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Overall computer vision process and scope of the lesson
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Image processing

Transform one or more input images into an output image.

To enhance the image
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Colour images P MU
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Colour images have three channels: the most common triplet is 18eBR
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Monadic operations (pixel operators)
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Lightening and darkening
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Simple monadic operatiommore channel]

Grayscale conversion with International
Telecommunication Unit (ITU) recommendation 709
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Histograms and monadic operations
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Common operations

s(r)=c-r"

— MW power law

— W piecewise
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Contrast enhancement
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Pay attention

L = 21 3(1) = 1
c = 1 s(2) = 2°=
vy = 2 s(3) = 3=
s(r)y = c-r" s(4) = 4°=16
g s(5) = 5°=25
T(rw) 150 — 30° e Latss) cee |
- 157
" s(20) = 202 = 400
2?7
We have only 21 levels, but:
s(5) =5° =25
[ _
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Monadic operations

Code sample >

% lightening/darkening

xwing_light  =xwing_grey+50;
idisp (xwing_light );

xwing_dark =xwing_grey - 50;
idisp (xwing_dark );

% select areas by levels

leveld8 = ( xwing_grey >=40) & ( xwing_grey <=50);
idisp (level48);

level225 = ( Xwing_grey >=225) &
(xwing_grey <=255);

idisp (level225);

% contrast enanch

xwing_contrast  =zeros( r,c );
for =L
for j=1:c
Xwing_contrast  (i,j )=256./(1+1.05." - (
double( xwing grey (i, )) -150)); % Sigmoid
end
end

idisp (xwing_contrast )
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Pay attention

We need to remap the output between [0, L — 1]:
s 20

s 400
20 L1
400 (L—1)
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s=(L-1)""s=c-s=c-r

=(L-1)"

Thus c is related to L and ~.




Histogram equalization
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Histogram equalization
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Histogram equalization
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Code sample >

ohist  equalization
[ n,v ]=ihist (xwing_grey );
plot( v,n)
cd=zeros(length(v),1);
cd(1)=v(1)/(r*c);

for I=2:length(v)

cd(l)=cd(l - 1)+1/(r*c)*n(l); % cumulative distribution

end

xwing_equalized =zeros( r,c );

for i=Lr

for j=1:c
xwing_equalized (i) )=255*cd( xwing_grey (i,

end

end

idisp (xwing_equalized )

)+1);

% Equalization
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Diadicoperations
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Green screen

FORE GROUWD  |amA (€ RA GROUND  (ma(E

100 200 300 400 500
/1 [ U, l{/ u (pixels) /2 [u, l-//
N~

R —s [, >t ~]

; //—>I-'S\/—0 [t.(l-;<t-,' ‘\/—’_.)

If £ 6h) isGreen )
Hof]  E[6R]

o] E[of]

ant’Anna

uola Universitaria Superiore Pisa




— 3 (En
’ S u

,,‘ el

High Dynamlc Rangg / Fé”,s:.rﬂq

i // // // W/// B

Powertaw =
I A > mé‘; Q

Sant’Anna

Scuola Universitaria Superiore Pisa




Background subtraction

Another importantdiadicoperation is the background subtraction to find novel elements

(foreground) of a scene.
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Background subtraction
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Background subtraction

Ve
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Background subtraction
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Background estimation

We require a progressive adaptation to small, persistent changes in the background.

Rather than take a static image as background, we estimated it as follow:
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Background subtraction

Code sample > F=0.04  Frrers > st chaspon
cC =1 fos = 15 ——a”}““‘c‘*d"'e’”‘a/“‘
% backgorund |estimation
sigma=0.01;
vid = videoinput (' winvideo ', 1);

bg=getsnapshot (vid);
bg_small =idouble (imono ( bg));
while 1
img =getsnapshot  (vid);
img_small =idouble (iimono (img));
if isempty (img), break; end
d=img_small -bg small ;
d=max(min( d,sigma ), -sigma);
bg_small =bg_small+d ;
idisp (bg_small ); drawnow
end
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-~ Spatial operation (local operators)-
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1D Convolution

One important local operator is the convolution:
J’ _,_//_\

(f*g)(t):= . f(t—T7)g(7)dr

——

f , | ft)
| e -m‘ 9()
/ 3
frg (e /\(f*g)(t)
R o ="
_________________ — '''''''''''''''''' '''''''''''''''''' [ __________________ 1 e
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2D Convolution
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2D Convolution

kernel
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Convolution
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Boundary effect
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Smoothing
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Edge detection

Horizontal profile of
the image av=360
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Direction and magnitude
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Noise amplification ., ..y« wow e omn o

Derivative amplifies higfrequency noise. So, firstly we can smooth the image,

after that we can take the derivative:
L & & L

mT S TS —
Associative property: 9
001 T e ¥ :
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T

<PDoGacts as a bandpass filter!>>
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Canny edge detection

The algorithm is based on a few steps:

1. Gaussian filtering «—

2. Gradient intensity and directione

3. non-maxima suppression (edge thinning)
4. hysteresis threshold




Canny edge detection

3. Non local maxima suppression

Evaluation along gradient direction

Maxima detection

o) Sant’Anna

\Jzfa¥/ Scuola Universitaria Superiore Pisa




Canny edge detection

4. hysteresis threshold

Strong
edges

High threshold

Weak
edges

Low threshold

No edges

\%
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Edge detection

lbﬂ L
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High

L ocal
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gradient

Alternative approach is to use second derivative and to find where there
IS a zero

Laplacian operator
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Noise sensitivity

Again, derivative amplifies highequency noise. So firstly we can smooth the
image, after that we take the derivative:

ds g8 b ds

. L

71 S
L )
Y

Laplacian of Gaussian
(LoG
. P (0O U o
40 ) ; - c. p|Q Laplacian of Gaussian
| (LoG

107 S :|o

Marr-Hildreth operator or the Mexican hat kernel
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Gradient and Laplacian

Image window:

0|10 |0
fix,y) = 01010
0|10 |0
(ENT ~0d 0 1 0
Ve = 1] 4 | 1
0 -1 0
D. -1 1011
Gy = -2 | 0| 2
11011
Products are:
Vi flx,y} = 0
Gr & ﬂ:Jl.’ }"} = 0
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Gradient and Laplacian

Example

Image window:
1[17]1
fix,¥) = 1 [ 1] 1
111
0| -1
ve = [ ] 4]
0[-1]0
1] 01
Gy = 2 | 0
-1 [0 ]1

Products are:

ViR flx,y) = O o
Gr:?‘tf[l’}"}

//,75,,\\

[ et '\ ?

(&%) Sant’Anna
\ [ ’/ Scuola Universitaria Superiore Pisa

Il
=




Gradient and Laplacian

Example

Image window:

0|11
fix,¥) = 011 ]1
0|11
01-1]0
vi = [ 4]
01110
1101
Gy = 2 0] 2
-1 {01

Products are:

e
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Gradient and Laplacian

Example

Image window:
00| 1
fix,¥y) = 011 (1
1|1 1
0 -1 0
e - -1 4 | -1
0 -1 0
1101
Gy = 2|1 0] 2
1101
Products are:
VEaflx,y) = 2
Gr & f[.l’ }"} = 3
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Gradient and Laplacian

Example

Image window:

-
=

flx,¥) = 1

o]
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Code sample >
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%denoisingedge detection
dx=F101:20 1;-1 0 1];
dy=F1-2-1;000;1 2 1];

K=kgaus$§3);
K1=0nes(19,19).¥1/(19*19);
xwingDenoisMeariconK1,xwing_grey);
idisp(xwingDenoisMeahn
xwingDenoisGauasconK,xwing_grey
idisp(xwingDenoi$
xwinglxicondx,xwing_grey,
idisp(xwinglI®
xwinglysicondy,xwing_grey;
idisp(xwingly)

magnGradsqrt(xwingIx. 2+xwingly."2);
idisp(magnGragl
edgeGradmagnGraat250;

edgelLapticonVklog(2) xwing_grey;,
idisp(iint(edgeLapb>250);

edgelLapticonVklog(1) xwing_grey;,
idisp(iint(edgeLapb>250);

edgelLapticonVklog(3) xwing_grey;,
idisp(iint(edgeLapk>250




Template matching
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Template matc

Similarity measures

Sum ofabsolute differences
SAD i |L[ofb] o |
( AnE
ZSAD i C ] ko] kB k|
(hnE #
Sum of squared differences / |
(, |SSb i (ko] k[
( h)N [
\_, | zssp { Brgyn EoR] b Lom L)
Cross correlation T f
L NCC : tpy LE[ORD] T E[oRD]
\/u o LE[ORD] T4 ( oo LE[OFD]
ZNCC booew i ETOm] BYE E[om] k
, i ¢ hyv L E[OND] ) [6hD]
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Non-parametric similarity measures

Census
o phQ@ 'Y
/ @ s aai 0ol ©
| | ,/
1 01 01 1 O’ < Census representation

Hamming distance

Y
Rank transform =5

T _




Non-parametric similarity measures

Rank transform is more compact but does not encode position information

S0 | 101205 Census: 01110101 —
1 25 2
Rank: 5
102 | 250 | 240 —_— | Vv )
Hamming distance: 6!
101 26| 2 Census: 10111010 ]

101 | 25 | 202

Rank: 5

1 250 | 214
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Non-linear operators

A Variance measure (on windows): Edge detection
A Median filter: noise removal \ j ~

A Rank transform: notocal maxima suppression
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Mathematical morphology ;... CTfete)) | 10
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