensed signal is
usually boosted by a sense amplifier
to obtain a good overall exposure

Exposure Simulator =
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http://www.andersenimages.com/tutorials/exposure-simulator/
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Analog to digital conversion m Sampling m

« The sensor array, coincident with the focal plane of the lens, * Reduces the image domain to a finite set of spatial coordinates
produces outputs proportional to the integral of the light where each sample is called a pixel.
received at each sensor for a certain amount of time 2, .
B — M x N
/ * Number of samples is influenced by the grid/spatial resolution
‘o Thasanatn fesery)
A=

Spatial Resolution: 300dpi 72dpi 10dpi

b' * Digital: Pixels

Ot it e * Printed: Dots per Inch
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Quantization m Digital Image m

* Reduces the sensor response domain to a finite set of values * The digitization process requires that decisions be made
called intensities. regarding the matrix size M, N and the number L (usually a
R—[0,1... 25] power of 2) of quantized intensity levels.

« For eg: * M, N are related to the spatial resolution of an image

* 8-bit quantization * L is related to the intensity resolution
« 28: 256 gray levels - 1 I
« 0: Black, 255: White

* 1-bit quantization |
« 21 2 gray levels :

 0: Black, 1: White

256 Levels 16 Levels 4 Levels 2 Levels
SRS g 10012020 2 I P i e i Y T M)

Summary B

Images are crucial for computer vision and so is to understand
the image formation principle

2D geometric primitives helps mathematically manipulate
images

Environmental lights and object reflectance makes an object
visible to the camera

A camera constitutes of camera body (lens, aperture, shutter)
and sensor chip (sensor, gain, ADC)

Image formation 1is also influenced by sampling and
quantization
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