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OVERVIEW AND TUTORIA L

3D-DOCTOR Overview and
Tutorial

3DDOCTOR basic concepts, data structtypesndlgieth definiions, user
interface (UI) tems, and simple steps to get started.

1.0 Installation Guide

3D-DOCTOR has multiple licensing options, including a license using a software
key, a hardware (USB) key or a network floating hise with a USB network license
key. Please use the following guide to install and validate your license.

1.0.1 Installation Guide for License Using A Software Key

If the PC has multipleiser set up, please logon as the user who will use R2V on this
PC. 3DDOCTOR license works only with the user profile that has installed
validated the license.

If you have a software installation CD, please insert the CD to start the installation
process.

You can also download the installation file from this link (skip #tep if you already
have the trial version installed):

http://www.ablesw.com/3doctor/3dsetup.exe
Run A3dsetup.exeo and follow the on screen

The first time you run 3EIDOCTOR, a License Validation dialog box will appear.

Pleases e t he fAValidate Licenseodo button to em
3D-DOCTOR program folder) tbcense@ablesw.comno r ecei ve a Al i cens
Save the Al i cedOETOR grog@am folderot gomplete tHe Dcense
validation process. You can also access th
AHel p/ License/ Validate Licensed command.

Please note, without a validated license-BOCTOR will run in demo mode and
many file exporting functios will be unavailable.
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1.0.2 Installation Guide for License Using a USB License Key

The following steps are required to install th8B hardware key (Label: ZQBXR)
and its device driver to enable the software.

NOTE: If you are usig Windows NT, 2000, or XP, you need to login to the system
as a system administrator or with all tARBMINISTRATOR permissions to install
device drivers before you start the following steps.

The license key driver is normally installed automatically. df, mplease install it
using the following steps:

1. You can usé&tart/Programs/3D-DOCTOR/Install Hardware Key Driver

to install the driver automaticecally. Or
DOCTOR program folder directly.
2. Plug the hardware key to the U$Brt on your PC.

1.0.3 Installation Guide for Network License
When using a network floating license, first you need to instalDEECTOR on all
PCs you plan to run 3DOCTOR. The PCs must be connected to the local area
network to share the license.
You can then install the network license key on one PC and install the license
manager there. This PC must be connected to the same local area network. License
manager is only needed for the PC that has the license key installed.
Installation for all PCs:
In Windows, insert 3EIDOCTOR installation CD into your CIROM. If the
installation does not start automatically, use Start and Run "setup.exe" from the CD
ROM. The installation program will create a EBEIDCTOR program group, add an
icon for 3DDOCTOR softwae |, an icon to Alnstal/l PC Lic
License Manager o, and an icon for the REAM
Following steps are required only when the license key driver is not installed
automatically during the installation process. You can click oret Al nst al | P

Licenseo icon or use the following steps.

For Windows NT/2000/XP/Vista, you need to login as a system administrator account
or your account has all the system administrator rights to install device drivers.

St art anRrogm FilessBDeDOCTORNeth d d 32 . ex e 0
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Not e\Progiam File8D-DOCTORNnet 0 i s t-DEGCTQRaptoramt o t he
folder, please change it accordingly if you have installeeDEBCTOR to a different
folder.

Network License Manager Installation (Only on one PC wheeelittense key is
installed):

Click on the icon "Install Server License Manager" and choose the "Install the
Service" option.

Network License Monitor:

Run the AAksmon.exeo0 program in the Monit
program on the server s@e how many licenses are being used

Use NETHASP.ini File (optional)

If 3D-DOCTOR cannot find the License Manager Server automatically from a PC,
you can change the name of NETHASPtcp.ini file to NETHASP.ini and edit it using
t he fANot e P a théfileppteasg entemthe IPladdress of the server where the
license manager and license key is installed:

NH_SERVER_ADDR = XX.XX.XX.XX;

1.1 Minimum System Requirements

9 Operating Systems:Windows2000, XP, Vista or newer versio®ther
operating systems, including Macintosh and Unix, are not currently
supported.

I CPU: Pentium, Pentium compatible or better

T RAM: A minimum of 128 MB is required, althougi®MB or more is
highly recommended to provide better performance for processing larger
images.

 HARD DISK : 50 MB are needed for the software and additional space is
needed to store your 3D images.

9 DISPLAY : At least a 16bit color or better display with Op&L support.
This normally requires setting up yobisplay using the device driver
provided by the video board manufacturer. Use the
Start/Settings/Control Paneloption or right mouse click on the PC
screen and then use tReoperties/Setthgsoption to set up or change the
display settings.
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1.2 3D-DOCTOR Training

We provide wekbased online training to get you up to speed ofDEBCTOR and its
applications. Please contact us if you would like to sign up fotréneing or need
more information (See contact information on the title page of this manual).
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1.3 About 3D-DOCTOR
1.3.1 Overview

3D-DOCTOR is an advanced 3D image rendering, processing, and analysis software.
3D-DOCTOR was developed by Able Software gora software development
company specializing in image processing, rendering, and visualization applications
since 1993.

3D-DOCTOR is US FDA (US Food and Drug Administration) approved for medical
imaging and 3D visualization applications.

3D-DOCTOR was developed to provide a complete set of tools for visualizing 3D
volume image dataincluding Computed Tomography (CT), Magnetic Resonance
Imaging (MRI), Mcroscopy,and other types of imagery. The software works by
extracting object boundaries using 3D image segmentation functions, and creating
both 3D surface and volume rendering for visualization, object measurement, and
guantitative aalysis. It includes all these functions in a single integratedteasse
package.

3D-DOCTOROGs wuser interface is similar to
can use the menu items or toolbars to start the processing commands. You can use
the keybard to scroll an image display window up, down, left, and right, and to
rotate a 3D display to different angles. You can use the mouse to draw a selection
rectangle within an image window or perform data editing functions. The right
mouse button is usea tbring up a floating popp menu with available editing
options when in an editing mode.

3D-DOCTOR has 5 main types of display windows:
1. SingleIMAGE PLANE VIEW to show a single image slice at a time.

2. MONTAGE VIEW to display all slices from a 3D imagEhe view can
display the slices in a mosaic form, or a single slice as a side profile or top
profile view.

3. VOLUME VIEW to displayvolume rendered images.
4. SURFACE VIEW to display 3D surface models.

5. PLOT WINDOW to display histograms and measurements.

Each window has its own set of commands to open and save files, edircmess
data associated with the display window. You can click the left mouse button within a
window to make it active.
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1.3.2 Terminology

Many imaging terms have been used by-BOCTOR. Some are standard image
processing terms and some are-BDCTOR speific. To make it easier to
understand, we provide a list of definitions in this section for the commonly used
terminology.

Some words are used as the names of certain data items, such as boundary, object,
and image. Other words aread as the names of commands or processing functions,
such as segmentation and surface rendering. Some different words may have the same
meaning, such as image plane and image slice.

The best way to understand the terms and commands is to work withftikars. If
you are not sure about a command, try it and see what it does.

1 2D Image/Image Slice/lmage PlanéA single slice of an image is a 2D image.
One slice of a volume image can be called a 2D image. For example, when you
scan a film and savethescaed i mage to a TIFF or JPEG
When you open a 2D image (single slice) irBDCTOR, you only see the
IMAGE PLANE WINDOW that displays the single image and no MONTAGE
WINDOW.

1 3D Image/Volume Image A 3D volume imagencludes a stack of 2D images. A
3D volume image can be stored in a single image file or multiple files where each
file contains one image slice or plane. In-BCTOR, when a 3D image is
opened, you will see two display windows. The IMAGE PLANE WINDOW
shows a single slice with full details, and the MONTAGE WINDOW shows all of
the image slices within the 3D image. You can simply open the image to see if it
is progerly organized as a 3D image or still a single 2D slice. You can think of a
2D image as an individual sheet in a book and you need to stack all the sheets up
in the correct order to make a 3D volume. InBDCTOR, theFile/New Stack
command is used to put single image slices together to form a 3D image for
processing and analysis (Section 1®r2ating a 3D Stack from 2D Image
Slices.

9 Calibration: For a 3D imagethe voxel size (image resolution) must be provided
to 3AD-DOCTOR. This ensures that the 3D rendered image will have the correct
scale in all adimensions and result in calibrated computation for all the reporting
functions. Calibration parameters for voxe$olution include the size of a pixel
in a slice, for example, 1 mm, and the slice thickness. The slice thickness is the
sum of the image slice thickness plus the gap distance between two neighbor
slices. For DICOM images, these parameters are norntalyded in the header,
but you may need to adjust the slice thickness if not all the slices are used.
Calibration parameters for voxel values can also be entered and used by reporting
and quantitative analysis functions when available (Section Défiding Voxel
Size and Slice Thickness for Calibratjon
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1 Object: In 3D-DOCTOR, an object contains the boundaries and the image pixel
data within the boundaries. When a boundary is drawnyéya belongso the
current object. For example, a 3D image of a head can be separated into multiple
objects, including the outline of the head, the skull, and the brain. Once
boundaries are generated for each object, the baesdzan be used for 3D
rendering. You can group objects together to create different 3D displays by
turning them on or off. For example, if half of a head and the brain are selected as
objects, an image of an exposed brain will appear with the half btk that
was selected. Objects are defined and updated usif@iti®bject Setting
command (Section3.2Qb j ect Sett)i ngécommand

1 Boundary/Contour: Boundariesare contours that define the area of a 3D object
in each slice within a 3D image. Because boundaries are used to tell which part of
the volume image is included in 3D rendering and quantitative analysis, they are
required before 3D remding can be done. On each image plane, one object can
have any number of boundaries that are notistdfsected or intersected to each
other. One boundary can be contained by another boundary of the same object to
form a hole or island (See Figure oe thext page). The polarity rule applies in
boundary topology to indicate which part is included and which part is excluded.
For example, when a voxel is first contained by a boundary, it is included. The
second time it is contained by a boundary of theesabject, it is outside the
object or excluded. The third time it is contained by a boundary of the same
object, it is included again. Boundaries can be generated automatically using the
Auto Segment3D Rendering/Interactive Segmenmtthe3D Rendering/Sgment
Objectcommand (Section 1.6Greating a 3D Rendering Using Interactive
Segmentatioand Section 1.6.3D Image Segmentation Using a Training Area
You can manually define or update boundariesgitfieEdit/Boundary Editor
command (Section 3Boundary Editoy. Boundary dataan also be imported
from other digitizing devices and ASCII files (Section 2 @nport
Boundaryéxommand

@ &

intersecting boundaries seff-intersecting boundany
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cortained boundanies

1 Region of Interest (ROI). User definedegions of interest (ROI) are used to limit
the image areas to be processed by the image segmentation functions. After an
image is open, ROIs are defined usingHad#/Regions binterestcommand
before segmentation is done for an object (SectioR8don of Interest (RO))
ROls can be in several shapes or combinations of shapes, such as polygons,
circles, and rectangles. ROIs defined udtdlit/Regions of Interestpply to all
image slices and new ROIs may need to be defined when segmenting other slices.
If you already have a boundary for an object and would like to use the boundary
as a temporary ROI for segmenting a new object within it, then use the
Edit/Regionsof Interest/ROI by Boundarieommando create an ROI from the
exXxisting object boundaries. The existing
you do this.

1 Segmentation Segmentation is an automated image processing furtotion
extract or generate object boundaries:BOCTOR has several image
segmentation functions. For example, 3ieRendering/Interactive Segment
function uses the Iimageds gr3dayscale range
Rendering/Segment Objeftinction uses a defined training area to help detect
similar image regions. The segmentation function can process all slices
automatically.

1 Surface Rendering Surface renderingreates polygothased 3D surface models
from defined object boundaries (Section $18face Renderir)gSurface
rendering displays the surface model and allows you to change the color and
transparency properties of the rendere@gats. 3D volume and surface area can
be accurately calculated from these surface models. You can save surface models
to 3D formats such as AutoCAD DXF and IGERving a surface model in
VRML format allows for use over the Inteat by web browsemsith the
necessary plus. In addition, 3DS format can be used for 3D Studio and STL
format can be used for rapid prototyping applications. The WAVEFRONT OBJ
and raw surface triangles alldahe transfer of data to other software packages.

1 Volume Rendering Volume renderingreates a 3D display using both the 3D
image and the boundaries. Voxels aretraged to show the image irB&® space
(Section7.5/0 1 ume Re nd e r)iViolgmecceadermagsupports several
rendering modes, including transparency, where voxels are treated as transparent,
direct object, where only surface voxels are displayed, and maximum density,
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where only tle brightest voxel is displayed along each ray. Because volume
rendering creates each view by-tagcing the entire volume, it may take a longer
amount of time to rotate when you have a larger image. For 3D volume rendering,

you can save the data to a XYil&, where each voxel location is recorded as a
point.
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1.3.3 3D-DOCTOR Main Functions
The following is a list of things you can do with 3BDCTOR:

1 Visualize Images In Most File Formats DICOM, TIFF, BMP, JPEG, Intéte,
PNG, Raw Image Data, and other 3D image formats are all supported in 3D
DOCTOR. Image files in various vendor specific formats can be easily imported
using 3BDOCTOR's universal image import function. 3D surface rendering data
can be expaed to AutoCAD DXF, IGES, STL for rapid prototyping, VRML for
Internet use, 3DS for 3D Studio, and WAVEFRONT OBJ and raw triangle
objects to transfer 3D surface model to other programs. 3D volume rendering data
can be saved as volume, or as 3D XYZ forniae 3D XYZ format is compatible
with many commercial 3D quantitative analysis and simulation programs.

1 Process Most Image Types3D-DOCTOR can processi@it and 16bit gray
scale images,-Bit and 24bit color images, and-hit black and white images.
Image type conversion functions are provided to change image types. For
example, converting a 24it RGB color image to grayscale, or converting a 16
bit grayscale image to anl8t grayscale image reduces the size of the image.

1 Template Based Film Cropping If your CT or MRI image€ome on film, then
you can scan them using a film scanner or a regular image scanner with a
transparency kit for 3D processing.-BEDOCT OROG s t e rmupabe&top b ased
Image/Crop Filntommand can be used to crop image slices, and save them to
image files automatically (Section5.44 op Fi | m@ command

1 Powerful Display Functions A 3D image is displayed in both an IMAGE
PLANE WINDOW to show full details of a single image plane/slicd an
MONTAGE WINDOW where all image planes are displayed as thumbnail size
panes to allow easy navigation between slices. The 3D volume rendering and 3D
surface rendering allows you to see the image in 3D. All display windows can be
animated and saved to AVI movie file using the movie creation function
(Section4.10.€r eat e Mo v i).eréucanmwitehrtheé image plane
display to another slice by double clicking on a pane in the MONTAGE
WINDOW. With the palette control functions, you can change thetpate
pseudo color, red, green or blue (Section 4xddge Paletfe You can adjust the
image contrast to enhance the image display, or apply log scale or square root
scale functions to the image histogram to give stronger contrast to a certain range
of pixel values. In addition, you can display images with or without pixel
interpolation (Section 4.12nage Contrast

1 3D Image Segmentation to Generate Object BoundarieBefore you create a
surface or volume rendering for a 3D image, use one of the segimenta
commands to extract object boundaries. Multiple objects are supported so you can
visualize single objects or a combination of many objects in 3D.
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91 3D Surface Rendering to Create 3D Surface Model&rom boundary data, 3D
surface moels are created using the surface rendering functions. The display
settings such as color and transparency can be adjusted interactively within the 3D
SURFACE WINDOW.using theView/Objectcommand. You can export the
models to formats such as DXF, IGES, SVYRML, and 3DS. 3D volume and
surface area can be calculated from the surface rendered models.

1 3D Volume Rendering The raytracing based volume renderipgpvides several
display modes: opaque or transparent voxels in color or grayscale.

1 Boundary Data Editing and ProcessingYou can define or update object
boundaries using thBoundary EditorBoundaries can be processed using
functions under th&dit/Boundary Processubmenu, such &snooth split object
delete by lengtidelete by image planesnd other functions (ChapteB®undary
Process CommanysA detailed report for boundary data can be generated easily
using theBoundary Reportunction for quatitative analysis (Section 3.8
Boundary Repprteécommand

1 Editors for Image, Point Markers, and Annotation : Thelmage Editorallows
pixel value editing, displaying, and mappimgadther values (Section 3lmage
Editor). Point markers are used to mark locations in a 3D image and are
controlled using th@oint Editor(Section 3.1(Point Edito). Annotations are
easily created using tinnotation Editor(Section 3.1Annotation Edor).

1 Image MeasurementsArea, surface area, volume, distance, profile, and an
image region histogramwan all be calculated in 3DOCTOR. With the
Measuring Toglyou can quickly measure the length, area of a region, image
density n a region, and view the pixel histogram (SectionN8eésuring Todl

1 3D Image Reslicing With a single command, you can reslice a 3D image along
the X-axis, Y-axis, or an arbitrary axis defined by a 3D angle. Resliced images
allow you to make more acate measurement or examination of certain objects
that have different orientations (Section B&slice Commands

1 3D Image Registration Auto Alignment, and Fusion Easily regster two
images that are related by specifying 4 or more control pointsHDGDTOR.
Once a pair of images are registered, you can create an image fusion by
combining the two images in any of the methods supported, including add (+),
subtract {), And, OR transparent, Max, Min, etc. If you have two images from a
single source, for example, a CT image and an MRI image for the same patient,
using the registration and fusion functions, you can create a brand new image with
information you could never visuak before (Chapter lhage Menu
Commands

1 3D Volume Image ReconstructionCreate parallel crossection, volume images
using xray images taken at angles around the object. This allows you to turn your
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x-ray machine into a full CT (Computed Tomography) system using 3D
DOCTOR(Section5.1Reconstructj)onécommand

1 3D Image Restoration by Deconvolution3D-DOCTOR provides two highly
efficient deconvolution methodsif 3D image restoration and reconstruction, a
fast nearest neighbor algorithm and an iterative maximum entropy algorithm. If
you have a 3D image acquired from a device where the point spread function
(PSF) is known, then you can easily get a restored invégenuch higher
quality using 3ABDOCTOR's restoration functions (Chaptdd&convolution
Commands

91 3DBasic: Scripting support makes it easy to combineBOCTOR functions for
complicated batch mode processing and so#wastomization. 3DBasic is easy
to learn because it uses standard Bhsé&csyntax and provides full support for
flow control and different types of variables (ChapteBDBasic Menu
Commands

The 3D-DOCTOR tutorial sectionprovides stefby-step instructions on topics such

as creating a 3D stack from single image files, how to define objects, how to create
object boundaries using segmentation, how to create 3D surface and volume
rendering, and image registration and fusion.
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1.4 Technical Support and Upgrades

At Able Software, we make every effort to provide you with the best technical
support possible. Don6t hesitate to contac
technical support, bug reports, to submit comments and suggestions, please contact

us by email (support@ablesw.com), Fax (B&P-2640) or Phone (788622804),

or by regular mail:

Customer Support Department.
Able Software Corp.

5 Appletree Lane

Lexington, MA 024262406
USA

On Abl e Softwareds Web Sdott@), werave pages/ www. a
dedicated to technical support and upgrade information. Please visit our site to get the
latest information on new releases and availability of new upgrades.

The latest 3EDOCTOR upgrades are normally available to users under service
contract at our web sitéttp://www.ablesw.com/3ddoctor.

You can also contact the distributor from whom you purchased the sefteranoth
technical and other information.

1.4.1 3D-DOCTOR Internet Mailing List

We have set up an Internet mailing list for-B@CTOR users, and those who are
interested in 3D image processing and rendering technologies. We regularly post
news about new releases, new upgrades, and bug fixes to this mailing list. We
strongly suggest that you register in order to get the latest information about the
availability of new upgrades and new features added to the software.

To registerplease send an email Bd@ablesw.comwith your contact information.
Your contact information will only be used for product support purposes.

If you need any assistance or have any questions, please send email to
support@ablesw.com
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1.5 User Interface

3D-DOCTOR software has a similar user interface as other Windows programs. It
includes several types of windows to display a 2D image plWvil@GE PLANE
WINDOW), 2D image panes organized as a montage (MONTAGE WINDQGW),
volume images\(OLUME VIEW WINDOW), 3D surface images (3D SURFACE
WINDOW), and 1D curves in LOT WINDOW. 3D-DOCTOR uses menu bars,
tool buttons, floating popip menus, a mouse, and keyboard commands to interact
between the user and the software. Tdreline help provides information on
commands and options implemented in-BDCTOR. The menu options can be
selected with either a mouse or with keyboard shortcuts.

Please refer to Windows documentation about using Windows tools, dialog boxes,
menus, icas, etc. In the following sections, we will discuss various user interface
items supported by 3DOCTOR.

1.5.1 IMAGE PLANE WINDO%hd MONTAGE WINDOW

A 3D image consists of a number of T T —

2D image planes or slices. When a m‘l:‘—;}‘r‘!ﬂ?l’t‘!{x}:‘:%%:ijwml add ;—ngm
3D image is opened by 3D § soweire = — o]
DOCTOR, two display windows are
created: the IMAGE PLANE
WINDOW and the MONTAGE
WINDOW. If the image is initially
displayed only in the IMAGE
PLANE WINDQOW, it indicates the
image has only a single slice and s >
you may need to use tHale/New — —
Stackcommand to put multiple slices together into a 3D image for processing. After
the stack list is created, you can use it directly to opeBEhanage.Once you have
boundaries and other data, you can save all data to a project file. A project file
contains all processed data, such as objects, boundaries, point markers, annotations,
and the file path to the image file. Image data itself is not savediprtject file

When you move your project file to a new location, make sure the image file is
moved as well.

|
A
J
b 5
iy oy
b
gty g b ¥
LOERTHICI U |
.

ThelIMAGE PLANE WINDOW displays one image plane at a time with the plane ID
displayed at the top left corner of the windavine IMAGE PLANE WINDOW is the

main display and analysis window for a 3D image, where all image processing
functions, editing functions, measurement tools, and segmentation functions are used.
Function keysF5 and F6 move the display to the previous slice mext slice,
respectively.
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The MONTAGE WINDOW displays all image planes that are organized sequentially
in one window. Each image plane is displayed as a pane with a plane ID in a
MONTAGE WINDOW. Double clicking in an image pane within tMONTAGE
WINDOW will display the selected image plane in IMAGE PLANE WINDOW.

The MONTAGE WINDOW provides a navigation tool among the 3D image planes
and an overview of the 3D image structure.

Note in 3DDOCTOR, we count image planes starting from 0. If a 3D image2Bé
planes or slices, the first plane is plane 0 and the last plane is plane 255.

3D-DOCTOR generated data, such as boundary lines, point markers, annotations, and
control points are displayed in tiidAGE PLANE WINDOW and are edited here as

well. Somedata items may be displayed in both tReAGE PLANE WINDOW and
MONTAGE WINDOW, but editing always takes place in tfRdAGE PLANE
WINDOW.

All functions under th&/iew menu can be used to control the dispddyhe IMAGE
PLANE WINDOW, including zoom in, zoom out, pseudo color palette selection,
image contrast adjustment, interpolation mode, and histogram enhancement.

When theIMAGE PLANE WINDOW is in the zooming mode (scroll bars will be
displayed), the\RROW KEYS PAGE UP and PAGE DOWN HOME, andEND keys can be
used to scroll the image. To zoom into a specific image region, you can hold down
the left mouse button and drag it to draw a select rectangle and then prieaséye

to zoom in. Thd=3 key zooms at.

1.5.2 VOLUME VIEW WINDOW

VOLUME VIEW WINDOW. The 3D
rendered image is created using-teacing
algorithms and displayed at different us
selected angles. The display can
animated kbng a certain viewing angleg
using the View/Animate command
(Section 4.10Animate. The screen image
can be saved to an image file in TIF

format using theFile/Save Image As™*** e
command.

If no object boundary has been defined, you can draw a selection rectangle in the
IMAGE PLANE WINDOW and use th8D Rendering/Cube Boundacpmmand to
define boundaries for a cube volume and then perfdalume RenderingWhen
boundaries are defined, volume rendering can be used directly. You c8Duse
Rendering/Split Objecto slice object boundaries into 2 parts and then use the split
object for volume renderingThe 3D volume can be saved to XYZ, or -3D
DOCTOROG6s own VOL file formats.
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The VOLUME VIEW WINDOW has a set of display control functions in Yhew
menuto zoom in, zoom out, use pseudo color palette, and adjust contrast and other
display controls.

1.5.3 3D SURFACE WINDOW

3D surface modelsreated by surface rendering functions are displayed in the 3D
SURFACE WINDOW The 3D surface models are in 3D polygon mesh form,
represented by surface triangles ata=mm——mm

dotai=ty

polygons. The models can be viewess
from any selected angle and can |G5g
animated along a certain viewing patiisds
The data created by surface renderig
methals can be saved to a vectiased §*
3D graphics file format, such as DX§
format, to be used by other 3I
modeling or graphics  software
packages. The data can also be sa
in STL format for rapid prototyping
applications, or in VRMLformat for ®
display through the Internet.

““““
- LR pePe

The 3D SURFACE WINDOWhas its own set of display control functions, including
zoom in, zoom out, viewing angle adjustment, light source control, animation, and the
use of different surface rendering methods. Vhev/Objectcommand within th&D
SURFACE WINDOW: s used to tog@ an object display on and off, change the
color, and its transparency mode.

3D volume and surface area can be calculated from surface models using the
Tools/Calculate Volumesommand within the 3D SURFACE WINDOW.
1.5.4 PLOT WINDOW

Onedimensional curgs such as image pixe@
3D Profile

profiles, image histograms, and 3D ima
pixel profiles generated using th
Edit/Measuring Tools commands are
displayed in @LOT WINDOW.

The PLOT WINDOW allows the display of
multiple lines. The data can be saved to
ASCII text file in table form, which can be
used in a spreadsheet or other data anal
program. The plot can also be printed to
printer.
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The 3D image profile generated from tRdit/Measuring Tool/B Profile command
is displayed in 8D PROFILE WINDOW(See Figure). The plot can be printed to a
printer or saved to a text file.

1.5.5 Menu Bar

i;i:':EE'Ahle Software 3D-DOCTOR - 3dhead. prj

File Edt iew Image 30 Renderng Window Help

The menu bar provides the access tcIBDCT ORGs processihng ¢ omm;
type of display window has its own menu bar. Some functions are common to all
windows, such as the print and help commands. Some functions are specific to a

certain type of image window and their availability depends on the current image type

and processg status. An image window must be activated to make its functions
accessible. When you have multiple windows, you can click the left mouse button

within a window to make it active.

Most of the options provided b¥dit/Boundary Editor Edit/Point Editor, and
Edit/Control Point Editorcan also be invoked from the floating pop menus.
Clicking the right mouse button within the IMAGE PLANE WINDOW brings up the
floating popup menu with some popular commands or editing options.

You can display a menu's option by clicking on its menu heading with the left mouse
button, or by holding down theLT key and typing the underline letter of its menu
heading. You can also select a menu option with the function keys, balidays

for exampleF1 to get online help,F2 to zoom in andF3 to zoom outF5 andF6 set

the current display to the previous or next image slice, respectively.

Some menu options initiate commands directlijlevothers include a floating pep

up menu brought up using the right mouse button or use a dialog box to initiate
commands. An ellipsis mark (...) next to a menu heading indicates that there is a
dialog box for that option.

In 3D-DOCTOR, all options undehe editing tools can be invoked using either the
main drop down menu or the floating pop menu brought up by clicking the right
mouse button within theMAGE PLANE WINDOW.

1.5.6 The Floating Popup Menu Calbrations .
Edit Boundary
To select an option using the floating pop Split Object

menu while in an editing mode, first use tt =~ 2mpify Boundaris

right mouse button to bring up the pop Fieduce Nodes

menu and then use the left mouse button Simple Suface Rendering

select the option. Fast Complex Surface Rendering
Complexs Surface Fendering
Yaolume B endering

Save Project
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1.5.7 The Mouse

A two-button mouse lets you position the cursor and select items on the screen.

The left mouse button is normally used to select menu options, edit screen
LJ objects, and draw a selection rectangle for zooming in and out.

Click the right mouse buttoio display a floating popip menu that provides the
most frequently used commands, depending on the processing status and the current
data type.

1.5.8 The Keyboard

The keyboard can be used to start commands

enter text, such as file names and annotations.

The keyboard is also used with some editing tools, for exampl&aimedary Editor
and Measuring Toal When drawing a boundary polygon for an object boundary or
region of interest, hit thesPACEBAR to dose the boundary and finish the current
polygon.

Some short cut keys are also enabled for specific functions, for exdridiar, help,

F2 for zoom in, and=3 for zoom out. When in the Zoom In mode, use AReow
keys,PAGE UP, andPAGE DOWNKeys to scroll in théMAGE PLANE WINDOW.

When a 3D image is displayed, you can ESe0 go to the previous image plane and
F6 to go to the next image plane.

For the 3ADSURFACE WINDOW and theVOLUME VIEW WINDOW, use the
ARROWKeys to rotate the 3D gifay.

1.5.9 Draw A Selection Rectangleand Measure Distance

In 3D-DOCTOR, there are many places you need to draw a selection rectangle to
indicate the image region of interest. The rectangle is used by zoom in, zoom out,
image cop, and some editing functions.

To get a selection rectangle in the selection m@deow Curso), hold the
left mouse button to drag a selection rectangle inlh&GE PLANE
WINDOW.

When the cursor is not an arrow, the selection is not directly available because it is
currently in an editing session, such as Bwindary Editor or the Control Point
Editor. To get a selection rectangle during an editing session, you need to hold the
SHIFT key down and hold the left mouse button at the same time to drag a selection
rectangle in theMAGE PLANE WINDOW. The current editing session will not be
interrupted.
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To measure length or distandedd down thecoNTROL key, press the left mouse
button, and drag to draw a line. The length of the line is displayed in real time in the
Status Baat the bottom of thtMAGE PLANE WINDOW.
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1.5.10 Toolbars

i Able Software 3D-DOCTOR - 3dhead.hdr
File  Edit “iew Image 3D Rendering  YWindow Help

T A= L= N N R K o e o e ] Y sl s )
ocS(=] =[x ]| Blelel =]t L] [FTE =8 Bran -] %l

L]
g
]

At the top ofthe IMAGE PLANE WINDOW, toolbars provide access to the more
frequently used functions, such as view controls, editing tools, and other functions. If
your cursor stops on a tool button for a few seconds, a simple tool tip will appear to
show you the command

Turning on the specific editing mode can activate the toolbars.

W2 o|o| 2] =<3 2l [ | 5|

IFIE < |ind| Measuring Tootoolbars

Boundary Editotoolbars

@5 Elﬂl@l Region ofinterest (ROI) Tootoolbars
2| 25| &= 4| 4=

|Brain jél

ﬂl ZoomingandRotatingtoolbars

: Object ListandObject Settingoolbar. The drop down list
all ows you to quickly sealtédct one object
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1.6 Getting Started
1.6.1 The Basics

3D-DOCTOR is developed using objemtiented technologies that make the software
highly efficient to process and manip@a&D images and other associated data items
in an integrated environment.

3D-DOCTOR Work Flow (see figure below):

1. Open Image File: Use tl@le/New Stackcommand to put multiple slice
image files into a 3D stack or tikdle/Opencommand if multiple sliceare
stored in a single image file. Your image can also be processed using the
commands under the Image menu.

2. Define Object and Object Boundaries: Use the Edit/Object Settings to add
objects to your project. Use tB® Rendering/Auto Segmetd automatichy
detect object boundaries. You can also usértegactive Segmerdr
Segment Objeatommands to generate object boundaries for the defined
objects. You can use Edit/Boundary Editor to trace object boundaries
manually.

3. 3D Surface Rendering and Volumenrilering: You can export the 3D surface
models using th&ile/Export Modelcommand to many commonly used
formats and create advanced animation usiny/ieée/Animation Control
command.

/-
/- o/ /@ @/
==/ [==/

Orginal Image Boundaries are detected using
image segymentation

3D surface model is created by
connecting boundaries from all
image slices

It is important to have a good understanding of how different types of data, such as
images, boundary lines, point markers, control points, and annotations are handled by
the software and how they are generated, displayed, edited, and saved in a file.
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In a previous section, we have explained the windows used to display image planes,
volume images, and surface images. In this section, we will explain the relationship
between different data types supported by the main IMAGE PLANE WINDOW and

its associatedunctions. This allows you to see how some tasks can get done quickly
and easily, such as creating a surface rendering image, or measuring a special image
area. In the following sections, detailed steps will be given to explain how certain
tasks are done.

Each type of graphical data, such as images, boundary lines, point markers,
annotations, and control points, is treated as a layer in the main IMAGE PLANE
WINDOW. Once an image is opened in-BIDCTOR, an image plane is displayed in
theIMAGE PLANE WINDOW while other planes are organized and displayed in the
MONTAGE WINDOW. You can double click in a plane in tHdONTAGE
WINDOW to switch the display to the corresponding image plane.

The following flow chart shows the steps needed to open a 3D image. A&i2 im

can be stored as a single 3D file such as TIFF or 2D slices in various formats, such as
DICOM, TIFF, JPEG BMP, PNG or a vendor proprietary format. Additionally,
separat@D image slices can be compiled into a 3D stack to create a single stack list
file to access all image slices.
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Open Image File

Slice format file:
Dicom slice image
Tiff slice image
Bmp slice image
2D header file

Unknown
format

USE
Eile/New
Stack
command

Add slice
image to list
file

Create list file

image

USE File/Raw_
Image File Import

command

Define image
2D file header
parameters

Create header file

3D or 2D
header file?

Open 3D tiff file
Open 3D list file

3D tiff file

A

Open 3D header file

v

USE Eile/Open

2D slice and
montage display
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Once an image is displayed, you can then use the image functions to process the
image, or use the segmentatimmctions to generate boundary data. Boundary data
are displayed as polygon lines in the IMAGE PLANE WINDOW, and by default only
lines for the current plane are displayed. The following flow chart shows the steps
needed to segment a 3D image to get boyndata, and then create a 3D surface and

a 3D volume rendering.

Segmentation
and 3D

Rendering

Object Setting to
Define Multiple

Object
USE
Edit/Boundary Editor
to create boundaries Draw a region of
manually interest (ROI)
USE Auto USE 3D USE 3D
Segment i Rendering/
command Interactive Segment
Segment Object
command command
>f | |
Boundary P Create boundary Boundary
processing Data -~ d editing
v v
USE 3D_ USE 3D_
Rendering/, Rendering/ USE 3D
Surface Surface Rendering/
Rendering/ Rendering/ Volume
Simple Surface Complex Rendering
command Rendering command
command

Surface
rendering
display

Volume
rendering
display
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INn3D-DOCTOR, a def aul t Defaujtoe,ctalgwaoyusp , e xniasntesd afr
used as an object because it contains boundary data. You can UsditiBbject
Sdtingscommand to define new object groups and set it to current if you want to add

boundary lines to this group. If a group does not need to be seen in the IMAGE

PLANE WINDOW, use the&dit/Object Settinggommand to turn it off. Deleting an

object will remove both the object group and all data associated with the object.

Boundary lines can be e — *
edited or processed usin REImERAlEIRRmyteeee [ G ] e
the Edit/Boundary Editor
menu or under the
Edit/Boundary Process
menu. The boundary line:
are organized as objec
groups for more effective
management, and mor
flexible use by the
rendering functions.

Sort DACOM Fies
Sane O (Mo Sof

| Deew | < By vmge Prwcn

By oy Mo

| bsesa |

¥ Tpuyrape Sudes
=l

Sort By Hawre
. nihe 8

Control points are usec
primarily for registering
one image to another
Control points are defined
using theControl Points EditorOther data items, such as points andotations can
be created using their own editing functions undeEttiémenu.

1.6.2 Creating a 3D Stack from 2D Image Slices

Very often, image planes or slices are stored in separate files in a format supported by
3D-DOCTOR, such as DICOM, TIFF, BMBPEG,PNG or a format that can be
configured.

The following are steps needed to create a stack list file when image slices are stored
in separate files. The stack list file can be used as if it is a single inkag8dction
21New St ackécommand

Step 1. SelectFile/New Stack TheCreate 3D Image Stackdialog box will appear
(See Figure).

Step2.Use the AAdd Fol dero or AAdd Fileso bu
file Open dialog box is used to get file names. The fipen dialog box supports

multiple file name selections so you can add several files in one group. Hold down

the SHIFFkey or the CONTROLKey to highlight the image files and then click the

Open button to add them to the stack | ist.
add all files to the list. DICOM images can be sorted automatically bBRPOGOTOR

according to their 30positions stored in the file headéor norDICOM images,
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make sure the order of the files to be added corresponds to the order of their 3D
position within the image stack.

If the DICOMDIR file is available with the DICOM image files, you can use the

AlLoad Listo command to open it and then s
StudySeri es | ist. The fALoad Listo command ca
stack list file.

The fADel e towvyoukdaudeléteoarfile fioimlthe current list. Select a file from
the Iist first and then press the fADel eteo

If you need to take a look at an image file added in the list, select the file name in the

' i st and then pr es simagewdl beaidsplayediinghe previewat t o n .
window. If the image cannot be previewed, then you may have a problem with the

file or the file format used. You may have to useBD C T O RieRaw Image

File Importfunction to configure the file first.

Step 3.0nce the files are added to the list, you can save the list to an image list file
by pressing the fASave Listodo button. You ¢
editing by pressing the AOpen Listo button

Step4.Click the AOpenodo button to open the 3D
future, you can use thEile/Opencommand to open the list file directly. All files
stored in the list will be treated as an image plane within the 3D image.

1.6.3 Importing Raw or Nonstandard Image Files

3D-DOCTOR supports various image file formats directly, including DICOM, TIFF,

JPEG, Interfile PNG, and BMP. For other nestandard image file formats, such as a

raw binary file or a vendor proprietary image file form@D-D OCT ORG&6s r aw i mag
import function will create an image header file for the raw image data file when its
configuration or file struwire is known.

If an image is 256 by 256, uncompressed, anrd@ Bits deep (and hence usually
stored as two bytes per pixel), then the file is going to contain 256*256*2=131072
bytes of pixel data at the end of the file. If the file is 145408 bytes &mgll GE

Signa 3X/4X files are for example, then you need to skip 14380872 = 14336

bytes of header before you get to the data. If you are sure the pixel data is stored at
the end of the file, then you can eritérand let 3SBDOCTOR calculate it

aubmatically for you.

Because images can be stored either by row or by column, the imported image
orientation may be different or incorrect. In this case]risge/Flipor
Image/Transposeommands can be used to adjust the orientation.

3D-DOCTOR has twdunctions under th&ile menu for importing raw image files,
File/Raw Image File Import/Single Filend File/Raw Image Import/Multiple Files
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The first command is used to create a header file for a single image datdtliide

stored as a 3D volume or as a 2D plane. The second command is used to create
headers for a group of image data files belonging to a 3D volume image. When
creating headers for multiple files, an image stack list file (*dat) be created as

well, which will be used by 3IOCTOR to open the volume image.

Once the header file is created correctly, you can then use the header file (*.hdr)
instead of the image data file to open the image andtheadata into 3SEDOCTOR.

The file will be treated the same as a directly supported file format, like DICOM or
TIFF.

The following are the steps needed to create a header file for a sing&andard
image file or a list file for an image volume storadnultiple files:

Step 1.SelectFile/Raw Image Import/Single Filié dealing with only one raw image
data file orFile/Raw Image Import/Multiple Filesommand if working with multiple

files for an image volume. When this command is select€@feate Image Header

File dialog box will appear to enter in a set of image parameters (SectiorRaw.1

| mage File | mpor t / &d rSgctioa 2.4£2Rdweldmage milma n d
| mport/ Multipl)e Filesécommand

Both commands create a header or configuration file for each image data file, which
allows 3DDOCTOR to read a nestandard or proprietary image ddile directly.
The command for multiple files can also generate a list file for the volume image.

This provides a universal image reader capable of handling most uncompressed
image file formats so you can bring your data directly intoCBDCTOR for
processing and rendering.

Step 2.All parameters listed in the dialog box must be correctly entered in order for
the software to read the image data correctly. If you do not know the parameters, you
should contact the vendor or source where you receivedilth to obtain these
parameters. The figure below shows how the parameters correspond to data stored in
an image file.
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Enter the following parameters:

# Bytes To Skip

1. NonStandard Image Data Files
(Mul tiple Files) [ #Columns(X[ [OdlaAedd Fi | es O
button toadd the data files to be
imported to the list. Make sure the filg
are added in the same order as they
exist in the volume image. When the
file Opendialog box appears, you car
select multiple files by holding down
thesHIFT key and the left mouse
button.The file Opendialog box has a
limit on the number of files to be
selected, so dong too many fil
each time. Header files will be create
when the AOKO but EBases @d for
all the data files. Each data file will
have a corresponding header file. If th
configuration is different from data file
to data file, then you should use the
File/Raw Image File Import/Single
File command to create header files f
each individually.

# Rows (Y)

2. List File NamgMultiple Files): Use this button to define an image stack
list file nameto save the list of the files to be imported. If the list file
name is not defined, then only header files are created.

3. Header File NaméSingle File): Use this field to enter a header file name
to save the configuration parameters. This will be usenh égjar in 3D
DOCTOR to read your image. If you want to copy or edit all the
information from an existing header fi
the existing header file. All parameters will be read in for you to modify.

4. Image Data File NaméSingleFi | e) : Use the fABrowseo b
directly the file name where the image data is stored. Enter the file name
exactly the way it appears as it is used byDDCTOR to find the image
data.

5. Number of ColumnsThis is the number of pixels in the X orwon
direction in one image plane or slice.

6. Number of RowsThis is the number of rows or pixels in the Y direction in
one image plane or slice.

7. Number of Image Planes or Slicdsis is the number of image planes or
slices in the file.
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8. Number of Bits RePixel: This tells the size of each image pixel, if the
number of bits is 8, then each pixel is one byte in size and can store up to
256 levels. If the number of bits is 16, then each pixel has 2 bytes of data
and can store up to 65536 levels.

9. Number oBytes to Skip Before the Image Data Arr@pme image files
have a fixed length header for storing vendor specific information. The
length or the size of the vendor header must be provided so the software
knows to skip it in order to read the image dataeztly. Enter1l if you
want the software to estimate it.

10. Little Endian or Big Endian This parameter only matters when the
number of bits per pixel is greater than 8, for example, when an image is
in 16-bit. For most images created on a PC, the filgased as little
endian (default). If your image is created on a Macintosh or a Unix
workstation, it is possible the pixel is stored as big endian. You can tell
right away if the image does not display correctly, for example,
discontinuous gray levels.tnhi s case, uncheck the ALI
set it as big endian.

Step3.Sel ect AOKO to save all/l the informatior
to work with your image data by using tkée/Opencommand and selecting the

header filetype (*.hdr). If a list file is saved for an image volume, it will be
automatically opened.

1.6.4 Defining Voxel Size and Slice Thickness for Calibration

For a 3D imagethe voxel size (image resolution) must be provided so 3D rendering
will have the correct scale in allddmensions and can be used by the reporting and
measurement functions. If your image is stored in DICOM format, the parameters
may already exist in theldé header and will be used automatically byBDCTOR.
However, you may need to adjust the slice thickness if some slices are not used when
you create the 3D stack.

The following explains the parameters and how they are defined. Your image must be
open before you start the following steps (SectionC3all i br at i gg)nécommand

Step 1.Select theEdit/Calibrationscommand. Thémage Calibration Parameters
dialog box showrelow appears.
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Image Calibration Parameters E3

—# Y. 2 Woxel Resolution——————————— [ Pixel Rescale

* (woxel width): |1.I393?5 Slope:
" (wioxel height): |1 09375 Intercept:
Z [slice thickness): |2 Unit (hu. ..): ramnalue
Unit (e, mm._): Imm MNewPixel = Slope*RawFixel +
Intercept
Calculate Xy | Calculate

(0]:4 | Cancel |

i

Step 2 If your image already has calibration parameters, for example, DICOM image
files, the provided values will be displayed in the fields. Otherwise, default values are
used. The X and Y values for voxel resolutionhis size of one pixel in a slice. For
example, a CT image has a pixel size of 1.5mm. You can enter 1.5 for both X and Y
fields and the unit as mm. The slice thickness is the physical thickness of one slice
plus the gap distance between 2 neighbor slitekd same measurement unit as the

XY sizes. You can also think of slice thickness as the distance between the centers of
2 neighbor slices in the 3D space.

If your image is scanned from a film or from other sources, the XYZ parameters can
be calculatedrbm the physical size of the imaged volume or the field of view (FOV)
and the image size. For example, a 3D image covers a 3D volume with the physical
width of 200mm, a height of 400mm and a depth of 100mm.|fiage/Information
command shows that the nuerbof columns for the image is 1000, the number of
rows is 2000 and the number of slices is 50. The calibration parameters can then be
calculated by dividing the physical size by the image size.

For this image,

X =200mm/1000 (cols) = 0.2mm

Y =400mm/2000 (rows) = 0.2mm

And the slice thickness Z = 100mm/50 = 2mm

You can then enter 0.2, 0.2 and 2 for the X, Y and Z fields, respectifrgbpu know
the FOV (field of view) size, you can obtain the XY resolution valyeusing the
Calculate XYbutton.

Step 3.The parameters for theixel Rescalgortion of the dialog box are used to
calibrate pixel values to their physical units, for example, the Hounsfield unit used by
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a CT image. Two parameterSlope and Intercept are used to define a linear
transformation between the pixel value and the calibrated pixel value:

NewValue = PixelValue * Slope + Intercept

If you do not have the parameters, they can be calculated from the calibration step
wedge, in an image where paok pixel values and calibrated values are available.
Click the fACalcul ateo button to do this,.

1.6.5 Creating a 3D Model Using Segmentation

3D-DOCTOR allows you to 3D surface models quickly from your csesgion

image. To create 3D models, you first needyenerate boundary (or contour) lines

for objects in the image and then use the surface rendering command to create the
model. The boundary lines define image regions to be used by both volume rendering
and surface model creation.

For each 3D image, you can define multiple objects and change their status using the
Edit/Object Settingcommand. After the objects are defined, you can set one as
ACurrento and generate boundaries for it u
the Boundary Editor Boundary data can also be imported from other sources or

exported to other programs.

The following explains the process of generating boundary lines using image
segmentation for 3D rendering (Section 7.1. andSé@mentation commands

Step 1.0pen the 3D image using tikle/Opencommand. If the image has multiple

slices, you should see two windows, one window displays a single slice and another
window displays a montage of all thecske s . | f you donoét see t
WINDOW and the image plane number is not displayed inlth&GE PLANE

WINDOW, you will need to use thEile/New Stackcommand to put the 2D image

files into a 3D stack first.

Step 2.1f you want 3ADDOCTORto detect object boundaries automatically, simply
select the 3D Rendering/Auto Segment command and enter the number which
indicates how many possible objects you'd like to detect. Click OK and wait for the
boundaries to be detected. If you are happy thighboundaries, then go &tep 6.

If you'd like to segment the image planes interactively, then fditep 3to Step 6

Step 3. Use theEdit/Object Settinggommand to add new object names for this

image. When th@®bject managementdialog appears, ¢&r a new object name in the

edit box at the bottom and click the AAdd
Hi ghl i ght one object from the 1| 1ist and cl i
new object as the current object and it will receive thendary data generated from

the segmentation processin Steg€4.i ck t he AOKO button to fin

45



OVERVIEW AND TUTORIA L

Step 4.Regions of Interest (ROIs) can be defined usingBd/Region of Interest

(ROI) command to limit the image areas for the segmentation. If ROIs are defined,
only pixels within the ROIs are processed for boundary extraction. This is especially
useful when segmenting objects with complex boundary lines across the image
planes. Once the®lI editing is AOno, you can cl
image to draw polygons. Press B8®ACEBARtO close a polygon. ROIs are displayed

as thick blue lines.

c k

Step 5.Select the8D_Rendering/Interactive Segmento mmand. Answer fiYes

askedif you want to keep the current object for segmentation. [Fieractive
Segmentationdialog box appears and the display of the single IMAGE PLANE
WINDOW is changed. The red color is used to show pixels that fall within the
threshold range specified bygMinimumandMaximumvalues. Use the slider bar to
adjust theMinimumand Maximumvalues. The display of the current image slice is
updated in realime according to the current threshold selection. When pixels that
belong to the intended object aredispsyed i n red col or, you

Pl aned button to extract the boundari es

Pl aneo or APrev Pl aneo button to go
individually. If the threshold values are applicahbieall slices, you can click on the

c

h

a
fo
r

ASegment AlIl 0 button to extract boundari e:

leave the interactive segmentation function.
Step 6.Now, you can repeat Steps 2 to 4 to segment boundaries for other objects.

Step 7. The boundary lines can be edited using the tools provided by the
Edit/Boundary Editorlf you need to split the object into two sabjects, then use the

3D Rendering/Split Objectommand to do it.Use the File/Save/SaveProject
command to save the boundaries and other data to a project file.

Step 8.0nce the boundaries are defined, you are ready to create 3D surface models.

This can be accomplished using ®i@ Rendering/Simple Surface Rendermgthe
3D _Rendering/Complex Surfaceommands. You can also create 3D volume

renderingusing the3D Rendering/Volume Renderimgpmmand.

Step 9.When the 3D SURFACEVINDOW appears, use commands under\imy
menu to change the viewing angles and other controls.
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1.6.6 Creating 3D Volume Rendering
3D volume rendering is easy to do usingBDCTOR.
The following explains the process of performing a 3D volume rendering:

Step 1.0pen the 3D image using tike/Opencommand. If the image has multiple

slices, you should see two windows, one window displays a single slice and a second
window displays a montage of all trel i ces . | f you donot see
WINDOW and the image plane number is not displayed inIth&GE PLANE

WINDOW, t hen vy ou &ileNewnSeaekd put tbe 2D snage files into a

3D stack first.

Step 2. If you want to use the entire image for tlemdering, then use théolume
Rendering/Smooth Renderimpmmand. Use the View/Opacity command to adjust
the tissue opacity range for the display. Or

Step 3.If you want to render a portion of the volume, within the sinfiAGE
PLANE WINDOW, startEdit/ROI Editor (Regions of Interest). Click the left mouse
button to draw a region of interest and press the SPACEBAR to finish.

Step 4.Use theVolume Rendering/Smooth Renderiogmmand to create 3D volume
rendering. Once the VOLUME VIEWVINDOW is displayed.all the view control
and settings can be adjusted using commands underglvemenu.

a7



OVERVIEW AND TUTORIA L

1.6.7. 3D Image Segmentation Using a Training Area

The following steps are used to segment an object in a 3D volume image based on a
user defined training area (Sectit:3 Segment Objeft

Step 1.1t is highly recommended to define an ROI (region of interest) before this
segmentation method is used. A carefully defined region of interest will keep the
region growing process staying in the proper image area and from jumping to other
areas when imageoise is present. An ROI is defined usiadit/Region of Interest
(ROI) and updated by using tiROI Editor Toollater.

Step 2.To start the process, select B2 Rendering/Segment Object/Draw Training
Area command to get into the drawing nedrhe right mouse button will bring up

the popup menu of options you can use. The training area is used to create a set of
features for the 3D segmentation so it should be big enough to cover most of the
typical features of the object.

Step 3.To draw atraining area, move the cursor to a location and click the left mouse
button to define the first point. Move the cursor to the next location and click the left
mouse button again to define the line segment. Repeat this process until you are close
to the sarting location. Hit thesPACEBARtO close the polygon and the current image
plane is segmented automatically. The object boundary in the current image plane is
displayed in theMAGE PLANE WINDOW.

Step 4.If you want to continue the segmentation prodesanother plane, use tB®
Rendering/Segment Object/Previous Plame3D Rendering/Segment Object/Next
Plane option from the main menu or from the floating pgp menu. Hit the
SPACEBAR Or select theSegment Currenpption to segment with the same training
area, or draw a new training area by clicking the left mouse button in the image. The
existing training area will automatically be removed when a new training area is
defined.

Step 5.1f the defined ROI and the training area are general enough for the entire
volume image, you can selégegment Allfrom the right mouse button pagp menu

or from the3D Rendering/Segment Objestibmenu. This command will apply the
signature generated from the training area to segment all image planes that have not
been segmented.

If you want to remove the boundary lines from the current plane and restart the
process, use thBRemove Planeommand under thBD Rendemg/Segment Object
submenu or the floating peypp menu brought up by clicking the right mouse button.

1.6.8 Registering Two Image Stacks and Creating a Fusion Image

3D-DOCTOR provides thémage/Reqistratiomommand to geometrically transform
or register a B stack image (source image) against another 3D image (target image)
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using user defined control points. TRegistratiorcommand will create a new image
from the source image that has the same orientation, scale and dimension as the target
image so they eafused or compared.

When you have two images from the same patient but acquired using different
imaging devices, for example, a CT and MRI image of a head, registering the two
images to the same coordinate system will allow you to compare them more
accuately.

When an image is acquired with some geometric distortion, it can be geometrically
corrected to its original shape when proper control points can be identified.

The following steps are used to register a 3D image against a target image and create
afusion image from two registered images:

Step 1.0pen the target image stack and the source image stack that is going to be
registered. Now move the windows away from each other so they caccessed
easily.

Step 2.For the source image, select teit/Control Points Omommand and switch
to the "New" editing mode. For the target image, selecEttigControl Points On
command and switch to the "Pick Point" mode.

Step 3.Go to the target image and move to an image slice where you can identify a
point in both the source image and the target image. For example, the tip of the nose.
Move the cursor to the identified location and click the left mouse button. A red cross
is displayed to show the point is picked up from the target image.

Step 4 Now move back to the source image and display the image slice where the
identified point is located. Move the cursor to the position and click the left mouse
button in the sourcamiage to add a control point at this location. The control point
definition dialog box appears. On the left (From) side, the values of column, row, and
plane are obtained from the source image values on the right side (To) are the
coordinates from th&arget image picked up Btep 3

Step 5.RepeatStep 3and Step 4 until you have at least 4 control points for the
source image. Normally you should define more than 4 control points. Make sure the
control points are spread out within the volume. Thaytmot all be in a single
image slice.

Step 6.Select thdmage/Reqgistratiosommand. Enter the parameters required: the

output file name and the dimension of the output image (use the same as the target

image if fusion is going to be done). Clickonth®© K6 button to start t
When the process is done, a new registered image is created and saved to the name as
specified.
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Step 7.1f image fusion or color fusion needs to be done, seledtiage/Fusioror
Image/Color Fusiomommand. Enter thelé names and select the required image
combination option and then click on AOKO

1.6.9 Reslicing a 3D Image Along an Arbitrary Axis

3D-DOCTOR provides functions to reslice a 3D image along adefared axis, or
simply the X or the Yaxis of the current image coordinate system. With these
functions, you can easily overcome the limitations of an imaging device and create
image slices along any axis. By reslicing a 3D image, certain features that may be
difficult to see in the original form can become more visible in the new image. The
resliced image is saved in a new image file.

For simple reslicing along the-Xxis to create a side view of the image, use the
Image/Reslice X Axicommand. For reslicing along theaXis to create a top view
of the imageuse thdmage/Reslice Y Axisommand.

If you need to reslice theniage along an arbitrary axis that is defined by a 3D angle,
then use thémage/Reslice Volumeommand.

The Rotate Volume Dialog box appears for entering the 3D angle for the axis,
namelyX (up/down angle)Y (left/right angle)andZ (clockwise angle)

If y_ou do not know the Hotate Yolume Dialog
desired angle, you can us _
the foIIowing steps to — Enter Ratation Analez [In Degrees]

estimate it (Section 5.4 3 (Up/Dawr: |45— — |

Reslice:
Y [Left/Right]: ||:|
Step 1. Use the 3 et

Rendering/Surface = (Clackwisel I—D
Rendering (Focknise

Step 2. Once the 3D  _mOutputFile
rendering is displayed, us:
the array keys or the Errzuie | |
viewing angle control tool
buttons

(
wll [l
adjust the volume orientation to the position you want to see in the new image after
reslicing.

Step 3.Use theView/Viewing Angle/Angle Settinggommand to show the current
Vi ewi ng angl eo rem@rberctie anyl& aovtieep wilk be used by the
Image/Reslice Volumeommand automatically or write down the angle values (X, Y,
Z) to enter manually.
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Step 4.Now, start thelmage/Reslice Volumeommand and enter the angle values
and provide a neWutputFile n a me . Click AOKO to reslice
to a file. Use thé&ile/Opencommand to open the new image file for processing.

1.6.10 Creating Object Boundaries Using theBoundary Editor

Although 3DDOCTOR provides several ways of automatic orisaatomatic image
segmentation functions, sometimes when an object is complex and does not have a
distinguishable edge, it is necessary to create the boundaries manually ugdd/the
Boundary Editomenu. Manual boundary editing may seem to take a tdnge, but

once you are familiar with the editing functions, it is easy to do and faster than you
would think.

The following steps are suggested to dra. ¥ Boundary Editor OnfOFf

boundaries for an object (Section Boundary
Editor): ject ( v Plecewise Boundary

Free Hand Boundary
Step 1.If multiple objects are going to be used for  Draw Rectangle
3D rendering, you should define your new objec Draw Circls
before the boundaries are drawn. Use th
Edit/Object Settingsommand to add a new object  add Node
and set it aetthe ACur Move Node

Step 2. Select theEdit/Boundary Editor On/Off Delete Node
command to start theBoundary Editor The

default drawing mode iFrace Boundarywhich Move Boundary
allows you to draw a closed polygon for the objec  Split Boundary
in the current image plane. Click the right mous  Close Boundary
button to bring up the floating pegp menu for

other editing options. Copy To Prev Plane
Step 3.To switch to a specific image plane, you cony ’
can double click your left mouse button on ai Copy To Next Plane
image pane in th&/ONTAGE WINDOW. You Mirror Vertical
can also use the function k&% or F6 to move to Mirror Horizontal
the previous or next image plane.

Delete Boundary

Step 4.Move the cursor to a place on the edge ¢ pelete All Boundaries
the object. For Free Hand Tracing you must hol

down the left mouse button to draw. Fol  Sgt Object
piecewise line segments, click and release the l¢ ¢t plarne yakie
mouse button torace. Once the first point is :

drawn, move the cursor to the next point along tr ~551n Flane Value
boundary. Click the left mouse button again t Show Info
confirm the point. Repeat this step to draw mor ;

points along the boundary. If a point is not  Histogram
correctly defined, use thBacksPACE( Y) key t o
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undo the point. With thBackspaceE( Y) key you can undo mul tip
are close to the starting point, hit the SPACEBAR key on the keyboard to close the
boundary. You now have a finished boundary for the object in this image plane.

Although you can use the same process in this step to draw a new boundary for
another image plane, we find it easier to copy the current boundary to the next plane

and modify the new boundary instead. I n th
plane approach.

Step 5.Click the right mouse button to show tBeundary Editooptions. Select the
Copy to Next Planeption and then click on the boundary to copy it to the next image
plane. You will not see the boundary for the next plane unless yousktaated the
View/Overlay/Neighbor Boundariegption. However, the copied boundary will be
displayed in the MONTAGE WINDOW if one is present.

Step 6.Click theF6 key to move to the next image plane. To modify the boundary so
that it fits the object in the current plane, use Algdel Node Move Node,or Delete
Nodeoptions within theBoundary Editor If you need to move some points, first click
the right mouse button to bring up the menu, then seledltvee Nodeoption. If

you want to see the exact location of the points, selecVige/Overlay/Boundary
Nodescommand. Move the cursor to a node, hold down the left mouse button and
drag it to a new location. Release the left mouse button to confirm the new location.

Step 7.Repeat Step 5 and Step 6 to continue working on a plane by plane basis. Once
all boundary lines are created, you can save the boundary lines to a boundary file, and
then create surface or volume rendering.

1.6.11 Creating a 3D Rendering From 3D Contours

When you have only object boundaries or 3D contoweated from other programs
or 3D measurement devices, you can useDEDCTOR to edit and analyze the
boundaries and create a 3D surface rendering for visualization.

The following are the steps for creating a 3D rendering frontours with or without
an image:

Step 1.Use theFile/New Workspaceommand to open a blank window.

Step 2 Use theFile/Boundary and Point/Import Boundacpmmand to open the
boundary data file for display in theaolk window. The boundary data must be stored

in a format supported by 3DOCTOR. The native boundary data format (*.bnd)
used by 3BDOCTOR is an ASCII file. For each closed boundary, the first number is
the Z value, followed by point pairs of X and Y vaugX, Y) along the boundary.

The last point is the same as the first point to indicate that it is a closed boundary. The
word "END" follows the last point of the boundary. The next boundary starts the
same way. After the "END" of the last boundary, thedV@&ND" is used one more
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time to indicate the end of the file. The following example shows what the syntax
looks like:

Z1
X11,Y11
X12,Y12

X1N,Y1N
X11,Y11
END

Z2
X21,X21
X22,Y22

X2M,Y2M
X21,Y21
END

ZK
XK1,YK1
XK2,YK2

XKO,YKO
XK1, YK1
END
END

Step 3. If you need to adjust the size of the workspace, useHEti¢Resize
Workspacecommand. Changing the workspace size will not affect the size of the
boundary lines, only their relative location in the window.

Step 4.If you need to edit your boundary data, use théit/Boundary Editor
command.

Step 5 Use the3D Rendering/Simple or Complex Surface Rendedagimand to
create a 3D display of your data.
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1.6.12 3D Volume Rendering for 3D Scientific Data

For 3D scientific data that do not have distinguishable object boundaries, 3D
DOCTOR provides an easy way to create 3D volume rendering for visualization and
analysis.

Thefollowing are the steps for aigng 3D Volume Rendering for Scientific Data:

Step 1.0pen the 3D image. If each image slice or plane is stored in a separate file,
use therile/New Stackcommand to create a 3D stack list.

Step 2.If you want to render only a portion of the volume, yman use th&kOl
Editor to define a region of interest. If you already generated object boundaries
through the Segmentation commands, the object boundaries will be used to define the

volume to be rendered.

Step 3.If the three dimensions have different lsug factors, for example, the
spacing between slices or pixels is not even, usétli@#Calibrationscommand to

enter the scaling factor so the scales can be used to correct the display of the 3D
rendering.

Step 4.Use the3D Rendering/Volume Renderirmpmmand to do the 3D rendering.
Use the options under théiew menu while in thevOLUME VIEW WINDOW
display to select the desired rendering mode and adjust the display.

1.6.13 Automatic Alignment of Image Slices

When objects move during the imaging proaasgou are working with images taken

at different times, image slices may not be aligned properly and this can affect the
accuracy of the image analysis. -BIDCTOR's Image/Auto Alignmentcommand

uses a maximum likelihood algorithm to align slices autorayiand accurately
across the stack. The following are the steps for Auto Alignment (Sectiokufo7

Al i gnment §command

Step 1.0pen the 3D image. If each image slice or plane is stored in a separate file,
use therile/New Stackcommand to create a 3D stack list.

Step 2.Define an image region using the left mouse button. An image region is an
area with strong contrast, visiblatgerns, and variations.

Step 3.Select thdmage/Auto Alignmentommand. When this command is started,
the Auto Image Alignment Dialogbox will appear. Adjust the matching parameters
if needed and define an output file name. Select "OK" to start tleegs0A properly
aligned image is created and saved as a new image file.

Step 4.Use theFile/Opencommand to display the new image file.
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1.6.14 One Step 3D Image Deconvolution

Image deconvolution is used to remove or reduce degradations caused during the
imaging process. These include the blurring introduced by optical systems and by
image motion, as well as noise due to electronic and photometric sources. 3D
DOCTOR provides twaypes of deconvolution to restore degraded 3D images, one is

a Fast Nearest Neighbadeconvolution and the other is an iterativaximum
Entropydeconvolution method.

Although the deconvolution process is quite complexIBDCTOR provides a very
simplified user interface to make it easy to use. To do a deconvolution, you simply

select thelmage/Deconvolution/Fast Nearest Neighbor OR Maximum Entropy
command to start.

The following explains the parameters in @@ Image Deconvolutiondialog box
that appars (See Figure) and how to define them (ChapteDeRonvolution
command}

3D Image Deconvolution Using Maximum Entropy il

Source Image
|7 Browse Prewview

[~ Use Synthetic PSF

Browze | F'reviewl

|' Point Spread Function [PSF] Image

Mumber of [berations; I'I 0 Feedback Factor [1-100); |5':|
Clutput [mage
|7 Browse |

Cancel

The Feedback Factors in the scale of 1 to 100. The larger the feedback factor, the
stronger the deconvolution will be applied during each iteration. Howevéng i
original image is noisy, a smaller feedback factor should be used to reduce the noise.

The Number of Iterationgontrols how many iterations the process will take. If both
the image and thBoint Spread Function (PSREre in good quality and do nbave
much noise, a smaller number of iterations may be sufficient.
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1.6.15 3D-DOCTOR Command Line Options

3D-DOCTOR provides command line options to run a 3DBasic script or do a surface
rendering from boodary data from another program or from the operating system
directly.

The following lists the command line syntax:
3ddoctor-3dbasic disurfsimple.bas

Where, 3ddoctoris the program name3dbasicflag indicates a 3DBasic script is
provided in the file specified by the next paramedésurfsimple.bas

To use an image and start-BlDCTOR, use the following command:

3ddoctor-f d:\imagestack.Ist

Or

3ddoctor-f d:\DICOMDIR

To create rendering fronobndary data, use the following formats:
3ddoctor-simple-i d:\contours.bnd o d:\simpsurf.suf

Where, 3ddoctoris the program namegsimpleindicates using the simple surface
rendering method;i flag indicates a boundary file for input while tie for the
output 3D surface file.

3ddoctor-complexi d:\contours.bnd o d:\compsurf.suf

Where,3ddoctoris the program namegomplexindicates using the complex surface

rendering method;i flag indicates a boundary file for input while tie for the
output 3D surface file.
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File menu commands

Open and save data files, including images, boundary lines, polygons, points,, and surface
models in 3D DXF, STL, VRML, OBJ, | GES¢é¢

With commands under tilleme nu, you cané

Open an image file for display and processing

Save an image to a file in any 3DDCTOR supported format

Create a stack list to handle a 3D image stored in multiple files

Import raw or norstanéird image data files by creating header files

Import 3D sparse point data and create 3D volume images for processing
Save generated data to a-BICTOR project file

Import and export object boundary and point files

Open and save surface files

= = =2 =4 -4 -4 A - -2

Export 3D Rendering Data to DXF, IGES, 3D Studio, VRML, and Wavefront
OBJ file formats

=

Script and run your own 3D Basic programs
91 Select your scanner and scan your images intd8IC TOR

1 Adjust your printer setup, preview images, print images, print the screen, and
print a window

As discussed in Section 1.8ser Interfacethere are a number of windows that can

be viewed and active in 3DOCTOR. Each window has its own set of commands

under theFileme nu bar . Some commands arke uni que
menu, whil e other commands can be found in
File menus. To avoid repetition, the commands will only be described once, but the
windows in which the command is available will be identified.
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2.1 Open Files Eile Menu)

21 . 1 Ne w cdnmand (ilé Menu)

This command can be accessed from the IMAGE PLANE WINDOW, the
MONTAGE WINDOW, the 3D SURFACE WINDOW, and the VOLUME VIEW
WINDOW.

Use this command to create or edit a new stack list HfDBIZTOR. When each
image plane or slice is stored in a separate file, you need to create a stack list file.
This file should include the names of all the files that make up the 3D image; so 3D
DOCTOR can process the image as a 3D volume, instead of a single slice.

When you 2D image slices are very large in size and are stored in separate files in a
format supported by 3IDOCTOR, such as DICOM, TIFF, BMP, JPEG, Interfile,
PNG, GIF, or a format that can be configured, you need to gufilds into a stack to

do any 3D processing or analysis

If your images are stored in DICOM format, you can add the files to the list and 3D
DOCTOR will separate the series if multiple series exist and sort each series using the
image position or image number information stored in the header.

The following arethe steps needed to create a stack list that can be used to open a
whole 3D image.

Step 1. SelectFile/New Stack TheCreate 3D Image Stackdialog box will appear
(See Figure).

Create 30 moge Stack

Add Flas 10 foe 30 koo Stach [l stoudd b pdcad 1 Be same

Step 2U s e t h e ﬁ Oider ot e 20 sequence. DICOM Sles conbe sortod ahy
button to add files to the — —me | swsee| G |

stack list. A fileOpen dialog SN SR ST

box is used to get file names

The file Open dialog box
supports multiple file name
selections so you can ad
several files in one group
Hold down the SHIFIkey or
the CONTROLKey to . e ot S
highlight the imagdiles and O ymoges 0 ariontTy1 29411151421 7ERISANT 131) 95821 4299 rerame | [ Freves |

Cpen I Lo l

T ek DICOM Seney

Son DCOMFNG
" Same Order o S0
F By yage Pouson

By maye Nerrbet

then click the Open button t
add them to the stack [Iist. Or you <can

list. DICOM images can be sorted automatically byBOCTOR according to their

3D positions stored in the file head€&or norDICOM images, make sure the order

of the files to be added corresponds to the order of their 3D position within the image
stack.
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If the DICOMDIR file is available with the DICOM image files, you can use the

ALoad Listo command to open it and then s
StudySeri es | i st. The fALoad Listo command ca
stack list file.

T h e i D atloreallosve yowbto delete a file from the current list. Select a file from
the list first and then press the fADel eteo

If you need to take a look at an image file added in the list, select the file name in the
| i st and t hen ptoreBheimage will b &isplayed iretiedprenew t
window. If the image cannot be previewed, then you may have a problem with the
file or the file format used. You may have to useBD C T O RieRaw Image

File Importfunction to configure théle first.

Step 3.0nce the files are added to the list, you can save the list to an image list file
using the ASave Listo button. You can al so
editing using the AOpen Listo button.

Step 4.Cl1 i ¢ k A Oenehe 8D image listyou just created. In the future, you
can use th&ile/lOpencommand to open the list file directly. All files stored in the list

will be treated as an image plane within the 3D image. If your DICOM files include
several sees, the series will be separated automatically and new list files (*.Ist) will
be created. The names of the additional list files will use the same base name with a
number attached to the end so you can use them to open these series.

The stack list filg*.Ist) is a simple ASCII text file that can be edited or created using
a text editor, such as the Notepad program.

The following is a sample stack list file:

STACK LIST FILE

D:\imagesstudyifilel.dcm
D:\imagesstudyifile2.dcm
D:\imagesstudyifile3.dcm
D:\imagesstudyifile4.dcm

E).:\imageSstudylfiIelZS.dcm

The f i rSSACKLISThFEB , Ai ndi c at -®OCTORstask list ile, a 3 D
and the rest of the lines list all the image files within the stack in the correct ord

You can open an existing document with Eile/Opencommand

Shortcuts

Toolbar:
Keys: CTRL+N (directly opens th€reate 3D Image Staclkdialog box)
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2. 1. 2 copmamddrile Menu)

This command can be accessed from the IMAGE PLANE WINDOW, the
MONTAGE WINDOW, the 3D SURFACE WINDOW, and the VOLUME VIEW
WINDOW.

Use this command to open a project file (*.prj), a stack of images through the stack
list file (*.Ist), an image file (*.tif, *.dic, *.dcm, *.jpg, *.hdr, *.png), a surface model

file (*.suf, *.dxf, *.igs, *.stl, *.obj, *.wrl), or a volume file (*.vol). A display window

will be created to show the image. You can open multiple files and u¥itit®w

menu b switch between windows.

If your 2D image planes or slices are stored in separate files, for example, DICOM
and TIFF files, you need to create a stack list first usingrilleéNew Stackcommand

then use th&ile/Opencommand to open the ages for 3D display and analysis. If
the image is in 3D form, you will see 2 windows, one window displays a single plane
(IMAGE PLANE WINDOW) and another window displays the montage of all image
planes (MONTAGE WINDOW). If your files are still stored segdaly, only one
window will appear displaying the image itself.

For a single 2D image file, you can use thié&e/Opencommand to display and
perform 2D processing. The image file formats supported are DICOM (*.ddi), *
TIFF (*.tif), Windows Bitmap (*.bmp), JPEG (*.jpeg, *.jpgand other raw image
formats that can be configured using a-BDCTOR header file (*.hdr). The TIFF
format used by 3IDOCTOR can store both 2D and 3D images.

The currently supported imagtypes include: -®it and 16bit grayscale 1-bit bi-
level, 4-bit palette, &bit palette colorand 24bit true color Some image processing
functions are specific to certain image types example, the Interactive Segment
command is used with grayscalel(8 or 16bit) images only.

Windows Bitmap files save most image typesbitlmonochrome, -bit grayscale, 8

bit grayscale, it color) as palette type images. -BEDCTOR automatidly
converts 1bit and 4bit images to black and white image types. Fdnit8yrayscale
images which are saved as palette color image type, you should convert the image
type from 8bit palette color to dit grayscale before doing any processing. Use the
Image/Informatiocommand to check the image type.

Project (*.prj), volume (*.vol), and surface (*.suf) files are proprietary binary files
used by 3BDOCTOR.

Shortcuts

Toolbar
Keys: CTRL+O (directly brings up th®pendialog box)
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2.1.3 File Opendialog box
The FileOpen dialog box will appear when certain commands are selected. It allows
you to specify which file to open.

Look in: I 3 Images3D j L o £F -
|1 Aaron 1 hubble a Samples 2dbrain.pry
1 slign CaiPs [Z1 Stanford 3dbrain 5L
|_1 demoCD 2 Microscopy 2 Stephane SDHEAD
I_ Dentrac [ hawy [ suny Sdhead. pri
[:I dicomimages [:I MNew Faolder [:I Termnatech JDOEMEE.F
|1 Film [ paultec 1 Transcan Adkrnee. prj
|1 Fusion I PRecon [ 3dknee 51
|1 Howtel 2 Ryder 2 WIT_spine @ Mr2 brp

ull | |
File: parme: | Open I
Filez of type: |3D File= LI Cancel |

-

Praject [*.pri]
TIFF Files [=tf]

Dicom Files (= dem.*.dic)
Surface Files = 2uf)
Yolume Files [*val)
Image Stack List [ lst)
Raw Image [*.hdr)
Eitmap [*.bmp)

|JPEG Files [ jpeq. *.jpg] -

File Name
Type or select the filename you want to open. This box lists files with the
extension you selected in thées of Typebox.

List Files of Type
Select the type of file you want to open:

The currently supported image file formatStack List (*.Ist), 3BDOCTOR
Project (*.prj), TIFF (*.tif), Bitmap (*.bmp), JPEG (*.jpeg, *.jpg), DICOM
(*.dcm, *.dic), Raw Image (hdr), PNG(*.png) and other image formats.

Other 3D formats such as surface file (*.sufgl aelume image (*.vol) are also
supported.

Drives
Select the disk drive in which 3DOCTOR stores the file that you want to open.

Directories
Select the directory where 3DOCTOR stores the file that you want to open.

Network...
Choose this button to connect to a network location, assigning it a new drive
letter.
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2.2 3D Wizardé command (Fil e Men

This command is used to simplify the process @ x|
creating 3D rendering and models from a : .
image. Start the 3D Wizard command after y¢ - Steps for creating 20 rendering

image is open
g p % Image Calibration ﬁ“

The 3D Wizard dialog is displayed (see figure) ;o .
remind you the processing steps needed. - E_I Define Objects

push buttons are used to start the process Draw Flegions of Interest (BO1]

task. The following explains how tase the 3D E_ el Freglelis e

Wizard. E- Interactive Segrentation to
Generate Object Boundaries

Step 1. Image Calibration The image
calibration dialog box will appear to allow you t E_ Edit Boundaries
verify the calibration parameters and modi
them when needed. For DICOM images, th

Create 30 Model by Surface Bendering

calibrations are normally stored in the image f E_ Simple Surface Rendering

and used @omatically by 3BDOCTOR. Other

image files may require calibrations to E_ Complex Surface Rendering

entered.

Step 2. Define Objects When the Object Finish

Management dialog box appears, enter a r

object name at the bottom and click HAAddO
objed as the current object for segmentation. If you want to use an already defined
object, you can select the object from the
set it as the ACurrento object.

Step 3. Draw Regions of Interest (ROI)Regions of Inteest (ROI) define the image
regions to be used for image segmentation.
in the editing mode to draw a polygon for a ROI. Click the left mouse in the image

window to draw a polygon and press the SPACE BAR (on thbdaag) to close the

polygon. Repeat the process to define more polygons.

Step 4. Interactive Segmentation: This starts the Interactive Segmentation
command. Adjust the thresholds and segment the image to generate object boundaries
for 3D rendering.

Step 5.Edit Boundaries: This step starts the Boundary Editor. Now you can move to
the image window to edit the boundaries. Click the right mouse button to bring up the
editing options and switch between them. Use F5 and F6 to go to the previous image
slice or tle next image slice.

Step 6. Create 3D Model by Surface Renderinghen boundaries are edited,
select this command to create 3D models using the Simple Surface Rendering
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command. You can choose other rendering commands by selecting them from the
main menu.

Repeat the above steps to process additional objects.

There are many other processing functions that are not listed in this wizard, such
image preprocessing functions and boundary posicessing functions. You can use
these functions together with the 3Wzard.

The 3D Wizardcan start automatically when an image is open. This option can be
turned on and Fiefdto 3D Wizards i agmmared .A When AAut
Wi zardo menu item is chrecked, the wizard a

2.3 Uncompress DI COMécommand ( Fi

This command is used to uncompr@B&EG compressed DICOM images.

Compressed DICOM files cannot be opened directly inte(DEBCTOR. If you have
compressed DICOM files, use this command to convert them to uncompressed
DICOM first and then use them in 3DOCTOR.

Uncompress DICOM Files x|

— Unecampress DICOK Files [n Falder

Browze | ¥ Irnclude Sub Folders

IE:HimagesEdHDIEDMHEDmpressed

— Dutput DICOM Files Tao Folder

Browsze | v Ovenwrite Exsiting Files

IE:HimagestHDIEDMHEDmpressed

Start

[T
Cancel |

At the dialog box, specify the folder wigethe compressed DICOM files are located

and the folder you want to output the wunco
Existing Fileso is checked, uncompressed f

you should store the uncompressed files iseparate folder so the uncompressed

i mage series and studies donbot mi x toget

uncompress them. It is recommended to make a backup copy of your original files.

2.4 Raw Image File Import Eile Menu)

This command can e accessed from the IMAGE PLANE WINDOW, the
MONTAGE WINDOW, the 3D SURFACE WINDOW, and the VOLUME VIEW
WINDOW.
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2.4.1 Singl e RawlmageEile mpoatsudmefiu)

3D-DOCTOR supports various image file formatirectly, including DICOM, TIFF,
JPEG,PNG, and BMP. For other image file formats, such as raw binary files or a
vendor proprietary image file format, 3DOCTOR provides a function to create an
image header file for an image data file wh&sdonfiguration or file structure is
known.

Once the header file is created correctly, you can then use the header file (*.hdr) to
open the image file and read the data inteC3DCTOR. The file will be treated the
same way as a directly supported fierhat, like DICOM or TIFF.

The following are the steps needed to create a header file for an unsupported image
data file type:

Step 1.Select theFile/Raw Image File Import/Single Fieommand. This command
creates a header or configuration file to direct-BOCTOR to read a vendor
proprietary image file format or raw image file. This command provides a universal
image reader capable of handling most uncompressed image file formats sany
bring your data directly into 3IOCTOR for processing and rendering. Theate
Image Header Filedialog box appears as follows:

Step 2. All
parameters
listed in the
dialog box
must be
correctly
entered in

order for the

sdtware  to

read the image data correctly. If you do not know the parameters, you should contact
the vendor or source where you received the file about those parameters.
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