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Image processing

signal processing for which the input is an image, the output either
an image or a set of characteristics related to the image

most image-processing techniques involve treating the image as a
2D signal and applying standard signal-processing techniques to it
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- Image signal

- convolution

- morphological operations
- template matching




Image Signal

)

o)

0015

0015

001

0.005

(d)

smoothing

;0.1 5 /i"o;i\\\
° 0.05 };II"”““‘“\E\“

O

0 AN

32




Convolution
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Morphological operators

erosion dilation
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Template matching
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Computer vision

computer vision includes methods for acquiring, processing, analyzing, and understanding
images from the real world to produce numerical or symbolic information

the goal is to duplicate the abilities of human vision by electronically perceiving and
understanding an image

for this, it relies on geometry, physics, statistics, and learning theory

- homogeneous transformations
- epipolar geometry
- homography

- 3D reconstruction
- rigid object recognition and tracking

- non-rigid object recognition and tracking




Homogeneous transformations

XC — CRO XO + CtO

X : coordinates of X in F,
X, : coordinates of X in F,

“t, : position of O in F,

‘R, : rotation matrix between F. and F,

e T

R = cosf I3 +sinf [u]x + (1 — cosf) uu "

u : rotation axis (||uf| = 1) 6 : rotation angle around u
0 —uz wuy
[u]x : skew symetric matrix related tou : [u]x = | uy 0 —uy

—uy uy 0




Epipolar geometry

x, Fx,= 0




Homography
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3D Reconstruction

Bundle adjustment




Rigid object recognition and tracking

3D Object Models




Non-rigid object recognition and tracking
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Robot control (visual servoing)

basics
interaction matrix
geometrical primitives

image moments (@®

other control strategies
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Basics

Visual features: s = s(p(t)) = $ = Lg Vv where:

o Lg :Gnteraction matr@(similar to a jacobian matrix)

e v = (v, w) = instantaneous velocity (or kinematic screw)
with 3 translational and 3 rotational components

If we want § = —\(s —s") (exponential decoupled decrease):

6 — -\ i?L(s — s*)with i\s(s’p’a)

Closed-loop system: § = Lg v = —)\ Lsi\s+(s —s")




Interaction matrix

N1

/X s=LgVv

o -1/Z 0 z/Z xzy —(1+42% vy
T 0 —-1/Zy/Z 1+y*> —zy —x
For example...

Z : 0
Y _A ;,y S:{ ; }:{ -1z _yx }{ : }
N =




Ly, 12 0 1/2 0 Ly,
L, | | o 12 o 12 ||L,
L; L Azl Ay/l Azl —Ay/l Ly,
La —Az/I? Az /1? Ay/l? —Az/I? Ly,

Geometric primitives

Example: segment

6: — i\s+(S — s’@
) | s

d

Also possible with: spheres, cylinders, straight lines...




Image moments

moments: 1m;; = | fD(t) 'y dzdy
widely used in pattern recognition [Hu 1962]

related to intuitive features:
area a : my
center of gravity Xo : from mj( and m

For planar object: 1/7Z = Az + By + C

Area a = myy

Lo=| —aA —aB a(3/Z,—C) 3ayy —3axg 0

Sl & o




Other control strategies

e P, PI, PID controller [Weiss 87]
e Non linear control law [Hashimoto 93, Reyes 98]

e Optimal control (LQ, LQG) [Papanikilopoulos 93, Hashimoto 96]
e Predictive controller [Gangloff 98]
e Robust controller H~. [Khadraoui 96]

—— de
Moving target tracking V¢ = Le H(Ae- d—(:)

redundancy

2 and 2 visual servoing

Idea : Combine 2D image data and 3D data
[+ ] | image point
Y } coordinates
o logZ | — rel. depth N Lg triangular
Ouy } rotation and never singular

Oy to
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