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Interest Point Matching

* Problem: Find corresponding points in two
iImages



Matching Cost of Two Features

 Euclidean distance:
d(fy,fr) = ||fi — £2]°

2
e Chi-squared distance: d(fy,f2) = Z (f1 1) — 5 (1))

« Hamming distance (only
for binary features): d(fi,f2) = Z 1(fy (i) # £2(i))
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Matching Formulation

Given two sets of descriptors to be matched

V:{fl,fz,...,fn} and _{f{9fé’ f,}

Find the legal mapping M ¢ M
M={(f,f):(f,f)CV xV'}

Which minimizes the total cost of matching

A

M = min d(f,f')
MeM
(f,£YeM
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Linearization

Linearization by introducing an indicator

z(f, ) = {(1) , (£,f)eM

Total cost of matching:

Yo d(f fx(f )= Y d(f, )z (f,f)

(£,£)eM (£,£)eV XV’



Linearization

Instead of: M = min d(f,f")

M
M (f,£)YeM

we get:

x= min )  d(f,f)z(f,f')= min d'x
XE{O,l}n'n (f,f,)EVXV, XE{O,l}n'n



Linearization

Instead of: M = min d(f,f")

M
M (f,£)YeM

or alternatively we get:

X = min | Z d(f,f)z(f,f') = min ,trace(DTX)
XE{O’l}an (f,f/)EVXV, XE{O’]_}nxn



Total Cost and Total Cost of Matching

Cd(fLE) d(fL R ... d(fLE)]T Co(f,€) z(6LE) ...z, )]
n_ d(f2,f;) d(fy,f5) ... d(fs,f,) 5 flf(fz,f1) z(fz,£) ... z(fy,f)
_d(fnafll) d(fnafé) d(fn,fé,)_nxn, _w(f’mfl,) x(f’mfé) x(fnvafb’)_nxn’
cost matrix indicator matrix
total cost:  »  d(f,f') =trace(D L) =d 1)
(f,£)eV =V’
total cost S d(f,£)a(f,f) = trace(D' X) = d ' x

of matching: ¢, v



Matching Formulation

X= min trace(D'X)
Xxe{0,1}n

A

X =0 trivial solution

we need to constrain the formulation



Matching Formulation

X= min trace(D'X)
Xxe{0,1}n

subject to:

vEeV: ) az(f,f)=1

f'ev’

v evr: 2 tBE) =1
fcV

what is the meaning of this constraint?
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Matching Formulation

X = min trace(D'X)
Xxe{0,1}n

subject to:

VEeV: Y aff)=1
fleV’ one-to-one

matching

ey . 2 B =1
fcV



Relaxation

A

X = __min__trace(D' X)

Xe{0,1}mxm

subject to:

VEeV: Y aff)=1
fleV’ one-to-one

matching

ey . 2 B =1
fcV



Relaxation

X = __min /trace(DTX)

Xel0,1]™*m

subject to:

VEeV: Y aff)=1
fleV’ one-to-one

matching

ey . 2 B =1
fcV



Linear Assighment Problem

X = min trace(D'X)
Xelo,1]

subject to:

vEeV: ) az(f,f)=1

flev’ ohe-to-one

matching

ey . 2 eBf) =1
fcV

Hungarian algorithm for the balanced problem n=n’
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Hungarian Algorithm



The Hungarian Algorithm

. Row preprocessing: From each row of D, find the row’s minimum, and
subtract it from all elements in that row.

. Column preprocessing: From each column of D, find the column’s
minimum, and subtract it from all elements in that column.

. Covering zeros: Cover all zeros in D by crossing out the minimum number
of rows and columns in D

. If all rows of D are crossed out, we are done, and go to step 7.

. Adjust D:

1. Find the minimum in D that is not crossed out, e.

2. Subtract e from elements that are not crossed-out in D, and
3. Add e to elements that are crossed out twice in D.

. Return to step 3 with the adjusted matrix D.

. Solutions are zero elements of D. Go first for the zero element which is
unique in its row and column. Then, delete that row and column from D.
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Example -- The Hungarian Algorithm

14 5 8 7
given a |2 12 6 5
cost matrix 7 8 3 9
2 4 6 10
<L step 1: find minimums

In each row and subtract

O = O O
O

=~ O =

0 O W N




Example -- The Hungarian Algorithm

9 0 3
step 2: find minimums _ | 0 10 4
in each column and subtract 4 5 0
0 2 4
< =

O = O O
O

= O =~ W

A =~ = O

0 Oy W DO




Example -- The Hungarian Algorithm

step 3: cross out the zeros with a
minimum number of lines

A=

/

bold means crossed out

QU
=~ O = P
|.l|;

we found 3 lines < 4 rows => step 5
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Example -- The Hungarian Algorithm

step 5: find the minimum
that Is not crossed out

3—0
B 104@
A= 5—6

4 6
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Example -- The Hungarian Algorithm

step 5:
e Subtract 1 from non-crossed elements, and
e Add 1 to elements crossed-out twice

0

10

A= 5

= ¥
10 0 3 0
A — 0O 9 3 0
> 5 0 4
‘0 1 3 5
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Example -- The Hungarian Algorithm

Return to step 3: Covering zeros

\/

- 16—6—3—0H
a_ |9 930

H—5—60—4

L0139

we found 4 lines = 4 rows => step 7
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Example -- The Hungarian Algorithm -- Solution

go for the unigue solution first

10 0 3 O
step 7 A — 0 9 3 0
5 5 @4
0 1 3 5.
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Example -- The Hungarian Algorithm -- Solution

go for the unigue solution first

10 0 3 O

step 5. 0 9 3 0
A —

5 5@4

_@1 3 5
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Example -- The Hungarian Algorithm -- Solution

go for the unigue solution first

3
step 5: A =
p 5 5 (0
3

M = {(f5, é’)v(fllv 1,’)7(f17 2,’)}
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Example -- The Hungarian Algorithm -- Solution

go for the unigue solution first

step 5: A=

M = {(f?n 3,’)7(f47 1,’)7(f17 2,’)7(f27 41’)}

There is 2 number of alternative solutions!
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