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So What? Who Cares? 

• Space: Medical computed tomography.

• Problem: Tomographic reconstruction of images when 
constrained by evolving computational power, imaging 
hardware, and clinical demands.

• Solution: Over the course of 50 years, an initial diversity of 
solutions quickly coalesced around around a standard 
common solution. But that has recently been challenged 
by a new diversity of approaches.

• Results: Faster imaging at lower dose with near real-time 
reconstructed images.

• TRL: Mature and evolving.
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First EMI patient. 

October 1, 1971.

Modern CT image



Driving Forces

• Put simply, there were pressures to scan patients better, faster, 
and cheaper, all while controlling or reducing radiation dose. Due 
to:
• Clinicians seeking to increase the clinical applications of CT
• Hospitals and vendors wanting to increase the revenue generated by CT
• Vendors competing for market share and seeking to increase the 

market size
• Regulatory agencies encouraging reduction of dose from ionizing 

radiation due to increasing clinical usage of CT
• Competitors and public and private health insurers seeking reductions 

in the cost of the equipment and its operation.

3



The Beginning: Hounsfield (1965-1972)

• Head only, 5’ scan time, 80x80 images, 5’ reconstruction per slice

• In the protoype, Hounsfield implemented an iterative reconstruction 
algorithm that is outlined in some detail in the seminal EMI patent. 

• Was not aware of prior work (e.g., Cormack at Tufts)

• Demonstrated potential of CT in 1971 + receives Nobel Prize in 1979
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Computational challenges
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• The computational expense of the iterative algorithm required that 
scan data be transported from the hospital back to EMI on tape so 
that it could be processed overnight on a mainframe computer, the 
ICL 1905. 

• The reconstructed images were then returned to the hospital on tapes 
to drive a CRT display, or as Polaroid pictures taken of a CRT display at 
EMI. 



FBP to the rescue
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• This kind of centralized image reconstruction was 
obviously not practical for commercial units.

• The advent of the minicomputer provided hope of 
scanner-side reconstruction. 

• However, the minicomputers of the day were not 
able to run the iterative algorithm in clinically useful 
time frames.

• Reconstruction shifted to a filtered back-projection 
style method, developed and patented by EMI’s 
Chris Lemay.

• This allowed for reconstruction of a 160x160 image 
in 30 seconds on the minicomputer.



Clinical Applications and the Market Conquers 
Reconstruction (1972-1990)

• Many vendors enter and leave the market in the 1970s, including 
pharma companies such as Searle and Pfizer, before consolidation 
among the major existing x-ray imaging companies: GE, Siemens, etc. 

• Continuous improvements in hardware and reconstruction drive new 
clinical applications in this era.

• There is significant convergence of hardware and software solutions 
among vendors
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Everyone converged on fanbeam FBP with 
lots of secret sauce slathered throughout
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Overcoming the Assumption of a Static Patientand new 
algorithms (1990-2010)



Undoing Mathematical Assumptions

• Radon Transform needs line integrals from static patient/object
• Otherwise – motion artifacts (streaks, low-frequency shading, blurring)

• Reduce motion artifacts – faster rotation, artifact reduction

• Helical/spiral scanning violated Radon, but allowed more scans per 
breath hold allowing more slices/unit time
• Decreased static image quality (mainly slice sensitivity profile) increased

clinical applications including whole organ scanning, cardiac and screening

• Other enabler – motion compensation algorithms
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Increased Clinical Applications
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Helical multi-slice eliminates registration errors. 240 rpm + halfscan = 125 msec scan times.



The Return of Iterative Algorithms and the 
Ascent of Artificial Intelligence (2010-present)
• There was a significant amount of research in iterative reconstruction 

for emission tomography modalities like SPECT and PET.  

• Iterative  algorithms were deployed clinically for those modalities

• Not until 2009 did FDA approve an iterative algorithm for CT
• Data sizes are much larger in CT so computational burden is intense
• Indeed, CT datasets grew faster than Moore’s law for most of the period 1970 

to 2010. 
• During the slice wars of 1998 to 2004, CT data grew 64-fold while computer 

power grew ~8-fold. 
• FDA approval was a big hurdle not necessarily worth pursuing unless new 

algorithms gave competitive advantage
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AI/ML
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Lessons

• We discussed the forces that led both to innovation and convergence 
in medical CT image reconstruction algorithms
• Pressure for clinical applications
• Pressure to reduce cost and increase speed and robustness
• A push-pull with imaging and computational hardware advancements
• Regulatory considerations: Need a pretty significant improvement before 

vendor is motivated to seek approval for hardware/software changes

• I think some version of all of these forces is in play in the security 
realm. 
• There are perhaps fewer customers/end users in security space than medical 

space but they likely exert similar kinds of pressures

16


