






in this paper, we note that other Krylov subspace algo-
rithms, such as GMRES, might also be feasible.

2.3. Numerical Simulations

We ran 50 simulations at three different noise levels (at
||e||2
||t∗||2 = 1%, 3%, and 5%). For each individual simula-
tion, we generated a total of 4,000 heart voltage and noise
variance samples, and calculated the 95% credible inter-
vals (CIs) for heart voltage. Using the concept of func-
tional band depth [4], we calculated the percentage of the
true heart voltage that fell within the 95% CIs for different
regularizers (ZOT, FOT, and SOT), hybrid and non-hybrid
meshes (Figure 2), and conductivity combinations to give a
total of 3×2×2 = 12 different experimental combinations
for a single noise level, ||e||2||t∗||2 .
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Figure 2. Non-hybrid (triangle only) and hybrid (triangle-
quadrilateral) meshes.

3. Results and Conclusion

Figure 3 shows the results of individual simulations for
zeroth and second order Tikhonov (ZOT and SOT) (top left
and top right), and the mean percentage of the true heart
voltages that fell within the 95% CIs at ||e||2||t∗||2 = 3% with
homogeneous (bottom left) and inhomogeneous (bottom
right) conductivity. While mesh discretization and con-
ductivity had some effect on the results, the choice of L in
Tikhonov regularization had the greatest impact on how
well the CIs captured the true solution at all noise lev-
els. Across all noise levels, conductivities, and mesh dis-
cretizations, the mean 95% CIs from first order Tikhonov
(FOT) and SOT always captured 11% to 42% more of the
true heart voltages than ZOT. Out of all simulations com-
bined, SOT on a hybrid mesh captured more than the other
regularizer and mesh combination 57% of the time. Fur-
thermore, our method for estimating the noise variance in
block-wise Gibbs sampling accurately predicted the true
noise variance 82% of the time to within 8% absolute er-
ror, demonstrating our method produces meaningful re-
sults. In summary, our results suggest a method for quan-
tifying uncertainty in Tikhonov solutions, and also suggest
that FOT and SOT may provide more accurate credible in-
tervals than ZOT.
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Figure 3. Example and summary results. Top left and top
right figures compare the zeroth order Tikhonov (ZOT) re-
construction on a non-hybrid mesh with the second order
Tikhonov (SOT) reconstruction on a hybrid mesh in refer-
ence to the true voltages. Grey areas show the 95% credi-
ble intervals (CIs) in both figures. The bottom left and bot-
tom right figures compare the mean percentage (of 50 sim-
ulations) of the true solution that falls within the 95% CIs
for zeroth, first, and second order Tikhonov on non-hybrid
(blue) and hybrid (red) meshes. Simulations in the bottom
left figure were ran with homogeneous conductivity, while
the bottom right figure used inhomogeneous conductivity
values.
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