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Questionl: Canwe sugerimmsemicrosco@ images?

phasecontrast



Questior?: Canwe distinguistbetweenspecief sh?

haddak whiting



Questior3: Arethe E. coli sampleslreadyin database?
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Whois this?



GeogeW. Bush ArnoldSchvarzenegger

Imagemaphing
°c http://en.wikipedia.og/wiki/Morphing
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Theseare all examplesf IMAGEWARPING

YX » 1 f (x) OR Y(I,j ) » 1 f(isj ) wheref (|, J ) = (k, I)

» ' IS a matchingcriterion

f Iswarpingfunction,eitherpaametricor with distation penaly
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Parametricwarpingbetweenspeciesof sh:

Argyropelecus offersi. Sternopiyx digphang. Scarus sp. Pamacanthus,

D'Arcy ThompsonOn Growth and Form (1917)#’



Distation penaltiedhavebeenmotivatedoy:

2 elasticmemlpanes

2 opticalor °uid °ow

2 di®usion

2 Markov random elds

2 thin platesplineg” kriging)
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An examplef thin platesplines:

Venus Venuswarped average

Aradet al. (CVGIP: Graphical Modelsand Image Processing 1994)
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1. Matchingcriteria
Questiorl: Canwe sugerimmsemicroscoe images?

The Fourierrepesentatiornf Y Is
Y= XAl costy + 2Vl Txa  8x 2 X:

Y A (amplitude) L (phase)
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We proposea Fourier-vorMisesmadelto estimateranslation®
VI p,_(l) » M(2V4 T® - 1)

whereprecision

3

1 (AL) YAl Zexpegl j+ o4t 3
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We proposea Fourier-vorMisesmadelto estimateranslation®
Wi W) > MEATE )
whereprecision
QLAY AR Pexpegtj+ o4t i

Thelog-litelihand
L/ | -1 cosu | M(1)+21/AT®

generalisethe cross-covance
C® = ;1XYX+® =
andthe phasecarelation O 1
cle®) = | COS?H | |.u_(1)+ 24 T®

A AR cosy |y + 24 Te

— X

for specialcases = (1,1;0;0) and® = (0;0; 0; 0)
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Alignmentof multiple; £ 1 subimages

Similauty criterion s.d.

® ®)
Covalance 8.0 4.3
Phase-aoelation 11.4 23.4
Fourier-vorMisedog-lilkelihad 0.7 0.7
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Pseudo-colourembmpmsiteimage
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LandsaflhematicMappger (TM) image®f eastcoastof Scotland

bandl band?2 band3

band4 band5 band7
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Phasal
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Thelinea trendin phasali®erencasa®ectethy aliasingt highfrequencies
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We havedevelopd a methal for aligningimageswhichtakesaccountof
aliasing

We usea paametricmadel for the power- and cross-sgctraof the multi-
vaiate, stochasticprocesdn continuous-space

A sidebene tisimpovedinterplation: de-aliasingisinginfaomationfrom
otherbands
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Tay bridge

“elds
original cubicinterplation  newresult

23



PLAN

0. Introduction

1. Matchingcriteria
2. Distation penalties
3. Algaithms

4. Summay

24



Questior?: Canwe distinguistbetweenspecief sh?

one species' another species'
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We estimateghewarp, f = (f 1;f2), to minimisea penalisedumof squaes
X : . 32 .
P=_Yxi 't + .D({:Q
whereD is a distation penaly suchthat

Df;0) =0 8f 2C
>0 8f 2C

For the commonlusedthin-plate-splingenaly

0

zzzz%@filz
2

D = d
i=1j=1k=1 Cc'}q@'}(k’E s

Cisthe setof axne transfamations
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For sha@ compasonswe wishto restrictC to Procrustessimilaity
transfomations(S).
We do this by madifyingan existing(base)distation penaly (Dg):

D(f;S) = @@Ds(f i 0)

If

De ()= 2 2% ag;&

then

D(f;S) = Dg(f)i 2niny(®f;+ &);

wherethe imagesare of sizenq £ n2 and

®11= 2n1n2 @1 % dx;
1
®12: @1 % dx:

2n1n2 @(2
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UsingD (f ; S), all valuesof P for within "species'compasonsare less
thanthosefor between"species'compasons:

between o @ O O®

co within

[ [ [
2000 2200 2400

P

Whereasif the thin-plate-splinpenaly is usedwithin "species"valuef
P are no smallethan between"species"compaisons:

a between o O am
within o o o le;
[ [ [
1860 1880 1900

P

(, choseno maximisestudentisedi®erencbetweensetsof compasons)
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haddeak 1 haddak 2

warping haddek 1 ‘impersonating'’
haddak 2
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haddek 1 whiting1

warping haddek 1 impersonating'’
whiting 1
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We formedaveragesh by warpinginto alignmenB hadda@k and8 whiting

averagdaddak averageavhiting
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Distancebetweenaveragesh and16usedn trainingplus4 mae (circled)
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Questior8: Arethe E. coli sampleslreadyin database?

Trackmakers Y

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

D2+l i Tipag)?+ L ofy i figy )

i+fij i

Ctin="""(i?"
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We canusethe threegeneralisations DP:

Gell Gel2
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Yf
fo 1.
fi 4

i L where i Lisaninversdunctionin the st index,de nedsuchthat
j _
.

gell gel2 gel3
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Re-odered

classl class? class3 clas+4 newclass

)

Arroved columnsvisuallyidenti ed as belongingo E. coli strainsnot in
database
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4. Summay
We haveconsideredomeaspectsof the broadsubjectof imagewarping:

2 Fouriermatchingcriteria

2 null-setdistation penalties

2 generalisatiors dynamigorogramming
With applicationsn:

2 microscop

2 digitalphotography

2 pioinfematics

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