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Motivation
The visualization of cardiac muscle excitation from ECG measurements (ECG 
Imaging) is a problem of great clinical relevance that is mathematically ill-posed. It can 
only be solved by introducing a-priori knowledge on the reconstructed sources into the 
solution (regularization). 

Traditional regularization methods are mostly unsatisfying since they are based on the 
assumption that the electric sources have a smooth distribution. It is, however, well-
known that cardiac potentials have sharp edges in both time and space. These edges 
can be interpreted as activation wavefronts, which are known to occur shortly before a 
muscle contracts.

Reconstructing such wavefronts instead of potential distributions means a reduction of 
dimensions. This makes the imaging problem less ill-posed. In approaches by van 
Oosterom and Huiskamp wavefronts of intracellular action potentials (TMVs) have 
been reconstructed. This thesis will focus on imaging wavefront-based models of 
TMVs in line with an approach that has recently been published by Brooks for 
epicardial potentials (EPs).

Tasks
- Implementation of a wavefront-based imaging algorithm
- Performance test on simulated and measured ECG data.

Requirements
- some know-how in signal processing, common sense and creativity
- programming experience in C/C++ or MATLAB
- basic knowledge of Mac OS X/UNIX

Notice
Some knowledge in human physiology is preferred but not required. The project can 
be performed in English or German.
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Typical Action Potential Curve in the Atria

Figure 2 Template of an atrial action potential curve, gen-

erated with the cell model by Courtemanche. The interval

of the first 20 ms after the depolarization upstroke is marked

with bullet points.

xint,λ = argmin
xint

(||Axint − yint ||22)

+ λ 2||(L+1)xint ||22 (3)

This yields a solution with the Tikhonov-2nd-order pseudo-

inverse A†

Tik2
:

xint,λ = (AT A+λ 2(L+1)T (L+1))−1AT yint

= A†

Tik2
yint (4)

where λ is a weighting parameter that is specified using the

L-curve method [12] and L is the Laplace operator. L in-

troduces a constraint that leads to a smooth distribution of

xint in space. The addition of 1 to L causes the solution to

be unbiased. Despite the change in range that comes with

the removal of the average, the method is well-suited to re-

construct the maximum of xint , which is a relative, not an

absolute measure.

3 Results

The P-wave onset was considered to be at 5 ms after the

first stimulus in the simulation. Tikhonov-2nd-order regu-

larization was used to solve the inverse problem for the

subsequent 20 ms-time-integral of ECG, yielding the recon-

structed integral of transmembrane voltages shown in Fig.

3(b). For a test of robustness against measurement noise that

is shown in Fig. 3(c), the inverse problem was also solved

for the time-integral taken from an ECG with additive white

Gaussian noise of 30 dB SNR. Both reconstructions show a

maximum close to the superior vena cava. As ground truth,

Fig. 3(a) shows the simulated transmembrane voltages at P-

wave onset. Compared to the ground truth, the reconstructed

origin is located at the opposite side of the vein. The corre-

sponding localization error, i.e., the Euclidean distance be-

tween the maximum integral of transmembrane voltages and

the site of original excitation is 19.2mm. With additive white

Gaussian noise neither the location of the maximum nor the

locations of the next smaller intensities change. The recon-

structed spatial signals deviate from one another by a mean

of 168 ·10
−18 V s and by a standard deviation from the mean

of 0.05mV s.

(a) Simulated transmembrane volt-

ages at P-wave onset.

(b) Reconstruction from simulated

ECG: integral of transmembrane

voltages of the first 20 ms after the

P-wave’s onset.

(c) Reconstruction from ECG with

additive white Gaussian noise of a

30 dB SNR: integral of transmem-

brane voltages of the first 20 ms af-

ter the P-wave’s onset.

Figure 3 The right atrium is shown in the lower-left, the left

atrium in the upper-right part of the image. Active myocar-

dial tissue can be found in the simulation to the anatomical

right of the superior vena cava and is reconstructed to its left.

L/RA: left/right atrium, SN: sinus node, L/RAA: left/right

atrial appendage.

4 Discussion and Outlook

The results show the feasibility of the described method to

reconstruct excitation origins in the human ventricles from

a simulation-based body surface potential map. The accu-

racy of the method is sufficient for a coarse localization of

the sinus node. However, further efforts have to be made to

improve the accuracy. For a development of advanced meth-

ods, simulations would also need to take into account het-

erogeneities of action potential curve morphologies in the

atria [13], which are currently not introduced in the cellu-

lar automaton. The close similarity of the reconstructions

from both the noisy and the original ECG shows the robust-

ness of the method against additive white Gaussian noise,

but reveals at the same time an inherent error that origi-

nates from the modeling and forward computation as well

as from the regularization method that solves the ill-posed

inverse problem. A full validation of the method with ECG-

measurements from healthy subjects is difficult, since the

location of the sinus node is usually unknown. Its reliable

localization would, for the same reason, be of great value.

In the future, different validation methods such as the local-

ization of artificial stimuli will have to be pursued.

5 Acknowledgements

The authors would like to thank Bettina Schwab for her con-

tribution to the segmentation of the MRI data. Furthermore,

the authors would like to thank Alexandra Groth, Philips Re-

search Europe-Aachen, for the great support regarding the

A-1

Ax = y

Montag, 25. Oktober 2010

mailto:walther.schulze@kit.edu
mailto:walther.schulze@kit.edu

