
Learn2Synth: Learning Optimal Data Synthesis Using 
Hypergradients for Brain Image Segmentation

Xiaoling Hu

Athinoula A. Martinos Center for Biomedical Imaging

MGH/Harvard Medical School

https://huxiaoling.github.io/

1October 9, 2025

https://huxiaoling.github.io/


2

Synth/Augmentation  

Engine

Segmentation Net

()
Y predicted

(synth)

L(ytrue, ypred)

Loss
Z (labels)

Y true (synth labels)

X (synth)

Segmentation Net

(opt)
X (real) Y predicted

(real)

SynthSeg

• Training networks with entirely synthetic data

Billot, Benjamin, et al. "SynthSeg: Segmentation of brain MRI scans of any contrast and resolution without retraining." MedIA (2023).
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Learn2Synth

• Goal: improve the real world accuracy of a network trained on 
synthetic data
➢ Bias the synthesis such that the trained network works best on real data

• Idea
➢ Augment synthetic training examples (generated under ad-hoc rules) by 

a trainable network
➢ (Only) Augmented synthetic data used to train seg. network

➢ Incite aug. network to generate samples that better train the seg. 
network: benefit from real labeled examples

➢ Don’t care if the synthetic data is realistic or not
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Learn2Synth

• Training strategy
➢ Step1: freeze the aug. network and update the seg. network when 

running a “synthetic” training step
➢ (Only) Augmented synthetic data used to train seg. network

➢ Step2: freeze the seg network and update the aug. network when 
running the “real” training step
➢ Incite aug. network to generate samples that better train the seg. network
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Pipeline

• Step1: ‘Synthetic’ pass and update segmentation branch
➢ Black arrow: data flow; red arrow: gradient flow
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Pipeline

• Step2: ‘Real’ pass and update augmentation network
➢ Black arrow: data flow; red arrow: gradient flow
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Framework
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Results on synthetic datasets

• Settings
➢ Train both naïve SynthSeg and Learn2Synth with different noise levels 

added to the training images 
➢ 𝝈 = 0, 0.05, 0.1, 0.15 and uniformly sampled from [0.05, 0.2] 

➢ Test on images with corresponding noise levels
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Quantitative results

• Check if the network is learning what we expect
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Qualitative results
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Quantitative results

• Segmentation performance
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Results on real-world datasets

• 2D Segmentation performance
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Results on real-world datasets

• Generalizability
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Results on real-world datasets

• Generalizability



Thank you for your attention!

Q&A
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