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Definition: is the conversion of the intensity of the original

s =T(r)
image into the intensity of the resulting image using the +
function: 3
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Where ris the input intensity and s is the output intensity
Example: Contrast enhancement
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Lt contrast stretching
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Contrast means the difference between %V @-UAJ\ Jlaall 53 bl
The darkest color in Picture with the e contrast stretching
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How to know where the contrast is enhanced ?

Look at T (r) Slope.
- if Slope > 1 = Contrast increase

- if Slope < 1 = Contrast decrease
- if Slope = 1 = Contrast same
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0 The locations of (r,,s,) and (r,,s,) control the shape
of the transformation function.

0 If ry= s; and r,= s, the transformation is a linear
function and produces no changes.

o If ry=r,, 5,=0 and s,=L-1, the transformation becomes
a thresholding function that creates a binary image.

0 More on function shapes:
o Intermediate valves of (r,,s,) and (r,,s,) produce various
degrees of spread in the gray levels of the output

image, thus affecting its contrast.

0 Generally, ry<r, and s;<s, is assumed.
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L Gray-level slicing
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&ylioll Gray-level slicing
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e examplel: apfoly intensity level
slicing in Matlab to read
cameraman image, then If the pixel
intensity in the old image is
between (100 and 200) convert it
in the new image into 255(white).
Otherwise convert it to O (black).

e example2: apfoly intensity level
slicing in Matlab to read
cameraman ima%e, then If the pixel
intensity in the old image is
between (100 and 200? convert it
in the new image into 255(white).
Otherwise it leaves it the same
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Solution1:

x=imread('cameraman.tif’);

W=
[w h]=size(x);
fori=1:w
for j=1:h
if x(i,j)>=100 && x(i,j)<=200
y(i,j)=255;
else
¥(ij)=0;
end
end
end

figure, imshow(x);

figure, imshow(y);

Va

ojl_aJl

Solution2:
x=imread('‘cameraman.tif);
y=X
[w h]=size(x);
fori=T:w
for j=1:h
if x(i,j)>=100 && x(i,j)<=200
y(ij)=255;
else
y(ij)=x(ij);
end
end
end
figure, imshow(x);

figure, imshow(y);
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import cv2
import numpy as np

from matplotlib import pyplot as plt

# Read the image
x = cv2.imread('cameraman.tif', cv2 IMREAD_GRAYSCALE)

# Create a copy of the image

y =np.zeros_like(x) # Create an empty image with the same shape as x

# Apply the condition to create the binary image
y[(x>=100) & (x <=200)] = 255 # Set pixels within range to 255
y[(x<100) | (x>200)]=0 # Set pixels outside the range to 0

# Display the original and processed
images
pltfigure(figsize=(10, 5))
plt.subplot(1, 2, 1)
pltimshow(x, cmap='gray’)
plt.title('Original Image’)
pltaxis('off’) # Hide axis
plt.subplot(1, 2, 2)
pltimshow(y, cmap='gray’)
plttitle('Processed Image’)
pltaxis('off’) # Hide axis
plt.show()
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Solution2: —
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import cv2
import numpy as np

from matplotlib import pyplot as plt

# Read the image
x = cv2.imread(‘cameraman.tif', cv2.IMREAD_GRAYSCALE)

# Create a copy of the image

y =x.copy()

# Apply the condition to modify the image

# Display the original and processed images

pltfigure(figsize=(10, 5))

plt.subplot(1, 2, 1)
pltimshow(x, cmap='gray’)
plttitle('Original Image’)
pltaxis('off’) # Hide axis

plt.subplot(1, 2, 2)
pltimshow(y, cmap='gray’)
plttitle('Processed Image’)
pltaxis('off’) # Hide axis

y[(x>=100) & (x <=200)] = 255 # Set pixels within range to 255 plt.show()
# Pixels not within the range will retain their original value due to the copy
i
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. Figure 1

Original Image

At Q=B
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Homework deola
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Example: Apply Intensity Level Slicing (Approch2) in Python or Matlab To Read Moon
Image, Then If The Pixel Intensity In The Old Image Is Between (0 And 20) Convert It
In The New Image Into 130.
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6)Uiadl Bit- plane slicing
e A 05Se 18 Laloll Shsadl o re Jles madss o0 doy
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_smxxxi
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®* Remember that pixels are digital numbers composed of
bits.
[ ] M M . . . .
8-bit Image composed of 8 1-bit planes. ®* Pixels are digital numbers, each one composed of bits.
[ ] M 1 M . . .
ngher—order bits usually contain most of the Instead of highlighting gray-level range, we could
significant visual information. Most significant bits highlight SN i bution made by each bit.
contain the majority of visually significant data. ® This method is useful and used in image compression.
®* |ower-order bits contain subtle details.
EiEE
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FIGURE 3.14 (a) An 8-bit gray-scale image of size 500 X 1192 pixels. (b) through (i) Bit planes 1 through 8,
with bit plane 1 corresponding to the least significant bit Each bit plane is a binary image.
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sy ST Reconstructed image

using only bit planes 8

and 7
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Image of bitl:
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Image of bit2:
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Image of bit3:

Bit- plane slicing

Image of bit4:
2 00000000

00000000 00000000 00000100
A . :
0 0 4 0

Image of bit5:

Image of bitb.

Image of bit7:

Image of bit8:
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0 32 64 0
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6)iall Bit- plane slicing
Apply bit-plane slicing in Matlab to read cameramanimage , then extract the image of bit 6.

Solution:
x=imread(‘cameraman.tif’);

—vXN.
[yv;)l:](:)lsize(x); We have to use bitget and bitset to extract 8 images;
fori=T:w
for j=1:h
b=bitget(x(i,}),6);
y(i,j)=bitset(y(i,j).6,b);
end
end
figure, imshow(x);

figure, imshow(y);
e
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Apply bit-plane slicing in python to read cameramanimage P
, then extract the image of bit 6. A

8yliall Bit- plane slicing
i 2
import numpy as np
from matplotlib import pyplot as plt
# Read the image
X = cv2.imread('cameraman.tif', cv2.IMREAD_GRAYSCALE)

# Display the original and processed images
plt.figure(figsize=(10, 5))

plt.subplot(1, 2, 1)
plt.imshow(x, cmap='gray')
plt.title('Original Image')
plt.axis('off') # Hide axis

# Create an image y initialized to zero with the same shape as x
y = np.zeros_like(x)
# Get the dimensions of the image

w, h = x.shape
plt.subplot(1, 2, 2)

plt.imshow(y, cmap='gray')
plt.title('Processed Image')
plt.axis('off') # Hide axis

# Iterate over each pixel
foriin range(w):
for j in range(h):
# Get the 6th bit (note that bit positions start at 0)
b =(x[i, j] >>5) & 1 # right shift by 5 and mask with 1 plt.show()
# Set the 6th bit of y
vli, j1=(yli, j1 & ~(1 << 5)) | (b << 5) # clear the 6th bit and then set it

[Oh0)
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¥ Figure 1

Original Image

Processed Image
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# lterate over each pixel

* Anested loop iterates through each pixel in the image.

* The sixth bit is obtained by right-shifting the pixel value by 5 positions and applying a bitwise AND with 1.
® To set this bitin y, we clear the sixth bitin y (using bitwise AND with a mask that has all bits set to 1 except
the sixth bit) and then set the sixth bit based on the value of b.
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6)iall Bit- plane slicing

 D156=B10011100

156%2=0

FLOOR(156/2) %2= 78%2=0
FLOOR(156/4) %2=39%4 =1
FLOOR(156/8) %2=19%2=1
FLOOR(156/16) %2=9%2=1
FLOOR(156/32) %2=4%2=0
FLOOR(156/64) %2=2%2=0
FLOOR(156/128) %2=1%2=1

O N LA WNRE

[Oh0)
MU-EPP-FM-005 Issue date 17November2025 issue no:1 https://manara.edu.sy P
[=]



subplot (2,
imshow (c) ;

PAV ) g . il

deol A . -
8yliall Bit- plane slicing
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c = ilmread('cameraman.tif'); , .
title('Original Image');
cd = double (c); subplot (2, 5, 2); subplot (2, 5, 7);
. . imshow (c6) ;
~ how (c1) ; IS
cl = mod(cd, 2); S - g N
c2 = mod(floor(cd/Z), 2) ; citle ("Bit Plane 17); tl;lf(tht ilage.6 )
c3 = mod(floor (cd/4), 2); ?ubiloi(gg 5, 3)i i;sio;(é7;° ' )7
_ . imshow (c2) ; ’
c4 = mod(floor(cd/8), 2); . L T title('Bit Plane 7'");
c5 = mod(floor(cd/16), 2); priole ('Bit Plage 27); subplot (2, 5, 9);
c6 = mod (floor (cd/32), 2); subplot (2, 2, 4); imshow(c8);
c7 = mod(floor (cd/64), 2); imshow (¢3) 7 title('Bit’Plane 8");
c8 = mod (floor (cd/128), 2); title ("Bit Plane 3'); ’
subplot (2, 5, 5);
cc = (2% (2% (2% (2% (2% R b o (uints (S
(2 * (2 * c8 + c7) + c6) + c5)  citle('Bit Plane 47); 7000w (oot tee T :
Fc4) + c3) + c2) + cl); subplot (2, 5, 6); title ('Recombined Image') ;
imshow (cb5) ;
title('Bit Plane 5'");
[m]3c[u]
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Bit Plane 2 Bit Plane 3 Bit Plane 4

Bit Plane 5

Bit Plane 6

Bit Plane 7 Bit Plane 8 Recombined Image
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white L-1

Output intensity

A

black I\

0 L-1

black white
Input intensity

L = number of gray levels

MU-EPP-FM-005 Issue date 17November2025 issue no:1

Abaiil) o gail) ac) g

Image negative

NOT & sl (i 9520

dM\QM'&JW:\:\J\.AJ

s=L-1-r

J\.@..L:}f A:ULM J}i.ash Bale eiaiuu o

ainy 5 il e (San 3 S
Gla ya doadi e o) S840
ol g 2 gL () ol

Ledliar gAY oY)

https://manara.edu.sy

™

e
-




Sl Jlaal) Jaia (Kay .
IR DﬂV Log Transformations

53 awlall 20 le JlL oS, T - p -
3¢ kel 2 ,m.‘@‘ S ci wjjbjﬂ‘ &L\J‘

nnnnnnnnnnnnnnnn

Compresses the dynamic range of images with

large variations in pixel values Aalll) Adalaall ad g dakay o

O; -------"“ s =clog(r+1) ‘Cua

"_.--.--'"':"...-,-' f__.-"f Q—.’GC}CBJ\-}CCJ‘M‘.
-7 P . il \gjwj‘)é‘rw\.
' -~
/ o NS A N . PO - .
- /"" MJJAS\QJJJJJLAJLAY\AJ:UAJ\ ‘&’L;‘L"J'
~
'
~
P -~ Joul Bygio 3 Hpamidl Loledl cbgwll cls 8sljs agdy O
® N O N T O NV T ITONDOOTOND®DTDNO — %@ﬂ‘é)ﬂé%éhﬂ‘&b}d‘&tﬂbd@wm
S —m—m g NNMMIIITNNM S OANNG®R @ O O = -
B/ hR(E] ol Aula ) Sligad Jlme Laieiny o9
e =0:1] =« =0=0:255 @eeeag=0:2"16

J5 Il Sldans poi it Lag qisle ) aaladl (S i

[Oh0)
MU-EPP-FM-005 Issue date 17November2025 issue no:1 https://manara.edu.sy P
[=]



5 Ayl ol alil) gada
M%V MAM" A gl c_\';’la.a G

nnnnnnnnnnnnnnnn

onJ Lé e.u)\.cjm @L\ (‘;M‘
W\ mu ) uhﬂ\ ).LM

Jaal) B Zjlesll) ali Jlaall B ailegll) ol LY B guall
[255 0] [1 0]
Ohy=i0)
MU-EPP-FM-005 Issue date 17November2025 issue no:1 https://manara.edu.sy P



D &‘P«éc

MANARA UINIVERSITY

*»

Lu\.ﬁ‘ MMJQ\S

<

1 -
0.8 e
0.6 4
Adua) 3y geall
0.4 y s
0.2 /
0 £
I e = s I S 1 o LY = I o B+ = TR~ R ¥ TR ¥ T o B v = TR N R ¥
= T T o B I A Ty R = B L -
o o o O o Qo o o o o o O =
: C=3.5
c=1/In{1+1 €=0.5 =— =) c=3.5
Ohy=i0)
MU-EPP-FM-005 Issue date 17November2025 issue no:1 https://manara.edu.sy P



import cv2

import numpy as np s=c™log(l+r) %f

import math deola
OJL‘—"JI image_path = 'example.jpg’

def apply_log transform(image):
# Normalize pixel values to 0-1 range for log calculation
# Then apply log and scale back to 0-255

# The constant 'c' is chosen such that the max output value
255

c = 255 / math.log(1 + np.max(image)) if np.max(image) >0
else 1.0

# Build a lookup table
# Convert i to float before log to avoid integer division issue

table = np.array([c * math.log(1 + i) for i in np.arange(0,

S

S

256)]).astype("uint8")

__name__=="_main__

original_image = cv2.imread(image_path)
if original_image is None:

print(f"Error: Could not load image from {image_path}")

print("Please make sure 'example.jpg' exists or provide a correct path.")
else:

cv2.imshow("Original Image", original_image)

log_transformed_image = apply_log transform(original_image)

cv2.imshow("Logarithmic Transformed Image”, log_transformed_image)

print("\nPress any key to close the windows...")
cv2.waitKey(0)

cv2.destroyAllWindows()

# Apruoly the transformation using the lookup table
U-EPP-FM-005 Issue"date 17November2025

ratiirn v 11LITlimace +ahle)

[Oh0)
issue no:1 https://manara.edu.sy s
[=]



- - \ | ogarithmic Transformed lmaae -
B ! Original Image = a X B3 Logarithmic Transformed Image O

IO k0]
MU-EPP-FM-005 Issue date 17November2025 issue no:1 https://manara.edu.sy ; =



0.8

0.6

0.4

0.2

s =clr + &)
= ¢(r + &)
----------- = R
_____ — .
— — p— -
- — o
., — .
! - /
| : .
', iy
) . .
. e
(7 T e R
..... . -
b oo e T
= e s R - A R - I e T - R =)
S g d o Ng Mg g gL gt g ®R g
o =) o =) o = o = o
- = gama=0.] =— gama=0.25 gama=0.5
gamas=1l  seecsses gama=2 -— = gama=5
= . gama=10

Aaadl) oda Gillalada AU iatall Jia

MU-EPP-FM-005

Output graylevel, s

3L/4

L/2

L/4

nnnnnnn

:&Lﬂ\ JSaL Jiztz—?yw'YﬁCif—P

sssssss

s=cr’

[ZV Power-Law Transform

Al 598 Jf Byguadl (§ sy JS Ao pdyy gy
Loie Sty g Y I Lag ¥l aalidly iyl I il (e ST Blilas paibiass Jany O

L-1

I = |
= 0.04 '
y = 0.10
- y = 0.20
v = 0.40
y = 0,67
- =1 ]
y =135
y =25
B vy =350 n
y = 10.0
| | | _/
0 L/4 L2 3L/ L

Issue date 17November2025

Input gray level, r

issue no:1

-1

sy > 1 Ghlial Guass
o S P TR
€I gLl

FIGURE 3.6 Plols
of the equation
s = ¢cr' for
various values of
y (e =1inall
CASCS ).

Y= c¢ = 1: identity

https://manara.edu.sy B



ab
cd

FIGURE 3.9

(a) Aerial image.
(b)-(d) Results of
applying the
transformation in
Eq. (3.2-3) with

¢ =1land

y = 3.0,4.0,and
5.0, respectively.
(Original image
for this example
courtesy of
NASA.)
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FIGURE 3.8

(a) Magnetic
resonance (MR)
image of a
fractured human
spine.

(b)-(d) Results of
applving the
transformation in
Eq. (3.2-3) with
¢=1and

y = 0.6,0.4, and
0.3, respectively.
(Original image
for this example
courtesy of Dr.
David R. Pickens,
Department of
Radiology and
Radiological
Sciences,
Vanderbilt
University
Medical Center.)

The MRl images using the

% Power-Law Transformations :
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The images to the
right show a
magnetic resonance
(MR) image of a
fractured human

Gamma Correction settings. spine
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FIGURE 3.7
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Gamma Correction

Matlab code
a=imread('elastic.jpg’);

b=imadjust(a.[l.[].2.5):

die Gapl) Hgal Lo gl S 8 sual)

I
|

I

[

|
“ c=imadjust(a.[1.[.1/2.5);
\

gamma=imadjust(b,[].[1.1/2.5):

J = imadjust(l,[low_in high_in],[low_out high_out],gamma)

X o) i et (e AaSl) & gual

y=1/2.5
[s]3c(s]
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import cv2 else:

import numpy as np

def apply_gamma_correction(image, gamma=1.0):

inv_gamma = 1.0 / gamma

table = np.array([((i / 255.0) ** inv_gamma) * 255 for i in
np.arange(0, 256)]).astype("uint8")

return cv2.LUT(image, table)
if _name__=="__main__":
image_path = 'example.jpg'
original_image = cv2.imread(image_path)
if original_image is None:
print(f"Error: Could not load image from {image_path}

print("Please make sure 'example.jpg' exists or provide
correct path.")

# Display the original image

cv2.imshow("Original Image", original_image)

# 2. Apply Gamma Correction with different gamma values

# Make the image brighter (gamma < 1.0)

gamma_bright=0.6

bright_image = apply_gamma_correction(original_image, gamma=gamma_bright)

cv2.imshow(f'Gamma Corrected (Gamma={gamma_bright}) - Brighter", bright_image)

# Make the image darker (gamma > 1.0)
gamma_dark=2.0
dark_image = apply_gamma_correction(original_image, gamma=gamma_dark)

cv2.imshow(f'Gamma Corrected (Gamma={gamma_dark}) - Darker", dark_image)

4 # 3. Wait for a key press and then close all windows
) print("\nPress any key to close the windows...")
a cv2.waitKey(0)

cv2.destroyAllWindows()
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def apply _gamma_correction(image, gamma=1.0) :

inv_gamma = 1.0 / gamma #We calculate the inverse of the gamma value because
the formula for gamma correction usually applies (pixel value / 255.0) ** (1 / gamma).

table = np.array([...]).astype("uint8") # This is the core of the operation. We create
a lookup table (LUT).

* For each possible pixel intensity value from 0 to 255 (np.arange(0, 256)):
* We normalize the value to the range [0, 1] by dividing by 255.0.

We raise this normalized value to the power of inv_gamma.

We then multiply by 255 again to scale it back to the [0, 255] range.

Finally, we cast it to uint8 (unsigned 8-bit integer), which is the standard data type for
pixel values in images.

return cv2.LUT(image, table) # OpenCV's cv2.LUT() function efficiently applies this
lookup table to everycloixel in the input imaCFe. For each pixel in the image, its intensity
value is used as an index into the table, and the corresponding value from the table

replaces the original pixel value.
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Floating-point relative accuracy
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The general form of a sigmoid function is:

S(x)=1/(1+e”(-k * (x - x0)))
Where:

* x: The input pixel intensity (typically 0-255).

* k: The gain or slope parameter. A larger k value makes the curve steeper, leading
to higher contrast.

e x0: The midpoint or threshold parameter. This is the pixel intensity value at which
the output of the sigmoid function will be 0.5 (or 127.5 if scaled to 0-255). Values
around x0 will be stretched, while values far from x0 will be compressed.

* For image processing, we'll map the input pixel intensities (0-255) to the sigmoid
function and then scale the output back to the 0-255 range.
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S(x) = 1/ {1+ en(-k * (x-x0))) Dy

import cv2

Import numpy as np

import math

def apply_sigmoid_transform(image, gain=5.0, midpoint=127.5):
# Create a lookup table for all possible 256 pixel values
# Each value 'i' is normalized to [0, 1] for calculation if needed,
# then passed through the sigmoid and scaled back to [0, 255].
# We use (i - midpoint) to center the sigmoid around the midpoint
# and then scale the output from [0, 1] to [0, 255].
table = np.array(IZSS *(1
foriin np.arange(0, 256)]).astype("uint8")

# Apply the transformation using the lookup table

return CVZ.LUT(image, table)

[Oh0)
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% # Example 2: Higher gain (steeper curve, more aggressive contrast)

deol A sigmoid_high_gain_image = apply_sigmoid_transform(original_image, gain=10.0)

# - Main Part of the Script -—- ?JAI cv2.imshow("Sigmoid Transformed (High Gain=10.0)", sigmoid_high_gain_image)
if _name__=="_main__":
image_path = 'example.jpg' # Example 3: Shift midpoint to darker values (emphasizes darker areas more)
original_image = cv2.imread(image_path) sigmoid_dark_midpoint_image = apply_sigmoid_transform(original_image, gain=7.0,
midpoint=80.0)
if original_image is None: cv2.imshow("Sigmoid Transformed (Midpoint=80.0)", sigmoid_dark_midpoint_image)

print(f"Error: Could not load image from {image_path}")

print(*Please make sure 'example.jpg’ exists or provide a correct path.”) # Example 4: Shift midpoint to brighter values (emphasizes brighter areas more)

else:
sigmoid_bright_midpoint_image = apply_sigmoid_transform(original_image, gain=7.0,
# Display the original image midpoint=180.0)
cv2.imshow("Original Image”, original_image) cv2.imshow("Sigmoid Transformed (Midpoint=180.0)", sigmoid_bright_midpoint_image)
# 2. Apply Sigmoid Transformation with different parameters

# Example 1: Default (midpoint=127.5, gain=5.0) - Enhances overall contrast, especially
mid-tones

sigmoid_default_image = apply_sigmoid_transform(original_image) # 3. Waitfor a key press and then close all windows
cv2.imshow("Sigmoid Transformed (Default)", sigmoid_default_image)

print("\nPress any key to close the windows...")

cv2.waitKey(0)

cv2.destroyAllWindows()
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