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« Wait, why aren’t we done just by running edge detection?
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Hough transform for circles (L3 sall 4aeSa) Hil gall cala (oo
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« Circle: center (a,b) and radius r
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Hough transform for circles A sall ala J; sa

* Circle: center (a,b) and radius r
2 2 2
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* For an unknown radius r, unknown gradient direction
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Hough transform for circles A sall ala J; sa

* For an unknown radius r, known gradient direction
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Hough transform for circles A sall ala J; sa

For every edge pixel (x,y) :
For each possible radius value r:
For each possible gradient direction 0:

a=x+rcos(d)
b=y-rsin(9)
Hla,b,r] +=1
end
end

« Check out online demo : http://www.markschulze.net/java/hough/



http://www.markschulze.net/java/hough/

Hough transform for circles A sall ala J; sa

Original Edges Votes

Coin finding sample images from: Vivek Kwatra



Hough transform for circles A sall ala J; sa

Example: iris detection

Gradient+threshold Hough space Max detections
(fixed radius)

* Hemerson Pistori and Eduardo Rocha Costa http://rsbweb.nih.gov/ij/plugins/hough-
circles.html
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Hough transform: pros and cons (s sbuall 5 Cpulall

Pros
* All points are processed independently, so can cope with occlusion, gaps
Apharill ASGa o il Sy 1A ¢Jitise JS5 Dlal) JS ellas
* Some robustness to noise: noise points unlikely to contribute consistently to any single bin
gl A glaal) amy (say

e Can detect multiple instances of a model in a single pass
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Cons
* Complexity of search time increases exponentially with the number of model parameters
ZAsalll &l yial b 2ae BaL ) &s Lol 2 3 (s ) sl
* Non-target shapes can produce spurious peaks in parameter space
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e Quantization: can be tricky to pick a good grid size
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Fitting arbitrary shape with “active” deformable contours
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Deformable contours s sill AL ol dlledll 3 gasl)

active contours, snakes
Given: initial contour (model) near desired object W
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Fitting arbitrary shape with “active” deformable contours
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Fitting arbitrary shape with “active” deformable contours
Aladl] 3 ganll 2laainl 430 gdall JIKIY) dae Sl
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e Non-rigid, deformable objects can change their shape over
time.
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Fitting arbitrary shape with “active” deformable contours
Aladl] 3 ganll 2laainl 430 gdall JIKIY) dae Sl
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Representation Jswil
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Representation JLil
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Energy Function 4lSl) &l
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External energy Energy Function 4alsll 5
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External energy Energy Function 4alsll

Magnitude of gradient z il 4l 5k
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Slide credit: Kristen Grauman
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External energy Energy Function 4alsl| X

 Gradientimages z_3ll s

* External energy at a point on the curve is 483l aat Jaidll e ddads 4 doa jA0) 48U
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Internal energy Energy Function 428l &
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Internal energy Energy Function 428l &
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Internal energy Energy Function 4alsll
* For our discrete representation adatiall Jiiaill Jal (s
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* Internal energy for the whole curve:
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Compare
Curvature Example

2
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Total energy  Energy Function 4alSl) 4G

Total energy: function of the weights /) sY! L
E .. =E .. +E

total interna external

n-1
Eexternal - = Zl Gx(xi , y|) |2 + | Gy(xi’ y|) |2
=0

n-1
Einternatl = Z @(Hvi+1 _ViH)2 + @Hviﬂ —2Vi +Vi—1H2
1=0

(sLini¥) G sill Al je 8 Sy B Jalaall 5 45 yall ) sl 4l 2 8 oSy @ Jalzall

https://manara.edu.sy/



Total energy
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Total energy  Energy Function 4alSl) 4G

Without contour With contour
constraint constraint
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Tracking via deformable contours

Visual Dynamics Group, Dept. Engineering Science, University of Oxford.

Applications: Traffic monitoring
Human-computer interaction
Animation
Surveillance
Computer assisted diagnosis in medical imaging
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http://www.robots.ox.ac.uk/~vdg/~vdg/

* May over-smooth the boundary <« sthall (e Szl iaiall 4 g ) 5S5 Ulal

» Cannot follow topological changes of objects (S dua ol 1 shall ol juil) ¢ Uil Sy Y
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Deformable contours: pros and cons

Pros:

* Useful to track and fit non-rigid shapes dlall e JKEY) il da8ls
 Contour remains connected 233l ddlat) Ao Ladlas

Cons:

* Must have decent initialization near true boundary, may get stuck in local minimum
agiai 3 yall JREN dadll aall e il AV aal) aa g ddae S5 O any o
e Parameters of energy function must be set well based on prior information
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Deep Learning Detection Models
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YOLO Deep Learning Detection Models
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