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Objectives
» What is image registration ?
» Why do we want to do it ?
» How dewe do it ?
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Multi-Sensor Data Fusion
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The Big Picture
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What is Image Fusion?
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Multi-Sensor Data Fusion
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Multi-Sensor Data Fusion

ndsat MSS / T™M
- Ragar / Sonar
- Aerial Photographs
- Elevation Models

- Geophysical Data
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3D Scalar Data 4D Vectors
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Target Volume Definition usin

*“FDG-PET
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Multi-Sensor Data Fusion

... over both space and time!

Change!
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... patient models must
include functional and
physiologic information
as well as anatomic and
physical data.

... hot just 3 scalars,
but 4D veciors which
include dose-to-date.
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Functional Imaging using Magnetic Rescaance

Pickett / UCSF
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Why ?

Functional Imaging using Maghetic Rescaance

BOLD - Elood Oxygen Level Dependent Technique

Hamilton / U Chicago
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Why ?
“... construct as complete
and accurate a model of

the patient as possible.”

Marc L Kessler, PhD M
August 12,2003
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Registration

tudy A

Xe = F (X, {B})
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Repeat imaging during treat

CT !images before and after chemotherapy

Wolfe / Michigan
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How ?

Compute the geometric iransformation
that relates the coardiiiate systems of
two datasets

A

Apply the computed transformation
to mag infermation from one dataset

to anat
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Fusion

Studyv A

Computer graphics and image processing
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What is F ?
> Rigid / Affine
» Piecewise Rigid { & Limited FOV)
> Full 3D / 40 Warping

> Fihiie Element Models
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Degrees of Freedcom

Patient dependent
— rotation — (goayean) T

— translation ——= ((t. .1

— distortion . —— " raeny DOF {@}

Machine depenident

— pixelsize
) (s,.s,.5,)
— slice thickness

— distartion —— many DOF
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Prospective
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What is F ?
Affine Assumption
y=mx-+b ... inthree dimensions

%, = A x, + 1 .. up to 12 DOF

Otherwise
Spatially variant function

Thin-piate spline ... lots of DOF
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How ?

Prospective
» reproduce imaging gecraetry exactly
> attach coordinate system to patient
e frames 7 fiducials
Retrospective
> patientintrinsic

e anatomy / shape / image intensities
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Prospective

coordinate
system to
the patient!

... stereotactic radiosurgery

Marc L Kessler, PhD



Multimodality Imaging in Radiation Oncology:
Registration and Fusion

Marc L Kessler, PhD AAPM 2003

Retrospective

>rotate

— translate
— scale

— shear

— warping

\neractive or Automated
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Retrospective

» Point Matching

Least Squares

> Surface Matching

Chamfer Matening

» Voxel intensities

Mutuai-information
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Intensity-based

H{L,) H(lg) H(,.15)

Mutual Information
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Retrospective

Construct a metric that measures the
mismatch between two datasets

Apply a miniimization algorithm to
determine the parameters (DOF)
that miniimize this metric
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Surface-based

objects compute mismatch
misaligned mismatch minimized

Catallo /U Mich
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Mutual Informaticn
H(,,15) = HU,) + H) = ME , L 1R)
The mutual inferiation of two image
datasets is a maximuim-when they are

geometrically registered ...

~vidican be used as a metric

‘48 Shannon - Bell Labs / ‘95 Viola- MIT
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Mutual Informaticnh

Should we really descrite this?

u Yes, ... go.to next slide

lay ... skip past this section
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Mutual Informaticn

_— 1
D pi log, -

2D image Histogram

1*Iogz—ji‘—-. o*log2%+ O*Iogz%+0*log:% = (0
L
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Mutual Informaticn

tissue

185 i’i‘

.\0

bone

probaiiiity ===

>

intensity —

SD\CT Frequency
Grayscale Data Distribution
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Mutual Informaticnh

The entropy or informatict cointent of
an image with a frequerncy distribution
p(X), is defined hy:

HOQ = = Ex [log, IO(X)]

I
Sp(x) 09, ()
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Mutual Informatich

_— 1
Dp; log, -

2D image
.25 * log, - a5 log, 4 .25 * log, L+ 25+ log,
= 4y = 45 =45 = A

binary units = “bits” 22=4
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Mutual Informaticn

The joint entropy or caimbined
information content of a pair of
images with image with a joint
frequency- distribution p(X,Y), is:

HOGYY =8 Spxy) log, L
y x p(X.y)

Marc L Kessler, PhD



Multimodality Imaging in Radiation Oncology:
Registration and Fusion

Marc L Kessler, PhD AAPM 2003

Mutual Informaticnh

reformatted
CT

2D joint intensity
histogram
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Mutual Informaticn

H(cr.lyr) = H(lcr) HHO R)

2\ e

Nme=™

. If CT and MR are independent
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Mutual Informaticn

H(cr lyg) = H(r) + H et - Ml

>T and MR dependent
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Mutual Informaticn
HCX,Y) = H(X) +H{Y)

H9

N

e
Numware®

. if X and Y are independent
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Mutual Informaticnh

H . lyr) = H( ) = H )= ?

CT and MR dependent
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Mutual Informaticn

H(I,,15) = H(1,) =+ H{,) — MI

Qe i | PO )
MICly 1e) = 0L ) 'OQZ[p(IA) p(la)]

This is our metric!
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Mutual Informaticnh

CT

2D joint intensity

ori |na| MR A
< histogram
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Mutual Informaticn
H(,,15) = HA,) + H ) = ME( L, 15)
The mutual inferimation of two image
datasets is a maximuimn-when they are

geometrically registered ...

...Mi'can be used as a metric

‘48 Shannon - Bell Labs / ‘95 Viola- MIT =

Marc L Kessler, PhD AAPM 2003

Mutual Informaticn

—teod
| g | . z rotation degrees
& .‘}._,L

i ll..l . x translatlon cm

parameter offset
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Mutual Informaticn

Not so
Aligned!

CT

2D joint intensity

original MR )
. histogram
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Mutual Informaticnh

- Ml vs. transformatici }

fixed H(lep = 6.44
I (bits)

Reference Homologous
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Mutual Informaticn

Corrent MIT| BURE: 7/

Manipulate Ci to
match FDG-PET

- rotate / translate -
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Mutual Informaticnh

Starting Ml
-0.197

Current MIFIE T RET |
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In the Brain

Multimodality image registrationin

CT / MR PET / CT MR 7/ PET
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Rigid Assumption ?

Reproduce patient orientatiofn as cicsely as
possible using an immobkilization device

Custam-molded Thorax Board
Styrofoam cradle Sinmed BV
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Mutual Informaticnh

# lterations
150
Wall Clock
~1 minutes

-Ml

-0.19%

ﬂ (el indal 10| - 0.473001
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Outside the Brain

> Rigid / Affine (irweie careful 1)
Full 3D / 4B Watrping

Finite Elernent Ntodels
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Rigid Assumption ?

Register CT data with PET emissian data

FDG PET

m/!lp.

crop spuricus PET data window/level datasets

Marc L Kessler, PhD
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Rigid Assumption ?

Visual validation of registration

Auto-segmented boundaries from CT mapped to PET
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What about Warping ?

Thir-piate Spline Transformation and
Mutual Information Metric

Meyer / UM
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The Future ?

Marc L Kessler, PhD AAPM 2003

What about Warping ?

14
1.
L
Il W]
N, 0

Allaw Spatial Variant Transformations

Thin-Plate Splines, Finite Element Models, etc
Meyer / UM
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Finite Element Modeling

Take into account physical
tissue properties
Brock / UM
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Piecewise Rigid

Premise

Global Rigid Piecewise Rigid Full Warping

Too Little ? Too Much ?
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Piecewise Rigid

Partition data into 1 or more sub-regions

Geometric primitives Anatomic structures
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Piecewise Rigid Assumption

Region 1
Registration

Region 2
Registration
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Limited Field-of-View

particularly
poor

( Diagnostic) (Therapy)
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Piecewise Rigid Assumption

CcT Regions

(Therapy.) ( Diagnostic ) Of Interest
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Limited Field-of-View

MR diéta
discarded
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Limited Field-of-View

Marc L Kessler, PhD
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The Big Picture
Patient F i Patient

(Actual) - (Virtual)

Patient
+
Dose

(Actual)
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Piecewise Rigid

Distance-weighted interpactaticn

Rotate objects Distance fields
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The Big Pictura

Does what we just savyv
we could use soft tissue

Patient
+
Dose

(Actual)

Marc L Kessler, PhD AAPM 2003

Piecewise Rigid

Distance-weighted interpaiation

NN
NN

Rigid objects 3D Distance fields
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How ...

do we know these algorithims work?

» build phantcims andtest them

we can know the truth!

> provide tools to examine results

we don’t know the truth!
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Multimodality Phantams Multimodality Phantoms

van Herk / NKI
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Registration Validation Registration Validation
- Visual Analysis - - Visual Analysis -

N —— Dispiay datasets as “color gels”
“Magic-Window” Image Compare
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Registration Validation Clinical Examples
- Visual Analysis - Q.
Target Volume Definstien
 Magnetic Resenarice itmaging

- soft tissue contrast

e Positran Emission Tomography

~tumor metabolism
Native Outlines == Mapped Outlines
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Target Volume Definition
w/ Magnetic Resonance fmaging

MR coronal

Composite
(Logical OR)

Marc L Kessler, PhD AAPM 2003

Dose Mapping

Compute using CT Display over MR
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Target Volume Definition

w/ Positron Emission Tamegraphy

PET - Rinicsurface CT - Blue contours

Green surface - CT cord

Target Volume Definition
w/ Magnetic Resonance Hnaging

Dose-Volume
Histogram

Yo Dose
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Target Volume Definition

FDG-PET Data

X-ray CT data
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Target Volume Definition

w/ Positron Emission Tamegiaphy

PET - Fink surface
CT - Biue contours
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Summary
“... construct as complete

and accurate a imodel of

the patient as possible.”
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August 12,2003
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Summary

» Techniques are now availabie to register
3D image data from different modalities

» Registered data can be fused to create more

complete mode!s of the patients

> Accuracy on the order of image resolutions
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Summary

Taxonomy of Registration Process
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Challenges

» Measure improvement in ther
incorporation of additioriaiimage information

» Correlation of post-tiherapy radiologic findings
with pre-therapycemputed dose distributions

» Extend techiniques to better handle non-rigid
organ motion ... morphometrics
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