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Single sensor

Array sensor

Image Sensors
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Sensing material Image Sensors: Single Sensor

s Film

Rotation

/

o

Linear motion

* One image line out
per increment of rotation
and full linear displacement
of sensor from left to right.

FIGURE 2.13 Combining a single sensor with motion to generate a 2-1D image.
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Image Sensors : Line Sensor %\7

One image line out per
increment of linear motion

Imaged area °
Image
reconstruction - .
Cross-sectional images
Linear motion of 3-D object
Sensor strip

3-D object

Fingerprint sweep sensor

Computerized Axial Tomography

https://manara.edu.sy/ (Images from Rafael C. Gonzalez and Richard E.
Wood, Digital Image Processing, 2" Edition.
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Image Sensors : Array Sensor iz

Charge-Coupled Device (CCD)

® Used for convert a continuous image into a

digital image

* Contains an array of Iight sensors

CCD KAF-3200E from Kodak. * Converts photon into electric charges
(2184 x 1472 pixels,

Pixel size 6.8 microns?) accumulated in each sensor unit
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Digital image: an image that has been discretized both in Spatial coordinates and associated value.

f( 0,.V—1_)

>

fiM-1,0) ™ f(A-1,N-1)
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Digital Image Types : RGB Image
Dlgltal Colo‘red Image DAV

deol
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Color image or RGB image:

each pixel contains a vector representing red, green and blue components.

Digital image = a multidimensional array of numbers

(such as intensity image) or vectors (such as color image)

RGB components
Each componentin the image

(10 10 16 28] _
called pixel associates with 9 9§g67 §7:@7 -
the pixel value (a single number in ["]I:> 15 3999 96, (67
the case of intensity images or a 32 gé §9 92

32 65 87 99

vector in the case of color images).
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Digital Image Types : RGB Image
Digital Colored Image

Py
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Digital Image Types : %\7

Intensity Image or gray image TR

LANAR A LU Y

Intensity image or monochrome image
each pixel corresponds to Iight intensity normally represented in gray

scale (gray level).

Gray scale values

(10 10 16 28]
|]|]|:> 9 6 26 37
15 25 13 22

32 15 87 39
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Image Types : Binary Image Pﬂ

Binary image or black and white image
Each pixel contains one bit:

1 represent white

O represents black

Binary data
0 0 0 O]
0 000
111 1
111 1
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Image Types : Index Image %

o)liaJl
Indeximage
Each pixel contains index number

pointing to a colorin a color table

Color Table
Index col?r’r!uf)n
No. ot
1 0.3
2 0.0
L 49 3 0.0
6 4
6 5 4 0.5
5 0.9
Index value

https://manara.edu.sy/
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Matlab &)3.44_” Z\j_s\ Cyo d.sj_w_d\

X X gray2ind
im2bw - X gray2ind
im2bw rgb2gray - rgh2ind
im2bw rgb2gray ind2rgb
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P le rk ics Formaf

GIF Graphics Interchange Format
JPEG File Interchange Format

Device Independent Bitmap
Windows Metafile
=_ Enhanced Windows Metafile

d PR TN

PNG Portable Network Graphics Format
TIFF Tag Image File Format

R L]

Slslnall s lis| A
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Save as

PNG picture
Save a photo or drawing with high quality

and use it on your computer or on the web.

JPEG picture
Save a photo with good quality and use it

on your computer, in e-mail, or on the web,

BMP picture

Save any kind of picture with high quality
and use it on your computer.

GIF picture

Save a simple drawing with lower quality
and use it in e-mail or on the web.

Other formats

Open the Save As dialog box to select from
all possible file types.
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Tagged Image File Format (TIFF) "da g gd 1" ad¥ Il jouall Dlile dde O

Compressed TIFF, Uncompressed TIFF
B S Al 35S Ao buco llizud Ao giall A& TIFF Slale

Graphics Interchange Format (GIF) ‘a}.w)." Jols e [
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TYPE OF
COMPRESSIO
BMP (bitmap) .bmp Coslderably used to store bitmap
compressed with digital images
lossless
JPEG Jpg . Lossy - Discrete Cosine For natural images
(Joint Photographic Jpeg ., .jpe Transform (DCT) &
Experts Group) Chroma Subsampling
Lossless - Run-Length Encoding
(RLE) - .
GIF (Graphics gif , .giff, Lossless LZW (Lempel-Ziv- For artificial images Orlglnal flle
Interchange Format  .gfa Welch) (sharp-edge lines and
few colors) & support
animation
PNG (Portable .png Lossless DEFLATE Better compression &
Network Graphics) features than GIF, but
don't support animation
TIFF (Tagged Image iff |, tif Lossless RLE / LZW [ DEFLATE / Flexible file format, can
File Format) ZIP store multiple images in
a single file
JPEG2000 P2, j2c, Lossy & Lossless  Discrete Wavelet Better image quality
jpc. 2k px Transform (DWT) than JPEG (up to 20%), _bmp

not widely used because
of some patent issues.
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, X 6)lioJl
-Ori.g,in
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Origin s & & & & 8 8 8 8 @
y One pixel S flxy)
v Image “After snow storm” X

An image that has been discretized both in Spatial coordinates and associated value.

An image: a multidimensional function of spatial coordinates.

X Spatial coordinate (point set): (x,y) for 2D case such as photograph, (x,),2) for
3D case such as color image

** The function f (value set) may represent intensity (for monochrome images) or

color (for color images) or other associated values.

fix,y) =

——————

1 £0.0)2 RO.1) ... f(0,N-1)
fLo)y fLD .. f(1,N-1)
AM-1,0) fM-1.1) ... RM-1N-1)

An element of the image,
(xy)f(xy) is called a pixel
where:

- x,y is called the pixel location
and

- f(x,y) is the pixel value at the

location X,y
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Digitization Process

To convert continuous image (in real life)

to digital image (in computer) we use

Two processes:

Sampling: digitizing the coordinate
values
Quantization: digitizing the

amplitude values or intensities.

® Thus,whenx,yand fare all finite,
discrete quantities, we call the

image a digital image.

o)liaJl
Hlumination (energy)
ey source
'7 AN

Scene element

'.I & Imaging systen

Output (digitized) image

{Internal) image plane
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Digitization Process- Sampling D,,

and Quantization function

™,

Sampling

sample is a small white square, located by a vertical tick mark as a point x,y

6jliall
A B
LiL A ks | ak LA e i

™

Gray-level scale that divides gray-level into 8

discrete levels from b(0) to w(7)

Quantization

DDDDD

Quantization level

Image sampling: discretize an image in the

spatial domain (digitizing coordinates)

Image quantization: discretize or convert
continuous pixel values (each sample gray
level value ) into discrete numbers (digital

quantity) -> digitizing intensities

R —
N2 —
I ;
|
| |
2T - i
1 |

OI - - - ! >

Light intensity
Darkest Brightest
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Digitization Process- sampling D,,

and Quantization function S
deola
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The continuous image VS the result of digital

image after sampling and quantization

a b

FIGURE 2.17 (a) Continuos image projected onto a sensor arrav. (b) Result of image
sampling and quantization.
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BIT DEPTH is determined by the number of bits used
to define each pixel. The greater the bit depth, the

greater the number of tones (grayscale or color) that can
be represented.

Pixel depth, also known as bit depth, refers to the
amount of information stored in each pixel of a digital
image. It is typically measured in bits per pixel (bpp),
with common values being 1 bpp (black and white), 8

bpp (grayscale)

L=256

®
0
| l I |g
T
5
cll

i

I I,!

.
oo e B S

PA ol bitdepth odl Gos

deol ~

8)lioJl pixel depth JuSJ! Gos
sldl sue k e 513.44." Jwicedd L deosmiud | a-j.:”.qé.” RwAL sl‘.p—w She o)
JuSll Bos ol ol Bos (£ Lo gag « JuSG S 0 asasl

k=38 : JGa
2k

L= where K = No. of bits representing each pixel value

; [0-255] No. of colors or gray levels OR Color resolution/ color depth/ levels:

Color depth refers to the maximum number of colors an image can contain.
Color depth is determined by the bit depth of an image (the number of binary
bits that define the shade or color of each pixel in a bitmap). For example, a

pixel with a bit depth of 1 can have two values: black and white.

b= M*N*K =~ il sy seall an

https://manara.edu.sy/
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Number of storage of bits: ﬁ_‘ﬂ—;‘-,

* N * M: the no. of pixels in all the image.
® K:no. of bits in each pixel
* L: grayscale levels the pixel can represent: L= 2K

* all bits in image= N*N*k

EX: Here: M=N=32, K=3,L=2A3=8
# of pixels=N*N = 1024 . (because in this example: M=N)
# of bits = N*N*K = 1024*3= 3072 bits.

NO of pixels= N*M
NO of bits= N*M*k

i Pixel has k bits

https://manara.edu.sy/
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Effect of Quantization Levels Dﬂ
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In this image,

itis easy to see

false contour.~
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Effect of Spatial Resolution Q}V

How to choose the spatial resolution ﬂ-ﬁﬂ!—"}
. . 6)liaJ
Spatial resolution e _I_ = Sampling locations
A
[(P]
=k
E
=
£
=
®
Q
, AR
£
= .\
Q.
g \ \
(3]
w
Under sampling, we lost some image details!
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Effect of Spatial Resolution %

How to choose the spatial resolution : deola
8)lioJl

L LCECERT Loh

Nyquist Rate

Sampled image

Original image

No detail is lost!

Nyquist Rate:
M;Z:;Zm Spatial resolution ~ ©  Spatial resolution must be less or equal half of the minimum
(sampling rate) period of the image or
* sampling frequency must be greater or Equal twice of the
—|— = Sampling locations maximum frequency.

https://manara.edu.sy/
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Effect of Spatial Resolution

"~ 256x256 pixels 128128 pixels

10X10

64x64 pixels 32x32 pixels

insufficient spatial
resolution-> appearance
of checkerboard pattern

in the image

50350

1003100
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Effect of Spatial Resolution Pﬂ

Downsampling dools
e —

Downsampling:

" . . V4 . ’
shrlnklng an image’s
dimensionsyou are
essentially throwing away
image information.

(note: this is NOT the

236 same as image

compression),

1024

an image with dimensions AxB,

want to shrink it to the dimensions of CxD,
assuming that A>C and B>D.

The most straightforward way to do this is
to discard entire columns/rows of data.

delete (A-C) columns, and (B-D) rows.

FIGURE 2.19 A 1024 x 1024, 8-bit image subsampled down o size 32 X 32 pixels. The number of allowable

oray levels was kept at 256.

https://manara.edu.sy/

(Images from Rafael C. Gonzalez and Richard E.
Wood, Digital Image Processing, 2" Edition.
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Effect of Spatial Resolution PAY/

Downsampling dsoLs

Standard Image

https://manara.edu.sy/ (Images from Rafael C. Gonzalez and Richard E.
Wood, Digital Image Processing, 2" Edition.
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Effect of Spatial Resolution
Upsampling (duplication):

’ o A problem with
Upsampling (duplication): this approach is
basically expanding an image, that it only works

and fiIIing in ”gaps" in rows and
when we want to

columns of the original image. . .
increase the image

For example, sdy we want to

dimensions by an

increase the width and height of , ,
integral factor (je:

2,4,10), as it

cannot deal with

an image by a factor of 4. We
could simply “repeat/redraw”
each row and column of the ,
. the case of image
original image 4 times. ,

scaling by a

fractional number
(2.5,10/3, etc).

FIGURE 2.20 (a) 1024 x 1024.8-bit image. (b} 512 x 512 image resampled into 1024 x 1024 pixels by row and
* column duplication. (¢) through (f) 256 X 256, 128 % 128, 64 « 64, and 32 X 32 images resampled into
1024 x 1024 pixels.

https://manara.edu.sy/
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Effect of Spatial Resolution
Upsampling (interpolation):

Can we increase

. . | - Nearest Neighbour Interpolation
spatial resolution by

interpolation ? Il — Bilinear Interpolatlon
Il - Bicubic Spline Interpolation

IV - Generalized Bicubic Interpolation

Down sampling is an

irreversible process.

Al e
de f

FIGURE 2.25 Top row:images zoomed from 128 X 128, 64 X 64, and 32 x 32 pixels to 1024 x 1024 pixels,

using nearest neighbor grav-level interpolation. Bottom row: same sequence. but using bilinear interpolation.

https://manara.edu.sy/
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* Dot perinch (dpi): monitors
® Lines perinch (lpi): laser printers
* Pixels perinch (ppl) tablets, Mobile- phones | Spatial resolution: pixel size AND number of pixels
* Pixel per Km: sattelite images

e Samples per inch (spi)' scanners

Zt_su_‘\ a.:\_’)ul.cul.c\ 5,43 LJ

https://manara.edu.sy/


https://manara.edu.sy/

Calculate PPI

diagonal = \/ width? + height?

/ S

o

N\
o2

width

height

-

PPI =

diagonal in pixels

diagonal in inches

Y

6)jliaJl

® Ascreenthatis 1920 pixels wide by 1080 pixels high

The diagonal is 10 inches= 25.4cm=254mm

diagonalyjes = V(19207 + 10802)

PPl = diagonal,;,.;< | diagonal.
diagonalyjye/s = V(3686400 + 1166400) g pixels g inches

PPl =2202.91/10
diagonalpjye;s = 4852800

PPl = 220.29 pixels

diagonalpes = 2202.91 pixels

So there are 220.29 pixels in a 1 inch line on the display (about
220.29/25.4=8.6 pixels per mm).
* 220.29” = 48528 pixels per square inch
® So there are 48528 pixels in an area of the screen that is 1 inch wide by one inch higt
* Screen length=1920/220.29=8.71 inch=221.38 mm
® Screen width=1080/220.29=4.9 inch =124.5 mm

https://manara.edu.sy/


https://manara.edu.sy/

How to Calculate the PAV

deol ~

diagonal dot pitch Syl o
Diagonal dot pitch is the diagonal distance from the center of one pixel to the center of the next.

Dot pitch is calculated from the diagonal Iength in inches and pixels then converted from inches per

pixel to millimeters per pixel but normally only expressed in millimeters (mm).

diagonal in pixels . diagonal in inches  25.4 mm
dot pitch = —; —— X —
diagonal in inches diagonal in pixels inch

PPI =

If a screen diagonal is 15.4 inches and has 3396 pixels. Dot pitch = (15.4/3396) x 25.4 ~ 0.1152 mm.

https://manara.edu.sy/
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Example

Pixel total
Picture size

dpi / ppi
Color depth

Disk space
Pitch

Pixel size

10inch*10inch

[

6)jliaJl

Diagonal in pixels:\/l()()()2 + 10002

.  ’> .
1000 x 1000 Pixel [ 1 Mpx] = 1414.2 pixels

254 x 254 mm | NOTE:1mm = 1000/254=4 pixels

100 dpi al

8 Bit - MSX2 compu v

1 MB
254 pm

64516 pm’

Diagonal in inch =v102 4+ 102
= 14.142 inch

PPI = diagonalyes | diagonalinches

PPI=1414.2/14.142=100 pixel per inch
=100/25.4=4 pixel per mm

PITCH=(1/PP1)*25.4 =(1/100)*25.4=0.254mm

https://manara.edu.sy/



https://manara.edu.sy/

Does smartphone having same camerapﬁ
sensor have different image quality? A}_f

6)liadl

There are several factors that can affect the quality of an inﬁg'é"téiken with a camera, even if they have the same number of

pixels. Some of these factors include:

1.

2
3
4.
5
6

The resolution of the camera in megapixels.

The quality of the lens.

The sensor size AND The sensor technology used in the camera
the image processing software and algorithms used.

and the overall design and engineering of the camera.

Iighting conditions: It's basically your camera's sensitivity to Iight. The higher the ISO sensitivity, the less |ight required to
take a high-quality image. This is an important factor in determiningyour balance of settings in low or high |ight

scenarios.
Additionally, external factors such as:, movement, and subject matter can also play a role in the quality of the final image.

Resolution 2880*2160 Aperture F1.7 Focal length:4.2mm Flash ISO Exposure time:1/50s

https://manara.edu.sy/
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Resolution: How Much Is Enough? [:A

6)liaJl

The word “suitable” is subjective: depending on “subject”.

The picture on the right is fine for counting the Low detail image Niad T el image
number of cars, but not for reading the number Lena image Cameraman image
plate
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