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Magnetic Resonance Imaging (MRI)
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Problem: Accelerated MRI Reconstruction
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• Regularized Inverse Problem

min
𝒙

1

2
𝑨𝒙 − 𝒚 2

2 + 𝑹 𝒙

𝒚 𝒙

𝑨

𝒙𝑡+1 = 𝒙𝑡 − 𝜂𝑡𝒈𝑡

= 𝒙𝑡 − 𝜂𝑡 𝑨𝐻 𝑨𝒙𝑡 − 𝒚 + 𝜵𝑹 𝒙𝒕

We can solve it iteratively via gradient descent



Preliminary: Deep Unrolled Model
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• Unroll each iteration with a neural network

𝒙𝑡+1 = 𝒙𝑡 − 𝜂𝑡 𝑨𝐻 𝑨𝒙𝑡 − 𝒚 + 𝜵𝑹 𝒙𝒕

𝒙𝑡+1 = 𝒙𝑡 − 𝜂𝑡𝑨𝐻 𝑨𝒙𝑡 − 𝒚 + 𝑪𝑵𝑵 𝒙𝒕Deep Unrolling

Iterative Reconstruction

Deep Unrolled Model DC𝒙0 𝒙1 𝒙𝑇
…CNN DCCNN DCCNN



Contributions

1. Adaptive Unrolling

2. Memory-Efficient Sensitivity Map Estimation

3. SOTA Performance on Three Public Benchmarks 
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Motivation

• Areas of complex structure need more careful gradient-based correction
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Easy

Moderate

Hard

Contribution1: Adaptive unrolling



Method: Adaptive Unrolling

• Adaptive Gradient Algorithm
Apply pixel-wise learning rate in each iteration
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Gradient Descent 𝒙𝑡+1 = 𝒙𝑡 − 𝜂𝑡𝒈𝑡

Adaptive Gradient Descent 𝒙𝑡+1 = 𝒙𝑡 − 𝜂𝑡𝒈𝑡 − 𝑬𝑡⨀𝒈𝑡

scalar learning rate 𝜂𝑡

residual pixel-wise learning rate 𝑬𝑡

𝑬𝑡 =
𝜂𝑡

στ=0
𝑡 𝒈τ

2 + 𝜖
− 𝜂𝑡

Contribution1: Adaptive unrolling



Method: Adaptive Unrolling

• Reparametrization
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Adaptive Unrolling 𝒙𝑡+1 = 𝒙𝑡 − 𝜂𝑡𝑨𝐻 𝑨𝒙𝑡 − 𝒚 + 𝑪𝑵𝑵 𝒙𝒕, 𝑨𝐻𝑨𝒙𝑡 , 𝑨𝐻𝒚, 𝒔𝑡

𝒙𝑡+1 = 𝒙𝑡 − 𝜂𝑡𝑨𝐻 𝑨𝒙𝑡 − 𝒚 + 𝑪𝑵𝑵 𝒙𝒕Deep Unrolling

Deep Unrolled Model DC𝒙0 𝒙1 𝒙𝑇
…CNN DCCNN DCCNN

Adaptive Unrolled Model 𝑨𝐻𝑨𝒙0, 𝑨𝐻𝒚, 𝒔0 𝑨𝐻𝑨𝒙1, 𝑨𝐻𝒚, 𝒔1 𝑨𝐻𝑨𝒙…, 𝑨𝐻𝒚, 𝒔…

𝒔𝑡 tracks the historical 
gradient information implicitly

Contribution1: Adaptive unrolling



Method: Adaptive Unrolling

• Momentum-Accelerated Gradient Algorithm
Historical feature aggregation

9
Contribution1: Adaptive unrolling

(a) Self-Adaptive Gradient Algorithm (b) Momentum-Accelerated  Gradient Algorithm



Method: Adaptive Unrolling

• Results Deep Unrolled Model: M1, M2
Adaptive Unrolled Model: Ours

M1:  learns a weaker prior, 
resulting in a blurry structure

M2: learns an overly biased 
prior, resulting in a sharper 
but incorrect structure

Ours: learns an appropriate 
prior, resulting in a sharp and 
correct structure

Zero-filled Ground TruthM1 M2 Ours

Contribution1: Adaptive unrolling
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Method: Sensitivity Map Estimation

• Adjacent slice correlation
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Method: Sensitivity Map Estimation

• Memory bottleneck
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coil-by-coil estimation adjacent coil estimation



Method: Sensitivity Map Estimation

• Memory bottleneck
Memory reduced by 55%
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coil-by-coil estimation

adjacent coil estimation



SOTA Results:
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Calgary-Campinas Brain

CMRxRecon Cardiac

FastMRI Knee



SOTA Results: Calgary-Campinas Brain
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SOTA Results: CMRxRecon Cardiac
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SOTA Results: FastMRI Knee
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Summary

Adaptive Unrolling

Memory-Efficient Sensitivity Map Estimation

SOTA Performance on 3 Public Benchmarks
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Code & Models
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