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Background

• A Full-Dose CT scan of the Chest has a 
Radiation Dose of up to 7mSv

• Low-dose CT Radiation Dose is only 1/5
of the full dose

Quality Optimization for Low-Dose CT (LDCT)--Main Stream 

An Important Screening Method for  
Lung Cancer and Covid-19 Pneumonia



√ Noise suppression  (噪声抑制)

√ Structure retention  (结构保持)

√ Artifacts suppression  (伪影抑制)  

Goals of LDCT denoising:

Background



Background
LDCT Denoising

High-quality CT

Sinogram
Filtering

Iterative 
Reconstruction Deep Learning

⨂ High Time-consumption

⨂ 𝐒inogram (Projection)  Data Unavailable

⨂ Limited Extension with AI-based Tasks

√Fast Processing with GPU

√Work on Image domain (Postprocessing)

√ Potential integration with AI-based Tasks 



Most deep learning-based LDCT denoising frameworks

CNN-based Models

LDCT

Estimated NDCT
Paired low/normal-dose 

CT datasets

loss

(Case X)

(same case)

NDCT
(Case X)

Update

⨂ Over smooth  or low noise suppression

⨂ Structure loss 

⨂Heavily rely on paired datasets

Limitations of existing methods:

Background
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Case A

Normal-Dose CT(NDCT) Low-Dose CT(LDCT)

unpaired
Case B

Case C

Case F

Case D

Case F

Data
(LDCT)

Label
(NDCT)

content

LDCT Quality Optimization Towards Clinical Desire 

①: Unpaired Data Set in Clinic  

ⅹ



Task-driven Deep Learning with Graph 
Convolutional Network

Task-driven Deep learning with Graph Convolutional Network

Our Task-Driven Deep Learning (TDDL) Framework

88

Estimate the noise Learn the estimated noise

VAE

Generate diverse noises 
with same characteristic

Learn real-world LDCT noise  (学习噪声)Highlight 1:

Chen K., Pu X., Ren Y., Qiu H., Li H., Sun J. (2020) Low-Dose CT Image Blind Denoising with Graph Convolutional Networks. ICONIP 2020. 

LDCT Quality Optimization Towards Clinical Desire: Unpaired Issue 



Task-driven Deep Learning with Graph 
Convolutional Network

Task-driven Deep learning with Graph Convolutional Network

Method

The proposed Task-Driven Deep Learning (TDDL) Framework for LDCT denoising 

Estimate the noise Learn the real LDCT noise

Why it works?

Image Blind Denoising With 
Generative Adversarial Network 
Based Noise Modeling, CVPR 2018



Task-driven Deep Learning with Graph 
Convolutional Network

Task-driven Deep learning with Graph Convolutional Network

The proposed Task-Driven Deep Learning (TDDL) Framework for LDCT denoising 

NDCT images can be easily obtained due to many 
researches on CT image segmentation and detection

Highlight 2: Obtain the paired datasets with LDCT     
images only  (带噪声图像对)



Task-driven Deep learning with Graph Convolutional Network

Both local and non-local Information sensitive

Imitate radiologists
(模拟影像医生)

Highlight 3:



Task-driven Deep learning with Graph Convolutional Network

TDDL-GCN(Ours)

GCN

CNN

non-local
self-similarity

local
self-similarity 

only

Both local and non-local Information sensitive

Imitate radiologists
(模拟影像医生)

Highlight 3:



LDCT Quality Optimization Towards Clinical Desire: Unpaired Issue 

Kecheng Chen, Yazhou Ren, et al., RIDnet: Radiologist-Inspired Deep Neural Network for Low-dose CT Denoising, arXiv, 2021 （under review）



Task-driven Deep Learning with Graph 
Convolutional Network

Task-driven Deep learning with Graph Convolutional Network

Overall

Our Task-Driven Deep Learning (TDDL) Framework for LDCT denoising 

LDCT Quality Optimization Towards Clinical Desire: Unpaired Issue 



Task-driven Deep Learning with Graph 
Convolutional Network

Task-driven Deep learning with Graph Convolutional Network

The proposed Task-Driven Deep Learning (TDDL) Framework for LDCT denoising 

Can match any denoising models

Play-and-Plug



Example: Denoising Results for Chest LDCT

LDCT TDDL-GCN(Ours) TDDL-REDCNN TDDL-CPCE

Chen K., Pu X., Ren Y., Qiu H., Li H., Sun J. (2020) Low-Dose CT Image Blind Denoising with Graph Convolutional Networks. ICONIP 2020. Lecture Notes in Computer Science.

Generate Extra Artifacts Generate Extra ArtifactsBalanced Results

LDCT Quality Optimization Towards Clinical Desire: Unpaired Issue 



Task-driven Deep learning with Graph Convolutional Network

LDCT TDDL- Ours TDDL-RED-CNN TDDL-CPCE

+ GCN

CNN-based Models

Chen K., Pu X., Ren Y., Qiu H., Li H., Sun J. (2020) Low-Dose CT Image Blind Denoising with Graph Convolutional Networks. ICONIP 2020. Lecture Notes in Computer Science.

LDCT Quality Optimization Towards Clinical Desire: Unpaired Issue 

Example: Zoomed-in Denoising Results for Chest LDCT



ICONIP  2020 ISICDM  2020

GCN: 局部+非局部特征 LDCT噪声学习、构建带噪声图像对
Chen K., Pu X., Ren Y., Qiu H., Li H., Sun J. (2020) 
Low-Dose CT Image Blind Denoising with Graph 
Convolutional Networks. ICONIP 2020. Lecture 
Notes in Computer Science.

Chen K., Huang J., Sun J., Ren Y., Qiu H., (2020) 
Task-Driven Deep Learning for LDCT Denoising. 
ISICDM 2020

Publications



Our Task-Driven Deep Learning (TDDL) Framework for LDCT denoising

Championship:
The Challenge LDCT 

Quality Optimization of ISICDM 

Award



LDCT Quality Optimization Towards Clinical Desire 

②: Disconnection between Quality Optimization and High-level Tasks 

AI-based Quality Optimization Process AI-based  Lesion Detection/Segmentation

Detection

segmentation

Step 1 Step 2

ⅹ
Disconnection



LDCT Quality Optimization Towards Clinical Desire 

②: Disconnection between Quality Optimization and High-level Tasks 

AI-based Quality Optimization Process AI-based  Lesion Detection/Segmentation

Detection

segmentation

Step 1 Step 2

ⅹ
Disconnection

⨂ Unknown Usability for  Step 2 in clinic 

⨂ Don’t orient practical high-level tasks

⨂ Evaluated Difficulty for optimized image



LDCT Quality Optimization Towards Clinical Desire: Disconnection Issue

Kecheng Chen, Kun Long, Yazhou Ren*, Jiayu Sun, Xiaorong Pu*. 2021. 
Lesion-Inspired Denoising Network: Connecting Medical Image Denoising and
Lesion Detection. ACM MM,2021. (CCF-A)

Connection between LDCT Quality Optimization and Lesion Detection 



LDCT Quality Optimization Towards Clinical Desire: Disconnection Issue

Kecheng Chen, Kun Long, Yazhou Ren*, Jiayu Sun, Xiaorong Pu*. 2021. Lesion-Inspired Denoising Network: Connecting Medical Image Denoising and Lesion Detection. ACM MM,2021.



LDCT Quality Optimization Towards Clinical Desire: Disconnection Issue
Highlight 1: Towards Region-of-Interest Quality Optimization  

A Novel ROI Perceptual Loss:

Perceptual Loss: Evaluate the difference between images in feature space

Existing methods: Work on overall feature map

ROI

Inspire from
Detection

Task

①

②

③



LDCT Quality Optimization Towards Clinical Desire: Disconnection Issue
Highlight 2: Multi-loss Objective Integration with GAN

①

①

②

②

③

③

③

① Evaluate Content Difference 

② Evaluate Difference in Latent Space

③ Evaluate the usability in Detection



LDCT Quality Optimization Towards Clinical Desire: Disconnection Issue

Highlight 2: Collaborative Training between Two Models



LDCT Quality Optimization Towards Clinical Desire: Disconnection Issue
Highlight 3: Collaborative Training between Two Models



Example: Denoising Results for Chest LDCT

LDCT Quality Optimization Towards Clinical Desire: Disconnection Issue

√Better Detection Results

√Better Structure Retain

√Detained Texture



LDCT Quality Optimization Towards Clinical Desire: Disconnection Issue

Better Detection Results

Detection Evaluation



LDCT Quality Optimization Towards Clinical Desire: Disconnection Issue

Denoising Evaluation



LDCT Quality Optimization Towards Clinical Desires:
Conclusion

②: Disconnection between Quality Optimization and High-level Tasks 

①: Unpaired Data Set in Clinic  

1. K Chen, K Long, Y Ren*, J Sun, X Pu*. Lesion-Inspired Denoising Network: Connecting Medical Image Denoising and

Lesion Detection. ACM MM (CCF A), 2021.

2. K Chen, X Pu*, Y Ren*, H Qiu, F Lin, S Zhang. TEMDnet: A Novel Deep Denoising Network for Transient

Electromagnetic Signal With Signal-to-Image Transformation. TGRS (JCR Q1), 2020.

3. Chen K., Pu X., Ren Y., Qiu H., Li H., Sun J. (2020) Low-Dose CT Image Blind Denoising with Graph Convolutional

Networks. ICONIP (CCF C)， 2020.

4. Chen K., Huang J., Sun J., Ren Y.*, Qiu H., (2020) Task-Driven Deep Learning for LDCT Denoising. ISICDM (EI), 2020.

5. The Championship: The Challenge for LDCT image quality optimization

AI-based Quality Optimization in Medical  Image 
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