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Definition: is the conversion of the intensity of the original
image into the intensity of the resulting image using the

function:

g(xl)’):T(f(X,)’)) GJ'.R‘” 8940 dxtlall 5)3.44_” g
dealall e pall 2bgaT
dadall

s=T(r)
Where ris the input intensity and s is the output intensity
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Example: Contrast enhancement
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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

L-1 T T T
m’, QY\AS\
3 LA 7 r2=s2 sril=sl
.:;; As _ s2=L-1 9 ri=r2 S s1=0
£ L2 (r) 7
§ | Ar Ar 1s narrow compared
LA ﬁ to As and leads to
(r]-51) Contrast increase
0 1 ' :

0 r/4 L2 3LAa L-1
Inpul pray kevel.r

H%V sl Jlaall 53 bl

8)liall contrast stretching

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.

gt .
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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* example1: apply intensity level slicing in
Matlab to read cameraman image, then If
the pixel intensity in the old image is
between (100 and 200) convert itin the
new image into 255(white). Otherwise
convert it to O (black).

* example2: apply intensity level slicing in
Matlab to read cameraman image, then If
the pixel intensity in the old image is
between (100 and 200) convertitin the
new image into 255(white). Otherwise it
leaves it the same
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Solution1:

x=imread('cameraman.tif’);

D
[w h]=size(x);
fori=T: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);

Dy

6)jliaJl

Solution?2:

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(i,j):255;
else
y(ij)=x(ij);
end
end
end
figure, imshow(x);

figure, imshow(y);
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Solution: deola
: o)liaJl
import cv2 AT
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’)
plttitle('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: &)liall

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
y[(x>=100) & (x <=200)] = 255 # Set pixels within range to 255

# Pixels not within the range will retain their original value due to the copy

# 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

plt.show()
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. Figure 1 =
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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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Bit-plane 0
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R
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* Remember that pixels are digital numbers composed of
bits.
* 8-bitImage composed of 8 1-bit planes. * Pixels are digital numbers, each one composed of bits.
* Higher-order bits usually contain most of the Instead of highlighting gray-level range, we could
significant visual information. Most significant bits highlight the contribution 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.
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o)tiall Bit- plane slicing
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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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Image of bit2:

Image of bit3:

Bit- plane slicing
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Apply bit-plane incing 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,j).6);
y(i,j)=bitset(y(i,j).6,b);
end
end
figure, imshow(x);

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

8)LiaJl Bit- plane slicing
import cv2

import numpy as np

from matplotlib import pyplot as plt

# Read the image

X = cv2.imread('cameramand.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 vy 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 jin 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
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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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§)liall Bit- plane slicing

* D156=B10011100

1. 156%2=0

2. FLOOR(156/2) %2= 78%2=0
3. FLOOR(156/4) %2=39%4 =1
4. FLOOR(156/8) %2=19%2=1
5. FLOOR(156/16) %2=9%2=1
6. FLOOR(156/32) %2=4%2=0
7. FLOOR(156/64) %2=2%2=0
8

(
(
(
(
(
FLOOR(156/128) %2=1%2=1
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§)liall Bit- plane slicing

subplot (2, 5, 1);
imshow (c) ;

c = 1lmread('cameraman.tif'); . o
title('Original Image');
cd = double(c); subplot (2, 5, 2); subplot (2, 5, 7);
. . imshow (c6) ;
~ how (c1) ; TS
cl = mod(cd, 2); S - g Oy
c2 = mod(floor(cd/Z), 2) ; title ('Bit Plane 11); tl;lf(tht ilage.6 )
c3 = mod(floor (cd/4), 2); ?ubiloi(gg 5, 3); i;sio;(é7;° ' )7
B i imshow (c2) ; ’
c4 = mod(floor(cd/8), 2); . A Y. . title('Bit Plane 7');
c5 = mod(floor (cd/16), 2); title ("Bit Plane 27); subplot (2, 5, 9);
c6 = mod(floor (cd/32), 2); ?ubiloi(ég SN imshow(c8;° ' ’
B . imshow (c3) ; , i
c; = mojiiioorzcijfiég 2;; title ('Bit Plane 3'); title('Bit Plane 8');
c8 = mo oor (c ’ ;
subplot (2, 5, 5);
cc= (2% (2% (2% (2% (2% Ry mor, AR
(2 * (2 * c8 + cT) + c6) + c5)  citlel’Bit Plane 47); S )
Lot s omr ey o) subplot (2, 5, 6); title('Recombined Image');
c c c cl); R ’

imshow (c5) ;
title('Bit Plane 5');
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Original Image

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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Some basic gray-level
transformation functions used
for image enhancement

Linear- Negative, Identity
Loganthmic: Log. Inverse Log
Power-Law: uth power, zth root
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import cv2 P
import numpy as np s=c* Iog(l + r) AV

import math ﬁ_q_u]J_,'f_name_ == _main__:
i o)liaJl

image_path = 'example.jpg’

original_image = cv2.imread(image_path)
e —

if original_image is None:
# Normalize pixel values to 0-1 range for log calculation

print(f'Error: Could not load image from {image_path}")
# Then apply log and scale back to 0-255

print("Please make sure 'example.jpg’ exists or provide a correct path.")
# The constant 'c’ is chosen such that the max output value is 255

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

cv2.imshow("Original Image", original_image)

log_transformed_image = _(original_image)

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

# Build a lookup table
# Converti to float before log to avoid integer division issues

table = np.array(lc * math.log(1 +1i) foriin np.arange(O, 256)').astype("uint8")
print("\nPress any key to close the windows...")

cv2.waitKey(0)
# Apply the transformation using the lookup table

cv2.destroyAllWindows()
return cv2.LUT(image, table)
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W | Original Image — O b Logarithmic Transformed Image

https://manara.edu.sy/


https://manara.edu.sy/

s =clr + &)

_______________ -y
______ )
- - — =
,-l' # .'. ,/
.
a A .
- . , -
| ) /
/ ,
I ] .
. _ /
. " '
.I'. -
; ------- - /!
.
........... - -l...—'-' -
L= s B = T T T o T Y o BT T ¥ TR Y R ¥ B N o T T BT R ¥ B
S D H g N g Mo F SN S0 g Mg XS O
(=] =] (=] =] (=] o = = = «

- = gama=0.] =— gama=0.25 gama=0.5
gama=1l « ssessee gama=2 = « =gama=5
— gama=10

:&m\ JSalg Jilz—?yw'YﬁCif—P

[ZV Power-Law Transform

6)jliaJl

s=cr’

Al 598 Jf Byguadl (§ sy JS Ao pdyy gy

Loie Sty i Y I Lag ¥l aalidly oyl oI il (e ST Blilan paibiass Jany O

L-1

Output graylevel, s

3L/4

L/2

L/4

= 0.04
y = 0.10
- y = 0.20
¥ = 0.40
y = 0.67
- =1 7
y=15
y =125
- y =50 7
y = 10.0

| | | _/

0 L4 L2 3L/ L

Input gray level, r

-1

s o 5y goall 8 48 500
2SI gl

FIGURE 3.6 Plols
of the equation
s =¢r' for
various values of
y (e =1inall
Cases ),
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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.)
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The images to the
right show a
magnetic resonance

(MR) image of a
fractured human
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FIGURE 3.7

(a) Lincar-wedge
gray-scale im 190

(I')'Rc\puu\- of iy

Image as viewed on monitor
i = N =
momtor Lo linear " Gamma

Y Monitor 0> Image shown directly on
the monitor
wed g ' correction
{« i(..dlll‘-\;-- \]v

’ el view i) onitor
corrected wedpe Image as viewed on monitol

(d) Output of .
moguiar.
N
adjusting by o i ) Image shown at
Gamma correction . Monitor later
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Gamma Correction

I

I

I Matlab code

£ ' i . i i P
se papdl Bgal Ao gl Al §sall a=imread('elastic.jpg’);

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

1

“ c=imadjust(a,[1.1.1/2.5);
\

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

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

die §ol) i (ki o A3l §) gual)
y=1/2.5
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import cv2 else:
import numpy as np # Display the original image

cv2.imshow("Original Image", original image
def apply_gamma_correction(image, gamma=1.0): ! ("Origi § iginal_image)

# 2. Apply Gamma Correction with different gamma values
inv_gamma=1.0/gamma # Make the image brighter (gamma < 1.0)

table = np.array([((i / 255.0) ** inv_gamma) * 255 for i in np.arange(0, gamma_bright=0.6

256)]).astype("uint8") bright_image = apply_gamma_correction(original_image, gamma=gamma_bright)

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

if _name_==" main_": # Make the image darker (gamma > 1.0)

image_path ='example.jpg' gamma_dark =2.0

dark_image = apply_gamma_correction(original_image, gamma=gamma_dark)

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

if original_image is None:

# 3. Wait for a key press and then close all windows
print(f"Error: Could not load image from {image_path}") _— 7P . "
print("\nPress any key to close the windows...")

print("Please make sure 'example.jpg' exists or provide a correct path.") cv2.waitKey(0)

cv2.destroyAllWindows()
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[B ' Gamma Corrected (Gamma=2.0) - Darker
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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
every pixel in the inputimage. 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.

https://manara.edu.sy/


https://manara.edu.sy/

Floating-point relative accuracy IA sigmoid JT’,W @\33 u,g‘.«.’i.” Joaad

o)liaJl
1 L eet sl el et e o LC%&&.&IQ.E_U‘ L’\ijﬂ.“ @‘ﬂﬂ;ﬁsz‘w ¢
0.9 o L B SR . . )
Matlab code i ;./ P et bl Jomsg dslell bgud) aegs
- : if'): SR e ; i J0 14
I=imread('Nebula.gif');| K 5= Lgedew piln mldl i (eeua ®
a=im2double(l); 0.6 "z
m=mean?2(a); o v
2(a); 0.4 2 /.:
=1./(1+(m. ' £
contrastl=1./(1+(m./(a | o3 s /’{_. 1
teps)).*2); 0.2 P X 4d 3 _
~_ 0.1 2 // { ’.{°‘ B _— m
contrast2=1./(1+(m./(a | | __ oe = Zaa? 1+ -
O N < OO0 - N T OO NN OO MN=T OO N=T O A
+eps)).5); SRR R LR TR S R RS LR R
coc oo cocoo oo oo cococo o oo
ContraSt3=l./(1+(m./(a ommn of=) eammm of=3 e + of=4 =S ememam F=8 sseeve =10 _
+eps))."10); & gak ,&udyqu dad uan ik | ol LS @ SR Aanlll 5y pall o) 6<8 Ll dda gall Aadll e e

e oSl 5Shm dad
Db R g 5208 SV, Ll el dadg ol iaie Jae Jldie B2
it b plil de g a0l Jemy € U0 F A 50l K

https://manara.edu.sy/


https://manara.edu.sy/

“‘PQVsigmoid S gt a3y (bl Jyoas

6)liadl

https://manara.edu.sy/


https://manara.edu.sy/

Y

6jliall

The general form of a sigmoid function is:
S(x)=1/(1+en(-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.

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 xO 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+er(-k* (x-x0))) [Z

. deola
import cv2 &)liaJl
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 cv2.LUT(image, table)
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AD # Example 2: Higher gain (steeper curve, more aggressive contrast)
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sigmoid_high_gain_image = apply_sigmoid_transform(original_image, gain=10.0)

4 -+ Main Part of the Script— 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)

D ) cv2.imshow("Sigmoid Transformed (Midpoint=80.0)", sigmoid_dark_midpoint_image)
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.”) # Example 4: Shift midpoint to brighter values (emphasizes brighter areas more)

else: sigmoid_bright_midpoint_image = apply_sigmoid_transform(original_image, gain=7.0,
midpoint=180.0)
# Display the original image
cv2.imshow("Sigmoid Transformed (Midpoint=180.0)", sigmoid_bright_midpoint_image)
cv2.imshow("Original Image”, original_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. Wait for 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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|B ' Sigmoid Transformed (Midpoint=80.0)
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