
Convolutional Variational Autoencoder for GRB
Generation

PREPROCESSING

Raw Photon Data
TIME, ENERGY, GRB_ID

Filtering
Slope analysis

Length
constraints

Transform
Log(ΔT), Log(E)

Scaling
Padding

Input Tensor
(batch, max_len, 2)

[Log ΔT, Log E]

Mask
(batch, max_len)

ENCODER

Convolutional Stack

Conv1D layers
(stride=2, downsampling)
GroupNorm + LeakyReLU

FC → μ
(latent_dim)

FC → log σ²
(latent_dim)

Latent Space

z = μ + σ ⊙  ε
ε ~ N(0, I)

dim = latent_dim

Length Predictor

MLP + Sigmoid
→ [0, 1]

DECODER

FC + Reshape
latent_dim →
feature map

Transposed Conv Stack

ConvTranspose1D layers
(stride=2, upsampling)

GroupNorm + LeakyReLU

Final Conv1D
→ 2 channels

Output Tensor
(batch, max_len, 2)

[Reconstructed ΔT, E]

Predicted Length
fraction × max_len

LOSS FUNCTIONS

Time Loss

Smooth L1 (Huber)
on ΔT channel

masked

Energy Loss

MSE on E channel
masked

weight: energy_weight

Distribution Loss

Sorted L2
(1D Wasserstein)

weight: sort_weight

KL Divergence

D_KL(q(z|x) || p(z))
Free Bits mechanism

weight: kl_weight

Length Loss

MSE on predicted
vs true fraction

weight: len_weight

Total Loss

L_time + L_energy + L_dist + L_kl
+ L_len

+ + + + =

Generation Mode: Sample z ~ N(0, I) → Decoder → Synthetic GRB sequence + predicted
length
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Key Parameters

• latent_dim
• max_len, min_len
• hidden_dims [ ]
• kl_weight, kl_target
• energy_weight
• sort_weight
• len_weight


