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Transformer: What’s new?

Three things to consider when switching to 
transformers:

1. Embedding 

2. Positional Encoding

3. Multi-Head Attention
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Embedding

• Input must be a series/set of vectors

• Measurements often already have shape of vectors
Example:

• Otherwise implement embedding to obtain vectors:

• Fixed set of inputs (words, classes,…): e.g. Keras Embedding Layer

• Varying inputs (image patches, higher dimensional data): e.g. Keras Dense Layer
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360 timesteps 
3 PMTs

Series of 360 
three-dimensional vectors

Many more 
possibilities!

https://keras.io/api/layers/core_layers/embedding/
https://keras.io/api/layers/core_layers/dense/
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Positional Encoding
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Transformer

Add vectors (identical 
set for all samples) to 

embedding vectors
𝑖: Time bin
𝛿: vector dimension
𝑑: network dims.

Principle
Non-Trainable (Example)

Trainable (Examples)

Transformer does not inherently treat input as time series → add order information

Keras Embedding Layer

Learnable vector for 
each input position

(or any other 
fixed set of 
vectors)

https://arxiv.org/pdf/2201.08482.pdf

Can get very complicated!

Example: TimeFiLM

Works well for non-periodic 
time series

https://keras.io/api/layers/core_layers/embedding/
https://arxiv.org/pdf/2201.08482.pdf
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Multi-Head Attention

Standard implementation available in both tensorflow/keras and pytorch
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https://www.tensorflow.org/api_docs/python/tf/keras/layers/MultiHeadAttention
https://pytorch.org/docs/stable/generated/torch.nn.MultiheadAttention.html
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Example: Signal Trace Analysis
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1

2
Only Trace 1

Ignore

VISPA Example!

Trace 1 Trace 2

Self
Attention

Self
Attention

Cross 
Attention

Pooling,
Dense

Count common peaks in two time traces before individual peak in trace 1:
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Example: Image Classification with Vision Transformer
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VISPA Example!

Vision Transformer
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Efficient Transformer
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https://arxiv.org/pdf/2009.06732.pdf

Large inputs might lead to VRAM problems using 
traditional transformer → Try efficient transformer

Many different implementations:

https://arxiv.org/pdf/2009.06732.pdf
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Perceiver
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See https://keras.io/examples/vision/perceiver_image_classification/ for examplary code in tensorflow/keras

Easy to implement example of efficient transformer, intended as general-purpose architecture
https://arxiv.org/abs/2107.14795

Note: Number of Query inputs does not 
have to match number of Keys/Values:

𝑁 × 𝐷 𝑀 × 𝐷 𝑁 ×𝑀

𝑁 × 𝐷

Perceiver IO

⇒

https://keras.io/examples/vision/perceiver_image_classification/
https://arxiv.org/abs/2107.14795

