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Abstract — After having developed three ImageJ plugins that
use 3D display techniques of image data (Color Inspector 3D, 3D
Surface Plot, and Volume Viewer), the idea came up that these
plugins do share a lot of common algorithms that could also be
used for other plugins which need a 3D display of (image) data.

The workshop concerning 3D-Data Representation with
ImageJ that will be given at the “ImageJ User and Developer
Conference” will consist of two parts. In the first part the usage
of the plugins mentioned above using 3D-data display techniques
will be described. Typical applications and image analysis
features will be explained.

The second part of the workshop will explain how the 3D
programming techniques shared by these plugins can be used by
other plugins. At the time of the ImageJ conference there will be
an “easy to use” JAVA framework, which will allow an
uncomplicated construction of plugins using 3D display
techniques.

1. MOTIVATION

measurement and the modification of (2D) images.

ImagelJ can also handle multiple spatially or temporally
related images. These image sets are called stacks. A stack is
displayed in a window with a scroll bar that provides the
ability to move through the slices that make up the stack.

There are many other kinds of 2D and 3D representations
of scientific data that do require appropriate visualization
modes. Typical examples of such data types are volume data,
confocal image data, elevation data, 3D histograms, and point
data like XYZ triples. Since ImagelJ has only few provisions
for other display modes, several plugins (like “VolumeJ” from
Michael Abramoff [1] or “OrtView” from Paola Bonetto [2])
were developed to enable different display modes. The author
has contributed three Image] plugins using an interactive
display of 3D-data. The “Color Inspector 3D” plugin [3] can
display 3D distributions of image pixel colors in different
color spaces. “3D Surface Plot” [4] creates interactive surface
plots, and the “Volume Viewer” plugin [5] can be used for
stacks in order to generate volume renderings or views of
arbitrarily oriented slices.

Common to all mentioned plugins is the problem of reusa-
bility of the particular programming techniques, which cannot
easily be adapted for other plugins. This is due to the special
design and optimization of each plugin for its special task and
the particular kind of data to be displayed.

T he main focus of Image] is the analysis, the

During the development of these three plugins using 3D
display techniques of image data, it became obvious that they
share common algorithms which could also be used by other
plugins with a need for 3D display of (image) data. This paper
will describe typical 3D visualization modes of the proposed
3D ImagelJ framework.

The next section will briefly describe the developed
plugins. Afterwards the basic idea for constructing plugins
that allow an interactive display of 3D data will be explained.

II. REALIZED 3D PLUGINS

A. Color Inspector 3D

The Color Inspector 3D plugin displays the distribution of the
colors of an image within a 3D color space (figure 1). The
plugin supports the RGB, YUV, YCbCr, HSB, HSV, HSL,
HMMD, Lab, Luv, xyY, and XYZ color spaces. By switching
from one color space to another the relationship between
different color spaces can be made visible (figure 2). In
addition, the effect of typical image manipulations such as
contrast, brightness, saturation change, and color rotation can
be studied on the image and the corresponding color
distribution. One major area of application for this plugin is
the teaching of color science. In addition this plugin can also
be used for color analysis and color segmentation.

The plugin supports five display modes for displaying color
distributions: Colors can be shown independent or weighted
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Figure 1: Color Inspector 3D, on the left the image to be analysed, on the right
the 3D color distribution in the RGB color space



Figure 2: Different visualization modes of the Color Inspector 3D plugin: A) Lab color distribution; B) Lab color distribution (top view);
C) HSB color space; D) RGB-3D color histogram; E) Color reduction to 32 colors; F) Image with reduced saturation

by their frequency. This plugin allows the generation of 3D
color histograms by partitioning the color space into equally
spaced cubes (color cells). Each cell is represented by a
colored sphere with a volume proportional to its frequency. In
addition two color reduction schemes can be applied. Color
values and their absolute and relative frequencies are listed.

The 3D display of the color distribution can be rotated and
translated. Scaling and perspective parameters are adjustable.
The 3D visualization, image modifications and color
segmentation results can be saved as new images.
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B. 3D Surface Plot

This plugin creates interactive surface plots from all kinds of
image types. The luminance of each pixel in the image is
interpreted as the height for the plot. Selections, also non-
rectangular, are supported. The plot can be displayed in
different color schemes: original colors, grayscale, and
different LUT schemes. Scale, rotation, perspective and
position can be adapted. Using a smoothing option reduces
noise. An adjustment of the lightning condition improves the
visibility of small differences. The surface plot supports four
different drawing modes: dots, lines, meshes or a filled
surface.
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Figure 3: Examples of different visualization modes of the “3D Surface Plot” plugin
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Figure 4: Volume Viewer plugin: Rendering of a series of 83 CT images
downloaded from homepage.mac.com/rossetantoine/osirix/Index2.html.

C. Volume Viewer

The volume viewer plugin [5] shows stacks as volume
visualizations within a 3D XYZ-space. This plugin can be
used with 8, 16 and 32 bit stacks. Six display modes allow
displaying slices and volume visualization using different
interpolation and rendering techniques. If brightness or
contrast settings of the original stack are adjusted, the data is
reread and redisplayed. The viewing position and the
orientation and position of slices or volumes can be arbitrarily
chosen.

III. 3D-GRAPHICS VS. VISUALIZATION OF 3D-DATA

Modern programmable computer graphic hardware supports
sophisticated 3D display features. For several reasons
however, these techniques cannot easily be used for a platform
independent display of 3D data. One problem is the large
variety of different graphic hardware and their dependency of
particular drivers and programming requirements which
cannot be handled easily with a pure standard Java
programming approach.

The next problem results from the difference between 3D
objects typically approximated by 3D primitives and 3D
measurement data.

The normal process of creating a 3D computer graphics
scene can be sequentially divided into three basic phases:
modeling, layout of the scene, and rendering. Typically 3D
objects are approximated by polygonal meshes onto which
texture images are mapped. In a final step the resulting 2D
view of this 3D scene is rendered taking into account the
viewing position, projection parameters, lightning conditions,
etc.

For the purpose of a 3D visualization of three dimensional
(measurement) data this process is not appropriate. Instead of
having real 3D objects that can be described by polygonal

meshes or other approximation forms, the measured 3D data
typically consists of individual voxels, pixels or xyz-triples.

Java 3D is a scene graph-based 3D application
programming interface (API) for the Java platform, that runs
on top of either OpenGL or Direct3D. A scene is constructed
using a scene graph that is a representation of the objects that
have to be shown. Again there is no easy way to use Java 3D
for the visualization of 3D measurement data.

The proposed programming framework JRenderer3D for
displaying 3D data in ImageJ does not use Java 3D. It is only
based on the Java standard edition J2SE.

IV. BASIC VISUALIZATION ELEMENTS

The analysis of the different display types of the plugins
described in the previous sections confirmed that all
visualization modes can be generated with a common
rendering technique. Only a few typical very simple basic 3D
elements are sufficient to manage a large variety of different
visualization modes.

Table 1 lists basic 3D elements, their required data (like
coordinates or intensities), their optional data (like a color
lookup table), and the visualization modes that can be
generated using the proposed programming JRenderer3D
framework.

Table 1: Basic 3D elements and their JRenderer3D visualization modes

3D elements required data | optional, JRenderer3D
additional visualization
data modes
xyz-triples X, Y, Z size, color points / dots
spheres
lines X1, V1, Z1 attributes like | 3D lines
X2, Y2, Z2 color and
line width
text X, Y, Z, attributes like | 2D text
(text position) | color, positioned
text string font and size in a 3D space
images x*, y*, color LUTs, surface plots
(2D data) pixel data lighting points / dots
conditions lines, meshes
filled surfaces
stacks x*y*,z%, z-aspect-ratio, | volume
(3D volume intensity/ color LUTs renderings
data) alpha slices
projections

*) this data can be omitted if the storage is organized
in arrays with consecutive data elements

General visualization parameters for the 3D visualization are
the 3D transform parameters (describing scale, orientation,
and perspective), the size of the drawing canvas, and the
background color.



Figure 5: Example image, surface plot (inverted height), and corresponding Z-buffer image

V. 3D VISUALIZATION TECHNIQUE

This section describes the basic visualization process of the
proposed 3D rendering scheme JRenderer3D (see figure 6).
The 3D visualization consists of the following steps. In a first
step the elements to be visualized have to be acquired.
Possible 3D elements are listed in the first column of table 1.
This list of 3D data elements is passed to the JRenderer3D.
For each 3D element the desired visualization mode is passed
as well.

The JRenderer3D will perform the rendering of the
resulting 2D image of the 3D “scene” that is described by the
list of 3D elements. All elements are rendered according to
their desired visualization mode.

The coordinates of each 3D element from the render list are
transformed and drawn into the 2D image to be rendered.
Taking into account the general visualization parameters and
the actual transform parameters that determine the viewing
angle, scale, perspective, and lighting condition the resulting
2D projection is calculated.

The actual rendering done by JRenderer3D is using the
Z-buffer algorithm. The Z-buffer algorithm is an easy to
implement algorithm for rendering images properly according
to depth. A Z-buffer image containing the closest depth at
each pixel location is created parallel to the buffer for the

rendered image. Each location in this depth buffer is
initialized to a large negative value. Now for each point that is
to be rendered, the depth of this point is checked against the
depth of the point at the desired pixel location. If the point
depth is greater than the depth at the current pixel, the pixel is
colored with the new color and the depth buffer is updated.
Otherwise, the point is behind another object and therefore
will not be rendered. Figure 5 shows an example of a surface
plot and the according Z-buffer image.

Detailed methods how to generate 3D data representation with
ImageJ will be given at the workshop of the Imagel
conference. Source code and the API documentation will be
available at the Image] website.
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Figure 6: Visualization process of the proposed 3D rendering scheme




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


