Edge Detection using
Mean Shift Smoothing

Introduction

Edge detection problems:
- hoise
- problematic images: low contrast along edges
- parameter dependant (thresholds...)

Introduction — Mean Shift Clustering

The Clustering Problem

Given a set of data points {x} in a d-dimensional Euclidean space
RY, assign a label /; to each point x,, based on proximity to high
density regions in the space.
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The multivariate kernel density estimate is defined as:
1< X—X
X)=—>> K .
f( ) nh' 5 [ h j

Using the Epanechnikov kernel:
K, (x)= {(20[, ) (d+2)(1-x"x) if x'x<1
L (x)=

0 otherwise
We obtain the Mean Shift Vector:

R VF(x) 1 -
Mh(x)_d+2 f(x) _”x x«;h(x)Xi ’
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The multivariate kernel density estimate:

Example Data Set {x}

(1-x"x) it x'x<1

0 otherwise
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The mean shift iteration, derived from the mean shift vector M(x):

Yin = X;
/ k xiesh(Yk)
n, = number of points 1 = window radius
in a sphere of radius &
2
M/«(x) = " Vf(X) = X
d+2 f(x)




Mean Shift Smoothing

Initialize data set: 1(i,j)— (i, j.1(, j)*C)
Foreachj=1..n
¢ Initialize k=1 and y, = x;.

+ Repeat: Computey,,, using the
mean shift iteration; k—k+1;

until convergence (Y1 — Y < €)-
* ASSign Ismoothed( x/(1)! Xl(2) ) = yk(3)

Mean Shift Smoothing
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Gradient Amplitude Estimation:

M(i,j):\/(I(i,_jJrl)—I(i,_j—l)]z+(1(i+1,j)—1(i—1,_j)
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Hysteresis Procedure:
Given: gradient amplitude estimation [V|(i, f).
o Initialize all pixels of the edge map E as unlabeled.
e For each unlabeled pixel p:
i V] =T
l»
Set Ep = EDGE;
For each immediate neighbor g of p:
f Mq > T} set Eg = EDGE;
Else set E, = NONEDGE;
Till no remaining unlabeled pixels.

Output: Edge Map Efi).
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Summary
+ Good performance handling Gaussian noise, while preserving
object's edges.
- Amplification of edges in some cases.

* Possible improvement: different rescaling policy (though
more parameters needed).

* Problems:

> RUNNING TIME. 300 X 300 pixels image, with 4 ~ 20:
30 minutes oh a household PC...

> Many parameters involved: 4, T;, T, €.

> Doesn't always improve edge detection. In some cases

even produces poor results in comparison to edge
detection without the smoothing process.
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