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• Overview of MIPAV
• LUTs

– Contrast/brightness
• 2D visualizations

– Fusion
– Other tools

• 2.5D visualizations
• 3D visualizations

– Fusion
– Linking
– Multiplanar
– Surface renderings 
– Volume renderings

OutlineOutline
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• Portability
– cross-platform or platform-independent execution 

• Data format independence
– access to images: DICOM 3.0 files/server, Analyze, TIFF, Raw, …
– Our own open file format (XML)

• Extensibility 
– Intramural at  source level - modular
– Extramural via plugins and/or scripts

• Scalability 
–  foundation supports the growth to larger and more intricate data structures

• Usability 
– coherent graphical user interface (GUI) 

Requirements for an Image Quantification Requirements for an Image Quantification 
and Visualization Applicationand Visualization Application
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PortabilityPortability
Java PrimerJava Primer

Source Code Byte Code
(class files)

Java Interpreter
for the PC Machine 

code

PC

Java Interpreter
for a

Unix Workstation

Machine 
code

UNIXJava applications can be "written once and 
run anywhere", significantly reducing 
cross-platform development and 
maintenance. 
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File types
(Raw, Analyze, DICOM 3.0, GE, Siemens, Bruker, Interfile, 

Micro cat, MINC, MRC, FITS, Cheshire, AFNI, TIFF, JPEG, GIF, 
BMP, AVI, QuickTime, Biorad, Ziess LSM510, XML, and more)

Data (Image) types: n-dimensional structure
(boolean, byte, unsigned byte, short, 

unsigned short, int, long, float, double, Complex, ARGB)

Views – with data fusion
  2D planar, 
 “Lightbox”, 
  Cine (movie),
  Multi-planar, 
  3D tri-planar, 
  Surface render, (supports 3D texture
        mapped volume rendering  
  Volume render

Algorithms
   Filtering
   Segmentation/classification
   Measurement/quantification
   Registration/fusion
   Utilities
   Plugins

VOIs

32K
Manual and 
automated 
contouring

Functional OverviewFunctional Overview  

PACS 
DICOM 3.0: 

Query/Retrieve, Catcher

GUI
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XML Schema File FormatXML Schema File Format

**The LUT will be saved with the image header when saving our MIPAV xml format.
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• Image model
– n-dimensional.
– able to store: boolean, signed/unsigned byte, signed/unsigned short, int, 

long, float, double, ARGB.
• Read/Write images in the following formats

– Raw (images with a fixed header can be treated as Raw).
– Analyze (NIH has a large number of legacy datasets). 
– DICOM 3.0. (query/retrieve/send & file access, sanitize, modify tags)
– Tiff (8, 16 bit, indexed, RGB).
– JPEG, GIF, PICT, BMP, PNG, PSD, PCX, XPM, TGA ….

• 1D, 2D, and 3D Volumes Of Interest (VOIs)
– 32,767 Unique VOIs.
– Can be contiguous or separate contours.
– easily modified (move, add, and delete points).
– Statistics of VOI can be calculated.

• # of pixels, volume/area, average pixel intensity, … 

Major functionality 
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Image Formation PipelineImage Formation Pipeline  

Source

Subject

X-rays
Ultrasound
RF - photons

Object
Distribution

X-rays attenuation
Interfaces
Photon density

Recorder
System

Screen/film
US transducer
RF detector

Detected
Image

Detector 
System

Recorded
Image

Electrical 
  signal from 
  detector 

Film developer
Digitizer
Computer

Film 
Digitized image



12

Image FormationImage Formation  

Processed
Image

Noise reduction
Enhancement
Reconstruction
Segmentation
Quantification

Human 
Visual 
System

Light Box
CRT
Intensity windowing

Displayed
Image

Display
System

Perceived
Image

Image
Processor

Interpreter
(radiologist)Diagnosis

Detection
Characterization
Training /knowledge
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Human Visual SystemHuman Visual System  

The differences in appearance are due to antagonistic interactions between the 
neural signals produced by different regions of the retina. Contrast discrimination 
is determined by LOCAL (relative) changes in illumination.
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Human Visual SystemHuman Visual System
Perceived ContrastPerceived Contrast  

• The ability of the human visual system (HVS) to discriminate between 
changes in brightness is a function of a number of factors:

– Background lighting 
– Ambient lighting
– Spatial and temporal variations
– Display equipment

HVS varies significantly with individuals
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2D Visualization2D Visualization  
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2D Visualization Pipeline2D Visualization Pipeline

1010000110101010 …

• Map image data range to displayable values
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Lookup Table (LUT)Lookup Table (LUT)  

• Map image data range to displayable valuesMap image data range to displayable values

 

-1024 

3000 

988 

Lookup 
Table 

Image  
data range 

0 

255 

  R  G  B 
(75,75,75) 
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Window and LevelWindow and Level  
            Window & Level

Abdomen 250    50
Head      150    50
Lung     2000 -550
Mediastinum 450    50
Spine     300    40
Vertebrae 2300            530

 
125 

-25 

50 

Lookup 
Table 

Image  
data range 

0 

255 
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ExampleExample  
 

Transfer function 

A B 

C D 

Window

Level
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Display Toolbar

LUT tools
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Preset LUTs 
LUT tools

Threshold tools

Fine tune transfer
function 

Update image in real-time 
or on mouse release

Tool to build you own LUT

Buttons to save user defined 
LUT for quick recall
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Demo LUT Features Demo LUT Features 
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LUT LabLUT Lab  
• Open image A
• Open Histo LUT tool
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Magnifing glassesMagnifing glasses  

Right mouse click
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Image CaptureImage Capture



26

2D Image Height2D Image Height  
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DICOMDICOM  
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DICOM File BrowserDICOM File Browser
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2D Image Fusion2D Image Fusion  
The loading of two images into the same frame

Controls blending between the two images
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PET and MRI FusionPET and MRI Fusion
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Structural MRI and Functional MRIStructural MRI and Functional MRI
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Demo – Image FusionDemo – Image Fusion
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Demo – Image FusionDemo – Image Fusion

Adjust alpha blending 
to 100% image A

Select the display 
window of image B
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Demo – Image FusionDemo – Image Fusion
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Fusion LabFusion Lab  
• Open image A
• Load image B
• Open Histo LUT tool
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2.5D Visualization2.5D Visualization
(x, y, time)(x, y, time)  
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Fluorescent Time-series Fluorescent Time-series 
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Fluorescent Time-series Fluorescent Time-series 
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Linking Two ImagesLinking Two Images
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Linking  Triplanar ViewsLinking  Triplanar Views
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Linking Two Images - LabLinking Two Images - Lab
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3D Image Processing Preliminaries3D Image Processing Preliminaries  
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Image OrientationImage Orientation

Medical images taken of the human body are acquired or displayed 
in three main orientations: 

1.Coronal orientation: in a cross section (plane), for example, across 
the shoulders, dividing the body into front and back halves 

2.Sagittal orientation: in a cross section (plane), for example, down 
the middle, dividing the body into left and right halves 

3.Axial orientation: in a cross section (plane), perpendicular to the 
long axis of the body, dividing the body into upper and lower halves 
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Image Orientation TerminologyImage Orientation Terminology
Superior

Inferior

Anterior

Posterior

Right

Left
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Voxel Thickness & ResolutionVoxel Thickness & Resolution  

(0,0,0)

(8,6,0)

(0,1,0)

X-Dimension(1st)

(0,6,0)

(0,2,0)

(8,0,0)

(1,1,0)

Z-Dimension (3rd)

Image plane

Y-Dimension(2nd)

voxel

(1,0,0) (1,0,0)

(8,6,3)

X-Dim

Y-Dim

Z-Dim

Voxels, of 3D clinical images, are 
typically NOT isotropic.  This factor This factor 
should be accounted for in processing should be accounted for in processing 
algorithms and affect the display of algorithms and affect the display of 
images.images.
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Image AttributesImage Attributes
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LightboxLightbox
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TriPlanar (Multiplanar)TriPlanar (Multiplanar)
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LabLab  
• Open image

– Open Lightbox and adjust options.
– Open Triplanar
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Surface Extraction and VisualizationSurface Extraction and Visualization  
• Rendering performed by the computer’s 

video card
– Fast
– 3D rendering using 3D texture maps. 

Must have video card with enough 
memory. They are now inexpensive 
~$250.00 for cards with 256MB or 
512MB (256x256x256 image = 64MB )

– Limited flexibility in rendering (may 
change in the future).

– Surface display requires surface 
extraction
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Surface RenderingSurface Rendering
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Physical Disabilities BranchPhysical Disabilities Branch
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SurfaceSurface

• Extract surface
• Define volume of interest (VOI)
• Extract triangulated surface
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Texture & Surface Viewer & DemoTexture & Surface Viewer & Demo
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Texture & Surface Viewer & DemoTexture & Surface Viewer & Demo
3D Triplanar viewer LightingSculpturing tool
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Texture & Surface Viewer & DemoTexture & Surface Viewer & Demo
3D texture renderer

Voxel values that
 are transparent

Voxel values that
 are opaque 

3D cut-planes
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Texture Based Render Raycast Based Render

Texture & Surface Viewer & DemoTexture & Surface Viewer & Demo
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Iso-surface Rendering

Texture & Surface Viewer & DemoTexture & Surface Viewer & Demo
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LabLab  
• Open image and open 3D volume renderer

– Adjust parameters
– Leave open
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Make Surface DemoMake Surface Demo
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Texture & Surface Viewer & DemoTexture & Surface Viewer & Demo
Add surface to view
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LabLab  
• Add surface to the images

– Adjust parameter of the surface
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Texture & Surface Viewer & DemoTexture & Surface Viewer & Demo
Sculpturing
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LabLab  
• Open image into 3D volume renderer

– Try sculpturing the image
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Volume RenderingVolume Rendering

Raycast

Rendered
image

Volume image data
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Maximum Intensity Projection (MIP) of an MRAMaximum Intensity Projection (MIP) of an MRA
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Volume RenderingVolume Rendering
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Stereo ViewStereo View



69

Volume Rendering MRA Volume Rendering MRA 

Composite MIP
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Capturing images for moviesCapturing images for movies

Save to an AVI move file
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LabLab  
• Volume renderering

• Movie capture
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Fusion Volume LabFusion Volume Lab  
• Open image
• Load image
• Render images
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Visualization

Ubiquitous 
file reader

Quantification File writer

Processing Macros/Plugins


