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Traditional Camera
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* A lens focuses light onto the film

* Rays passing through the center are not deviated
* All parallel rays converge to one point on a plane located at the focal length f
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Traditional Camera

object lens filrn
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* Lens Equation: 1 , 1 _ 1
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* Any object point satisfying this equation is in focus
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Traditional Camera

The smaller the aperture
opening, the greater the
depth of field

DEFTH OF FIELD —
DEPTH OF FIELD pepth of Field T
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Changing the aperture size affects depth of field

small aperture increases depth but reduces amount of light

https://manara.edu.sy/



Traditional Camera
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plane of focus

lens plane

image plane
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Traditional Camera- Fie O View (FOV
Zooming il g w8l o 45,1 Jla

Large FOV, small f
Camera close to car
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Digital Camera

A digital camera replaces film
with a sensor array.

* Each cell in the array is light-
sensitive diode that converts
photons to electrons
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Digital Camera

* When light hits a typical
surfacels g e ¢ gall oty Ladie

* Some light is absorbed (1-p)

 More absorbed for low albedos
* Some light is reflected diffusely

* Independent of viewing direction
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* Some light is reflected specularly

* Light bounces off (like a mirror),
depends on viewing direction
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Digital Camera

difﬂfs specuylar
reflection reflection

reflection all diffuse

Mirrored: reflection Glossy: reflection mostly
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Digital Camera: Shadows
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Types of Digital Camera

e CCD (Charge Coupled Device)

* Transports the charge across the chip and reads it
at one corner of the array.
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 Contains an analog-to-digital converter (ADC)
turns each pixel's value into a digital value.
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charge
to voltage
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 CMOS (Complementary metal oxide semiconductor)

* Uses several transistors at each pixel to amplify and
move the charge using more traditional wires.
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 The CMOS signal is digital, so it needs no ADC.
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http://electronics.howstuffworks.com/digital-camera.htm

CCD vs. CMOS

CCD * CMOS

Mature technology 4«3 * Recent technology &~

High production cost 4dle awal 4slS « Lower production cost Ji panal 43lS

High power consumption (e 48 &IBigial * Low power 8 4da &IDigil

Higher fill rate Ao sde Jozs * Lower fill rate (Rl J8) J8l cda Jans
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Higher resolution le! 48 « Lower resolution J&l 43
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Color sensing in camera: Color filter array

Bayer grid

Slide by Steve Seitz



Color sensing in camera: Foveon X3

http://www.foveon.com/article.php?a=67

First came film. Then came digital. Now there'’s Foveon X3
COLOR FILM contains three TYPICAL DIGITAL SENSORS FOVEON X3 direct image
layers of emulsion which have just one layer of pixels and sensors have three layers of
direclly record red, green, capture only parl of the color. pixels which directly capture
and blue light. all of the color.
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Digital Image Acquisition

ight emitted

Light reflected to
camera

Sensor
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Digital Image Acquisition

What computers see What humans see
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Image Histogram
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Image Histogram
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Histogram Equalization

* Histogram equalization is a method in image processing of contrast adjustment using
the image's histogram.
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* This method usually increases the global contrast of many images, especially when the
usable data of the image is represented by close contrast values.

Gl A ) paall (ol b 35 e
* Through this adjustment, the intensities can be better distributed on the histogram.

* This allows for areas of lower local contrast to gain a higher contrast.
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Histogram Equalization

* Equations: Discrete values:

s =T(5) = (L= p,(r)
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Histogram Equalization- Example

e Suppose that a 3-bit image (L=8) of size 64 X 64 pixels (MN = 4096) has the
intensity distribution shown in following table.

* Get the histogram equalization transformation function and give the p_(s,)

for each s,.
T ny pr(r L) — ”.-"i/ MN
ro =0 790 0.19
r =1 1023 0.25
rn =72 850 0.21
r=3 656 0.16
r, =4 329 0.08
rs =5 245 0.06
re = 6 122 0.03
r, =17 81 0.02

0
S, =T(r,)=7> p,(r)=7%x019=133 —1

j=0
1
s, =T(r)=7>_p,(r,)=7x(0.19+0.25) =3.08— 3

j=0
S, =455 —5 S, =9.67 —6
Se =6.65 —>7

s,=6.23 —6
S =686 —7 s,=7.00 —>7
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FIGURE 3.19 Illustration of histogram equalization of a 3-bit (8 intensity levels) image. (a) Original

histogram. (b) Transformation function. (¢) Equalized histogram.
"“ T P T R R s
ro =10 790 0.19 2 1
rn=1 1023 0.25 1 3
r =2 830 0.21 2 5
r, =3 656 0.16 3 6
rg = 4 329 0.08 4 6
rs = 3 245 0.06 5 7
re = 6 122 0.03 6 7
r; =1 81 0.02 ; ;




il
[
i




i

bl

i

FIGURE 3.20 Left column: images from Fig. 3.16. Center column: corresponding histogram-
equalized images. Right column: histograms of the images in the center column.
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FIGURE 3.21
Transformation
functions for
histogram
equalization.
Transformations
(1) through (4)
were obtained from
the histograms of
the images (from
top to bottom) in
the left column of
Fig. 3.20 using
Eq.(3.3-8).
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28

Question

Is histogram equalization always good?

No

Histogram Matching
Local Histogram Equalization
Adaptive Histogram Equalization

3/5/2024
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AHE (Adaptive Histogram Equalization)

L 1

Contrast Limited AHE (CLAHE)
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Colors
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% Photons Reflected

Colors

Some examples of the reflectance spectra of surfaces
2 slal) mdan) e Cadall GalSail e ALY ey

25 AT ,‘_;ﬁ'fg
A e RS &
o ITh |

Wavelength (nm)



Color Space: Default (RGB): Red, Green and Blue
Complement (CMYk): Cyan, Magenta, Yellow and Black

* Default color space
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Color Space: Default (RGB): Red, Green and Blue
Complement (CMYk): Cyan, Magenta, Yellow and Black

* CMYK is the complement

of RGB
RGB aUiill acial) 3 sll) AUl « \
B /
Blue| 001 Cyan
: Red / Blue
Magenta e \
| p ’
-
Black |, Grayscale (0.1.0)
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Color space (HSI): Hue, Saturation and lllumination

Mean =) Hue
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Color space (HSI): Hue, Saturation and lllumination

Huse

Saturation

Value

Cyan € Red Gl‘een (1 200)

. Red (0”)

Blue Magenta

Blue (240°)

Cireen Yellow

Cyang 2 Red

(H=1,5=0)
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Color Image Calculations

Images represented as a matrix

« im(1,1,1) = top-left pixel value in R-channel

* im(N, M, 3) = bottom-right pixel in B-channel

Uint8 is an image with values (0 to 255)

Double format contains values (0 to 1)

row

< . N — led Sim’ Gray Level Scale: 0221
uppose we nave a NX Image called 'Im Gray Levels =2k
« im(y, X, b) =y pixels down, x pixels to right in the b channel Exa.mple. : :
5-bit gray image contains: 2°=32
levels
Range of gray levels is: 02 2°-1=
0- 31
| 0.92 {093 [ 094 | 097 | 0.62 | 037 | 0.85 | 0.97 | 0.93 | 0.92 | 0.99 |
095 ] 0.89 | 0.82 | 0.89 [ 056 | 0.31 [ 0.75 | 0.92 | 0.81 | 0.95 [ 0.91 |
0.89 | 0.72 | 0.51 | 055 | 0.51 | 0.42 | 0.57 | 0.41 | 0.49 | 0.91 555 1 099 G
096 | 095 | 0.88 | 094 | 0.56 | 0.46 | 0.91 | 0.87 | 0.90 | 0.97 095 | 091
071 | 0.81 | 0.81 | 0.87 | 0.57 | 0.37 | 0.80 | 0.88 | 0.89 | 0.79 091 | 092
0.49 | 0.62 | 0.60 | 0.58 | 0.50 | 0.60 | 0.58 | 0.50 | 0.61 | 0.45 097 | 0.5 092 | 0.99
0.86 | 0.84 | 0.74 | 058 | 0.51 | 0.39 | 0.73 | 0.92 | 0.91 | 0.49 079 | 0.5 095 | 0.91
096 | 0.67 | 0.54 | 0.85 | 0.48 | 0.37 | 0.88 | 0.90 | 0.94 | 0.82 045 | 033 091 | 0.92
0.69 | 0.49 | 0.56 | 0.66 | 0.43 | 0.42 | 0.77 | 0.73 | 0.71 | 0.90 049 | 072 097 | 0.95
0.79 | 0.73 | 0.90 | 0.67 | 0.33 | 0.61 | 0.69 | 0.79 | 0.73 | 0.93 082 | 0.93 0.79 | 0.85
091 [ 0.94 | 0.89 | 0.49 | 0.41 | 0.78 | 0.78 [ 0.77 | 0.89 | 0.99 0.45 | 0.33
e e e e e Gy 0.90 | 0.99 049 | 074
0.79 | 0.73 | 0.90 | 0.67 | 0.33 | 0.61 | 0.69 | 0.79 | 0.73 | 0.93 | 0.97 F "> o3
091 | 0.94 | 089 | 049 | 041 | 078 | 0.78 | 077 | 0.89 ] 0.99 | 0.93 V50| .99
l 079 | 073 | 090 | 067 [ 033 [ 061 [ 0.69 [ 0.79 | 0.73 | 0.93 | 0.97
| 091 ]| 094 ] 089|049 [ 041[078[078] 077 089|099/ 093 Slide credit: Derek Hoiem




lmage Types
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Name Description

double - double precision, floating point numbers (8 bytes per element)
uint8 -unsigned 8-bit integers in the range [0-255] (1 byte per element)
uint16 - unsigned 16-bit integers in the range [0,65535)

uint32 - unsigned 32-bit integers in the range [0,4294967295]

int8 - singed 8-bit integers in the range [-128,127]

int16 - singed 16-bit integers in the range [-32768,32767)

int32 - singed 32-bit integers in the range [-2147483648 2147483647
single- single precision floating-point numbers (4 bytes per element)
char - characters (2 bytes per element using Unicode rep.)

logical - values are 0 or 1 (1 byte per element)

All numeric computations (first 8 entries in the above table) in MATLAB are
done using double quantities.

uint8 is the frequently used 8-bit image.



Uses of color in computer vision

* Color histograms for indexing and retrieval
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Swain and Ballard, Color Indexing, IJCV 1991.



http://www.inf.ed.ac.uk/teaching/courses/av/LECTURE_NOTES/swainballard91.pdf

e Skin detection

M. Jones and J. Rehg, Statistical Color Models with Application to Skin Detection,
1JCV 2002.



http://www.cc.gatech.edu/~rehg/Papers/SkinDetect-IJCV.pdf

* Image segmentation and retrieval

| |
e _d e - | E—— — R
- 105004 (score - 09774 New quegy 8 2SR032 re = 097659 - New query
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C. Carson, S. Belongie, H. Greenspan, and Ji. Malik, Blobworld: Image
segmentation using Expectation-Maximization and its application to image
qguerying, ICVIS 1999.




e Robot soccer

M. Sridharan and P. Stone, Towards Eliminating Manual Color Calibration at
RoboCup. RoboCup-2005: Robot Soccer World Cup IX, Springer Verlag, 2006

Source: K. Grauman


http://www.cs.utexas.edu/users/AustinVilla/?p=research/auto_vis

* Color histograms for indexing and retrieval

Read the query image DEICENRINETES
—

Take histograms of database
image

Extract red, blue and green
channel and make
histograms

Take sum of all three

histogram separately and set Take sum of all histograms
threshold value

Compare these histograms

Take average value

Image is not

belong to the
group

Image is
rejected

value>
Threshold

Image is belong
to the group

Retrieved
Images
database

https://www.ijert.org/research/image-retrieval-using-histogram-based-contents-of-an-image-1JERTV2IS100935.pdf



