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1. Using Commercially Produced Models in Vulnerability/
Lethality Analysis

Vulnerability/lethality (V/L) analysis fundamentally relies on the ability to define
for a computer the 3-D space occupied by a target (tank, truck, helicopter, etc.) and
the ability to calculate geometric intersection along shot lines through those targets.
Historically, models were purpose-built for analysis needs’; however, preexisting
geometric models created by vehicle vendors have been more frequently used over
the last 15+ years. Using a preexisting model offers the possibility of a faster and
less expensive analysis process, but in order to make use of these preexisting
models, they must be converted to the BRL-CAD .g format used by the US Army
Research Laboratory’s (ARL’s) V/L analysis tools (particularly MUVES).?2

Current practice is to convert commercial geometries, which typically use Non-
Uniform Rational B-Spline (NURBS) as their fundamental geometric shape
representation method, to triangle mesh-based geometry. There are many potential
paths for such conversions; one simple possibility involves converting all shapes in
the commercial system to STereoLithography (STL) meshes and reassembling
them manually in BRL-CAD. Unfortunately, while simple, such methods are not
only labor intensive but lose all hierarchy and metadata information contained in
the original commercial system.

In the early 2000s, John Anderson,® ARL, wrote a plugin for the PTC
Pro/ENGINEER (Pro/E) commercial computer-aided design modeling system that
converted triangle meshes generated by Pro/E directly to the BRL-CAD .asc ASCII
file format, generated combinations based on the Pro/E geometry hierarchy, and
also preserved some metadata information (such as object color). This proved to be
a successful conversion strategy, and the original converter has been used ever since
to convert commercial models. In 2008 Robert Parker,* ARL, extended this
converter to be more flexible about tolerances during model tessellation (the
process that generates triangles from the original NURBS shapes) and added a few
other behavioral improvements. Since that work was completed, there has been
little change to the converter’s code or design.

Although the converter code was stable, the PTC products have evolved over time.
Pro/E has been replaced by Creo Parametric® and the original Pro/Develop toolkit
used for (part of) the original Pro/E to BRL-CAD plugin has been removed in Creo
Parametric 3.° This means that existing Pro/E and Creo Parametric version 2
converter binaries will no longer work, and the code will have to be updated to
more modern standards before target modelers at ARL can handle vendor-supplied
models created in newer Creo versions.
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Fortunately, much of the original converter was written using Pro/TOOLKIT rather
than Pro/Develop and therefore it requires only minimal updating. However, years
of use have also resulted in a number of feature requests to improve the work flows
of target modelers utilizing the converter. As the code needed to be modernized in
any case, some of the simpler requests have also been targeted for implementation:

« Writing geometry directly to BRL-CAD’s binary .g file, instead of staging
through the ASCII .asc file format.

« Allowing users to specify model parameters (“attributes” in BRL-CAD
terminology) that they wish to have preserved in the conversion.

« Allowing users to specify attributes to be used for generating “user-
friendly” BRL-CAD object names to be used in lieu of the Creo part
numbers.

All of these goals were achieved, and in the process, the original converter code
was extensively refactored and updated.

2. Installing the Creo to BRL-CAD Converter

Installing the converter is simply a matter of placing the correct files in the correct
locations within the PTC Creo file hierarchy. The .zip file will decompress the files
to the correct relative positions if the proper root level directory is chosen. For
example, if you are using Creo Parametric 3 M100 in a standard C:\Program Files
installation location, decompress the .zip file in the directory C:\Program
Files\PTC\Cre03.0. This may require administrator privileges, depending on how
Creo was originally installed.

3. Converting a Creo Parametric Model

When the converter is supplied the name of an existing BRL-CAD file as an output
target and that file is the output of a previous conversion from Creo Parametric 3
via this converter, the converter will create and update only those objects that are
either newly added or changed since the last conversion. If this is undesirable
behavior, either the conversion should target a new .g output file or the modeler
should remove specific objects they wish to reconvert.

All BRL-CAD objects are stored using millimeters, so Creo objects will be
converted to use those units on a per-part basis.

Figures 1 through 22 illustrate the step-by-step model conversion process, using the
open source Pro/E model for the Neo1973 phone.’

Approved for public release; distribution is unlimited.
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Fig. 7  Screenshot after disabling categories; ready to load the conversion plugin
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Fig. 8

From the Tools tab, select Auxiliary Applications

Approved for public release; distribution is unlimited.

6



mMObBEHo- -2 H~x= |~

File = Model Analysis Annotate Render Manikin Tools View  Applications Framework

£ 2 | (1 Porametors £ UDF Lipras & image Edtor
"Aﬂ edn ﬂ j ﬁ‘ E B UOGLEery . Image Edil

153 Switch Dimensions  [%] Appearances Manager |4 Import Profie Editor

i”L

Bilof  Model Reference Find ~  Component Publish Family
Materials Player F Viewer X Interface Geometry Table d= Relations iﬂmiaryhppﬁcanuns
Investigate ~ Model intent Utiities. Inteligent Fastener ~
2 I alalalr x
B [ ) Q&|e @0, ,
Model Tree Tll > g

W
x - i}V +

= Auxiliary Applications x
EJ 4GTCO1-MMED.ASH ry Appl

> _Lj CTOGPS-A-MSK1-0.ASM

» () “D-GTC-GPS.ASM

(3 GTCO1-A-MCFO1.PRT

{3 GTCO1-A-MFMO1.PRT

(J GTCO1-A-MCBO1.PRT

(@ GTCO1-A-MKTO1.PRT

(3 DGTCO1-A-MKTOZ.PRT

({) DGTCO1-A-MCS03-GPS.PRT
(& GTCO1-A-MPFO1.PRT

(@ GTCO1-A-MPBO1.PRT

{ GTC01-A-MGS01.PRT

(@ GTCO1-A-MAHO1.PRT

(@ GTCO1-A-MAHOZ.PRT

() DGTCO1-A-MGS02 PRT

(3 DGTCO1-A-MPTFOH.PRT

(C) DBLUETOOTH-DELTA-ASSY ASM
(T OGTCO1-A-MTXD1.PRT

(£ SCREW-18-6.PRT

(1) SCREW-18-6.PRT

Status

v

&e] ﬁ ® Spin Center will be displayed.
i

Fig. 9  Register plugin to let Creo Parametric know it exists

B Ho -8z v

File = Model  Analysis  Annotate = Render Manikin Tools | View  Applications Framework

a '“_“’Né ooa “ J E} :3\. E [ ] Parameters (3 UDF Library & image Edtor

B Switch Dimensions [ Appearances Manager 3P Import Profile Edior
Bilof  Model Reference Find Component  Publish  Family

Materials Payer | §  Viewer I nlerface Geometry Table d= Relstions |1 Auwdsry Applications |
> Modelintent Utilties Intelioent Fastener ~
Register auxiliary application X
4 | ~|T] « ProgramFies ¥ PTC » Crep 3.0 » W100 * Common Fies b protookit » ¥ |4} |Search...
[ Organize v« EE Views v T Tools Lo
Common Folders ) includes
(™) otk_appis
< a [ Desktop
[ *6TCo1-MMED = £ protk_appis
> [ cToGPs-A- £S5 My ocuments £~ protidoc
o & 1 . -
» Lj D-GTCGR T pewwme = scripts
3 eTCo1-A0 ~4 working Directory ] xB6e_win4
GTCO1-A-H| =
g i @) Network Neighborhood | (3 crec-bridat
5 = {4 protk dat -DT
@ oreo-auf B Favortes
(3 0GTCo1-A
(@ DGTCoT-A ,
[P GTCO1-A-M o
(@ GTCot-A-M|
(@ cTcot-AMf
@ GTCOot-A-
(@ GTCot-AM
(@ 0GTCoT-A
(@ 0GTCO1-A File name: creo-bridat Date modified: 02-May-17 05:20:48 PM
» (O 0BLUETOOY File mame: | creo-bri.dat ‘ Type Al Files (*) -
9 96TCOI-AR ), poiger Tree I - Cancel
(0 scrEw-184 — —_—

() SCREW-18-6PRT

il

Fig. 10

F @ * Spin Center wil be displayed. K. “ @ Smart -

correctly.

Approved for public release; distribution is unlimited.

7

In the File Selection dialog, navigate to the PTC hierarchy Common Files/protoolkit
directory. Select the file creo-brl.dat. This file will be in the directory if the plugin was installed
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Inspect the model to identify data are in at least some of the objects
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Fig. 17 Construct 2 comma-separated lists of attributes using a text editor. The first
indicates the parameters to use when constructing objects names. The second lists parameters
to preserve as attributes on the corresponding BRL-CAD objects.
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Fig. 19 The converter dialog offers a variety of settings that impact the conversion process.
Populate the various data entry boxes in the lists of Creo model parameters. Select All for
verbose logging. (This is not necessary, but is sometimes useful when debugging problems.)
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b
-
FEF‘.’! P

| & Launching creo_bri
ga W[

Fig. 20 Once the desired settings are selected, select Go to run the conversion. As the
conversion is running, messages should be displayed in the status bar. (This can sometimes
fail if the conversion hits an interface update blocking operation, but generally, it should

provide a useful sense of how the conversion is progressing.)

Approved for public release; distribution is unlimited.
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File = Model Analysis Annotate Render Manikin Tools = View Applications

~PpR-0

p g A M B & 57U 14 7 S
e B 52 E = 5 K «
T 9 g vitch Dimensions & f
Bilof  Model Reference  Fi Component  Publ Famiy - Scre
Materials Payer [§  Viewer =  nterface Geo Table d= Relations ¥L x
Investigate = ap—— = TOOLKIT
CREO to BRL-CAD Converter
o Output File Name: | GTY JEO1.g L
8o | B | 5
a Output Log File Type Success( ) Failure and Success (@) 2

Model Tree 1 ~ * Output Log Fie Name: | GT

x| v oy Aftributes used for name generation

utes to preserve in .g file

Starfing Identifie:

Max tessellation error (mm)

Min tesseliation error (mm}:

Max Angie Control Value:

Min Angle Conirol Value

Max to Min Contre

o
W Facetize everything (Evaluate booieans, no CSG)
Write surface normals s
Reject BoT tessellations unless they pass the sclidty test
if a part fails to t flate, use its bounding box instead
>
3 Ignare small features
put Minimum hole dimeter (mm: | 0
o
7 Minimum chamfer dimension (mm): | 0.000000
) -AMKT01.PRT GT¢ Mmnimum round radius (mmj: | 0.000000
(i) CO1-A-MKTOZ PRT GT( -
o
0 Current status:
o -
J
& -
S i
8o 4@ P ) Smart -

Fig. 21 Once the conversion is complete, select Dismiss

File Display Modes Raytrace Utilities Help
= , ' .
e |2 (SIERARH . [N~ |
Tree 0l
<5
. % _
uil Gener Shad  Membe  Relative Ed
b u @ ctdgps_a_mskl 0 Combination: gte01_a_mgs01.r
Region: yes -
w1028
Ar;
Los:
b u @ polish_paint.c GIFTmater:
b u @ polish_paint 1r Rgb:
b u @ gtchl_a_mcs03_gps. Inherit: no =
t mpfll.r
b u @ gtcdl_a_mah02r
P u @ gtcdl 1.r
b u i gretl 2. Apply Reset
b u i bluetooth_delta_assy
P u @ gtedl_a_mbdilr
b u i screw 1861
0
Command | History
BRL-CAD

Fig. 22 Inspect the resulting .g file to ensure the result is as expected

Approved for public release; distribution is unlimited.
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4. Other Features of the Creo to BRL-CAD Converter

Users of the plugin dialog will note that a number of data entry blocks are not
documented in the previous section’s conversion. Although these settings will
normally work using their default values, the figures and descriptions in this section
briefly document the purpose of each option so users will know when they might
want to adjust them.

The starting identifier is used to set the initial region ID used when creating regions
to hold objects (Fig. 23). The converter begins with this ID number and then
increments the ID for each new region created during conversion.

CREO to BRL-CAD Converter
Qutput File Name: | GTC01-MMED1 g|
Output Log File Type: (@ Failure Success Failure and Success All (Debug)
Output Log File Name: | GTC01-MMEQ1-log.bet
Attributes used for name generation

Aftributes to preserve in .g file
==

Starting Identifier (dent #)

viax lesselialion error (mm uuu
Min tessellation error (mm): | 0.100000
Max Angle Control Value: | 1.000000
Iin Angle Control Value: | 1.000000
Max to Min Control Steps: | 20
[ Facetize everything (Evaluate booleans, no CSG)
Write surface normals
Reject BoT tessellations unless they pass the solidity test
If a part fails to tesseliate, use its bounding box instead
Ignore small features
Minimum hole diameter (mm): | 0.000000
Minimum chamfer dimension (mm): | 0.000000

Minimum round radius (mm): | 0.000000

Go Dismiss
Current status Not Yet Processing

Fig. 23 Starting identifier number

There are 5 settings that all pertain to tessellation, as identified in Fig. 24. These
define the range of settings that may be used by the converter when trying to
tessellate NURBS geometry, in order from least accurate (and smallest) to most
accurate (and largest). Modelers may wish to experiment with these settings on
individual parts to get a feel for their behavior.

Approved for public release; distribution is unlimited.
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CREO to BRL-CAD Converter

Output File Name;

Output Log File Type

Output Log File Name:

Aftributes used for name generation:

Aftributes to preserve in .g file:

Max tessellation error (mm):

Min tessellation error (mm):

Max Angle Control Value:

Min Angle Control Value:

Max to Min Control Steps:

GTCO1-MMED1.g|

(@) Failure () Success(_) Failure and Success

GTCO1-MMEQ1-log. bxt

1.000000
0.100000
1.000000
1.000000

20

All (Debug)

[ Facetize everything (Evaluate bocleans, no CSG)

[T] Write surface normals

[”] Reject BoT tesseliations unless they pass the solidity test
[] If a part fails to tessellate, use its bounding box instead

[] Ignore small features
Minimum hole diameter (mm): | 0.000000
Minimum chamfer dimension (mm): | 0.000000

Minimum round radius (mm): | 0.000000

Go
Current status:

Dismiss
Not Yet Processing

Fig. 24 Tessellation settings

The converter does have some logic defined that will attempt to recognize features
defining holes in solids and replace them with constructive solid geometry (CSG)
Boolean shapes, but this feature is disabled by default (Fig. 25). It is somewhat
experimental, and modelers are cautioned that applications requiring only triangle
meshes cannot use outputs generated with this option disabled.

CREOQ to BRL-CAD Converter
Output File Name: | GTCO1-MMED1.g|

(@ Failure () Success Failure and Success (

GTCO1-MMEQ1-log.ixt

Output Log File Type: All (Debug}

Output Log File Name:

Aftributes used for name generation:

Aftributes to preserve in .g file:
Starting Identifier (Ident #): | 1000

1.000000

0.100000

1.000000

Max tesseliation error (mm):
Min tessellation error (mm):
Max Angle Control Value:
Win Angle Control Value: | 1.000000

Max to Min Control Steps: | 20

';_Z Facetize everything (Evaluate booleans, no CSG)

[] Reject BoT tesseliations unless they pass the solidity test
[] If a part fails to tessellate, use its bounding box instead

[] Ignore small features
Minimum hole diameter (mm): | 0.000000
0.000000

0.000000

Minimum chamfer dimension (mm):

Minimum round radius (mm):

Go
Current status

Dismiss
Not Yet Processing

Fig. 25 Disable use of CSG in output

Approved for public release; distribution is unlimited.
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Surface normals on triangles are not written out to bag-of-triangles (BoT) solids by
default (Fig. 26), but the BRL-CAD BoT primitive does support them. They will
be saved during conversion if this option is enabled.

CREO to BRL-CAD Converter
Output File Name: | GTCO1-MMED1 g
Output Log File Type: (@) Failure () Success () Failure and Success () All (Debug)
Output Log File Name: | GTCO1-MMED1-log.txt
Attributez used for name generation:
Attributes to preserve in .g file:
Starting ldentifier (ldent #): | 1000
Max tezzellation error (mmy): | 1.000000
Min tessellation error (mm): | 0.100000
Max Angle Control Value: | 1.000000
Min Angle Control Value: | 1.000000

Max to Min Control Steps: | 20

gcetize eve ing gluate booleans, no CSG)
[] write surface normals

|| RejeCt D01 tesscianons unless they pass the solidity test

|:| If a part fails to tessellate, use its bounding box instead

[] Ignere small features
Minimum hole diameter (mm): | 0.000000
Minimum chamfer dimenzion (mm): | 0.000000

Minimum round radius {mm): | 0.000000

Go Dismiss

Current status: Not et Processing

Fig. 26  Write surface normals when outputting triangle meshes

Rejecting nonsolid BoT tessellations (Fig. 27) is an experimental feature, which
may be overly aggressive in rejections as currently implemented.

Approved for public release; distribution is unlimited.
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CREOQ to BRL-CAD Converter
Output File Name: | GTCO1-MMED1 .g
Output Log File Type: (@ Failure () Success(_) Failure and Success |
Output Log File Name: | GTCO1-MMEQ1-log.txt
Attributes used for name generation:
Attributes to preserve in .g file:
Starting ldentifier (ldent #): | 1000
Max tessellation error (mm}: | 1.000000
Min tessellation error (mmj: | 0.100000
Max Angle Control Value: | 1.000000
Min Angle Control Value: | 1.000000
Max to Min Control Steps: | 20

E’ Facetize everything (Evaluate booleans, no CSG)
-

|:| Reject BoT tesszellations unless they pass the solidity test
] d palt 1alls [0 [essellale, Use 13 BoUNdNg DoX INsiea

[] Ignore small features

Minimum hole diameter (mm}: | 0.000000
Minimum chamfer dimension (mm): | 0.000000

Minimum round radius (mm}): | 0.000000

Go Dismiss
Current status: Mot ¥et Processing

! All (Debug)

Fig. 27 Reject nonsolid object tessellations

The converter can optionally use the bounding box of an object to create an ARB8
primitive if all tessellation options fail (Fig. 28), but generally, the resulting shape
will be too crude of an approximation of the original shape for V/L analysis
purposes. This option is primarily for debugging but can also
more complete conversion of the geometry hierarchy, with the bounding box

be used to generate a

primitives indicating objects requiring manual work to complete.

Approved for public release; distribution is unlimited.
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CREO to BRL-CAD Converter
Output File Name: S“CB1-L1L1EC1.;|
Output Log File Type: (@ Failure Success Failure and Success All (Debug)
Output Log File Name: | GTCO1-MMED1-log. bt
Attributes used for name generation:
Attributes to preserve in .g file:
Starting identifier (ldent #): | 1000
Max tessellation error (mmy): | 1.000000
Win tessellation error (mmj): | 0.100000
Max Angle Control Value: | 1.000000
Min Angle Control Value: | 1.000000

Max to Min Control Steps: | 20

+ Facetize everything (Evaluate booleans, no CSG)
Write surface normals

If a part fails to tes=zellate, uze its bounding box instead

Ignore small features
Minimum hole diameter (mm): | 0.000000
Minimum chamfer dimension (mm): | 0.000000

Minimum round radius (mm}: | 0.000000

Go Dismiss
Current status: Not Y&t Processing

Fig. 28 Use bounding boxes to represent objects if mesh generation fails

Creo Parametric provides the ability to suppress features on solids (Fig. 29), which
in effect allows the converter to interact with a simplified approximation of the fully
detailed solid. This can allow successful tessellation in cases where the fully
featured model will not succeed, and it will tend to generate simpler meshes when
the tessellation does not have to use many small triangles to approximate fine
details. The check button enables suppression, and once enabled, threshold
parameters may be entered for holes, chamfers, and roundings to determine which
features end up suppressed. Enabling this process will 1) slow the conversion if
many features need to be suppressed and 2) may damage the working copy of the
model if features cannot be restored post-conversion. In the latter case, it is
important to quit Creo Parametric after conversion is complete without saving the
Creo model (and write the inadvertent changes back to the on-disk copy).

Approved for public release; distribution is unlimited.
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CREO to BRL-CAD Converter

Output File Name:

Output Log File Type:

Output Log File Name:

{Aftributes used for name generation:

Aftributes to preserve in .g file:

Starting Identifier (ident #)

Max tessellation error (mmj):

Min tessellation error (mm):

Max Angle Control Value:

Min Angle Control Value

Max to Min Control Steps:

(® Failure

GTCO1-MMEO1 g
Success Failure and Success

GTC01-MMEQ1-log.txt

1000

1.000000
0.100000
1.000000
1.000000

20

All (Debug)

\/ Facetize everything (Evaluate booleans, no CSG)
| Write surface normals
| Reject BoT tessellations unless they pass the solidity test

[] If a part fails to tessellate, use its bounding box instead

[] ignore small features
0.000000

Minimum hole diameter (mm):
Minimum chamfer dimension (mm): | 0.000000

Minimum round radius (mm): | 0.000000

Go Dismiss
Current status Not Yet Processing

Fig. 29 Creo Parametric provides the ability to suppress features on solids

5. Developers Notes: Working with Creo Parametric

Important points for developers:

« Match your version of Visual Studio to the version used to compile the
specific version of Creo Parametric you are targeting—for version 3, Visual
Studio 2012 with the v110_xp toolset).

« Ensure you install the development library—Dby default, it is not enabled for
installation in Creo Parametric 3 (See Figs. 30 and 31).

« You will need read-write access to the Creo Parametric directories for
development—the plugin cannot be run successfully without performing
the installation step, even for debugging purposes.

Approved for public release; distribution is unlimited.
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+ Introduction pTC-

Software
Agreement
Application Selection
+ Licenses Installation path for all appiications:
L. ¥ C» ProgramFiles » FTC » M
Application
Selection Choose from the list below:
_— Application Version Install Size  Diagnostic Reporting Status
installation v L4 PicCreo &
PTC Creo Common Files 3.0 M100 0 Required
PTC Creo Direct 3.0 M100 289 MB No Licenses found
Finish PTC Creo Distributed Services Manager 3.0 M100 25 MB No Licenses found
e PTC Creo Layout 3.0 M100 24 MB No Licenses found
PTC Creo Options Modeler 3.0 M100 24MB Ne Licenses found
PTC Creo Parametric 3.0 M100 0 O Update from M100
PTC Creo Simulate 3.0 M100 0 O Update from K100
¥ [] PIC Mathcad
[7] FTC Mathcad Prime 3.1 FO00 615MB New -

Total Space Required: 0 MB (58 GE Avaliable

[7] Enable data ion for these

Help us improve PTC products! When you install PTC products, you also download PTC Diagnostic Tools.

These diagnostic tools collect information about your hardware and how you use the software. These tocls do not collect your name, address, email
or other persenal information. PTC is committed to protecting your privacy and the content of your documents is NEVER collected. With a paid
license, you can disable the diagnostic functionality if you desire to do so. Click here for more details.

« Back Install ©

Fig. 30 When you reach the Application Selection stage of Creo Parametric installation,
locate the Customize Applications button

Approved for public release; distribution is unlimited.
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¥ Introduction pTc"
.~ Software
Agreement Application Custom Setting 9 x
PTC Creo Parametric | Application Featuresfll Command Configuration [Rhortcuts

T en sy PTC Creo Simulate
PTC Creo Parametric

v |4 Options
Application PTC Creo Modeicheck
Selection o JRE

W Wold Component Catalog
PTC Creo Mold Analysis(CMA
[] Start intel® MPi Service (enables paraliel computing for CHA)
NC-GPOST
PTC Creo Parametric Distributed Computing Extension
v [ APiTookits
J-Link for PTC Creo Parametric

Web Link for PTC Creo Parametric

' /B API for PTC Creo Parametric

W PTC Creo Object TOOLKIT C++

N PTC Creo Ul Editor
v [ Interfaces

Parametric Interf,

o Parametric Interf;
Direct Modeling Converter

¥ [d Languages

OK

v

nize Applications...

A

ame, address, email
With a paid

Gancel lek Install

Fig. 31 Under the Command Configuration tab, locate the PTC Creo Parametric
TOOLKIT and ensure it is enabled for installation. If you wish to have Creo Parametric load
the TOOLKIT license at startup (you do if you are doing any major development) update the
configuration in the Command Configuration tab. See the Creo documentation for more

details.

Once Creo Parametric is correctly set up, it is time to compile the plugin. The source
code for this plugin is part of a standard BRL-CAD source archive, located in the
directory src/external/Creo. Unlike most of BRL-CAD’s tools, the Creo plugin is
designed to be built as a stand-alone project. The Creo plugin uses the CMake build
tool to manage its configuration process and Microsoft Visual C++ to perform the

actual compilation, as illustrated in Figs. 32-38.

Approved for public release; distribution is unlimited.
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[ rite Tools Options  Help
Where is the source code:  C:fUsers/User/Documentsbricad fbricad fsrefexternal fCREC] |Brm5ml‘ﬁ...|
Where to buid the binaries: ~ C: /Users/User/Documents|bricad|bricad src/external/CREO buld -
[ Grouped [ Advanced [ SR AddEntry | | 9 Remove Entry

Value

& A

Spedify the generator for this project

Optional toolset to use (-T parameter)

lu:lﬂ_)d I

@ Use default native compiers

(0) Spedfy native compilers

7 Spedfy toolchain file for cross-compiling
(0} Specify options for cross-compiling

Fig. 32 Visual Studio version and toolset are both set in the initial CMake screen

Approved for public release; distribution is unlimited.
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File Tools Options Help

Where is the source code: [C;.JLIsersﬂ_lgeffDn.:umen:s,fbrlcad,h'lcadfsrc,n’exLernal,,'CFtEO Browse Snurce___‘

Where to build the binaries: |C:p‘l_lsersfusa.fDocumentsfbrIcadlbdcad;’src,l’external,l‘CREOfbuild | l Browse Build... |

Search: [] Grouped [] Advanced l'=:‘ add Entry | [ 3% Remove Entry |

Value

A Eror

@ Error in configuration process, project files may be invalid

Stop Current Generator: Visual Studio 11 2012 Wing4

CMake Warning at CMakelists.cxt:63 (message):
C:/Program Files/BRLCAD X _¥X X doesn't exist - set BRLCAD ROOT_DIR to the
location of your BRL-CAD installation.

CHMake Warning a2t CMakelLists.txt:&7 (message) :
C:/Program Files/PTC/Creo KXX doesn't exist - set CREC_ROUI_DIR to the
locacion of your CREQ installation.

CMake Erxror at CMakelists.txt:70 (message):
Correct path settings to continue with configure

Configuring incomplete, errors occurred!
Seea also "C:/Users/User/Documents/brlcad/brlcad/src/external /CREC/build/CMa

< i ]

Fig. 33  The first time Configure is run, the process will halt with an error. This is expected
behavior, because the locations of BRL-CAD and Creo Parametric have not yet been specified.
(Both are required for a complete configuration process to succeed.)

Approved for public release; distribution is unlimited.
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Fite' Tools Options Help

Where is the source code:  C:/Users/User/Documentsbricad bricad fsre fexternal (CREQ|
‘Where to build the binaries:  C:/Users/User/Documents bricad forlcad/srcfexternal {CREO build w | Browse Build...
Search: [ Grouped [ Advanced |4 AddEntry | [ % Remove Entry |

CREO_ROOT_DIR C:/Program Files/PTC/Creo XXX

A Select Path for CREO_ROOT DIR

GO'| RS Prn_gram Files » PTC » Crea30 » |'_'ﬂ| 3 ” Search Creo 3.0

Mew folder
= Name Date modified
4 M100 1/8/20179:54 AM  File folde

Documents
o Music

[=| Pictures
|;':1ﬂ Subwversion
i Videos

1M Computer
&, osDisk (C)

v1|

Folder Creo30

| Selectfolder | | Cancel |

CMake Warning a2t CMakeLists.txt:&7 (message):
C:/Progzam Files/PIC/Crec XXX doesn't exist - set CREQ_ROCOT_DIR to the
location of your CREO installatien.

4 wlll

Fig. 34 For BRLCAD_ROOT_DIR and CREO_ROOT_DIR, select the correct directories
to identify the versions of Creo Parametric and BRL-CAD being used to build the plugin

Approved for public release; distribution is unlimited.
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Tools

File

Options
Where is the source code:
Where to build the binaries:

Search:

Help

C: AUsers/User/Documents foricad foricad fsrc/external /CREO]
C: [UsersfUserDocuments bricad bricad fsrc fexternal /OREOD fbuild

Name

BRLCAD_ROOT_DIR
CREO_ROOT_DIR

D e sy ey D m— e B

- LT
C:/Program Files/PTC/Creo 3.0

Press Configure to update and display new walues in red, then press Generate to generate selected build files.

| configwe | [ Generate | current Generator: Visual Studio 112012 Win64 |

Hote:

libbkg.dll
libbn_dll
libbrep.dll
libbu.dll
libgdiam. 411
liblzd.dll
libnmg.dll
libp2t.dll
libzt.dll

libwds . dll
libwdb.dll
spenKURES .
regex.dll
y2038.4d11
z1libl 411

dll

be gensrated.

The follewing BRL-CAD d11(s) is/fare mot present in C:

librinycthread d11

Be aware that actempting to load the DLL versiom of the plugin without these files in place will
cause the loading process to silently fail:
Be sure to run the INSTALL command after building but before testing.

fProgram Files/PTC/Cres 3.0/M100/Comms

*HO* messages indicating why the lecading failed will

the rescurce files

Mote that ewven with the exe version of the plugin,
must be present in the correct locations within the CRED tree in order

to successfully run the plugin.

Be sure to run the INSTRALL target

before starting 2 sesting session.

Configuring done

4| n

Fig. 35 Run Configure again, and the process should complete. Select Generate to produce
a Visual Studio project. Be sure you have read and understood the messages generated during
the configuration process—they are intended to alert you to situations that may result in a
failure of the converter plugin to successfully run, or otherwise compromise effective software

development work on the converter.

Approved for public release; distribution is unlimited.
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“’* 4. % bricad v bricad » src b edemal » CREO b build »

W Favorites
B Desktop
& Downloads
4 Recent Places
4 obj
S CREO

4 Libranes
a’-— Documents
o' Music
| Pactures
gﬂ Subversion
. Wadeos

1% Computer
& () 0sDisk
€ Network

™=@ creczerL

o:g_miuv sq_o?u-. -

ng Microsoft Visual Studio Selution

Burn New folder

Documents library
buikd

=- 0 @

Arrange by:  Folder =

Marme Date modified Type Size -]
4 CMakeFiles NENLT 1028 AM File fiolder
4 Debug S/BSA01T 10:27 AN Fale felder
A MinSzeRd SES2017 1027 AN File fiolder
| Release S/BSA0LT 10:27 AM File folder
4. RelWithDebinfo S/B/017 10:27 AN File folder
%] Wbbg.di S/B/2017 10:27 AM  Apphication extens. . g2 K|
4] Kibbn.dl S/B/2017 12T AM  Application extens... a7 K|
%] Bibbrep.dil 5/8/2017 10:27 AM Application edens. .. 58T )-
S Bbbudll S/BSA017 10:27 AM Applicstion extens... 04K}
% libgdiam.dil S/EFNLT 10:27 AWM Application extens... 52K}
& Bblzd.dll SESA0LT 1027 AN Application extens... 53 KE |
5 ibnmg.dil 5/8/2017 10:27 AM  Application extens... a0 k= i
%] ibp2t.dil S/EF017 10:27T AM Application extens,.. v
4] Bibrk.dil S/B/2017 10:27 AM  Application estens... 2468 x Il
2 libtingcthread.dll 5/B/2017 10:27 AN Apphication extens... 13 !f: H
% Bibvedsdll S/EFA01T 10:27 AN Apphcation extens... 19 K|
&, Kibwdb,dil 5/8/2017 10:27 AN Application extens., 51 *
% openhURBSdN SE/ALT 127 AM Apphication extens,.. 3787 ¥l
%] rege.dil 5/8/2017 10:27 AN Apphication extens... £} tl
%] y2038.d1l SE0LT 1027 AM Application etens... 14 'l
4 <l il S/ESMT 02T AM Application extens... 6K
| emake_install,crnake 5/8/2017 10:28 AM  CMAKE File 2 *f
| cmake_uninstall.cmake 5/8/2017 10:27 AM  CMAKE File 2K
| CPackCenfig.crmake 5/8/2017 10:27 AM CMAKE File e
| CPackSourceConfig.cmake S/B/2017 10:27 AM CMAKE File 4K
| erea-bel.dat S/B017 1027 AM  DAT File 1K
| }a3 CREO2BRL 5/8/2017 10:28 AM_ Micresoft Visual S... 6K
| €MakeCache 5/8/2017 10:27 AM  Text Document 14K
& ALL_BULD 5/B2017 10:28 AN WCs = Project MK
& creo-br S/EF2017 10:28 AM Ve Project 66 K
& INSTALL S5/ 2017 1028 AM WC+ = Project 13K
%] PACKAGE 5/Bf2017 10:28 AM WCe e Project HEK -
n J 3

Date modified: 5/8/2007 10:28 AM

Soe 595 KB

Date created: 5/8/2017 10:28 AM

Fig. 36 Select the generated file “CREO2BRL” to open the Visual Studio project
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= pu
* Routine to output the top level object theot is currently displayed in CRED,
* This 3 the real beginning of the processing code - doit collects user
* settings and calls this funcilon. =/

extern “C* void

Soutput_top_level_cbject(struct creo_cenv_info ®cinfo, Profdl sodel, ProfdlType type )

wehar_t whkiss[ CREQ_NAME MAX]:

char asme[CRE0 NAME MAX];

wchar_t “wname_saved;

struct directory “tdp = RT_OIA_NULL;

/™ gEt object name *f

if {Promdliametet{ sodel, wasme ) I= FRO_TE_NO_ERROA ) return;
(woid)ProMstringTostring(name, wname);

A save mame *)

woane_sawed = (wchar_t ®}bu_ralloc(wcslen{wname)+l, sizecf{wchar_t), “CRED name™})
wosncpy (wnome_saved, wname, woslen(wmame)+1);

/* There are two possibilities either we have a hiecarchy, In which cage we

= need to walk it and collect the objects to process, or we hawe a single part
® which we can process directly. =/

EF { type == PRO_MDL_PART §

/= One part anly *f

cinfor-rparts-rinsert(wname saved);

ocutput_parts{c L H

} else if {

™ wWalk the B
ol s FASEEHE- PINEETT] WkE_Saved);

i _ASSEMBLY )

archy and process all necessary asiesblies and parts */

Outpett | Find Symbod Results

ﬂ CREC2BAL - Mecrozoft Visual Studio Quicc Launch {Ctrl= O A = 0O X
FLE EDIT WVIEW PROJECT BUILD DEBUG TEAM SQL  TOOLS  TEST ANALYZE WINDOW  HELP
e - - - = Local Windows Debugger - fuio - Debug - 5 Sl m % N !
CI0.C0P cren-belh sssembly.cop part.cpp wtil.pp m = Clpes View i
{Global ope) = @ output_partaleren_cony_info * cinfa) ] o -

ProsolidFeatyicit{ProddiToPart(sodel), objects_gather, {Profeaturefilteraction)component_filter, (Prosppl

cutput_parts({cinfo);

Find_sspty_sisesblies(cinfo);

{woid)Probiindowie fresh [FRO_WALUE UMUSED);

output_sssemsfcinfo);

b else T
300 % L) [
Cutput - 0 ox
Shiow Dutput frem: - ra

¥ *+ PACKAGE
Bt LUNINSTALL
Bobe UNLOCK
b+ ZERO_CHECK

WG ESUO0]  Mabpley R

Solu. | Clas.. | Prop. Tea—

Fig. 37 The target list should include creo-brl, which is the primary target to build. Although
it is not required for building, opening the converter source code files in Visual Studio is a
good preparation step if you expect to set breakpoints or step through the sources during

debugging.
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Fig. 38 Building the target should succeed and produce creo-brl.dll. If not, debugging work
starts now.

After producing creo-brl.dll successfully, the next step depends on what licensing
the developer’s Creo Parametric is set up to use. The CMake process issues a
warning if the user’s Creo Parametric settings are not configured to load the
Pro/TOOLKIT license at Creo startup. If Creo Parametric does not load the
necessary toolkit, the plugin will eventually fail to load, notifying the user of a
locked DLL. If this is not what is expected, correct the Creo Parametric installation
to load Pro/TOOLKIT at startup. If you prefer not to do so (i.e., if you only expect
to compile and test once) run the UNLOCK target now, before running the
INSTALL target. This is not recommended when doing any sort of extensive
development, as it will lock a Pro/TOOLKIT license for 15 min—for development,
it is much better to load Pro/TOOLKIT in Creo Parametric at run time.
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For the standard situation where a developer needs to debug a running plugin,
Figs. 39-41 illustrate how to use a compiled plugin and Visual C++ to step through
the source code.
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Fig. 39 Before the plugin can be loaded, even for testing, it is necessary to run the INSTALL
target to make sure all of the required files are in their correct locations in the Creo
Parametric directories
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Fig. 40 If Creo Parametric and the plugin are now running and ready for debugging, then
attach Visual Studio’s debugger to the running process
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Fig. 41 From the list of processes, select the one that shows either Creo Parametric (if the
plugin is not yet running) or Creo to BRL-CAD (if the plugin is running) and select Attach.
Once this is complete, the running plugin will respect break points defined in Visual Studio
and the conversion process can be debugged.

Once the plugin is running to a developer’s satisfaction, the final step is to prepare
a redistributable version of the plugin that users can install. The CPack tool is used
to create archives, but it is crucial for developers to remember to perform the
“UNLOCK?” step before creating the archives, as illustrated in Figs. 42 and 43.
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Fig. 42 Once the plugin is deemed ready for distribution, make sure the build type is set to
Release, build the creo-brl target to make sure everything is up to date, and then run the
UNLOCK target. This will lock up a Pro/TOOLKIT license for 15 min, but also results in a
DLL that can be used by other Creo Parametric installations.
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Fig. 43 Once the DLL is unlocked, the PACKAGE target may be used to generate a .zip file
and a Nullsoft Scriptable Install System (NSIS) installation executable for distribution

6. Future Work

While the essential functionality of the original Pro/E conversion plugin has been
reproduced in Creo Parametric 3 and a number of improvements added, additional
work would substantially improve the existing capabilities. Immediately apparent
improvements would be to complete the solidity testing routine for mesh generation
and add an ability to translate the NURBS boundary representation (B-Rep) solid
descriptions over directly to BRL-CAD without tessellation. Longer-term
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directions to explore include using BRL-CAD’s own tessellation routines as an
alternative to those in Creo Parametric for more robust solid generation and
applying CSG conversion research® to imported Creo NURBS B-Reps as a means
of size reduction.
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List of Symbols, Abbreviations, and Acronyms

3-D
ARL
B-Rep
BoT
BRL
CAD
CSG
MUVES
NSIS
NURBS
Pro/E
STL
VI/L

3-dimensional

US Army Research Laboratory
boundary representation
bag-of-triangles

Ballistic Research Laboratory
computer-aided design
constructive solid geometry
Modular Unix-based Vulnerability Estimation Suite
Nullsoft Scriptable Install System
Non-Uniform Rational B-Spline
Pro/ENGINEER
STereoLithography

vulnerability/lethality
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