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FIELD  PARADIGM:  INSPIRATION  

• Fundamental advances achieved in over 20  years of research 
on 3D machine vision. Computational algorithms developed 
for inverse imaging in digital cameras.

• Principle: Invert the image formation process in a camera using 
defocused images. Recover 3D scene geometry and focused 
image.

• Insights gained in inverse imaging  research led to  Field 
Paradigm for 3D medical imaging. It has applications in 
SPECT/PET, MRI,  MEG, and 3D microscopy.
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FIELD  PARADIGM: ADVANTAGES

SAFER AND MORE ACCURATE:

• Field SPECT  (Single-Photon Emission Computed Tomography)
• Over 70% less dosage of radiopharmaceutical and radiation.

• 50% Higher spatial and contrast resolution image, leading to more 
accurate medical diagnosis.

• Field PET  (Positron Emission Tomography)
• Lower cost machine: similar to SPECT machine but without 

expensive timing circuits.

• Field MRI  (Magnetic Resonance Imaging)
• Over 70%  less image scanning time in MRI; better for moving 

organs like heart.

• Faster ultra-low field (e.g. earth’s magnetic field) MRI

• Field MEG (Magnetoencephalography ): Higher resolution 3D 
images.

NO  SIGNIFICANT  DISADVANTAGES
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FIELD  IMAGE  PRINCIPLE

Field Paradigm is based on a fundamental new principle in 3D 
medical imaging:

Field  Image Principle:

Fields  reveal their sources and full information can be 
used for efficient and accurate determination of source 
density distribution. 

Efficiency is in terms of  low radiation, low cost, and  fast imaging.

Accuracy is in terms of  high spatial, temporal, and intensity 
resolution  of reconstructed 3D images.  

Field Image Principle is a simple and natural principle, but not recognized, 
realized,  or exploited in the past in  SPECT/PET/MRI/MEG.  Theoretical 
soundness is easily verified.  Experimental verification has been done on a 
rudimentary case through computer simulation.
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Field  SPECT

In conventional SPECT machines, only 1 gamma photon out of 
around 5,000  non-scattered photons  that carry information is 
detected. Other photons are blocked deliberately through 
collimation. Such  wasteful collimation is  due to the lack of a 
suitable theory to deal with all the  available  and useful 
photons.

In the new Field SPECT machine, in principle, all the 5,000 gamma 
photons can be detected and used.  In practice at least 5 to 10 
photons instead of just 1 photon out of 5,000 photons can be 
detected and used.  Therefore, radiation dosage can be 
reduced by over 70%, and resolution can be improved for 
more accurate diagnosis.
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Field  MRI

In conventional MRI machines,  sequential scanning  in time is 
done along X, Y, and Z dimensions. Frequency and phase 
encoding schemes are used for spatial localization of Radio 
Frequency (RF) emission sources. Sequential scanning makes 
the  imaging process slow. 

In the new  Field MRI machine, especially the ultra-low field MRI 
machine,  in principle,  no scanning in time  is needed.
Frequency and  phase encoding can be  completely bypassed. 
A fully parallel MRI can be used.  In practice, a hybrid scheme 
that combines frequency encoding scheme with pure Field MRI 
is better. Phase encoding can be replaced with fully parallel 
(i.e. non-scanning) Field MRI.  As a result over 70% reduction 
in image scanning time can be  achieved.
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Other Applications: MEG/MCG, X-ray CT, US, etc.

Field MEG (Magnetoencephalography): 3D Imaging of 
brain/neural activity in much higher spatial resolution. Closed-
form solution to 3D image reconstruction.

Field MCG (Magnetocardiography): 3D Imaging of electrical  
activity in a heart at higher spatial and temporal resolution.

Field MDI (Magnetic Density Imaging): novel low-field method.

Small improvements are expected in:

• X-ray Computed Tomography  (e.g. 5% lower radiation).

• 3D microscopy of opaque and transparent specimens.

• Ultrasound Transmission Tomography, Diffusion Optical 
Tomography, and Magnetic Resonance Spectroscopy for 
breast cancer diagnosis.
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Future Plan

• Collaborate with other researchers, institutions, and industry, in 
R&D.

• Build a portfolio of patents on various applications of Field Paradigm. 

• Build both computer simulated and actual prototypes.

• Design, develop, and evaluate performance of prototypes.

• Demonstrate novel  applications of Field Paradigm on the 
prototypes.

• Extend the theory of Field Paradigm. 

• License Field Paradigm technology to industry, and raise capital for 
developing, protecting,  and applying the new technology.

Patent Applications based on Field Paradigm by Dr. Murali Subbarao:
1. SPECT, PET : US Patent Appl. No. 12/586,863, Date 09/29/2009.

2. MRI:  US Patent Application No.  12/658,001, Date 02/01/2010.

3. MEG and MCG: US Patent Application No. 12/924,959, Date 10/09/2010.

4. Low-field MRI and MDI: U.S. Patent Application No. 12/927,653, Date 11/20/2010.

5. 3D Microscopy, X-ray CT,  US, DOT:  Prov.  Applcn. For Pat. 2010-11.
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