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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

Bad Model Perfect EM Bad Results
(CELELE) Solver (CELELE)

Bad EM Bad Results

Good Model Solver (Garbage)
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Background and Motivation — MRI-Based

« NORMAN: Male — 1995 [1]
— 10 mm scan resolution
— Missing ribs and imported organs
— Normalized to ICRP reference values

« Japanese Models: Male & Female — 2004 [2]

— 2 mm scan resolution
— 2 x 2 x2mm3voxel size
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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

[1] P. J. Dimbylow, Physics in Medicine and Biology, vol. 42, no. 3, pp. 479-490, Mar. 1997.
[2] T. Nagaoka et al., Physics in Medicine and Biology, vol. 49, no. 1, pp. 1-15, Jan. 2004.
[3] P. Dimbylow, Physics in Medicine and Biology, vol. 50, no. 6, pp. 1047-1070, Mar. 2005. 4
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* Visible Human Male and Female — 1996 [1]

— CT, MRI, and color cross-sectional images
« YaxYax1mm3and Vs x Vs x ¥a mms3 resolutions

— Brooks Man — 2000 [2]
« 1 x1x1mm3voxel resolution

— HUGO - 2000 [3]
« 1 x 1 x1mm3voxel resolution

[1] V. M. Spitzer et al., J. of the Amer. Medical Informatics Assoc.: JAMIA, vol. 3, no. 2, pp. 118-130, 1996.
[2] P. A. Mason et al., in Radio Frequency Radiation Dosimetry, Eds. Norwell, MA: Kluwer, 2000, pp. 141-155.
[3] DIPP GmbH, “HUGO - The Professional Anatomical Data Set,” Loerrach , Germany. http://www.vr-laboratory.com/ 5
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e Chinese Visible Human Project — 2003 [1]

— CT, MRI, and color cross-sectional images
— BIOEM model — 2011 [2]

— 1 x 1 x 1 mms3voxel resolution

* Visible Korean Human — 2005 [3]
— CT, MRI, and color cross-sectional images
— 0.2 x 0.2 x 0.2 mm? finest resolution
— Segmented images only — no BIOEM model

[1] S.-X. Zhang et al., Anatomical Record. Part B, New Anatomist, vol. 275, no. 1, pp. 190-195, Dec. 2003.
[2] T. Wu et al., Physics in Medicine and Biology, vol. 56, no. 7, pp. 2075-2089, Apr. 2011.
[3] J.S. Park et al., IEEE Trans. on Med. Imag., vol. 24, no. 3, pp. 352-360, Mar. 2005. 6
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Background and Motivation — Surface-Extracted

e The Virtual Family — 2010 [1]

— Male adult, female adult, female child, and male child

— MRI-based data set
e 0.5x0.5%x1.0mm3t0 0.9 x 0.9 x 2.0 mm?3 scan resolution
* Limitations for nerves and blood vessels .

— Surface extraction

« Removes staircasing effects
from voxels

e The Virtual Classroom [2]
— Four additional child models

« Surface Extraction Applicable to
Other Voxel Models

[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/numan-models/ 7
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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 ‘ o
- 1 X 1 X 1 mm3 reSOIUtlon ) AustinManEleétromagneticVoxels

y An Oren Source MopeL ConsTRUCTED FRoM THE VisiBLE HuMAN DATASET

.
[ Iniduction Last Updite: 2/21/2012
- Soaeioay Jackson W. Masseyl, Cemil 5. Geyik?, Natcha Techachainirant, Che-Lun Hsu®, Robin Q. Nguyen?, Trevor Latson?, Madison 8allZ, and

Ali E. Yilmaz!
Department of Electrical and Computer Engineering
University of Texas at Austin, Austin, TX 78712, USA
Department of Chemical Engineering
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- - Assumptions University of Texas at Austin, Austin, TX 78712, USA
Acce I b I e O n I I n e Tmage Shifs 35t. Stephents Eniscopal Schoal, Austn, TX 76712, USA
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INTRODUCTION

- AustinMan is 3 voxel model of the human body that is being developed for electromagnetic simulations from the
wn Errors

. . National Library of Medicine's Visible Human Project data set [11. The model is available to the public at
. Citing the Model http: //web2.corral.tace.ut d \ManEMVoxels under these conditions of use. The authors have chosen an
Acknowledgements “open source” model that is easily accessible and verifiable. The authors encourage users to improve the model and
- . Conditions of Use

Contact

submit new versions to this website for distribution. The model is freely available for research, teaching, or other
non-commercial uses

This website describes the methodology used to develop the AustinMan model. A more detailed description of the

= Download Data methodology and visualizations of AustinMan v1.1 can be found in Creating AustinMan: An Electromagnetic Voxel
Model source and analysis e
— en phere

VERSIONS

- 2/21/2012  Website doucmentation has been updated for AustinMan v2.0.
SO Ware a S O aval a e 2/15/2012  AustinMan v2.0. Whole body model. Includes all 1878 siices. Only the even slices (i.e. every 2 mm)

« Segmented slices and masks
« Boundary and Region Identification Software Kit (BRISKIit)
— Documentation of assumptions, errors, and problematic regions

— Evolving model / version control
* Third-Party Input Highly Encouraged @G)@@
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Outline
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10
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Methodology

 AustinMan  AustinWoman
— Visible Human Male — Visible Human Female
— Y5 x Y5 x 1 mm3 resolution — Yo x V3 x Y53 mm:3 resolution

— 1878 images — 5189 images
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I\/Iethodology — Image Preparation

« Croppi
— Red

— AustinMan and AustinWoman
* Top left corner (0,0)
* New dimensions 2048 x 1120 px

e Spatia

ng

uces loading + processing times

| Translation

— Corrects for misalignment between consecutive slices
Slices  Shift to the Right

AustinMan

1253-1360

1391-1416

1730-1790

1881-2546

2703-2878

1977

AustinWoman Slices

Shift to the Right

12
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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

Background

Skin

L*a*b* Colorspace

2501 '
200- " & | ® Background
1501 ® Skin
100

50

13
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Methodology — Image Preparation

« Masks: Results
— Background distractions removed
— Automatic with few manual corrections — 1 day
— Homogeneous models created from masks

Visible Human Male slice 1111 AustinMan mask 1111

14
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Methodology — Segmentation

« Semi-Automated

— Initial guess methods
* Region growing
* ldentified tissues
from previous slice

— Initialization script
— Review individual tissues

 BRISKIit Tools
— Manual identification
— Region translation
— Region expansion
— Boundary competition
 Reduced Time:
3 hr/slice to 1 hr/slice

15



UNIVERSITY OF TEXAS AT AUSTIN

\T'—(ECE http://bit.ly/AustinMan
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

16
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Methodology — Coarsening and Extrusion

* Fine Voxels Grouped into Coarser Voxels
 Mode Material Assigned to Coarser Voxel

— EM properties [1] 82 MM_1_ Slice 1002
0 mMmm
e XTI Slice 1003
< 82 MM_|_ Slice 1004
0 mMmm
05MM_|_ Sjice 1005
N/ 0.5mm
'E‘ Z <
@9 4 mm
y § /N
05MM_|_ Sjice 2874
0.5 mm
0.5 mm .
E o5 Slice 2875
| — < 05MM_|_ gjice 2876
0.5 mm
1x1x1mm? 2 x 2 x 2 mm3 4 x 4 x 4 mm3 8222 Slice 2877
& 0.5 mm .
e 05 mm Slice 2878
—
4 mm

[1] S. Gabriel, R. W. Lau, and C. Gabriel, Physics in Medicine and Biology, vol. 41, no. 11, pp. 2271-93, Nov. 1996. 17
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Results — Version History

N
« Homogeneous models
 Available by request
Y,
 Partial-body models A
* Head, torso, etc.
 Avallable online )
* Whole-body models A
« Updated as corrected
 Available online )

19
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Results — Homogeneous Models (v0.0)

« Homogeneous Models Based on Mask Slices
— Simple to create, but slightly overestimate volume

AustinWoman
1x1x1mms3
84,326,669
voxels
30 mm

20

AustinMan
1x1x1mms
104,374,050
voxels
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Results — AustinWwoman v1.0

e 29 Tissues ldentified

Air Gland
BloodVessel Lens
BoneCortical Lunginflated
BoneMarrow Lymph

BrainGreyMatter MucousMembrane
BrainWhiteMatter Muscle
Cartilage Nerve
Cerebellum SkinDry
CerebroSpinalFluid SpinalCord
Cornea Tendon
Dura Tongue
Esophagus Tooth
EyeSclera Trachea
Fascia VitreousHumor
Fat
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Results — AustinWwoman v1.0

Circulatory System

22
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Results — AustinWwoman v1.0

23
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Results — AustinMan v2.1

° 58 T|SSU es | d e nt|f| ed Air Ductus Deferens Lens Spinal Cord
Aorta Duodenum Liver Spleen
Bladder Duodenum Internal Lung Inflated Stomach
Blood Vessel Dura Lymph Stomach Internal
Bone Cortical Erectile Tissue Meniscus Tendon
Bone Marrow Esophagus Mucous Membrane Testis
Brain Grey Matter Eye Sclera Muscle Thymus
Brain White Matter Fascia Nalil Tongue
Cartilage Fat Nerve Tooth
Cerebro Spinal Fluid Gall Bladder Pancreas Trachea
Colon Gland Peritoneal Cavity Urethra
Colon Internal Coﬂiirgti-vze'}rr;:sue Prostate Ventricle/Atrium
Cornea Heart - Muscle Skin Dry Vitreous Humor
Dense Qonnective IT Band Small Intestine
Tissue
Diaphragm Kidney Sm?rlllular:tne;tine

Actual

90.26 kg

AustinMan

104.12 kg

Brooks Man
105.29 kg

VIP-Man
104.28 kg

24
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Results — AustinMan v2.1
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Circulatory System
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Results — AustinMan v2.1
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Results — AustinMan v2.1

Digestive System
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Awn Open Source MopeL CoNSTRUCTED FROM THE VISIELE HuMan DATASET

Introduction

Methodology
Crop
Mask

Segment & Identify

Coarsen & Extrude

Tissue MATERIAL ASSUMPTIONS

The following assumptions were made when assigning known electromagnetic material IDs to tissues whose
electromagnetic properties are not known.

Homogeneous
Model Table 2: Tissue Material Assumptions (Updated: 2/21/2012)
Assumphtions . . Assigned Page
- >
L: ial Slices| Actual Material Material Why? Reference Number
Asﬁun:l tions 1006- Galea " . R
Problem Regions 1048 | Aponeurotica Muscle continuous fibromuscular sheet [11 790
ﬂ:irr?;';?:e:;ie_ 1013- "When cranial growth ends, osteogenic cells
Known Errnrsp B 1150 Sutures Bone Cortical generally bring about complete ossification of [11 487
Citing the Model 1019-| 5 ior Sagittal " h EL‘:tL::Iral'“gamtintsdf the brai
Acknowledgements -| Superior Sagitta venous channel, draining blood from the brain
Conditions of Use 1133 Sinus Blood Vessel and cranial bones” [11] 1582
Contact Fissure / . "CSF ... reach[es] the subarachnoid space of the
FAQ 11[;2125_ Subarachnoid Ceret:_lrgié_-?pmal lateral fissure and ... spread[s] over the cerebral [11 1205
References Space surface.”
D':’W”J!Pid Dazt-?j 1045-| Frontal Sinus -
AustinM=n vzl 1100 Sphenoid - " o
:pn;rggeneou: 1101-| Sinus/Maxillary Alr large air sinus [11 285
1169 Sinus
1067- - Cerebro Spinal " o m
1107 Ventricle Fluid CSF fills the ventricles [11 1202
1111- . "The neurohypophysis contains thin,
1115 Neurohypophysis Nerve nonmyelinated nerve fibres” nn 1886
111111%' Adenohypophysis Gland Part of the pituitary gland [11 1883
e The transverse sinus is one of the dural sinuses
http://bit.ly/AustinMan 29
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Introduction
Methodology
Crop
Mask
Segment & Identify
Coarsen & Extrude
Homogeneous
Model
Assumptions
Image Shifts
Tissue Material
Assumptions
Electromagnetic
Material Properties
Known Errors
Citing the Model
Acknowledgements
Conditions of Use
Contact
FAQ
References
Download Data
AustinMan v2.0
Homogeneous
Sphere

ProeLEM REGIONS

There are various regions in the Visible Human Dataset, where the model is less precise than expected. These
regions include areas where the boundaries are very blurred, artifacts exist, or the images are different from
what would be expected based on our knowledge of anatomy. For example, reconstructing the homogeneous
model shows that the ear lobes look abnormal.

Table 3: Problem Regions (Updated: 2/21/2012)

. Problem 2
Slices Regions Why?
1070- "Typically, with age, the dura mater thickness changes from 0.3 to 0.8 mm." [12] Ik is
1048 Dura Mater too thick at the top of the head. It is hard to identify and discontinuous elsewhere

because of its thickness.
It is difficult to determine the boundary between the air and the mucous membrane in
1045- the sinus cavities. Often, the membrane appears much thicker than it is supposed to
1160 Sinus Cavities| be, perhaps because one can see down into the cavity due to the nature of how the
images were obtained. Since the membrane is typically less than 1mm thick, it was
omitted and the cavities were labeled as air.
1089- Orbital Boundary between fat and bone cortical is difficult to distinguish due to their similar
1130 Cavities colors
1103- Spinal Cord It is unclear where the spinal cord starts in this set of slices. It is labeled starting in
1112 | “F slice 1109.
1105- Masal It is hard to differentiate nasal cavity from bone. The boundaries are not clear due to
1155 Cavities mucous membrane (which was labeled as air, see sinus cavities).
1109- Internal Region surrounding internal carotid artery is difficult to identify. Currently, the artery is
1142 |Carotid Artery labeled as a blood vessel and is surrounded by air. This is a known error.
1199- Tempaoralis
1147 Tendon and Difficult to distinguish the transition between the tendon and bone cortical.
Mandible

http://bit.ly/AustinMan 30
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Introduction
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KnownN ERRORS

There are several known errors in the earlier models that have been corrected once discovered. Please
contact the authors if other errors are discovered.

Homogeneous
Model Table 4: List of Known Errors (Updated: 2/21/2012)
Assumptions Models
Image Shifts that ad
Tissue Material . Correct
Assumptions have Slices Error in ol
Problem Regions the mod
Electromagnetic error
Em v1.0 1232 Material incorrectly labeled as GallBladderBile. wl.l
Citing the Model v1.0 1261 I'ﬂatgnal incorrectly labeled as Testis. vl.1
Acknowledgements v1.0 1331 Material incorrectly labeled as BoneCancellous. vl.l
Conditions of Use 1004, 1050, 1085, 1100, 1101,
Contact vi.0 1166, 1207, 1261, 1274, 1282, | Unidentified material should be skin (failure to expand Vil
FAQ . 1290, 1306, 1310, 1322, 1339, images when interpolating). )
References 1348
Download Data v1.0,
AustinMan v2.0 vi.i ) ) ) )
Homogeneous 1'2' 1148 Parotid gland is not labeled on right side.
Sphere 1::2' D’
v1.0,
v1.1, 1784 Bone cortical is incorrectly labeled as bone marrow for
v1.2, the left humerus.
v2.0
vl.0,
Eé' 2165 Missing bone marrow
http://bit.ly/AustinMan 31




UNIVERSITY OF TEXAS AT AUSTIN

\"'.éECE http://bitly/AustinMan
AustinMan Users

« Pazmany Péter Catholic University
« University of California San Diego
« George Washington University

« University of Minnesota
 Monopole Research
« Ohio State University

\ isq’.u!‘m'
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. N - . e
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Conclusions
* AustinMan and AustinWoman E(r.0)] (dB)
— 1 x 1 x 1 mm3 open-source voxel models 0
_ http://bit ly/AustinMan I
— Segmented slices + BRISKit program -10
— Assumptions, problems, and errors 20
« Ongoing Work
- -30

— Release AustinWoman v2.0

— Incorporate input from third-party groups 40
— Generate surface-based models
— Full-scale BIOEM Simulations [1] -50
— Comparison between EM solvers [1]
f =900 MHz

« Acknowledgements

THE VISIBLE
HUMAN

[1] C. S. Geyik, F. Wei, J. W. Massey, A. E. Yilmaz, “FDTD vs.
AIM for Bioelectromagnetic Analysis,” in IEEE Ant. Propagat.
Soc. Int. Symp., Chicago, IL, July 2012, to be presented.
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