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• Gamma imaging is used to provide improved 
quantitative estimations of uranium holdup in process 
equipment when compared to standard holdup 
methods, mainly the generalized geometry holdup 
method, which can have uncertainties as high as 50%

• As part of this quantitative holdup work, ORNL needs 
a software framework to create Compton scatter 
imaging techniques to combine with ORNL’s coded 
aperture imaging simultaneously from data acquired 
by the PHDs Germanium Gamma Imager (GeGI)

Goals and Objectives

• Coded Aperture Imaging
• Utilizes lower energy 

gammas interacting once 
in the detector through 
photoelectric absorption

• Image produced from 
deconvolution from a 
shadow projected on the 
detector created from an 
overlaid mask of a known 
pattern

• Shadow is dependent on 
source location within the 
detector’s field of view

Introduction

Detector Setup

Compton Back Projected Cones
Current Progress

Methodology

Future Work

• Quantification from Experimental Data
• Measurements are soon going to be made with 

uranium sources to evaluate detector efficiency 
and test imaging methods for quantification using 
DREAM

• 3D Implementation
• Utilize 4π imaging from Compton to image in 3D 

as opposed to 2D pixelated grid
• Create point cloud of room from LIDAR scan to 

project cones on for discretized imaging and 
quantification

• Bayesian Iterative Improvement
• Convert from simplistic iterative method using 

complete data from all cones to Bayesian 
probabilities without complete data
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Modified Uniformly Redundant Array 
(MURA) coded-aperture mask pattern

PHDs Germanium Gamma Imager (GeGI), 
double sided strip detector(DSSD) design

Weighting Compton Cones

Imaging/Spectroscopy

• Coded aperture image created by standard 
convolution approach between the detector hits and 
the mask plane

• Compton scatter initially creates simple back projected 
rays along the surface of the cone
• Rays are traced through the overlaid mask then to 

the pixelated coded aperture grid to create an 
image

• Rays are weighted based upon agreement with 
coded aperture image and attenuation through the 
3D mask

• Quantification Inputs
• Spectroscopic data is recorded for each individual 

image pixel from the combination of both imaging 
modalities

• Compton Imaging
• Utilizes higher energy 

gammas interacting multiple 
times in the detector from 
Compton scattering 
followed by photoelectric 
absorption

• From at least two 
interactions, the scattering 
angle can be evaluated, 
projecting a cone out of the 
detector at this angle along 
the interaction axis

• Quantification
• ORNL algorithm uses spectroscopic data in image 

pixels to determine uranium thickness, 
enrichment, and mass

• Differential Evolution Adaptive Metropolis 
(DREAM), a Markov Chain Monte-Carlo transport 
method

Compton cones projected to a 10 m sphere for 
direction of source

Compton cones projected to same pixelated 2D grid of coded 
aperture image; a 50 cm by 50 cm plane 1 m from the detector

Pixelated Compton image from simple backprojection 
with a numerical tally of rings crossing each pixel

Concept for 
weighting the 
Compton rays 

based on 
agreement with 

the coded aperture 
image

Concept for ray 
tracing rays 

through the 3D 
mask for mask 

attenuation 
weighting factors

Coded aperture generated image from 
deconvolution

Compton scattering simple backprojection image 
using reweighted rays from coded aperture 

image agreement and mask attenuation

Gamma spectrum from pixel (18,18) from 
combination of coded aperture and Compton 

scattering


