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ABSTRACT

Derek Merck: Model Guided Rendering for Medical Images
(Underthe direction of Stephen Pizé& Julian Rosenman

High quality 3D medical image visualization has traditionally been restricted to either
particular clinical tasks that focus on easily identified or high contrast structures, such as
virtual colonoscopy, oto atlas patients such as the Visible Human, which can be
painstakingly micresegmented and rendered offline. Model Guided Rendering (MGR)
uses partial image segmentations as a framework for combining information from
multiple data sources into a singlew, which leads to a variety of methods for
synthesizing high quality visualizations that require only a short setup time.
Interactively presenting such scenes for particular target patients enables a variety of
new clinical applications.

MGR draws infomation about a scene not only from the target medical image but also
from segmentations and object models, from medical illustrations and solid textures,
from patient photographs, from registration fields, and from other patient images or
atlases with inbrmation about structures that are hidden in the base modality. These
data sources are combined on a regioyregion basis to estimate contexjppropriate
shading models and to compose a globally useful composition (clipping) for the entire
scene. Locahappings are based on segmenting a sparse set of important structures
from the scene by deformable shape models with well defined volumetric coordinates,
such as the discrete medial representation-(@ps). This partial segmentation provides
object coordnates that can be used to guide a variety of fast techniques for oriented
solid texturing, color transfer from 2D or 3D sources, volume animation, and dynamic
hierarchical importance clipping.

The mgrView library computes medialworld and worldto-medial mappings and
AYLX SYSyGa Ylye 2F abDwQa -anhShlek®réndering soteK A y
that can render complex scenes in red@ine on modest hardware. Severaignette
GAS6a RSY2yailNluiigBe c&pahiitiesaad Wwe@Qdi to important new
comprehengons in clinical applicationsThese views includan interactive anatomic

atlas of the head and neck, animated disptdythe effects of setup error oanatomic
shape change onfractionated external beam radiothergp treatment, and a
pharyngoscom augmentatiorthat overlays planning image guidance information onto
the camera view
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45 The otter with an extra wrist bone from (Drebin, Carpenter and Hanrahan 1988).
When shown this display, scientistiscovered a hitherto unknown wrist bone.
This is one of the few examples that the author has been able to find of volume
rendering actually contributing novel scientific Utility..............ccooceriiieniiinniiine e 40

46 Scenes renderered with mgrView using 64 planes (left) and 192 planes.(right)....41

30 nt /t2a8 dJ 2F & O2 NYiteRaumg Biag n§Vigus. 0.042F § GKS SR

48 The gradient volume of an abdomen image stored as rgb channels and rendered
direCtly With MQIVIBW.......coo i e e e e e e e 43

3® ngdp LYFIS FNRBY 62Sa020SN mopdnfol Aét £ dzZAGNF GAy 3 G

kernels. The kernels in the top row are too sharp, giving inadequate coverage of
the scene. The kernels on the bottom row are too broad, causing unnecessary

50 Annotated @mGL pipeline originally found in (Shreiner, et al. 2005).................... a4

5l1Detdi 2F +2f +AS6Qa 05 NBYRSNAY3I IyR (GNIyYyaFSN Fdzy

The transfer function interface shows a histogram of the intensities in the scene.
Leftmost is air, rightmost is bone. The overlaid line controls the opacity for each
intensity valie (transparent at air, approaching opaque at bone). The bar on the
bottom shows the color assignments for each intensity value (brown for soft

tissue, Whitepink fOr DONE).........ooo i 46

52. One of my favorite volume renderings, using a curvature based transfer
function from (Kindlmann, et al. 2003). Note that it is very simila sarface

1T 0o [T [ T T 46
53 Tone shaded illustrative rendering of therax from (Ebert and Rheingans

201010 ) TSP OPPPRRTPRPRRY A7
54 (Tietjen, Isenberg anceiPn 2005) describes a method for combining

segmentations with DVR to create hybrid illustrative renderings...........cccccccceeeennn.. 47
30 pp [SFGZ 6[dzx SG td wnnovQa @2f dzvYS

2005) renderings of the engine block data............cccccceiiiiiiiin e, 47
56. Image from (Svakhine, Ebert and Stredney 2005)..........coocceriiiniiiieeeiniiieee e 48
57 Left, a standard view of an abdomen data set in mgrView. Right, the same view

with specularitybased opacity modulation.............cccceeeeeiiiiieieieeeiieeeeeeeeeen 49

58 (Bruckner, et al. 2006) uses-awhy views driven by distance from the viewer to
Maintain a ViISUal CONTEXL...........ooiiiiiiiiieeeeeccc e e s 50

59 Right, a scene rendered normally in mgrView. Left, the same with per
pixel opacity modulation from distance as in Program 6. The table and ribs have
been removed, allowing a clear view of the kidney. The effect is quite striking
when interactively rotating the ODJeCt...........ooi i 50

60 Male pelvis scene rendered primarily from CT data but with red tinted MR data
mapped into the prostate mgion to show distinction between soft tissue types
WIthiN the PrOSEALE.. ... e 51

61 Simple worlthapped solid texture applied to the thyroid region of the target
T2 1T=] 0| PP UUTU TP TOUOTTPPPRIS 52
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62 Direct display of the X2U map near the right sternocleidomastoid (scm) muscle.
The red channel encodes the directionalongthe object, the green channelvs
aroundthe object, and the blue channeltisthe throughdirection. The boundary
surface of the scm is superimposed as a similarly colored mesh..............cccccceeeee. 53

63 Mreps. Top left, a medial sample with two equal length spokes touching
opposing surface patches. Top middle, a sampled skeletal sheet with neighbor
relations marked. Top right, spokes at each medial sample describe the
orientation of the implied surface at that hub. Bottom left, a densely sampled
surface can be interpolated from the medial samples. Bottom right, a prostate

model with subfigures defined for the left and right seminal vesicles...................... 55

64 Surfaces impliedbyNB LI LI NI YSGSNAT FdA2ya 2F F GFNABSG LI G
pancreas, and AUOTENUIML...........oiiiiiiiiie ettt e e 55

65 Top, t=1 surface colored bytf and bottom, cross section nmal to du of the
aoyQa - wH! YI Lo PAAY3 GKS AaKNAY] wWNI LI LI NFYSGSIH
(green) at the seam and across the medial Sheet...............ovvvviiiiiiiiiieeeee, 56

66 A cuaway of a ten onion skin representation of the scm. Each layer has fixed t
or blue value. Each ring about the object has fixed u or red value. Each line
along te object has fixed v or green value...........cccooovieieiiiiiiiei e, 57

67 A slice through a CT gaa&olored by the underlying muibject X2U LUT. The

aGSNYy20t SAR2YI aG2ARQ4 SEGSNA2NI O f dzS&8 2 OSNI | LI |

thyroid. The object label for each region is invisibly encoded in the alpha channel59

68 Top left, the thyroid is difficult to identify in the gray data. Top right, adding a
pink texture tothe clip plane. Bottom, texturing the entire thyroid surface.............. 60

69ACross section drawn DY NEeE..........uuuriiiiie e 61

70 The same solid texture for thgtoid with two different texture scaling factors.
Top, a larger scale (30), bottom, a smaller scaling factor (15) results in relatively

LT gEE FRAIUMES.. .. ettt ettt e et e e e st b e e e e e abbeeeeeaaes 61
71 Left, a 2D texture patch based on strokes from (Netter 2006) and right, the

duodenum surface with the texture oriented along thelirection................c...oooennid 62
72 Texturing across the seam in the medial sheet results in bad interpolated values

0 PSSR 63
TS o 10 (=2 (0L f= 3N g F= o] o1 o U 63

74 Introducing a seam in the texture cube to counteract the seam in model
COONTINALES .......teeee ettt e s e e et e e e s e e e e s nnnnee e e nnnneeed 64

75 Left, regular sampling g [ [) taken as oblate spherical coordinates becomes a
squashed spheroid in the Euclidean equivalent on the right. Interpolating theta
across the seam in this space produces correct values without a conditional when
mapped back to the parametric SPACE..........uueiviiiee e 64

76 Left, solid wood texture with standard diffuse lighting. Right, the same texture
GAGK | aA3AyATFAOl itectighhoNDE tekturedgtadenitlls..... A y.... 66K S

77 (Owada, et al. 2004) createmapping from 2D textures to 2D epianes to
simulate a volume texture. Though the authors do not discuss it, the proposed
mappings rely on manually indicating the surface and medial axis in both shape
AN EEXEUNE. ..ottt ettt et e e e ettt e e e st bt e e e e nber e e e e e anbbeeeeesnnbeas 68
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79 Glyph packing from (Kindlmann and Westin 2006) formed the basis of the earlier
FENdering iN Fig. 34..... et ee e e s need 68

80 2D linéntegral convolution from (Cabral and Leedom 1993)........ccccccvveeeeeieeeninnnnd 68

78 Top, example of a reactidiffusion surface texture from (Turk 1991Bottom,
volume rendering of a regional 3D reaction diffusion considered for the spongy
interior of the DONE (OF CNEESE)........cuii i 69

81 State of the art exemplar based solid texture synthesis from (Kopf, et al. 2007).
Several of the sample images in this document use wood or cobblestones from
Y2LIFQa 42f AR..ASELAINB..LAGNLNE D e 69

82 2D muliexemplar based single channel texture synthesis at multiéesc
Top, two exemplar textures, possibly for fat blobs and muscle fibers. The middle
two images are end points of single exemplar synthesis at multiple scales. The
coarsest scale took 10 seconds for 10 iterations. The finest took 10 minutes for
10 iterations. Bottom, a synthetic texture that blends the exemplars between

LUV oI (=T o [o] o 1 PP P PP PPT T OUPPPPN 70
83 Candidate exemplars for muscle (left) and fat (right) from the Dosch Design
website. (WWW.dOSChAESIGN.COM)........ovvviiiiiiiiiiicee e 71
84 Top, slice through oriented solid color texture generated by MTS for the scm
NEIAZY O .2002Y2 GKS alyYS GSEGdNB 2y
standard diffuse IghtiNG.........oouuiiiiiii e 72
I3d yp I/ ¢bLIK2(G23INF LK FdzaAz2y NBYRSNAY
LI GASY 0 QA...L.C BOL.Y D 13
86 Diagram of photmapping deCiSioN tree..........cooiiiiiiiiiiiiieee e 74

87 Top, a capuchin monkey MRI with a psexydioder photomap from aeference
1=V [ TR o To 11 o o TSRS 75

88 Top, a synthetic view of the Visiblertdn from a known camera. Bottom, the
AeYUOKSGAO LIK2G23INI LK LWHzAKSR o0l 01 2yiaz2
(o[ Tg=Toa o] F=T o F= Tl o =T o] o] T X 77

89 Top, a schematic of the proposechénera cylindrical array attachment for a CT
gantry. Bottom, a cylindrical image of the author collected with a slit camera at
The Tech MUSEUM IMBB JOSE........ccciiiiiiiiiiiiieei ettt e e e e e e e e nnenrneeeeeee e A O

90 Top, calibrating a camera. Middle, taking sequentiél-angle photos in a
reproducible position using the accessory tray of a linear accelerator. Bottom, a
single planar source photograph....... ... cceiiiiii i 79

91 Example of animating longitudinal surface changes. Thadsftframe shows
GKS |dzi K2NQR& LIK203G§23INI LK Y LIdSoRtframed 2 |
shows a different sampleubject. Intermediate images are blends of the two.......... 80

92 Modebasedcolor transfer pipeline. Positions in the target image are mapped
through modelcoordinate based functions to find the color at the corresponding
POSItioN IN the AtIAS IMAGE- ... .eeiiiiiie e e e 81

93 Top, volumetric color mapping clipped through the mandible. Bottom, adding
surface color mapping for lighting. The indicated artifact runniog@the
medial sheet is the same parametric interpolation singularity discussed
previously in the section on solid texture coordinates...........cuvvvveeeviriicivciiiiieeeeeeeend 82
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Fig. 94 The surface (t=1) plane for a U2X map of the scm shown in Fig. 62. The u
direction is along the X axis, v is along the Y axis. The rgb value represents the
(x,y,2) position at thatu(v,1) coordinate. Top shows the wireframe, with evenly
sampled (uv); middle shows the barycentric interpolation of (xyz) values; bottom
shows the original surface shaded similarly............cccoooviiiiiinns 84

Fig. 95 Passing a uniform sample grid in parameter space through the U2X maps
produces a regular sampling of each region in wegdce. Here ed point is at

the world-space coordinate computed from an input object coordinate.................. 85
Fig. 96 Direct rendering of the Visible Female color atlas with mgrView...............c.c........ 87
Fig. 97 Voxetnan renderings from the Visible Human from www.vexeln.de...................... 87
Fig. 98 Volume rendering with two different styles of oriented texture from (Dong and

ClapWOrtNy 2005).....cceiiiieieeiiiiiee ettt e e s e s e e 87
Fig. 99 High quality rendering using textures synthesized from the Visible Human sample

colors shown on the right, from (Lu and Ebert 20Q5)............coovviiiiiiiiiiiiieeeee, 38

Fig. 100 Left, Vesalius (Vesalius 1973) removed the skin entirely, right, similar view from
(Hagens 200'73 where the skin has been movedit the way but continues to
provide contextife., there is a lot Of it)........occveeiiiiiiiiiiii e 89

CAId mnm 5SGFAf FTNRBY RI #AyOAQa 4.l 0S8 Ay (KS 22vY
work by von Hagens, was cited as particular inspiration for the methods

developed in (S. BruCknNer 2006)..........uuuuuiiiiiie e ee e 91
Fig. 102 Exploded view from (S. Bruckner 2006) and similarly deformed view rendered in
70T Y= SRR 91

Fig. 103 Image from (Hagen 1992). Retractors are used to reveal hidden internal
BNATOIMY ... e e e e e e e e ettt e e e e e e e e n e e e e e e e e nanae a3

Fig. 104 Image from (Correa, Silver and Chen 2006) that uses parametric manipulators
such ageelers and retractors to visualize a deformed space...........cccevvvvvvivnnnnnnnnn! 93

Fig. 105 Two fraes from an animation showing the registration between two daily
images in a fractionated male pelvis treatment. The change is subtle, only a few
voxels in most places, but notice the jog in the-hgme where the region of
interest passed through it andhé position of the lower tip of the bladder.................. 94

Fig. 106 Left, another pasctive of the scene from Fig. 4. Right, the same view with
g2ESt & Ay (GKS YIyRAOGE SQ&..AXYLRNILY.QS. WKl R2g6 Odz |

Fig. 107 The lizard from (Viola, Kanitsar and Groller 2004) with an importance hierarchy

Fig. 108 Left, an anatomic illustration of a shoulder joint and right, a similar view of real
data rendered with flexible occlusion from (Borland, et al. 2006).................cc......... 99

Fig. 109 Images from (D. Chen 1998). Top, a medial model fit to aescstanfruit.
Bottom, medial models fit to the objects in the scene are used for clipping and to

smoothly shade the rendering..........coooiiiiiiii e 100
Fig. 110 Cast shadows provide useful visual cues when combining surface and volumes

(01 - TP PSP PP P PP PPPRRP 101
Fig. 111 Shadow volume geometry in 2D from (nVidia 2004)...........cocovviieiiiiiieeeniiiieenn. 101
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112 Shadow volumes rendered in mgrView. Top left, the bladder (green) and
prostate (blue). Top right, shadow volumes extruded using a light direction from
the upper right. Bottom leftintersecting the shadow volume with a plane in the
volume. Bottom right, the dark regions are areas with 1zeno stencil buffer
entries after the ShAadOW PaSS..........uviiiiiiie e 103

3 mMmMo ¢KS aAKFIR2¢g @2fdzyYS FNRBY CAIDP MMH
towards the center of mass to imply a wider shadow frustum.................cccevveeee. 103

114 The shadow volume algorithm is modified by reflecting the camera across the
scene, hen zooming it slightly to magnify the frustum. The final camera position
is then passed as the shadow source to the shadow stenciling algorithm as
dESCrIDEA ADOVE. ... ... 104

115 Images from an abdomen scene focused on the duodenum. Top, the
duodenum is completely occluded in this 3D view of the abdomen. Middle,
nearly opaque itensities from the image in the duodenum region. Bottom, using
a modelmapped texture in the duodenum region.............cceeeevieiivirieeieiiieii, 105

116 Volume rendering from an unsegmented image interrogated with a spherical
GAYLRNIIF YOS FLLAKLAIKIE R i, 106

117 Image from (Pelizzari, et al. 1999). A left anterior oblique view showing the
mandible, hyoid bone, left external jugular vein, anterior jugular veins, left
submandibulagland and two associated submandibular lymph nodes................. 107

118 Virtual rection from (Konrad/erse, Preim and Littmann 2004). Top left-cut
lines are drawn on each plane. Top right, the object can be separated and
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interactively modified so that the dimint volumes include and exclude different
FEALUNES .ttt e e e e e e e e e e e e et ——————— 107

119 Volume ith self shadows from an early splat rendering core considered for
10T YT SRR 110

120 Duodenum with multiple layers, interior ruggae and circular muscle under
[ONGIIUAING] MUSCIE. ...t eee e e 111

121 Composition based on medial properties derived from constructive solid
geometry from (Li, €t al. 2007).......ccooiiiiiiiieeeeecrr e ———— 111

122 Two different segmentations of the same tumor rendered relative to one
another with the nested surfaces algorithm from (Weigle and Taylor 2005).......... 112

123 This chapter contextualizes how MGR fits into the application component of the
medicd imaging PIPEIINE...........ooii e ——————————— 113

124 Conclusion from (Oliver, etal. 1997)shgvd f Ay 1 a 0S06SSy F2dzNJ aY2RI f

the isosurface of the bones, MRI, CT, and a photograph of the subject. Using
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Fig. 128 Lymph levels are derived based on landmarks from nearby structures............ 121
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3D targeting and landmark information onto the 2D endoscopic view................... 122

Fig. 130 Linear accelerator used for external beam radiotherapy (EBRT)..........ccccccc.ne 124

Fig. 131. Workflow for adaptive radiotherapy. Main components are planning and
treatment. The MGR applications described here could be used in the
segmentation planning, and treatment setup phases...........cccccccveeee e icccvveneen, 124

Fig. 132. 3D segmentation irixed modes. Volume rendered structures from the CT
image provide global context while the clinician can segment on a slice drawn
from a corresponding MRI. Fig. 134 shows how the CT values near the prostate
had been corrupted by artifacts from the metaldicial marker visible in the
center Of the ProState rEQION..........oiiiiii e 126

Fig. 133 tandard sliceby-slice view used during segmentation; the colored contours
are the region boundaries drawn on this slice. The CT image on the left shows
very little tissue differentiation between the circled prostate region and its
neighbors compared to 8IMR slice onthe right.............ooovviiiiiiiiiiiii e, 127

Fig. 134 The prostate region in the-@ily vdume rendering on the left is obscured by
the artifacts from the fiducial markers. The hybrid rendering on the right
preserves the clear tissue distinction in the target region...........coccceevviveneeiinnnen. 127

Fig. 135 A common 2D dose evaluation visualization showing isodose contours projected
onto individual slices. 2D views can be quite useful for urtdading local tissue
types, but they are not necessarily optimal for understanding the 3D spatial
relationship between the expected dose and the target region. (Image from
(MoslenShirazi, et al. 2004))......cccoeiiiii e 128

Fig. 136 Effect of error on expected dose. Top left, dose distribution overlaid near the
surface where the A/P beam entdise target region. Top right, unoccluded view
of the prostate target region below the -aisk bladder with expected dose
overlay. Bottom left, a small rotation applied to the patient leaves the prostate
cold. Bottom right, further clipping reveals thefet of the altered dose
distribution on nearby unsegmented StrUCIUIES............cceeiiiiiie i 128
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planning image with dose overlay to provide feedback regarding the suitability of
the worldto-plan registration. In this case, the tattoo is not in the position
expected Iy the PlaN...........ooo i —————————— 130

Fig. 138 A VisionRT surface (green) aligned with the goneng CT skin isosurface
(10T 011 RSOOSR 130

Fig. 139 Thermographic image oéthuthor holding his oldest son at age 18 months,
taken at The Tech Museum in San Jose. Thermography can show near surface
FRALUIES.. ettt e e e e e e a e e e e 131

Fig. 140 Left, virtual nasopharyngoscopy and right, corresponding image from real
o] oTot=T o [ £ PP 132

CAad® mnm ! Y201 dzLJ 2F 'y Y3INEASSG GaIdzARSR (2dzNE H5
sample scope view embedded in a 3D planning image with target and nearby
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Fig. 142A mock up of an mgrView open field of view virtual endoscopy enhanced with
photomapping and online guidance information. The probe position relative to a
target region is shown in 3D based on online probe position measurements.

Color images collected bii¢ endoscope are dynamically overlaid onto the.CT.....135

Fig. 143 The mgrVielibrary achieves frame rates between 10 and 20 fps on a target
laptop for most of the example scenes shown throughout this document. Until
the graphics chip overheats and cracks the motherboard. Related research
materials must then be extracted manualéis shown here............cccccvvveeeeeiiieniinns 141

Fig. 144 Surface sketch rendering for anatomic shajpes {interrante, Fuchs and Pizer

Fig. 145 Display of surface roredibility from (Levy, et al. 2007). The dark region on
the larger mesh is the area indicated on the slice shown on the right that has

likely been improperly segmented...........cevviveeiiiiiiiciiiiie e 144
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PAIAMELEIS. ....ceiiii i e 145

Fig. 147 Top, a slice from a source image and bottom, the same slice under an obviously
unlikely sampled regisStration...............iieiiieii e 145

Fig. 148 A medical illustration that simulates a physical procedure with retsactor
provides an intuitive understanding of the 3D positions of the internal anatomic
structures. Contours of the hidden bones are also sketched on the surface.
(Www.conservativehipSolUtioNS.COM).......ciiiiuiriiiiiiiiiee e 146

Fig. 149 (Bourke 2003) describes how to use-R@y/'to render volume data with a
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shadows of the sentransparent volume cast on the ground.............cccceeeeeiiieeennnn. 147
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likely spurious implication that multiple people could sit around a table interact

With @ 3D NOIOGIaM.....eeiiiiiiiiiii e e 149
Fig. 151 The doll interface from (Hinckley, et al. 1997).........cccccoeeiiiiiiiiiriiiiiiieeeeeeeeiiiais 150
Fig. 152 Top, the author using ARToolKit (HIT Lab 2007) to intuitively manipulate a 3D
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of the same mechanism to manipulate and clip the mgrView scene previously
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1 Model Guided Rendering
for Medical Images

Model Guided Rendering (MGR) is a set of methods for creating hgy
quality, patientspecific medical visualizations for clinical procedur,
planning.

High quality volume rendering has so far been limitectias images
because of the large time investment required in annotating the dat;
The view from VoxelMaijPommert, et al. 20013hown in Fig. 1 is
quite impressive, but the views are not portable outside their sourc
data, which was carefully micreegmented voxeby-voxel (hence the

name) at a cost of over 10,000 graduate student hours. Furthermol

the renderings from this data may takem minutes tohours, which Fig. 1~ Rendering from the
VoxelMan project

restrictsthe user to prerendered views and animatian

Classical Direct Volume Rendering (DVR) for patient imagesFas in
2 (M. Levoy 1990Q)has been limited since its inception by the fact thajg
there is insufficient informatiorin a single image for truly high quality
rendering. While medical imaging devices have become steadily mi
sophisticated and patient data collections have grown to encompa
dozens of interrelated structural and functional images . .

. . . _ Fig. 2 Classical DVR fron
segmentations, photogghs, and intervention plans, medical| §g2 305 2NRTAY
visualization remains in its infancy. Indeed, patient images are st
routinely viewed using the same cumbersome shgeslice viewsKig.
30 AYUNRRdAzZOSR Ay sdaids fissigieoated widélyK
available.

Model Guided Renderinds a novel framework for medical image
visualization that integrates as much patient data as possible intg
high quality, patierispecific view tailored to a particular clinical task
and rencered at interactive rates. MGR is based on the idea |
merging information from multiple image sources on a regign Fig.3 Slicewise view are still
region basis, using volumetric coordinates from a sparse set common in clinical applications
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segmentations for important anatomic structures to guide the
combination.

Model Guided Rendering is being developed through the Medical
Image Display and Analysis GrobWMAG at UNC Chapel Hill as a
joint project betwesn the Departments of Radiatio®ncology and
Computer Science. UNC dpital's RadiationOncology clinic has
provided many of the driving problems that MGR immediately
addresses.

Fig. 4 Model Guided
Rendering of a target patient
using information taken from
the CT volume, a 3D colo
atlas, a patient photo, and
several synthetic textures
mapped onto various regions

1.1.1 Clinical Applications of MGR

Detailed Anatomic Understanding

Artists and anatomists have worked for centuries on improving 2D
anatomical renderigs. For example, Frank Netter's anatomic

textbooks are full of compelling examples of how data can be
'‘processed’ into useful 3D scenes by the human mind, such as the

head and neck illustration shown iRig.5 (Netter 20063p bSGiSNDa
illustrations are deemed to be so useful that they are commonly taken

in the operating room for referencduring surgerydespite two huge


http://midag.cs.unc.edu/
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drawbacks: first, they are not dhis particular surgicapath Sy G jz= /-
anatomy and second, they are not interactiv&.major goal of Model
Guided Renderings to lift the atlasonly restriction on highguality
medical rendering and generate similarly high quality 3D "Netter
Renderings" for individual target patients

Multi-Source Data Visuiation for Clinical Treatment Planning
Combining data in smart ways is vital to modern medicine. Clinic...."
planning diagnosis, and evaluatiocan be improved by looking at
data from multiple sources such as anatomic and fumztiofusion ... ;
images for diagnosis, or longitudinal imaging taken for adapti - _
radiotherapy (ART), or by comparirgLJ: G A Sy G4 Qa N‘]fFrl(?rhs NQP;torU\:ﬁh'"lﬁL?tti'\Zn
normal and abnormal distributions. MGR provides a framework fshading and composition.
bringing the same kinds of mukiburce improvemsts to a broad set

of potential clinical tasks, suclas external beam radiotherapy

planning or virtual endoscopy.

In general, image guided clinical treatment planning revolves around
understanding relationships between anatomic features in space and
across time. MGR provides a number of tools for displaying
longitudinal shape change as for ART, modality relationships as for
image guided biopsy, and relationships hidden or deep features in
relation to observed features as for patient setup or forensic asigly

For surgical planning, for example, major blood vessels and nerves can
be highlighted in ways that make them avoidable, whereas for
radiation treatment planning, those structures are radioresistant and
are usually ignored, but radiosensitive struasr must be easily
identified.

1.1.2 Model Guided Rendering

Medical visualization technology has been relatively dormant sint
the brief explosion of interest in volume rendering in the early 90
Since then, 3D rendering for medical images has found nic
appications where it can be quite effective, such as virtuem19-6 Virtual colonoscopy is

. . . successful because it reduce
colonoscopyKig.6). But rendering for general applications has neve;y .14 1o a few important

been able to adequately portray complex anatomy because it surfaces.

v
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computedon avoxetby-voxelbasis. That iglassic DVR relies entirely

on surface estimates fronthe local grayscale valuealone This is

equivalent to relying on grayscale value alone to segment an image, a

LINPOSaa GKFG Aa 1y2apgiord2 A NBRWINVNSE | RRAGAZ2YFf 2NJ
be generally successful. Extending volume rendering by adding

FRRAGAZ2YIFE AYTF2NXIGA2Y GKNRdAEIK | &GdOGNI yaFSN Fdzy O
hocand nonrgeneralizable method to solve this problem.

On the other hand, higlquality medical rendering systensich as

+2ESfaly NBIJdANB || Kdz3S Ayg@gSaidvySyid Ay aadOSyS$s
information about features and relationships in the scene that allow

the renderer to create a focused, understandable image. Typically

there is not enough time to carefully hasmdlit an expansive set of

scene priors for individual patient images. However, modern patient

data collections can provide us with an abundant source of scene

priors. Tablel shows a few examples.

PATIENT AND ATLASUIRCES PROVIDE SCENE PRIEBS

Partial Segmentations Object type, orientation Tablel Some example uses
Multi-modal scans Likely structures that are invisible of various image sources in
in a particularmodality a patient data collection
Longitudinal and related scans Shape relationships over time or
over populations
Shape and irgnsity statistics Abnormal, uncertain features
Patient photography, thermography, Color, texture on and near the
endoscopy surface
2D and 3D color atlases Likely color, texture of normal
anatomy
Registration fields Motion
Dose distributions Dose to atisk anatomy

Model Guided Rendering is a framework for quickly bringing a large
number of scene priors to bear on a patiesgecific rendering by
combining information from multiple sourcesFrom the combined
scene information, MGR derives a notionwiat the scene should
look like, what is shown, and what is important about it for a
particular application. Then it presents and highlights the important
structures where the information is clear, but where the information
is nsufficient or uncertain, MBRturns to non-patient-specificsources

to make educated guesses about how that region is likely to appear.
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The sources may all be in different spaces, so methods from image
analysis are leveraged to assign explicit relationships between 3D
regions in vapus sources. MGR relates images to each other in two
ways: by volume filling registration fields or according to regional non
linear transforms derived from medial object coordinates.

Externally computed registration fields such as are use@avis, et

al. 2004)are a common tool for studying longitudinal shape changes

AY 1weo { dzOK RST2NXI GA2Y FTAStRa LINBQOARS | (Se@
composition methods, both for ART relevant animations and by

tailoring deformations totasks such as describing how anatomic

structures might move under various forces so that they can be

GNBGNI OGSRE NIGKSNI GKFyYy aAyYLit e Ot ALIISR gl & gKS
important features.

M-reps (Pizer, et al. 2008)rovide a natural basis for the regicy-
NBIAZ2Y Yl LWAyYy3Ia NBIjdZANBR o6& a
provide both intuitive volumetric coordinates (i.ey,y,t) = (along,
around, through)) and volumetric correspondence across
population. Additionally, serd@utomatic mrep based segmentation
is commonly applied in our clinical pipelirieid.7). Mreps are used
to identify and parameterize a few important anatomic structures in
the scene with a minimum of manual editj, which defines regichy-
region mappings across the multiple disparate image sourbéslial

object-coordinates allow the renderer to work on an objedty-  Fig.7 Implied surfaces of m
reps fit to anatomic structures

in the abdomen.

object basis rather than a voxdly-voxel basis. This is a key insight
for approaching the goadf high-quality rendering without exhaustive
segmentation.

1.1.3 Scene Design Technologies

Because deep anatomy is very complex, a 3D visualization will only be
useful if structures less significant to the current tasian be
suppressed while those structures tht aid understanding are

emphasized and clearly labeled. In the context of a 3D patient image,
this problem can be considered as two ways of relating apparent
anatomy to occult anatomy, i.e., those features that are either hidden
by modality or occludedrém view in space or time. Addressing such
hidden features are two domains where artistic illustration
particularly excels relative to computed visualization.
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1. Anatomy is visually labelegistructures are colored and textured
intuitively so that the viewercan understand what they are seeing
in the scene. Monochrome 3D imaging in particular inherently
loses this visual information.

2. Shapes and relationships between anatomic structures and
regions that are relevant to the task at hand are exposed so that
the viewer can see what they need to see in the scene. Classical
DVR has very few tools to simulate this.

In the classic paper on computer assisted technical illustration

(Seligmann and Feiner 1989Yhese two concepts arecalled

respectivelydesign of appearancand design of composition For

the purposes of MGR, intuitive appearance and clear composition is

0KS @SNE RSTAYAGAZ2Y 2F GKS GSNY GKAIK ljdzZ tAde
abwQa (S& 0(§SOKy2f 2 3Adiato methgds orS o NBIF Rt & RAOBGARS
assigning scene appearance and methods for scene composition.

MGR addresses appearance with algorithms that leverage multiple
data sources to shade regions for understandabilitg. DwQa | Sé
appearance technologies are scene catalogsjdsoexture mapping,

3D color transfer and texture synthesis, and 2D color transfer.

The scene must be composed to focus attention on importert
structures for this patient, for this problemFig.8). a Dw Qa

composition technologies work either by clipping the volume tc &
eliminate objects that obscure the view, or by deforming the volum m

¥

Fig. 8 Photoshopped example

to move occluding structures out of the way. Netter uses a

combination of the two approaches, sometimes removing occlud s~ | <cene composition

competely, sometimes showing a cut and peeling a surface awaaddresses the issue of seeir
internal structures while
) ) ) ) ) preserving corgxt.

problem of volumetric animation or volume morphing, which can

used to indicate shape changes over time or shape variaglegivie

to population statistics.

keep context. Volumetric deformation further extends to the gene

1.1.4 Key Appearance Technologies

Scene Maps

MGR is based on the idea of objeciordinate driven shading, but the
rendering engine still works in world or voxel coordinates. Medial
models are not particularly amenable to dgirsuch transformations
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directly, but MGR Usesneps only implicitl to generate worleto-
object (x2u) and objedb-world (u2x) maps from corresponding
surface and medial positions. These maps contain at each sample the
combined information from any iage analysis preprocessing. Each
voxel is assigned a variety of feature channels such as object label,
model coordinates, local directions, and local statistical variation from
atlas shapes and intensities. Simple maps representing a single object
related to a single image can be combined into a comprehensive map
for all the objectsAy | &a0SyS>z OFLtftSR | aaldOSySsS OlFdalf23¢d
relatively simple scene catalog can provide the rendering engine with
much more information than the raw data alone.

These sceneatalogs are organized for immediate reference during
rendering and provide a fast method for moving back and forth
between whatever coordinate systengbject, world, or screei are
appropriate for a particular part of the rendering pipeline. Computing
and using such maps dynamically is a key component of many parts of
abwQa &aKFRAYy3 Fft3I2NRAGKYaAOD

High quality Volume and Surface Rendering

Previously, volume rendering has only taken information from a sinc
source, the patient image. It then attempts ¥sually implyanatomic
structures by assigning colotsased on increasingly complex local
transfer functions. (SeéKindlmann, et al. 2003pr example) The
simplest and most intuitive means of displaying anatomidufiess, by
applying intuitive anatomically based textures, is incredibly difficult t
implement in the classical framework.

MGR is a suite of methods that can integrate data from many sourct
such as patient images from different times or devices, segntiong Fi9- 9 Synthetic 2D and 3C
istrati field | fl d t ic text t th ._textures mapped onto target
or registration fields, color atlas and anatomic textures, to synthesis ..o ¢ i a patient image.

a single high quality viewThe scene catalog provides a mapping

between the underlying anatomic structures in a scene and the

various possible sources for assigning regionatutes Given the

parameterization discussed, simple oriented solid texture mapping

from 3D or 2D textures into 3D regions or 2D surfaces follows

naturally: library textures can be assigned according to object label,

and thenoriented according to locabbjectcoordinate derivatives.

These same orientations can be used to enable sophisticated lighting

from normal maps for solid textures.



