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VolumeVolume DelineationDelineation::

MethodsMethods to to useuse
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VolumeVolume !!

• some inside
• some outside

Implicit assumptions:

• some surface

Needs criterion to distinguish inside from ouside

e.g.:  „inside the skull“

geometric argument,  very well defined surface,
but not a simple criterion describing the things inside

b.t.w.:  Are the eyes “inside” the skull ?
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e.g.:  „compact object with high X-ray attenuation“

Simple, single valued, measurable property.
Threshold value defines points that are inside.
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VolumeVolume !!

• some inside
• some outside

Implicit assumptions:

• some surface

Needs criterion to distinguish inside from ouside

e.g.:  „compact object with high X-ray attenuation“

Simple, single valued, measurable property.
Threshold value defines points that are inside.

Example:  Two threshold values allow to distinguish
D(bone) > T1 > D(markers) > T2 > D(towel)
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VolumeVolume !!

• some inside
• some outside

Implicit assumptions:

• some surface

Needs criterion to distinguish inside from ouside

e.g.:  „higher accumulation of FDG“ (PET)

Single threshold value defines points that are inside.

Method of measurement has to be very well defined:
A Time-Activity-Curve and other parameters are
involved.
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• some inside
• some outside

Implicit assumptions:

• some surface

Needs criterion to distinguish inside from ouside

e.g.:  „characteristic properties of TAC“ (PET)

Points whose measured Time-Activity-Curve shows certain
properties are regarded inside.

There is a indefinite range of  mathematical possibilities
to describe and evaluate such properties.
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Implicit assumptions:

• some surface

Needs criterion to distinguish inside from ouside

e.g.:  „Multi-modal imaging“ („multi-spectral“ MRI)

Points show a vector of measured values.

There is a indefinite range of  mathematical possibilities
to define properties in a multidimensional vector-space.
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VolumeVolume DelineationDelineation

• some inside
• some outside

Implicit assumptions:

• some surface

e.g.:  „Multi-modal imaging“ („multi- spectral“ MRI)

Points show a vector of measured values.

There is a indefinite range of  mathematical possibilities
to define properties in a multidimensional vector-space.

nucleusnucleus ruberruber

nucleusnucleus subthalamicussubthalamicus

substanciasubstancia nigranigra

brachiumbrachium conjunctivumconjunctivum

nucleus tegmenti
pedunculo pontinus
( PPN)   (?)(?)

6D 6D vectorvector measuredmeasured forfor eacheach voxelvoxel byby usingusing different puls different puls sequencessequences

36 36 slicesslices
40mm*40mm*1mm40mm*40mm*1mm
1mm 1mm sliceslice to to sliceslice

notnot quitequite suresure, , becausebecause
nevernever seenseen beforebefore in MRIin MRI
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butbut nownow ……

…… back to the back to the rootsroots !!
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Illustration Illustration usingusing „„PhantomPhantom““--DataData
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Dia: Dia: 
21 mm21 mm

Dia: Dia: 
8 mm8 mm

Illustration Illustration usingusing „„PhantomPhantom““--DataData
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21 mm21 mm
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ImagingImaging::
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Intensity:  4 Voxel reach (almost) full intensity
->  define as ROI and calculate average to

determine original intensity ...

0

0.2

0.4

0.6

0.8

1

-20 -15 -10 -5 0 5 10 15 20 25 30 35 40 45 50

mm

How to define ROI ?

Border Voxel ?

Intensity ?

Single Voxel maximum ?

ROI ??

Partial volume effect: Intensity „leaks out“ to neighbouring Voxels
in 3 dimensions (!) but is not lost at all ...

Remember: 
The Object has 8 mm in Diameter

DeterminingDetermining IntensityIntensity
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MeasurementMeasurement
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Dia.  8 mm Dia.  21 mm

MeasurementMeasurement
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ConvolutionConvolution

SamplingSampling

MeasurementMeasurement

Minimal Minimal EntropyEntropy DeconvolutionDeconvolution

FourierFourier TransformTransform InterpolationInterpolation

StatisticalStatistical Region Region GrowingGrowing

DeconvolutionDeconvolution

ResamplingResampling

Region Region GrowingGrowing
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5.5 mm

FT InterpolationFT Interpolation
((ResamplingResampling))

++ DeconvolutionDeconvolution

Reconstructed Object



Thilo Weitzel
SSRMP08

-15 -10 -5 0 5 10 15

mm

Image Reconstruction

Transfer 
Function

FWHM ca. 
5.5 mm

FT InterpolationFT Interpolation
((ResamplingResampling))

++ DeconvolutionDeconvolution
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DeterminingDetermining IntensityIntensity
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RemarkRemark::

In In factfact the the modelmodel just just shownshown
isis wrongwrong..

A  PET  A  PET  usingusing iterative iterative reconstructionreconstruction algorithmsalgorithms,,
CT CT basedbased attenuationattenuation correctioncorrection,,
superresolutionsuperresolution algorithmsalgorithms andand
methodsmethods to to correctcorrect forfor scatterscatter ……

ButBut itit lookslooks likelike itit wouldwould havehave ……

…… doesdoes notnot havehave a a stablestable transfertransfer functionfunction..



Thilo Weitzel
SSRMP08

1

0

0.2

0.4

0.6

0.8

-25 -20 -15 -10 -5 0 5 10 15 20 25

mm

In
te

ns
ity

(a
.u

.)

1

0

0.2

0.4

0.6

0.8

-20 -15 -10 -5 0 5 10 15 20

mm

ObjectObject, , 



Thilo Weitzel
SSRMP08

1

0

0.2

0.4

0.6

0.8

-25 -20 -15 -10 -5 0 5 10 15 20 25

mm

In
te

ns
ity

(a
.u

.)

1

0

0.2

0.4

0.6

0.8

-20 -15 -10 -5 0 5 10 15 20

mm

ObjectObject, , ConvolutionConvolution, , 



Thilo Weitzel
SSRMP08

1

0

0.2

0.4

0.6

0.8

-25 -20 -15 -10 -5 0 5 10 15 20 25

mm

In
te

ns
ity

(a
.u

.)

1

0

0.2

0.4

0.6

0.8

-20 -15 -10 -5 0 5 10 15 20

mm

ObjectObject, , ConvolutionConvolution, , NoiseNoise,,



Thilo Weitzel
SSRMP08

1

0

0.2

0.4

0.6

0.8

-25 -20 -15 -10 -5 0 5 10 15 20 25

mm

In
te

ns
ity

(a
.u

.)

1

0

0.2

0.4

0.6

0.8

-20 -15 -10 -5 0 5 10 15 20

mm

ObjectObject, , ConvolutionConvolution, , NoiseNoise, , SamplingSampling......
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1:    1:    choosechoose a point a point withinwithin Region of Region of InterestInterest
2:    2:    „„growgrow““ byby includingincluding all all neighborsneighbors withwith ((e.ge.g.) .) IntensityIntensity > 80% > 80% 
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1:    1:    choosechoose a point a point withinwithin Region of Region of InterestInterest
2:    2:    „„growgrow““ byby includingincluding all all neighborsneighbors withwith ((e.ge.g.) .) IntensityIntensity > 80% > 80% 

=> ( => ( -- )   )   resultresult dependingdepending on on arbitraryarbitrary startingstarting point point 

=> ( => ( -- )   )   notnot suitablesuitable forfor veryvery smallsmall regionsregions

Region Region GrowingGrowing conventionalconventional
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Region Region GrowingGrowing,  ,  statisticalstatistical, , locallocal

11:    :    choosechoose a point a point withinwithin Region of Region of InterestInterest
2:    2:    „„growgrow““ byby includingincluding all all neighborsneighbors havinghaving a a „„flatflat““ environmentenvironment

((e.ge.g.) .) standardstandard deviationdeviation in in locallocal surroundingsurrounding belowbelow a a limitlimit
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11:    :    choosechoose a point a point withinwithin Region of Region of InterestInterest
2:    2:    „„growgrow““ byby includingincluding all all neighborsneighbors havinghaving a a „„flatflat““ environmentenvironment

((e.ge.g.) .) standardstandard deviationdeviation in in locallocal surroundingsurrounding belowbelow a a limitlimit

Region Region GrowingGrowing,  ,  statisticalstatistical, , locallocal

=> => ( ( ++ )  )  resultresult doesdoes notnot dependdepend on on startingstarting pointpoint
=> => ( ( -- )   )   borderborder of of areaarea isis missingmissing
=> => ( ( -- )  )  tendencytendency to to growgrow out of ROI via potential out of ROI via potential „„smoothsmooth““ pathwayspathways
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Region Region GrowingGrowing, , statisticalstatistical,  ,  fullfull regionregion

1:    1:    choosechoose a point a point withinwithin Region of Region of InterestInterest
2:    2:    „„growgrow““ byby includingincluding neighborsneighbors ifif the the overalloverall variancevariance of the of the 

total total resultingresulting newnew regionregion staysstays withinwithin givengiven limitlimit..
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Region Region GrowingGrowing,, statisticalstatistical,  ,  fullfull regionregion

=> => ( ( ++ )    )    resultresult doesdoes notnot dependdepend on on arbitraryarbitrary startingstarting point point 

=> => ( ( ++ )    )    processprocess includesincludes the the „„bordersurfacebordersurface““
i.ei.e. . eveneven veryvery smallsmall regionsregions areare capturedcaptured

1:    1:    choosechoose a point a point withinwithin Region of Region of InterestInterest
2:    2:    „„growgrow““ byby includingincluding neighborsneighbors ifif the the overalloverall variancevariance of the of the 

total total resultingresulting newnew regionregion staysstays withinwithin givengiven limitlimit..
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Reg.Grow
90 %

Stat.Grow
„0.05“Deconvol.

FTI FIDES
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VolumeVolume DelineationDelineation::

• More or less homogeneous region of interest …

The simple case:

• .. inside of another more or less homogeneous region

• Region is big compared to spatial resolution
and sampling period,
i.e. combined volume of „surface voxels“ is small compared to total 
volume of region of interest.

• Measured values inside region show a significant
difference to values outside

Use one of the standard methods:
Select a Voxel inside, 
then region growing using a suitable threshold
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VolumeVolume DelineationDelineation::

• Low spatial resolution

The not so simple case:

• Low signal to noise

• artifacts

• low spatial sampling
frequency
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ConclusionConclusion

• Use established, standardized methods
to evaluate your data

• Use physical and mathematical sound methods,
i.e. numerical calculations,
to check for validity and to improve your results

ContradictionContradiction
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	Illustration using „Phantom“-Data

