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— Region(Similarity)-based Approaches

— Edge(Difference)-based Approaches
* Feature Matching and Tracking
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HSI color representation
cos (Hue) = (2R - G - B) / (ij(R G)) + (R-G)(G-B) )
Saturation = 1 - 3/(R+G+B) * min (R,G,B)

Intensity = (R+G+B)/3

Common practice (for fast processing)
[=R or I=G



— Region(Similarity)-based Approaches

— Edge(Difference)-based Approaches
* Feature Matching and Tracking



* Region Boundaries

* Region Properties
* Morphological Operations



» Lookup tables f[1,j] = lookup[f4[i,j]]
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e Iterative threshold selection

» Adaptive, variable thresholding
* Double thresholding
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8-neighbors
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— find seed

— check each neighbor
that hasn’t been visited yet
— if neighbor 1s inside the region,
* label 1t
¢ recursc



* Crab algorithm to follow a region boundary:
— Find starting boundary pixel R
— Set starting search direction %
— Find next boundary pixel T e
— Reset starting search direction

 Shape fitting (ellipsoid, polygon, ...)



Relationship between A and P

* Boundary (Chain Code)
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 Position (first-order moments)
m. =2 31BJ[1,j]/A
m, =22 j B[i,j]/ A
 Orientation (second-order moments)
a=22(I-m)? BJ[i,]
b=2 2 X (I- my)(J- my) B[i,]]
¢ =2 X (j- my) * BJi,]
tan 20 =b / (a-c)
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— Intensity variation
(color variation: 3 eigenvectors)

— Repetitive patterns (textures)



* Complement of a mask

 Dilation of a mask by a structuring element
(stmple case: region expansion)

* Erosion (simple case: region shrinking)

* Opening: erosion + dilation

e Closing: dilation + erosion



— Region(Similarity)-based Approaches

— Edge(Difference)-based Approaches
* Feature Matching and Tracking



1t derivative)
I"(x)




G of
Oy

e orientation (direction of steepest ascenf)
o (x,y) =tan (G, / G,)

* magnitude

IGIx,y)]| = Y(ze +G2)
|G, | +11G, |
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O — f[i,j+1] - 21[i,j] + fi,j-1]
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L= fli+1,j] - 2fTi.j] + fTi-1,]]

Problem: very sensitive to noise!
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— Missing edges (“false negatives™)
e Combined filters for
— Smoothing (noise reduction)
— Enhancement (edge detection)
— Detection (magnitude thresholding)
— [Localization (subpixel precision)]
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* Gaussian low-pass filter g[k,1]=

c
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with
k: -n/2 .. n/2
I: -m/2..m/2






maxima along the xSy y\/yy

pretge XY
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« Computation of D4 Sfyys/
Zero-Ccrossings in o4 Wy;
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— Enhancement by 2. derivative edge detection

— Detection of zero crossings in 2. derivative in
combination with large peak in 1. derivative

— Localization with subpixel precision using
linear interpolation
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insensitive along edge
S[i,j] = Gli,j; o] * I[i,j]

P[i,jl =- S[i,j]  + S[i,j+1] 11
- S[i+1.j] + S[i+1,j+1] L1
Qlijl= S[i,j]  +S[ij+1] 11
- S[i+1.j] - S[i+1,j+1] L[

* Nonmaxima suppression (ridge thinning)
* Double thresholding to detect and link edges



» Robust estimation of shape
parameters (least squares,
disregarding outliers)

x



— Mean squared error

— Normalized maximum error
— Number of sign changes
— Ratio of curve length to end point distance



 Conic sections

* Cubic splines



 Polyline splitting (recursive subdivision)

* Segment merging (bottom-up approach)
e Split and merge



— Region(Similarity)-based Approaches

— Edge(Difference)-based Approaches
* Feature Matching and Tracking



shadowing, ...

— Invariant to changing image resolution / object size

» Geometric (Shapes)

— One object at a time (unique recognition): Geometric
invariants under 3D transformations and projections

— Groups of objects in combination (graph matching)



— Search local image areas for features

— Handle exceptions:
» Disappearing feature

 Partially visible feature
» Reappearing feature

— ...Update feature motion models...
— ...Compute 3D interpretation...

e Continue loop



bright background

 Fit quadrilateral
polygons

 Find corners
e Read ID label



feature (1mages n-1,
n-2)
* (more 1mages to

estimate higher-
order motion models)



1mage n



1mage n



e normalized:

Z{[tx,y)-TI*[s(i+x.j+y)-S; ¥

r(1,)) = = .
V2 [t(xy) - T * 2 [si+x,j+y) - Sy
Image 1 Image 2 .
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mean T search region s
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I(Xl at) - I(Xl U+ 1)

u= — : : I(x,0)
Il image gradient |
V= dy = ... I(x.t)
1(x,,t+1)




Two variables (u,v) per pixel; only one constraint



P
U = Uaverage ~ Ix D
— 1 P
V'= Vaverage ~ 1y D
P= Ix Uaverage + Iy v

D=M+[>+17

average

+ 1,



Eu+Ev+E=0

— Smoothness constraint:

SM(X,y,t) = f f [gj{gﬂ{gﬂ{gﬁ dx dy

— Minimize:

f f (ﬂow(x,y,t)2+ N smoothness(x,y,t)) dx dy



