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Introduction

= Registration methods
= Correlation and sequential methods
» Fourier methods
= Point mapping
= Elastic model-based matching

The Hausdorff Distance

= Given two finite point sets A = {a,,...,a,} and

B = {by,...be}
H(A, B) = max(h(A, B), h(B, A))
where
h(A, B) = maxmina-b|
alA bOB

With transformations

= A: a set of image points

= B: a set of model points

» transformations: translations, scales
= t=(t, t, S S)
W= (W, W) => t(w) = (sw,+t,, s,w,+t))
= f(t) = H(A, t(B))

J With transformations
=
= Forward distance
= fg(t) = h(t(B), A)
= a hypothesize
» reverse distance
= fa(t) = h(A, t(B))
= a test method

Computing Hausdorff distance

= Voronoi surface d(x) = {(x, d(x))|xORZ}

d(x) = min]|x—b,d'(x) = minja- x|

H(AB) = max(rDDa}\xd (a), T,%Xd' (b))




Computing Hausdorff distance

» The forward distance for a transformation t =

(tx1 tyl Sxr Sy)

f(t) =h(t(B), A) = nguaéxr%ipHa—t(b)H
=maxminfa=(sh, +t,s,b, +1,)|

= ngDand‘(aKbx +t,,8,b, +t,)

Comparing Portion of Shapes

» Partial distance
h (t(B). A) = K minja-b|

» The partial bidirectional Hausdorff distance
= Hi(At(B))=max(h (At(B)), h(t(B),A))

A Multi-Resolution Approach

= Claim 1.
0b, X yrays O<b, <Yy for all b=(b,,b,)B,
t=(te ty Su 5,

L) =08 = S P+t =t

8, = e Ity =)

= [0-9J|<p(t.t)

A Multi-Resolution Approach

= If H (A, t(B)) = v>1, then any transformation t’ with

p(t,t) < v-t cannot have H (A, t'(B)) <t

A rectilinear region(cell)
R=['[';M,'[:‘Qh]X['[‘yw,[‘?mh]x[iw,Sl'gh]x[s‘;m,scgh]

The center of this cell
1= (U 09 /2, +209) /2, (82 + 1) 12, (S + 8P) /2)

= If 5=H, (AL(B)
> 74X S =2 124 (6 =87), Yo (5] =571 24+ (17 =)
then no transformation t'OR have H (A, t'(B)) < T

J A Multi-Resolution Approach

-

1. Start with a rectilinear region(cef)) which contains
all transformations

2. For each cell,
If Hu (At(B)

> T4 [ S = 7)1 24 (1 =8™), Yo () =57 12+ (1 - 1)

Mark this cell as interesting

3. Make a new list of cells that cover all interesting
cells.

4. Repeat 2,3 until the cell size becomes small enough

The Hausdorff distance for grid
points

= A={a,..,ap}and B = {b;,..,b} where each
point alJA, bUB has integer coordinates

= The set A is represented by a binary array
A[K,I] where the k,I-th entry is nonzero when
the point (k,I) OA

= The distance transform of the image set A
= Dx,y] is zero when A[k,I] is nonzero,

= Other locations of Dx,y] specify the distance to
the nearest nonzero point




Rasterizing transformation space

= Translations
= An accuracy of one pixel
= Scales
= b=(b,,b,) OB, 0<b,<Xpay 0<b,<Ypmax
= x-scale: an accuracy of 1/X,,
= y-scale: an accuracy of 1/y.,
= Lower limits: S,min , Symin
= Ratio limits: 5,/S, > @y OF S,/S, > Ay
» Transformations can be represented by
n (iy iys Ju J,) represents the transformation (iy, i, Jy Xmayr Jy /Ymax)

Rasterizing transformation space

» Restrictions where A[k,I], 0<ksm,, O<I<n,

S¢ K S I S Xnae
S Yimax < Iy S Yimax
Ynar i o YnoBinax
XowBmax  Jy  Xmax
0< ix = rna - jx
O<i,<n,-j,

Rasterizing transformation space

= Forward distance h,(t(B),A)
Foliviiys juo 1,1 =K DTS fb X iy > 3By 1 Y ¥, 310
» Bidirectional distance

Fliciys Jo Jy]=max®liciy, b byl Felioly, 1o 1y

Reverse distances in cluttered images

» When the model is considerably smaller than
the image

» Compute a partial reverse distance only for image
points near the current position of the model

Fulily b ,1= 1 AKIDTK ]

Increasing the efficiency of the
computation

[ -

= Early rejection
« K=Lf,qlwhereq = |B|
= If the number of probe values greater than the threshold
exceeds g-K, then stop for the current cell
= Early Acceptance
= Accept “false positive” and no “false negative”
= A fraction s, 0<s<1 of the points of B
= When s=.2

= 10% of cells labeled as interesting actually are shown to be
uninteresting

Increasing the efficiency of the
computation

= Skipping forward

Relies on the order of cell scanning

Assume that cells are scanned in the x-scale order.
D’,,I[x,y]: the distance in the increasing x direction to the
nearest location where D'[x,y]<t’

Computing D, [x,y]: Scan right-to-left along each row of
DTx,y]

= MAX0,D, 1< 0, Xy 2, 10, Yo i, 21D

Falixsiyrixedydr-- FBLiwiyd+y-1,3,] must be greater than v




Examples

» Camera images
» Edge detection

Examples

= Engineering drawing
» Find circles

Conclusion

= A multi-resolution method for searching
possible transformations of a model with
respect to an image

= Problem domain

= Two dimensional images which are taken of an
object in the 3-dimensional world

» Engineering drawings




