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üProbability of 
developing invasive 
ŎŀƴŎŜǊǎ ƻǾŜǊ ƻƴŜΩǎ 
lifetime: 
üMale: 1 in 2 

üFemale: 1 in 3 

üU.S. deaths attributable 
to cancer: 1 in 4 

üNumber 1 cause of 
death for those under 
age 85 in U.S. 
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Source: CA Cancer J Clin 2011;61:212-236 
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üHarsh radiation environment in 

Space increases risk of cancer for 
astronauts 
üNo appreciable medical facilities 

in Space 
üVast distances make return for 

testing/treatment difficult or 
impossible 
üNeed improved technology for 

earlier and more accurate 
screening on Earth and, someday, 
in Space  
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üNanoTech 

üMEMS 

üEnergy Storage 

üSensors 

üX-ray 

üIR 

üImage Processing 
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üHierarchical Segmentation (HSEG) Algorithm 
 



üThe Hierarchical Segmentation (HSEG) algorithm 

ü Originally developed for remote earth sensing, tech reveals 
details/features not visible to the naked eye 

üProduced from image or image-like data 

üPartitioning of an image into related sections or regions 

üSegmentations at different  levels of detail 

üCoarser segmentations produced from merges of regions from finer 
segmentations 

üRegion boundaries are maintained at full image spatial resolution. 

üHybrid of Hierarchical Step-Wise Optimization (HSWO)* region growing and a 
form of spectral clustering ς controlled by a spclust_wght parameter. 

üBasis of HSWO: Given a segmentation with N regions, find the optimal 
segmentation with N-1 regions by finding the best merge of adjacent 
regions. 

üBasis of HSEG: Also include non-adjacent regions in finding best merge, 
but give priority to adjacent region merges by the factor 1/spclust_wght. 
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A recursive approximation of HSEG is called RHSEG: 

 

ü RHSEG recursively subdivides the image data and then recombines the 
results such that the number of regions handled at any point in the 
program is restrained. 

ü The recombination step requires special blending code to avoid processing 
window artifacts. This special blending code has been awarded a patent by 
the  United States Patent and Trademark Office. 

 

Parallel RHSEG: 

 

ü Recursive HSEG (RHSEG) facilitates a highly efficient parallel 
implementation ς a full Landsat TM scene (6500x6500 by 6 bands) can be 
processed in two to eight minutes with 256 2.1 GHz CPUs (NCCS Discover 
Cluster). 

ü NASA has been awarded a patent by the  United States Patent and 
Trademark Office on aspects of the parallel implementation. 
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Figure 1. (A true color rendition of a 512x512 

pixel portion of a Landsat 7 Thematic 

Mapper image from northern Wisconsin 

collected on May 26, 2003. 

Figure 2. Two region class 

segmentation that separates 

water from land. 

Figure 3. Three region class segmentation 

that separates water, wetlands and dry land.  

Figure 5. HSEG segmentation used 

to separate shallow streams and 

lakes (light blue) from deep lakes 

(blue). October 5, 2011 
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A true color rendition of a 768x768 pixel 
section of Ikonos data from the Patterson 
Park/Inner Harbor area of Baltimore, MD.  

HSWO Segmentation with 7415 region 
objects. (global dissimilarity  = 0.346) 
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A true color rendition of a 768x768 pixel 
section of Ikonos data from the Patterson 
Park/Inner Harbor area of Baltimore, MD.  

RHSEG Segmentation with 11 region 
classes and 38,773 region objects.  (global 
dissimilarity  = 0.345) 
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üNASA GSFC Medical Imaging Expo 
held 2001 
ü HSEG a featured technology 

üTechnology licensed to Bartron in 
2003 

üBartron and NASA  establish CRADA in 
2005 
ü1st NASA CRADA  
ü$150K to develop a multidimensional 

version of HSEG 
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ü Applying tech to medical imaging and 
testing in medical settings 

ü Founded in Conn., Bartron established 
Md. corporate office 
üwŜŘǳŎŜŘ ŎƻƳǇŀƴȅΩǎ ŘŜǾŜƭƻǇƳŜƴǘ ǘƛƳŜ 

and costs by 50% 
ü 5-year sales projections exceed $3.7M 
üMaryland 

ü Software development & R&D 
ü 2 current employees, 3 consultants, 1 paid 

UMBC grad student (in process of hiring 2 
more employees) 

ü Eventually create 16 high-skilled jobs 

üConnecticut 
ü Manufacturing facilities 
ü State grant to train 12 people 
ü Clinical trials for 3D version in VA hospital 

ü Maryland Tech Transfer Company of the 
Year (2011) 

ü R&D 100 Award winner for 2011 
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ü FDA cleared Class II Medical Device 

ü Picture Archiving and Communications System (PACS) 

üHSEG Licensed to Bartron Medical Imaging in 2003 

üTransmitted via satellite, cable, digital subscriber 
line, or dial-up 

ü Incorporates parallel-computing algorithms that 
perform high-speed segmentation and 
regionalization 

üAssist in disease diagnosis and management 

üDigital X-rays  

üMammograms 

üMRIs 

üCT 

üPET 
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The left image shows an original mammogram before MED-SEG processing. The 
image on the right, with region of interest (white) labeled, shows a mammogram 
after MED-SEG processing.  
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üBartron will incorporate the 3D version of RHSEG 
into the next version of the MED-SEG product, 
ǿƘƛŎƘ ŎǳǊǊŜƴǘƭȅ ǳǎŜǎ wI{9DΩǎ н5 ǾŜǊǎƛƻƴ 

üDƻŘŘŀǊŘΩǎ Ltt ŀƴŘ 5ǊΦ ¢ƛƭǘƻƴ Ǉƭŀƴ ǘƻ ŎƻƴǘƛƴǳŜ ǘƻ 
provide support to Bartron in further developing 
the RHSEG technology via a new Space Act 
Agreement 
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