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Local
Global
Object

5. Background
6. Look-up tables
7. Contrast Stretching



A SIMIPILEE IMIAGE MODIEL

image - 2D light intensity function f(x,y), where the value of f at spatial
coordinates (x,y) gives the intensity of the image at that point:
0< f(x,y) < o

the intensity of image f at coordinates (x,y) is the gray level (1) of the image
Lmin £1<Lmax

the interval [Lmin, Lmax] is called the gray scale;
typical scale for 8-bit images: [0,255], where 0 is considered black, 255 - white,
and all intermediate values are shades of gray varying from black to white

continuous image f(x) is approximated by equally spaced samples arranged in the
form of an NxM array:
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f=| R ‘ - digital image
f(N-1,0) fN-11) . . . f(N-LM-1)]

usually N and M are integer powers of two: N=21, M=2K: also - number of gray
G=2M; therefore number of bits required to store an image: b=N x M x m;

for example: 128 by 128 image with 256 gray levels requires 131,072 bits
=16,0284 bytes =16KB of storage A



Spatial resolution is number of
columns by number of lines.

Intensity resolution
or "depth" is number
"'pixel" or of bits per pixel.

picture element

A column




[Examples

Spatial resolution Intensity resolution
4x4 8 - bit unsigned
16 x 16 8 - bit signed |
128 x 64 16 - bit unsigned
256 x 256 16 - bit signed
512 x 512 32 - bit unsigned
1024 x 1024 32 - bit signed

etc. etc.
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o unsigned bytes é%ﬂég Bg B
Value Binary BEcg 3290

0 0000 0000 i;gg; §§§

1 0000 0001 o f2 e 2578

127 0111 1111 EiiiPE a8g

128 1000 0000 s 93@%2 28

254 1111 1110 £ 8552y £41

255 1111 1111 § 126845 §87
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o signed bytes $ 2565 B8

Value Binary 3 ::ES 8 S B g2

-128 0000 0000 $f §32%4. 3 q‘é%
S 0000 0001 § c2a8% 23
sl 0111 1111 BITEER L
4 22385, &3 58
0 1000 0000 £ %_‘;g_ggﬁzé\:
1 1111 1110 S 53283 8272
127 1111 1111 $ g ist 2370
2 S8ERZ FROF

« to change the signof a stored number you 'flip' all of the bits (os to 1s and 1s to 0s),

and then add 1 - this convention s called twos-complement "
=
: &
« you must know whether your image is signed or unsigned byte - there is no way 2 S
. S8 =
to know by looking at the data! 3 5§
3 32
« image transfer - always set the transfer mode to binary o =8
& S<3
%88




owever, they appear to the eye to become darker as the background gets
lighter. A more familiar example is a piece of paper that seems white when lying

n a desk, but can appear totally black when used to shield the eyes while look-
1g directly at a bright sky.

HGURE 2.8 Examples of simultaneous contrast. All the inner squares have the same in-
nsity, bu

t they appear progressively darker as the background becomes lighter.

o

FIGURE 2.7

(a) An example
showing that
perceived
brightness is not a
simple function of
intensity. The
relative vertical
positions between
the two profiles in
(b) have no
special
significance; they
were chosen for
clarity.



Effect of Image size when the number of allowable
gray levels is kept to constant

o

- EXAMPLE 2.2:
Typical effects of
varying the
number of
samples in a
digital image.
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WE 2.19 A 1024 X 1024, 8-bit image subsampled down to size 32 X 32 pixels. The number of allowable
evels was kept at 256.



Effect of image sampling

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. (c) through (f) 256 X 256, 128 x 128, 64 x 64, and 32 X 32 images resampled into
1024 x 1024 pixels. 3



Effect of variation of the number of pixels used

be same image, with variation in the number of pixels used:

Figure 25. Four representations of t

a) 256x256: b) 128x128: ¢) 6ix6+4: d)32x32
In all cases. a full 256 grey values are retained. Each step in coarsening of the image is accomplished by

averaging the brightness of the region covered by the larger pixels



Effect on the image of the number of gray levels
used

LoaNd [ i R 2
Figure 26. Four representations of the same image, with variation in the number of grey levels
used: a) 32; b) 16: ¢) S d) 4.
In all cases, a full 256 % 256 array of pixels are retained. Each step in the coarsening of the image is ac-
complished by rounding the hrightness of the original pixel value.



¥ Levels of Computation

an image usually consists of several objects; a vision application usually involves
computing certain properties of an object, not the image as a whole

first, the individual objects must be identified - using algorithms for connectivity
and segmentation

point level processing - operations that produce an output based on only a
point in an image

local level processing - operations that produce an output image in which the
intensity at a point depends on the neighborhood of the corresponding point in
the input 1mage

global level processing - operations that produce an output (not necessary an
output image) which depends on the whole input image

object level processing - operations that produce object characteristics, such as
size, average intensity, shape. etc.



P Pofimt Level Processimg

Point processes are the simplest of basic image processing operations.
A point operation takes a single input image into a single output image
in such a way that each output pixel's gray level depends only upon the
gray level or the corresponding input pixel. Thus, a point operation
cannot modify the spatial relationships within an image.

; ek
fB[i’j] = Opoint{fA [l’J]}
Lttt il e il
where fA - input image and fB - output image

N g

' point operations transform the gray scale of an image
* linear and nonlinear point operations

' they are useful in photometric calibration, display calibration,
enhancement and histogram modification

examples:
Contrast Stretching
Image Negatives
Intensity-level Slicing
Bit-plane Slicing
Histogram Equalization

/_A (x, .Y) f[} (x, y)
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There is a difference between imagel and image3:
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FL@@@H Level Processimg

A local operation takes a single input image into a single output image
in such a way that each output pixel's gray level depends upon the gray
levels of the pixels in the neighborhood of the corresponding input
pixel. A

4 L'/(_;l {

fyli,j]= Olocal{fA[ik’jl]; [ixc-dr] € NG, ']}
where fa - input image and fB - output image N[i,j] - neighborhood of [i,j]

area processing typically is formulated in the context of so-calle mask operations
(the terms template, kernel, window, filter, and convolution mask are also
used to denote a mask); mask is an array of numbers (typically 3x3 or 5x5, etc.);
mask is usually very small with respect to the processed image; mask values are
called coefficients; values of coefficients determine the nature of the process

examples:
smoothing
sharpening
median
max and min
Fax, 3 S &, »
2, 4
N
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GLOBAL LEVEL
PROCESSING

A global operation takes a single input image into a single output
image (or a single symbolic output) in such a way that the output

depends on the whole input image Tk

r= ()global{f A[i’j]}
where fa - input image and P - output image or symbolic output

examples:
histogram
Fourier transform
image subtraction
averaging
logical operations



Histogram

* pray level histogram of an image - a function showing for each gray level the number of pixels in the image
that have that gray level; it is simply a bar graph of the pixel intensities

No. of pixels

0 alnalalalis m a = %
0 64 128 192 256

Gray levels

CT image Histogram of the CT image

* histogram gives us a convenient, easy-to-read representation of concentration of pixels
versus intensity in an image

* dynamic range - an range of intensity values that occur in an image

* contrast stretching - if image has low-dynamic range; low-dynamic range can result
from poor illumination, lack of dynamic range in imaging sensor, wrong setting of the
sensor parameters, etc.

* compression of dynamic range - if the dynamic range of the image far exceeds the
capability of the display device




Histogram calculation:

image

Examples of several types of image histograms:
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Lookup Tables (LUTS)

o LUTs are arrays that use the current pixel value as the array index; the new value
is the array element pointed by this index:

mage LUT output Image

Input |
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o computational savings - using LUTs avoids needless repeated computations for
each pixel; for example, if you were to add some value to every pixel in a 512 x

512 image, it would require 262,144 operations without LUT, and 256 operations
with LUT



A

linear LUTSs

a=1
b=32

f 255
GRAYLEVELS

(a)

258

Examples

nonlinear LUTs

25§ 255
g g
0 0
0 f 255 0 f 255
GRAYLEVELS GRAYLEVELS

(@) (b)

%: 31,94 log,(f+1



Contrast Stretching
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