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We
aeria
detectic
Due to ©
would like
different scales.
In [1] T. Lindeberg
scale-space ridge detection
automatic scale selection by using
Gaussian derivatives.

We propose a faster approach that
approximates Lindeberg’s solution,
plus some additions.
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Defir

Let I (X,
Let 4., bet
(x,y) and letv,,,

x of | at point

A point (x, y) IS a ridge point if the following conditions are satisfied:
1. <VI e y),vmax> =0

2.  Amax <0 (for bright ridges)

In order to set the scale, we convolve the image | with a Gaussian

kernel prior to differentiating.
* A similar definition can be found in [1] ©/89
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A small scale is good for the fingers, but leaves small unwanted peaks and
summits on the arm. 8/89



A larger scale is good for the arms, but wipes out the fingers.
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A ridge’s width can change along its path. s



e Gaussian
] _(X2+y2)

L(X, Yy, t)=1(X,y)*—e =
(xy.t)=1(xy)*—

kernel:
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Ridge strength function
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Defini

LetL(x,y,
Let A be the
to X,y at point (X,

with respect
sponding to 4.

A scale-space point (X, Y,t if the following

conditions are satisfied:
1. <Vx,yL(x,y,t),vmax>:O

2. Amax <O (for bright ridges)

3. Thestrength function N (x, y,t) obtains alocal maximum along

the t-axis at (X, y,t).
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Therefore, a non-in
applied to the derivatives.

ation has to be
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ont ged
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a square 0 obtain

uniform a
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Diffe
using

X,y) at different
ge with time complexity

By taking linear c
points, we can sum
O(1).

This property enables us to calculate the scale-space derivatives very

efficiently — with time complexity O(k) whereas k is the number of
elements in the numerical differentiation filter.
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1 in their

« This method is not rotatic /é
« Uniform averaging is a bit less mformatlve than Gaussian

averaging.



Since Vimax Is defined up-to a multiplication by (—1) , We have two
equivalent formulae for obtaining the direction v __ , each is a
negative multiple of the other:

\'A =(d +0'S,ny)
Vv, =(L —d +0'S)

Xy !
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Remnen’s proof of nonexistence




How

=) choose v2

mmmm==) choose dl( max||v||
{viv2
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» Integrati mponent in

» Prioritizing scale
strength.

» Seeking the scale-space neigl ood for scale jump opportunities.

» The scale is proportional* to the ridge width, so we can determine

the width from the scale.

» Keeping a record of ridge ownership over voxels in their domain.

» Preprocessing is performed independently at each scale, so it can be

parallelized.

strength and their

* Up to a function that depends on the angle, due to non-rotational-invariance.
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Synthetic data
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Her

2048x2048
pixels
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The algorithm perfor 5es on each voxel during
the preprocessing stage (e nion-Find) and a constant
number of passes on each zero crossing point during the tracking stage.

Practically (in seconds):

Resolution\ | 256x256 641x635 1024x1024 | 2048x2048
nScales

These results were obtained using this hardware: Intel Core2 Duo 2.20Ghz,
4Gb RAM, running on Linux (Ubuntu 11.04).
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In the following table \ 5 In different scales with
both methods and comp
Black — our result .
Red — Lindebergs.

Resolution\ 256x256 512x512 1024x1024 2048x2048
nScales

These results were obtained using this notebook: Intel Core2 Duo 2.50Ghz,
4Gb RAM, running on WindowsXP 32 bit.
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Future Work

Without flow With flow
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Future Work

s
Without flow With flow
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