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Reference materials and credits

Most of the material presented in these lessons can be find on
the brilliant, seminal books on robotics and image analysis
reported hereafter:
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http://www.petercorke.com/RVC/index.php

Overall computer vision process and scope of the lessons

-

T — ~

Lllwmbinatio ) ; .
) reflection f——p WUAGE - trancdustion
mwaterial Llight f ] Ligyht
voperties from [TOAAEOW | o
prop from Sensor
digtal Lmage
/ Lwage feature
. - x a -' £l '
processung |digital | extraction A e featurves
LA E
\'
| ' - -
mueltl-vie
Y - ALY .
gEﬂMﬂh’H =i styuctiore

Scope of the lessons

Sant’Anna

Scuola Universitaria Superiore Pisa

CAWLEFR MLOtLon,

applications




What’s a digital image? (Brox2ao) L2

g ~lo L—‘L B Zjo , L5 51 tfundamental element:/

Digital images arenosaics

the el made ofpixels
1/600,516]=213 = OP
(Tline | isto J[zoom | unzoom | (600, 516) = 213 P
A § : ‘|‘~\‘ ::\‘. ‘ ‘.V
100 Bttt [
y
200 |- :

w
o
o

vertical resolution
v (pixels)

00 AN i - 5 § ; Image resolution is the
500 = W rFTe image depth: ~ number of pieces (pixel)
600 B — 8 -bit = [0, 255] used to build the mosaic

o ()
=

Image depth is the number

600 of colours (levels) of mosaic

u (pixels)

200 400 800 1000 1200

horizontal resolution

< : , \ > pieces

Loe -

K :

An
%) Sant’Anna
) ; ‘. Scuola Universitaria Superiore Pisa




Colourimages T (< >, c)

Colour images have three channels: the most common triplet iE {GeBﬁ
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There are other very useful common space:
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Image processing

Transform one or more input images into an output image.

To enhance the image
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_Monadic operationsl(pixel operators)
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Lightening and darkening S o T LB
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Simple monadic operation (more channel):

Grayscale conversion with International
Telecommunication Unit (ITU) recommendation 709
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Histogram
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Histograms and monadic o
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Common operations
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Common operations Q[
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Contrast enhancement
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Pay attention
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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)

f

s=(L-1)""s=c-s=c-r

=(L-1)"

Thus c is related to L and ~.
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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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Diadic operations
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Green screen
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High Dynamic Ra}/nge (
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Background subtraction

Another importantdiadicoperation is the background subtraction to find novel elements
(foreground) of a scene.

Flo]  E[or] ko]  E[oh]

L / background
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How we estimate shoot when we
the background  ——> know that only
| [oFD] 2 background is
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Background subtraction

"http://wc2.dartmouth.edu*, 05:19 p. m.,
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Background subtraction

"http://wc2.dartmouth.edu’, 072022,
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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 > '/

% backgorund estimation
sigma=0.01; é/
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:

(Fro)t)= [ 1t—ng(r)dr

f o | ft-)
g
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2D Convolution
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Convolution

Input image Output image
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Boundary effect
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Smoothing
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Kernel examples

- Smoothing

1o

=)

08...

v (pixels)
o -
S o

r
[

w
=)

5 10 15 20
u (pixels)

Gradient

e =
e, e
10N, 3%
s, N
s I
S OSSoSS

Derivative of Gaussian Laplacian of Gaussian  Difference of Gaussian
(DoQ (LoGQ (DIffG

Sant’Anna

Scuola Universitaria Superiore Pisa




Edge detection
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Gradient computation

Common convolution kernel Sobel |, Pr e
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Direction and magnitude \
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Noise amplification

Derivative amplifies higfrequency noise. So, firstly we can smooth the image,
after that we can take the derivative:
E - § 58 E

Associative property: o :
S I 0

\

Derivative of Gaussian
(DoG

0

c“ 1

§r
IS, %

777
200 ll
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Q

Derivative of Gaussian

(DoG

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

The algorithm is bas\:Wew steps:
1. Gaussian filtering /
2. Gradient intensity and directio

3. non-maxima suppression (edge thinnin%
4. hysteresis threshold




Canny edge detection

3. Non local maxima suppression

Evaluation along gradient direction

Maxima detection
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Canny edge detection

4. hysteresis threshold
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Edge detection

L ocal

High

maxima

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

13
| )
Y

Laplacian of Gaussian

(Lo@

- p (0 U o\ —— S
40 o) ; - ( c. p) Q Laplacian of Gaussian
- (LoG

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

Image window: !

0|00

fix,y) = 01010
0|00
0 | -1 0

v:i = [ 4T |<4—
0 | -1 0
1101 1

Gy = 0|2
11011 %

Products are:

Ve @ f(x, y) 4/

Grf}f:f[.l’}"}
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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:

(|
(]

Ve @ f(x, y)
Gy @ f[.l’}"}
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(s3%) Sant’Anna
\ B ’/ Scuola Universitaria Superiore Pisa

Il
=




Gradient and Laplacian

Example

Image window:

011

flx,¥) = 0] 1] 1
0f(1]1

0 1-1]0

Ve = 1] 4 ] -1
0 1-1]10

-1 101

Gy = 2| 0| 2
1101

Products are:
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e
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Gradient and Laplacian

Example

Image window:
01011
fix,¥y) = 011 (1
11111
g | -1 0
e - -1 4 | -1
0 | -1 0
11011
Gy - 2 (0] 2
11011
Products are:
VEaflx,y) = 2
Gy ® f[.l’ }"}

g
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Gradient and Laplacian

Example

Image window:

1 0
fix,y) = 1 0
1 0
0 -1 0
Ve - -1 4 | -1
0 1
-1 101
Gy = 2 10| 2
-1 101
Products are:
Vi@ fix,y) = 1
Gy fix,¥y) = —4
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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 matching

Similarity measures

Sum of absolute differences

SAD

ZSAD

Sum of squared differences

SSD

ZSSD

Cross correlation

14

NCC : tpy LE[ORD] T E[oRD]
\/u e LE[OR] T4 ¢ ye L [6FD]
ZNCC torpE[o]  B)t Efor] E
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Non-parametric similarity measures

Census

@ phiQ@ 'Y
mé 0 'QQI U QiI/Q

[T/r/;//r Q/IQ
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1<= Census representation

Hamming distance
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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

« Variance measure (on windows): Edge detection
« Median filter: noise removal

« Rank transform: not#hocal maxima suppression
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Example DLR

Inertial Data 6-D Pose
IMU y  FPose
Estimator S C—
e .
Left Camera Image Circle ) 2.D Circles MUIUPI‘?
X »  Hypothesis . .
Camera — 5 Detector Tracker 3-D Trajectory predictions
Right Camera Image | (" Cicle 2-D Circles '
Camera 5 Detector UKF
2-D Circle predictions T

OliverBirbach UdoFreseand BertholBBaum| ( 2RdltingP e‘'r cept i on for Catching a F
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Example DLR

A ENNPPN
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u T o g A A TR
Tail ] EEN EERRd 711
r,,ﬁ.ﬁU‘i{H B ‘mﬁl_z;n z&.ﬁﬁ'@ﬁﬁézf -
01 iy M 1] ) = e B RURR,
B 0 2 7 EEEEEE &,L,%?f‘:
ST 0 1 +1 241 r
ﬂ((—z 0 —2)*,’_ ( 0 0 0 )H)
C — 10— | -2 1
. / 121 R 121 2 )
i Iﬁ(:d.:ﬂ)zxﬁ— ((241) H) + E-
l|,- 121 121
2
oS o
Rlxv,a)= ) Clx.y
(x,. sin o (x.5)
CR{xc.¥c.1) =
BN
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|

2.

= |C(x,v)|* -cos* &

3

=
Rix, +recosa,v. +rsina, o )do
=]




Example DLR

mara Y iy
§HERN | JouRE D
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T gR2? 7 P AN AR
FE_ ; ‘*‘ﬁﬁ' ’ : ﬁ;:m;ﬁm“u«,
WO RN i S AL S
F|Itragg|ocon Sobel
FLD | +2 +1
ﬁ((—:n—:—)*,’_ (+ n H
C— 10— !
12 , 12
\“"5‘(%1?)*”“((%i%)"") e
Normalizzazioneispetto allavarianzaocale
COS & R R Rt - A
Rix,v.at) = ((Sinﬂ) -C[;.._m]) = |Cl{x,v)|" -cos" &

R(x, +reosa., v, +rsina, o)do




