
FAKULTÄT
FÜR MATHEMATIK, INFORMATIK
UND NATURWISSENSCHAFTEN
FACHBEREICH MATHEMATIK
OPTIMIERUNG UND APPROXIMATION

Christiane Schmidt

Magnetic Particle Imaging
- a dynamic Inverse Problem -
IHP Winter School: The Mathematics of Imaging
7th January 2019

C. Schmidt MPI 1



FAKULTÄT
FÜR MATHEMATIK, INFORMATIK
UND NATURWISSENSCHAFTEN
FACHBEREICH MATHEMATIK
OPTIMIERUNG UND APPROXIMATION

Why another imaging modality?

Do you know SPECT and PET?

- ionizing → Cancer?!
+ high resolution functional imaging

Do you know MRI?

- slow
- not in general functional imaging
+ non ionizing

Let’s take the best of both!

Magnetic Particle Imaging (MPI)
+ fast
+ high resolution functional imaging
+ non ionizing
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Magnetic Particle Imaging

I) Magnetic Nanoparticles Modelling the particle magnetization

−4 −2 0 2 4

−2

0

2

H
L

Lα,β(H) = α coth(αβH)− 1

βH

C. Schmidt MPI 3



FAKULTÄT
FÜR MATHEMATIK, INFORMATIK
UND NATURWISSENSCHAFTEN
FACHBEREICH MATHEMATIK
OPTIMIERUNG UND APPROXIMATION

Magnetic Particle Imaging

I) Magnetic Nanoparticles Modelling the particle magnetization

−4 −2 0 2 4

−2

0

2

H
L

Lα,β(H) = α coth(αβH)− 1

βH

C. Schmidt MPI 4



FAKULTÄT
FÜR MATHEMATIK, INFORMATIK
UND NATURWISSENSCHAFTEN
FACHBEREICH MATHEMATIK
OPTIMIERUNG UND APPROXIMATION

II) Inject particles into a patient
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III) Apply a time varying magnetic field

H(r , t) =

(
Gx 0
0 Gy

)(
x
y

)
︸ ︷︷ ︸

Grad. Field

+

(
ax sin(2πfx t + ϕx )
ay sin(2πfy t + ϕy )

)
︸ ︷︷ ︸

Drive Field

Gradient field

Magnetic Field Strength |H| in xy plane at z=10
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Measuring a signal

1 FFP moves over some nanoparticles

2 They react according to the Langevin function

3 Magnetization changes

4 A voltage is induces in the receive coils → measurement
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III) Reconstruct the Particle Concentration

uk =

System Matrix︷ ︸︸ ︷
−µ0 p ak

∫
Ω
F
(dm̄

dt
(r , t)

)
c(r)︸︷︷︸

Particle Concentration

d3r

uk = Sk c Inverse Problem

Solve for c(r) ⇒

Patient: Mouse

Date: Today

Region: Liver
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Dynamic Inverse Problem

Why do we have a dynamic inverse Problem?

MPI is very fast ⇒ Movies

Multipatch: FOV is limited so that big volumes are stiched
together out of smaller ones.

Tracer concentration is not constant over time

⇒ How to regularize the inverse problem of MPI?

Thank you for your attention!
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Literature and Image Recources

T. Knopp and T. Buzug.

Magnetic Particle Imaging: An Introduction to Imaging Principles and Scanner Instrumentation.
Springer Berlin Heidelberg, 2012.

OpenMPIData.

Thank you for your attention!
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