ShapeWorks Lab Walkthrough

1 System requirements

Hardware
Graphics Card

OpenGL 2.0 or higher (not available on older Intel embedded graphics cards), with at least 128
MB of memory, 256 MB or more is recommended.

Operating System
Windows

Windows XP or later is supported.

Mac OS X
OS X 10.6 - 10.9 are supported.

2 Getting Started

2.1 ShapeWorks Installation

The command line tools used in this lab section is available on the flash drive provided to all
participants in a ShapeWorks zip file. The ShapeWorks Client is available as a platform specific
installer. Please copy the ShapeWorks tools to a convenient location on your filesystem.

2.1.1 Windows

Windows binaries are located under software — CS3_ShapeWorks — windows. Unpack the Shape-
Works.zip file in a convenient location, for example C:. Install the ShapeWorks Client GUI using
the installer (ShapeWorksClient-1.1.0-win*.exe) provided on the flash drive.

2.1.2 Mac OS X

Mac OS X binaries are located under software — CS3_ShapeWorks — mac. Unpack the Shape-
Works.zip file in a convenient location, for example /Applications. Install the ShapeWorks Client
GUI using the disk image (ShapeWorksClient-1.1.0-Darwin.dmg) provided on the flash drive.

2.2 ShapeWorks Broker

We will be running the ShapeWorksBroker locally. The directory used in the broker_rootdir
parameter should not already exist. The ShapeWorksBroker will create this directory and populate
it with project information.

Make a note of the password generated by ShapeWorksBroker. It will be required
by the ShapeWorksClient application.



2.2.1 Windows

ShapeWorksBroker.exe broker_address=localhost \
broker_rootdir=c:\shapeworks_run

2.2.2 Mac OS X

./ShapeWorksBroker broker_address=localhost \
broker_rootdir=/Users/aylakhan/shapeworks_run

2.3 ShapeWorks Server
We will be running the ShapeWorksServer locally.

2.3.1 Windows
This example assumes that the ShapeWorks command line tools have been installed in c:.
ShapeWorksServer.exe broker_address=localhost shapeworks_dir=c:\ShapeWorks

2.3.2 Mac OS X

This example assumes that the ShapeWorks command line tools have been installed in the Appli-
cations directory.

./ShapeWorksServer broker_address=localhost shapeworks_dir=/Applications/ShapeWorks

3 Example 1: Torus

The sample dataset software — CS3_ShapeWorks — data — TorusExample contains a population
of synthetically generated tori, parameterized by the small radius r and the large radius R. The
shapes in this population resemble the ones in

Figure 1: shapes from an example population of tori



We will initialize and optimize correspondences on these shapes to visualize and analyze the
shape variation using the GUI tool.

3.1 ShapeWorks Client

Open the ShapeWorksClient application. Connect with the ShapeWorksServer by entering the pass-
word generated by the ShapeWorksBroker and pressing the Connect button (see [Figure 2)). The
use of the ShapeWorksClient is described in detail in [the ShapeWorksRemoteClient documentation.

ShapeWorks Client

Username: admin
Password: = sssssssess
Broker address: |ocalhost

I—ﬂ Secure Port: 8556

Connect

Figure 2: Starting the ShapeWorksClient (shown on Mac OS X).

3.1.1 Preferences

Make sure that the auto-detect Seg3D2 and ShapeWorksView locations are enabled (see
for Mac OS X).

3.1.2 Mac OS X Security Settings

It may be necessary to temporarily change Mac OS X security settings on OS X versions 10.8+ to
launch Seg3D and ShapeWorksView2 visualization tools from the Analyze buttons in the interface
of each step.

If the visualization tools do not launch, try setting changing the Security & Privacy settings
in System Preferences to allow any application to run (see .

3.2 Preprocessing

Follow these steps to apply preprocessing filters to the input segmentation data in order to prepare
it for the particle optimization process. The first preprocessing step cleans the segmentation by


http://www.sci.utah.edu/releases/shapeworksclient_v1.0/ShapeWorksRemoteClient_1.0.0_docs.pdf

—

ShapeWorksRemote Preferences

Temporary Directory Location:

[var/folders/Yq/Yghuwa)EE3a9RaX0Sa6LFE+++TIl/-Tmp-/Sh: ( Choose Temporary Directory j

Seq3D2 Location:

@Aum—detect Seg3D2 Location Locate Seg3D2

ShapeWorksView Location:

[ Auto-detect ShapeWorksView Location Locate ShapeWorksView

4

Figure 3: Set ShapeWorks Client preferences for visualization tools (shown on Mac OS X).

Security & Privacy
4 Show All

FileVault = Firewall | Privacy |

A login password has been set for this user | Change Password... |

|| Require password = immediately | after sleep or screen saver begins
Show a message when the screen is locked Set Lock Message...

Disable automatic login

Allow apps downloaded from:

Mac App Store
= Mac App Store and identified developers
Anywhere

1 -
Click the lock to make changes. Advanced (?)

Figure 4: Default security settings for Mac OS X 10.8+.

isolating the largest connected component and centers every shape in a common bounding box. The
second preprocessing step performs antialiasing and creates signed, smooth distance transforms for
input into the optimization stage.

3.2.1 ROI

Runs ShapeWorksGroom with a set of parameters controlled through the ROI interface (see
ure 6]). By default, ShapeworksGroom is run with the parameters isolate, hole_fill and auto_crop.
Use the Analyze button to view the data produced by this stage in Seg3D.



Security & Privacy

4 Show All

FileVault

Firewall | Privacy |

A login password has been set for this user | Change Password... |

|| Require password

|_| Show a message when the screen is locked

|_| Disable automatic login

Allow apps downloaded from:

'L:;' Mac App Store

(_IMac App Store and identified developers

(*) Anywhere

Il
d Click the lock to prevent further changes.

immediately 3

after sleep or screen saver begins

Set Lock Message...

| Advanced... |l‘:'_f:,l

Figure 5: Most permissive security settings for Mac OS X 10.8+.
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b torus }F M ::m itiali imi a
[ Fill Holes Center
Description: Description:

Fill any holes in the binary segmentation of interest.

EAuto Crop
Description:

Use this option to find the largest bounding box containing all input
shapes, and crop all input volumes accordingly.

Center the data.

E Isolate

Description:
Find and isolate the largest connected component.

‘Warning! Changing values will invalidate this and subsequent stages.

‘ F Run this stage | @ Visualize

+| Add a new project...

Figure 6: ROI interface (shown on Mac OS X).

3.2.2 Filter

Runs ShapeWorksGroom with a set of parameters controlled through the Filter interface (see
By default, ShapeworksGroom is run with the parameters antialias, fastmarching

Figure 7).

and blur. Use the Analyze button to view the data produced by this stage in Seg3D.



ShapeWorks Client

b torus

E Antialias

: . m
Description: Iterations: |20 =)

Antialias the binary input volumes.

E Fastmarching

: B
Description: Isovalue: 0.00 v

Levelset based computation of a distance transform velume from a

specified isovalue,

EB\ur

Iterative Closest Point

SN Iterations: 10 —
Description: Description: Sigma: 2.00 Q
Run iterative closest point (ICP) for the specified number of

iterations to coregister the datasets. Gaussian blurring to remove high frequency artifacts.

‘Warning! Changing values will invalidate this and subsequent stages. ‘ } Run this stage | @ Visualize

+| Add a new project... y

Figure 7: Filter interface (shown on Mac OS X).

3.3 Optimization

Next, we will initialize and optimize correspondences on the tori, using the distance transforms as
input. displays example tori shapes with resulting correspondences overlaid as circular
glyphs.

Execute the next two steps to perform this step and obtain a point-based representation of each
shape in the population:

3.3.1 Initialize

Runs ShapeWorksRun with a set of parameters controlled through the Initialize interface (see
Figure §)).

3.3.2 Optimize

Runs ShapeWorksRun with a set of parameters controlled through the Optimize interface (see
[Figure 9)

Once the correspondences are optimized, we can obtain a mean shape model and analyze the
variation in the population using PCA. depicts the shape variation captured by the
first two PCA modes in an example population of tori. The shapes are reconstructed from their
respective point-based representations with point positions optimized in the earlier stage.

Use the Analyze button in the Initialize and Optimize interfaces to bring up the Shape-
WorksView2 GUI for the analysis tool.



ShapeWorks Client

e
b torus

Number of Particles

Particles: 256

Description:

Specifies the number of particles to be used to represent each
shape in the ensemble.

Iteration per split

Description: Iterations: 200 Q

Specifies the number of iterations to run between successive
particle splits during an initialization phase.

[ Relative Weighting

Description: Weighting: 0.10

This is the value of parameter o from Equation 1.

] Adaptivity Strength

Description: Strength: 0.10

If set to a value greater than zero, this parameter will introduce
adaptive oversampling in higher curvature regions of shapes.

Warning! Changing values will invalidate this and subsequent stages.

[ Reuse Previous Results  # Run this stage | @ Analyze

+| Add a new project...

Figure 8: Initialize interface (shown on Mac OS X).

ShapeWorks Client

s
b torus

*

Optimize

¥ Regularization

Starting: 1.0000C
Ending: 0.1000C
Description:

Defines the rate at which the system converges. The starting
regularization decays to the ending regularization over the
specified number of iterations.

E Checkpoint Interval

|| Procrustes

Description: Scaling:

If enabled, the Procrustes registration will also normalize with
respect to scale. Use this option if you want to analyze shape
independently from scale.

Interval: 10

Description:

If set, ShapeWorks will do a Procrustes registration based on the
current correspondence positions at the specified interval.

H—r Interval: 20 (3
Description: = Optimization
Specifies the number of iterations between successive saves of the q al
o e 5l Iterations: 200

optimized correspondence positions (and transforms) to files. Description: o
Specifies the number of iterations to run between successive
particle splits during an initialization phase.

Warning! Changing values will invalidate this and subsequent stages. | Reuse Previous Results  # Run this stage | @ Analyze

+| Add a new project...

Figure 9: Optimize interface (shown on Mac OS X).

4 ShapeWorks Manual

More details about the various filters and parameters can be found in the ShapeWorks manual
located in labs — CS3_ShapeWorks on the USB drive provided.



Figure 10: an illustration of correspondences on a few tori from example population
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Figure 11: The top two PCA modes of variation for the torus shape model, shown in the first and
second rows, respectively. These correspond to the shape changes from the generative model.
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