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Image formation 101: cameras

http://www.rags-int-inc.com/PhotoTechStuff/Lens101/LensDiagram_1024.gif



Image formation 102: radiography

http://pocketdentistry.com/wp-content/uploads/285/B9780702045981000079_f007-011ad-9780702045981.jpg

sensor

http://pocketdentistry.com/wp-content/uploads/285/B9780702045981000079_f007-011ad-9780702045981.jpg
http://pocketdentistry.com/wp-content/uploads/285/B9780702045981000079_f007-011ad-9780702045981.jpg
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Image deblurring - an inverse problem
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Image deblurring - an inverse problem

http://michiganengineering.tumblr.com/post/84680078721/a-student-takes-a-selfie-with-david-munson-jr
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http://michiganengineering.tumblr.com/post/84680078721/a-student-takes-a-selfie-with-david-munson-jr
http://michiganengineering.tumblr.com/post/84680078721/a-student-takes-a-selfie-with-david-munson-jr


Iterative image reconstruction
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William (Bill) Root (1919-2007)
Born 1919 in Iowa
1940 BSEE from Iowa state
1949 MSEE at MIT
1952 PhD in Math at MIT
1961 UM AERO Dept.
1986 UM EECS Dept.
1986 IEEE Shannon Award
First chair of the graduate program in computer, information, and control 
engineering (CICE)

http://www.lib.umich.edu/faculty-history/faculty/william-l-root

http://www.lib.umich.edu/faculty-history/faculty/william-l-root
http://www.lib.umich.edu/faculty-history/faculty/william-l-root


Early work on inverse problems!
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Early work with Alfred Hero



SPECT imaging with Ed Ficaro
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PET Reconstruction - 1994

Original
(Filtered Backprojection)

Original
(Filtered Backprojection)

Improved
(Statistical Image Reconstruction)



Resolution and noise analyses

Original Modified



Resolution and noise - 20+ years 

● Thanks to Rich Wahl...
● At least 8 PhD students
● Along the way, methods adopted in

○ Siemens pre-clinical PET scanners
○ GE clinical PET scanners
○ GE low-dose X-ray CT systems

● Hundreds of equations...



2001 an MRI odyssey with Doug Noll



Non-Uniform FFT (NUFFT)



Back to 1984



Past PhD Students



Past co-advised PhD students



Current PhD students / postdoc



PET again: from 2003 to 2015



PET illustration

S. Ahn et al., PMB, 2015

old new



Low-dose X-ray CT imaging



Parallelizable algorithms for CT

Ongoing work with Tom Wenisch, Ella Kazerooni, Heang-Ping Chan, Lubomir 
Hadjiiski, Mitch Goodsitt, ...

Standard (FBP) New (iterative)



Ongoing collaborations
● Volker Sick: plenoptic imaging of chemiluminescence
● James Balter and Yue Cao: free-breathing liver MRI for 

radiotherapy
● Ella Kazerooni and Prachi Agarwal and Mitch Goodsitt and Tom 

Wenisch et al.: low-dose lung CT
● Doug Noll and Jon Nielsen: MRI RF pulse design and fast fMRI
● Jon Nielsen and Roger Albin: quantitative MRI for neuroimaging
● Yuni Dewaraja: SPECT for radionuclide therapy
● Heang-Ping Chan: digital breast tomosynthesis
● Laura Balzano: dictionary and subspace learning
● Raj Nadakuditi and Sai Ravishankar: sparse signal modeling 
● Zhong He: 3D gamma imaging
● Ted Norris and Zhaohui Zhong: 

light-field imaging using transparent sensors
● ...



Future directions?

“Ultra-low dose CT image reconstruction based 
on big data priors”
UM-SJTU seed project
With Prof. Yong Long, UM-SJTU joint institute



Summary


