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1. How do you make a CD 

image using an MR imager?

� The imager yields an array 
of complex numbers 
related to the nuclear 
magnetization at points 
inside the object.

� The magnitude, m, forms 
the standard MR image . 

� An applied low-frequency 
current creates a magnetic 
field which affects the 
phase image.
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LF CDI is based on LF CDI is based on Ampere’s 

law

� The phase θθθθ depends linearly on the magnetic 
field component BZ produced by the current 
density J and the duration of the current 
pulseTC.

� To measure BX and BY we rotate the object.

(Seo et al. use only BZ)
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Where  is the magnetic field 

produced by the current density 

µ= ∇×J B

B

J



Defibrillator Currents in a Live 

Pig

� 1.5 
Tesla 
GE
Signa

� 85 mA
x 
4.6 ms

� 3.8mm 
cubical



2.2. CDIICDII (Current Density (Current Density 

Impedance Imaging)Impedance Imaging)
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where  = electrical conductivity.
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Independently discovered by J. Y. Lee (2004)Independently discovered by J. Y. Lee (2004)



Experimental Verification

An agar + TX151 gel 

in saline “popsicle”
phantom

Reconstructed currents



Depth Resolution in CDIIDepth Resolution in CDII

�� Distance from electrodes from 30 to 80 mm.Distance from electrodes from 30 to 80 mm.

�� Average conductivity contrast ratio 1.21Average conductivity contrast ratio 1.21

�� Validated with careful direct bench measurementsValidated with careful direct bench measurements

�� Resolution is maintained with depth.Resolution is maintained with depth.



CDII of a LIVE piglet

(Very Preliminary Results !)

� CDI study 

not geared 
towards CDII !

� 4mm resolution 
(to cut down 
acquisition time)

� Motion artefacts

� No averaging 

� Conductivity 
range 

0.8 -->2.0  s/m
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MRI image 2 mm resolution CDI -Two current vector fields

CDII overlaid on MRI  (slice 39, two different times)



Slice 40

Slice 41

Slice 42



3.What if we only measure 

one current, in fact only its 

magnitude |J| ?

Motivation:

� Cuts down acquisition time.

� Math turns out to be beautiful: this 
brings Minimal Surfaces, Geometric 
Measure Theory into the field of 
Inverse Problems.

� Opens up the possibility of another 
physical approach to obtain such data

directly.






























