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Simulation of the surface ECG using the Equivalent dipole layer model
requires a representation of the transmembrane potential (TMP) throughout
the cardiac cycle. While detailed ionic models, such as the ten Tusscher-
Panfilov model (TTPm), offer high biophysical fidelity by simulating com-
plex ionic conductances (Ikr, Iks, Icar), their integration into large-scale for-
ward and inverse problem simulations is computationally demanding and
difficult to control for specific morphological variations.

We propose a parameterized TMP generator for the forward electrocardi-
ography problem. Using TTPm-generated TMPs as "gold standard" tem-
plates, we created a library to adjust signal morphologies. To ensure direct
control over the resulting ECG, TMP shapes were parameterized using three
phase-specific electrophysiological features and integrated into an ECGSim-
derived patient-specific volume conductor model via an EDL transfer matrix.
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tions, the correlation ranges were 0.71-0.94 (Epicardium) and 0.70-0.94
(Endocardium), compared to 0.89-0.97 for the Global model. Similarly, for
Phase 3, the correlations were 0.58—0.84 (Epicardium) and 0.66—0.78 (Endo-
cardium), versus 0.87—0.92 for the Global model.

Our approach bridges the gap between complex biophysical simulations
and simplified analytical models. By distilling the TTP model into a few
controllable parameters, this method provides a powerful tool for investigat-
ing how local changes in action potential morphology affect the global sur-
face ECG. This is particularly valuable for sensitivity analyses in forward
modeling and for the future development of more robust inverse problem
algorithms.



