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Intensity Images (Gray-Scale) Q

2. Binary Images

3. RGB Images (True color) l‘ /

4. Indexed Images
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Intensity Images (Gray—- Scale):
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* Binary Images:
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Binary Images -
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* RGB Images (True color):
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* Indexed Images
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Indexed Images -
Sample
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Orginal Image
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Orginal Image
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Im_Gray =
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Histogram Basic Tutorial

Underexposed

Well Exposed Overexposed
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# | Histogram Sample

Image URL:  file:///E:/Blog/HistogramSample/bin/Debug/Sample,jpg
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gg gg g; gg 17009 g; gg ;g Value cdf oo, scaled| |79 |48 |10
62 59 68 113 144 104 66 73 %2 |10 i
63 58 71 122 154 106 70 69 =P [= 85 |5t |02
67 61 68 104 126 88 68 70 58 |6 |30 87 |52 |206
79 65 60 70 77 68 58 75 59 (9 |32 88 |53 210
85 71 64 59 55 61 65 83 60 |10 36 90 |54 (215
87 79 69 68 65 T6 T8 94_ 61 14 |53 94 |55 219
62 15 |57 104 |57 |227
Value Count Value|Count Value|Count Value Count Value Count 63 17 |65 106 |58 (231
52 1 64 2 72 1 85 2 13 1 64 19 |73 109 |59 |235
55 3 65 3 73 2 87 1 122 1 B5 22 |85 113 |60 |239
58 2 66 2 5 1 88 1 126 1 66 24 |93 122 (61 |243
59 3 67 1 76 1 90 1 144 1 _ 67 25 |97 126 |62 |247
60 1 68 5 Tv 1 94 1 154 1 68 30 (117 144 (63 |251
61 4 69 3 78 1 104 |2 69
62 1 70 4 79 2 106 |1 70
63 2 71 2 83 1 109 |1 71
T2
0 12 53 93 146 53 73 166 73
65 32 12 215 235 202 130 158 75
57 32 117 239 251 227 93 166 6
65 20 154 243 255 231 146 130 -
= 97 53 117 227 247 210 117 46| (—— .
190 85 36 146 178 117 20 170
202 154 73 32 12 53 85 194 |
206 190 130 117 85 174 182 219 ‘
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This cdf shows that the minimum valug in the subimage is 52 and the maximum value is 154. The cdf of 64 for value 154 coincides with the number of pixels in the
image. The cdf must be nomalized to [[)' 255]. The general histogram equalization formula is:

Cdf (U) - Cdf min
Tix Nl C™ 1})

where cdfy,i, is the minimum non-zero value of the cumulative distribution function (in this case 1), M x N gives the image’s number of pixels (for the example above 64,

h(v) = round (

where M is width and N the height) and L is the number of grey levels used (in most cases, like this one, 256).
Note that to scale values in the original data that are above 0 to the range 1 to L-1, inclusive, the above equation would instead be:

fdf (U] B fdf min
o min o (L-2))+1
(M X N) = clfpin

‘where cdf{v) > 0. Scaling from 1 to 255 preserves the non-zero-ness of the minimum value.

h(v) = round (

The equalization formula for the example scaling data from 0 to 255, inclusive, is:

h(v) = round (% X 255)

For example, the cdf of 78 is 46. (The value of 78 is used in the bottom row of the 7th column.) The normalized value becomes

h(78) = round(% X 255) = round (0.714286 x 255) = 182
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it Histogram Image

“ Histogram after Equailization 4
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Point Processing Transformations

e Convert a given pixel value to a new pixel value based on some
predefined function. L\
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Spatial Domain Methods

input image enhanced image

Point Processing Methods Q

T | gy) = T{f(x.y)]

T operates on 1 pixel
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|dentity Transformation
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Negative Image

Input Image predefined function: 255-IM
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Contrast Stretching/Compression

e Stretch gray-level ranges where s |
we desire more information

(slope > 1). Vidoes

aray-lovel I
\aios /

e Compress gray-level ranges that
are of little interest
(0 <slope < 1).
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Thresholding

Special case of contrast compression
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Intensity Level Slicing

Highlight specific ranges of gray-levels only.
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detail in brighter regions.
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Compressed to darks
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Addition |
AN
* Useful for combining information betwee
two images

O<=a<=1 ‘k
Or.c)=al{(r.c)+ (1 —a)l,(r,c)

www.pedram-payvandy.com
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‘Transformatio Coordinate
N-x = Affine Matrix, T
Identity 100 =2
010 y=w
001
Scaling o 00 X =50
0 ¢ 0 y=qw
0 0 1
Rotation cosf  sin® 0 x=wvcosh —wsind
—sin#  cosd 0 y=wvcosf +wsinf
0 0 1
Translation [1 o o] x=wv+1,
0 1 0 y=w+i,
L b 1
Shear (vertical) r o ol r=p4sw
5 10 y=w
lo 01
Shear (horizontal) M1 s 0] x=v
01 0 y=sptw
Lo o 1
. o
No change Translate
1a O O 1 O X
O 1 O o 1 v
o o 1 o o 1
¥ o ¥ 1
(O, 1) —
1 1 =
|'=
(0.0) (1,0) (v
(8] 1 x o 1 x
Rotate about origin Shear in x direction
cos & sin & 0 1 A O
sin® cos 6 0 o 1 O
(8] Q a1 o O 1
B ¥ 1
(sin 9, cos 9) 1: ()
(s : F -
(1.0)
(8] 1 x

{cos B, sin 8)

Reflect about origin
-1 O O
o -1 O

o o 1
YA
a1
(-1,0) )
3 N
(O,-1)

Reflect about x-axis

Reflect about y-axis|

|: 1 O O :| |:-1 o O :|
o -1 O o 1 O
o o 1 o O 1
YT R
N E 3= =
(1.0) — .
(@] 1 (-1,0) O 1 x
(0,-1) =
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Orginal Image

www.pedram-payvandy.com

Forward mapping

within the bounds of the image.

* Transformed pixel coordinates might not lie Q

* Transformed pixel coordinates can be non-

integer.

source
image

Forward

‘Il\/kmng ==

| -

-

destination

image
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Inverse Mapping

* To guarantee that a value is generated for every pi
the output image, we must consider each outpu
turn and use the inverse mapping to determine
position in the input image.

* To assign intensity values to these locations,
intensity interpolation. b

-

Reverse
Mapping

souce

N

image
o
—— R EE )]
T(cr.21}
T3}
v b <
Input space Output space
T et}
o
Pz

=T Trew |

-

v ¥
Input space Output space
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Forward mapping (cont’)

* An example of holes due to image rotation \
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Interpolation

* |Interpolation is the process of using known data to
estimate values at unknown locations. \\

Zero-order interpolation (or nearest-neighbor)

x backward %
‘I ‘ ‘ mapping 1
Ter Wearg| et T
Ll = Sl
P oreeee o] ‘e ‘
| 4“7 <l yl ‘ R, L
—_— e = L
i \
fx,y) &', y)
x, y real x', ) integer
www.pedram-payvandy.com
Image
Nearest Method bilinear Method bicubic Method

o
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nearest neighbor interpolation
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original image Zoom by factor of 2
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Interpolation (cont’'d)
<

First-order interpolation:

average
X backward x'
! ; mapping ‘
A Sl alo B ¥
fx.y) gx',y")
x, y real X',y integer
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Interpolation (cont’d)

First-order interpolation:
bilinear I(x,y) = ax + by + cxy + d

x backward X
H mapping

fx,y) 8x',y")

x, y real X',y integer

,b,c,d) are determined from
5 e four nearest neig

bilinear Interpolation

o <.g_.," ":ﬁ_‘ R ‘"ga We first do linear interpolation in the x-direction. This yields
- F(Ry) = 2 f(Qu) + = (Qa)
y ................... .?....-........-...........v.
vhere It1 = (I yl)
—x
f(R2) =~ f(le) += ::1 f(Q22)
) T L 2@u, where 2 = (”’ y,)
We proceed by interpolating in the y-direction.
= » e y Y—
f(P)w s L )+y f(Rz)
Unit Square

If we choose a coordinate system in which the four points where fis known are (0, 0), (0, 1),
(1, 0), and (1, 1), then the interpolation formula simplifies to

f(z,y) = f(0,0) (1-2)(1-y)+ f(1,0) (1 —-y) + f(0,1) 1 —2)y+ f(1,D)zy.
Or equivalently, in matrix operations:

_ £(0,0) f(0,1)] [1—
f@y)=[1-z 2] [f(l,og fgl,l) [ ?/y]’
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Image
1 4
Nearest Method bilinear Method bicubic Method \
IM_nearest = IM_bilinear = IM_bicubic =

| |
1 1 4 4 1.0000 1.7500 3.2500 4.0000 0.8544 1.6940 35170 4.3565
1 1 4 4 0.7500 1.4375 2.8125 3.5000 0.6002 1.3650 3.0256 3.7904
0 0 2 2 0.2500 0.8125 1.9375 2.5000 0.0482 06506 1.9587 25612
0 0 2 2 0 05000 1.5000 2.0000 -0.2060 0.3217 1.4674 1.9951

s ey s yssal]

Interpolation (cont’d)

Bicubic interpolation

It involves the sixteen nearest neighbors of a
point.

* The unknowns a; are determined from 5|xteen
equations formed by the 5|xteen ne
neighbors. 1(x, y) = zzaijxlyj

i=0 j=0

www.pedram-payvandy.com
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Nearest Method bilinear Method
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