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Poster Design Guide
This PowerPoint template is designed to be fully 
customizable. It has a three-column layout, but the design is 
flexible depending on your needs. Large chunks of text, 
images or tables can span multiple columns if desired. The 
first slide in this file shows a blank template, while the 
following slides show examples of how it can be used. 

Keep font size and type consistent by pasting content 
without formatting. 

Need design assistance? Email vis-id@llnl.gov. 

Visit https://vis-id.llnl.gov for more guidance on Lab logos, 
colors, and fonts. 

Moving Pieces
You are encouraged to move text boxes, figures and tables 
around to fit your needs. To preserve consistency, we 
recommend you go to VIEW and check the box for GUIDES. 
This will allow you to move pieces around but still see the 
basic three column structure. To make sure pieces are 
aligned, select multiple text boxes or images and click 
SHAPE FORMAT > ALIGN > ALIGN LEFT. 

Poster Size
Printing this poster will result in a 48 inch wide by 36 inch 
high page. This template is recommended for high-volume 
(>10) print use.

How to Add Text
The template comes with pre-formatted placeholders for 
headers and text boxes. You can add more text boxes by 
copying and pasting the existing ones. Adjust the size of your 
text based on how much content you have to present. The 
default template text offers a good starting point—font 
should not go below 8pt. 

How to Add Logos / Seals
For external presentations, PAD logos should not be added. 

For internal LLNL presentations, PAD logos can be added in 
place of the NNSA logo on the lower right. 

For projects with their own logos or when funding 
organizations require the inclusion of their logo, that logo 
can also replace the NNSA logo in the lower right. 

You can insert a logo by dragging and dropping it from your 
desktop, copy and paste or by going to INSERT > PICTURES. 
Logos taken from websites are likely to be low quality when 
printed. Zoom in at 100% to see what the logo will look like 
on the final poster and make any necessary adjustments.  

https://pdmc.llnl.gov/

How to Add Photographs / Graphics
You can add images by dragging and dropping from your 
desktop, copy and paste, or by going to INSERT > 
PICTURES. Be careful not to distort your photos when 
resizing. Zoom in and look at your images at 100% 
magnification. If they look good, they will print well. 

How to Add Tables, Graphs and Charts
The example poster slides come with pre-formatted 
placeholders for tables that can be duplicated and 
adjusted. You can add rows and columns to these by 
clicking the table then selecting LAYOUT > INSERT. 

You can copy and paste charts and graphs into the spaces 
created for figures. 

Using Color
The Lab’s primary and secondary color palettes can be 
found by scrolling to just above the poster template. 

To use these colors, select the object you want to recolor, 
go to SHAPE FORMAT > SHAPE FILL or TABLE DESIGN > 
SHADING and then select MORE FILL COLORS. Click the 
small eyedropper symbol and then hover over any of the 
palette colors, clicking to select and then pressing OK to 
confirm. 

How to Remove These Instructions
These details will not print, but you can delete or edit them 
by going to VIEW > MASTER. 

Save Your Work
Save your template as a PowerPoint document. For 
printing, save as PowerPoint or “Print-quality” PDF. 

TIP: There is a downloadable file with instructions for a PDF 
job options preset that you can download at XX that will 
automatically save your poster with the correct TID Print 
Plant specifications. 

Print Your Poster
When you are ready to have your poster printed at TID, go 
online to https://pdmc.llnl.gov/. You will receive a 
confirmation email letting your know your order was 
delivered. Please allow 3–5 business days for printing.

NOTE: You will need a Project and Task to submit your 
order.
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We conduct two types of experiments:
Experiment I: Full-time sequence

• Models trained on the full ECG signal (𝐗 ∈ ℝ12 ×500).
• During testing:

• LSTM and 1D CNN use the full ECG signal.
• Transformer uses only the first 10-time steps  (𝐗𝟎 ∈ ℝ12 ×10)

Experiment II: Limited-time sequence
• LSTM and 1D CNN—trained on full data—are tested with limited-time inputs 

for fair comparison with the transformer.
• Input: ෡𝐗 = [𝐗0 0], where 0 ∈ ℝ12 ×490 is zero-padding.

• Output: Reconstructs TMP signal (𝐕 ∈ ℝ75 ×500).

Model I: 1D CNN
• Reproduced SqueezeNet-based 1D CNN from [2].

• Trained from scratch with original hyperparameters for direct comparison.

• Serves as a baseline with 392,907 parameters.

Model II: CNN-LSTM
• Combines CNN layers for spatial features and LSTM layers for temporal dynamics.

• Architecture:

• CNN layers: 3 layers with 64, 128, and 256 filters.

• LSTM layer: Hidden size 64.

• Fully connected output layer.

• 213,835 parameters.

Model III: Transformer
• Encoder-decoder architecture leveraging attention for temporal modeling.

• Encoder input layer: Uses stacked Conv1D from 1D CNN model.

• Training:

• Processes ECG in 10 time-step segments.

• Decoder predicts the next TMP segment, guided by a sine-cosine position 
encoding strategy 3 .

• Inference:

• Uses predicted TMP segments iteratively for full signal reconstruction.

• 824,731 parameters.

SIGNAL RECONSTRUCTIONS FOR ECG-TRANSMEMBRANE
VOLTAGE POTENTIALS USING TRANSFORMERS

Jocelyn Ornelas-Munoz‡, Gbocho M. Terasaki‡, Aditya Ranganath†, Omar DeGuchy†, Roummel F. Marcia‡

INTRODUCTION

The inverse problem of electrocardiography reconstructs the heart's electrical 
activity from body-surface ECG signals. The forward model is: 

where:

•      : Observed ECG signals (𝑛 body-surface locations, 𝑡 time points).

•      : Transmembrane voltage signals at mmm epicardial locations.

•      : Forward operator modeling cardiac sources.

•      : Measurement noise.

We estimate the TMP       by minimizing:

Mean Squared Error (MSE):

Huber Loss (robust to outliers):

IM: LLNL-CONF-2004714LLNL-CONF-2004714

Transmembrane voltage potential (TMP) signals are crucial for diagnosing heart 
conditions, but electrocardiogram (ECG) recordings often suffer from noise and 
time-step limitations, hindering accurate TMP reconstruction.
We propose two deep learning models to recover TMP signals from corrupted ECG 
data:
• LSTM model – Maps ECG inputs to TMP outputs in a one-to-one manner.
• Transformer model – Generates TMP signals using attention mechanisms for 

improved temporal modeling.
Our results show that both models outperform state-of-the-art 1D CNNs in TMP 
recovery.

PROBLEM FORMULATION

PROPOSED MODELS 

DATASET
We evaluate our approach using the Simulated Intracardiac Transmembrane Voltage 

Recordings and ECG Signals dataset [1], which contains 16,117 paired ECG and TMP 
signals. Voltages are measured in millivolts (mV) and time in milliseconds (ms).

ECG signals TMP signals  

CONCLUSIONS

NUMERICAL EXPERIMENTS

𝐗 ∈ ℝ12 ×500 : 12-lead ECG recordings 
measuring voltage over 𝟓𝟎𝟎ms.

𝐕 ∈ ℝ75 ×500: Voltage measured at 75 intracardiac 
locations over  𝟓𝟎𝟎ms.

Experiment I: Full-time sequence

Experiment II: Limited-time sequence

• Electromagnetic methods for measuring voltage within the body can be costly 
and prone to errors.

• We propose an alternative approach for reconstructing transmembrane 
potentials directly from ECG signals.

• The transformer model captures temporal relationships in body-surface 
potential measurements to accurately reconstruct transmembrane potentials 
with only a few milliseconds of data.

RESULTS
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1D CNN LSTM Transformer

MAE (↓) 0.0733 0.0364 0.0357

MSE (↓) 0.0194 0.0063 0.0069

R2 (↑) 0.8270 0.9409 0.9412

Pearson (↑) 0.9158 0.9703 0.9704

Spearman (↑) 0.8496 0.9359 0.9030

Metric

Model

1D CNN LSTM Transformer

MAE (↓) 0.4785 0.3148 0.0357

MSE (↓) 0.3392 0.1618 0.0069

R2 (↑) -2.0007 0.4013 0.9412

Pearson (↑) -0.1101 -0.5209 0.9704

Spearman (↑) -0.0347 0.0679 0.9030

Metric

Model
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