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Question1: Canwe superimposemicroscope images?

bright¯eld DIC

phasecontrast
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Question2: Canwe distinguishbetweenspeciesof ¯sh?

haddock whiting

3



Question3: Are the E. coli samplesalreadyin database?

) »
Pulsed-¯eldgelelectrophoresis(PFGE) database
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Whois this?
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) (
GeorgeW. Bush ArnoldSchwarzenegger

Imagemorphing

c° http://en.wikipedia.org/wiki/Morphing
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Theseare all examplesof IMAGEWARPING
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(i; j ) u

(k; l)f

Yx » ¹ f (x) OR Y(i;j ) » ¹ f (i;j ) wheref (i; j ) = (k; l)

`» ' is a matchingcriterion

f is warpingfunction,eitherparametricor with distortion penalty
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Polynomialwarps
Translation
k = i + a00
l = j + b00

©©©©©©©©©©¼

H H H H H H H H HHj
Translation+ Dilation

k = ci + a00
l = cj + b00

H H H H H H H H HHj

Translation+ Rotation
k = i cosµ + j sinµ + a00
l = ¡ i sinµ + j cosµ + b00©©©©©©©©©©¼

Procrustes
k = ci cosµ + cj sinµ + a00
l = ¡ ci sinµ + cj cosµ + b00

?
A±ne

k = a10i + a01j + a00
l = b10i + b01j + b00

©©©©©©©©©©¼

H H H H H H H H HHj
Bilinear

k = a10i + a01j + a11ij + a00
l = b10i + b01j + b11ij + b00

?

Perspective
k = (a10i + a01j + a00)=(c10i + c01j + 1)
l = (b10i + b01j + b00)=(c10i + c01j + 1)

Polynomial
k =

P P
amnimj n

l =
P P

bmnimj n
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Parametricwarpingbetweenspeciesof ¯sh:

D'ArcyThompson,On Growth and Form (1917)
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Distortion penaltieshavebeenmotivatedby:

² elasticmembranes

² opticalor °uid °ow

² di®usion

² Markov random¯elds

² thin platesplines(´ kriging)
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An exampleof thin platesplines:

&
k

! !
Venus Venuswarped average

Aradet al. (CVGIP: Graphical Modelsand Image Processing, 1994)
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1. Matchingcriteria

Question1: Canwe superimposemicroscope images?

TheFourierrepresentationof Y is

Yx = X

!
A! cos

0

@µ! + 2¼! Tx
1

A 8x 2 X :

)
Y A (amplitude) µ (phase)
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)
¹ A(¹ ) µ(¹ ) +

µ ¡ µ(¹ )
Considera secondimage,¹ , anddi®erencethe phases
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We proposea Fourier-vonMisesmodel to estimatetranslation®

µ! ¡ µ(¹ )
! » M(2¼! T®; · ! )

whereprecision

· ! / (A! )
°1

0

@A(¹ )
!

1

A
°2 exp

2

4°3j! j + °4j! j2
3

5

15



We proposea Fourier-vonMisesmodel to estimatetranslation®

µ! ¡ µ(¹ )
! » M(2¼! T®; · ! )

whereprecision

· ! / (A! )
°1

0

@A(¹ )
!

1

A
°2 exp

2

4°3j! j + °4j! j2
3

5

The log-likelihood

L / X

!
· ! cos

0

@µ! ¡ µ(¹ )
! + 2¼! T®

1

A

generalisesthe cross-covariance
C(®) = X

x
¹ xYx+® = X

!
A! A(¹ )

! cos
0

@µ! ¡ µ(¹ )
! + 2¼! T®

1

A

andthe phasecorrelation
C0(®) = X

!
cos

0

@µ! ¡ µ(¹ )
! + 2¼! T®

1

A

for specialcases° = (1; 1; 0; 0) and° = (0; 0; 0; 0)

16



Alignmentof multiple1
4 £ 1

4 subimages

Similarity criterion s.d.
®1 ®2

Covariance 8.0 4.3
Phase-correlation 11.4 23.4
Fourier-vonMiseslog-likelihood 0.7 0.7
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Pseudo-colouredcompositeimage
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LandsatThematicMapper (TM) imagesof eastcoastof Scotland

band1 band2 band3

band4 band5 band7
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7
1 2 3 4 5

Phasedi®erencesbetweenFouriertransformsof pairsof bands
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omega_2

precision

-3 -2 -1 0 1 2 3
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.0

-0
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5

1.
0

mean angle

Phasedi®erencebetweenbands1 and2

Thelinear trendinphasedi®erencesisa®ectedby aliasingat highfrequencies
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We havedeveloped a method for aligningimages,whichtakesaccountof
aliasing

We usea parametricmodel for the power- andcross-spectraof the multi-
variate,stochasticprocessin continuous-space

A sidebene¯t is improvedinterpolation:de-aliasingusinginformationfrom
otherbands
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Tay bridge

¯elds
original cubicinterpolation newresult
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Question2: Canwe distinguishbetweenspeciesof ¯sh?

one`species' another̀ species'
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Weestimatethewarp, f = (f 1; f 2), to minimisea penalisedsumof squares

P = X

x

2

4Yx ¡ ¹ f (x)

3

5
2

+ ¸D (f ; C)

whereD is a distortion penalty suchthat

D(f ; C) = 0 8f 2 C
> 0 8f =2 C:

For the commonlyusedthin-plate-splinepenalty

D =
2X

i=1

2X

j =1

2X

k=1

Z

2

0

B
B
B
B
B
@

@2f i
@xj @xk

1

C
C
C
C
C
A

2

dx

C is the setof a±ne transformations
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For shape comparisons,we wishto restrictC to Procrustessimilarity
transformations(S).

We do this by modifyinganexisting(base)distortion penalty (DB):

D(f ; S) = min
g2S

DB(f ¡ g)

If

DB(f ) =
2X

i=1

2X

j =1

Z

2

0

B
B
B
B
B
@

@f i
@xj

1

C
C
C
C
C
A

2

dx

then
D(f ; S) = DB(f ) ¡ 2n1n2(~®2

11+ ~®2
12);

wherethe imagesare of sizen1 £ n2 and

~®11 =
1

2n1n2

Z

2

0

B
B
B
B
@

@f 1
@x1

+
@f 2
@x2

1

C
C
C
C
A

dx;

~®12 =
1

2n1n2

Z

2

0

B
B
B
B
@

@f 1
@x2

¡
@f 2
@x1

1

C
C
C
C
A

dx:
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UsingD(f ; S), all valuesof P for within "species"comparisonsare less
than thosefor between"species"comparisons:

P

2000 2200 2400

within

between

Whereas,if the thin-plate-splinepenalty is used,within "species"valuesof
P are no smallerthanbetween"species"comparisons:

P

1860 1880 1900

within

between

(¸ chosento maximisestudentiseddi®erencebetweensetsof comparisons)
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haddock 1 haddock 2

# k

!
warping haddock 1 `impersonating'

haddock 2
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haddock 1 whiting1

# k

!
warping haddock 1 `impersonating'

whiting1
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We formedaveragēsh by warpinginto alignment8 haddock and8 whiting

averagehaddock averagewhiting
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Distancesbetweenaveragēsh and16usedin trainingplus4 more(circled)
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Question3: Are the E. coli samplesalreadyin database?

) »
Trackmarkers Y ¹

We seekthe warpingfunction(f ) andlanelabels(l) that minimise

C(f ; l) =
X

i

X

j

2

4(Yij ¡ ¹ i+ f ij ;lj
)2 + ¸ 1(f ij ¡ f i ¡ 1;j )2 + ¸ 2(f ij ¡ f i;j ¡ 1)2

3

5
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We canusethe threegeneralisationsof DP:

Gel1 Gel2

CPU (sec)

C
(f

,l)
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Yf ¡ 1
ij ;j , wheref ¡ 1 isaninversefunctionin the¯rst index,de¯nedsuchthat

f f ¡ 1
ij ;j ´ i .

gel1 gel2 gel3
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Re-ordered

class1 class2 class3 class4 newclass

)

Arrowed columnsvisuallyidenti¯edasbelongingto E. coli strainsnot in
database

37



4. Summary

We haveconsideredsomeaspectsof the broadsubjectof imagewarping:

² Fouriermatchingcriteria

² null-setdistortion penalties

² generalisationsof dynamicprogramming

With applicationsin:

² microscopy

² digitalphotography

² bioinformatics

For furtherdetails,seepaperson
http://www.bioss.ac.uk/staff/chris.html
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