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Inverse problems in Imaging

Measurement model:

Inverse of Measurement model:

Empirical studies with digital phantoms, root-mean-square-error (RMSE) as the metric



Inverse problems in Imaging



DL-sparse-view CT (2021 AAPM Grand Challenge)

512x512 image (f)
2D fan-beam CT
360 degree scanning
noiseless sinogram

128 views x 1024 bins (g)

128 view FBP

R partially known
4,000 training cases provided
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2021 DL-sparse-view CT winners

Oral presentation at ICML 2022
https://arxiv.org/abs/2206.07050



2021 DL-sparse view CT

Circular, fan-beam CT
geometric parameters and line-intersection weights 

NOT provided



2022 DL-spectral CT

Known forward model
Inverse problem solution unknown
(optimization-based, DL-based, or hybrid)

Non-linear forward model that leads
to non-convex optimization

Not too burdensome for participants
2D CT, 1000 training cases

Models fast kV-switching dual-energy
Unregistered transmission measurements



DL-spectral CT Phantom model
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Spectral CT model
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projection.py

dualEnergyTransmission.py
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w index is either 50 or 80 kVp
m index is either adipose (a), fibroglandular (f), or calcification (c)
FBP stands for filtered back-projection

FBP −ln 𝐼%



DL spectral CT objective:
obtain tissue maps from kVp images, kVp transmission, or both

Image-to-Image approach
kVp images are shown in a [0.15,0.35] gray scale 
window. Note that they have streak  and cupping 
artifacts. Also, the tissue contrasts are different for the 
low and high kVp images. In the image-to-image 
approach, the training data needs to be exploited to 
remove the artifacts; and the different contrast levels 
of the low and high kVp image training data then need 
to be exploited to estimate the tissue maps.

Transmission-to-Image approach



DL-spectral CT
the inverse problem
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Data size: 2x256x1024 (0.5 MB)

Data size: 3x512x512 (0.75 MB)

Ilow and Ihigh are not registered



DL-spectral CT platform and schedule

MedICI
Medical Imaging Challenge Infrastructure
www.medici-challenges.org

Benjamin Bearce (programmer)
Jayashree Kalpathy-Cramer (PI)

Schedule
March 17:  release of training – 1000 datasets, known truth
March 31:  validation phase – 10 datasets, unknown truth
May 17:      testing phase – 100 datasets, unknown truth
June 1:        challenge end

http://www.medici-challenges.org/


DL-spectral CT scoring

Ranking by average RMSE over 100 test cases
three tissue maps for each case

Tie-breaker:
Worst-case region of interest (ROI) RMSE
ROI is 25x25 pixels
Over all 100 cases



DL-spectral CT test phase results



DL-spectral CT test phase results



DL-spectral CT runner up team

Xiaoyu Hu Xun Jia

Institution:
University of Texas Southwestern
Medical Center

RMSE:  6.21 x 10-6

Worst case ROI RMSE:  9.77 x 10-5



DL-spectral CT winning team

Xiaoyu Hu Prof. Xun Jia

Institutions:
Capital Normal University, Beijing

Southern University of Science and
Technology, Shenzen

RMSE:  6.8 x 10-7

Worst case ROI RMSE:  2.2 x 10-6



DL-spectral CT top 5
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