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Background and Motivation 

• Bioelectromagnetic (BIOEM) Problems 

– Mobile phones, implantable devices, etc. 

– Electromagnetic (EM) solvers 

• BIOEM Models 

– EM properties 

– High resolution 

– Potential source of error 
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• NAOMI: Female – 2005 [3] 

– 1 mm to 4 mm scan resolution 

– Ribs imported from NORMAN model 

– Normalized to ICRP reference values 

• Japanese Models: Male & Female – 2004 [2] 

– 2 mm scan resolution 

– 2 × 2 × 2 mm3 voxel size 

Background and Motivation – MRI-Based 

• NORMAN: Male – 1995 [1] 

– 10 mm scan resolution 

– Missing ribs and imported organs 

– Normalized to ICRP reference values 
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• Visible Human Male and Female – 1996 [1] 

– CT, MRI, and color cross-sectional images 

• ⅓ × ⅓ × 1 mm3 and ⅓ × ⅓ × ⅓ mm3 resolutions 

 

 

 

 

 

– Brooks Man – 2000 [2] 

• 1 × 1 × 1 mm3 voxel resolution 

– HUGO – 2000 [3] 

• 1 × 1 × 1 mm3 voxel resolution 

Background and Motivation – Visible Humans 
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Background and Motivation – Visible Humans 

• Chinese Visible Human Project – 2003 [1] 

– CT, MRI, and color cross-sectional images 

– BIOEM model – 2011 [2] 

– 1 × 1 × 1 mm3 voxel resolution 

 

 

 

 

• Visible Korean Human – 2005 [3] 

– CT, MRI, and color cross-sectional images 

– 0.2 × 0.2 × 0.2 mm3 finest resolution 

– Segmented images only – no BIOEM model 
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Background and Motivation – Surface-Extracted 

• The Virtual Family – 2010 [1] 

– Male adult, female adult, female child, and male child 

– MRI-based data set  

• 0.5 × 0.5 × 1.0 mm3 to 0.9 × 0.9 × 2.0 mm3 scan resolution 

• Limitations for nerves and blood vessels 

– Surface extraction 

• Removes staircasing effects  

from voxels 

• The Virtual Classroom [2] 

– Four additional child models 

• Surface Extraction Applicable to  

Other Voxel Models 

http://bit.ly/AustinMan 

7 

[1]  A. Christ et al., Physics in Medicine and Biology, vol. 55, no. 2, pp. N23-38, Jan. 2010. 

[2]  IT’IS Foundation, “High-Resolution Human Models: Virtual Population,” Zurich, Switzerland.  

       http://www.itis.ethz.ch/itis-for-health/virtual-population/human-models/ 



Problems with Existing Models 

• Error Sources in Models 

– Inaccurate boundaries 

• Low resolution images 

• Imaging technique 

• Human errors 

– Tissue properties 

• Availability 

– No longer available 

– Cost a fee 

– Tied to software packages 

• Not Open-Source 

– Independent verification not possible 

– Unable to improve or modify 
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Objective 

• High-Fidelity, Accurate Models 

– Male and female 

– 1 × 1 × 1 mm3 resolution 

• Open-Source, Reproducible Models 

– Accessible online 

 http://bit.ly/AustinMan 

– Model source and analysis 

software also available 

• Segmented slices and masks 

• Boundary and Region Identification Software Kit (BRISKit) 

– Documentation of assumptions, errors, and problematic regions 

– Evolving model / version control 

• Third-Party Input Highly Encouraged 
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Methodology 

• AustinMan 

– Visible Human Male 

– ⅓ × ⅓ × 1 mm3 resolution 

– 1878 images 

• AustinWoman 

– Visible Human Female 

– ⅓ × ⅓ × ⅓ mm3 resolution 

– 5189 images 
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Methodology – Image Preparation 

• Cropping 

– Reduces loading + processing times 

– AustinMan and AustinWoman 

• Top left corner (0,0) 

• New dimensions 2048 × 1120 px 

• Spatial Translation 

– Corrects for misalignment between consecutive slices 

http://bit.ly/AustinMan 
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AustinMan Slices Shift to the Right 

1231-1252 9 

1253-1360 -2 

1361-1390 11 

1391-1416 -2 

1417-1729 11 

1730-1790 17 

1791-1880 18 

1881-2546 16 

2547-2702 18 

2703-2878 20 

AustinWoman Slices Shift to the Right 

1495 -4 

1977 -4 



Methodology – Image Preparation 

• Masks: Process 

– Separate body from background 

– Euclidean distance thresholding in the L*a*b* color space 

– Dilation and erosion to remove fiduciary markers and small defects 
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Methodology – Image Preparation 

• Masks: Results 

– Background distractions removed 

– Automatic with few manual corrections – 1 day 

– Homogeneous models created from masks 
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AustinMan mask 1111 Visible Human Male slice 1111 



Methodology – Segmentation 

• Semi-Automated 

– Initial guess methods 

• Region growing 

• Identified tissues  

from previous slice 

– Initialization script 

– Review individual tissues 

• BRISKit Tools 

– Manual identification 

– Region translation 

– Region expansion 

– Boundary competition 

• Reduced Time:  

3 hr/slice to 1 hr/slice 
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Methodology – Segmentation 

• Boundary Competition 

– Adjusts boundaries between competing regions 

– Examines pixels on boundaries 

– Reassigns them based on which material they are most similar to 

– User selects regions and colors 
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Methodology – Coarsening and Extrusion 

• Fine Voxels Grouped into Coarser Voxels 

• Mode Material Assigned to Coarser Voxel 

– EM properties [1] 

http://bit.ly/AustinMan 
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Results – Version History 

v0 
• Homogeneous models 

• Available by request 

v1 

• Partial-body models 

• Head, torso, etc. 

• Available online 

v2 

• Whole-body models 

• Updated as corrected 

• Available online 
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Results – Homogeneous Models (v0.0) 

• Homogeneous Models Based on Mask Slices 

– Simple to create, but slightly overestimate volume 
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AustinMan 

1 × 1 × 1 mm3 

104,374,050 

voxels 

AustinWoman 

1 × 1 × 1 mm3 

84,326,669 

voxels 

30 mm 



Results – AustinWoman v1.0 

• 29 Tissues Identified 
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Circulatory System 

Results – AustinWoman v1.0 

http://bit.ly/AustinMan 

22 



Brain 

Results – AustinWoman v1.0 
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Results – AustinMan v2.1 
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• 58 Tissues Identified 

Actual AustinMan Brooks Man VIP-Man 

90.26 kg 104.12 kg 105.29 kg 104.28 kg 
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Results – AustinMan v2.1 

Circulatory System 



Respiratory System 

http://bit.ly/AustinMan 

26 

Results – AustinMan v2.1 



Digestive System 
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Results – AustinMan v2.1 
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• Pázmány Péter Catholic University 

• University of California San Diego 

• George Washington University 

• University of Minnesota 

• Monopole Research 

• Ohio State University 

 

AustinMan Users 
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Conclusions 

• AustinMan and AustinWoman 

– 1 × 1 × 1 mm3 open-source voxel models 

– http://bit.ly/AustinMan 

– Segmented slices + BRISKit program 

– Assumptions, problems, and errors 

• Ongoing Work 

– Release AustinWoman v2.0 

– Incorporate input from third-party groups 

– Generate surface-based models 

– Full-scale BIOEM Simulations [1] 

– Comparison between EM solvers [1] 

• Acknowledgements 
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