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Inverse Problem of Ultrasound Image Reconstruction

y = Hx + n
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Solving the Inverse Problem of Ultrasound Image Reconstruction

Solving y = Hx + n by x̂ = arg min
x̂

1
2 ||y − Hx||22 + ϕreg

State-of-the-art : ϕreg based on the prior assumptions [1-4] / data-adaptive [5]

(1) Smoothness in frequency domain
1
2 ∥Wf D1abs(Fx)∥2

2 + 1
2 ∥Wf D2abs(Fx)∥2

2, where F =
DCT (Ozkan et al. [2018])

(2) Smoothness in spatial domain
∥D1Env(x)∥1 + ∥D2Env(x)∥1 (Zhang et al. [2021])
∥∇x∥2

2 (Bodnariuc et al. [2016])

(3) Sparsity in wavelet domain∥∥ψ†x
∥∥

1
, where ψ = 1√

8
[ψ1, ψ2, ..., ψ8] (Zhang et al.

[2021]/Carrillo et al. [2015]/Carrillo et al. [2013])

(4) Sparsity in spatial domain

Tikhonov – ∥x∥1 and ∥x∥2
2 (Szasz et al. [2016])

use envelope – ∥Env(x)∥1 (Zhang et al. [2021])

(5) Data-adaptive
1
2 xT (x − Denoi(x)) [Regularization by Denoising (RED)]
under the Plug-and-Play (PnP) framework (Goudarzi et al.
[2022])

Solve with Deep Neural Networks ?
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Solving the Inverse Problem of Ultrasound Image Reconstruction

• Self-Supervised (Zhang et al. [2021])

• Fully Supervised (Perdios et al. [2022])

• Supervised Unrolling (Luijten et al. [2023])

Common drawback :
1 Trained DNN <—> 1 Inverse Problem Model

[Med Image Anal] Ultrasound Image Reconstruction from Plane Wave Radio-Frequency Data by Self-Supervised Deep Neural Network (Zhang et al. [2021])
[IEEE TUFFC] CNN-based Image Reconstruction Method for Ultrafast Ultrasound Imaging (Perdios et al. [2022])
[IEEE ICASSP] Neural Maximum-a-Posteriori Beamforming for Ultrasound Imaging (Luijten et al. [2023])
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Solving the Inverse Problem of Ultrasound Image Reconstruction

• Leverage the Generative Priors

+ One Trained Generative model <—> One Unlimited Inverse Problem Models

+ assumed learned prior

+ [LQ, HQ] HQ required for training

The solving methods can be adapted to other inverse problems
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Diffusion Models

* Generative Models : Diffusion Models
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Diffusion Models
Unconditional sampling :

Figure – Unconditional CIFAR10 progressive generation (Ho
et al. [2020]).

Conditional sampling :

Figure – Generation process of a conditioned generator.
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Denoising Diffusion Restoration Models

Start with a simple case :

[NeurIPS] Denoising Diffusion Restoration Models (Kawar et al. [2022])
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Denoising Diffusion Restoration Models

Most general case : any linear inverse problem

[NeurIPS] Denoising Diffusion Restoration Models (Kawar et al. [2022])
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From y = Hx + n to By = BHx + Bn

Figure – Forward model of ultrasound image reconstruction

Problem : TOO MUCH data to control !

Solution :
COMPRESS the data by applying an operator B≈ Ht

Figure – Matrix B

Yuxin Zhang (LS2N-SIMS) ED seminar - 2023 30 - June - 2023 20 / 28



From y = Hx + n to By = BHx + Bn

Figure – Forward model of ultrasound image reconstruction

Problem : TOO MUCH data to control !

Solution :
COMPRESS the data by applying an operator B≈ Ht

Figure – Matrix B

Yuxin Zhang (LS2N-SIMS) ED seminar - 2023 30 - June - 2023 20 / 28



From y = Hx + n to By = BHx + Bn

Figure – Forward model of ultrasound image reconstruction

Then :

Figure – Data-compressed forward model

Conflict :
colored noise Bn does not meet the assumption of
DDRM
Solution : Apply a whitening operator C
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From By = BHx + Bn to CBy = CBHx + CBn

Figure – Forward model of ultrasound image reconstruction

Figure – Data-compressed forward model

Figure – Noise-whitened and data-compressed forward model
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Solve the Inverse Problem of Ultrasound Image Reconstruction with DDRM

Inverse Problem Models :
Use

{
By = BHx + Bn (DRUS)

CBy = CBHx + CBn (WDRUS) to recover x with the given y.

Test set : PICMUS dataset (Liebgott et al. [2016]) gives the observation y.

Figure – Examples of PICMUS reconstructed ultrasound images

Diffusion Model :
Fine-tune the public-available one which was trained on the ImageNet dataset (1,281,167

images) (Russakovsky et al. [2015])

Figure – Examples of the fine-tune set (800 images)
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Results : compare against the reference
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Results : compare against the reference
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Conclusion and Future work

Ultrasound Image Reconstruction with Denoising Diffusion Restoration Models

+ 1 pre-trained Diffusion Model → different Inverse Problem Models
+ training from scratch Fine-tuning with [LQ , HQ] image pairs

- Artifacts
- Requiring the SVD of the model matrix

DGM4MICCAI workshop at MICCAI 2023 (submit)

Future work :

• Enlarging the train/test dataset

• Removing the dependency on SVD
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Thank you !
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