
Python Reconstruction Operators in Neural Networks

PYRO-NN



Motivation

• Use of known operators !

• Reduce error, amount of paramter
• Gain interpretability
• Gradient flow through different domains
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PYRO-NN: Python Reconstruction 
Operators in Neural Networks
• TF-Layers: Projector and back-projectors

• 2D parallel, fan and 3D cone-beam
• Python API:

• Layer abstraction
• Geometries
• Phantoms
• Data generators
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Operators in Tensorflow
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Tensorflow

Training libraries Inference libs

Python client C++ client ...

C API

Distributed master Dataflow executor

Kernel implementations

Const Var MatMul Conv2D ReLU Queue ...

Network layer

RPC RDMA ...

Device layer

CPU GPU ...



Known Operators in Tensorflow
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PYRO-NNTensorflow

Training libraries Inference libs

Python client C++ client ...

C API

Distributed master Dataflow executor

Kernel implementations

Const Var MatMul Conv2D ReLU Queue ...

Network layer

RPC RDMA ...

Device layer

CPU GPU ...

Python API

Kernel implementations

Conebeam projector Conebeam backprojector ...



PYRO-NN Architecture

Christopher Syben    |    LME    | PYRO-NN 6

Tensorflow sources

Shared objects

Python package

compile sources

building python package

Tensorflow sources

Shared objects

Python package

building python package

PYRO-NN

compile sources

Tensorflow python package contains 
PYRO-NN in respective name space



Short-Scan FDK-Net
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Short-Scan FDK-Net
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Iterative Reconstruction
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Iterative Reconstruction
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from pyronn.ct_reconstruction.layers import projection_2d

reco = tf.get_variable(
initializer=np.zeroes(geometry.volume_shape),
trainable=True, 
constraint=lambda x: tf.clip_by_value(x, 0, np.infty))



Iterative Reconstruction
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from pyronn.ct_reconstruction.layers import projection_2d

reco = tf.get_variable(
initializer=np.zeroes(geometry.volume_shape),
trainable=True, 
constraint=lambda x: tf.clip_by_value(x, 0, np.infty))

current_sino = projection_2d.parallel_projection2d(reco, geometry)



Iterative Reconstruction

Christopher Syben    |    LME    | PYRO-NN 12

from pyronn.ct_reconstruction.layers import projection_2d

reco = tf.get_variable(
initializer=np.zeroes(geometry.volume_shape),
trainable=True, 
constraint=lambda x: tf.clip_by_value(x, 0, np.infty))

current_sino = projection_2d.parallel_projection2d(reco, geometry)

error = tf. squared_difference(current_sino,acquired_data) 
+ lambda * tf.image.total_variation(reco)
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Sparse View CT



PYRO-NN on GitHub

Python API:
https://github.com/csyben/PYRO-NN

Layers:
https://github.com/csyben/PYRO-NN-LAYERS
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https://github.com/csyben/PYRO-NN
https://github.com/csyben/PYRO-NN-LAYERS


FBP Reconstruction

TV
 R

ec
on

• Supports Tensorflow and PyTorch
• Full GPU Integration
• Open Source
• Apache 2.0 License

Python Reconstruction 
Operators for  Neural 
Networks

PYRO-NN

pip install pyronn


