Digital Image Processing

Point Processing (/& 4b 2H)



Point Processing of Images

¥

= In a digital image, point = pixel.

= Point processing transforms a pixel’s
value as function of its value alone;

= It does not depend on the values of the
pixel’s neighbors.




Point Processing of Images




Point Processing |
3] B . &l £

histogram mod - contrast original + contrast histogram EQ



The Histogram of a Grayscale Image
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The Histogram of a Grayscale Image
IKFEEJTE

16-level (4-bit) image
Resolution: 256*256

lower subscript: number of pixels with intensity g

black regions mark pixels with intensity g



The Histogram of a Grayscale Image

Black marks

pixels with
intensity g

2032 2454 2343 2125 2151 2237 2500 2937 3131 4859 9026 12709 11389 3896 244 603
1) M2) M3) h4) h(5) h(6) h(T) KEB) h(9) h(10) A(11) h(12) A(13) h(14) Ah(15) A(16)
2=0 g=1 g=2 g=3 g=4 g=5 g=6 g=7 g=8 g=9g=10g=11g=12g=13g=14g=15

sum( h(i) )=?

Plot of histogram:
number of pixels with |




Examples of Histograms

p(f) 1 p(f) 4

(a) Too dark

Yao Wang, NYU-Poly EL5123: Contrast Enhancement 8



Histogram Examples




Histogram Examples
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How Is the histogram useful

|

= It Is an easy method to statistically compare the
contents of two images

S
Pixelwise : X

Histogram :

Q



Brenda
附注
左边两个Lena图像是旋转变换，因此pixelwise不等，histogram等


Very different images may
i have same histograms

0 50 100 150 200 250

= Histogram reflects the pixel intensity

distribution, not the spatial distribution!



The Histogram of a Grayscale Image

h, (g +1) = the number
of pixelsin |
with graylevel g.

— Channel: Luminosity

ean: 10583 Level: 207
Std Dey: 4532 Count: 496
Median: 96 Percentile: 94 47

Pixels: S14500 Cache Level: 1



Brenda
附注
大多数自然的图像直方图是单峰或双峰的，对于双峰的情况，有一个是前景峰，另一个是背景 


The Histogram of a Color Image
i P ASNE WAL

= If | is a 3-band(75 ) RGB image (truecolor, 24-bit).
= Each of the 3 bands is an integer between 0 and 255.

= Then | has 3 histograms, for R,G,B components
respectively:
= hp(g+1) = # of pixels in I(:,:,1) with intensity value g
= hg(g+1) =# of pixels in I(:,:,2) with intensity value g
= hg(g+1) = # of pixels in I(:,:,3) with Intensity value g




The Histogram of a Color Image

— Chanmel: Luminosity

There is one histo-

gram per color band
R, 6, & B. Luminosity
histogram is fr'om.

Iviean: 10528 Level: 207
5id Dev: 45.32 Count: 496
Median: 96 Percentile: 9447

Pixaks: 514500 CachelLevel: 1

Luminosity: Yt/


Brenda
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The Histogram
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Value or Luminance Histograms
‘_L JGREE T AR RE HOT I

The value histogram(>t:/& H 77 &) of a 3-band (truecolor)
Image, I, iIs the histogram of the value image,

V(r,c):%[R(r,c)Jr G(r,c)+B(r,c)]
Where R, G, and B are the red, green, and blue bands of I.

The luminance histogram (5= 5 77 ¥l) of | is the histogram of
the luminance image,

L(r,c)=0.299-R(r,c)+0.587-G(r,c)+0.114-B(r,c)



Value Histogram

VS.

Avg. of R,G,B Histograms
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Value histogram

Avg. of R,G,B histograms:

: ave_ra_ge 10H0OWEU DY Slalslcs,
statistics followed by average.


Brenda
附注
亮度直方图是把对应图像相加平均，再求分布，而不是灰度直方图的直接平均

因此这里黑线可能位于RGB三条直方图的上方


Multi-Band Histogram Calculator in Matlab

% Multi-band histogram calculator
function h=histogram(l)

[R C B]l=si1ze(l); % Row/Column/Band size

% allocate the histogram
h=zeros(256,1,B);

% range through the intensity values
for g=0:255

h(g+1l,1,:) = sum(sum(l==g)); % accumulate
end

return;




i Point Processing( i AbFH)

B s=T(r)

= I gray-level at (x,y) In original image f(X,y)

= S: gray-level at (x,y) In processed image g(X,y)

= T is called gray-level transformation(Z£#t) or mapping(# i)

|
Q. A7




Point Operations via Functional Mappings

iImage: EI—' ool I—'EI J =] I

Input Output

Pixel: I(r,c)I—' AL l—'J(r,C) If 1(r.c)=g



Brenda
附注
变换不改变图像的对比格局


Point Operations via Functional Mappings

+

One-bandImage] | 5(r.c)= f(1(r.c))

for all pixels locations (r,c)

Three-band Image 3(r.c.b)= f (1(r,c.b)), or
J(r,c,b)=f,(1(r,c,b)),
for b=1,2,3 andall(r,c)




Point Operations using
‘_L Look-up Tables(¥ i £)

A look-up table (LUT) ... then the LUT
implements a _that Implements f
functional mapping. IS & 256x1 array

whose (g +1)i
value is k =f (g).

Ifk=f(g)

andif k takes on To remap a 1-band

' , 1,10 J:
valuesin {0,...,255f, .. s =LUT(I +1)




Point Operations = Look-up Table Ops

+

| index | value
(ab)
=
(T
>
E
*g‘ 63
63

Input value input  output



Point Operations using Look-up Tables

+

If | 1s 3-band, then

a) each band is mapped separately using the same
LUT for each band or

b) each band is mapped using different LUTs — one for
each band.

a) J=LUT(l +1),o0r
b) J(,:,b)=LUT(I(,:,b)+1) for b=12,3.




Look-Up Tables(%} i<

I
i\
N

 Channel: IF-:GEI—;, =
r/ﬁ
-
input: [192 |
Qutput: [224] 7]
,.\—.0 .0 =E=
. ) X TN 1% ) =
a pixel with S [ i]¢E is mapped to
] < 128 128] Q@ )
this value — 1] E this value
3 192 | 224 S
255 | 255




How to Generate a Look-Up Table

S

For example:

Let a=2.

Let x<€{0,...,255}

_ 255

G(X ’ a) = 1+ g 0127732
Or in Matlab:
a = 2;
X = 0:255;
LUT = 255 ./ (Q+exp(-a*(x-127)/32));

= Digital inverse: s=L-1-r

This is just = Power-law transformation: s=cr
one example. = Log transformation: s=clog(1+r)



Image Negative s

B Convert the color to its complement

O L-1
s=(L-1)-r

What is the relationship between the histogram of
the original and the negative image?

v




Power-law transformations($5 %55 2% #t)

L -1

3LA

L/2

Output gray level, s

L4

FIGURE 3.6 Plots

y = 0.04

vy =010

—

/ y =020

¥y = 040

vy = 0.67

y = 10.0

of the equation

s = cr' for
various values of
y(c =1 all
cases).

y = 25.0

L/2
Input gray level. r

3L /4

L -1

Power-law transformation: s=cr¥



Log transformations (% 4 54 4 46k

FIGURE 3.3 Some L-1
basic gray-level

transformation
functions used for Negative
image

enhancement. nth root
3L/4 1+ .

Log

nth power

=
r3
I
I

Output gray level, s

L/4 _

Inverse log

Identity

0 L/ Lj2 3L/A4 L—-1
Input gray level, r

Log transformation: s=clog(1+r)



— Chanmel: Luminosity

Point Processes:

ean: 105.58 Level: 207
Sid Dev: 4532 Count: 496
Median: 96 Percentile: 34.47

Preats: 514300 Cache Level: |

— Channel: | Luminasity =

IMean: 166.30 Leval:
Std Dey: 39.58 Count:
MMedian: 158 Percentile:

Pixels: 514500 Cache Level: 1

255

) (re) I (r,c)+g,if 1(rc)+g<256
T 255, if 1,(r,c)+g>255

g>0 and k €{1,2,3} is the bandindex.

0 127 255
transform mapping




PoINt Processes:

R 7 e

0, If Ik(r’c)_ <0
Jk(r,C):{lk(r’C)_g, if 1,(r.c) ’

g>0 and k €{1,2,3} is the bandindex.

Decrease Brightness

255

127

f-gGz

0

127
transform mapping

255




Point Processes:
Increased Gamma

— Channel: | Luminasity =l
I 20 0 |
Ivlean: 157.00 Leval:
Std Dey: 43.11 Count:
IMedian: 154 Percentile:
Pixels: 514500 Cache Level: 1
Lo
Lo
N
N~
N
—
okt
0 127 255
transform mapping




Point Processes:

— Channel: | Lurninsity =i

Mean: 54.22 Level:
Std Dev: 4952 Caunt:
Median: 37 Percentile:
Pixels: 514500 Cache Level: 1
Lo
Lo
N
N~
N
i

1y
I(r,c)} for y<1.0 ol
255

0 m 127 M 255
transform mapping

J(r,c)=255-{




Gamma Correction:
Effect on Histogram

3000 T T T T T

2000

) s | ]
Fatll T )

0
50 100 150 200 250
3000 T T T T ™
2000 J
. ; Y=2 ‘
T T “
0 . Jﬂﬂﬂmw . e |
S0 100 150 200 250

3':"00 . T T T T T |




Processes:
Increase Contrast

e ”‘r - - 3

A —
I o e L 2
- 5 N

e

Let T (r,c)=a]l (r,c)-127]+127, where a>1.0
0, if T.(r,c)<0,

J,(r,c)=4T,(r,c), if 0<T,(r,c)< 255,

255,  if T, (r,c)>255. ke{1,2,3}

255

127

— Channel: | Lurninosity

[

Mean: 80.22
Std Dev: 74.54
Median: 61

Pixels: 514500

Level:

Caunt:

Percentile:
Cache Level: 1

0

transform mapping

127

255




o

Point Processes: o

" ———— gy S
-l

Vg e o -

T (r,c)=a[l,(r,c)-127]+127,
where 0<a<1.0 and ke{1,2,3}. 0 transfor;ﬁnapping%fi




Point Processes:

Mean: 80.25 Level:
Std Dev: 56.97 Count:
Median: 67  Percent ile:
Pixels: 514500 Cache Level: 1
e ETE T M,
N
Let m, =min[I(r,c)], M, =max[I(r,c)], =
m, =min[J(r,c)], M, =max[J(r,c)].
Then,
m,o
J(r,c):(MJ—mJ)I(r’C)_m' +m,. Toom 121 M, 255
M, —m, transform mapping

The watershed value m:
The gray levels below m are darkened and the levels above m are brightened.


Brenda
附注
变亮或变暗的watershed


Contrast stretch

= Contrast Stretching: to get an image with higher
contrast than the original image

Original Enhanced



‘L Contrast stretch

= Limiting case: produces a binary image (two level)
from the input image

Original Enhanced



How to realize the S-curve for
constrast stretch

irategy 1: sine function y =sin(X)
rategy 2: inverse tange_nt function y = arctan(x)
= Strategy 3: inverse function of y=x3 1
= Strategy 4: sigmoid function y= 2 00)
1+e
255 .
= 1+ p-a0120)32 ol

0.7 r

0.6

x=0:0.1:10; 05¢
y=sigmf(x,[2 4]); o
pIOt(X,y) 02k

xlabel('sigmf, P=[2 4] 01t

o

sigmf, P=[2 4]



How to realize Contrast stretch

+

Can you design a polynomial S-curve as the
contrast stretch mapping function?

e.g. f(X)=a x"+a,_X"1+...+a,x>+a, X+a,

Requirement:
f(0)=0

f(1)=1

f(0)=0

f(1)=0;



The Probability Density Function(pdf)

of an Image(#%: ?ZE@%&)‘ pdf
i [lower case]

255

Let A=>h, (g+1).
g=0

Note that since h, (g +1)is the number of pixelsin
|, (the kth color band of image 1) with value g,
Ais the number of pixelsinl. Thatisif I'is
Rrows by C columnsthen A=R xC.
T, This is the probability
that an arbitrary pixel J
Ill

1
P, (9+1)=—h, (g+1) from I, has value g.

is the graylevel probability density function of I,. I I I I

2032 2454 2343 2125 2151 2237 2500 2937 3131 4859 9026 12709 11389 3896 244 603
h(1) R2) A(3) h4) S) h6) MT) REB) k9 A10) A(11) A(12) A(13) h(14) R(15) A(16)
g=0 g=1 g=2 g=3 g=4 g=5 g=6 g=7 g=8 g=9g=10g=11g=12g=13g=14g=15




The Probabllity Density Function(pdf)
of an Image

* Puang(9+1) is the fraction of pixels in (a specific band of) an
Image that have intensity value g.

* Pang(0+1) Is the probability that a pixel randomly selected
from the given band has intensity value g.

e the sum of the histogram h..,(g+1) over all g from 0 to 255
IS equal to the number of pixels in the image,

e the sum of p,,,4(g+1) overall g is 1.

* Pyang IS the normalized histogram(JH—4k E 75 ) of the
band.




The Cumulative Distribution Function(cdf)

i of an Image( Z M= 47 A1 pR £0)

Let g = [q, G, gs] = I(r,C) be the value of a cdf
randomly selected pixel from |. Let g be a [lOW@f‘ CGSZ]
specific graylevel. The probability that q, <
g is given by
g
- Zh (y+1)
(g+1) Zp, (y+1) == Zh (y+1) = ,
= Zh (y +1)
=0

where h, ( ¥ +1)

- This is ’rhe.pr'obabi lity that
of the kih band any given pixel from |, has
of I value less than or equal to g.



The Cumulative Distribution Function(cdf)
of an Image

a.k.a. Probability Distribution Function(PDF).

* P...q(0+1) Is the fraction of pixels in (a specific band of) an
Image that have intensity values less than or equal to g.

* P...q(0+1) Is the probability that a pixel randomly selected from
the given band has an intensity value less than or equal to g.

* P..q(0+1) Is the cumulative (or running) sum of p,..4(g+1)
from 0 through g inclusive.

° Pband(l) = pband(l) and Pband(256) - 1;
* P, ..4(g+1) is non-decreasing(IF i b5 £%).

Note: the Probability Distribution Function (PDF, capital letters) and the Cumulative Distribution Function (CDF)
are exactly the same things. Both PDF and CDF will refer to it. However, pdf (small letters) is the density function.

a.k.a. : also known as


Brenda
高亮


Point Processes:
Histogram Equalization(E /7 K3 #74k.)

= The normalized histogram is a probability density function (pdf)
= From the pdf, build the cumulative distribution function (cdf)

0.00102030405060.7080910
0.00102030405060.7080910

odf > cdf



Histogram
Equallzatlon

0.8 09 10

= Histogram equalization
tries to match the pdf of
the result image to the
uniform pdf.

= [t is easier to implement
by working on the cdf.

000102030405060

0

000102030405060.7080910

Index

value

Input

output

0.00102030405060.7080910

Q

Any other Solutions?



Point Processes:
i Histogram Equalization

Task: remap image | so that its histogram is as close to
constant as possible

Let P (y+1)
be the cumulative (probability) distribution function of 1.

Then J has, as closely as possible, the correct histogram if

J(r,c)=255-P[1(r,c)+1] all bands
processed

The CDF itself is used as the LUT. similarly




Example

LUT

/)

/)
L

/)

B
N4/ 6

Pe(1)

|
01234567

31

EL5123: Contras

Yao Wang, NYU-Paly
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Point Processes:
Histogram Equalization

— Channel: Luminosity

IMean: 105.88 Level: 207
Std Dev: 4532 Count: 496
Median: 96 Percentile: 94 .47

Pixels: 514500 Cache Level: 1

before

— Channal: | Luminosity =

Mean: 13526 Level:

Std Dey: 69.32 Count:

J r C f— 255 ° P g + 1 Median: 139 Percentile:
! I Pixels: 514500 Cache Level: 1

after




Histogram Equalization

pdf

ﬂ-u1- 5 T T T

0.01 - -

0.005 -

50 100 150 200 250

CDF




Histogram Equalization

The CDF (cummulative
" distribution) is the
oors ~ P21 LUT for remapping.

0.0 -

0.005 -

50 100 150 200 250

LUT

255

204 -

153 -

102 -

51 F

| | 1 1
50 100 150 200 250

J(r,c)=255-P (g +1)



Histogram Equalization

The CDF (cummulative
distribution) is the
LUT for remapping.

0.5

0.0 -

0.005 -

50 100 150 200 250
LUT
255
204 £
153 F
102 ;‘"f
51
1
o Z/[ |

| | 1 1
50 100 150 200 250

J(r,c)=255-P (g +1)



Histogram Equalization

1500

1000

500

Luminance Histogram of Original Image

1
50 100

Luminance Histogram of Equalized Image

1 1
150 200 250

100

L
150 200 250



Challenge: Histogram Equalization

A >
i on specified interval ‘7

Q

Task: remap image | with min = m, and max = M, so that its

histogram Is as close to constant as possible and has min = m,
and max = M.

Let P(y+1)
be the cumulative (probability) distribution function of 1.

Then J has, as closely as possible, the correct histogram if

Using
intfensity
extrema

P [I(r,c)+1]-P (m, +1)

Jre)=(M, -m,) 1-P,(m, +1)

+m,.




Point Processes:
i Histogram Matching (& /5 & VL)

Task: remap image | so that it has, as closely as
possible, the same histogram as image J.

Because the images are digital it is not, in general,
possible to make h, = h, . Therefore, p, # p; .

Q: How, then, can the matching be done?
A: By matching percentiles( 1517 £%).



Histogram Specification

- What if the desired histogram is not flat?

Specified
Histogram

= Lf pe()df = p,(2)dz

z=5"(g)=5"(g(f))



fio | Pe(d) | g =3, pe) o=, 220 | oK) | 2,

0 | 0.19 019 | 0.0 00 | 0

1 | 0.25 044 | 0.0 0.0 |

2 | 0.21 065 | . | o0 00 | 2

3 | 0.16 0.81 \\\ "~ 0.15 015 | 3

4 | 0.08 089 | . [+ o035 0.20 | 4

5 | 0.06 095 . [* 085 030 | 5

6 | 0.03 098 "~ 0.85 020 | 6

7 | 0.02 100 | % 100 015 | 7
1l2|3lals|6|7]||z Jol|1]2l3 |4 |5 |6 |7
4|5(6(6[7|7]|7]| |p, 2 |0]0]0].19 .25 .21 |.24 |.11




Matching Percentiles(UCHC 15 7. %5)

.. assuming a 1-band
image or a single band
of a color image.

Recall:
e The CDF of image I issuchthat 0 <P, (g,) <1.

* P,(g,+1) = c means that c Is the fraction of pixels in | that have a
value less than or equal to g, .

 100c is the percentile of pixels in | that are less than or equal to g, .

To match percentiles, replace all occurrences of value g, in image
| with the value, g,, from image J whose percentile in J most
closely matches the percentile of g, in image I.




Matching Percentiles

... assuming a 1-band
image or a single band
of a color image.

So, to create an image, K, from image | such that K
has nearly the same CDF as image J do the following:

Example:
_ _ : I(r,c) =5
If I(r,c) = g, then let K(r,c) = g, where g, is such that P (5) = 0.65
P,(9) = 0.56
P, (g) > P,(g;-1) AND P,(g,) <P,(g,). P, (10) = 0.67
K(r,c) =10
~ 10 - ~ 10F )
(@) _ (@)] _
~— 08 . ~ 08 .
o Is i o L h
06 - 06
04 04 F
02 02
YT 0123456 7 8 9101112131415 g YTT012345678 90112131475 g



Example: Histogram Matching

Image pdf Image with
16 intensity
= 030 values
=) - ] Image
'3 0.25 probability density function,
pdf;.
0.20 -
015

0.10
I]HW

H HIH- J
e 23456 9

< I




Example: Histogram Matching

CDF(9)

Image CDF
1.0 ™ Image I
Probability Distribution -

08 Function,

| PDF.* 3
0.6 - _
0.4
0.2
0.0 1 '

01234567389101112131415 ¢

*a.k.a Cumulative Distribution Function, CDF,.



Example: Histogram Matching

Target pdf Tanaghwim
16 intensity
o values
o S Target
c%? probability density function,
2. 0.12  pdf;
0.09 - H
0.06 - |
0.03 -
0.00

01234567 389101112131415 (




Example: Histogram Matching

Target CDF

~N
o 1.0
~ Target _
LL Probability Distribution Function,
N — PDF,*
O 08 J
0.6 - _
04
0.0 '

0123456789101112131415 0

*a.k.a Cumulative Distribution Function, CDF,.



LUT Creation

» 10 . 10~
Image CDF Target CDF I

08 - 08 -

06 86— —

04 04

02 02

0.0 0.0

01234)>5678 9101112131415 0123456738 91112131415
15— M
LUT

12 — B n
| _

012345678 9101112131415



Input & Target CDFs, LUT and

Resultant CDF

~—~ 1.0
\-: 0.8
0.6

04

0.0

01234567 8910112131415 (

~ 1.0

~ 0.8

P (9)

0.6

0.4

0.2

0.0

I Target I

01234567 89101112131415 (

Result u

0123456789101112131415 ¢



Histogram Matching Algorithm

... assuming a 1-band
image or a single band
of a color image.

[R,C] =size(l); This directly matches
K=zeros(R,C); image | to image J.

gJ = mJ;
P (g, +1): CDFofl

g = m to M,
P,(g,+1): CDFoflJ.
g, <255 AND P,(g, +1)<1 AND

m, = minJ,

P, (g, +1)<R (g, +1 o

=g, +1; ) = MaxJ,
di=9 T+ m, = min |
| = 1

M, = max|.

Better to use a LUT.
See next slide



Histogram Matching with
a Lookup Table

e algorithm on the previous slide matches one image to
another directly. Often it is faster or more versatile to use a
lookup table (LUT). Rather than remapping each pixel in the
Image separately, one can create a table that indicates to which
target value each input value should be mapped. Then

K = LUT[1+1]

In Matlab if the LUT is a 256 X 1 matrix with values from 0 to
255 and if image | Is of type uint8, it can be remapped with the

following code:
K = uint8(LUT(double(1)+1));



Look Up Table for Histogram Matching

+

This creates a look-up

LUT = zeros(256,1); table which can then be
g; = 0; used to remap the image.
g, = 0 to 255
P,(g9, +1)<P(g, +1) AND g, <255
g, =0, +1;

P (g, +1): CDFofl,
LUT(g, +1)=g;; P, (g, +1) : CDFofJ,
LUT(g, +1): Look- Up Table




original target remapped

Is there any relation between the LUT and the source/target image CDF?



Break

= Get confused by more and more
terms, abbreviations and acronyms ?

= histogram, channel, band, luminance,
binear, bicubic, percentiles;

= Interpolation, decimation, matching,
equalization, normalization; O

« LUT, cdf, pdf, vs., a.k.a.; -

C_
B



Homework 111

= 1. Convert the following image to a visually
meaningful one by point processing. Submit your
code and the result image.

= 2. Realize your own Histogram equalization or
matching algorithm. Submit your code and demo
Images. Compare your result with matlab function
histeq().




Probability Density Functions of
a Color Image
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Cumulative Distribution Functions (CDF)

Atlas-Mercury r, g, b, & v PDFs (Distributions)
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Probability Density Functions of
a Color Image
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Cumulative Distribution Functions (CDF)

TechnoTrousersr, g, b, & v PDFs (Distributions)
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Remap an Image to have the
Luminance CDF of Another

original target luminosity remapped



CDFs and the LUT
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Effects of Luminance Remapping
on CDFs
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0.5

TechnoTrousersr, g, b, & v PDFs (Distributions)

Atlas-Mercury Value Remapped PDFs (Distributions)
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Remap an Image to have the
R/G/B CDFs of Another

original target R, G, & B remapped
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CDFs and

the LUTs
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Effects of RGB Remapping on CDFs
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TechnoTrousersr, g, b, & v PDFs (Distributions)
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Remap an Image:

i To Have Two of its Color
pdfs Match the Third

original G &B<+«—R B&R «—G R&G<+B
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HDR
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Tone mapping
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