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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national
standards bodies (ISO member bodies). The work of preparing International Standards is normally
carried out through ISO technical committees. Each member body interested in a subject for which a

technical

committee has been established has the right to be represented on that com

ttee.

Internatid
the work

nal organizations, governmental and non-governmental, in liaison with ISO, also take|p:

irt in
ISO collaborates closely with the International Electrotechnical Commission (IEC) dn all
matters of electrotechnical standardization.

The proc¢dures used to develop this document and those intended for its further maintenance are

described,

in the ISO/IEC Directives, Part 1. In particular the different approval criteria needed fgr the

different types of ISO documents should be noted. This document was drafted in*accordance with the

editorial fules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives);

Attention

is drawn to the possibility that some of the elements of this,décument may be the subje

ct of

patent rights. ISO shall not be held responsible for identifying any er@all such patent rights. Detalils of

any patenft rights identified during the development of the documént+will be in the Introduction ar

on the IS(

Any trade
constitutg

For an ekplanation on the meaning of ISO specific terms and expressions related to confor
assessmeft, as well as information about 1SO'>adherence to the WTO principles in the Tech
Barriers tp Trade (TBT) see the following URIs:;Foreword - Supplementary information

The com
Subcom

list of patent declarations received (see www.iso.org/patents).

an endorsement.

ittee SC 2, Application issues:

d/or

name used in this document is information given“for the convenience of users and doef not

mity
nical

ittee responsible for this document is ISO/TC 171, Document management applications,
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Introduction

The data representations in PRC allows 3D design data, typically created in CAD and PLM systems, to be
viewed and interrogated by visualization applications and to be integrated into complex documents.

This document specifies a wide range of data forms. The wide range is necessary to:

— Achieve a high fidelity, visually equivalent representation of 3D design data produced by an
advanced CAD or PLM system without requiring the original application.

— Allow applications to compute high accuracy product shape measurements.

PRC |is intended to complement native or open standard CAD and PLM formats as a compagt, concise
binafy form for visualization and documentation. PRC is not intended as a data format for CAD
interpperability or use in factory automation systems, e.g. automated manufacfuring and inspection
systdms, which is addressed by the ISO 10303 standards.

vi © ISO 2014 - All rights reserved
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rt 1:
C10001

Scope

5 International Standard describes PRC 10001 of a product representationi,compact (PRC)
three dimensional (3D) content data. This format is designed to be included in PDF (ISO :

iting, viewing, and distributing 3D data in document exchange workflows. It is optimizg
|, and display various kinds of 3D data, especially that coming-from computer aided de
ems.

5 International Standard does not apply to:

— Method of electronic distribution

— Converting CAD system generated datasets'to the PRC format

— Specific technical design, user interface, implementation, or operational details of ren
— Required computer hardware.afid/or operating systems

Normative references

following referenced documents are indispensable for the application of this document

rences, only the edition cited applies. For undated references, the latest edition of the
ument (including any amendments) applies.

12651:1999,.Electronic imaging — Vocabulary

24517-%2008, Document management — Engineering document format using PDF — Pq
1.6 (PPF/E-1)

ISO

file format
2000) and

br similar document formats for the purpose of 3D visualization @and’exchange. It can e used for

bd to store,
sign (CAD)

dering

For dated
referenced

rt 1: Use of

32000, Document management — Portable document format

IEEE 754, Floating-Point Arithmetic

The

OpenGL Graphics System, A Specification, Version 4.1 (Core Profile), July 25, 20101

1 Available at http://www.opengl.org/registry/doc/glspec41.core.20100725.pdf
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3 Terms and definitions

For the purposes of this document, the terms and definitions given in ISO 32000-1, ISO 24517-1 and
[SO 12651 and the following apply.

3.1
PRCFile W

riter

software application which writes a particular PRC file

3.2
PRCFile R

adar

software aj

3.3
byte
group of ei

4 Docu
4.1 Conve

The follow

Terms hig
Entity type
A table wit

The first c
have a sco;t

The second
— As

— A
cla

— An
hagd

The third
described ¥

4.2 Exam

auacT

pplication which reads a particular PRC file

bht bits processed as a single unit of data

ment syntax conventions
ntions

ng conventions are used within this document to describedata within a PRC File.

hlighted in bold within this document signify field names in the description of entity ty
s are denoted in italic.

h three columns is used to describe the data within+a contiguous portion of the file.

lumn indicates the name of the field. Fieldstames are not unique and can be considere
e limited to the data class.

column describes the type of the data. ‘This might be

mple data type such as a Boolean; UnsignedInteger, or Double

imple class of data such as:RRC_TYPE_TOPO_Body or PtrTopology where the name of

s is used to define the data_stored for that class

Array<data class>[zsize>] which indicates an array of data of the specified class. An ar

<size> elements;Elements of an array are referenced beginning at 0.

Column indicates if the field is required or optional. If the field is optional a conditio
vhen thelfield is present. The field may also be described.

ple Structure

pes.

i to

the

ray

n is
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Table 1 — PRC file structure example

Name Type Value

flagl Boolean (Required) describe flagl

data_field1 <data class1> (Optional; if flag1 is TRUE) describe data_field1

data_field2 <data class2> (Optional; if flag1 is FALSE) describe data_field2

topological_body_data |PRC_TYPE_TOPO_Body (Required) describe topological_body_data

data_type <enumerated type> or Integer | (Required) describe data_type

datla_of_typeS <data class3> (Optional; if data_type is 1) describe data_type3

datla_of_type4- <data class4> (Optional; if data_type is 2) describe data_type4

Size UnsignedInteger (Required) describe size

arrmay_of_type5 Array<data class5>[size] (Required) describe thesarray of <data class5>

5 [PRC file concepts

5.1| The PRC file

A BRC File is a sequential binary file, written in a way.to make the file portable acrogs machine

architectures and operating systems.

PR( is optimized to store various kinds of 3D data, especially those coming from computer-ajded design

(CAD) systems. Most of the main constructs of CAR\systems are supported within the PRC Fil¢ Format:

— |Assemblies and parts

— | Trees of 3D entities (coordinate systéms, wireframes, surfaces, and solids)

— |Exact geometry representation fer curves, surfaces

— |Tessellated (triangulated] nepresentation

— |Markup data

PR( is meant to/be/multipurpose. There are two ways to store exact geometry and fessellation

depending on the*usage of the file and on the original information:

— |Regular®compression is used to directly represent CAD data without loss or transformation from
the originating CAD system.

— |High compression is used to store very small files, which have a specified physical toleFance from

the originating shape. The tolerance is typically 0,001 mm for exact geometric data and 0
tessellation data.

,01 mm for

Each PRC File corresponds to a single model file (see 8.3.3) which defines the root product occurrences
within the FileStructures of the PRC File. A PRC File is a collection of FileStructures which are
independent from each other and can come from various authoring PRC File Writers. A FileStructure is
the representation of an independent physical file denoting an independent 3D part, assembly, etc.
within a PRC file. Hence, there is one header for each FileStructure with specific information and one
global header for the model file which contains information about the PRC File Writer that assembled
all these individual FileStructures into the final PRC File. Header sections gather primarily information
on file version, FileStructure ids and offsets for reading / skipping sections.

© ISO 2014 - All rights reserved
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Each FileStructure contains one or more product occurrences (see 8.3.10.2). The product occurrences
denote the assembly hierarchy of the FileStructure. A product occurrence can have child nodes, which
are also product occurrences. There is exactly one root product occurrence in each FileStructure. The
root product occurrence is the only entry point to the FileStructure. (refer to Figure 1 below)

In parallel to the FileStructures, the model file also contains an array of root product occurrences that
comprise the starting point for the entire assembly description. A product occurrence may refer to a
corresponding part definition (see 8.3.11) which in turn contains:

— Geometrical data stored in a tree of representation items (see 8.6.3)

— An optional tree of part markups, grouped into annotation entities and views (see 8.7.2)

A product ¢ccurrence can contain:

— Atree pf product markups

— Filters| used to redefine the loading and presentation of data defined in|the child product
occurrgnces or in the part definition (see 8.3.12)

The repredentation items are defined through a combination of tessellation of topology and geomgtry
data, whichh may be highly compressed. The markups are defined by tessellation data.

F.S. Nut

ST
F.S. Bolt
P.0. Bolt

F.S. Tire D PoNas] | o P.0. Washer | P.D. Washer
| P.0. Bolts | P

P.0. Washers
{ P.o.Tire

F.S. Washer

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

Model File

P.0. Washers. [ {~~*+— -
Key:
: — — = Prototype
fffffffffffffffffff - o
L PORIm oot | bsRim o~ Som Object

- P.0. =Product Occurrence
P.0.Rim m P.D. =Product Definition

F.S. =File Structure

Figure 1 —Tessellation data

To optimize reading, a PRC File is arranged so that referenced entities are read before being referenged.

Therefore, [the FileStructures are ordered using parts, then subassemblies, and finally, the top (rpot)
assembly.

A PRC Fild is“eomposed of one header section, which starts with uncompressed data, one or njore

FileStructulres/ and one model file (PRC TYPE ASM ModelFile) data section at the end, each individdally
compressed. Refer to 8.3.10 for more information about the PRC file structure.

4 © ISO 2014 - All rights reserved
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Section

Sub Sections

Compression

Description

FileHeader

Uncompressed

Defines originating author of the
file; specifies start, and possibly
end, location of other sections in file

File Structure 1

FileStructureHeader

Uncompressed

Identifiers of other File
referenced from
FileStructure;

Structures

within  this

Jdcnermnad

Lompressed

Description —of —change
minimal version and
version of the FileStruc
the PRC File Format Sped

5 between
authoring
fure within
ification

Globals

Compressed

Referenced, ) FileStruct
colors, line”styles, and
systems for each tree e
FileStructure

ires  and
coordinate
ntity of the

Tree

Compressed

a~description of the trg
(product occurrencg

e of items
S, part

definitions, representafion items,

and markup)

Tesselation

Compressed

All tessellated (triangula
the leaf entities of
(representation iter
markups).

fed) data in
the tree
ns and

Geometry

Compressed

All exact geometry an
data of the leaf entif]
tree(representation item|

1 topology
jes of the

5)

Extra Geometry

Compressed

Geometry summary d
allow for partial load
FileStructure without 1
entire geometry

hta, which
ng of the
pading the

Additional FileStructure
the PRC File

sections in

Fild Structure N

Compressed

Last FileStructure sec
PRC File

ion in the

Schlema

ModelFile Schema

Compressed

Description of change
minimal version and
version of the ModelFilg
the PRC File Format Sped

5 between
authoring
Section of

ification

Model File Data PRC_TYPE_ASM_ModelFile

Compressed

5.2 Versioning
A file format version number is used to define the particular version of this international standard that
a PRC File Reader or PRC File Writer conforms to.

Version numbers consist of the year modulo 2000 followed by three digits representing the day of the
year. This international standard shall have the version 10001, corresponding to the 1st day of the year
2010.

© ISO 2014 - All rights reserved 5
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The current_version is the maximum version number that a PRC File Reader or PRC File Writer
conforms to.

Each FileStructure and the FileHeader are independent and can be copied around or written by PRC File
Writers of different versions. Each of them have their own authoring version and
minimal_version_for_read version numbers. The authoring version represents the version of the
international standard that the PRC File Writer conformed to at the time the FileHeader or the
FileStructure was written. The minimal_version_for_read represents the version of the international
standard that a PRC File Reader shall conform to to successfully read the FileHeader or the
FileStructure. If the current_version of the PRC File Reader 1is less than the

minimal_version—for-read;thenthe PREFile Readershalt-notcontintretoprocess-thefiteandreport

an error.

If minimal_version_for_read is lower than authoring_version, the PRC File Writer shall"write a
schema dgscription in the PRC File providing the differences between the two versions of [this
internatiorjal standard. This description will enable a PRC File Reader to read and skip new information,
since these new data cannot be interpreted as they are from a newer version.

A PRC Fil¢ schema contains a description of new fields or new entity types added between
minimal_version_for_read and the authoring_version. See 6.3 for a description of a schema.

A PRC File

After teading each entity type, the schema information is queried and new data are skipped
accordingly, following the tokens.

the

Reader uses the information in the schema to read and skip new information:

— Each tjme an entity type is read, if the type is unknown, the schema is searched and its dafa is
skippe(d.

5.3 Uniqye identifiers

5.3.1 Gengral

A PRC File reader/writer shall generate j(writer) or interprete (reader) unique identifiers| for

informationh within the PRC File. Each FileStructure within a PRC File has an identifier (UUID) which

uniquely idlentifies this particular EileStructure among all of the FileStructures within the PRC File.

Within eadh FileStructure, unique(identifiers for referenceable entities are generated using the offder

that they [are first encountered,in the FileStructure. Thus, the first referenceable entity in |the

FileStructure has the numbef~1 as its identifier. Subsequent identifiers of referenceable entities|are

incrementg¢d by 1.

5.3.2 File structure

A PRC File$§tructure:is identified by an identifier (see UncompressedUniqueld) which is unique among all

of the FileStructures within a single PRC File.

The meth ional

standard.

This approach offers an advantage, for example, such as when there is some intent to repurpose
FileStructures inside other PRC files without entirely rewriting them.

5.3.3 Base entities
The PRC format provides support for referencing entities. See Entity Types in 8.2.1 for a list of entity
types whose entities are referenceable.

The purpose of using references on entities is to enable an interpreter to handle the same entity several
times without any duplication of data, either by any other program, or by another structure in the same
or another PRC file.

© ISO 2014 - All rights reserved


https://standardsiso.com/api/?name=a860ee9179cd4564c31220e4c153ad48

ISO 14739-1:2014

A referenceable entity is retrieved using the following:

— The UUID of the FileStructure.
— The entity's unique identifier (a non-zero unsigned 32-bit integer) within the FileStructure.

Just as the FileStructure UUID is unique among all of the FileStructures in the PRC File, the entity
identifier is unique inside a FileStructure for all referenceable entities.

A PRC File Writer shall ensure that two referenceable entities inside the same FileStructure do not have
the same identifier. The next available index within a FileStructure is the maximum value that has been
assigned for identifiers to date, and is stored in the PRC File (see 8.3.4) so it is possible tcr)Lsafely add
new entities to a FileStructure and assign them a unique identifier greater than this maximunp value.

Dath within the FileStructure tessellation and geometry sections are not accessible from ¢utside the
FilefStructure using the approach for referenceable entities. These data are referenced only by data
within the tree section (see 5.1 above) of the same FileStructure. However, it1is)possible (s¢e 8.4.8) to
refdrence topological data from outside the particular FileStructure which the topological eqtity lies in.
This is restricted to faces in the current version of PRC but may be extended to other datfa in future
versions of the format.

5.3/4 Other systems

In gddition to the unique identifier mechanisms described abeye, this international standaid provides
for storage of identifiers from the originating system. The:external identifiers and their persjstence flag
arestored as information in PRC strictly to support extetnal workflows. These identifiers by fhemselves
only exist to convey information and do not play any reéle in PRC.

5.4|Current data values

A PRC File reader and writer shall implement the concept of CURRENT for various data.

NOTE This enables smaller file sizes singe duplicate data need not be written to the file. It also enables faster
readers because some of the data is not being read. Default initial values are in parentheses.

— |Current name (NULL)

— |Current graphics

— Index of layer (1)

— Index ofline style (-1)
— Behavior bit field (-1)

Curfentwvalues shall be updated as they are encountered in the file. Values shall be feset when
lalization ic fluchaod At tha and of avuary flata _comanvaccad cactiaon (can 0 Q Coyanraccad Fila i
seriglizationisflushed-at-theend-eofeveryflat £ Sections).

flate-compressed-secton{see 5-8-Compressedlile
5.5 Userdata

The PRC File format provides a mechanism for a PRC File Writer to write private data within various
sections of a PRC File. Such data shall consist of a bit stream of data containing the size of the bit stream
followed by the specified number of bits.

NOTE Any PRC File Reader can read the bit stream and can even resave the private data, but it may not be
able to interpret the data.

Each FileStructure within a PRC File may contain UserData. UserData are defined in conjunction with an
application unique identifier (UUID) which allows for their interpretation. This application identifier

© ISO 2014 - All rights reserved 7
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shall be stored in the FileStructurerHeading. By default, any user data within the FileStructure shall be
assumed to be written by this one writer. However, UserData may contain streams from different
writers. Therefore, different application UUIDs shall be stored accordingly with each of these other
data. UserData are meant to be interpreted only by software which is aware of its meaning according to
a given writers UUID. A conforming PRC File Reader should either ignore those UserData, or interpret
them according to the writers UUID. PRC also allows applications to define special attributes which
behave similarly to UserData,as discussed in 7.3.3.8.

Unique application identifiers are assigned through Adobe Systems, initially, and probably ISO in the
long term.. Each company should have it’s own unique application identifier, and if they want to share
data with teationt ift

5.6 Units

A conforming writer shall define the units used in a PRC File. This should be done at both the 'model|file
level (see §.3.3) and at the product occurrence level (see 8.3.10). The unit may come froman actual CAD
file and therefore be considered reliable to represent physical values in theydata. If a unift is
valid/reliable, the flag unit_from_CAD_file shall be set to TRUE. However, some formats do not confain
units. Regdrdless, it is mandatory to define one unit at both the model file level and at the product
occurrence level .

The unit which shall be used is the first valid unit in the ModelFile / ProduetOccurrence chain. If a vialid
unit is defiped at the ModelFile level, it will apply to all product occutrences. Once a valid unit is folind,
the remainfder of the data shall be interpreted with respect of that unit, even for occurrences highdr in
the produck occurrence hierarchy.

NOTE IIn other words, if a product occurrence having no valid.unit has a child with a valid unit, it is assumed
that the entjire hierarchy of model file and product occurrence are to be interpreted and used according to|this
unit.

If no valid unit is found at either the Modé€lFile level or any ProductOccurrence level [(i.e.
unit_from_{AD file is always set to FALSE), a conforming PRC File Reader shall clearly indicate that{the
unit definef is not valid for measurement purposes.

5.7 Tolerances

PRC distinguishes between severalmotions of tolerances:

— A first|notion of tolerance ‘represents the maximum deviation between compressed and original
data, 3s introduced by“the lossy compression of geometry or topology. When provided, [this
tolerance shall be a user<defined value which represents a physical length given with a unit.

— A second notien¥of tolerance is introduced by numerical uncertainty inherent in every| 3D
modelling system. This form of tolerance is non-dimensional. Its purpose is to perform consisfent
numerjicalkopérations. This tolerance value corresponds to coincidence (e.g. of two 3D vertices) pnd
is geng¢rally defined in conjunction with a minimal value representing zero and a maximal value
representing infinity. For instance, a system might define coincidence at le-3, zero as any value less
than le-12 and infinity as any value greater than 1e6. Then, additional logic outside the modelling
system should define the unit so that the numerical values can be interpreted by the computer as
physical values (i.e. in a particular unit).

In PRC, the 3D modelling system corresponds to entities in tessellation section (8.8) and topology
section (7.9). Hence the various tolerances stored within these sections are always numerical values
with no unit. A conforming writer shall never store a tolerance which can be directly interpreted as a
physical value.

NOTE For instance, brep_data_compressed_tolerance in 8.9.19 which represents the deviation introduced
between original data and compressed one is stored without unit, even if it might be derived from a user interface
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which takes those units into account. Then, outside this 3D modelling system, unit is defined in
ProductOccurrences and ModelFile as discussed in previous chapter. The physical interpretation of those
tolerances should then be done from both indications. For instance, if a tolerance in a topology section is stored as
0,001 and if the unit of the ProductOccurrence it belongs to is 1000 meters, then the physical tolerance on data is
actually 1 meter.

5.8

Compressed file sections

Within a PRC File, all sections, except header sections, are individually compressed with a Flate method.

NOTE

This form of compression is considered to be "lossless". It occurs systematically whatever the actual

con

5.9

ent of the PRC file, and even 1t 1t contains compressed geometry or tessellation.

Compressed geometry

Compression of geometry results in very small files. This compression is "lossy" inthat the g

an
8.9.
ap
res

5.1

hpproximation to geometry to within a specified tolerance (typically 0,001mm). See
P0 for entities representing compressed geometry. Note that the methodology to de
oximation of the original geometry (e.g. analytic recognition) is notpart of PRC standar
Iting entities and the method to store them are described in PRC.

0 Compressed tessellation

Compression of tessellation data results in very small files) This compression is "lossy“

tess
0,0

nec
con
pol;
thel

6
6.1
6.1

The
File
PR(
File

Eac

Eac

ellation data is an approximation to tessellation data.to within a specified tolerancg
mm). See 8.8.9 for an entity representing compressed tessellation. Tessellation d
bssarily generated from or considered as an “approximation” of geometry; it is an alterna
vey data. Note that the methodology to determine an approximation of the original tesse
gon decimation) is not part of PRC standatd. Only the resulting entities and the meth
m are described in PRC.

PRC file contents

Fileheader

1 General

Header contains the,file version for the authoring version (PRC Format Specification) tk

Writer is based@unand the minimal version for read (PRC Format Specification) that a
File Reader is\based on that write/read the data outside of the individual FileStructures

h FileStrueture has a identifier which is unique among all of the FileStructures within this

h application has a unique 1dent1f1er Wthh enables the lnterpretatlon of UserData Thil

eometry is
8.9.21 and
ermine an
d. Only the

in that the

(typically
ata is not
five way to
lation (e.g.
bd to store

at the PRC
onforming
in the PRC

PRC File.

5 identifier
plication is

not * reglstered“ but (as dlscussed above) there can still be user data from another appllcatlon in the file.
Valid identifiers are distributed by Adobe Systems, Inc. upon request.

A valid PRC File shall contain at least one FileStructure.
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Table 3 — Fileheader

Name

Data Type

Data Description

3 bytes: PR, C

(Required) Characters "PRC"

minimal_version_for_read

UncompressedUnsignedInteger

(Required) Minimal version
read (see 5.2)

for

authoring version

UncompressedUnsignedInteger

(Required) Authoring version

(QPP '-\7)

unique_id |

file

UncompressedUniqueld

(Required) Unique ID Ifor
structure; The firstyand
sections of PRC File (before
after the FileStructy
themselves),'ave a kind
special file structure which b
an ID as well.

file
ast
hnd
res

of
ear

unique_id_fapplication

UncompressedUniqueld

(Reguired)
application

Unique ID

for

filestructu

Fe_count

UncompressedUnsignedInteger

(Required) Number
FileStructures in PRC file

of

file_info

Array
<FileStructureDescription>|filestructure_count]

(Required) Informaf
describing each FileStructur
PRC File; the ordering of
array reflects the ordering

the FileStructure within the file.

ion
P in
this

of

start_offsef UncompressedUnsignedinteger (Required) Start offset | of
ModelFileData section frfom
beginning of PRC File (in bytes)

end_offset UncompressedUnsignedInteger (Required) End offset | of
ModelFileData section fifom
beginning of PRC File (in bytes)

file_count UncompressedUnsignedInteger (Required) Number of
uncompressed files that [are
saved in the PRC File

files: Array <UncompressedFiles>[file_count] (Optional; if file_count | is
greater than 0) Array | of
uncompressed files stored| in
the PRC File

6.1.2 File¢StructureDescription

The FileStructureDescription contains information defining a particular FileStructure within the PRC

File:

— Each FileStructure has an identifier which is unique among the FileStructures within a PRC File.
— The starting offset (in bytes from the beginning of the PRC File) of each of the following sections
within a FileStructure: header, globals, tree, tessellation, geometry, and extra geometry.
10 © ISO 2014 - All rights reserved
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Table 4 — FileStructureDescription

Name Data Type

Data Description

unique_id UncompressedUniqueld

(Required) Unique id for this file
structure

UncompressedUnsignedinteger

(Required) Reserved; shall be 0

]

section_count UncompressedUnsignediInteger (Required) Number of sections in
this FileStructure (6 for header,
globals, tree, tesselation, geometry,
and extra geometryj

sedtion_offsets Array (Required) Start offset (in bytes) of

<UncompressedUnsignedinteger>[section_count |each section from|the bgginning of

PRC File

6.1)3 UncompressedFiles

Dirg¢ctly embeds private data inside a PRC File. This may be referenced-by objects in the same PRC File
using the index of the uncompressed file within this array, and interpreted accordingly.[Up to this
version of the PRC File Format Specification, only picture objects“make reference to thesg files (see

8.5.p)
Table 5 — UncompressedFiles
Narpe Data Type Data Description
coynt UncompressedUnsignedInteger (Required) Number of uncompressed files
arrpy_of files |Array<UncompressedBlock>[count] (Required) Arbitrary data to embed within 4 PRC File

6.2| Filestructure

6.2{1 General

Table 6 — Filestructure

Narhe Data Type

Data Description

header FileStructureHeader

(Required)

schlema FileStructureSchema

(Required) Define the schema for thg entities in
this FileStructure which have changgd between
the minimal_version_for_read |and the
authoring version

(Required) Referenced FileStrucfures and

globals PRC_TYFPE_ASM_F1leStructureGlobals

colors, Iine styles, and coordinate systems for
each tree entity of the file structure

tree PRC_TYPE_ASM_FileStructureTree

(Required) a description of the tree of items
(product  occurrences, part definitions,
representation items, and markup)

tessellation PRC_TYPE_ASM_FileStructureTessellation

(Requireed) All tessellated (triangulated) data
in the leaf entities of the tree (representation
items and markups).

© ISO 2014 - All rights reserved
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Table 6 (continued)

Name

Data Type

Data Description

Geometry

PRC_TYPE_ASM_FileStructureGeometry

(Required) All exact geometry and topology data
of the leaf entities of the tree (representation

extra_geometry

PRC_TYPE_ASM_FileStructureExtraGeometry

(Required) Geometry summary data, which
allow for partial loading of the file structure

withrout toading threemntire geometry

6.2.2 FileStructureHeader

A FileStruc

— The mj

— The authoring version of a conforming PRC File Writer that wrote this FiléStucture;

tureHeader defines various properties of a FileStructure:

nimal file version of the a conforming PRC File Reader;

— The urlique ID of this FileStructure; this ID shall be the same as theddentifier in the PRC File Hedder
section;
— The urlique ID of the conforming PRC File Writer creating this\file structure;
— Avarigble number of private uncompressed data files.
Table 7 — FileStructureHeader
Name Data Type Data Description
3 bytes: PR, C (Required) Characters "PRC"

minimal_vprsion_for_read UncompressedUnsignedInteger (Required) Minimal version |for
read (see 5.2)

authoring [version UndompressedUnsignedinteger (Required) Authoring verdion
(see 5.2)

unique_id ffile UncompressedUniqueld (Required) Unique ID of this
FileStructure

unique_id fapplication UncompressedUniqueld (Required) Unique ID |[for
application

file_count UncompressedUnsignedInteger (Required) Number of
uncompressed files

files Array <UncompressedFile>[file_count] (Required) Array of
uncompressed data

6.2.3 FileStructureSchema

Each FileStructure in a PRC File may represent a different version of the PRC Format Specification
written by a different application (PRC File Writer). Each FileStructure shall define the schema for
changes (new entities and new data fields to existing entities) for the entities that are stored within it.

See 6.3 for a description of the facilities for describing a schema.

12
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6.3 PRC Schema

6.3.1 General

A schema describes changes between versions of PRC File Format Specification. See 5.2 for a basic
description of versioning in PRC. This mechanism allows information to be added for a given entity type
(schema_type) and still be readable by previous versions of the software.

Only those types which have changed between the minimal_version_for_read and authoring version
require a schema description, and only if they are present in the file.

I'able 6 — PRCU 5Chema

Narpe Data Type Data Description
schema_count | UnsignedInteger (Required) Number of entity typeqd that have
changed between minjmal version f¢r read and
authoring version
schemas Array (Required) Schema. definition of each type that
<Entity_schema_definition>[schema_count] |has changed

6.312 Entity_schema_definition

This provides the schema definition for an entity type in a.PRC File. The entity is described by an array
of sthema tokens which in turn should be viewed as a listyof versioned blocks which describe versions
of the entity. See 9.3.20 for a description.

Table 9 — Entity. schema_definition

Narpe Data Type Data Description
entiity_type UnsignedInteger (Required) entity_type represents the entity type, such as
8.10.1, that is being described by the array| of schema
tokens.
toklen_count UnsignedInteger (Required) Number of tokens describing this entity type
scl’]ema_tokens Array (Required) Array of schema tokens describing this entity
<UnsignedInteger>[token_count] |type

7 |PRC basictypes
7.1|General
All datawithin a physical PRC File exists in a section which is a contiguous stream of bytes which starts

and| ends on a byte boundary. A section may be either uncompressed (header sections) or dompressed
(all other sections).

Data within an uncompressed section is written so that individual variables occupy a specific number of
bytes.

Data within a compressed section has been written in a bit-by-bit manner with no restrictions on
individual variables crossing byte boundaries. At the end of the section, the last byte is padded with
zero bits, the entire section is compressed using flate (see Bibliography) and the compressed section is
written to the file. At this point, the current name and current graphics are reset.

Reading one section is independent from reading other sections and one can skip directly to a section
since the offset (in bytes) of the section from the beginning of the file is known as it is also stored in the
PRC File.
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7.2 Uncompressed types

7.2.1 UncompressedUnsignedInteger

This type represents writing an unsigned integer. An unsigned integer is converted into a 4 byte array
of unsigned characters which is independent of machine byte ordering using the algorithm
MakePortable32BitsUnsigned.

Table 10 — UncompressedUnsignedInteger

Name Data Type Data Description

4 bytes (Required) 4 bytes representing unsigned integer

7.2.2 Un¢compressedBlock

The purpope of this function is to write the number of bytes being written followéd by the specified
number of pytes without the need to further interpret the content of the byte stream.,

Table 11 — UncompressedBlock

Name Data Type Data Description
block_size UncompressedUnsignedInteger (Required)(size (bytes) of uncompressed blofk
block Byte stream of the specified size (Requited) Block of specified size

7.2.3 Un¢ompressedFiles

This type represents writing the data for multiple uncompressed file data.

Table 12 — UncompressedFiles

Name Data Type Data Description

file_count UncompressedUnsignedInteger (Required) Number of
uncompressed Files

files Array (Required) Array of uncompressed
<UncompressedBlock>[file_count] file data

7.2.4 UncdmpressedUniqueld

This saves fnformation on uniqueid in uncompressed mode.

Table 13 — UncompressedUniqueld

Name Data Type Data Description
unique_id0 UncompressedUnsignedInteger (Required)
unique_id1 UncompressedUnsignedInteger (Required)
unique_id2 UncompressedUnsignedInteger (Required)
unique_id3 UncompressedUnsignedInteger (Required)
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The following types are used to define data contained within compressed sections of the PRC File. Each
type may start or end at any bit position within a byte in the compressed section.

7.3.2 Atomic Types

7.3.2.1 Bits(n)

Writes n-number of bits from left to right.
7.3{2.2 Boolean

Bodlean values shall be written as a single bit

Table 14 — Boolean

Narhe Data Type

Data Description

Bits(1)

(Required) Single bitin a

bit stream

7.3{2.3 Character

Chalracters will be written as a single 8 bits.

Table 15 — Character

Narhe Data Type

Data Description

Bits(8)

(Required) Single charag
stream

ter in a bit

7.3{2.4 Integer

This requires a special algorithm:. See 10.11.
7.312.5 IntegerWithVariableBitNumber

This requires a special\algorithm. See 10.12.

7.3{2.6 UnsignedInteger

This requires.a special algorithm. See 10.10.
7.312.7 UnsignedIntegerWithVariableBitNumber

a

ThisTequiresaspeciatatgorithm-See10-13:

7.3.2.8 NumberOfBitsThenUnsignedInteger

This requies a special algorithm. See 10.15.
7.3.2.9 Float

This requires a special algorithm. See 10.5.
7.3.2.10 Double

This requires a special algorithm. See 10.17.

© ISO 2014 - All rights reserved
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7.3.2.11 DoubleWithVariableBitNumber

This requires a special algorithm. See 10.14.

7.3.3 Compound Types
7.3.3.1 CompressedEntityType

This requires a special algorithm. See 10.16.

7.3.3.2 CompressedUniqueld

This saves jnformation on uniqueid in compressed mode. See 5.3

Table 16 — CompressedUniqueld

Name Data Type Data Description
unique_idQ Unsignedinteger (Required)
unique_id] UnsignedInteger (Required)
unique_idZ UnsignedInteger (Required)
unique_id3j UnsignedInteger (Reqtired)
7.3.3.3 String

This is a UTF8-encoded string without a terminating NULL character. The number of characters ¢

not includq a terminating null character.

Table 17 — String

oes

Name Data Type Data Description

null_flag Boolean (Required) TRUE if the string is [not
NULL; else FALSE

size UnsignedInteger (Optional; if null_flag is TRUE) $ize
of character array

string Array <Character>[size] (Optional; if null_flag is TRPE)
Array of characters in String

7.3.3.4 CharacterArray,

This requiiles a special algorithm. See 10.6.
7.3.3.5 ShortArray

This requires a special algorithm. See 10.7.

7.3.3.6 CompressedIntegerArray

This requires a special algorithm. See 10.8.

7.3.3.7 CompressedIndiceArray

This requires a special algorithm. See 10.9.

16
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Applications that write a PRC File may store an arbitrary bit stream of private data for the following

data types:

— Subtypes of PRC_TYPE_ASM

— Subtypes of PRC_TYPE_RI

— Subtypes of PRC_TYPE_MKP

— |Subtypes of PRC_TYPE_MISC

All those entities have UserData at the end of their data definition.

Table 18 — UserData

Narhe Data Type Data Description

stream_size UnsignedInteger (Required) Number of pits in the
UserDataStream

stream UserDataStream (Optional; if stream_gize > 0)
Arbitrary bit stream of skream_size
length

7.313.8.1 UserDataStream

Table 19 — UserDataStream

Narhe Data Type Data Description

sedtion_count UnsignedInteger (Required) Number of UsqrData sub
sections in the bit stream

sub_sections Array (Required) Array of sub-sectiops

<UserDataSubSection>[section_count]

7.313.8.2 UserDataSubSection

Narhe

Data Type

Data Description

sarhe_flag

Boolean

(Required) Same Application UUID as FileStructure

unique_id_application

CompressedUniqueld

(Optional; if same_flag is FALSE) Application UU[D

stream size Unsignedinteger (Required) Number of bits in the bit stream far this user
data subsection
stream Bits(n) (Optional; if stream_size is > 0) Arbitrary bit stream of the

stream_size length

7.3.4 Parameter Range Types

7.3.4.1 Infinite_param

The constant infinite_param shall have the double precision floating point value 12345. It is used to
represent infinity, and as -infinite_param also minus infinity, for parameter values in interval.

© ISO 2014 - All rights reserved
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7.3.4.2 Interval

An Interval is a subset of R% It is represented by two double precision numbers defining the minimum
and maximum values of the interval. An interval is defined to be all values between the minimum and
maximum

minimum < t £ maximum
The minimum shall not be smaller than -infinite_param and the maximum shall not be larger than

infinite_param. Infinite or semi-infinite intervals may be specified by using infinite_param to represent
infinity. The following are examples of intervals:

— 0.0, 1)0]

— [-infinite_param, infinite_param]
— [0.0, infinite_param]

The primary use of an interval is to define the domain of a curve. For a non-periadic curve, whethel an
open or clpsed curve, the interval defines the domain of legal parameter values for the curve. Fpr a
periodic clpsed curve, such as a circle or periodic closed NURBS curve, the.interval defines the pefiod
(i.e. the lenfgth of the interval) as well as the primary domain of the curve. Any value is a legal paramgter
when evaﬂllgated modulo the period. For a periodic open curve, suchfas a proper subset of a circle,|the
interval defines the valid subset of R! that is the domain of legal parameter values.

Table 20 — Interval

Name Data Type Data Description
min_value Double (Required) Minimum value
max_value Double (Required) MaximumValue

7.3.4.3 Parameterization
Parameterjzation data provide a way-to‘reparameterize a curve and to define the domain of the cufrve.
The domaih of the curve define legal parameter values.

Two doulles, coeff a and ,coeff b, are used to reparameterize a curve towards its impllicit
parameterjzation.

The evaluation formulato-calculate the implicit parameter from a parameter is:

implicft_parameter « . coeff_a * parameter + coeff_b

If there is no reparameterization of the curve, coeff_a shall be set to 1.0 and coeff_b shall be set to[0.0.
In this casq implicit_parameter equals the specified parameter.

Parameterization data also contain an interval used to define the domain of the curve. This interval
restricts the curve before applying the reparameterization formula. The reparameterization formula
can be used to calculate the implicit_interval from the given interval in the same way that it is used to
calculate the implicit_parameter from a given parameter.

All curves shall have an interval to define the legal parameter values of the curve. In the case of base
curves (curves not defined by reference to other curves), this interval defines the domain of definition
for the curve. For curves which are defined in terms of other curves, the interval represents a subset of
the curve which may be the entire curve or a portion of it. The interpretation of the interval depends
upon the curve being periodic or non-periodic (see the definition of Interval).
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For instance, a circle has the implicit domain of [0.0, 2] and a line has the implicit domain of [-
infinite_param, infinite_param]. A portion of the circle might be limited to [0.0, m].

Table 21 — Parameterization

Name Data Type Data Description
trim_interval Interval (Required) trim interval
coeff a Double (Required) Coeff_a
coeff b Double (Required) Coeff b

As an example, consider a circle. It has an implicit parameterization on the interval [0:0)»2ft]. For this

case:

— |Coeff a=1.0
— |Coeff b=10.0

— |Interval =[0.0, 2m]

To feparameterize the circle so the parameter values are in the interval [0.0, 1.0] would give

— |Coeff a=2m
— |Coeff b=0.0
— |Interval =[0.0, 1.0]

To dlefine a semi circle

— |Coeff_a=1.0
— [Coeff b=0.0
— |Interval = [-t/2.0, t/2.0]

7.34.4 Domain

A Dpmain is a subset-of R? that is used to define the domain of definition of a surface. It is represented
by a 2D vector defining the minimum UV parameter values and a 2D vector defining the mgximum UV

parameters.
Thd domain of the surface is

mihimum U < u £ maximum U

minimum V € v < maximum V

The interval in U (or V) when used with a specific surface definition will define a surface that is open,
closed, or periodic in that parameter. For a non-periodic surface, whether an open or closed surface, the
interval defines the domain of legal parameter values for the surface. For a periodic closed surface, such
as a cone or periodic closed NURBS surface, the interval defines the period (i.e. the length of the
interval) as well as the primary domain of the surface. Any value is a legal parameter when evaluated
modulo the period. For a periodic open surface, such as a proper subset of a cone, the interval defines

the valid subset of R? that is the domain of legal parameter values.

© ISO 2014 - All rights reserved
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Table 22 — Domain

Name Data Type Data Description
min_uv Vector2d (Required) Minimum U and V
max_uv Vector2d (Required) Maximum U and V

7.3.4.5 UVParameterization

This deschbes a reparameterization of a surface towards implicit parameterization. Coeff_a shall bg

set

to 1.0 and Coeff b shall be set to 0.0 if there is no reparameterization.
The evaluation formula is:
If (swap_uy is FALSE) {

implicit_param.u « u_param_coeff_a * param.u + u_param_coeff_b

implicit_param.v < v_param_coeff_a * param.v + v_param_coeff b
}else{

implicft_param.u < v_param_coeff_a * param.v + v_param_coeff_b

implicit_param.v < u_param_coeff_a * param.u + u_param_coeff_b
}

Table 23 — UVParameterization
Name Data Type | Data Description
swap_uv Boolean |(Required) swap:uv TRUE implies swap the uv param; FALSE implies do |not
swap
suface_dothain |Domain |(Required}:The domain of the surface is specified in numbers before the previpus
reparameterization formula is aplied.

u_param_cpeff a | Double (Réquired)
v_param_cpeff a | Double (Required)
u_param_cpeff b | Double (Required)
v_param_cpeff b | Double (Required)
7.3.5 Basi¢ Geometry Types

7.3.5.1 Vector2d

Representation of a 2D vector. This type may be used to represent either 2D positions or vectors. The
context shall be used to determine if a position or vector is meant.

Table 24 — Vector2d

Name Data Type Data Description

x_value Double (Required)

y_value Double (Required)
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7.3.5.2 Vector3d

Representation of a 3D vector. This type may be used to represent either 3D positions or vectors. The
context shall be used to determine if a position or vector is meant.

Table 25 — Vector3d

Name Data Type Data Description
x_value Double (Required)
y_value Double (Required)
z_vplue Double (Required)

7.315.3 BoundingBox

Deflne a bounding box with sides parallel to the XYZ coordinate planes using\two diagonal| corners of
the pbox. The minimum and maximum shall satisfy

— | Xmin < Xmax
— |Ymin < Ymax
— |Zmin < Zmax

If the above is not satisfied the bounding box is considerédinvalid.
Table 26 — BoundingBox

Narphe Data Type Data Description
mi?imum_corner Vector3d (Required)
malximum_corner Vector3d (Required)

8 |Base entities

8.1/General

BASE ENTITIES repfesent high level concepts such as curves, surfaces, topology, parts, fssemblies,
magkups, or tessellation data which are stored in a PRC File. Entities are defined by a type name used
for descriptive\purposes, a type value which is stored in the PRC File to indicate that the dqta defining
the [entity follews, and an indication if the entity is referenceable. An entity is referenceable |f it may be
refdrenced-using a unique identifier.

8.2| Abstract root types

8.2.1 Entity types

Table 27 — Abstract root types entity types

Type Name Type Value
PRC_TYPE_ROOT 0
PRC_TYPE_ROOTBase PRC _TYPE_ROOT+ 1

PRC_TYPE_ROOT_PRCBaseWithGraphics PRC_TYPE_ROOT+ 2
PRC_TYPE_ROOT_PRCBaseNoReference PRC_TYPE ROOT + 3
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8.2.2 PRC.TYPE_ROOT

An entity of this type in a PRC File is to be interpreted as a NULL pointer or entity depending on the
specific circumstances.

8.2.3 PRC_TYPE_ROOTBase

8.2.3.1 General
This is the W
8.2.3.2 ContentPRCBase

This reprefents common data for all PRC base entities that are not eligble to be referenced.. All PRC
base entiti¢s have attribute and name information.

Table 28 — ContentPRCBase

Name Data Type Data Description

attribute_data AttributeData (Required) Attribute data associdted
with'the entity

entity_nanje Name (Required) Entity Name

8.2.3.3 ContentPRCRefBase

This represents common data for all PRC base entities that are eligible to be referenced. All PRC hase
entities haye attribute, name information, a PRC FileStructure unique identifier and a persistent fand
non-persistent identifier from the originating CAD file:
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Name Data Type Data Description

attribute_data AttributeData (Required) Attribute data associated
with the entity

entity_name Name (Required) Entity Name

unique_id_cad UnsignedInteger (Required) persistent CAD identifier

from originating CAD file

unique_id

UnsignedInteger

(Required) PRC FileStructure

unique identifier

8.2

3.3.1AttributeData

A blase entity may have zero or more associated attributes.

Table 30 — AttributeData

Narpe Data Type Data DeScription

attribute_count | Unsignedinteger (Reguired) Number of attributds

attributes Array (Required) An array of attributg¢s
<PRC_TYPE_MISC_Attribute>[attribute_count]

8.213.3.2 Name

PR({ employs the concept of a current_name which retains the name of the last entity being read or

wriften. If the name of the subsequent entity being read or written is the same as the currerjt name, no
name will be in the file. Otherwise, a name for the entity is read from the file and the curr¢gnt name is

updated to this new name. This is done to-optimize on space within the file.

Table 31 — Name

Narhe Data Type | Data Description

sathe_name |Boolean |(Required) TRUE implies the name of this entity is the same as the cujrent name;
FALSE implies that a new name is in the file

name String (Optional; if same_name is FALSE) Name of the entity and the current name is set to
this name

8.214 PRC.-TYPE_ROOT_PRCBaseWithGraphics

8.2}4.1 General

Information for any base PRC entity which can be referenced and which contains graphics.

PRC employs the concept of current graphics content which retains the graphics content of the last
entity being read or written. If the graphics content of the subsequent entity being read or written is the
same as that of the current graphics content, no graphics content will be in the file. Otherwise, a
graphics content for the entity is read from the file and the current graphics content is updated to this
new graphics content. This is done to optimize on space within the file.
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Table 32 — PRC_TYPE_ROOT_PRCBaseWithGraphics

Name Data Type Data Description
base ContentPRCRefBase (Required) Base information associated with the entity
same_graphics | Boolean (Required) SameGraphicsAsCurrent

graphic_content

GraphicsContent

(Optional; if same_graphics is
associated with the entity and the current graphics content is

set to this graphics content

TRUE) Graphical

data

8.2.4.2 Gr¢
index_of 1

PRC_TYPE]

behaviour
of an entity
width) are

Each value
Childherit.

The actual
this entity

If there are
the value.
flag which

Potential v,

ne_style

iphicsContent

represents the index

hlues and meanings of this bit field are:

into the array of styles,
FileStructurelnternalGlobalData (See section 8.3.5.2below). The array of styles~is' a set
GRAPH_Style entities (See 8.5.3) and should have a value less than 65535.

which is

Table 33.<behavior_bit_field

stored

| bit_field is an unsigned short integer (2 bytes). This bit field controls visibility and rem
r as well as how values of entities (visibility, color, transparency, layer line pattern, and
inherited in the tree of entities.

value that the entity uses depends on the path of entites.from the root of the tree of entite
hind the behavior_bit_field settings along this path.

ChildHerit flags in the tree, it is the lowest node\in'the tree which has this flag which def
Else if there are ParentHerit flags in the tree, it\is the highest node in the tree which has
Hefines the value. Else if there is no flag, thecurrent value is set, if any.

in
of

pval
line

that is subject to inheritance has two bit flags in the behavior bit_field: one flag is called
If ChildHerit is set, the actual value of ParentHerit is ignoredyand assumed to be FALSE.

S to

nes
this

Name Value Meaning
PRC_GRAPHICS_Show 0x0001 The entity is shown.
PRC_ GRAP*IICS_ChiIdHeritShow 0x0002 Shown entity child inheritance.
PRC_ GRAP‘HCS_FatherHeritShow 0x0004 Shown entity parent inheritance.
PRC_ GRAP‘HCS_ChiIdHeritCoIor 0x0008 Color/material child inheritance.
PRC_GRAPHICS_ParentHeritColor 0x0010 Color/material parent inheritance
PRC_GRAPHICS_ChildHeritLayer 0x0020 Layer child inheritance.
PRC_GRAPHICS_ParentHeritLayer 0x0040 Layer parent inheritance.
PRC_GRAPHICS. €hildHeritTransparency 0x0080 Transparency child inheritance.
PRC_GRAPHICS_ParentHeritTransparency 0x0100 Transparency parent inheritance
PRC_GRAPHICY ChildHeritLinePattern 0x0200 Line pattern child inheritance.
PRC_GRAPHICS_ParentHeritLinePattern 0x0400 Line pattern parent inheritance.
PRC_GRAPHICS_ChildHeritLineWidth 0x0800 Line width child inheritance
PRC_GRAPHICS_ParentHeritLineWidth 0x1000 Line width parent inheritance
PRC_GRAPHICS_Removed 0x2000 The entity has been removed and no longer
appears in the tree
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39-1:2014

Name Data Type Data Description

biased_layer_index UnsignedInteger (Required) layer_index + 1 where
layer_index represents the layer
the entity lies on. It should have a
value less than 65535.

biased_index_of_line_style UnsignedInteger (Required) index_of_line_style + 1
where index_of_line_style
represents the index into the array
of styles, which is_|[stored in
FileStructurelnternalGlobplData (See
section 8.3.5.2 below). The array of
styles is a set of
PRC_TYPE_GRAPH_Style ¢ntities (See
8.5.3) and should have 3 value less
than 65535.

behavior_bit_field1 UnsignedCharacter (Required) behavior_bjt_field1 is
behavior_bit_field & Oxff

behavior_bit_field2 UnsignedCharacter (Required) behavior_bjt_field2 is
behavior_bit_field >> 8

8.2]5 PRC_TYPE_ROOT_PRCBaseNoReference

This is the abstract root type for any PRC entity that‘can not be referenced.

This type is useful for schema descriptions.:For example, EPRCSchema_Parent_Type can pe used to

define a new type which has one of three"different ancestor types. It can be a child of either

PR{_TYPE_ROOTBase, PRC_TYPE_ROOT_PRCBaseWithGraphics, or

PRA_TYPE_ROOT_PRCBaseNoReference.

PR({_TYPE_ROOTBase: ancestor type would indicate that the new type is a referencable type

PR(_TYPE_ROOT_PRCBaseNoReference: ancestor type would indicate that the new type is not

refgrencable.

PR{_TYPE_ROOT_PRCBaseWithGraphics.: ancestor type would indicate that the new |[type is a

refdrencable type which’bear graphics

Examples :

PRA_TYPE_GRAPH_LinePattern has PRC_TYPE_ROOTBase in its ancestor chain

PR({_TYPE-ASM_FileStructure has PRC_TYPE_ROOT_PRCBaseNoReference in its ancestor chain

PR PYPE_RI_Curve has PRC_TYPE_ROOT_PRCBaseWithGraphics in its ancestors chain

8.3 Structure and assembly

8.3.1 Entity types
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Table 35 — Structure and assembly entity types

Type Name Type Value Referenceable
PRC_TYPE_ASM PRC_TYPE_ROOT + 300 | no
PRC_TYPE_ASM_ModelFile PRC_TYPE_ASM+ 1 no
PRC_TYPE_ASM FileStructure PRC_TYPE_ASM+ 2 no
PRC_TYPE_ASM FileStructureGlobals PRC TYPE ASM+ 3 no
PRC _TYPE_ASM FileStructureTree PRC_TYPE_ASM+ 4 no
PRC_TYPE_ASM_FileStructureTessellation PRC_TYPE ASM+ 5 no
PRC_TYPE_ASM_FileStructureGeometry PRC _ TYPE ASM+ 6 no
PRC_TYPE_ASM_FileStructureExtraGeometry | PRC_TYPE_ASM+ 7 no
PRC_TYPE_ASM_ProductOccurrence PRC _TYPE ASM+ 8 yes
PRC_TYPE_ASM_PartDefinition PRC_TYPE_ASM+ 9 yes
PRC_TYPE_ASM _Filter PRC_TYPE_ASM+ 10 yes

8.3.2 PR({_TYPE ASM

This is the pbstract type for the top level PRC structure.
8.3.3 PR({_TYPE_ASM_ModelFile

8.3.3.1 Genperal

A model fir (PRC_TYPE_ASM_ModelFile) is typically created by importing data from a CAD file. There is
only a single PRC_TYPE_ASM_ModelFile entity“in a PRC File. The model file contains product
occurrences, which are split into different FileStiuctures.

units_from_CAD file is to be interpreted as-discussed in section Units (See 5.6)
number_of_root_product_occurrences:is the number of root product occurrences in the model file
product_orcurrences represents the root product occurrences in the model file.

file_structpire_index_in_model file indicates the index at which the FileStructure should be storef in
memory Within a ModelEile (PRC_TYPE_ASM_ModelFile). A conforming PRC File Reader shguld
reconstitule / maintain, EileStructures in memory in the order that they appear in the ModelFile,
regardless |of the ordersin the physical PRC file. In the physical PRC file, the order of file structures shall
be in accordance with their dependencies with other file structures as follows: if a given file structufe A
depends on another file structure B (in the sense that A references elements of B), B shall appear firgt in
the PRC phjysical file. This restriction does not exist for the memory storage of the file structures.

number_of_file_structures is obtained directly from the header of the PRC File.
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Table 36 — PRC_TYPE_ASM_ModelFile

Name Data Type Data Description
UnsignedInteger (Required)
PRC_TYPE_ASM_ModelFile
Base ContentPRCBase (Required) Base information
associated with the entity
units_from_CAD _file Boolean (Required) Units_from_CAD_file is
TRUE if the units come from a CAD
system and—are—thus—3uitable for
measurement; else FALSE
Double (Optional; if units) from|CAD file is
TRUE) Units in‘multiple ¢f mm
number_of_root_product_occurre | Unsignedinteger (Required)

ncegs

number, of root_produ
nces

Ct_occurre

prd duct_occurences

Array <ProductOccurrenceReference>
[number_of_root_product_occurre

(Required) References
product occurrences ir

o the root
the model

nces] file
file| structure_index_in_model_fil |Array <Unsignedinteger> | (Required)
e [number_of root_product_occurre |file_structure_index_in|model_fil
nces] e: Indicies to to FileStrudture within
the model file; the size ¢f the array
is obtained directly from| the header
of the PRC file
usqr_data UserData (Required) User defined |data

8.313.2 ProductOccurrenceReference

Thi$ defines the unique identifier of the PRC_TYPE_ASM_FileStructure and the index of the ra
occlirence in the array of/product occurrences within the PRC_TYPE_ASM_FileStructy
confained within the PRC_TYBE_ASM_FileStructure.

product_occurrence_is.active is reserved for future use, and is currently unused. Its de

ot product
reTree, as

fault value

should be TRUE. Itscuse will be to control storing different versions/configurations of a product in the
sanje PRC File. Cufrently, only one can be active at a time but you can switch from one to the pther.
Table 37 — ProductOccurrenceReference

Narhe Data Type Data Description

un1que_id CompressedUniqueld (Required) Unique identifigr of the
FiteStructure—that——contairs~ this root
product occurrence.

root_index UnsignedInteger (Required) Index of the root product
occurrence within the FileStructure

product_occurence_is_active | Boolean (Required) TRUE if the product
occurrence is active; else FALSE

8.3.4 PRC_TYPE_ASM FileStructure

This type gathers internal data of a file structure as described in PRC_TYPE_ASM_FileStructureTree
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Table 38 — PRC_TYPE_ASM_FileStructure

Name Data Type Data Description
UnsignedInteger (Required) PRC_TYPE_ASM_FileStructure
Base ContentPRCBase (Required) Base information associated with the
entity
next_available_index Unsignedinteger (Required) next_available_index is used when

re-opening the FileStructure, to be able to safely
add entities with a unique id without overlap to
Pre-exISTng emntities:

index_prodluct_occurrence | Unsignedinteger (Required) index_product_occurrence js used to
denote which product occurrence finside [the
FileStructure is the unique root.

8.3.5 PRC TYPE_ASM FileStructureGlobals

8.3.5.1 General

This type gathers global data of a file structure as described in Section 6.2!

Table 39 — PRC_TYPE_ASM_FileStructureGlobals

Name Data Type Data Description
UnsignedInteger (Required)
PRC_TYPE_ASM_FileStructureGlobqls
Base ContentPRCBase (Required) Base information
associated with the entity
file_count UnsignedInteger (Required) Number of referenjced
FileStructures
unique_idg Array <CompressedUniqueld> | (Required) Unique ids for
[file.count] FileStructures within the PRC File

which are referenced by entitief in
this FileStructure

global_dat

1~

FileStructurelnternalGlobalData (Required)

user_data UserData (Required) User defined data

8.3.5.2 Fil¢StructurelnternalGlobalData

8.3.5.2.1 General

This internal structure is used in PRC_TYPE_Asm_FileStructureGlobals.
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Table 40 — FileStructurelnternalGlobalData

Name Data Type Data Description

tess_chord Double (Required) Tessellation chord
height

tess_angle Double (Required) Tessellation angle
(degrees)

serialize_help

MarkupSerializationHelper

(Required) See below

color_count Unsignedinteger (Required) Number of colors
Colors Array <RgbColor>[color_count] (Required)  Array V¢[of  color
definitions
picfure_count UnsignedInteger (Required) Number of gictures
Pictures Array <PRC_TYPE_GRAPH_Picture>[picture_count] (Required))Array of pictures
texture_count Unsignedinteger (Required) Number o¢f textures
definitions
Textures Array <PRC_TYPE_GRAPH_TextureDefinition>{(Required) Array of texture
[texture_count] definitions
material_count Unsignedinteger (Required) Number of thaterials
Matgerials Array <PRC_TYPE_GRAPH Material> | (Required) Array of materials
[material_count]
lin¢_pattern_count | UnsignedInteger (Required) Number | of line
patterns
ling¢_patterns Array <PRC_TYPE_GRAPH_LinePattern> | (Required) Array of ling patterns
[line_pattern_count]
style_count UnsignedInteger (Required) Number of dtyles
Styles Array <PRC_TYPE_GRAPH_Style>[style_count] (Required) Array of catggory 1 line
styles
fill|count UnsignedInteger (Required) Number of f]ll patterns
Fills Array<PRC_TYPE_GRAPH_FillPattern>[fill_count] (Required) Array of fill patterns

ref|coord_count UnsignedInteger (Required) Number of reference
coordinate systems
ref|coords Array <PRC_TYPE_RI_CoordinateSystem> | (Required) Array of| reference
[ref_coord_count] coordinate systems
8.35(2,2 MarkupSerializationHelper

8.3.5.2.2.1 General

This Global data is composed of font information for markup. The following example shows how the
global data is serialized for markup font information.
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Table 41 — MarkupSerializationHelper

Name

Data Type

Data Description

default_font_family_name

String

(Required) default_font_family_name defines the case-
sensitive default font family name used for text if a
given font family is not available on the computer. If
this default font family itself is not available on the
computer, the font will be MyriadPro from Adobe

Systems, Inc.

font_keys_count

UnsignedInteger

(Required) Number of fonts

font_keys_pf font

Array
<FontKeysSameFont>
[font_keys_count]

(Required) font_keys_of_font

represents several

ont
keys sharing the same base font name. Indices for Lnt
keys used in ContentMarkupTess are calculatedArom fhis
array. For example, if there are two, font names
representing 4 and 5 font keys respéctively, index|#7

would be represented by font_keys[1][3].

8.3.5.2.3 FpntKeysSameFont

This type describes a list of usages of the same font (referred to by its name) with different metrics and

attributes.

— attribthites represents the font attributes, and is a combination of the values in the table below.

Table 42 — FontKeySameFont

Name Data Type Data Description

font_name String (Required) Font Name
character_set | UnsignedInteger (Required) Character Set
key_count UnsignedInteger (Required) Number-of-font-keys
font_key_list | Array<FontKey> [key_count] | (Required)

Table 43 — FontKey

Name Data Type Data Description
font_size UnsignedInteger (Required) font size + 1
font_attribjutes Character (Required) Font Attributes

The followngtable contains the possible values for the Character Set.

30
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Value | Description

0 Roman

1 Japanese

2 Traditional Chinese
3 Korean

4 Arabic

5 Hebrew

6 Greek

7 Cyrillic

8 RightLeft

9 Devanagari

10 Gurmukhi

11 Gujarati

12 Oriya

13 Bengali

14 Tamil

15 Telugu

16 Kannada

17 Malayalam

18 Sinhalese

19 Burmese

20 Khmer

21 Thai

22 Laotian

23 Georgian

24 Armenian

25 Simplified Chinese
26 Tibetan

27 Mongolian

28 Geez

29 EastEuropeanRoman
30 Vietnamese

31 ExtendedArabic

font_attributes represents the font attributes, and is a combination of the following values.
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Table 45 — Font attributes

Font attribute | Description

value

2 Bold

4 Italic

8 Underlined

16 Strike-Out

32 Overlined

64 Stretch. In case the font to be used is not the original font, this attribute value indicates that
the text shall be stretched to fit within its bounding box

128 Wire. This attribute value indicates that the original font is a wireframe font.

8.3.5.2.4RgbColor

Color definjition with 3 components.

Table 46 — RgbColor

Name

Data Type

Data Description

Red

Double

(Required) Red

Green

Double

(Required) Green

Blue

Double

(Required) Blue

8.3.6 PR

Each FileSt
— the

— the

within this

By conven{
the case of]

[ TYPE_ASM FileStructureTree

number of parts and part data

FileStructure.

ructure within a PRC file has a FileStructureTree which defines

number of product occurrences and product occurence data

ion, the data-within PRC Files are ordered so that data is defined before it is referenceq
a FileStructureTree, part data is defined before product occurrence data which may refs

. In
r to

it, but withlin the array of part data, the order of the parts is immaterial. This is not the case for product

occurrencdg

Product oc

datas

carrence data represent an assembly, with a single product occurrence being the root. E

ach

product occurrence (except the rootj may be referenced by only one product occurrence. Howe

ver,

each product occurrence may refer to multiple product occurrences. The array of product occurence
data should be ordered so that any product occurrence is defined before the product occurrence
referring to it.

The FileStructurelnternalData defines the index of the root product occurrence and the next available
index available to use when assigning unique index (identifiers) to referenceable entities within the

FileStructu

32

re.
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Table 47 — PRC_TYPE_ASM_FileStructureTree

Name Data Type Data Description
Unsignedinteger (Required)
PRC_TYPE_ASM_FileStructureTree
Base ContentPRCBase (Required) Base information
associated with the entity
part_count UnsignedInteger (Required) Number of part
definitions
Parts Array <PRC_TYPE_ASM_PartDefinition>[part_count] (Required) An array of part
definitions
profluct_count Unsignedinteger (Required) ,Number |of product
occurrences
Profucts Array (Required) An array|of product
<PRC_TYPE_ASM_ProductOccurrence>[product_count] | occurrences
intdrnal_data PRC_TYPE_ASM_FileStructure (Required)
FileStructurelnternalDlata
user_data UserData (Required) User defingd data

8.317 PRC_TYPE_ASM FileStructureTessellation

This type gathers tessellation data of a file structure.(S¢€é 6.2).
Table 48 — PRC_TYPE_ASM _FileStructureTessellation

Namje Data Type Data Description
UnsignedInteger (Required) PRC_TYPE_ASM_FileStructureTessse|lation
base ContentPRCBase (Required) Base information associated with thq entity

tesy count | UnsignedInteger

(Required) Number_of_tessellations

tess Array <PRC_TYPE. TESS>[tess_count]

(Required) Content of all tessellations

user_data | UserData

(Required) User defined data

8.318 PRC_TYPE.ASM_ FileStructureGeometry

8.318.1 General

This type'gathers geometry data of a file structure (See 6.2).
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Table 49 — PRC_TYPE_ASM_FileStructureGeometry

Name Data Type Data Description
. (Required)
Unsignedinteger PRC_TYPE_ASM_FileStructureGeometry
Base ContentPRCBase (Required) Base information associated

with the entity

exact_geometry

FileStructureExactGeometry

and their associated brep bodies

(Required) Topological context entities

user_data

UserData

(Required) User defined data

8.3.8.2 J

The FileStH
context" cd

ileStructureExactGeometry

pictureExactGeometry section consists of an array of "topological contexts*\Each "topolog
ntains an array of brep bodies contained within that topological context/Every geometi

ical
ical

and topological entity within a FileStructure may only belong to a single topological context.
A pair of|indices (topological context, brep body) uniquely identifies “a“brep body within |the
topolologidal entities of a FileStructure.
Table 50 — FileStructureExactGeométny
Name Data Type Data Description
topo_contekt_count UnsignedInteger (Required) Number of topological
contexts
topo_contekts Array (Required) Array of topological Con(;lexts
<TopologicalContext>[topo_context_count| | together with its associated brep bodjies
8.3.9 PR(_TYPE_ASM_ FileStructureExtraGeometry

8.3.9.1 General

The extra
partial loa
informatio

peometry data is summary data pertaining to the geometry which can be used to en
ling of the file structure without loading the entire geometry. This type gathers summn}
h of the exact geometry section, by topological context.

Table 51 — PRC_TYPE_ASM _FileStructureExtraGeometry

hble
ary

Name Data Type Data Description
UnsignedInteger (Required)
PRC_TYPE_ASM_FileStructureExtraGeomptry
Base ContentPREBase Required—Base—infermation—asseeited
with the entity
extra_geom_count Unsignedinteger (Required) Number of extra geometry
contexts
extra_geom Array (Required)
<ExtraGeometry>[extra_geom_count]
user_data UserData (Required) User defined data
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Table 52 — ExactGeometry

Name Data Type Data Description
Summary GeometrySummary (Required) Summary Data
context_data ContextGraphics (Required) Graphics Context Data

8.3/9.2.1 GeometrySummary

8.319.2.1.1 General

This describes the summary list of the bodies of the topological context.

Thg number_of bodies shall be the same as the number of bodies in the context.

Table 53 — GeometrySummary

Nanje Data Type Data-Description
number_of bodies UnsignedInteger (Required) The number_of_hodies shall
be the same as the number of Hodies in the
context.
Bodies Array (Required) Graphics information specific to
<BodyInformation>[number_of_bodies] | each body

8.3)9.2.1.2 BodyInformation

This describes the summary information of a body.

The body_serial_type shall be the type of the body that is in the topological context or it sh
PR{_ROOT_TYPE if the body has no geometry. See the section 8.9.15 for details.

Table 54 — BodyInformation

11 be set to

Nanje Data Type Data Description

body_serial_type | Unsignedinteger | (Required)

tolerance Double (Optional; if body_serial_type is PRC_TYPE_TOPO_BrepData{ompress or
body_serial_type is PRC_TYPE_TOPO_SingleWireBodyCompress  or
body_serial_type is PRC_TYPE_TESS_3D_Compress) The tolerfance which
corresponds to the compression tolerance for the correspondirjg entity

8.3.9.2.2 ContextGraphics

8.3.9.2.2.1 General

This describes the summary list of the graphical attributes of entities within the topological context.

The following loop shows how to traverse a topological context to gather Graphiclnformation. A
GraphicInformation is gathered as soon as there is a graphic content provided for a particular entity :
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For (i=0; i<number_of_body; i++) {

If (body[i] is PRC_TYPE_TOPO_BrepData) {

For (j=0; j<body[i].number_of_connex; j++) {
For (k=0; k<body[i].connex[j].number_of _shell; k++) {

For (1=0; I<body[i].connex[j].shell[K].number_of_face; 1++) {
Add_to_output(body[i].connex[j].shell[k].face[l])

}

number_o
stored (cu
number_o

f_ treat_type corresponds to the number of entity types for whieh Graphicsinformatio
frently, only PRC_TYPE_TOPO_Face is supported, so if there are graphics on some f4
f treat_type is 1, elseitis 0).

The current graphics as explained in 8.5 is reset prior to writing/reading the context graphics.

Table 55 — ContextGraphics

n is
ces,

Name Data Type Data Description

number_of]treat_type UnsignedInteger (Required) number_of treat_type

treat_types| Array <Graphicsinformation>[ | (Required) Graphic information for ¢ach
number_of_treat_type] type

8.3.9.2.2.2 GraphicsInformation

This descripes the particular graphids for one particular type of the topological context.

Table 56 — GraphicsInformation

Name Data Type Data Description

element_type Unsignedinteger (Required)

number_of|element Unsignedinteger (Required) The number_of element
represents the number of eler;}nts
collected during a recursive search on
the Context data (including duplichted
C}Clllclltb) ad b}lUVVll ill 8.5.

element_information | Array (Required) Graphics Information for

<ElementInformation>[number_of_element] | each Element

8.3.9.2.2.3 ElementInformation

This describes the particular graphics for one particular element of the topological context.

36
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Table 57 — ElementInformation

Name

Data Type

Data Description

has_graphics

Boolean

(Required) has_graphics is
element[i] has graphics

TRUE if

graphic_behavior

ElementGraphicsBehavior

(Optional; if has_graphics is TRUE) If

element[i] has Graphics

8.3.9.2.2.4 ElementGraphicsBehavior

This describes graphics for one particular element of the topological context.

Table 58 — ElementGraphicsBehavior

Namje Data Type Data Description

use|context Boolean (Required) , use:context is TRUE if use
current graphic context

biajed_layer_index UnsignedInteger (Optiomal; if wuse_context |[is FALSE)
layer_index + 1 where Jayer_index
tepresents the index in the arfay of layers
stored in FileStructurelnternal¢lobalData.

biaged_index_of_line_style | Unsignedinteger (Optional; if use_context [is FALSE)
index_of_line_style + Il where

index_of_line_style represent]

5 the index

in the array of styles [stored in
FileStructurelnternalGlobalDat4.
behavior_bit_field Array <UnsignedCharacter>[2] (Optional; if use_context [is FALSE)

behavior_bit_field

behaviour_bit_field is an unsi
integer (2 bytes) . See Section
ContextGraphics for details.

bned short

8.3]10 PRC_TYPE_ASM-ProductOccurrence

8.3]10.1 General

A product oecirrence defines an assembly tree. In the case of a single part, the product
points directly to a part definition (PRC_TYPE_ASM_PartDefinition). In the case of a mot
ass¢mblyya product occurrence is comprised of a list of product occurences.

A product occurrence is comprised of the following data:

pccurrence
e complex

— Part definition: A pointer to the corresponding part definition. It can be null.

— Product prototype: A pointer to the corresponding product occurrence prototype. It can be null.

— External data: A pointer to the corresponding external product occurrence. It can be null.

— Children: An array of pointers to the child product occurrences.

The product prototype is the product occurrence of a subassembly or part to be used in the parent
assembly. This prototype acts as a template for a given product occurrence, and lets you link to
information inside the subpart or assembly, such as geometry. When building assemblies from
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subassemblies, the tree of children of the product occurrence is duplicated from the prototype
description. For external data, the tree is only described inside the external data product occurrence.
(refer to Figure 1 in Section 5.1)

When the assembly is heterogeneous (originating from different CAD systems), the link is specified
through the external data rather than the prototype.

A product occurrence has at most one parent.

Table 59 — PRC_TYPE_ASM_ProductOccurrence

Name Data Type Data Description
UnsignedInteger (Required)

PRC_TYPE_ASM_ProductOc
currence

Base PRCBaseWithGraphics (Required)

referenceq product_o | ReferencesOfProductOccurrence (Required)

ccurence

product_b¢havior Character Required)

product_behavior
represents the varipus
flags for the product| In
this version of PRC, dnly
PRC_PRODUCT_BEHAVIQU
R _SUPPRESSED == 0xO0[L is
used. The other flags
should be set to 0.

product_information |Productinformation (Required)

has_transfprm Boolean (Required) TRUE if theye is
a transformation; glse
FALSE

Location Transformation (Optional; if has_transfirm
is TRUE) locatjion

transforms entities in [the
product occurrence tof its
parent space.

entity_ref_fount UnsignedInteger (Required) Number | of
references
entity_refdrence Array (Required)
<PRC_TYPE_MISC_EntityReference>[entity_ref_count] entity_reference is |[the
referenced entities with
possible modiflers

towards their nominal
definition, which  may
include location, color, and
visibility.
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Name

Data Type

Data Description

Markups

MarkupData

(Required) markups
represents the markups of
this product occurrence
(as opposed to part
definition markups); these
are grouped into
annotations.

nanber_of_views

Unsignedinteger

(Required) Nllmber of

views

Views

Array <PRC_TYPE_MKP_View>[number_of_views]

(Required)
représents  t
which can

annotations dr

display parame

views
he  views
contain
specific
ers.

hag_filter

Boolean

(Required)

TRUE if

product occunrence has

entity_filter; el

ke FALSE

entity_filter

PRC_TYPE_ASM_Filter

(Optional; if h|
TRUE) entity_|

ps_filter is
filter is a

specific filter agplied when

loading data fr

m product

prototypes dernoting sub-

assemblies.
number_of_display_fil | UnsignedInteger (Required) Number of
terp display_filters
display_filters Array (Required) display_filters

<PRC_TYPE_ASM Filter>[number_of_display_filters]

represents the
use for displd
filters can be sp
only one can be
8.3.12).

filters to
y. Several
ecified, but
active (see

number_of_scene_par\| UnsignedInteger (Required) Number of

amters scene_display_parameter
s

scene_displayyparam |Array (Required)

eters <PRC_TYPE_GRAPH_SceneDisplayParameter[number_of_sc | scene_display_parameter

ene_param] s is reserved |for future

use.

user_data UserData (Required) User defined

data

8.3.10.2 ReferencesOfProductOccurrence

8.3.10.2.1 General

For a given file structure, the product occurrences should be ordered based on the following criteria:

— A product prototype in the same file structure should be stored before any occurrences that use it.
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— External data in the same file structure should be stored before any occurrences that use it.

— A child occurrence should be stored before its parent.

— A part definition can be referenced several times in the same file structure.

(See to Figure 1 in Section 5.1.)

Table 60 — ReferencesOfProductOccurrence

Name

Data Type

Data Description

biased_indé¢x_part

UnsignedInteger

(Required) index_partxp 1
where index_part represgents
the index of. [the |part
definition in the array of jpart
definitions n-6f the sphme
FileStructure.

biased_ind¢x_prototype

UnsignedInteger

(Required) index_prototype
+I-where index_prototype
represents the index of| the
product prototype in |the
FileStructure profuct
occurrences array.

prototype_in_same_file_struc
ture

Fileldentifier

(Optional; if index_prototype
is NOT -1)
prototype_in_same_file_stru
cture indicates whether| the
prototype is in the spme
FileStructure.

biased_indé¢x_external_data

UnsignedInteger

(Required)
index_external_data + 1
where index_external_glata
represents the index of| the
external data.

external_ddta_in_same_file_st
ructure

Fileldentifier

(Optional; if
index_external_data is NPT -
1)
external_data_in_same_fjle_
structure indicates whejther
the external data is in| the
same FileStructure.

number_of|child\product_oc
currences

UnsignedInteger

(Required) Number of ¢hild
product occurrences

index_child_occurrence

Array
<UnsignedInteger>[number_of_child_product
_occurrences]

(Required)
index_child_occurrence,
which is mandatory in the
same file structure,
represents the index of the
child product occurrence.

8.3.10.2.2 Fileldentifier

This is the identifier of the FileStructure that the prototype or external data if it is different from the
FileStructure that the product occurrence lies in.

40
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Table 61 —Fileldentifier

Name Data Type Data Description

Flag Boolean (Required) flag is TRUE if the entity exists
in the same FileStructure;

unique_id CompressedUniqueld (Optional; if flag is FALSE) the identifier of
the FileStructure that the entity lies in

8.3.10.3 Productinformation

8.3]10.3.1 General

This is used to save general information associated with a product occurrence.

Table 62 — Productinformation

Namje Data Type Data Description

unit_from_CAD_file Boolean (Required) unit_from_CAD_file indicates
whether the unit is read from the native
CAD file.

Unif Double (Required) unit represents the units in
mm.

profluct_information_flags | Character (Required) product_informatfion_flags is
described in PRCProductFlag.

profluct_load_status Integer (Required) product_load_status is
described in EPRCProductLoadfStatus.

8.3{10.3.2 PRCProductFlag

These flags represent characteristics-of product occurrences.
A product occurrence can be:
— |Default: The product occurrence is the default container, configuration, or view. This mgans that it

is loaded by default inthe originating CAD system.

— |Internal: whemused as a prototype of another product occurrence, this product occurrence does
not come fronra different physical file. Hence it should belong to the same file structure.

— | Container: The product occurrence acts as a repository of child occurrences that do not hecessarily
have\relationships between them. This is useful for situations where a single CAD file can
coyrespond to a whole database of parts and assemblies.

— Configuration: This is a specific arrangement of a product with respect to its whole hierarchy. Some
parts may differ or are in a different position. For example, consider the case of an automobile
where the steering wheel may be either on the left or right side.

— View: A product occurrence which is a view refers to another product occurrence (its prototype) to
denote a particular setting of visibilities and position within the same hierarchy.

If none of these flags is specified, a product occurrence is referred to as regular. If the product

occurrence has no parent, it is similar to a configuration. A product occurrence with no parent leads to a
different FileStructure, unless it is internal, meaning that it represents a part, subassembly, or assembly
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hierarchy inside the same FileStructure. If the flag is PRC_PRODUCT_FLAG_REGULAR or
PRC_PRODUCT_FLAG_CONTAINER all other flags are ignored. Otherwise, the flags are legal in any
combination.
Table 63 — PRCProductFlag

Value | Type Name

0x00 | PRC_PRODUCT_FLAG_REGULAR

0x01 | PRC_PRODUCT_FLAG_DEFAULT

0x04 | PRC_PRODUCT_FLAG_CONTAINER

0x08 | PRC_PRODUCT_FLAG_CONFIG

0x10 | PRC_PRODUCT_FLAG_VIEW
8.3.10.3.3 | EPRCProductLoadStatus

This repre
status repr

tents the status of a loading of a product occurence that may exist in a different file.
esents the availability of that external resource at the time the PRC file was created.

Table 64 — EPRCProductLoadStatus

This

Value | Type Name Description

0 KEPRCProductLoadStatus_Error Unknown status

1 KEPRCProductLoadStatus_NotLoaded Loading error. For example, there is a missing file

2 KEPRCProductLoadStatus_NotLoadable | Not loadable. For example, something prevents the file from
beingloaded.

3 KEPRCProductLoadStatus_Loaded The product was successfully loaded

8.3.10.4 MarkupData

Thisis all t

he data that are related to’Markup for a part or a product.

Table 65 — MarkupData

Name Data Type Data Description
number_of|linked_items UnsignedInteger (Required)
linked_itenps Array (Required) array of linked itens

<PRC_TYPE_MISC_MarkupLinkedItem>[numb
er_of Inked_items]

number_of leaders

Unsignedinteger

(Required)

Leaders

Array

s]

<PRC_TYPE_MKP_Leader>number_of_leader

(Required) array of leaders

number_of_markups

UnsignedInteger

(Required)
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Table 65 (continued)
Markups ArrayOf[PRC_TYPE_MKP_Markup] (Required) array of markups
number_of annotation_e UnsignedInteger (Required)
ntities
annotation_entities Array (Required) array of annotation
<AnnotationEntities>[number_of_annotation | entities
_entities]

8.3]10.5 AnnotationEntities

An annotation entity can be a:
PRA_TYPE_MKP Annotationltem
PR{_TYPE_MKP_AnnotationSet
PR({_TYPE_MKP_AnnotationReference
8.3]11 PRC_TYPE_ASM_PartDefinition

This represents a part definition.
A part consists of:

— |A Bounding_box
— |views represents the views which can contain annotations or specific display parameters.

Table 66 — PRC-TYPE_ASM_PartDefinition

Name Data Type Data Description

Unsignedlntéger (Required)
PRC_TYPE_ASM_PartDeflnition

Base PRC.TYPE_ROOT_PRCBaseWithGraphics (Required)

bounding_box BoundingBox (Required)

humber_of_representatio | Unsignedinteger (Required)

h_items

representationzitems Array (Required) A collection of
<PRC_TYPE_RI>[number_of_representatio | visible representatiT_items
n_items] containing geometrical dlata;
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Table 66 (continued)

Name Data Type Data Description

Markups MarkupData (Required) markups
representing the markups of
this part definition (as opposed
to product occurrence
markups); these are grouped
into annotations.

number_of views UnsignedInteger (Required) Number of views

Views Array (Required) Array of views data

<PRC_TYPE_MKP_View>[number_of_views]
user_data UserData (Required) User defined data
8.3.12 PR({_TYPE_ASM Filter

8.3.12.1 General

This entity[specifies the filtering between parts and assemblies. A filter denotes the particular usage
product occurrence within a more complex one. It has the following purposes:

subpart or

— Torep

— To conffigure the display accordingly.

resent only those items that are of interest in the complex‘assembly.

Table 67 — PRC_TYPE_ASM_Filter

of a

Name Data Type Data Description
UnsignedInteger (Required) PRC_TYPE_ASM_Filter
Base ContentPRCBase (Required) Base information
associated with the entity
is_active Boolean (Required) is_active: indidates

whether this filter corresponds td
active layout when loading the file|

the

layer_filter

ContentLdyerFilterltems

(Required) Layer filter

entity_filter

ContentEntityFilterltems

(Required) Entity filter

user_data

UserData

(Required) User defined data

8.3.12.2 ({ontentLayerFilterItems

This saves information for filtering of entities by layer: only entities having certain layer specifications
will keep the show status they have without the filter. All other entities will be set to no show.
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Table 68 — ContentLayerFilterltems

Name Data Type Data Description

b_is_inclusive Boolean (Required) b_is_inclusive indicates
whether the elements inside the filter
shall be retained.

number_of layers UnsignedInteger (Required) Number of layers

Layers Array <Unsignedinteger>[number_of_layers] (Required) Layer index

8.3{12.3 ContentEntityFilterltems

This saves information for a filtering directly by entities: only entities referred to in the array will keep
the show status they have without the filter. All other entities will be set to no show.

Table 69 — ContentEntityFilterltems

Nanje Data Type Data-Description

b_is| inclusive Boolean (Required) b_is_inclusivie indicates
whether the elements insjde the filter
shall be retained.

number_of_entities | Unsignedinteger (Required) Number of entjties

Entities Array <PRC_TYPE_MISC_EntityReéference> | (Required) Basic entity information
[number_of_entities]

8.4{Miscellaneous Data
8.4{1 Entity Types

This section gathers types allowing forentities’ referencing and positioning.

Table 70 — Miscellaneous data entity types

Type Name Type Value Referenceable
PR TYPE_MISC PRC_TYPE_ROOT + 200 no
PRO_TYPE_MISC_Attribute PRC_TYPE_MISC + 1 No
PRO_TYPE_MISC<CartesianTransformation | PRC TYPE_MISC + 2 No
PR(_TYPE_MISC_EntityReference PRC_TYPE_MISC + 3 No
PRU_TYPE:MISC_MarkupLinkedItem PRC _TYPE_MISC + 4 No
PRU_TYPE_MISC_ReferenceOnPRCBase PRC TYPE_MISC + 5 No
PRC_TYPE_MISC_ReferenceOnTopology PRC _TYPE_MISC + 6 No
PRC_TYPE_MISC_GeneralTransformation PRC_TYPE_MISC +7 No

8.4.2 PRC_TYPE_MISC

This is the base type for PRC_TYPE_MISC entity types.
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8.4.3 PRC_TYPE_MISC Attribute

8.4.3.1 General

This represents the storage of an attribute which has a single title and a variable number of key/value

pairs.

For example, an attribute might contain the coordinates of the center of gravity, which would be
represented by an attribute with title "Center of Gravity" and three key/value pairs (X =, 5), (Y =, 10)

and (Z =, 20).
Table 7t —PRC_TYPE-MISCAttribute
Name Data Type Data Description
. (Required)

Unsignedinteger PRC_TYPE_MISC_Attfibiite
attribute_title AttributeEntry (Required) Attribute title
number_of|attributes | Unsignedinteger (Required) Number of attripute

Key/Valué-pdirs

Array <Attribute

attributes

Key/Value>[number_of _attributes]

(Required) Array of Key/Value pafirs

8.4.3.2 AttributeEntry

This repregents the storage of an attribute title representeddy either a string or an integer containi}

predefined|string.

The follow]ng are valid integer titles and their predefinhed character strings:

Table 72 — PRC_TYPE_MISC Attribute AttributeEntry

g a

46

Integer Value | Title

2 Title

3 Subject

4 Author

5 Keywords

6 Comments

7 Template

8 Last Saved By

9 Revision Number
10 Total Editing Time
11 Last Printed

12 Create Time/Date
13 Last saved Time/Date
14 Number of Pages
15 Number of Words

© ISO 2014 - All rights reserved



https://standardsiso.com/api/?name=a860ee9179cd4564c31220e4c153ad48

Table 72 (continued)

ISO 147

39-1:2014

Integer Value | Title

16 Number of Characters

17 Thumbnail

18 Name of Creating Application

19 Security
Attgibutes  with a  title  beginning with either “_PRC_RESERVED_ATTRI]JUTE“ or
“_HRC_EXTERNAL_ATTRIBUTE" can be used in the same way as UserData as discussed in $ection 5.5.
They are considered as conveying proprietary information which should not be .interpreted by a
conforming PRC File Reader. This proprietary information is to be interpreted together with the
appllication UUID of the FileStructure the attribute belongs to, unless the first\4-key/value pairs of the
attribute are:

“_PRC_APPLICATION_UUID_1 integer,
“_PRC_APPLICATION_UUID_2“ integer,
“_PRC_APPLICATION_UUID_3“ integer,

“_PRC_APPLICATION_UUID_4“ integer

whilch indicates an alternate application UUID for the-data to be interpreted.

Table 73.< AttributeEntry

Namje Data Type Data Description

flag Boolean (Required) flag is TRUE 1if tiltle of the
attribute is an integer ¢lse flag is
FALSE

integer_title Unsignédinteger (Optional; if flag is TRUE|) Title is an
integer

stripg_title String (Optional; if flag is FALSE) Title is a
string

8.4]3.3 AttributeKey/Value

PR(

allows for six different kinds of attribute data, represented by the following key:

(0 represents an invalid type

1 represents a 32 bit integer

2 represents a floating point

3 represents a 32 bit integer interpreted as seconds since midnight UTC, January 1st 1970, not
counting leap seconds.

4 represents a UTF-8 character string
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— 5 represents a 64 bit integer interpreted as seconds since midnight UTC, January 1st 1970, not
counting leap seconds.

Table 74 — AttributeKey/Value

Name Data Type Data Description

title AttributeEntry (Required) Title of Key/Value Pair

(Required) Key determines what of 4

type Unsignedinteger legal types of attributes is to follow
value Integer (Optional; if type is 1)

value Double (Optional; if type is 2)

value Integer (Optional; if type is 3)

value String (Optional; if type is4)

value_msp Integer (Optional; if, type is 5) 1nost

significant part of the 64 bit value

(Optional;if type is 5) least signifikant
value_lsp UnsignedInteger part of\the 64 bit value. The 64 bit
valte is value_msp <<32 + value_|sp

8.4.4 PR(_TYPE MISC_CartesianTransformation

This repr¢sents a 3D transformation. Only the following flags are acceptable in definin
PRC_TYPE_MISC_CartesianTransformation:

Table 75 — PRC_TYPE_MISC_CartesianTransformation_name

1=}
[«5)

=

Value Type Name Data Description
0x00 PRC_TRANSEORMATION_Identity Identity

0x01 PRC_TRANSFORMATION_Translate Translation

0x02 PRC_TRANSFORMATION_Rotate Rotation

0x04 PRC_TRANSFORMATION_Mirror Mirror

0x08 PRC_TRANSFORMATION_Scale Uniform scale
0x10 PRC_TRANSFORMATION_NonUniformScale | Non uniform scale

Table 76 — PRC_TYPE_MISC_CartesianTransformation

Name Data Type Data Description

name Unsignedinteger | (Required) PRC_TYPE_MISC_CartesianTransformation_name

transform | Transformation | (Required) Data defining the cartesian transformation which is limited to the
above table

8.4.5 PRC_TYPE_MISC_EntityReference
This general type can be used to reference any referenceable entity. The data stored in the reference

may include a line style, visibility, position or other property, and can be used to overwrite properties of
the referenced entity.
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Name

Data Type

Data Description

UnsignedInteger

(Required)

PRC_TYPE_MISC_EntityReference

content_entity_reference

ContentEntityReference

(Required)

user_data UserData (Required) User defined data
8 4 6 DPRC TVDE MISC MarlzunLinlkedliom
4:6—PRCTYPE-MISC-MarlupLinkeditemn

8.4)6.1 General

This is used to establish a cross reference between markup and geometry. It contains a refer
geometry in a PRC File as well as a reference to the product occurrence to whieh-the given

the |geometry belongs.

For| example, consider the case of a distance dimension between a part contained in ty
occhirrences (assemblies). The dimension will have two MarkupLinkedltems, the first poin

firs

and| referencing the part as well.

Table 78 — PRC_TYPE_MISC MatkupLinkedltem

product occurrence and referencing the part, the second pointing to the second product

ence to the
instance of

o product
ting to the
pccurrence

Nanje

Data Type

Data Description

UnsignedInteger

(Required)
PRC_TYPE_MISC_MarkupLinkedIt

P 1T

content_entity_reference

ContentExtendedEntityReference

(Required) Reference to a rem
occurrence

bte product

show_markup Boolean (Required) If TRUE, show/hide mrkup when
showing/hiding the referenced entity

del¢te_markup Boolean (Required) If TRUE, delete mgrkup when
deleting the referenced entity

show_leader Baoolean (Required) If TRUE, show the leader when
showing/hiding the referenced entity

del¢te_leader Boolean (Required) If TRUE, delete the lpader when
deleting the referenced entity

user_data UserData (Required) User defined data

8.4)6,2" ‘ContentExtendedEntityReference

Stores data to reference entities in remote product occurrences.

Table 79 — ContentExtendedEntityReference

Name Data Type Data Description

content_entity_reference | ContentEntityReference (Required) Reference to a remote product
occurrence

reference_data ReferenceData (Required) Reference data for the entity
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8.4.7 PRC_TYPE_MISC_ReferenceOnPRCBase

This describes a reference to a referenceable entity. Referenceable entity types are a subset of the PRC
base entities (see section 8.2.1 for the specific subset ). Referenceable topological entities are handled

separately

(see 8.4.8).

A reference to an entity consists of the UUID of the FileStructure the referenced entity lies in (if
different from the FileStructure this entity is in) and the index of the referenced entity within this

FileStructure.
Table 80 — PRC_TYPE_MISC_ReferenceOnPRCBase
Name Data Type Data Description
. (Required)
Unsignedinteger PRC_TYPE_MISC_ReferenceQOnPRCBse
type._of_entlity Unsignedinteger (Regulred) This is thétype of the target
entity
(Required) TRUE if this reference {s to
flag Boolean an entity inCsame File Structure as|this

entity exists'in else FALSE

different_u

hique_id | CompressedUniquelD

(Optional if flag is FALSE) Unjque
idéntifier of target FileStructurg if
different from this FileStructure; | See
Section Error! Reference source|not
found. for details

unique_id

UnsignedInteger

(Required) Unique identifer within
target File Structure

8.4.8 PR

" TYPE_MISC_ReferenceOnTopology

8.4.8.1 Geleral

This descripes a reference to a topological entity.

The follow
— The ty
Entitie

— If the {
inform

S (See 8.4.8.3)

ng describe the data needed to locate the target entity:

Table 81 — PRC_TYPE_MISC_ReferenceOnTopology

pe of topological. ‘entity being referenced shall be one of those in ReferenceOnTopology

arget entityyhas a body in the Exact Geometry Section of the target FileStructure, additipnal
ation is'required to locate the target entity.

Name Data Type Data Description
UnsignedInteger (Required)

PRC_TYPE_MISC_ReferenceOnTopology

type UnsignedInteger (Required) type of the topolocial entity
being referenced

flag Boolean (Required) flag is TRUE if the target
entity has a body in the Exact Geometry
Section of the target FileStructure

data AdditionalTargetData (Optional; if flag is TRUE) Data defining
the reference to the target entity
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The unique identifier of the target FileStructure is stored here if it is different from the FileStructure of
the entity currently being read or written.

To locate the target entity within the target FileStructure requires the following:

— The index of the topological context of the target entity.

— The index of the body within the topological context

the body.

Number of additional indices is 1

Table 82 — AdditionalTargetData

In addition, most topological entities need other indices within the body to identifycthem
number of additional indices and an array of index values indicate other index-valu
needed to uniquely identify the target entity. At present, the only topological entity whiich may be
referenced is a PRC_TYPE_TOPO_Face. For this, the requisite data would be;

— The array would consist of one Unsigned Integer which weuld’be the index of the

selves. The
bs that are

face within

Nanje Data Type Data Description

flag Boolean (Required) TRUE if the farget entity
is in the same FileStrudture as this
entity

unique_id CompressedUniqueld (Optional; if flag is FALSE) Unique
identifier of the FileStructure the
target entity lies in

index_of topological_index | Unsignedinteger (Required) Index of the topological
context of the target eptity within
the FileStructure

index_of _body UnsignedInteger (Required) Index of the pody within
the topological context ¢f the target
entity

number_of _indices UnsignedInteger (Required) Number of additional
indices needed to locatp the target
entity

indices Array (Required) Array of| additional

<UnsignedInteger>[number_of_indices] indices

8.4.8.3 ReferenceOnTopology Entities

The only topological entity which may be referenced is a PRC_TYPE_TOPO_Face.

The follow topological entities may be referenced in future versions:

— PRC_TYPE_TOPO_MultipleVertex

— PRC_TYPE_TOPO_UniqueVertex

— PRC_TYPE_TOPO_WireEdge
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PRC_TYPE_TOPO_Edge
PRC_TYPE_TOPO_Loop

PRC_TYPE_TOPO_Shell

— PRC_TYPE_TOPO_Connex

8.4.9 PRC TYPE MISC GeneralTransformation

This is a general 3D transformation consisting of the sixteen coordinates of a 4x4 matrix.
To use a 434 matrix to convert a 3D position of vector, one pre multiplies by the matrix, that.s,

New_3D_PointOrVector « matrix * Old_3D_PointOrVector

The coefficjents are stored in the following order:

Matrix (Figst number is row, second number is column). For example, translation is represented by

Tx=M[0][3], Ty = M[1][3], Tz=M[2][3]

M[o0][0] MJo][1] M[O][2] M[O][3
M[1][0] M[1][1] M[1][2] M[1][3
M[2][0] M|2][1] M[2][
M[3][0] M|3][1] M[3][

Storage ordler:

M[0][0]
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Table 83 — PRC_TYPE_MISC_GeneralTransformation

39-1:2014

Name Data Type Data Description
UnsignedInteger (Requred)
PRC_TYPE_MISC GeneralTransformation
general_transform | Array <Double>[16] (Required) 16 Coefficients of
transformation
8.4.10 ContentEntityReference
8.4110.1 General
This represents the data defining a reference to any referenceable entity.
The index_of_local_coordinate_system may be -1 indicating no local coordinate system [is present.
Oth[rwise, the value given is the index into the array of reference coordinate systems defined in 8.3.5.2.
If the referenced entity does not exist, no futher information should bé'\stored. If the refefence does
exiqt, data describing the unique identifier of the referenced entity will'be present in the PRCFile.
Table 84 — ContentEntityRefererice
Namje Data Type Data Description
base PRCBaseWithGraphics (Required)
index_of local_coordinate | UnsignedInteger (Required)
Index_of_local_coordinate|system or -
1 if none present
flag Boolean (Required) TRUE if the| referenced
entity exists (i.e. is not NULL)
refdrence_data ReferenceData (Optional; if flag is TRUE) Define the
unique identifier of th¢ reference
entity.
8.4110.2 ReferenceData
PR({_TYPE_MISC_ReferenteOnTopology should be used to reference an entity, whenever referencing a
refdrencable topological entity. Any other value is an error.
Table 85 — ReferenceData
Namje Data Type Data Description
topT_reference PRC_TYPE_MISC_ReferenceOnTopology (Optional if reference |is to a
referenceable fnpn]ngir‘nl ent ty)
non_topo_reference | PRC_TYPE_MISC_ReferenceOnPRCBase (Optional; if reference is to a non-

topological entity)

8.4.11 Transformation

The Transformation associated with an entity is defined as either 2D or 3D depending upon the
dimension of the entity containing the transformation.
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NOTE
— A cartesian transformation that is used to represent a 3D cartesian transformation shall be orthogonal and
shall not have homogeneous values. Non-orthogonal or homogeneous transformations are used only for the

transformations used in textures.

— PRC_TYPE_MISC GeneralTransformation is a transformation but only matrix coefficients are stored, as
described in section 8.4.9.

The Transformation is defined by its behavior which can be any combination (except as noted above) of

I'able 866 — Transformation type names

Value Type Name Data Description
0x00 PRC_TRANSFORMATION_Identity Identity

0x01 PRC_TRANSFORMATION_Translate Translation

0x02 PRC_TRANSFORMATION_Rotate Rotation

0x04 PRC_TRANSFORMATION_Mirror Mirrer

0x08 PRC_TRANSFORMATION_Scale Uniform scale
0x10 PRC_TRANSFORMATION_NonUniformScale Non uniform scale
0x20 PRC_TRANSFORMATION_NonOrtho Non orthogonal
0x40 PRC_TRANSFORMATION_Homogeneous Homogeneous

A 3D transfformation is defined by a 4x4 matrix. By default, this matrix is the identity. The following
table is usgd to determine the 3D transformation.

Table 87'==3D Transformation

Name Data Type Data\Description

behavior Character (Required) behavior determines the type of data used to define| the
transformation; each bit of the behavior determines if the transformdtion
has that data

translation| Vector3D (Optional; behavior & PRC_TRANSFORMATION_Translate is TRUE)

Define the transformation translation
translate -> mat[0][3] mat[1][3] mat[2][3]

non_ortho_matrix<—pArray (Optional; behavior & PRC_TRANSFORMATION_NonOrtho is TRUE)
<Vector3D>[3] | Define the non orthogonal matrix

nonortho.xaxis -> mat[0][0] mat[1][0] mat[2][0]

nonortho.yaxis -> mat[0][1] mat[1][1] mat[2][1]

nonortho.zaxis -> mat[0][2] mat[1][2] mat[2][2]

The vectors are unit vectors
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Table 87 (continued)

rotation

Array
<Vector3D>[2]

(Optional; behavior & PRC_TRANSFORMATION_Rotate is TRUE and
behavior & PRC_TRANSFORMATION_NonOrtho is FALSE)

Define an orthogonal matrix with 2 unit vectors, X and Y. Z is the cross
product of X and Y if no mirror. Else, it is the cross product of Y and X.

rotate.xaxis -> mat[0][0] mat[1][0] mat[2][0]

rotate.yaxis -> mat[0][1] mat[1][1] mat[2][1]

If no mirror, rotate.xaxis X rotate.yaxis -> mat[0][2] mat[1][2] mat[2][2]
where X is the cross product

If mirror, rotate.yaxis X rotate.xaxis -> mat[0][2] mat[1}J4] mat[2][2]
where X is the cross product

The vectors are unit vectors

non_uniform_scale

Vector3D

(Optional; behavior & PRC_TRANSFORMATION_NonUnifdrmScale is
TRUE)

Scale factor for %, y, and z component of the matrix.
non_uniform_scale.x to column mat[0][0] mat[1][0] mat[2][0]
non_uniform_scale.y to column mat[0}¥] mat[1][1] mat[2][1]

non_uniform_scale.z to column mat[0][2] mat[1][2] mat[2][2]

scale

Double

(Optional; behavior & PRC)TRANSFORMATION_Scale is |TRUE and
behavior & PRC_TRANSEORMATION_NonUniformScale is FALS$E )

Define the scale
apply scale to the 3x8’submatrix mat[0][0] ... mat[3][3]

honmpogeneous

Array
<Double>[4]

(Optional; behavior & PRC_TRANSFORMATION_Homogeneoug is TRUE)
Define the homogeneous coordinate: x, y, z, w.
Homogeneous.x -> mat[3][0]

Hombgeneous.y -> mat[3][1]

Homogeneous.z -> mat[3][2]

Homogeneous.w -> mat[3][3]

A 2D transformation is_defined by a 3x3 matrix. By default, this matrix is the identity] Then the

follpwing table is usedtodetermine the 2D transformation.

Table 88 — 2D Transformation

Nanje Data Type Data Description

behpvior Character (Required) behavior determines the type of data used td define the
transformation; each bit of the behavior determines if the trapsformation
has that data

translation Vector3D (Optional; behavior & PRC_TRANSFORMATION_Translate is TRUE)
Define the transformation translation
translate -> mat[0][2] mat[1][2]

non_ortho_matrix | Array (Optional; behavior & PRC_TRANSFORMATION_NonOrtho is TRUE)

<Vector3D>[3] | Define the non orthogonal matrix

nonortho.xaxis -> mat[0][0] mat[1][0]
nonortho.yaxis -> mat[0][1] mat[1][1]
The vectors are unit vectors.
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Table 88 (continued)
rotation Array (Optional; behavior & PRC_TRANSFORMATION_Rotate is TRUE and
<Vector3D>[2] | behavior & PRC_TRANSFORMATION_NonOrtho is FALSE)

xaxis -> mat[0][0] mat[1][0]

yaxis -> mat[0][1] mat[1][1]

The vectors are unit vectors.
non_uniform_scale | Vector3D (Optional; behavior & PRC_TRANSFORMATION_NonUniformScale is

TRUE)

Scatefactor forxv-

non_uniform_scale.x to column mat[0][0] mat[1][0]

non_uniform_scale.y to column mat[0][1] mat[1][1]
scale Double (Optional; behavior & PRC_TRANSFORMATION_Scale~ is™ TRUE |and

behavior & PRC_TRANSFORMATION_NonUniformScalefis)FALSE )

Define the scale

apply scale to the 2x2 submatrix mat[0][0] ... mat{1][1].
homogenequs Array (Optional; behavior & PRC_TRANSFORMATION/Homogeneous is TRUE)

<Double>[4] Define the homogeneous coordinate: x, y, W

Homogeneous.x -> mat[2][0]

Homogeneous.y -> mat[2][1]
8.5 Graphics
8.5.1 Entity types

Table 89 — Graphics entity types

Type Name) Type’'Value Referenceable
PRC_TYPE_QRAPH PRC_TYPE_ROOT + 700
PRC_TYPE_QRAPH _Style PRC_TYPE_GRAPH + 1 yes
PRC_TYPE_(QRAPH_Material PRC TYPE GRAPH + 2 yes
PRC_TYPE_QRAPH_Picture PRC_TYPE_GRAPH + 3 no
PRC_TYPE_QRAPH_TextureApplication PRC_TYPE GRAPH + 11 yes
PRC_TYPE_QRAPH_TextureDefinition PRC_TYPE GRAPH + 12 yes
PRC_TYPE_QRAPH_TextureTransformation PRC_TYPE GRAPH + 13 no
PRC_TYPE_QRAPH 'LinePattern PRC_TYPE GRAPH + 21 yes
PRC_TYPE GRAPH_FIllPattern PRC_TYPE_GRAPH ¥ 22 o
PRC_TYPE_GRAPH_DottingPattern PRC_TYPE_GRAPH + 23 yes
PRC_TYPE_GRAPH_HatchingPattern PRC_TYPE_GRAPH + 24 yes
PRC_TYPE_GRAPH_SolidPattern PRC_TYPE _GRAPH + 25 yes
PRC_TYPE_GRAPH_VpicturePattern PRC TYPE GRAPH +26 yes
PRC_TYPE_GRAPH_AmbientLight PRC_TYPE_GRAPH + 31 yes
PRC_TYPE_GRAPH_PointLight PRC_TYPE_GRAPH + 32 yes
PRC_TYPE_GRAPH_DirectionalLight PRC_TYPE _GRAPH + 33 yes
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Table 89 (continued)
PRC_TYPE_GRAPH_SpotLight PRC_TYPE_GRAPH + 34 yes
PRC_TYPE_GRAPH_SceneDisplayParameters PRC_TYPE_GRAPH + 41 yes
PRC_TYPE_GRAPH_Camera PRC_TYPE_GRAPH + 42 yes
8.5.2 PRC_TYPE_GRAPH
The_abstract type for miscellaneous graphic elements not included in part geometry, topology,
tesielation, or markups. Includes line and fill styles and patterns, colors, textures, pictures, lighting
scenes, and camera angles. Graphic elements may be applied to other elements, such as-part surfaces or
markups.
8.5]3 PRC_TYPE_GRAPH Style

Thi

5 type contains all information used to describe the style of a line.

line_width represents the line width in millimeters.
is_vpicture indicates that the drawing style is a VPicture patterniinstead of a line patterr
is to be found in the pattern array instead <of the line pattern
FileStructurelnternalGlobalData Section 8.3.5.2).
is_material indicates that the color style is a matérial instead of a plain color. This st]
found in the material array instead of the color.array (see FileStructurelnternalGlobalD

8.3.5.2).

material_index is the index into the material array. (see FileStructurelnternalGlobalD
8.3.5.2).

color_index is the index into the-color array. (see FileStructurelnternalGlobalData Sectio

transparency values can range from 0 (transparent) to 255 (opaque).

. This style

array (see

Ule is to be
nta Section

1ta Section

h 8.3.5.2).

— |rendering_parameters
Table 90 — PRC_TYPE_GRAPH_Style
Namje Data Type Data Description
UnsignedInteger (Required) PRC_TYPE_GRAPH_Style

base ContentPRCRefBase (Required) Base information| associated
with the entity

line_width Double (Required) line width

is_vpicture Boolean (Required) is_vpicture

biased_patern_index Unsignedinteger (Required) value is either
line_pattern_index + 1 or vpicture_index
+1

is_material Boolean (Required) is_material

biased_color_index UnsignedInteger (Required) value is either color_index + 1
or material_index + 1
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Table 90 (continued)

is_transparency Boolean (Required) If TRUE, transparency is
defined

transparency Character (Optional; if is_transparency is TRUE)
transparency

is_rendering_parameters | Boolean (Required) If TRUE, rendering_parameters
are defined

rendering_parameters Character (Optional; if is_rendering parameters is
I'RULE) Tendering_pdrameters

flagl Boolean (Required) Not currently used (set-FALSE)

flag2 Boolean (Required) Not currently used;(set FALSE)

Table 91 — PRC_TYPE_GRAPH_Style rendering parameters

Rendering parameter Value
special-culling strategy applies 0x01
front culling applies (ignored if no special-culling strategy) | 0x02
back culling applies (ignored if no special-culling stratégy) | 0x04
no light applied to the corresponding object 0x08

8.5.4 PR(_TYPE_GRAPH Material

This type defines basic material appearance with colors and alphas.

ambient_index: index into the RGB array (séee Section 8.3.5.2)
diffus¢_index: index into the RGB array-(see Section 8.3.5.2)

emissive_index: index into the RGB array (see Section 8.3.5.2)
specular_index: index intolthe RGB array (see Section 8.3.5.2)

Table 92 — PRC_TYPE_GRAPH_Material

Name Data Type Data Description
UnsignedInteger (Required) PRC_TYPE_GRAPH_Material
base ContentPRCRefBase | (Required) Base information associated with the entity
biased_ambient_index | Unsignedlnteger (Required) ambient_index + 1
biased_difuse_index UnsignedInteger (Required) diffuse_index + 1
biased_emissive_index | UnsignedInteger (Required) emissive_index + 1
biased_specular_index | UnsignedInteger (Required) specular_index + 1
shininess Double (Required) shininess
ambient_alpha Double (Required) ambient_alpha (0.0 —> 1.0)
difuse_alpha Double (Required) diffuse_alpha (0.0 -> 1.0)
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Table 92 (continued)

emissive_alpha Double (Required) emissive_alpha (0.0 -> 1.0)

specular_alpha Double (Required) specular_alpha (0.0 -> 1.0)

The definitions for shininess, anbient_alpha, diffuse_alpha, emissive_alpha, and specular_alpha are

identical to the definitions in OpenGL.
8.5.5 PRC_TYPE_GRAPH_Picture

8.5/5.1 General

This type is used to define pictures embedded in the file.

Table 93 — PRC TYPE_GRAPH _Picture

Nanje Data Type Data Description
UnsignedInteger (Required) PRG-TYPE_GRAPH_Pictursg
base ContentPRCBase (Required) Base information associafed with the
entity
format EPRCPictureDataFormat | (Required) format
biaged_uncompressed_file_index | Unsignedinteger (Required) uncompressed_file_indek + 1
pixefl_width UnsignedInteger (Required) pixel_width
pixcl-l_height UnsignedInteger (Required) pixel_height
pixel_width and pixel_height are the size of the picture expressed in pixels. When formdt is 0 or 1,

pix¢l width and pixel height fields are ignored. When format is one of {2,3,4,5} the size of
buffer when uncompressed shall be atleast pixel width * pixel height * number of componen

8.5)5.2 EPRCPictureDataFormat

This object is used for the format of the Picture.

Table 94 — EPRCPictureDataFormat

the picture
s per pixel

Value | Type Name Type Description
0 KEPRCPicture_PNG PNG format buffer
1 KEPRCPicture_JPG JPEG format buffer
2 KEPRCPicture_ BITMAP_RGB BYTE flate-formatted pixel data.
Eachretement s am RGBtriptet {3 compoments—
3 KEPRCPicture BITMAP_RGBA_BYTE | flate-formatted pixel data.
Each element is an RGBA triplet (4 components).
4 KEPRCPicture_BITMAP_GREY_BYTE | flate-formatted pixel data.
Each element is a single luminance value (1 component).
5 KEPRCPicture_BITMAP_GREYA_BYTE | flate-formatted pixel data.
Each element is a luminance/alpha pair (2 components).
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8.5.6 PRC_TYPE_GRAPH_TextureApplication

This type contains a definition of the complete texture pipe (multiple texturing) to be applied.

— material_generic_index represents an index in the  material array (see

FileStructurelnternalGlobalData Section 8.3.5.2). This index should correspond to a
PRC_TYPE_GRAPH_Material, which defines the basic material parameters of the texture.
— texture_definition_index represents an index in the texture definition array (see Section 8.3.5.2).
— index
1 of
— uv_cogrdinates_index represents the texture mapping coordinates . index see
PRC_TYPE_TESS_FACE section 8.8.6 and below).
Table 95 — PRC_TYPE_GRAPH_TextureApplication
Name Data Type Data Desctiption
UnsignedInteger (Required)
PRC_TYPE_GRAPH_TextureApplicdtion
base ContentPRCRefBase (Required) Base information
associated with the entity
biased_material_generic_index | Unsignedinteger (Required) material_generic_index
+1
biased_texture_definition_index | Unsignedinteger (Required)
texture_definition_index + 1
biased_next-texture_index UnsignedInteger. (Required) next_texture_index 4 1
biased_uv_¢oordinates_index UnsignedInteger (Required) uv_coordinates_indé¢x +
1
uv_coordinates_index denotes the.set of UV coordinates to consider in the PRC TYPE TESS_Face | for
textured emtities, as there mightbe several UV coordinates for each point.
See: numbger_of _texture_coordinate_indexes in PRC TYPE_TESS_Face.
For example, a simple triangle with TWO texture coordinates index 1is described | by

(normal,{t¢xturel,texture2},point,

normal, {tgxturel,texture2},point,

normal, {tgxturel,texture2},point).

UV_coordinate_index indicates which of texturel or texture2 should be used.
8.5.7 PRC_TYPE_GRAPH_TextureDefinition

This type contains a single set of texture parameters to be used in a TextureApplication.

A definition for the unique variables follows:

— picture_index represents the index in the picture array (see FileStructurelnternalGlobalData

Section 8.3.5.2).

— texture_dimension represents the dimension of the image. It's possible values are 1, 2, and 3 (1

and 3 are reserved for future use).
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— texture_mapping_attributes is a bit field that represents the procedure used to apply the texture

(see texture mapping attributes table below). This information can be combined with additional
information, such as intensity, and involves color or alpha components.

size_texture_mapping_attributes_intensities can be set either to 0 or to the number of
procedures deduced from texture_mapping_attributes. If it is set to 0, the intensity is set to 1.
Otherwise, its values should be in the range [0.0,1.0] and should correspond to each nonzero bit of
texture_mapping_attributes, respectively. The same is true for
size_texture_mapping_attributes_components, for which the default value is
PRC_TEXTURE_MAPPING_COMPONENTS_RGBA (see texture mapping attributes table below).

Multiple procedures for texture application are reserved for future use. Therefore
size_texture_mapping_attributes_intensities and
size_texture_mapping_attributes_components contain at most one element. If
texture_mapping_attributes = PRC_ TEXTURE_MAPPING_DIFFUSE, then
size_texture_mapping_attributes_intensities = 0. For each bit of texture mapping_atfributes
with a value of 1, intensity will be 1.0 by default. If
size_texture_mapping_attributes_components = 0, then for each bit of
texture_mapping_attributes with a value of 1, components will be
PRC_TEXTURE_MAPPING_COMPONENTS_RGBA by default. Or:
texture_mapping_attributes = PRC_TEXTURE-MAPPING_DIFFUSE
size_texture_mapping_attributes_intensities = 1
texture_mapping_attributes_intensities[0] = 1.0
size_texture_mapping_attributes_components = 1
texture_mapping_attributes_components[0] = PRC_TEXTURE_MAPPING_COMPONENTS_RGBA

texture_function : see texture function table below.

blend_src_rgb, blend_dst.rgb, blend_src_alpha, blend_dst_alpha; blending modes aife reserved
for future use.

texture_applyingmode : see texture application mode table below.
alpha_test : réserved for future use.
alpha_test{reference : threshold value for alpha test; used in conjunction with alpha_tesgt.

texture_wrapping_mode_s : Repeating mode; U direction; see wrapping mode table belpw.

texture_wrapping_mode_t: kepeating mode; V direction; see wrapping mode table below.

texture_wrapping mode_r : Repeating mode; W direction ( for multi dimension textures) ; see
wrapping mode table below.

texture_transformation : optional transformation on texture coordinates.

Table 96 — PRC_TYPE_GRAPH_TextureDefinition

Name Data Type Data Description

UnsignedInteger (Required)
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Name Data Type Data Description
PRC_TYPE_GRAPH_TextureDefinition
base ContentPRCRefBase (Required) Base information
associated with the entity
biased_picture_index UnsignedInteger (Required) picture_index + 1
texture_dimension Character (Required) texture dimension = 2
(1 and 3 are reserved for future
use)
texture_mqpplng_type Integer (Required) texture mapping typp
texture_m;Jpping_operator Integer (Optional; if texture_mapping_fype
is4)
texture mapping operator
has_transfqrmation Bolean (Required) has Aransformation

transformation

Cartesian Transformation

(Optional;_if has_transformatiopn is
TRUE) If(has_transformation =)

texture_mapping-attributes UnsignedInteger (Required) texture mapping
attributes
number_of|texture_mapping_attr | UnsignedInteger (Required) number of
ibutes_intepsities texture_mapping_attributes_inte
nsities (shall be 0 or 1)
texture_mapping_attributes_inte | Array <Double> | (Optional; if

nsities

[number_of_texture_mapping attr
ibuts_intensities]

number_of _texture_mapping attr
ibutes_intensities is not | 0)
texture_mapping_attributes_intgnsit
ies[0] = 1.0

number_of|texture_mapping
_attributes)| components

UnsignedInteger

(Required) number of
texture_mapping_attributes_
components (shall be 0 or 1)

texture_m
components

ping _attributes_

Array <Character>

[mumber_of_texture_mapping
_attributes_ components]

(Optional; if
number_of_texture_mapping
_attributes_ components is ndt 0)
texture_mapping_attributes_conipo
nents[0] = 0x000F

texture_furction Integer (Required) texture_funcfion
(reserved for future use)
blend_src Array <Double>[4] (Optional; if texture_functiom is
KEPRCTextureFunctionBlend)
[red, green.blue.alphal
blend color components In
the range (0.0, 1.0)
blend_src_rgb Integer (Required) blend_src_rgb
(reserved for future use)
blend_src_alpha Integer (Required) blend_src_alpha
(reserved for future use)
texture_application_mode Character (Required)
texture_application_mode
alpha_test Integer (Optional; if
texture_application_mode &
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Name Data Type

Data Description

PRC_TEXTURE_APPLYING_MODE_A
LPHATEST is TRUE) alpha_test

Option:alpha_test_reference Double

(Optional; if
texture_application_mode &
PRC_TEXTURE_APPLYING_MODE_A
LPHATEST is TRUE)
alpha_test_reference

texture_wrapping_mode Character

(Required)

texm're:wrap'ptrrg:mmfe

textiure_wrapping_mode_s integer

(Required)
texture_wrapping mode_S

texture_wrapping_mode_t integer

(Optional; ifytexture_dinpension > 1)
texture,wrapping_mode_t

texfure_wrapping_mode_r Integer

(Optiernal; if texture_dimension>2)
texture_wrapping_mode_r

texllure_transformation Boolean

(Required) texture_traJlsfomation

trallsformation PRC_TYPE_GRAPH_TextureTransfor
mation

(Optional;
if(texture_transfomatipn is TRUE)
(see section
PRC_TYPE_GRAPH_TextpreTransfor
mation 8.5.8)

Table 97 — Texture mapping type

Texture mapping type

Value

Let the application choose.

object.

Use the mapping coordinates that are stored on a 3D tessellation | 2

(reserved. forfuture use).

Retrieve the-UV/coordinates on the surface as mapping coordinates | 3

coordinates (reserved for future use)

Use the)defined Texture mapping operator to calculate mapping | 4

Table 98 — Texture mapping operator

Texture mapping operator | Integer value
Unknown (default value) 1
Planar 2
Cylindrical 3
Spherical 4
Cubic 5
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Table 99 — Texture mapping attributes

Texture mapping attributes | Integer value
Red component 0x0001
Green component 0x0002
Blue component 0x0004
RGB component 0x0007
Alpha component 0x0008
RGBA component 0x000F

Table 100 — Texture function

Texture function Integer value
Unknown - Let the application choose. 1
Modulate - Combine lighting with texturing (default value). | 2
Replace the object color with texture color data. 3
Blend 4
Decal 5
Table 101 — Texture application mode
Texture application mode Character value
Let the application choose. (All states disabled.) 0x0000
Use lighting mode. 0x0001
Use alpha test. 0x0002
Combine a texture with'one-color-per-vertex mode. | 0x0004

Table 102 — Texture wrapping mode

Texture wrapping mode Integer value
Unknown - Let the application choose. 1
Repeat - Display the repeated texture on the surface. 2

ClampToBorder- €lamp the texture to the border. Display the surface color along the | 3
texture limifsf

Clamp 4
Clamp to edge
Mirrored repeat 6

8.5.8 PRC_TYPE_GRAPH_TextureTransformation

This type contains the transformation data used in a texture definition. In the current release, texture
transformations are limited to two dimensions.

64 © ISO 2014 - All rights reserved



https://standardsiso.com/api/?name=a860ee9179cd4564c31220e4c153ad48

ISO 147

Table 103 — PRC_TYPE_GRAPH_TextureTransformation

39-1:2014

Name Data Type Data Description
UnsignedInteger (Required)

PRC_TYPE_GRAPH_TextureTransformation

invert_s Boolean (Required) If( TRUE) the S coordinate
parameter is inverted.

invert_t Boolean (Required) If( TRUE) the T coordinate
parameter is inverted.

tranisform_2d Boolean (Required) If( TRUE) fhe matrix
transformation contains only\2-gimensional
terms. (Always TRUE in this'vergion.)

transform Transformation (Required) 2d transfermation [see section
8.4.11 Transformations)

8.519 PRC_TYPE_GRAPH LinePattern

This type contains the information used to display the dashes and gaps that comprise a line p
Table 104 — PRC_TYPE_GRAPH_ LinePattern

httern.

Namje Data Type Data Description
UnsignedInteger (Required) PRC_TYPE_GRAPH_LinePqttern
base ContentPRCRefBase (Required) Base information associated with the
entity
number_of_elements | Unsignedinteger (Required) number of unique | dash-array
elements
lengths Array lengths of each type of alternating|dashes and

<Double>[number_of_elements]

gaps, length

staift_offset Double (Required) the offset within the dash pattern at
which to start the dash, phase
scale Baolean (Required) If scale is TRUE the pattern aspect

that scales with the view.

If a pattern scales with the view, the unit of length is the same as the product occurrence it igassociated

with: otherwise, lengths are to be interpreted as a ratio.

8.5]10 PRC_TYPE_GRAPH_FillPattern

Abc‘l—vﬂn-l- clace for o

o diraancional dicnlayy

ctula Thic $xmn oot ce 1o

rmaation ralat

ed to a fill

cractcCroaso—1ToTr— o™

CYV OO CIISTOTTIOr SUropray oSty 1es

TTITS— Oy pC—CoTItaTS T oT IatroT rorat

pattern, which can be one of the following types of patterns:

— Dotting pattern (PRC_TYPE_GRAPH_DottingPattern)

— Hatching pattern (PRC_TYPE_GRAPH_HatchingPattern)

— Solid pattern (PRC_TYPE_GRAPH_SolidPattern)

— Vectorized picture pattern (PRC_TYPE_GRAPH_VPicturePattern)
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8.5.11 PRC_TYPE_GRAPH_DottingPattern

This type describes a two-dimensional filling pattern with points. By default, this pattern describes a
regular grid of points spaced with pitch (zizag==FALSE). If zizag is true, the points are offset in X by
pitch/2.0 for the odd row.

(see FileStructurelnternalGlobalData Section 8.3.5.2).

next_pattern_index represents the index of the next pattern (superimposed) in the pattern array

color_index represents the index into the color array (see FileStructurelnternalGlobalData Section

8.3.5.2)
Table 105 — PRC_TYPE_GRAPH_DottingPattern
Name Data Type Data Description
UnsignedInteger (Required) PRC_TYPE_GRAPH-DottingPattern
base ContentPRCRefBase (Required) Base informadtion associated with
the entity
biased_nex}_pattern_index | Unsignedinteger (Required) next:pattern_index + 1
pitch Double (Required) pitch of point spacing
is_offset Boolean (Requived) If is_offset is TRUE, the pdints
are-offset in X by (pitch/2.0) for the odd rpw.
biased_colqr_index Integer (Required) color_index + 1

8.5.12 PR

This type d
infinite ling

next_p
(see Fi

[ TYPE_GRAPH_HatchingPattern

escribes a two-dimensional filling pattera with hatches. This pattern is defined by a grou|
s, each having its own dash patternand color.

attern_index represents the index of the next pattern (superimposed) in the pattern aj
jeStructurelnternalGlobalData. Section 8.3.5.2).

Table 106 — PRC_TYPE_GRAPH_HatchingPattern

|p of

ray

Name Data Type Data Description
UnsignedInteger (Required)
PRC_TYPE_GRAPH_HatchingPattern
base ContentPRCRefBase (Required) Base information associated with
the entity
biased_nex}_pattern_index | Unsigned integer (Required) next_pattern_index + 1

number_of_hatching_lines

UnsignedInteger

(Required) number of pattern hatching lines

hatch

Array<groups of 5 Doubles and
1 Integer>[number of hatching
lines]

(Required) (2 D vector start point,
vector end point, Double
Index_of line_style + 1)

2D

angle,

8.5.13 PRC_TYPE_GRAPH SolidPattern

This type defines a two-dimensional filling pattern with a particular style (color, material, texture).

— next_pattern_index represents the index of the next pattern (superimposed) in the pattern array
(see FileStructurelnternalGlobalData Section 8.3.5.2)
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— material_index is the index into the material array. (see FileStructurelnternalGlobalData Section

8.3.5.2)

— color_index is the index into the color array. (see FileStructurelnternalGlobalData Section 8.3.5.2)

Table 107 — PRC_TYPE_GRAPH SolidPattern

Name Data Type Data Description
UnsignedInteger (Required) PRC_TYPE_GRAPH_SolidPattern
base ContentPRERefBase——(Reqtired) Base-informationasseciated-with-the-entity

= COTTCCTICT ITCTITC DU

biaged_next_pattern_index | Unsignedinteger

(Required) next_pattern_index + 1

is_material Boolean (Required) If is_material is TRUE then -the fill {s a material
otherwiswise plain color.

biaged_material_index UnsignedInteger (Optional; if is_material is TRUE)\material_index+1

biaged_color_index UnsignedInteger (Optional; if is_material is FALSE) color_index+|l

8.5]14 PRC_TYPE_GRAPH VpicturePattern

Thi

resfricted version of PRC_TYPE_TESS_Markup is

Polyline
Triangles
Color

Line Stipple
Points
Polygon

Line Width

b type defines a two-dimensional filling pattern consisting.of a vectorized picture. In this version a

used. The allowed types are:

next_pattern_index Tepresents the index of the next pattern (superimposed) in the pattern| array (see

File

StructurelntefrialGlobalData Section 8.3.5.2).
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Table 108 — PRC_TYPE_GRAPH_VpicturePattern

Name Data Type Data Description
UnsignedInteger (Required)
PRC_TYPE_GRAPH_VpicturePattern
base ContentPRCRefBase (Required) Base information associated with

the entitiy

biased_next_pattern_index | Unsignedinteger>

(Required) next_pattern_index + 1

patern_dimensions

Array <Double>[2]

(Required) X and Y dimensions of the pattern

one for x one fory

markup

PRC_TYPE_TESS_Markup

(Required) PRC_TYPE_TESS_Markup, object
(See MARKUP Section for types)

8.5.15 PR{_TYPE GRAPH_AmbientLight

This type defines the ambient illumination of a scene.

Table 109 — PRC_TYPE_GRAPH_AmbientLight

Name Data Type Data Description

UnsignedInteger (Required) PRC_TYPE_GRAPH_AmbientLight
base ContentPRCRefBase (Required) Base information associated with

the entity

biased_ambient_index | UnsignedInteger (Required) ambient_index + 1
biased_diffiise_index UnsignedInteger (Required) diffuse_index+ 1
biased_emifssive_index | Unsignedinteger (Required) emissive_index + 1
biased_spegular_index | Unsignedinteger (Required) specular_index + 1

8.5.16 PR{_TYPE_GRAPH_PointLight

This type defines scene light from\a point with attenuation factors.

Table 110 — PRC_TYPE_GRAPH_PointLight

Name Data Type Data Description
UnsignedInteger (Required) PRC_TYPE_GRAPH_PointLighf

base ContentPRCRefBase (Required) Base information associpted
with the entity

biased_ambient_index UnsignedInteger (Required) ambient_index + 1

biased_diffuse_index UnsignedInteger (Required) diffuse_index + 1

biased_emissive_index UnsignedInteger (Required) emissive_index + 1

biased_specular_index Unsignedinteger (Required) specular_index + 1

location Vector3d (Required) location of light

constant_attenuation_factor | Double (Required) constant light attenuation factor
in the range [0.0,1.0]
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Table 110 (continued)

linear_attenuation_factor Double

the range [0.0,1.0]

(Required) linear light attenuation factor in

quadratic_attenuation_factor | Double

(Required) quadratic light
factor in the range [0.0,1.0]

attenuation

The attenuation factor is defined (like OpenGL) as:

F <« 1/(Cc+ Cl*d +Cg*d*d)

Where:
d= postive distance between the light's position and the
vertex
Cc= constant light attenuation
Cl= linear light attenuation.
Cqg= quadratic light attenuation

8.5]17 PRC_TYPE_GRAPH DirectionalLight

This type defines scene directional illumination.
Table 111 — PRC_TYPE_GRAPH DirectionalLight

Namje Data Type Data Description

Unsignedinteger (Required) PRC_TYPE_GRAPH_DirectionalLight
base ContentPRCRefBase (Required) Base information assdciated with

the entity

biajed_ambient_index | UnsignedInteger. (Required) ambient_index + 1
biaged_diffuse_index Unsignedinteger (Required) diffuse_index + 1
biaged_emissive_index | UnsignedInteger (Required) emissive_index + 1
biaged_specular_index | UnsignedInteger (Required) specular_index + 1
dir¢ction Vector3d (Required) direction of light
intgnsity Double (Required) light intensity, a coeffi¢gient for the

light in the range [0.0,1.0]

8.5{18.PRC_TYPE_GRAPH_SpotLight

This type dellnes scene light from a spot 1llumination, a point, with angle, intensity and attenuation

parameters.
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Table 112 — PRC_TYPE_GRAPH_SpotLight

Name Data Type Data Description
UnsignedInteger (Required) PRC_TYPE_GRAPH_SpotLight

base ContentPRCRefBase (Required) Base information associated
with the entity

biased_ambient_index UnsignedInteger (Required) ambient_index + 1

biased_diffuse_index UnsignedInteger (Required) diffuse_index + 1

biased_emiSsive_index UnsignedInteger (Required] emissive_index + 1

biased_spegular_index UnsignedInteger (Required) specular _index+ 1

location Vector3d (Required) location of light

constant_aftenuation_factor | Double (Required) constant light-attenuation fgctor
in the range [0.0,1.0]

linear_attepuation_factor Double (Required) linear light attenuation factgr in
the range [0.0,10]

quadratic_3attenuation_factor | Double (Required) ~quadratic light attenugtion
factor in¢he range [0.0,1.0]

direction Vector3d (Required) direction of light

fall_off_angje Double (Required) fall_off angle: the maximum
spread angle of the light source in degrees
in the range [0.0,90.0] or 180,0 degrees.

fall_off_exppnent Double (Required) fall_off exponent: integsity

distribution of the light in the range

[0.0,128.0]

The fall_of
of 180 degi

8.5.19 PR

Type defin

— index]

— is_actiyve: sincé\there can be more than one object of this type, this boolen is used to specify if
is therctirrently active scene.

object

— rotatian=Center: This defines the center of rotation of the scenegraph In other words, all ohject

f_angle is the angle between thelaxis of the cone and a ray along the edge of the cone. Av
lees specifies that the light isiemitted in all directions.

[ TYPE_GRAPH_SceneDisplayParameters

bs parameters usedfor/scene visualization, including ambient light and camera.

of line_style: index into the line style array stored in the FileStructurelnternalGloball
Section 8.3.5.2. This-drray contains a list of PRC_TYPE_GRAPH_Style objects.

the scenegraph shall turn around this point if this SceneDisplayParameters is activated.
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Table 113 — PRC_TYPE_GRAPH_SceneDisplayParameters

Name Data Type Data Description
UnsignedInteger (Required)
PRC_TYPE_GRAPH_SceneDisplayParameters
base ContentPRCRefBase (Required) Base information associated
with the entity
is_active Boolean (Required) is_active
number of lights UnsignedInteger (Required) number of lights
lighits Array <PRC_TYPE_GRAPH _light | (Required) (see the sections”¢n the light
objects>[number_of_lights] objects for details)
canljera_defined Boolean (Required) camera_defined is|TRUE if a
camera is defined-
canjera PRC_TYPE_GRAPH_Camera (Optional; if camera_defined is[TRUE)

(see Sectipn 8.5.20 for details)

rotgtion_center_defined Boolean (Required) rotation_center_dlefined is
TRUE\f a rotation_center is defiped

rotgtion_center Vector3d (Optional; if rotational_centen_defined is
TRUE)

nuqlber_of_clipping_planes UnsignedInteger (Required) number of clipping glanes

clipbing_planes Array (Optional; if number_of_clipping_planes >

<PRC_TYPE_SURF_Plane>
[number_of_clipping_planes]

0) (see Section 7.11.13 for detai

s)

index_of_line_style_background | UnsignedInteger (Required) index_of line_style+1
(background)

index_of line_style_default UnsignedInteger (Required) index_of_line_stylet1 (default)

number_default_styles UnsignedInteger (Required) number of defaulf styles per
type

styles Array <Unsignedinteger>[2 | List of (type, line_style_indek+1) pairs

number_default_styles] (see section 7 for a list of base eftities)

is_apsolute Boolean (Required) If (TRUE), the positjon of lights,
camera and clipping planes dre absolute
even when those parameters pelong to a
sub assembly.

8.5]20" PRC_TYPE_GRAPH_Camera

This type defines the camera used in scene visualization. It contains attributes such as its position, view

ang

le, and zoom.
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Table 114 — PRC_TYPE_GRAPH_Camera

Name Data Type Data Description
UnsignedInteger (Required) PRC_TYPE_GRAPH_Camera

base ContentPRCRefBase (Required) Base information associated with the
entity

is_orthographic Boolean (Required) If is_orthographic is TRUE then
projection is orthographic, else perspective.

position Vector3D (Required) position of the camera (3D Positign)

look Vector3D (Required) "look at" point (3D Position)

up Vector3D (Required) up vector (3D Vector)

X Double (Required) field of view anglein radian (X
direction) if is_orthographie\is FALSE, Scalg X if
is_orthographic is TRUE

y Double (Required) field of viéew angle in radian (Y
direction) if is_orthographic is FALSE,, Scalq Y if
is_orthographic is TRUE

ratio Double (Required) ratio of X to Y

clip_near Double (Required) near clipping plane distance fron] the
viewer\(positive value)

clip_far Double (Réquired) far clipping plane distance from| the
wewer (positive value)

Zoom Double (Required) zoom factor (default 1.0)

8.6 Reprdgsentation items

8.6.1 Entity types

Table 115 + Representation items entity types

Type Name Type Value Referenceable

PRC_TYPE_RI PRC_TYPE_ROOT + 230

PRC_TYPE_RI Representationalltem PRC TYPE RI+1 no

PRC_TYPE_RI BrepModel PRC _TYPE RI + 2 yes

PRC_TYPE_RI Curve PRC _TYPE RI + 3 yes

PRC_TYPE_RI(Directioni PRC_TYPE RI + 4 yes

PRC_TYPE_RI_Plane PRC_TYPE_ RI+5 yes

PRC_TYPE_RI PointSet PRC_TYPE RI + 6 yes

PRC_TYPE_RI_PolyBrepModel PRC_TYPE RI+7 yes

PRC_TYPE_RI_PolyWire PRC TYPE_RI + 8 yes

PRC_TYPE_RI Set PRC TYPE RI +9 yes

PRC_TYPE_RI CoordinateSystem PRC_TYPE_RI + 10 yes
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2 PRC.TYPE_RI

This is an abstract base class. When PRC_TYPE_RI class is referenced in this documentation of the PRC
File Format Specification, one of its constituent classes will be physically present in the file.

This is an abstract class to group the following classes:

8.6
8.6

Thi
abs

8.6

Thi

PRC_TYPE_RI Representationltem

PRC_TYPE_RI_BrepModel

PRC_TYPE_RI_Curve
PRC_TYPE_RI Direction
PRC_TYPE_RI Plane
PRC_TYPE_RI_PointSet
PRC_TYPE_RI_PolyBrepModel
PRC_TYPE_RI_PolyWire
PRC_TYPE-RI_Set
PRC_TYPE_RI_CoordinateSystem

3 PRC_TYPE_RI Representationltem

3.1 General

fract type from which any RI type derives and gathers all data common to any RI type.

3.2 RepresentationltemContent

b represents common ddta for all PRC_TYPE_RI entities.

— index_local_coordinate_system represents, if defined with a value other than -1, t
the coordinate'system as stored in FileStructurelnternalGlobalData. The transformat
to position )geometry or tessellation. The general principal is that this tran|

GlobalMatrix x LocalMatrix

5 is an abstract class for all representation items. PRC_TYPE_RI Representationltem denotes the

ne index of
ion is used
sformation

(LocalMatrix) shall be post multiplied by the global matrix to obtain the transformati¢n using:

—index_tessellation represents, if defined with a value other that -1, the index in the

FileTessellation section within a FileStructure

© ISO 2014 - All rights reserved
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Table 116 — RepresentationltemContent

Name Data Type Data Description
base ffC_TYPE_ROOT_PRCBaseWzthGraphz (Required)
. . . (Required)
lr)r:ased_1ndex_local_coordmate_syste UnsignedInteger index_local_coordinate_syste
m+1
biased_index tessellation UnsignedInteger (Required) index_tessellation

4
ol §

8.6.4 PR

This type r

If the brey
topological

A boolean
section, teg

. TYPE_RI BrepModel

ppresents a brep model.

model has a body in the exact geometry section of the FileStructure; the index of
context and the index of the body within the topological context identify the body.

flag indicates if the body is open or closed. Even if there is no bedy in the exact geom
sellation data may represent a closed body.

Table 117 — PRC_TYPE_RI BrepModel

the

etry

Name Data Type Data Description
UnsignedInteger (Required) PRC_TYPE_RI_BrepModel

item_conteht RepresentationltemContent (Required)

exact_geonjetry Boolean (Required) exact_geometry is TRUE if brep
model has a body in the exact geomletry
section of the File Structure ; else FALSH

index_topological_context | Unsignedinteger (Optional; if exact_geometry is TRUE)
Index of the topological context in the exact
geometry section of the File Structure

index_body Unsignedinteger (Optional; if exact_geometry is TRUE)
Index of the body within the topological
context

is_closed Boolean (Required) is_closed is TRUE if the bodly is
closed; else FALSE

user_data UserData (Required) User defined data

8.6.5 PR((TYPE RI Curve

This type represents a curve.

If there is a wire body in the exact geometry section of the FileStructure, the index of the topological
context and the index of the body within the topological context identify the wire body.
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Table 118 — PRC_TYPE_RI_Curve

Name

Data Type

Data Description

UnsignedInteger

(Required) PRC_TYPE_RI Curve

item_content

RepresentationltemContent

(Required)

exact_geometry

Boolean

curve has a wire body in

FALSE

(Required) exact_geometry is TRUE if

the exact

geometry section of the File Structure ; else

index_topological_context | Unsignedinteger

(Optional; if exact_geometry
Index of the topological centext

is TRUE)
in the exact

geometry section of the Fjile Striicture

index_body UnsignedInteger (Optional; if exact/geometry] is TRUE)
Index of the,‘wire body [within the
topological coftext
usel_data UserData (Required)User defined data
8.6/6 PRC_TYPE_RI Direction
This type represents a direction vector with an optional origin. This is used to define an axis.
This entity can be used to define infinite construction lines)
Table 119 — PRC.TYPE_RI Direction
Nanje Data Type Data Description
UnsignedInteger (Required) PRC_TYPE_RI Direction
item_content RepresentationltemCantent (Required)
has|orgin Bit (Required) TRUE if the direction has an origin;
else FALSE
orgin Vector3d (Optional; if has_orgin is TRUH) Direction
origin
dirgction Vector3d (Required) Direction vector
user_data UserData (Required) User defined data

8.6)7 PRCSTYPE_RI Plane

Thig type'represents a construction plane as opposed to a planar surface.

If t} [S] plduc hdb dll dbbULidLCd bUdy ill L‘lle Cxdll gCUIICLY bULLiUll Uf Lile FilUSLl ucture, Lll
topological context and an index of the body within the topological context identify the body.
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Table 120 — PRC_TYPE_RI Plane

Name

Data Type

Data Description

UnsignedInteger

(Required) PRC_TYPE_RI_Plane

item_content

RepresentationltemContent

(Required) Common data

exact_geometry Boolean (Required) exact_geometry is TRUE if
plane has associated body in the B-rep
model; else FALSE

index_topological_context | Unsignedinteger (Optional; if exact geometry is TRUE)
Index of a topological context in thé\exact
geometry section containing the bedy

index_body Unsignedinteger (Optional; if exact_geometry.'is TRUE)
Index of a body withincthe topological
context

user_data UserData (Required) Users defined data

8.6.8 PR(_TYPE_RI PointSet

This type represents a set of 3D points.

Table 121 — PRC_TYPE_RI PointSet
Name Data Type Data Description
UnsignedInteger (Required) PRC_TYPE_RI_PointSet

item_conteht RepresentationltemContent (Required)

number_of|points | UnsignedInteger (Required) Number of points

points Array <Vector3d>[number_of_points] (Required) Array of points in the set

user_data UserData (Required) User defined data

8.6.9 PR(_TYPE_RI PolyBrepModel

This typel represents a .PolyBrepModel defined by the tessellation data stored in [the

RepresentattionltemContent-®boolean flag indicates if the tessellation is closed or open.

Table 122 — PRC_TYPE_RI_PolyBrepModel
Name Data Type Data Description
UnsignedInteger (Required) PRC_TYPE_RI_PolyBrepModel
item_conte lt lr:CIJI CJClltul‘:l'Ulll’tClllCUlll‘:Cllt (chu;l Cd]
is_closed Boolean (Required) is_closed is TRUE if the tessellation
is closed; else FALSE
user_data UserData (Required) User defined data

8.6.10 PRC_TYPE_RI PolyWire

This type represents a PolyWire defined by
RepresentationltemContent.
76

the

tessellation data stored in

the
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Table 123 — PRC_TYPE_RI_PolyWire

Name

Data Type

Data Description

UnsignedInteger

(Required) PRC_TYPE_RI_PolyWire

item_content

RepresentationltemContent

(Required)

user_data

UserData

(Required) User defined data

8.6.11 PRC_TYPE_RI Set

This represents the logical grouping of an arbitrary number of representational items.
Table 124 — PRC_TYPE_RI Set

Nanje

Data Type

Data Description

UnsignedInteger

(Required) PRC_TYPE_RI_Set

iteql_content

RepresentationltemContent

(Required)

nulJlber_of_items

UnsignedInteger (Requiréd}Number of representation items in
the set
representation_items | Array (Required) An array of ary of the

<PRC_TYPE_RI_Representationltem>
[number_of_items]

PRC_TYPE_RI_xx items

user_data

UserData

(Required) User defined data

8.6]12 PRC_TYPE_RI CoordinateSystem

A cgordinate system can have one of two distinct roles

— |As arepresentation item belonging.to the tree of a part definition.

— |An entity to position other'representation items. In this role, the coordinate system e

kists in the

global section of the (FileStructure (see FileStructurelnternalGlobalData and PRC_TYPE_RI

description).
Table 125 — PRC_TYPE_RI_CoordinateSystem
Namje Data Type Data Description
Unsignedinteger (Required) PRC_TYPE_RI_Coordinat¢System

item_content RepresentationltemContent (Required)
(Required)

transform Transjormation PRC_TYPE_MISC_GeneralTransjormation or
PRC_TYPE_MISC_CartesianTransformation

user_data UserData (Required) User defined data

8.7 Markup

8.7.1 Entity types

© ISO 2014 - All rights reserved

77



https://standardsiso.com/api/?name=a860ee9179cd4564c31220e4c153ad48

ISO 14739-1:2014

Table 126 — Markup entity types

Type Name Type Value Referenceable
PRC_TYPE_MKP PRC_TYPE_ROOT + 500

PRC_TYPE_MKP_View PRC_TYPE_MKP + 1 yes
PRC_TYPE_MKP_Markup PRC_TYPE_MKP + 2 yes
PRC_TYPE_MKP._Leader PRC_TYPE_MKP + 3 yes
PRC_TYPE_MKP_Annotationltem PRC_TYPE_MKP + 4 yes

PRC_ TYPE_I\IH(P_AnnotationSet PRC_ TYPE_MKP + 5 yes
PRC_TYPE_MKP_AnnotationReference PRC TYPE MKP + 6 yes

8.7.2 PR(_TYPE_MKP

This is the

basic type for all 3D markups (annotations). Markups are non-geometric entities that]

aid

viewers in understanding PRC model geometry. Markup types and subtypes include notes, dimensi¢nal

annotations, geometric tolerance blocks, and weld symbols. Markups are linked to items, such as
geometry gr assemblies. Markups may be attached to linked items by leaders (leader lines) for clarity.

Markups
markup. [

ay contain tesselation data as patterns to define a vectorized picture incorporated in
this version, only the following entities may incorporate‘tesselated data: polyline, triangles,

color, line gtyle, points, polygon, line width.
8.7.3 PR(_TYPE_MKP_View

3D markupgs can be grouped into views that are associated with planes in which markup annotations

hbart

the

lie.

A view conptains an array of annotation entities. A“view can also define visibilities and positionf of

entities.
Table 127'==PRC_TYPE_MKP_View
Name Data Type Data Description
Unsignedinteger (Required) PRC_TYPE_MKP_View
base PRG-TYPE_ROOT_PRCBaseWithGraphics | (Required) See Section 8.2.4 for defails.

number_of|annotations UnsignedInteger (Required) Number of annotations

annotationp Array <ReferenceUniqueldentifiers> | (Required) Unique identifiers | for
[number_of annotations ] annotation entities

annotation| plane PRC_TYPE_SURF_Plane (Required) See Section 8.11.13 for Hata

definition.

has_parameters

Boolean

(Required)

scene_display_parameters

scene_display_parameters:

SceneDisplayParameters

(Optional if has_paramaters is TRUE)
See Section 8.5.19 for data definition

is_annotation_view Boolean (Required) If TRUE then view is an
annotation view
is_default_view Boolean (Required) If TRUE the view is the

default view
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is_direction Boolean (Required) If TRUE the plane is only
indicating a direction

number_of linked_items UnsignedInteger (Required) Number of linked items in
markup view

linked_items Array <ReferenceUniqueldentifiers> | (Required) Unique identifiers of linked

[number_of linked_items]

items

number_of filters UnsignedInteger (Required) Number of display filters
filtdrs Array <PRC_TYPE_ASM _Filter> | (Required) Display Filteris

[number_of filters]
user_data UserData (Required) User defined data
Deflnition of ReferenceUniqueldentifier: reference_in_same_file_structure indicates whether the object is

int

ne same file structure.

Table 128 — ReferenceUniqueldentifier

Namje Data Type Data Description
UnsignedInteger (Required) PRC_TYPE_MISC_ReferenceOnPRCBase
type UnsignedInteger (Required) Reference type
refdrence_in_same_file_structure | Boolean (Required) reference_in_same_ﬁle_strqcture
target_file_structure: CompressedUniquelD | (Optional; if reference_in_same_file_sh‘ucture is
TRUE)
See Section 8.2.2 for details
unique_id Unsignedinteger (Required) Unique_identifier for entity
8.714 PRC_TYPE_MKP Markup
This is the Basic type forSimple markups. Each markup is defined by a type and a sulbptype. For
instance, a markup may be of the type "dimension" and the subtype "dimension radius edge] indicating
that this annotation points to the radius arc of the edge of an object.
Markup types areas)follows:
Table 129 — Markup types
Enqm label Description (value)
KEPIRCMarkupType_Unknown Unknown value (0)
KEPIRCMarkupType_Text Plain text (D
KEPRCMarkupType_Dimension Dimension (2)
KEPRCMarkupType_Arrow Arrow (3)
KEPRCMarkupType_Balloon Balloon (4)
KEPRCMarkupType_CircleCenter Center of Circle (5)
KEPRCMarkupType_Coordinate Coordinate (6)
KEPRCMarkupType_Datum Datum (7)
KEPRCMarkupType_Fastener Fastener (8)
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Table 129 (continued)

KEPRCMarkupType_Gdt

Geometric Dimensioning and Tolerance (GD&T) Block

(9)

KEPRCMarkupType_Locator

Locator (10)

KEPRCMarkupType_MeasurementPoint

Point (11)

KEPRCMarkupType_Roughness

Roughness (12)

KEPRCMarkupType_Welding

Welding (13)

KEPRCMark'up Type_Table

Table (15)

KEPRCMarkIupType_Other

Other (16)

Markup sybtypes are as follows:

Table 130 — Markup subtypes

Enum label

Description (value)

KEPRCMarklupSubType_Datum_Ident

Datum Identifier subtype. (1)

KEPRCMarkiupSubType_Datum_Target

Datum Target subtypé (2)

KEPRCMarkiupSubType_Dimension_Distance

Distance DimenSsion (1)

KEPRCMarkiupSubType_Dimension_Distance_Offset

Dimension @ffset distance (2)

KEPRCMarkiupSubType_Dimension_Distance_Cumulate

Dimension cumulative distance (3)

KEPRCMarkiupSubType_Dimension_Chamfer

Dimension chamfer callout (4)

KEPRCMarkiupSubType_Dimension_Slope

Dimension slope (5)

KEPRCMarkiupSubType_Dimension_Ordinate

Dimension ordinate (6)

KEPRCMarkiupSubType_Dimension_Radius

Dimension radius (7)

KEPRCMarkiupSubType_Dimension_Radius_Tangent

Tangent radius dimension (8)

KEPRCMarkiupSubType_Dimension_Radius_CyIinder

Cylinder radius dimension (9)

KEPRCMarkiupSubType_Dimension_Radius_Edge

Radius edge dimension (10)

KEPRCMarkiupSubType_Dimension_Diameter

Diameter dimension (11)

KEPRCMarklupSubType_Dimension_Diameter_Tangent

Tangent diameter dimension (12)

KEPRCMarkupSubType \Dimension_Diameter_Cylinder

Cylinder diameter dimension (13)

KEPRCMarklupSubType_Dimension_Diameter_Edge

Diameter edge dimension (14)

KEPRCMarkiupSubType_Dimension_Diameter_Cone

Cone diameter dimension (15)

KEPRCMarkupSubType_Dimension_Length

Length dimension (16)

KEPRCMarkupSubType_Dimension_Length_Curvilinear

Curvilinear length dimension (17)

KEPRCMarkupSubType_Dimension_Length_Circular

Circular length dimension (18)

KEPRCMarkupSubType_Dimension_Angle

Angle Dimension (19)

KEPRCMarkupSubType_Gdt_Fcf

Geometric Dimensioning and Tolerancing (1)

KEPRCMarkupSubType_Welding_Line

Welding line (1)

KEPRCMarkupSubType_Welding_Spot

Welding Spot (2)
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Table 130 (continued)

KEPRCMarkupSubType_Other_Symbol_User Symbol User (1)
KEPRCMarkupSubType_Other_Symbol_Utility (2)
KEPRCMarkupSubType_Other_Symbol_Custom 3)

KEPRCMarkupSubType_Other_GeometricReference

Geometric Reference (4)

index_tessellation represents, if defined (by specifying a value other than -1), the index of the

tesdellation in the tessellation section of the file structure. I1his index should, goint to a
PRC_TYPE_TESS_Markup type object associated with this markup.
Table 131 — PRC_TYPE_MKP_Markup
Nanje Data Type Data Descriptipn
UnsignedInteger (Required)

PRC_TYPE_MHKP_Markup

base PRC_TYPE_ROOT_PRCBaseWithGraphics (Required) dee Section
8.2.4 for details

magrkup_type UnsignedInteger (Required) type

markup_subtype UnsignedInteger (Required) sup_type

number_of linked_items UnsignedInteger (Required)
number_of_linked_items

linKed_items Array <ReferenceUniqueldentifiers> | (Required) Unique

[number_of_linked_items]

identifiers for{each linked

item
number_of_leaders UnsignedInteger (Required)

number_of ldaders
leaders Array <ReferenceUniqueldentifiers> | (Optional; if

[number_of leaders]

number_of _lgaders > 0)

Unique iderntifiers for

each leader
biaged_index_tessellation{’ Unsignedinteger (Required)

index_tessellation + 1
usel_data UserData (Required) Uger defined

data

8.7)5 “PRC_TYPE_MKP_Leader

This is the basic type for a 3D markups leader. Leaders attach the markup annotation item to the

annotation reference.
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Table 132 — PRC_TYPE_MKP_Leader

Name Data Type Data Description
UnsignedInteger (Required) PRC_TYPE_MKP_Leader
base PRC_TYPE_ROOT_PRCBaseWithGraphics | (Required)

first_linked_item

ReferenceUniqueldentifiers

(Required) Unique identifiers for each
linked item

is_second_linked_item

Boolean

(Required) is_second_linked_item is
TRUE if there is a second linked item

|
second_linlLed_item

ReferenceUniqueldentifiers

]
(Optional; if is_second_linked_itenL is
TRUE) Unique identifiers for) seqond
linked item

biased_ind¢x_tessellation

UnsignedInteger

(Required) index_tessellation + 1

user_data

UserData

(Required) User defined data

8.7.6 PRC |[TYPE_MKP_Annotationltem

This sectioh contains the

data for a single annotation item.

Table 133 — PRC_TYPE_MKP_Annotationltem

Name Data Type Data Description
UnsignedInteger (Required) PRC_TYPE_MKP_Annotationltem
base PRC_TYPE_ROOT_PRCBaseWithGraphics (Required)
unique_id ReferenceUniqueldentifier (Required) Unique identifier for the annotdtion
item
user_data UserData (Required) User defined data

8.7.7 PR({_TYPE MKP_AnnotationSet

An annotafion set is a group of ‘annotation items or subsets. For example, a tolerance defined by a
datum and|a feature control frame are described by an annotation set with two annotation items, where

the items point respectivelyfo a markup of type "datum" and a markup of type "feature control framie.

Table 134 — PRC_TYPE_MKP_AnnotationSet

n

Name Data Type Data Description
UnsignedInteger (Required) PRC_TYPE_MKP_AnnotatioPSet
base PRE-FYPE-ROOT-PRCBuseWithGruphics Required) |

number_of annotations

UnsignedInteger

(Required) Number of entities in the
annotation set

annotations Array <AnnotationEntity> (Optional; if number_of annotations > 0)
[number_of annotations] For each entity in the annotation set.
user_data UserData (Required) User defined data

The AnnotationEntity entry above will be one of the type:

PRC _TYPE_MKP Annotationltem or

PRC_TYPE_MKP_AnnotationSet or PRC_TYPE_MKP_AnnotationReference.
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An annotation reference stores explicit combinations of markup data with modifiers that can then be
used to define other annotations. An example would be a feature control frame.

Table 135 — PRC_TYPE_MKP_AnnotationReference

Name Data Type Data Description
UnsignedInteger (Required)
PRC_TYPE_MKP_AnnotationReference
basF PRC_TYPE_RUUT_PRCBaseWithGraphics (Required)
nurJlber_of_linked_items Unsignedinteger (Required) Number., of linked items
in the annotation'referenjce
linKed_items Array <ReferenceUniqueldentifiers> (Optional; if

[number_of linked_items]

numberof linked_items > 0) List

of the identifiers of the
in the reference

inked items

8.8| Tessellation

8.8{1 Entity Types

Table 136 — Tessellation entity types

Typle Name Type Value Referenceable
PRCI TYPE_TESS PRC_TYPEROOT + 170 no
PRC| TYPE_TESS_Base PRC TYPE_TESS + 1 no
PRCI TYPE_TESS_3D PRC.TYPE_TESS + 2 no
PRCI TYPE_TESS_3D_Compressed PRC_TYPE_TESS + 3 no
PRC| TYPE_TESS_Face PRC TYPE_TESS + 4 no
PRC| TYPE_TESS_3D_Wire PRC_TYPE_TESS + 5 no
PRC| TYPE_TESS_Markup PRC_TYPE_TESS + 6 no

8.812 PRC_TYPE-TESS

8.813 PRC<TYPE_TESS Base

Absftract root type for any tessellated entity.

8 8 4 LontentBacaTeoeccData

T COMTCCTICD OO CT COODUTO

This base class stores the coordinates of the tessellated data.

The interpretation of the coordinates data depends upon the entity type containing this array. See

PRC_TYPE_TESS_3D,

PRC_TYPE_TESS_3D_Compressed,

PRC_TYPE_TESS 3D _Wire, or

PRC_TYPE_TESS_Markup for a description of the interpretation of the coordinates array within these

contexts.
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Table 137 — ContentBaseTessData

Name

Data Type Data Description

is_calculated Boolean

during import or read directly from
native CAD file.

(Required) is_calculated is a flag denoting
whether the tessellation was calculated

the

number_of_coordinates | UnsignedInteger (Required) number_of_coordinates

represents the number of doubles in
coordinate array.

the

coordinate

3 Array <Double> | (Required) coordinates is an array
[number_of _coordinates] doubles.

of

8.8.5 PR

' TYPE_TESS_3D

8.8.5.1 General

A PRC.TY
(PRC_TYPE
face does 1
tessellatioy

The follow

84

The C
tessell
during
as the

numb

normad
as the
values
requir

numb

triang
normg
point

interpi

PETESS 3D entity contains tessellation data for an ordered collection of f
| TESS_Face) as well as tessellation data for the wire boundarigs.of the faces. The notio
ot necessarily reflect that the data comes from geometricaldaces; it is also possible to s
data within this entity which are an unordered set of triangles.

ng is a description of the data in the file:

bntentBaseTessData class defines the number_of; coordinates and coordinates of
htion data. It also defines a flag, is_calculated,“indicating whether the data was calculd
import or comes directly from a CAD system:-Data in the coordinates array are interpré
X, y, and z coordinates of the 3D points for-the entire tessellation.

br_of_normal_coordinates is size of the normal_coordinates array

1_coordinates is an array of doubles. Data in the normal_coordinates array are interpr¢
(nx, ny, nz) values of a normal vector at a 3D point. A 3D point may have multiple non
each associated with a different triangle within the tessellated data. The nomal vector is
bd to be a unit normal and may be of arbitrary length.

er_of_triangulated.indices is the size of the triangulated_index_array.

ulated_index_array is an array of integers which are an index into the coordinate:
1_coordinates arrays. Because these arrays represents triples of numbers of the (x,y, z)
br thes(nx, ny, nz) values of a normal vector, the index is always a multiple of 3.

etation of the data in this array is described below.

\ces
h of
ore

the
ited
ted

rted
mal
not

5 or
of a
The

number_of_wire_indices is the size of the wire index array

wire_indices are indices into the coordinates array. The indicies in this array are grouped into the
indices for a wire contour of the face. The array wire_index within the PRC_TYPE_TESS_Face
indicates the start of the wire for each of the wire contours within a specific face.

has_fa

ces is TRUE if this entity is built using geometrical faces.

has_loops is TRUE if this entity is built using geometrical faces and loops (wires of faces denote the

loops).
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number_of_face_tessellation_data is the faces in the array of face_tessellation_data
face_tessellation_data an array of PRC_TYPE_TESS_Face objects
Number_of_texture_coordinates is the size of the texture coordinate array
Texture_coordinates texture coordinate (see PRC_TYPE_GRAPH_TextureApplication)

crease_angle is the threshold angle between two faces.

two triangles; otherwise, two distinct normals will exist.

If must_recalculate_normals is set to TRUE, the normals shall be recalculated at'loading
to the crease_angle. In this case, no normal indices are stored in the triangulated_indes
the normal_coordinate array size is set to 0.

vever, all the indices stored in PRC _TYPE_TESS Face are mot affected by thd

5t_recalculate_normals. Specifically, used_entities_flag and ‘start_triangulated ar
mal indices were stored.

a flag used_entities_flag = PRC_FACETESSDATA_Triangle, andWwith must_recalculate_normals = T|

number_normal_coordinates = 0; (It Would be{12 with must_recalculate_normals = FA
number_of _coordinates = 12;
number_of_triangulated_indicies = 6:(It Would be 12 with must_recalculate_normals 3

all of the data for PRC_TYPE_TESS Face is identical regardless of the must_recalculat
flag setting.

basic tessellation data consists of

an array coordinates.representing the (X, y, z) coordinates of the 3D points ot the tessell
an array normal’coordinates representing the (nx, ny, nz) components of normal vec

points; a given point may have multiple normal vectors, one for each vertex of the p
triangularization data of the tessellation;

39-1:2014

Tangles 15 calqulated and

m recalculating the normals at points, the angle between two adjacent tr
pared to the crease_angle. If it is below crease_angle, the normal would be shared at thiis point for

F according
_array and

value of
e set as if

E When storing a tessellation data with two faces, with oné.triangle each that have a common edge, both

RUE, this is

|SE)

FALSE)

e_normals

ation;

tors at the
oint in the

hrray \triangulated_index_array of indicies into either the coordinates or normal_cqordinates

array. The entries in this array are grouped into one of the types of triangularization

data (PRC

Tessellation Type).

The type of triangularization defines the sequence and type of data (point or normal) of the
triangularization data. For instance, a PRC_FACETESSDATA_Triangle is described with 6 indices
(normal, point, normal, point, normal, point). Note that it is mandatory to specify at least one

normal per triangularization data.

The order of tessellated faces in face_tessellation_data defines the order of PRC_TYPE_TESS_3D
triangularization data in the triangulated_index_array. The triangularization data for the first face

is first in the triangulated_index_array, followed by the data for the second face, etc.
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— The triangularization data within a face consists of multiple triangulations. Each triangulation is of
one of the types described in PRC Tessellation Types and identical types are grouped together.
The bit fields of the used_entities_flag indicates if that type of triangularization data is present in
the triangularization data for the face and the order of the bit fields from low to high (0 to 31)
indicate the order of data in the TriangulatedData array. See PRC_TYPE_TESS_Face for a description

of the face data.

A face tessellation corresponds to a geometrical face if faces are used (as denoted by has_faces).
Otherwise, it is a large container that can be used for any tessellated data.

Wire_indi

nnnnn i 1a-dicl 2| crxilbin o acal TALIIE caorntaile < DR TVDL TRCC 2N Ao nd
LCO dI'CU UIIU TIIUICICO ULoUl lUllls CIIC TAUU O VWIT'C CUIILUULI O, JCUC T'INU_1T'1I'T'Li_ T LIOJ_JU_Vvirc
PRC_TYPE_[TESS_Face for respective descriptions of how to interpret the data in the wire_indices arfay.

Texture coprdinates are also to be interpreted according to the final graphics of each face_tessellatjon.

Those graphics are specified either in face_tessellation or by the representation item ‘ewning

the

PRC_TYPE_TESS_3D. Then, the graphics will correspond to a texture with an appropriate numbefr of

coordinatep as explained in PRC_TYPE_GRAPH_TextureApplication type description.

Table 138 — PRC_TYPE_TESS_3D

Name Data Type Data Description
UnsignedInteger (Required) PRC_TYPE_TESS_3D
tessellation_coordinates ContentBaseTessData (Required) tessellation coordingtes
has_faces Boolean (Required) has_faces
has_loops Boolean (Required) has_loops
must_calcu]ate_normals Boolean (Required) must_calculate_cormlals
normal_redalculation_flags Character normal_recalculation_flags
crease_angle Double (Optional; if
must_calculate_normals is TRUE)
crease_angle
number_of[normal_coordinates | Unsignedlnteger (Required)
number_of_normal_coordinated
normal_coqrdinates Arrvay<Double> (Required) normal_coordinates
[Aumber_of normal_coordinates]
number_of|wire_indices UnsignedInteger (Required) number_of_wire_indices
wire_indicgs Array <Unsigninteger> | (Required) wire_indices

[number_of wire_indices]

number_of|triangulated_ indicies |Unsignedinteger (Required)
number_of_triangulated_indicig¢s
triangulateld_index:array Array<UnsignedInteger> (Required)

[number_of_triangulated_indicies]

triangulated_index_array

number_of face—tesselHation

11 . L SR
UIISIEIITUIIIICETT

(chuil Cd)
number_of face_tessellation

face _tessellation_data

Array <PRC_TYPE_TESS Face>
[number_of _face_tessellation]

(Required) face_tessellation_data

number_of_texture_coordinates | Unsignedinteger (Required)
number_of_texture_coordinates
texture coordinates Array <Double> | (Required) texture coordinates

[number_of_texture_coordinates]
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Table 139 — PRC tessellation types

Value Enum Description

0x4000 | PRC_FACETESSDATA_NORMAL_Single If this flag is set, the corresponding OneNormal

0000 entity (see PRC Tessellation Types) is planar and
only one normal is defined for the entity.
Otherwise, one normal per point is defined. This
flag is only used for
PRETFACETESSPATA*OmreNormatentities

0x0p01 | PRC_FACETESSDATA_Polyface Not used

0x0p02 | PRC_FACETESSDATA Triangle described with 6 indices
(normal,point,normal,pointnormal,point).

0x0p04 | PRC_FACETESSDATA TriangleFan described with 2*n “indices (normalpoint,.
,normal,point).

0x0p08 | PRC_FACETESSDATA _TriangleStripe described with-\2*n indices (norm#lpoint,..
,normal,point).

0x0P10 | PRC_FACETESSDATA_PolyfaceOneNormal Not used

0x0p20 | PRC_FACETESSDATA TriangleOneNormal described with 4 indices
(normal,point,point,point).

0x0p40 | PRC_FACETESSDATA TriangleFanOneNormal described with n+1 indices (normal,poinjt,point,...,
point) if PRC_FACETESSDATA_NORMAL|Single is
set
described with 2*n indices (normglpoint,..
,normal,point) if
PRC_FACETESSDATA_NORMAL_ Single is not set, in
which case normal is to be interpreted a} triangle
normal (last normal is repeated)

0x0p80 | PRC_FACETESSDATA TriangleStripeOneNorma | Described with n+1 indices

1 (normal,point,point,..., point) if

PRC_FACETESSDATA_NORMAL_Single is|set
Described with 2*n indices (normalpoint,..
,normal,point)if
PRC_FACETESSDATA_NORMAL_ Single is ot set, in
which case normal is to be interpreted a} triangle
normal (last normal is repeated)

0x0[100« [\PRC_FACETESSDATA_PolyfaceTextured Not used

0x0R00” | PRC FACETESSDATA TriangleTextured This is the same as

PRC_FACETESSDATA _Triangle except that there
are texture coordinate indices between normal
and point indices.

The variable
number_of texture_coordinate_indexes in
PRC_TYPE_TESS_Face specifies the number of
indices.

For example, a simple triangle with one texture
coordinate index is described by
(normal,texture,point,normal,texture,point,norm
al,texture,point).
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Table 139 (continued)

0x0400

PRC_FACETESSDATA _TriangleFanTextured

This is the same as
PRC_FACETESSDATA TriangleFan except that
there are texture coordinate indices between
normal and point indices.

The variable
number_of _texture_coordinate_indexes in
PRC_TYPE_TESS_Face specifies the number of
indices.

For—exampte—a—trianglte—fan—with—ene—textur
coordinate index is described bly
(normal,texture,point,normal,texture,point,normn
al,texture,point).

0x0800

I3

RC_FACETESSDATA_TriangleStripeTextured

This is the same as
PRC_FACETESSDATA _TriangleStripe except thd
there are texture coordinate indices betweeh
normal and point indices:

The variabl
number_of _texture_coordinate_indexes in
PRC_TYPE_TESS Face specifies the number (
indices.

ot

[¢”]

=

For example, a triangle stripe with one textur
coordinate index is described by
(normal,texture,point,normal,texture,point,...,not
mal,texture,point).

[¢°]

0x1000

H

—

RC_FACETESSDATA_PolyfaceOneNormalTextu
ed

Not used

0x2000

=

RC_FACETESSDATA _TriangleOneNormalTextu
ed

This is the same as
PRC_FACETESSDATA _TriangleOneNormal excepf
that there are texture coordinate indices betwee
normal and point indexes.

The variabl|
number_of _texture_coordinate_indexes i
PRC_TYPE_TESS_Face specifies the number d
indices.

=)

= = 0

[¢]

For example, a simple triangle with one textur]
coordinate index is described bly
(normal,texture,point,texture,point,texture,point)
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Table 139 (continued)

0x4000 | PRC_FACETESSDATA TriangleFanOneNormalT | This is the same as
extured PRC_FACETESSDATA _TriangleFanOneNormal
except that there are texture coordinate indices
between normal and point indexes.

The variable
number_of _texture_coordinate_indexes in
PRC_TYPE_TESS_Face specifies the number of
indices.

I 1 daai 1 £ aelo
TUT— CAdIITPTC,—d- U TdITgIC Tall Vit UIT texture

coordinate index is described as follows:

(normal,texture,point,... ,normaltexture[point) if
PRC_FACETESSDATA_NORMAL,_Single is|not set.

(normal,texture,point,... Jtexture,point) if
PRC_FACETESSDATA_NORMAL_Single is|set.

0x8p00 | PRC_FACETESSDATA TriangleStripeOneNorma | This is the same as
ITextured PRC_FACETESSDATA_TriangleStripeOneNormal

except that there are texture coordinate indices
between‘ormal and point indexes.

The variable
number_of _texture_coordinate_indexe¢s in
RPRC_TYPE_TESS_Face specifies the nymber of
indices.

For example, a triangle stripe with ong texture
coordinate index is described as follows:

(normal,texture,point,... ,normal,texture[point) if
PRC_FACETESSDATA_NORMAL_Single is|not set.

(normal,texture,point,... J<texture,point) if
PRC_FACETESSDATA_NORMAL_Single is|set

8.816 PRC_TYPE_TESS_Face

8.816.1 General

Thi represents<tessellation data for a face. An entity of this type only exists in a PRC File bpcause it is
refdrenced by~a PRC_TYPE_TESS_3D. The coordinates, normals, and indices of the triangulated data are
found in the*PRC_TYPE_TESS_3D which references this entity.

The following is a description of the variables in the file:

— Si1zZe_of_line_attributes 1s the number of entries 1n line_attributes

— line_attributes is an array of line styles

— start_of wire_data represents the starting index for the wire data in the array of wire_indices of
the PRC_TYPE_TESS_3D entity. Using sizes_wire, and start_of wire_data determines where to
retrieve wire point coordinates.

— size_of_sizes_wire is the number of entries in sizes_wire

— sizes_wire is an integer array of the number of indices for each wire edge of this face. The indicies
are stored in the array wire_indicies within the PRC_TYPE_TESS_3D entity containing this face.
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— used_entities_flag is a flag that indicates the types of triangulated entities in the array
triangulateddata; the various bits of this flag are defined in PRC Tessellation Types; the order is the
same as the order defined in the table of PRC_TessellationTypes.

— start_triangulated represents the starting index for the triangulated data of this face within the
array triangulated_index_array of the PRC_TYPE_TESS_3D entity containing this face.

— size_of_triangulateddata is the number of entries in the array triangulateddata.

— triangulateddata is an integer array describing the tessellation data for a face. See below for a
descrijtion of the data within this array.

— number_of_texture_coordinate_indexes represents the number of texture coordinate’indjces
(see PRC Tessellation Types).

— has_vértex_colors is a flag indicating if colors are stored directly in the vertices:\Either there i$ no
color fpr the vertices, or every vertex shall have a color.

— behavjor denotes the graphics behaviour, such as inheritance, for the entity in the tree owningfthe
face tgssellation, as described in behavior_bit_field of GraphicsContent section. Note that this is
not relevant if size_of_line_attributes is 0 (meaning that there ate no graphic attributes for|the
face).

The tessellption data for a face consists of a number of triangulatiohs. Each triangulation is of one of{the
types described in PRC Tessellation Types. The bit fields of theused_entities_flag indicate if that tyge of
triangularigation data is present and the order is the 'same as the oder defined in the tabl¢ of
PRC_TessellationTypesif such data is present.

The firstf entry of the triangulateddata, . array indicates the number of triangles
(PRC_FACHTESSDATA _Triangle); other entries will indicate the number of the entities of that fype
followed by number of points used by that entify type.

For example, consider a face whose tessellation data contains 5 triangles, two fans of 5 and 7 indices,
and 1 stripp of 11 indices. In this case,

— used_¢ntities_flag = PRC FACETESSDATA_Triangle & PRC_FACETESSDATA_TriangleFan| &
PRC_FACETESSDATA_TriangleStripe

— start_{riangulated =_index into triangulated_index_array of the start of data for this face; [this
would |be 0 for a singleface in a PRC_TYPE_TESS_3D entity.

— triangulateddata = (5,2,5,7,1, 11)

size_of ling_attributes can have one of following values.

— 0 if there are no graphics. In this case, all graphics are inherited from the owner of the
PRC_TYPE_TESS_3D data.

— 1lifthere is one graphic associated with the whole face tessellation data.
— 2 or higher : in this case, the number of graphics entities must be equal to the number of entities
stored in the current face. For instance, if the face contains 3 triangles, 2 fans and 7 stripes, this

number shall be set to 12.

The size of a wire edge of a FaceTessData is limited to 16383 (0x3FFF) points. For wire edges, two flags
denote the drawing behaviour (see Special flags for 3DwireTessData wire tessellation.).
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For example, if there are two loops having 2 and 1 wire edges, respectively: For the first loop, the first
edge would have 10 points and the second edge would have 20 points. For the second loop there would
be 12 points. The array would be [10, 20 | PRC FACETESSDATA_WIRE_IsClosing, 12 |
PRC_FACETESSDATA_WIRE_IsClosing] Note that the indices for the edge extremes are always stored.
Therefore, the 10th point of the first edge should be at the same location as the first point of the second
edge.

In the cases where the tessellation type contains one normal, the number of points is combined with the
flag PRC_FACETESSDATA_NORMAL_Single. Hence the number of points is always limited to 0x3FFFFFFF
whatever the PRC tessellation type for FaceTessData.

Table 140 — PRC_TYPE_TESS_Face

Nanje Data Type Data Description
UnsignedInteger (Required) PRC_TYPE_TESS_Hace

sizel of line_attributes UnsignedInteger (Required) size_of_line_attributes

line attributes Array <Unsignedinteger> | (Required)\” array of line_attributes
[size_of_line_attributes] where each enfry is

(index of line_style+1 ) into the array
ofline styles (see GraphicsCoptent).

stant_of_wire_data UnsignedInteger (Required) start_of_wire_data
sizel of sizes_wire UnsignedInteger (Required) size_of_sizes_wire
sizes_wire ArrayOf[Unsignediuteger> | (Required) sizes_wire
[size_of_sizes_wire]
usefl_entities_flag UnsignedInteger (Required) used_entities_flag
stant_triangulated Unsignédinteger (Required) start_triangulated
size of_triangulateddata UnsignedInteger (Required) size_of_TriangulPtedData
triapgulateddata ArrayOffUnsignedInteger> | (Required) triangulatedDatJl
[size_of_triangulateddat
a]
number_of_textured_coordinate)index | UnsignedInteger (Required)
es number_of _textured_coordijnate_index
es
has|vertex_colors Boolean (Required) has_vertex_coloxs
vertex color data VertexColors (Required) vertex color data
behpvior UnsignedInteger (Optional; if size_of_line_attributes > 0)
behavior

8.8.6.2 Face Wire Tessellation Flags

Table 141 — Face Wire Tessellation Flags

Value Enum Description
0x4000 | PRC_FACETESSDATA_WIRE_IsNotDrawn Indicates that the edge should not be drawn
0x8000 | PRC_FACETESSDATA_WIRE_IsClosing Indicates that this is the last edge of a loop.
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8.8.7 PRC_TYPE_TESS_3D_Wire

8.8.7.1 General

Tessellatio

n for a 3D wire edge

The following is a description of the variables in the file:

— The ContentBaseTessData class defines the number_of coordinates and coordinates of the
tessellation data. It also defines a flag, is_calculated, indicating whether the data was calculated
during import or comes directly from a CAD system. Data in the coordinates array is interpreted as

the x, y
— numb
— wire_i

— has_vg
color f

If number
number_o
specifying
indicies de

indices shalll be a multiple of 3.

The numb

The flag is
— if the
(PRC_3

— if thdg
(PRC_]

T aTd Z coordimnates of the 3D poimts i the tesseliation.

er_of wire_indexes is the number of integers in the wire_indexes array.

ndexes is an array of integers which is defined below.

rtex_colors is a flag indicating if colors are stored directly in the vertigces: Either there i

br the vertices, or every vertex shall have a color.

f_ wire_indexes is not zero, the array wire_indexes defines a“sequence of wire edge;
the number_of_indices_per_wire_edge followed by the dndicies for that wire edge.
fine the index into the coordinates array for the (x, y, z)<f a point along the wire edge.

br_of_indices_per_wire_edge is an encoded 32'bit integer containing the following:

Flag | Number_of indicies_per wire_edge

fhe leftmost 4 bits and is interpreted using 3D Wire Tess Flags to indicate

first point of this wire should be linked to the last point of the preceeding Y
DWIRETESSDATA_IsContinuous)

last point of this® wire should be linked to the first point of this
DWIRETESSDATA1sClosing)

Table 142 — PRC_TYPE_TESS_3D_Wire

| of wire_indexes is zero, the tessellation coordinates represents a single wire edge.

b NO

by
The
The

Vire

vire

Name Data Type Data Description

UnsignedInteger (Required) PRC_type_tess_3D_wire
tessellation_coordinates | ContentBaseTessData (Required) tessellation_coordinates
number_of _wire_indexes | UnsignedInteger (Required) number_of_wire_indexes
wire_indexes Array <Integer> | (Required) wire_indexes

[number_of wire_indexes]
has_vertex_colors Boolean (Required) has_vertex_colors
vertex color data VertexColors (Optional; if has_vertex_colors is TRUE)

vertex color data
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— color_data is a sequence of characters indicating the RGB or RGBA values for each of the vertexes
or segments in the tessellation.

The number_of_colors stored in the color_data must be calculated from the number of point indices

— found in the wire_indexes array in the case of a PRC_TYPE_TESS_3D_Wire

— found in the sizes_triangulated in the case of a PRC_TYPE_TESS_Face

Table 143 — VertexColors

Nanje Data Type Data Description

is_rgba Boolean (Required) is_rgba isTRUE implies|the color is
4 characters (RGBA)yFALSE implieg the color is
3 characters (RGB).

is_segment_color | Boolean (Required) is_segment_colgr: . If
is_segment_color is FALSE, there if a color for
every pointin the appropriate array; otherwise,
there is.a color for every segment {n the array.
It is\important to remember that in]plicit points
shall also have a color. An implicjt point is a
point that is implied in the sequence of wire
points but is not stored in the file, sjich as when
a wire is of type
PRC_3DWIRETESSDATA_IsClosing (ile. last point
connects to first point, but the first|point is not
repeated in the file)

b_optimized Boolean (Required) b_optimised: reserved for future
use; it should always be FALSE.

colgr_data ColorData (Optional; if b_optimized is FALSE)

8.817.3 ColorData

Table 144 — ColorData

Namje Data Type Data Description

first_vertex Color (Required) Color of first vertex; is_rgba
indicates either 3 characters (FALSE) or 4
characters (TRUE)

remaining vertices | Array<ColorDataRemainder> (Required) Color of remaining vert¢xes

[nnmher_nf_r-nlnrc 1]
8.8.7.4 ColorDataRemainder
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Table 145 — ColorDataRemainder

Name Data Type Data Description
is_same Boolean TRUE implies this entry has the same color as
the previous one
color Color (Optional; if is_same is FALSE) Color of vertex;
is_rgba indicates either 3 characters (FALSE)
or 4 characters (TRUE)
8.8.7.5 3D Wire Tess Flags
Table 146 — 3D Wire Tess Flags
Value Enum Description
0x10000000 | PRC_3DWIRETESSDATA _IsClosing Indicates that the first point is implifitly
repeated after the last oné\t6 close the wire gdge.
0x20000000 | PRC_3DWIRETESSDATA_IsContinuous Indicates that the Jast“point of the precefling
wire should be linked with the first point of the
current one.
8.8.8 PR({_TYPE_TESS_Markup

8.8.8.1 General

Contains information describing the graphical behaviorfor the tessellation associated to a markup

(PRC_TYPE|
The tessell
The codes

| MKP_Markup).
htion of a markup uses two arrays containing the codes and the coordinates.

hirray contains a description of the.ehtities used in the tessellation.

The coordinates array (ContentBaseTessData) contains point coordinates as well as other floating ppint

values usedl by entities.

Each entity has at least two codes, The first code contains the entity type and the number of spefific
inner codep. The second code is thé number of doubles (coordinates) for this entity. These doubles|are

located in

— The (]
tessell
coord

elements ofia matrix.

— numb

e coordinates array

bntentBaseTessData class defines the number_of coordinates and coordinates of [the
htion datas-In the case of markup, the flag is_calculated, is meaningless. Data in |the
nates afray is normally interpreted as x,y,z data, but can also contain data such as th¢ 16

pr—of codes specifies the size of the code array

— code_numbers is an integer array of code numbers for the markup entity

— number_of_text_strings specfies the size of the string array

— text_strings is an array that contains the text strings for any text entities contained current markup

object.

— tessellation label is the name of the corresponding PRC_TYPE_MKP_Markup.

— behavior is the bit field describes the graphical behavior of the tessellation.

94
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Table 147 — PRC_TYPE_TESS_Markup

Name Data Type Data Description

UnsignedInteger (Required) PRC_TYPE_TESS_Markup
tessellation_coordinates | ContentBaseTessData (Required) tessellation_coordinates
number_of_codes UnsignedInteger (Required) number_of_codes
code_numbers Array <Unsignedinteger> | (Required) code_numbers associated with

[number_of_codes]

the current markup object

nuniber_ol_text_strings | UnsignedInteger (Required) number_ol_text_strings
text| strings Array <String> | (Required) text_strings
[number_of_text_strings]

tess'ellation_label String (Required) tessellation_label

behleior Character (Required) behavior

8.88.2 Markup Flags

Sperial flags for various markup conditions. These flags are used to extract the corfesponding

infqrmation from the integer code array as explained in Markup)tessellation codes.

Table 148 — PRC_TYPE_TESS Markup flags

Valye Enum Description

0x0B000000 | PRC_MARKUP_IsMatrix Bit to denote that the current markyp entity is a
matrix

0x0#000000 | PRC_MARKUP_IsExtraData Bit to denote that the current marKup entity is
extra data (it is neither a matrix nor g polyline).

0xOPOFFFFF | PRC_MARKUP_IntegerMask Integer mask to retrieve the number of inner
codes for a given entity

0x0BE00000 | PRC_MARKUP_ExtrgDataType Mask to retrieve the integer type of|the markup
entity

8.8/8.3 Markup Tessellation Behavior

Sperial flags for handling the graphical behavior of the tessellation associated with the markup object.

these flags ate)represented by bits in the variable Behavior.
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Table 149 — Markup Tessellation Behavior
Value Enum Description
0x01 PRC_MARKUP_IsHidden The tessellation is hidden
0x02 PRC_MARKUP_HasFrame The tessellation has a frame
0x04 PRC_MARKUP_IsNotModifiable tessellation is given and should not be modified
0x08 PRC_MARKUP._IsZoomable tessellation has zoom capability
0x10 PRC_MARKUP_IsOnTop The tessellation is on top of the geometry
0x20 PRC_MARKUP _IsFlipable The text tessellation can be flipped.toalways be
readable on screen.
8.8.8.4 Description of the first Markup code.

There are three masks needed to identify the entity type.

— PRC_MARKUP_IsMatrix

— PRC_MARKUP_IsExtraData

— PRC_MARKUP_ExtraDataType

If none of these masks is set, the entity is a polyline then PRC_MARKUP_IsMatrix should not be sgt if
PRC_MARKUP_IsExtraData.

If PRC_MARKUP_IsExtraData is set then PRC_MARKUP_ExtraDataType mask should be used to retrleve
the type offmarkup entity.

8.8.8.5 Description of the Second Markup Code.

The second code is the number of doubles needed by the entity.

The follow|ng table shows, for each-defined entity, the extra data type, the number of inner codes , and
the numbe} doubles in the coordinate array.

The extra data type is set using the PRC_MARKUP_ExtraDataType mask.

8.8.8.6 Table of Entities

In the tablp below,y[1] indicates entity types which are used to define blocks. The notion of blodk is

discussed in next’section. [2] indicates entity modes as discussed in further section as well.

Table 150 — Table of Entities

Entity Extra Data Type Number of inner codes Number of Doubles

Polyline None 0 Points*3

Matrix mode [1] None 0 or number of entities in the | 0 or number of doubles
block used in the block (at least

16)

Pattern 0 3+number of loops Points in loop*3

Picture 1 0

Triangles 2 0 Number triangle*9
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Table 150 (continued)

Quads 3 0 Number of quads*12

Face view model[1] 6 0 or number of entities in the | 0 or number of doubles
block used in the block

Frame draw model[1] 7 0 or number of entities in the | 0 or number of doubles
block used in the block

Fixed Size Model[1] 8 0 or number of entities in the | 0 or number of doubles
block used in the block

Synbol 9 1 3

Cylipder 10 0 3

Colqr 11 1 0

Lind stipple[2] 12 0 10

Fong 13 1 0

Tex 14 1 2

Poinjts 15 0 Number Points[‘3

Polygon 16 0 Number pointsf3

Lingwidth[2] 17 0 Oor1l

8.8]8.7 Block and Entity Modes

8.818.7.1 Description of a Block

Blo

Eac
stat]
end

For
maf

8.8

Bec
end

The
end

ks are defined by face view, frame draw;-fixed size and matrix modes (described below).

h block is surrounded by the cortesponding entity. At the start of a block, the entity nj
e, which may include the line style, or current transformation matrix. The state is rest
of the block.

example, a matrix mode ‘starts by defining a matrix that will multiply the current tran
rix, draws some entities,and ends with another matrix mode entity indicating the end of

8.7.2 Description.aPModes Used in Block Definitions
huse the face’view, frame draw, fixed size, and matrix modes start with the corresponding
when the same entity is encountered, they define blocks.

startifig*entity has a non-zero number of inner codes. It represents the number of cod
of/the block, not counting the two mandatory codes for each entity. The same rule apj

doupbles. The ending entity has no inner codes and no doubles.

odifies the
bred at the

sformation
he mode.

entity and

bs until the
blies to the

The number of inner codes makes it possible to skip a block when reading a tessellation. To treat the
content of a block, use the numbers as shown in the following table.
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Table 151 — Description of Modes Used in Block Definitions

Mode Number of inner codes Number of doubles

Face view (starting) number of entities in the block | number of doubles in the block (at least 3)

Face view (ending) 0 0

Frame draw(starting) | number of entities in the block | number of doubles in the block (at least 3)

Frame draw(ending) | O 0

Fixed size(starting) number of entities in the block | number of doubles in the block (at least 3)
Fixed|size(ending) 0 0

Matri|x(starting) number of entities in the block | number of doubles in the block (at least16)
Matrilx(ending) 0 0

The follow]ng example shows the codes for defining a matrix mode and then 3 points’in the block.

(0x08(000000 + 3) (begin matrix block; 3 entities to follow), 16 + 3*3 (number of doubles in blog
(0x04000000 + (15 << 21) & 0x03E00000 ) (first point), 3 (it uses 3 doubles)
(0x04000000 + (15 << 21) & 0x03E00000 ) (second point), 3 (it uSes 3 doubles)
(0x04(G00000 + (15 << 21) & 0x03E00000 ) (third point), 3\(it uses 3 doubles)

(0x08(000000) (end matrix block), 0 (matrix ending; no double)

8.8.8.7.3 Diescription of Entity Modes

The line stipple and line width modes operate identically to the modes used in block definitions, but
numbers cprrespond only to the entity and notto the block.

For the ling stipple mode, the number ofiinner codes denotes the start (1) or the end (0) of the block

For the lin¢ width mode, the number.of doubles denotes the start (1) or the end (0) of the block.
8.8.8.8 Entity description

8.8.8.8.1 General

For each entity, the following tables show the mandatory codes and the inner codes, as well as
doubles nepded by-the entity.

8.8.8.8.2 Pplyline

the

the

L Y . 1 £ 1 > £l 1 1.
There samtxy;z) triptet foreachpoint of the potytime:

Table 152 — Polyline

Extra data Type | Number of inner Codes | Number of Doubles

0x00000000 0 Number of points*3

8.8.8.8.3 Triangles

Alist of triangles. There is an (x,y,z) triplet for each point of the triangle list.
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Extra data Type

Number of inner Codes | Number of Doubles

0x04400000

0 Number of triangles*9

8.8.4 Quads

A list of quads. There is an (x,y,z) triplet for each point of the quad list.

Table 154 — Quads

8.8

The

8.8

Ali

8.8

dou

the

Extra data Type

Number of inner Codes

Number of Doubles

0x04600000

0

Number of quads*12

8.8.5Polygon

re is an (x,y,z) triplet for each point of the polygon.

Table 155 — Polygon

Extra data Type

Number of inner Codes

Number of Doubles

0x06000000

0

Number of points*3

8.8.6 Points

t of points. There is a (x,y,z) triplet for each point.

Table 156 — Points

Extra data Type

Number of inner Codes

Number of Doubles

0x05e00000

0

Number of points*3

8.8.7 Face View Mode

his mode, all the drawing entities are parallel to the screen (billboard). The point glven in the
bles correspondsto the origin of the new coordinate system in which entries are drawn| parallel to

screen.

Table 157 — Face View Mode

Extra data Type | Number of inner Codes

Number of Doubles

0x04c00000 0 or number of entities in block

0 or number of doubles in block

8.8.

8.8.8 Frame Draw Mode

In this mode, all the drawing entities are given in 2-dimensional space. The point given in the doubles
corresponds to a 3D point projected onto the screen, providing the origin of the 2-dimensional
coordinate system in which to draw (viewport).
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Table 158 — Frame Draw Mode

Extra data Type | Number of inner Codes Number of Doubles
0x04e00000 0 or number of entities in block | 0 or number of doubles in block
8.8.8.8.9 Fixed Size Mode

In this mode, all the drawing entities are drawn at a fixed size, independent of zoom. The point given in
the doubles corresponds to the origin of the new coordinate system in which to draw at fixed size.

8.8.8.8.10

In this mod
by the cur
previously

Table 159 — Fixed Size Mode

Extra data Type | Number of inner Codes Number of Doubles
0x05000000 0 or number of entities in block | 0 or number of doubles in bloek
Matrix Mode
e, all the drawing entities are transformed by the matrix given in the’doubles post multiplied

rent transformation matrix. At the end of the mode, the transformation matrix that
active is restored.

Table 160 — Matrix Mode

Extra data Type | Number of inner Codes Number of Doubles
Dx08000000 0 or number of entities in block |0\0r number of doubles in block:
A(1,1), A(2,1),A(3,1), A(4,1),..A(4,4)
8.8.8.8.11|Symbol
The point given in the doubles correspondsto'the position of the symbol in 3D. The pattern identifie

an index
VPicturePq

8.8.8.8.12

This entity
index into

into the picture array stored in FileStructurelnternalGlobalData. The symbol i
ttern type.

Table 161 — Symbol

Number of Doubles

3

Number of inner Codes

1

Extra dataType
0x05200001

Color

defines a color that will be effective until a new one is defined. The color identifier i
he color array stored in FileStructurelnternalGlobalData.

was

I iS

an

8.8.8.8.13

This entity

Table 162 — Color

Extra data Type | Number of inner Codes | Number of Doubles
0x05600001 1 0
Line Style Mode

defines the line style that will be effective inside the block.

The first code is 1 for beginning the block and 0 for ending.

The line style identifier is an index into the line stype array store in FileStructurelnternalGlobalData.

100
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Table 163 — Line Style Mode

Extra data Type

Number of inner Codes

Number of Doubles

0x05800000

Oor1l

0

8.8.14 Font

This entity defines the font used for the next Text entity.

ISO 14739-1:2014

The font identifier is an index into the font array stored in FileStructurelnternalGlobalData.

8.8

Thi
The

Table 164 — Font

Extra data Type

Number of inner Codes

Number of Doubles

0x05a00001

1

0

8.8.15 Text

5 entity defines text to be rendered using the current font (defined by the Font entity).

text index refers to the text number in the string array.

W and H correspond to the width and height, respectively, ofithe text.

8.8

Thi
The
Wi

8.8

Table 165 —Text

Extra data Type

Number of innier Codes

Number of Doubles

0x05c00001

1

2

8.8.16 Line Width Mode

5 entity defines the line width thatwill be effective inside the block.

number of doubles is 1 for the beginning of the block and 0 for the ending of the block.

5 the line width to use ir the block. It is not used when ending the block.

Table 166 — Line Width Mode

Extra data Type

Number of inner Codes

Number of Doubles

0x06200000

1

2

8.8(17 Cylinder

The cylinder is positioned by a matrix mode, oriented with the z-axis, with the base at Z = 0 and the top

atZ

8.8.

= Height.

Table 167 — Cylinder

Extra data Type

Number of inner Codes

Number of Doubles

0x05400000

0

3

8.8.18 Image

This entity defines an image.
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The picture identifier is an index into the picture array stored in the FileStructurelnternalGlobalData
section of the file.

Table 168 — Image

Extra data Type | Number of inner Codes | Number of Doubles

0x04020000 1 0
8.8.8.8.19 Pattern
The pattern identifier is an index into the fill pattern array stored in the FileStructurelnternalGlobail]
section of the file.

The filled mode is one of the following values: 0 = OR, 1 = AND, 2 = XOR.

The behav
true, the p:
zero.There

8.89 PR

or is a bit field, with the 0x1 bit indicating whether to ignore the view transfermation. If
ittern is not transformed by the current view transformation. The other bits should be s¢
is an (x,y,z) triplet for each point in the loops, and they are listed in sequential order.

Table 169 — Pattern

Extra data Type | Number of inner Codes | Number,of Doubles

0x04000000 3 + Number of loops Points\ip'loops * 3

[ TYPE_TESS_3D_COMPRESSED

A highly cdmpressed tessellation which is a compact approximation of a PRC_TYPE_TESS_3D object.

starting pd
triangle ha
vertices, o}
same sign
structures
given as in
have edge
computatic

The input
compliant
and the re
calculation|
algorithms
the basic fu

8.8.9.1 Me

int is a mesh described with points, normals and triangles, with implicit topology. H

iented in conjunction with one of its 3" normals (it is assumed that the calculation gives

ata

it is
tto

The
ach

5 3 normals (one for each point). The triangle normal is determined by cross-product on its

the

whatever the normal). As vertex exdering may be modified during encoding, additional
put. All triangles are supposed-to be not-degenerated relative to this tolerance: they

ns must be used for meshycompression calculations.

hon-compressed mesh’is duplicated into a working structure which will be traversed
vriter as describédbelow. At each step, approximation on points, normals and textures o
ults of these.approximations are reinjected into this working structure and used in fur
5 until traversal is completed, producing an output compressed mesh. The approxima
on points)and normals are described in the following sections. The code correspondin
nctions.used in those algorithms is given as pseudo code in the Section 10.

sh-Traversal

ata

are used to determine the sign of the encoded normals. A tolerance for approximation is plso

all

length and height greater than the tolerance. IEEE 754 compliant double precision

y a
cur
her
fion
b to

The input mesh is traversed as follows ( see Figure 2 ):
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Figure 2 — Mesh Traversal

TO [VO V1 V2] be the first triangle and [VO V1] be the’first edge of TO (this edge is
cen). Then, T1 is the left neighbor of TO and the edge between V1 and V2 is the first edge

1 and the edge between V2 and V3 is the first edge of T2, and so on... Left / right chara
neighbor is determined using the triangle normial.
raverse the mesh structure.

If the current triangle has only one neighbor, this neighbor is pushed on the stack.

If the current triangle has both @ left and a right neighbor which are not treated, the leff
first pushed on the stack. Then.the right triangle is pushed on the stack.

e done with the currenttriangle the stack is popped and it becomes the current triangle.
9.2 Mesh Pointsiand Triangles:

following table contains a description of the variables used while computing the compr
h.

Table 170 — Mesh Points and Triangles

arbitrarily
of T1. T3 is

left neighbor of T1 and the edge between V1 and V3%s the first edge of T3. T2 is the right neighbor

teristic for

triangle is

pssed point

Naqle Type Description

tolelrance Double (Required) sD point tolerance

point_array CompressedintegerArray (Required) Array of points

edge_status_array CharacterArray (Required) Flags to describe a Triangle
neighbor

point_reference_array | CompressedindiceArray (Required) index of the point in the

point_array

reference_array_size UnsignedInteger

(Required) Size of point_is_a_reference

point_is_a_reference Array <Boolean> [reference_array_size] | (Required) Indicates whether

reference

a point is a

© ISO 2014 - All rights reserved
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point_array describes the vertex coordinates of each point. Coordinates are stored only if necessary, if
the point has not been encountered before. As denoted in previous section, the first triangle [V, V1 V2] of
a mesh, its first edge [Vo V1] and first point Vo, are chosen arbitrarily. This first triangle is stored in the
following way : For Vy, its coordinates X,Y,Z are divided by the tolerance and rounded to the nearest
integer. The result is stored as Voapp and Vy is updated in the working structure to be Voapp. This assumes
that those coordinates divided by tolerance do not overflow a 32 bit integer. This is a condition at every
step of the compression process. For Vi, DV; « Vi-Vj is computed and the result is compressed and
stored like the first point as DV1app; then V1 is updated in the working structure. For V, : DV, « V; -
(Vo+V1) / 2 is computed, compressed and stored the same way as DVaapp; then V is updated in the
working structure. For subsequent triangles, they are always entered through an edge as explained in
previous section. Let [Vo V1 V2] be the current triangle to treat, [Vo V1] be the entering edge and Ty [V,
Vi V3] the plready-treated triangle which is the neighbor of the current towards [V, V1]. If V2.5 npt a
reference ds denoted in point_is_a_reference array, V; is stored following way: A coordinate/system is
defined using Tn. Origin O « (V1 + Vo) * 0.5. Others axis are defined below.

P (1)
1 OH

Ztemp 1 3 _O and Z <~ temp /\X (2)

Fednk )

In the equdtion (1), Vo and V; are taken so that Vj has a treatement index less than V; (which means hat
Vo has been treated before Vi). A particular case occars if the Z axis or Y are null (length less than
FLT_EPSILPN). FLT_EPSILON is the minimum positive'floating point number of type float in accordgnce
with the [EEE single-precision standard. In “these cases, they are computed by the funcfion
MakeOrthdRep() described in annex, using.the unit axis X as input. Then V, is expressed in [this
coordinate|system, compressed the same way'as before and updated in the working structure. Then|the
next triangle is traversed as explained above.

edge_statys_array describes triangles neighbors. Each triangle has a flag which is initialized to 0 fand
then set to

|= 0x1 if Trfiangle has a Right Neighbor
|= 0x2 if Trjiangle has a Left\Neighbor

point_reference_array-'is used to store treatment indexes of points which have been stored by
processing|a previeus'triangle.

point_is_a|reference indicates if a point has been already treated.

8.8.9.3 Mesh Normal Description

The following table contains a description of the variables used while computing the compressed
normal mesh.
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Table 171 — Mesh Normal Description

39-1:2014

Name

Type Description

normal_binary_data_size

UnsignedInteger

(Required) Size of normal_binary_data

normal_binary_data

Array <Boolean> (Required) Information used

normal

to compute

normal_angle_array

ShortArray
normal

(Required) Spherical coordinates of the

Arrav <Boolean> (Required) Is associated face

planar The

is_face planar

size of this array correspond 4
face stored in the mesh.

o number of

normal_binary_data is a bit field used to store information types on normals.

Normal_angle_array describe spherical coordinates of normals (normals are unit vecto

stol
use
sho
less

Is_fi
one|
tria

8.8

— Bit has_multiple_normal is TRUE if the current vertex has many norimals. This bit is
if the current vertex is encountered for the first time.

Bit triangle_normal_reversed is TRUE if the computed triangle normal used to de
coordinate system.

Bit is_a_reference is TRUE if the current normal is'stored as a reference on anothei
the current vertex. In this case, reference_index.denotes the value of the reference. It
normal_binary_data on a variable numbér of bit : number_of bits. Number
computed using number_of stored_normals: number of already actually store
(without references) on the current vertex.

Bit x_is_reversed is TRUE if the x-coordinate of the normal in the local coordinat
reversed. (TRUE if x is reversed).'Same for y_is_reversed.

ed are comprised between0-and m / 2. For each triangle, a local coordinate system is con
1 to calculate these twofngles. Finally, these two angles are compressed and temporarily
[t. The compressed value is computed using normal_angle_number_of_bits. This numh
than 16, (default value is 10) to be stored in an array of shorts.

ace_planar is‘TRUE if corresponding face is planar. A face is a group of triangles. In thi:
normal isstéred for all triangles of this face. It is stored when treating the first vertex
hgle of tHis)face.

9.4 Mesh Normal Construction

adeh 1o gl 2unaormalc avn oot d S d crowend Tho flect o corrnciande +0 +h A yyaed

For

coordinate system shall be reversed. See next paragraph for determination of

ndded only

fine a local
the local

normal of
s stored in
| of_bits is
d normals

e system is

Irs). Values
hputed and
stored in a
er shall be

case, only
of the first

x that has

coacIr—r Aunné;\,, o rroTrtrrarsTar © \,\_ulxl.luu\,u arC StoOTC U T e T ST O~ COTT CopPOTIOStoO—TrIc—v CTt

the min treatment index in the first edge. The second one corresponds to the max treatment index in the
first edge. Then, a local coordinate system X,Yand Z is defined from the triangles vertices in the working
structure.

secondVertex — firstVertex

thirdVertex — firstVertex

I7l<— V, <

Hsec ondVertex— first Vertex”
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— thirdVertex — sec ondVertex

chird Vertex —second Vertex”

o |rr)-%

T

2

6, h(@,_z |-Z

If (6, < 6,)and (6, <6,) = X <V,

é 0, eh(_ )2
77 A7)

Else if|(6, < 0,) = X <V,

Else =

)((——172

77, a7,

Z is reversed to have a scalar product positive or null with the current verteX normal. Note that [this

coordinate

Y -

NI

A particul

|Nl

S

7AN

system is the same for the 3 vertices of the triangle as a conséquence of the primary
condition dn triangle normal. The result is stored in triangle_normal_reversed.

r case occurs if the Z axis or Y are null (length lgss than FLT_EPSILON). In these cases, they
are computed by the function MakeOrthoRep() described in annex, using the unit axis X as input.

For

each vertex normal, the angles in normal_angle_array.ate computed as described below (n denotes|the

triangle no

0 < dsin

mal) :

¢<—aSln(ﬁ2) with ﬁZE[O,l] and ¢€|:Osz:l
2

(i-(i-Z)xZ e

i—(i-Z)xZ

(i—@i-2)xZ

with

i—(i-Z)xZ

.)76[0,1] 96[031}
and 2

Spherical angles 8 and«p.are then compressed and stored the same way as follows (same formula for ¢

):

A

short

|0|(2 normalAngleNumberOfBits 1)

2

These values are then written in unsigned short integers on 16 bits with a cast. Then, the nearest
unsigned short values to these angles are stored in normal_angle_array.

T
short 5

1
(2normulAngleNumberOfBits _ 1) - |9| > 5 = gshort

106

«—0, +1

short
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For each vertex in each triangle, Theta and then Phi are added in normal_angle_array if the normal is
not a reference. The pseudo code below describes how normal_binary_data and normal_angle_array
are filled.

If (number_of_stored_normal == 0 || 'has_multiple_normal ) {
Add has_multiple_normal in normal_binary_data
Add triangle_normal_reversed in normal_binary_data

Add x_is_reversed in normal_binary_data

Addaris ravarsad innarmal hinarv data

Aftg
wot

Addyisreversedin-normal-binarydata
Add Angles in normal_angle_array
}else {
Add is_a_reference in normal_binary_data
if (is_a_reference) {
for(i=0;i<number_of stored_normal; i++)
Add reference_index&(1<<i) in normal_binary_data
}else{
Add triangle_normal_reversed in normal_binary.data
Add x_is_reversed in normal_binary_data
Add y_is_reversed in normal_binary_data

Add Angles in normal_angle_array

}
}

r the compressed normal calcdlation, a compressed normal is computed and re-inje
king structure as follow.

T
eshort (2)

comp < 2normalAngleNumbeO_fBits _1

T
¢shart (2j

¢comp & 2normalAngleNumbeO_fBits _1

C S ol Vs

rted in the

comp comp comp comp comp comp ]~

The cos and sinus functions are computed using a taylor expansion with 4 terms and the following
expression.

ifl a>m/4) =>sin(a) = cos(n/2 - a) cos(a) =sin(m/2 - a)

8.8.9.5 Mesh Texture Structure

The following table contains a description of the variables used for textures storage. This structure is
used to describe the textures’ UV parameters.
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Table 172 — Mesh Texture Structure

Name

Type

Description

all_face_has_texture

Boolean

(Required) False if there is at least one face
without texture

face_has_texture

Array <Boolean>

(Required) Does corresponding face have
texture The size of this array correspond to
number of face stored in the mesh

texture_data

CompressedTextureParameter

(Required) Information to retrieve UV

texture pardimeters.

The comb
textures.

texture_data contains information

Compressel];TextureParameter for more details.

8.8.9.6

The follow

esh Attribute Structure

to

ng table contains a description of the variables used to contain mesh/attribute data.

Table 173 — Mesh Attribute Structure

nation of all_face_has_texture and face_has_texture determines whethem a."face |has
retrieve UV

textures’ pafameters. |[See

Name Type Description

is_point_color Boolean TRUE if there is at least one face with
point color

is_point_color_on_face Array <Boolean> TRUE if corresponding face has goint

color The size of this afray
correspond to number of face stpred

in the mesh.
point_colo1| array CharacterAryay RGB or RGBA
is_multiple| attribute Boolean TRUE if there is at least one face with

multiple attributes

is_multiple

| line_attribute_on_face | Axray <Boolean>

True if the face has multiple |line
attributes. If there is one |line
attribute on the face, one graphic
referenced in line_attributes_array is
associated with the face. Otherwise,
the number of graphics referencdd in
line_attributes_array is equal to| the
number of triangles in the face .

The size of this array correspond to
number of face stored in the mesh

line_attribute_array

ShortArray

Indexes in the graphics array

point_color_array describes colors on vertices for each triangle. For each triangle vertex with point
color, 5 characters are stored. The first character describe if the vertex has got RGB or RGBA
components. Then 4 components are used to stored R, G, B, and alpha.

line_attribute_array describe indexes in a graphic array. If a face contains multiple at-tributes, one
index per triangle is added in line_attribute_array. Otherwise, one index per face is added, when
encountering the first triangle of this face.

108
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9.6.1 Description of the Data Written to the File

The following is a description of the data in the file:

is_calculated indicates whether the tessellation has been calculated during the import or has been

read directly from a native file.
has_faces is TRUE if the entity is built using geometrical faces.

tolerance represents the tolerance of the approximation of the original tessellation.

origin_array contains three floating point coordinates that describe the bounding boxcg
compressed 3D tessellation data.

points_array contains the array of vertex points.

edge_status_array for each triangle, used to describe the triangles neighbors.

int_is_referenced_array_size size of the reference array.

point_is_referenced_array indicates whether a point is a reference.
number_of_referenced_points size of the point reference.array.
point_reference_array relative point references.

triangle_face_array represents, for each triangle; the index of the face to which it belong
character_array is calculated as shown bélow.

character_array_compressed is an\integer array obtained by the Huffman algorithm,
bits in character_array.

must_recalculate_normals ‘and crease_angle are described in 3D_TESS_FACE.
number_implicit_normal is reserved for future use.

normal_is_reversed is reserved for future use.

normal_binary_data information used to compute normal.
normal.angle_array spherical coordinates.

normal_angle_number_of _bits is the number of bits used to approximate the triangles

nter of the

2

with 6

normals. [t

shall be lower than 16 and snould be set to 1U DITS To ensure good perrormance.

normal_angle_array is an unsigned short array containing values less than (1 <<
normal_angle_number_of bit) - 1). This array is optionally compressed with a Huffman algorithm

using normal_angle_number_of bit bits.

is_normal_angle_array_compressed indicates whether normal_angle_array is compressed.

normal_angle_array_compressed is integer array obtained by the Huffman algorithm
on normal_angle_array.

face_number is derived from the maximum value in triangle_face_array.

© ISO 2014 - All rights reserved
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— is_face_planar is TRUE if the face is planar. In this case, only one normal per face is stored.

— is_point_color is TRUE if at least one face has vertices with colors (RGB or RGBA).

— is_point_color_on_face is TRUE if the corresponding face has vertices with colors (RGB or RGBA).

— point_color_array contains an RGB or RGBA component compressed using a Huffman algorithm

with 8 bits.

— is_multiple_line_attribute indicates if there is at least one face with multiple line attributes.

— is_multiple_line_attribute_on_face is TRUE if the face has multiple line attributes. If there.is'fone
line atfribute on the face, one graphic referenced in line_attributes_array is associated with-the face.
Otherwise, the number of graphics referenced in line_attributes_array is equal to the number of

triangles in the face..
— no_texture is TRUE if there is no texture.
— texture_data. See corresponding chapter.

— all_fades_have_texture is TRUE if all faces have a texture.

— face_hjas_texture is a boolean array. It indicates which faces_ have texure when no_texture is TRUE

and alll faces_have_texture is FALSE.

— has_behaviours is TRUE if special graphics behaviors'or inheritances exist on faces or triangles.

See 3D TESS_FACE for more information.

— behavjours_array represents the behavior foreach face.

Table 174 — Description of the Data Written to the File

Name Data, Type Data Description
Unsignedinteger (Required)
PRC_TYPE_TESS_3D_COMPRESSED
is_calculatdd Boolean (Required) is_calculated
has_faces Boolean (Required) has_faces
tolerance Double (Required) tolerance
origin_arraly Array <FloatAsBytes>[3] (Required) origin_array
The data is compressed as follows:
FloatAsBytes(origin_array|[i]) for i
=0, 1,2
(See FloatAsBytes)
point_array CompressedintegerArray (Required) point_array (See 10.8)
edge_status_array CharacterArray (Required) edge_status_array (2
bits per character only) (See 10.6)
triangle_face_array CompressedIndiceArray (Required) triangle_face_array
(See 10.9)
reference_array_size UnsignedInteger (Required) reference array size
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points_is_reference_array

Array <Boolean>

[reference_array_size

(Required)

points_is_reference_array

point_reference_array

CompressedIndiceArray

(Required) point_reference_array

CompressedIndiceArray (see 10.9)
invokes WriteCharacterArray
(see10.6); in this case, the boolean
value which indicates whether the

character array iscompn ssed is not

stored. Its value is implig

number_of_reference_g

it and set to
oints=>3

must_recalculate_normals

Boolean

(Required)
must_recalculate_norni

als

normal_is_reversed

Array <Boolean> []

(Optional;
must_recalculate_norni
TRUE) normal_is_rever

The number of normalg

depending of the
triangles and faces. Ve

als is
sed
is implicit,

pumber of

rtices have

always as many normal$ as number
of faces to which they bejong.

cregse_angle Double (Optional; if
must_recalculate_nornials is
TRUE) crease_angle

normal_recalculation_flags Character (Optional; if
must_recalculate_nornjals is
TRUE) Normal recalculation flags
(not used; should be zer¢)

normal_angle_number_of_bits Character (Optional; if
must_recalculate_normals is
FALSE)
normal_angle_numberof_bits

normal_binary_datasizé Unsignedinteger (Optional; if
must_recalculate_normals is
FALSE) normal_binary_data_size

normal_binary) data Array <Boolean>[ | (Optional; if

normal_binary_data_size] must_recalculate_normals is

FALSE) normal_binary_data

nor 11a'l_—¢mgl'e_1rray Stor tATTOYy (GpLiUUdl, if
must_recalculate_normals is
FALSE) normal_angle_array (size
16 bits)

is_face_planar Array <Boolean> (Optional; if
must_recalculate_normals is
FALSE) is_face_planar

is_point_color Boolean (Required) is_point_color
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Table 174 (continued)

is_point_color_on_face

Array <Boolean>

(Optional; if is_point_color is TRUE)
is_point_color_on_face

point_color_array CharacterArray (Optional; if is_point_color is TRUE)
point_color_array (size 8 bits)
is_multiple_line_attribute Boolean (Required)

is_multiple_line_attribute

is_multiple

line attribute on face

Array <Boolean>

(Optional: if

is_multiple_line_attribute is TiUE)
is_multiple_line_attribute.on_face

line_attribyte_array ShortArray (Required) line_attribate_array
(size 16 bits)
no_texture Boolean (Required) no_texture

texture_daf

CompressedTextureParameter

(Optional; if no_texture is FALSE)
texture data

all_faces_ha

ve_texture

Boolean

(Optional; if no_texture is FALSE)
all_faces_have_texture

face_has_tekture

Array <Boolean>

(Optional; if no_texture is FALSE
and all_faces_have_texture is
FALSE) face_has_texture

has_behaviprs Boolean (Required) has_behaviors

behaviors_parray CharacterArray (Optional; if has_behaviors| is
TRUE) behaviours_array (siZe 8
bits)

8.8.9.7 (ompressedTextureParameter

The follow]ng table contains a description of the variables used to store UV textures’ parameters.

binary_texture_data represents a\bit field. During mesh traversal, if the current vertex has a textufe, a

bit texture|is_reference is set in_this array.This bit is true if the same UV parameter has already Heen

stored duy
reference_§
Texture_p3

reference]
vertex. A U
been store

rameters.

irray. Otherwise;

ing mesh traversal-for the same vertex. In this case, the reference index is stored in
this bit is set to FALSE and UV parameters are stored| in

array issused to reference UV parameters. The references on UV parameters are done|per
V parameter for the current vertex is referenced only if the same UV parameter has alrgady
] for.the same vertex during the treatment of another triangle. This treatment is perforllned

during mes

h traversal the same way as normals‘ treatment

texture_parameters_tolerance is reserved for future use and should be set to zero.

texture_parameters is an array of float which contains UV textures‘ coordinates.This array is filled

during mesh traversal as well.
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Table 175 — CompressedTextureParameter

Name

Data Type

Data Description

binary_texture_data

BinaryTextureData

(Required)
binary_texture_data

reference_array_size UnsignedInteger (Required)
reference_array_size
reference array Array (Required) reference_array

[reference_array_size]

<UnsignedIntegerWithVariableBitNumber>

texture_parameters_tolerance

Double

(Required)
texture-parameterfs_tolerance
resexved for future |use. Should
be'set to 0.

texture_parameters_size

UnsignedInteger

(Required)
texture_parameterfs_size

texture_parameters

Array
[texture_parameters_size]

<FloatAsBytes>

(Required)
texture_parameters

8.8{9.8 BinaryTextureData

BinqryTextureData represents a bit field. It indicates'during mesh traversal whether UV coordinates are
refdrenced. (See previous chapter for more details). Then last_integer_used_bit_number bits are
added to this array so that Texture_binary_data’size becomes a multiple of 32. Consequently, 0 <=
last_integer_used_bit_number < 32. Thenythe unsigned integer array is written byte by pyte : each

unsjgned integer leads to 4 bytes obtained from MakePortable32BitsUnsigned. (see 10.2);

Table 176 — BinaryTextureData

Namje Data Type Data Description
textlure_binary_data_size Unsignedinteger texture_binary_data_size / B2
textlure_binary_data Array <bits(8)> texture_binary_data.

texture_binary_data_size / 8]

This size array is |equal to
texture_binary_data_size / B.

last]| integer_used:\bit_number

UnsignedInteger

last_integer_used_bit_number
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8.9 Topology

8.9.1 Entity Types

Table 177 — Topology entity types

Type Name Type Value Referenceable

PRC_TYPE_TOPO PRC_TYPE_ROOT + 140

PRC_TYPE_TOPO_Context PRC_TYPE_TOPO + 1 no

PRC_TYPE_TOPU Ttem PRC_TYPE_TOPU + 2 no

PRC_TYPE_TOPO_MultipleVertex PRC_TYPE_TOPO + 3 yes

PRC_TYPE_TOPO_UniqueVertex PRC_TYPE_TOPO + 4 yes

PRC_TYPE_TOPO_WireEdge PRC_TYPE_TOPO + 5 yes

PRC_TYPE_TOPO_Edge PRC_TYPE_TOPO + 6 yes

PRC_TYPE_TOPO_CoEdge PRC_TYPE_TOPO + 7 no

PRC_TYPE_TOPO_Loop PRC_TYPE_TOPO + 8 yes

PRC_TYPE_TOPO_Face PRC_TYPE_TOPO +9 yes

PRC_TYPE_T[OPO_Shell PRC_TYPE_TOPO + 10 yes

PRC_TYPE_TlOPO_Connex PRC_TYPE_TOPO + 11 yes

PRC_TYPE_T[OPO_Body PRC_TYPE_TOPO +.12 no

PRC_TYPE_TIOPO_SingelWireBody PRC_TYPE_TOPO=+1 3 no

PRC_TYPE_T[OPO_BrepData PRC_TYPE_TQPO + 14 no

PRC_TYPE_TIOPO_SingleWireBodyCompress PRC_TYPE_TOPO + 15 no

PRC_TYPE_TOPO_BrepDataCompress PRC>TYPE_TOPO + 16 no

PRC_TYPE_TOPO_WIreBody PRC_TYPE_TOPO + 17 no

8.9.2 Basetopology

Base topolpgy represents eptional information for a topological entity. Such optional information is

comprised |of a name, attfibutes, and an identifier within the originating CAD system. The identifi¢r is

not used ag an identifieriwithin the PRC File, but is simply carried as information about the origin of this

entity withlin the originating CAD system.

Table 178 — Basetopology

Name Data Type Data Description

has_base Boolean (Required) TRUE if base information is
present; else FALSE

attribute_data AttributeData (Optional; if has_base is TRUE) Attributes
attached to the topological entity

name Name (Optional; if has_base is TRUE) Name
attached to the topological entity

id UnsignedInteger (Optional; if has_base is TRUE) Identifier in
originating CAD system; this may not be
used to reference entity within PRC File;
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8.9.3 PRC_.TYPE_TOPO

Abstract base class for topology.
8.9.4 PRC_TYPE_TOPO_Context
A topological context is a self-contained set of geometry and topology. Every geometrical and

topological entity belongs to a single topological context. A topological context contains topological
bodies represented as entry elements that point to topological items and geometry.

granularity represents the minimal size of an edge. This is a non-dimensional value.

tolgrance represents the global base tolerance used in the context for topological elements. This is a
non-dimensional value and can be superseded by looser local tolerances for particular fopological
elenents. See Section 5.7.

smallest_thickness represents the smallest face thickness. It is used for loop algérithms, and its default
valye is 100 * granularity.

scale represents an optional scale that can be used to interpret the. context data. [This scale
accpmmodates the different ranges of values of various CAD systems. The preceding values * scale yield
dimensional values to be interpreted with the unit. For example, granularity * scale is dimensional
granularity in part units. If scale is not specified no scaling is done.

The behavior field defines the behavior of PRC_TYPE_TOPO-BrepData bodies. It is a charafter of bits
whilch define

— | The order of outer loops within the list of loops on a*face.

— |Whether UV curves are clamped to the parameter domain boundaries for periodic surffices or can
extend past the boundary.

— |Whether 3D edge curves (and faces) on'elosed or periodic surfaces are split along the sedm or not.

The following table defines the bit values and behavior for this field:
Table 179 << PRC_TYPE_TOPO_Context behavior bit values

Valgie | Type Name Type Description

0x0P01 | PRC_CONTEXT .OuterLoops | Outer loops are first in the list of loops on a face.
First

0x0P02 | PRC_CONTFEXT NoClamp UV curves can go beyond the domain of the bearing surface; this is used for
interpreting UV curves on periodic-surfaces.

0x0p04 | PRC\CONTEXT_NoSplit 3d edge curves on closed or periodic surfaces are allowed fo cross the
seam of the surface.
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Table 180 — PRC_TYPE_TOPO_Context

Name Data Type Data Description
UnsignedInteger (Required) PRC_TYPE_TYPO_Context
base ContentPRCBase ‘(Al;;(}l:}ill;eedgtiglase information associated
behavior Character (Required) behavior
grandularity Double (Required) grandularity
tolerance Double (Required]) tolerance
(Required) has_face_thickness.is TRUE
has_face_thlickness | Boolean if smallest face thickness is ‘present|else
FALSE
has_scale Boolean l(jli:;l;igeflge ;‘iggE if the scale factqr is
Option: TRUE Double (Optional)if has_scale is TRUE) scale
number_of|bodies | Unsignedinteger (Required) Number of bodies
Array

bodies

<PRC_TYPE_TOPO_Body>[number_of_bodies]

(Required) Array of bodies

8.9.5 PR({_TYPE_TOPO_Item

Abstract rdot type for any topological entity (body or single item)

8.9.6 PR(_TYPE_TOPO_MultipleVertex

This repregents a vertex whose position is*the average of all edges‘ extremity positions which en

that vertex| that is,

] at

Vertex |position = (points_for_vertex[0] + ... + point_for_vertex[number_of_points - 1]) / number_of_points

Table 181 — PRC_TYPE_TOPO_MultipleVertex

Name Data Type Data Description
UnsignedInteger (Required) PRC_TYPE_TOPO_MultipleVertex
base BaseTopology (Required) Common topology data (name, attributes, CAD
identifier)
number_of_points Unsignedinteger (Required) Number of points
points Array <Vector3d> | (Required) Array of points for vertex
[number_of points]

8.9.7 PRC_TYPE_TOPO_UniqueVertex

This represents a vertex whose position is specified by a 3D absolute postion and a tolerance. By
default, the tolerance is the same as the tolerance of the topological context, but it can be over-ridden by
a local one. The optional tolerance shall be either 0.0 or greater than the tolerance of the topological
context of the vertex.
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The tolerance is used to define a sphere around the vertex within which the vertex may lie. It is used to
determine if a position is the same (within tolerance) as this vertex. See 5.7.

Table 182 — PRC_TYPE_TOPO_UniqueVertex

Name Data Type Data Description
UnsignedInteger (Required) PRC_TYPE_TOPO_UniqueVetex

base BaseTopology (Required) Common topology data (name,
attributes, CAD identifier)

vertex Vector3d (Daqnivnr]) Position-of vertev

has|tolerance Boolean (Required) TRUE if there fs al1 associated
tolerance; else FALSE

tolerance Double (Optoinal; if has_tolerance| is TRUE)
tolerance

8.9/8 PRC_TYPE_TOPO_WireEdge

A WireEdge may belong to either a wire body or single wire body.

The geometry of a wire edge is a 3D curve which has an optienal trim interval to limit thd geometric
definition of the curve. It is not bound by vertices. The sénse of the WireEdge is the same as the
underlying curve.

Table 183 — PRC_TYPE: TOPO_WireEdge

Namje Data Type Data Description

UnsignedInteger (Required) PRC_TYPE_TOPO_WireEdge

(Required) 3D curve defining the wire edge
curye ContentWireEdge and an optional interval to restfict the wire
edge to a subset of the curve.

8.9/9 PRC_TYPE_TOPO_Edge

This class represents an_edge which is a bounded segment of a curve where the segnjent is not
coinicident or self-intérsecting except possibly at the end points of the edge. The geometry of an edge is
proyided by a wireyedge which has an optional trim interval to limit the geometric definition of the
curye. The sensécof the edge is the same as the sense of the wire edge which is the same as the sense of
the underlying curve.

An [optional tolerance may be provided which is either zero or greater than the tolergnce of the
topplegical context the edge lies in. The tolerance is used to define a pipe centered on the ddge within
whilch=the ed ay li i ing i ition lie avithi e e edge. See
Section 5.7.

A start and end vertex, of type PTR_TYPE_TOPO_UniqueVertex or PTR_TYPE_TOP_MultipleVertex,
represent the start and end positions on the edge. The vertices and curve trim interval are related by
the tolerances associated with the vertex and edge

Distance(Vertex, Edge_end)<= Vertex.Tolerance() + Edge.Tolerance()
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Table 184 — PRC_TYPE_TOPO_Edge

Name Data Type Data Description
UnsignedInteger (Required) PRC_TYPE_TOPO_Edge

wire_edge ContentWireEdge (Required) Curve providing the geometric
definition of the edge along with trimming
information

start_vertex PtrTopology (Required) Start vertex

end_vertex PtrTopology (Required) End vertex

has_tolerarice Boolean (Required) Has tolerance

tolerance Double (Optional; if has_tolerance js “THUE)
Tolerance

8.9.10 PR{_TYPE_TOPO _CoEdge

A coedge fepresents the usage of an edge within a loop. The usage specifies~the orientation of|the

coedge with respect to the edge:

— 0 Opposite direction

— 1 Same direction

— 2 Urgknown

Normally, the orientation will be in the opposite or same direction. If the orientation is set to unkngwn,

then PRC_(ONTEXT OuterLoopsFirst shall be set to TRUE to assist in the computation of the prqper

orientation.

A coedge thay have a UV curve which may be NULL or of type PRC_TYPE_CRV_NURBS. The UV curve

maps R! (the interval of the UV curve) to R2 (the'domain space of the surface defining the face the loop

of coedges|lie in). As with an edge, the UV_curve has an orientation (opposite, same, unknown) with

respect to the orientation of the coedge within the loop.

If orientatipn_with_loop is equal to,orientation_uv_with_loop, the 3D curve orientation is the same ag§ 2D

uv curye, that is, the start point of coedge ( base_surface.evalupte(

curve_uv.eyaluate(curve_uv.param.min)) is the same as the start point of edge (within the tolerande of

edge).

Table 185 — PRC_TYPE_TOPO_CoEdge
Name Data Type Data Description
UnsignedInteger (Required) PRC_TYPE_TOPO_CoEdge

base_tolopTgy BaseTopology (Required) Common topology data (name,
attributes CAD identifier)

ptr_topology PtrTopology (Required) This shall be an edge
(PRC_TYPE_TOPO_Edge) and shall not be
NULL

ptr_curves PtrCurve (Required) UV Curve in the domain of the
face this coedge lies in; may be NULL

coedge_orientation Character (Required) Orientation of coedge with
respect to the loop

uv_orientation Character (Required) Orientation of the UV curve with
respect to the loop
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8.9.11 PRC_TYPE_TOPO_Loop

8.9.11.1 General

A loop is a list of coedges bounding a portion of a face in a B-rep entity. The loop may define an outer
boundary of a face or it may define a hole within the face.

Aloop has the following properties:

— Aloop is an ordered array of references to coedges which define the boundary of the loop.

— rthetistof Lucdgcb formractosed buuuddl_y forthe portion of threfacedetimmited b_y tireto pp. None of
the references may be null and all references shall be to PTR_TYPE_TOPO_CoEdge. The’qtart vertex
of one coedge shall be the end vertex of the next coedge in the list.

— | The loop of coedges is oriented with respect to the surface normal using the(rule of material to the
left. That is, the cross-product of the tangent to the coedge at any positieh on the coedge with the
face normal at that same position will point towards or opposite the material of the surface within
the loop. The orientation of the loop might be

— 0 Opposite direction
— 1 Same direction
— 2 Unknown

with respect to the normal of the face. If it is set td_ unknown, geometric tests shall be pefformed to
det¢rmine the correct orientation of the loop (same or opposite).

Table 186 —PRC_TYPE_TOPO_Loop

Nanje Data Type Data Description
UnsignedInteger (Required) PRC_TYPE_TOPO_Lopp

base_topology BaseTopology (Required) Common topology [data (name,
attributes, CAD identifier)

loop_orientation Character (Required) Orientation of loop With respect
to surface normal

number_of_coedges Unsignedinteger (Required) Number of coedges fin the loop

coefige Array <CoedgelnLoop> | (Required) Coedges in loop

[number_of _coedges]

8.9/11.2. CoedgelnLoop

This represents a coedge around a loop. The PtrTopology shall not be NULL and shall point to a
PTR_TYPE_TOPO_CoEdge.

Each coedge in the loop may index a neighboring coedge which shares the same edge but represents
another usage of the edge in a boundary of a face, usually another face on another surface.
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Table 187 — CoedgelnLoop

Name Data Type Data Description
next_coedge PtrTopology (Required) Next coedge in loop
neighbor_index UnsignedInteger (Requred) Index of neighboring coedge (i.e.

coedge which points to the same edge as
this coedge) or 0 if there is no neighboring

coedge

8.9.12 PR{_TYPE_ TOPO Face

A face is a [pbounded portion of a surface where the surface is not coincident or self intersecting ex¢ept

possibly at|the boundary of the face

It is defined by

— A surface providing the geometric definition of the face. The face always hasithe same orientation
as the pnderlying surface.

— An optional Domain may restrict the definition of the face to a portion-6f the surface. Otherwise|the
parampter domain of the face is the domain of the surface.

— Like a|vertex and an edge, a face has an associated tolerance which is the topological confext
tolerance unless an optional tolerance is specified. If the optional tolerance is specified, it shall be
either [0.0 or greater than the topologial context toleramee. If the tolerance is 0.0 the topological
context tolerance is used. See 5.7.

— An ungrdered list of loops delimiting the bounded portion (interior) of the face.

— One offthe loops represents the exterior boundary of the face and the other loops (if any) repregent
interigr loops (holes) within the face.~M“PRC_CONTEXT OuterLoopsFirst is set to TRUE in|the
topological context the face is contained-in, the index of the outer loop shall be defined.

Table*188 — PRC_TYPE_TOPO_Face
Name Data Type Data Description
Unsignedinteger (Required) PRC_TYPE_TOPO_Face
base BaseTopology (Required) Common topology data (name,
attributes, CAD identifier)
surface_gegmetry:. PtrSurface (Required) Surface geometry
is_trimmed Boolean (Required) TRUE if the suface definitign is
to be trimmed to a specific domain; |else
FALSE

trimmed_surface Domain (Optional; if is_trimmed is TRUE) UV

domain of trimmed surface

has_tolerance Boolean (Required) TRUE if there is a tolerance

associated with this face; else FALSE
tolerance Double (Optional; if has_tolerance is TRUE)
Tolerance
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number_of loops UnsignedInteger (Required) Number of loops in this face;
shall be 1 or more

index_of_outer_loop Integer (Required) Index of outer loop; it shall be
set to -1 if it is not defined

loops Array <PtrTopology> | (Required) Array of loops within this face;

[number_of_loops]

each pointer shall be of
PRC_TYPE_TOPO_Loop

type

8.9]13 PRC_TYPE_TOPO_Shell

8.9/13.1 General

A shell is a collection of faces which form either a closed or open boundary.

Table 189 — PRC_TYPE_TOPO_Shell

Namje Data Type Data DeScription
UnsignedInteger (Réquired) PRC_TYPE_TOPO_Shgll

base BaseTopology (Required) Common topology |data (name,
attributes, CAD identifier)

is_closed Boolean (Required) is_closed is TRUE if the shell is
closed; else FALSE

number_of_faces UnsignedInteger (Required) Number of faces in ghell

facgs Array <FacesInShell> | (Required) Faces within shell

[number_of_faces]

8.9113.2 FacesInShell

This represents a face within a-shell. Each face is oriented with respect to the underlying surface so that
the [shell normal points outside’the material of the shell if the shell is closed and is arbitrary otherwise.

The orientation of the surface with respect to the shell may be

— |0 Oppositedirection
— |1 Same direction
— |2 Unknown

If the-grientation is unknown, geometric tests shall be pprfnrmpr‘l to determine the correct

rientation

(within the shell) of the face (same or opposite) with respect to the surface.

Table 190 — FacesInShell

Name Data Type Data Description

face PtrTopology (Required) Face within this shell; this shall
be non-NULL and of type
PRC_TYPE_TOPO_Face

orientation Character (Required) Orientation of face with respect

to the underlying surface
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8.9.14 PRC_TYPE_TOPO_Connex

This represents a region of space delimited by one or more shells. The shells may be open or closed,
may touch at a vertex, an edge, or a face, or may be contained within another shell if the interior shell

represents

The region

a void within the exterior shell.

— may represent a skin if the shells are open

— may represent a manifold solid if all of the shells are closed but not touching

If the conn

may r§
edge, g

present a non-manifold solid where all of the shells are closed but some touch at arvey
r face

bx is delimiting material, it is mandatory that it be bounded by one or more cléséd shells.

Table 191 — PRC_TYPE_TOPO_Connex

tex,

Name Data Type Data Description
UnsignedInteger (Required) PRE-TYPE_TOPO_Connex
base BaseTopology (Requiréd) Common topology data (name,
attributes, CAD identifier)
number_of|shells Unsignedinteger (Required) Number of shells in connex
shells Array <PtrTopology>-| (Required) Shells within this connex; ¢ach
[number_of _shells] entry shall be a shell, be non-NULL, anfl be
of type PRC_TYPE_TOPO_Shell
8.9.15 PR(_TYPE_TOPO_Body
This repregents an abstract type for any topolegical body
— PRC_TYPE_TOPO_SingleWireBody
—PRC_TYPE_TOPO_BrepData
— PRC_TYPE_TOPO_SingleWireéBodyCompress
— PRC_TYPE_TOPO_BtepDataCompress
8.9.16 ContentBody.
ContentBogy provides additional infromation about base topological entfties
(PRC_TYPE-FOLRO-SingleWireBody-andPRE-TYPE-TOPO-BrepData)-such-asits-name-attributesand-CAD

identifier and how the bounding box for a PRC_TYPE_TOPO_BrepData has been calculated.

The following table shows the possible values for bounding box behavior:

Table 192 — ContentBody bounding box behavior

Value Type Name Type Description

0x001 PRC_BODY _BBOX_Evaluation Bounding box based on tessellation

0x002 PRC_BODY_BBOX_Precise Bounding box based on geometry

0x004 PRC_BODY_BBOX_CADData Bounding box given by a CAD data file
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Table 193 — ContentBody

Name Data Type Data Description
(Required) Optional topology information
base BaseTopology (name, attributes, CAD identifier)
(Required) Bounding box behavior;
bounding_box_behavior Character relevent only for

PRC_TYPE_TOPO_BrepData; otherwise shall
be setto 0

8.9/17 ContentWireEdge

This represents the data defining a wire edge. It points to a 3D curve defining the geometridal shape of
the|edge. Any curve, including curves on a surface may be used. An optional jriterval may|be used to
limit the portion of the curve used to define the geometry of the edge. This irterval shall lie within the
intdrval of the underlying curve. If no triming interval is specified, the edge’is defined by the interval

defining the curve.

Table 194 — ContentWireEdge

Nanje Data Type Data Description

base BaseTopology (Required) Common topology [data (name,
attributes, CAD identifier)

ptrcurve PtrCurve (Required) 3D curve defining the geometry
of the wire edge

is_trimmed Boolean (Required) TRUE if the wire eqlge restricts
the 3D curve to a subset

trin_interval Interval (Optional; if is_trimmed is TRUE) Interval

defining the subset of the| 3D curve
represented by the wire edge

8.9]18 PRC_TYPE_TOPO_SingleWireBody

PRU_TYPE_TOPO_SingleWireBody is the topological equivalent of a single curve.
Table 195 — PRC_TYPE_TOPO_SingleWireBody

Namje Data Type Data Description
. (Required)
Unsignedinteger PRC_TYPE_TOPO_SingleWireBddy

bask ContentBody (Required) Common data foy PRC base
entities
(Required) wire edge shall be of type

wire_body PtrTopology PRC_TYPE_TOPO_WireEdge or
PRC_TYPE_TOPO_Edge

8.9.19 PRC_TYPE_TOPO_BrepData

This is the main representation of solid and surface topology (which is not highly compressed).
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Table 196 — PRC_TYPE_TOPO_BrepData

Name Data Type Data Description

UnsignedInteger (Required) PRC_TYPE_TOPO_BrepData

base ContentBody (Required) Common data for PRC base
entities

number_of_connex UnsignedInteger (Required) Number of connex entities in
this B-rep

connex Array <PtrTopology> | (Required) Array of connex entities in this
[number_of_connex] B-rep; each entry shall be non-NULLL|and
reference a PRC_TYPE_TOPO _Comnex
entity

bounding_hox BoundingBox (Optional; if ContentBeody:
bounding_box_behavier is
PRC_BODY_BBOX_CADData) Optipnal
bounding box; _ the required field
ContentBody ,defines the Boolean |[flag
indicating the, presence of this bounfing
box

8.9.20 PR({_TYPE_TOPO_SingleWireBodyCompress

This repregents a single wire body stored in compressed format.
Curve_tolerance is the tolerance used to approximate the curve of a single wire body. See 5.7.

Table 197 — PRC_TYPE_TOPO.SingleWireBodyCompress

Name Data Type Data Description
UnsignedInteger (Required)
PRC_TYPE_TOPO_SingleWireBodyCompress
base ContentBody (Required) Common data for PRC base
entities
curve_tolerjance Double (Required) curve_tolerance is |[the

tolerance that has been used| to
approximate the curve of a single wire
body.

compressed_curve CompressedCurve (Required)

8.9.21 PR( _TYPE_TOPO _BrepDataCompress

8.9.21.1 General

This represents manifold brep data stored in compressed format. In contrast to
PRC_TYPE_TOPO_BrepData, geometrical and topological entities are not shared with other bodies even
if they belong to the same topological context.

— brep_data_compressed_tolerance represents the tolerance used for the brep data approximation.

— number_of bits_to_store_reference represents the number of bits written in the file for the
following integers
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number_vertex_references represents the number of referenced verticies in the brep; see

CompressedVertex

number_edge_references represents the number of referenced edges in

CompressedCurve

the

brep; see

The number of faces in the compressed brep is calculated as the number of faces in all of the shells in all
of the connex entities.

Table 198 — PRC_TYPE_TOPO_BrepDataCompress

Nanje Data Type Data Description
UnsignedInteger (Required)
PRC_TYPE_TQPO/BrepPataCompre
Ss
base ContentBody (Required) Common dgata for PRC
base entities
brep_data_compressed_toleranc | Double (Required)

brep_data_compresse
e

d_toleranc

number_of bits_to_store_referen

ce

NumberOfBitsThenUnsignedInteger

(Required)
number_of _bits_to_std
ce

re_referen

number_vertex_references

UnsignedIntegerWithVariableBitNumb
er

(Required)

number_vertex_refer¢nces

number_edge_references

UnsignedintegerWithVariableBitNumb
er

(Required)

number_edge_references

single_connex Boolean (Required) TRUE if| this brep
consists of one connexl entity with
one shell

single_connex CompressedShell (Optional; if singlefconnex is
TRUE) Single compressed shell

multi_connex MultipleCompressedConnex (Optional; if singlefconnex is
FALSE)  Multiple |compressed

connex stored in file

bas

b_topology_data

Array <BaseTopology>|

(Required) Base topol
each of the faces in the
brep data; the order of]
this array corresponds
the faces are encount

gy data for
compressed
elements in
to the order
ered in the

scanning of connex

shell data

within the compressed

brep

8.9.21.2 MultipleCompressedConnex

This represents the data stored when the compressed brep data contains multiple connex entities or
multiple shells within a single connex entity.
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Table 199 — MultipleCompressedConnex

Name Data Type Data Description

number_of_connex UnsignedInteger (Required) Number of connex entities

connex Array <CompressedConnex> | (Required) Array of compressed connex
[number_of_connex] entities

8.9.21.3 CompressedConnex

This repregents all of the shells within a compressed connex entity.

Table 200 —CompressedConnex

Name Data Type Data Description

number_of|shells UnsignedInteger (Required) Number of shell entities

shells Array <CompressedShell> | (Required) Array of” compressed shells
[number_of_shells] within a connex entity

8.9.21.4 (ompressedShell

This repregents the compressed data for a single shell.
Table 201 — CompressedShell

Name Data Type Data Description

single_face Boolean (Required) True if there is only a single[face
in the shell

number_of|faces NumberOfBitsThenUnsignedlInteger (Optional); if single_face is TRUE) Number

of faces in the shell if there is more thhn a
single face

faces Array <CompressedFace> | (Required) Array of faces within the shdll..
[number_of-faces]

Required Array <Boolean> [number_of_faces] | (Required) Array of Boolean values
indicating if the face is an iso face (TRUE) or
not (FALSE). This is in the same ordgr as
the previous array of compressed faces.

8.9.21.5 (ompressed Face

8.9.21.5.1|Géeneral

This represents the data for a single compressed face. There are two types of compressed faces: iso-
faces and ana-face. An iso-face is a surface trimmed by four iso-parametric curves. If a face is not an iso-
face, it is an ana-face.

The types of iso-faces include ISO_PLANE, ISO_CYLINDER, ISO_CONE, ISO_SPHERE, ISO_TORUS, and
ISO_NURBS. Except for an ISO_NURBS, an iso-face is described using two curves. For example, an
ISO_CYLINDER is described with 4 trimming curve, 2 lines and 2 circle. Using the first line and the first
circular arc of the trimming loops enable to deduce the cylindrical surface and the two other trimming
edge curves.

For both types of faces, all curves used to define or trim them are 3D. Therefore, surface
parameterizations are not described and are set arbitrarily.
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A curve is implicit if it is computed using iso-face properties. For example, the third and fourth curves in
an ISO_CYLINDER are implicit curves. Other curves are explicit. Explicit curves are stored with the same
orientation as the loop that references them first in the compressed B-rep data.

If the face belongs to a shell and the curve was already serialized by a neighbor's face, it is referenced
with an index.

8.9.21.5.2 Enumeration of Compressed Entity Types

The following lists the types for compressed entities.

Table 202 — Enumeration of l‘nmprpccpd Fntify Types
Val Type Name Type Description
0 PRC_HCG_NewLoop Intermediate trimming loop on an' AnaFace
1 PRC_HCG_EndLoop Last trimming loop on an AnaFace
2 PRC_HCG_IsoPlane Plane trimmed by iso pariametric curves
3 PRC_HCG_IsoCylinder Cylinder trimmed by iso parametric curve
4 PRC_HCG_IsoTorus Torus trimmed by.iSo parametric curves
5 PRC_HCG_IsoSphere Sphere trimmed by iso parametric curves
6 PRC_HCG_IsoCone Cone trimmed by iso parametric curves
7 PRC_HCG_IsoNurbs Nurbs'trimmed by iso parametric curves
8 PRC_HCG_AnaPlane Plane trimmed with non-iso parametric cufrves
9 PRC_HCG_AnaCylinder Cylinder trimmed with non-iso parametrid curves
10 PRC HCG_AnaTorus Torus trimmed with non-iso parametric cyrves
11 PRC_HCG_AnaSphere Sphere trimmed with non-iso parametric dqurves
12 PRC _HCG_AnaCone Cone trimmed with non-iso parametric cufves
13 PRC_HCG_AnaNurbs Cone trimmed with non-iso parametric cufves
14 PRC_HCG_AnaGenericFace ana face lying on an uncompressed surfade which can
be of any type under PRC_TYPE_SURF
0 PRC_HCG_Line Compressed line
1 PRC_HCG ‘€ircle Compressed circle
2 PRC_HCG BsplineHermiteCurve Compressed hermite bspline
12 PRQ _HCG_Ellipse Compressed ellipse; reserved for future use
13 PRC_HCG_CompositeCurve Compressed composite

8.9.21.5.3 PRC_HCG_IsoPlane

The origin of the plane is the first vertex of the loop.
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Table 203 — PRC_HCG_IsoPlane

Name Data Type Data Description
CompressedEntityType (Required) PRC_HCG_IsoPlane

X Double (Required) X coordinate of unit plane
normal

y Double (Required) Y coordinate of unit plane
normal

positive_z Boolean (Required) TRUE if 7Z coordinate of unit
plane normal is greater than 0.0; else EALSE

face ContentCompressedFace (Required) Boundary of compressed fade

8.9.21.5.4| PRC_HCG_IsoCylinder

A conforming PRC Reader should recognize accordingly lines and circles from ContentCompressedface

to reconstry

uct a cylinder surface.
Table 204 — PRC_HCG_IsoCylinder

Name Data Type Data Description
Required CompressedEntity Type (Required) PRC_HCG_IsoCylinder
face ContentCompressedFace (Required) Boundary of compressed fade
8.9.21.5.5|PRC_HCG_IsoTorus
is_major_radius is TRUE if the first serialized circle Corresponds to the major radius.
A conformling PRC Reader should recognizecand classify circles from ContentCompressedFac¢ to
reconstruct a torus surface.
Table.205 — PRC_HCG_IsoTorus

Name Data Type Data Description

CompressedEntity Type (Required) PRC_HCG_IsoTorus
is_major_rddius Boolean (Required) is_major_radius
face ContentCompressedFace (Required) Boundary of compressed fade
8.9.21.5.6 | PRC'HCG_IsoSphere
A confornting—PRECReader—shouwld—recognize—and—elassifir—twe—first—eireles—efthe—leep—from

ContentCompressedFace to reconstruct radius and center of a sphere surface. The sphere is computed
from two circles made by two iso parametric curves in two different directions. The curves are on the
surface of the sphere.

Table 206 — PRC_HCG_IsoSphere

Name Data Type Data Description

CompressedEntityType (Required) PRC_HCG_IsoSphere
face ContentCompressedFace (Required) Boundary of compressed face
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A conforming PRC Reader should recognize accordingly lines and circles from ContentCompressedFace

to reconstruct a cone surface.

Table 207 — PRC_HCG_IsoCone

Name Data Type Data Description
CompressedEntity Type (Required) PRC_HCG_IsoCone
face ContentCompressedFace (Required) Boundary of compressed face

8.9{21.5.8 PRC_HCG_AnaPlane

The origin of the plane is the first vertex of the loop.

Table 208 — PRC_HCG _AnaPlane

Name Data Type Data Description
CompressedEntity Type (Required) PRC_HCG_AnaPlane

X Double (Required) X coordinate of [unit plane
normal

y Double (Required) Y coordinate of [unit plane
normal

positive_z Boolean (Required) TRUE if Z coordijate of unit
plane normal is greater than 0.0} else FALSE

facq ContentCompressedFace (Required) Boundary of compressed face

8.9,21.5.9 PRC_HCG_AnaCylinder

The analytic cylinder axis is defined from point_on_axis and cylinder_axis_direction. The cylipder radius
is computed using loop vertices to obtain an average radius when projected onto the axis.

Table 209 — PRC_HCG_AnaCylinder

Name Data Type Data Description

CompressedEntity Type (Required) PRC_HCG_AnaCylindér
facd ContentCompressedFace (Required) Boundary of compressed face
point CompressedPoint (Required) Point on cylinder axis
dir¢ction CompressedPoint (Required) Direction of cylindey axis

8.9.21.5.10 PRC_ HCG AnaTorus

x_axis and y_axis define the torus placement.
x_axis length is equal to the major torus radius.

y_axis length is equal to the minor torus radius.
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Table 210 — PRC_HCG_AnaTorus

Name Data Type Data Description

CompressedEntityType (Required) PRC_HCG_AnaTorus
face ContentCompressedFace (Required) Boundary of compressed face
center CompressedPoint (Required) Torus center
x_axis CompressedPoint (Required) Torus x_axis
y_axis Vector3D (Required) Torus y_axis
8.9.21.5.11 PRC_HCG_AnaSphere
The radius|of the sphere is computed using the first vertex of the loop and sphere_center;

Table 211 — PRC HCG_AnaSphere

Name Data Type Data Description

CompressedEntityType (Required) RRE-HCG_AnaSphere
face ContentCompressedFace (Required) Boundary of compressed fade

sphere_center

CompressedPoint

(Required) Sphere center

8.9.21.5.1

axis_point
correspong

P PRC_HCG_AnaCone

and apex_point are used to compute the-Zaxis. The cone origin and the semi-a
| to the loop vertex that is furthest from the z=axis.

Table 212 — PRC_HCG_AnaCone

ngle

Name Data Type Data Description

CompressedEntityType (Required) PRC_HCG_AnaCone
face ContentComprressedFace (Required) Boundary of compressed fade
axis_point CompressedPoint (Required) Axis point
apex_point CompressedPoint (Required) Apex point
8.9.21.5.18 PRC_HCG AnaGenericFace
This representsithe data stored for any analytic face where the surface data of the face are [not
compressef -In\this case, the trimming data for the face is saved and a regular surface descriptioln is
saved, if thereds-one-

In cases where no surface data has been saved, the entity type PRC_TYPE_ROOT is used instead
of PRC_TYPE_SURF.
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Table 213 — PRC_HCG_AnaGenericFace

Name Data Type Data Description

CompressedEntityType (Required) PRC_HCG_AnaGenericFace
Face ContentCompressedFace (Required) Boundary of compressed face
surface_definition PRC_TYPE_SURF or PRC_TYPE_ROOT (Required) Surface definition
8.9.21.5.14 PRC_HCG_IsoNurbs

8.9
An
bec

Int

The

If th
is

ap
The
nur

refé

21.5.14.1 General

so-NURBS surface is a face trimmed by four iso-parametric curves. This type of iso-facp is special

huse it is not stored using the first two curves (see 8.9.21.5).
his case, the surface is stored using the following information:

orientation_surface_with_shell is defined in FacesInShell.

orientation_loop_with_surface is defined in PRC_TYPE_TOPO_Loop.

sense_array is the correspondence between the surface“natural boundaries, as dg¢scribed in

CompressedNurbs, and the trim curves.

two first boolean values describe where the first curve is. Their possible values are:

FALSE FALSE : the first curve is on Umin.
FALSE TRUE : the first curve is on Vmin.
TRUE FALSE : the first curve is on Umax.

TRUE TRUE : the first curve is on-Vmax.

e last boolean value is FALSE, the sense is the same as if the first curve is on Umin, the second curve
n Vmin, and the third ‘curve is on Umax. If the last boolean value is TRUE, the reverfe sense is

ied.

four curve types-are stored as reference (identifier), line, circle, or other (iso boundary of surface).

hber_of_bits.te_store_reference is described in PRC_TYPE_TOPO_BrepDataCompress.
brence_indice is described in RefOrCompressedCurve.

Table 214 — PRC_HCG_IsoNurbs

Name Data-Type Data-Deseriptioh————
CompressedEntity Type (Required) PRC_HCG_IsoNurbs
orientation_surface_with_shell | Boolean (Required) Orientation of surface with

shell

orientation_loop_with_surface | Boolean (Required) Orientation of loop with
surface

sense_array Array <Boolean>[3] (Required) Three values of sense array

Surface CompressedNurbs (Required) Compressed Nurbs surface
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Table 214 (continued)

Curves Array<IsoNurbsTrimCurve>[4] (Required) Trimming information for
four boundary curves

LoopVertex0 CompressedVertex (Optional if Curves[0] is_referenced
AND Curves[1] is_referenced) The
shared vertex of the first and second
boundry curves

LoopVertex1 CompressedVertex (Optional if Curves[1] is_referenced
AND Curves[2] is referenced) The
shared vertex of the second and\ third
boundry curves

LoopVertex2 CompressedVertex (Optional if Curves[2] is:referenced
AND Curves[3] is_referenced) |The
shared vertex of thef’third and fourth
boundry curves

LoopVertex3 CompressedVertex (Optional if E€urves[3] is_referernced
AND Curvesf0] is_referenced) |The
shared vertex of the fourth and ffirst
boundry curves

8.9.21.5.14.2 IsoNurbsTrimCurve

Table 215 — IsoNurbsTrimCurve
Name Data Type Data Description
is_referencpd Boolean (Required) Is referenced

trim_curvelindex UnsignedintegerWithVariableBitNumber | (Optional if is_referenced is TRUE) Index
of trim curve

trim_curve IsoNurbsTrimCrv (Optional if is_referenced is FALSE) frim
curve

8.9.21.5.14.3 IsoNurbsTrimCrv

8.9.21.5.14.4 General

Save the adtual trim ctirve data on an iso NURBS surface.

Table 216 — IsoNurbsTrimCrv

Name Data Type Data Description

iso_boundary Boolean (Required) boolean with value is set to
TRUE when the trimming curve is not a
circle or a line.

is_a_circle Boolean (Optional; if iso_boundary is FALSE)

boolean value is set to TRUE if the trimming
curve is a circle. Else the trimming curve is
aline

compressed_circle

CompressedCircle

(Optional; if is_a_circle is FALSE)

compressed circle
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8.9.21.5.15 PRC_HCG_AnaNurbs

Table 217 — PRC_HCG_AnaNurbs

Name Data Type Data Description
CompressedEntityType (Required) PRC_HCG_AnaNurbs

compressed_face ContentCompressedFace (Required) Boundary of compressed face

compressed_surface CompressedNurbs (Required) Compressed nurbs surface

8.9121.6 CompressedNurbs

8.9J21.6.1 General

This defines the storage of a compressed NURBS surface.
A compressed NURBS surface is defined by the following data.

See|CompressedControlPoints, CompressedKnotVector, and CompressedMultiplicities for a degcription of
conferting from a NURBS surface to a compressed NURBS surface.

Table 218 — Input data in Nurbs

Name Description

Number_ccpt_in_u Number of control points in u

Number_ccpt_in_v Number of control points in v

Number_knots_in_u Number of knots in U

Number_knots_in_v Number of knots in V

Is_closed_in_u Boolean flag indicating a surface closed in u

Is_closed_in_v Boolean flag indicating a surface closed in v

Cept Two dimensional array of control points

Ccpt_type Two dimensional array of integers defining the type of
control point; see type_param for legal valyes

quot_u Array of knots in U

Ckl40t_v Array of knots in V

Mulk_u Array of multiplicities at the knots in U

Mullt_v Array of multiplicities at the knots in V

Is_rptional Boolean flag indicating if the surface iy a rational
surface (TRUE) and thus has an optionjal array of

weights at the control points

Weight Array of weights if the surface is rational

brep_data_compressed_tolerance is the tolerance for approximation as described in
PRC_TYPE_TOPO_BrepDataCompress.

The following are used for stored compressed control points:

— number_of_bits_for_isomin is the number of bits used to store first row and column of control
points
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— number_of_bits_for_rest is the number of bits to store the remainder of the control points

The following are used for stored compressed knot values in U or V:

— number_bit_parameter is the number of bits used to store knots

— tolerance_parameter is the tolerance used to store knots

The following are used for stored weights of rational NURBS surfaces:

— number_bit_weight is the number of bits to store weights

— weight_tolerance is the tolerance used to store weights

A conformfng PRC Writer shall ensure that all these numbers and tolerances used to $tore control

points, kn

type_param can have one of the following values:

— 0 for upiform parameterization.

— 1 for npn-uniform parameterization.

ts and weights are appropriately chosen so that the overall brep_data_compressed_tolerdnce
is respectefl. The algorithms to ensure this are not part of this specification.

— 2 for pseudo-uniform parameterization, meaning that the parameterization is uniform excepf for
extrenpities, mostly coming from a trim applied uniformly.

The follow]ng are used in the definition of a compressed nuths surface:

Nurbs| tolerance = brep_data_compressed_tolerance / 5.0

Numbegr_stored_knots_in_u = number_of knets_in_u - 2

Numbepr_stored_knots_in_v = numberrof-knots_in_v - 2

Numbpr_bits_u = (degree_in_u ? ceil[ log( degree_in_u+2) /log(2) ] : 2)

Numbpr_bits_v = (degree_in.v-?ceil[ log( degree_in_v + 2 ) /log(2) ] : 2)

tolerapce_parameter =\1./ 2*( number_bit_parameter -1)

Table 219 — CompressedNurbs

Name

Data Type

Data Description

degree_in_T stored

UnsignedintegerWithVariableBitNumber

(Required) degree_in_u stored wirh 5
bits

degree_in_v

UnsignedintegerWithVariableBitNumber

(Required) degree_in_v stored with 5
bits

number_stored_knots_in_u

UnsignedintegerWithVariableBitNumber

(Required)
number_stored_knots_in_u stored
using 16 bits; the integer represents
the number of Kknots in u that are
stored in the knot_u array

mult_u Array <CompressedMultiplicities> | (Required) Array mult.u of data
[number_stored_knots_in_u] describing the knot multiplicities in U

for number_stored_knots_in_u knots
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number_stored_knots_in_u

UnsignedintegerWithVariableBitNumber

(Required)
number_stored_knots_in_v stored
using 16 bits; the integer represents
the number of knots in u that are
stored in the knot_u array

mult_v

ArrayOf[CompressedMultiplicities>
[number_stored_knots_in_u]

(Required) Array multv of data
describing the knot multiplicities in V
for number_stored_knots_in_v knots

is_closed_in_u Boolean (Required) is_closed_in_u
is_closed_in_v Boolean (Required) is_closed\in_v
number_of bits_for_isomin | UnsignedIntegerWithVariableBitNumber | (Required)
number_of _bits) for_isomin stored
using 20 bits
number_of _bits_for_rest UnsignedintegerWithVariableBitNumber | (Required) number_of_hits_for_rest

stored.using 20 bits

conjpressed_control_points

CompressedControlPoints

(Required) Compressed control points
for the surface

knot_vector_u CompressedKnotVector (Required) Save type_param_u,
number_knots_u, and knots|u

knot_vector_v CompressedKnotVector (Required) Save type_param_v,
number_knots_v, and knots|v

is_rational Boolean (Required) is_rational

weights CompressedWeights (Optional; if is_rational is [TRUE) Save

weights

8.9{21.6.2 CompressedMultiplicities

This defines an array of data stored to define the multiplicity of knots at each knot in the kn¢t array for

either U or V parameter.

number_stored_knots iS-¢ither Number_stored_knots_in_u or Number_stored_knots_in_v

number_bits is either-number_bits_u or number_bits_v.

Multiplicity is either mult_u or mult_v.

For|each ofthe knots (0 <= i < number_stored_knots), the following data is stored

— |A Boolean flag indicating if additional data is stored

— Ifi> 0 multiplicity_is_stored = (multiplicity[i] == multiplicity[i-1]);

— ifiis O multiplicity_is_stored = (multiplicity[i] == 1)

— Optionally store the multiplicity at this knot using number_bit bits
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Table 220 — CompressedMultiplicities

Name

Data Type Data Description

multiplicity_is_stored

Boolean (Required) multiplicity_is_stored

multiplicity

(Optional; if multiplicity_is_stored
TRUE) multiplicity[i] stored
number_bits

UnsignedintegerWithVariableBitNumber

is

using

8.9.21.6.3

CompressedControlPoints

8.9.21.6.3

nurbs_tolg
that each
nurbs_tole

compresse

recompute
which is u
working s
vector co

(P10 - Pojoc
computed
point is re

1 General

boint on the compressed nurbs surface is at a distance of the original surface less t
rance.

rance describes the tolerance used to approximate the original nurbs surface. {t ensures

P33

P30

P10

Figure 3:— CompressedControlPoints

bd_control_point P ,is ;@ two dimension array containing double values that allow
x, y, z values of cansecutive points. At start, the surface is copied into a working struc
pdated step by step. Poo coordinates are pushed in compressed_control_point and into
ructure, thus PO,O(compressed] = PO,O(working_structure) = PO,()- Then PI,O - PO,O is ComPUted and ¢
ponent is approximated to the nearest multiple of the nurbs_tolerance. This truncated ve
orking stracture))_truncated is pushed into compressed_control_point. Then P1oworking structu
aS fOHOWS H Pl,O(working_structure) = (Pl,O - PO,O(working_structure))_truncated + PO,O(working_structure)-

Linjected into the working structure to avoid error propagation. In the same way, (P
3 is (‘nmnnfpd

&

\] _truncated is nnchpr‘l into r‘nmnrpccpd _control nmnf P, everling

han

to
ure
the
ach
ctor
) is

This

2,0 =

nd

Pl 0(working_st

ve

re-injected in the working structure. The same formula applies for each Pl o and then Po, control points.

Internal compressed control points are also computed with previously stored points. for each i and for
each j, Pijcompressed) i computed

V(_Pi—l,/ - Pi—l,j—l
U<—Pi,j—1 - Pi—l,j—l
N«UAV
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i, j(compressed ) <_Pi,j - (Pi—l,j—l + V +U)

Four cases are considered:

Oth

9-1:2014

If Pij(compressed) length is less than nurbs_tolerance, control_point_type is set to zero and no value is

pushed into compressed_control_point.

(Pi—l at V+ U) is reinjected in the working structure to replace P;;.

Pis
Wh

All

rwise, Pi,(compressed) is evaluated in the following local coordinate system -
P, . «|P v P N v P N
i,j i,j(compressed) — ° i,j(compressed) — — b i,j(compressed) —
Ul Il M

if x2 + y2value is less than nurbs_tolerance? control_point_type is sét'to 1 and z if
compressed_control_point.

else if the z component length is less than nurbs_tolerance, control_point_type is set tc
coordinates x and y are added in compressed_control_point.

else x, y and z are stored in compressed_control_point.‘eontrol_point_type is set to 3. If
vectors V, U, or N has a length less that 1e-12, this caseis systematically used.

a two dimensional array of the 3D control pointsfor a compressed Nurbs surface.
bn linearized, the data is stored in the following order

The corner point P[0][0] is stored as a Vector_3d (i.e. three doubles);

The remainder of the first row of eantrol points is stored as Point3DWithVarBitNumber

row of control pointsfrom j=1 to number_ccpts_in_v. For each point
— Save the typeof control point
— Ifthe type is 1, save the z coordinate of the control point

— Ifthe type is 2 save the x and y coordinates of the control point

—/ If the type is 3 save the x, v, and z coordinates of the contol point

added in

2 and the

one of the

The remainder of the first column of control points is stored as Point3DwithVarBitNumbpr

he remainder of the matrix‘is stored by row (i.e. for a given i from 1 to number_ccpts_in|u, save the

Point3DWithVariableBitNumber data is written using Nurbs_tolerance and
(number_of_bits_for_isomin + 1).
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Table 221 — CompressedControlPoints

Name Data Type Data Description

p00 Vector3d (Required) P[0][0]

ccpt_in_v Array (Required)  P[O][j] 1 <= j <
<Point3DwithVariableBitNumber> number_ccpt_in_v
[number_ccpt_in_v]

ccpt_in_u Array (Required) PJi][0] 1 <= i <

<Point3DwithVariableBitNumber>

number_ccpt_in_u

frmumber_ceptin_uj

ccpt_interigr

Array
<InteriorCompressedControlPoints> []

(Required) Array of data describing intdrior
compressed control points. Thé Jpoints| are
saved using the order in "the prevjous
pseudo code

8.9.21.6.3)2 InteriorCompressedControlPoints

This repregents the data stored for each interior compressed control point.

All DoubleWithVariableBitNumber data is written using Nurbs_tolerarice and (number_of_bits_for_fest

+1).
The array

finterior compressed control points is a two dimensional array written as

for (i# 1;i<number_ccpt_in_u; i++) {

for (j =1;j <number_ccpt_in_v; j++) {

write P[i][j]
}
}
Table 222 — InteriorCompressedControlPoints
Name Data Type Data Description
type UnsignedintegerWithVariableBitNumber | (Required) Ccpt_Type[i][j] Is written with
2 bits

P[i][j]-z DotibleWithVariableBitNumber (Optional; if type is 1) P[i][j].z
P[i][j]-x DoubleWithVariableBitNumber (Optional; if type is 2) P[i][j].x
Pli][jl-y DoubleWithVariableBitNumber (Optional; if type is 2) P[i][j].y
P[i][j]-x DoubleWithVariableBitNumber (Optional; if type is 3) P[i][j]-x
P[il[].y DoubteWithvartabieBitNumber (Optional; iftype 3 3) PIIfITY
P[i][j].z DoubleWithVariableBitNumber (Optional; if type is 3) P[i][j].z

8.9.21.6.4 CompressedKnotVector

8.9.21.6.4.1 General

The knot vectors are always between 0 and 1. The multiplicities are stored as described in the PRC File

Format Specification. See

8.9.21.6.2.

parameterization are considered.

138

U knots are treated first, then V. Three types of knot
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If it is uniform, no parameter is stored in compressed_knot. This corresponds to type_param = 0.

If it is pseudo uniform, the interval length between the two first parameters is computed and
truncated using tolerance_parameter, and then stored into compressed_knot. Same for the two last

parameters. This corresponds to type_param = 2.

Otherwise, internal parameters are stored. For each internal parameter, a difference between the
precedent compressed parameter is computed, truncated using tolerance_parameter and stored

into compressed_knot. This corresponds to type_param = 1.

Thi
and|

knot vector is saved for either the U or V parameter values.

Table 223 — CompressedKnotVector

b represents the data stored for the knot vector of a compressed NURBS surface. The type_param

Naqle Data Type Data Description

nulJlber_bit_parameter UnsignedintegerWithVariableBitNumber | (Required) , \number_bit_parpmeter is

saved using 6 bits

is_uniform Boolean (Requited) is_uniform is| TRUE if
typésparam ==
knots CompressedKnots (Optional; if is_uniform is FALFE)
8.9121.6.4.2 CompressedKnots
This represents saving the knots (either knots_u or, knots_v) for a compressed NURBS.
Table 224 <</CompressedKnots
Name Data Type Data Description
m Boolean (Required) Type_param ==
m Boolean (Optional; ??? is FALSE) Type_param ==
conjpressed_knots Array<CompressedKnot>[] (Required) Save the array of [compressed
knots
8.9121.6.4.3 CompressedKnot

Thi

5 represents.a.single entry in an array of compressed knots.

The number of elements in the array is given by number_knots

h 5 =
mamber _DTCpAardireter + 1

The DoubleWithVariableBitNumber  is written using  tolerance_parameter and

— The format of the data is either Double or DoubleWithVariableBitNumber in the file depending

upon the Boolean test (number_bit_parameter > 30).

The array may be either an array of knot_u or knot_v defining the compressed NURBS surface.

© ISO 2014 - All rights reserved

139



https://standardsiso.com/api/?name=a860ee9179cd4564c31220e4c153ad48

ISO 14739-1:2014

Table 225 — CompressedKnot

Name Data Type Data Description
knot Double (Optional; if number_bit_parameter > 30)
knot[i]
knot DoubleWithVariableBitNumber (Optional; if number_bit_parameter <=
30) knot][i]
8.9.21.6.5 _CompressedWeights
This repregents the data stored for the weights of a compressed NURBS surface.
— The nymber of entries to store is (number_ccpt_in_u * number_ccpt_in_v)
— The DgubleWithVariableBitNumber is written using weight_tolerance and number.bit_weight{+ 1
— The format of the data is either Double or DoubleWithVariableBitNumber inthe file dependling
upon the Boolean test (number_bit_weight > 30)
Table 226 — CompressedWeights
Name Data Type Data‘Description
number_bif_weight UnsignedIntegerWithVariableBitNumber | nimber_bit_weight save with 6 bits
weights Array <Double>[ number_ccpt_in_u % | (Optional; if number_bit_weight > 30) $ave
number_ccpt_in_v] weight array (without compression)
tolerance Double (Optional; if number_bit weight <=|30)
Weight tolerance
compressefl_weights Array <DoubleWithVariableBitNumber> | (Optional; if number_bit_ weight <=|30)
[number_ccpt_in_u * number_ccpt_in_v] | Save weight array using compression
8.9.21.7 ContentCompressedFace
8.9.21.7.1| General
This represents the data for a-compressed face. A compressed face is further classified by its trimnping
curves. An|IsoFace is trimmed by four iso-parametric trimming curves. An AnaFace is trimmed by [any
other combination of trimming curves.
Vertex loops are used to-represent a loop consisting of a single vertex, such as might exist on the apgx of
a cone, or 4 spherg‘touching a plane. They are represented by a degenerate line which has identical dtart
and end veftices;
orientatiop_Surface_with_shell describes the orientation of the surface normal with respect to|the

shell. See PRC_TYPE_TOPO_Shell.

orientation_loop_with_surface describes the orientation of a loop with respect to a surface normal.
See PRC_TYPE_TOPO_Loop.
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Table 227 — ContentCompressedFace

Name

Data Type

Data Description

orientation_surface_with_shell

Boolean

(Required)
Orientation_surface_with_shell

iso_face ContentCompressedisoFace (Optional; if is_an_iso_face is TRUE)
Save data for a compressed iso face
ana_face ContentCompressedAnaFace (Optional; if is_an_iso_face is FALSE)

Save data for a face trimmed by analytic

cuarves

8.9{21.7.2 ContentCompressedlsoFace

In the case of an IsoFace, the first and second trim curves are stored explicitly, €ither by r¢ference or

actyal data. Reference to the third or fourth trim curve is stored in case the actual data has Heen stored

by an adjacent face. Otherwise, the third or fourth trim curve will have to be . deduced from the first and

second trim curves and a vertex representing the join between the thitd)and fourth trim cpirves. The

looi of an IsoFace can not be degenerate.

Table 228 — ContentCompressedlsoFace

Name Data Type Data Description

origntation_loop_with_surface Boolean (Required)
orientation_loop_with Jsurface

first_trim_curve RefOrCompressedCurve (Required) first trim cyirve on face

second_trim_curve RefOrCompressedCurve (Required) second triLn curve on
face

thind_trim_curve_is_not_yet_save | Boolean (Required) TRUE if

d third_trim_curve_is_nlot_yet_sav
ed

thind_trim_curve UnsignedintegerWithVariableBitNumb | (Optional; if

er third_trim_curve_is_rlot_yet_sav

ed if FALSE) Index ¢f the third
trim curve

fourth_trim_curve_isinot_yet_sav | Boolean (Required) TRUE if

ed fourth_trim_curve_is_njot_yet_save
d

fourth_trim curve UnsignedintegerWithVariableBitNumb | (Optional; if

er fourth_trim_curve_is_njot_yet_save

d is FALSE) Index of the fourth
trim curve

common_third_fourth_vertex CompressedVertex (Optional; if
third_trim_curve_is_not_yet_saved
is TRUE and
fourth_trim_curve_is_not_yet_save
d is TRUE) Save the
common_third_fourth_vertex

8.9.21.7.3 ContentCompressedAnaFace

8.9.21.7.3.1 General
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If the AnaFace has trimming boundaries, all of the trimming loops are stored as an array of loops with
the last loop in the array having type PRC_HCG_EndLoop and all other loops having type
PRC_HCG_NewLoop.

If the AnaFace is defined by a torus and all of the trimming loop are vertex trimming loops (e.g. the loop
consists of a single degenerate line), a point on the torus far from degeneracy is stored to indicate the
interior of the face (this corresponds to the interior part of the spindle” side versus the exterior part of

the spindle ).
Table 229 — ContentCompressedAnaFace

Name Data Type Data Description

is_trimmed Boolean (Required) TRUE if surface is trimmed; [else
FALSE

trim_loop Array <AnaFaceTrimLoop>[] (Optional; if is_trimed is (FRUE) Array of
trimming loops on the face) The last lodp in
the array is of type RRC_HCG_EndLoop; all
others are of fype
HPC_HCG_TOPO-NewLoop

point_on_tdrus CompressedPoint (Optional; if*all_loops_are_vertex_loops is
TRUE AND surface_type is
PRC HCG*AnaTorus AND is_trimmed is
TRUE) Point_on_torus

8.9.21.7.312 AnaFaceTrimLoop

This repregents the trimming curves for a loop on a compressed AnaFace.

The last lpop on the face is of type of PRC_HCG-EndLoop. Other loops on the face are of fype

PRC_HCG_NewLoop.

Table 230>+ AnaFaceTrimLoop

Name

Data Type

Data Description

loop_surfag

e_orientation

Boolean

(Required) Orientation of loop

surface

vith

curves

ArrayOf[RefOrCompressedCurve]

(Required) Array of curves in
trimming loop

the

curve_is_nd

t_already_stored

Boolean

this represents a boolean flag that m
curve_is_NOT _already_stored is TRUE;
used when reading a PRC File to signa
end of the curves in a loop and the en

(Required) Boolean value is always TRUE;

bans
itis
the
d of

all loops.

type

CompressedEntityType

other loops

(Required) Will be PRC_HCG_EndLoop for
last loop and PRC_HCG_NewLoop for all
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21.8 RefOrCompressedCurve

39-1:2014

The flag curve_is_not_already_stored indicates if the trim curve has already been stored in the
compressed brep data. If the curve has already been stored, the index of the curve is stored in the file;
otherwise, a compressed version of the trim curve is stored.

The index is stored with a variable number of bits indicated by number_of_bits_to_store_reference.

See

8.9.20 for a definition of this number.

Table 231 — RefOrCompressedCurve

Nan

ne Data Type Data Description

cury

re_is_not_already_stored | Boolean (Required)

curve_is_not_already.store

ind¢

px_compressed_curve UnsignedintegerWithVariableBitNumber | (Optional;
curve_is_not_ already_sto
FALSE) Index to the alr

compressed curve data

if
ed is
pady stored

conjpressed_curve CompressedCurve (Optional; if
curve_is_not_already_stored is
FRUE) Store the compr¢ssed curve
data.

8.9/21.9 CompressedCurve

8.9]121.9.1 General

A qompressed curve is one of PRC_HCG_Line;®» PRC_HCG_Circle, PRC_HCG_BsplineHermiteCurve or

PR{_HCG_CompositeCurve.

The curve type PRC_HCG_Ellipse is reserved:for future use.

8.9121.9.2 PRC HCG_Line

The representation of a compressed line (PRC_HCG_Line) is context dependent.

If al compressed line is part(of*a compressed face, the compressed line is represented by a pair of

stailt/end vertices; otherwisejit is represented by a pair of start/end points.

curye_trimming_face isZTRUE if this compressed line is part of a PRC_TYPE_TOPO_BrepData(ompress; it

is FALSE if this compressed line is a part of a PRC_TYPE_TOPO_SingleWireBodyCompress.
Table 232 — PRC_HCG_Line
Name Data Type Data Description
CompressedEntity Type (Required) PRC_HCG_Line
start_end_data StartEndData (Reguired) Save the start/end tiim data

8.9.
8.9.
The
The

21.9.3 PRC_HCG_Circle
21.9.3.1 General
representation of a compressed circle (PRC_HCG_Circle) is context dependent.

data stored for a compressed circle depends upon the context it is used in:

— curve_trimming_face is TRUE to indicate that the circle is used as part of the trimming data for a

face (i.e as part of a PRC_TYPE_TOPO_BrepDataCompress) or is FALSE to indicate that t
not part of a face (i.e. it is used as part of PRC_TYPE_TOPO_SingleWireBodyCompress)

© ISO 2014 - All rights reserved
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— compressed_iso_spline is TRUE if the circle is being used as the trim boundary of an
PRC_HCG_IsoNurbs; otherwise it is FALSE

In addition, the data stored for a compressed circle depends on the geometry of the circle. A circular arc
with angle 0.0, 7w, or 2 will have different data. The particular_circle Boolean flag indicates this.

Table 233 — PRC_HCG_Circle

Name Data Type Data Description

type CompressedEntityType (Optional; if compressed_iso_spline is
EATCEYDDC 11ee o)
FAESES-PRE-HEG€Cirele

is_particuldr_circle Boolean (Required) is_particular_circle

particular_tircle ParticularCircle (Optional; if is_particular_circle/is TRUE)

Circular arc with angle 0, m,-0r 2

general_circle GeneralCircle (Optional; if is_particular-circle is FALSE)
Not a special circle

8.9.21.9.312 ParticularCircle

This is the [data that is stored if the compressed circle is a special case (eircular arc with angle 0, 7, pr 2
).
Full_circle |s TRUE if the start point and end point of the trim curve.are identical (to within tolerancg).

Table 234 — ParticularCircle

Name Data Type Data Description

full_circle Boolean (Required) full_circle

start_end_data StartEndData (Optional; if compressed_iso_spling is
FALSE) Save the start/end trim data

center CompressedPoint (Optional; if full_circle is TRUE) Centgr of
circle

normal_plane CompressedPoint (Optional; if full_circle is TRUE) Normgl to

plane of circle

middle_of_3arc CompressedPoint (Optional; if full_circle is FALSE) Mifddle
point on circular arc

144 © ISO 2014 - All rights reserved



https://standardsiso.com/api/?name=a860ee9179cd4564c31220e4c153ad48

ISO 147

8.9.21.9.3.3 GeneralCircle

This is the data that is stored for a general circle or circular arc.

Table 235 — GeneralCircle

39-1:2014

Name Data Type Data Description

start_end_data StartEndData (Required) Save the start/end trim data
center CompressedPoint (Required) Center of circle
circle_angle Boolean (Required) circle_angle > 7

8.921.9.4 PRC_HCG_BsplineHermiteCurve

Ac

Stan

bmpressed Hermite curve structure contains information to store a compact,represern
Bsplline curve with degree 3.

con
bety

co
poliIts on the curve stored with difference :

veen each point on curve (P;)

A Hermite curve is defined by the following data:

Compression_tolerance is the tolerance that was used to approximate the original nurbs
8.9.21 or 8.9.20.

compressed_points are the control points representing the)Hermite curve

compressed_tangents describe how internal points computed from tangents are compr

tation of a

curve, see

bssed

point_number_bits is the number of bits used t0.store each compressed control point cgordinate if

control points are stored using a variable number of bits; a conforming PRC Writer will
number through the routine GetNumberOfBitUsedToStoreUnsignedInteger (See 10.1)

tangent_number_bits is the number of bits used to store each compressed tangent ca
the tangents are stored using a variable number of bits

t and end curve points are explicitly stored in the PRC File. Compressed_points

obtain this

ordinate if

(Ptc) and

pressed_tangents (Tgtc)allow computation of the control polygon. compressed_poinks contains

P, < StartPt Py, < Py + (Pt [3i] Pt [3i +1] Pt [3i +2]) P, < EndPt

pressed_tangent contains curves’ tangents at each Ptc. It is used to determine two cont

P, 4 (1901 ot 11 Tye (2]
||P3 - Po”

rols points

The

(Tgt [3],Tgt [4],Tgt [5])

P,—P, —

2 ’ ||P3 _P0|
pp, 4 9L BTt 41Tyt [5)
||P6_P3||

Bspline knot values are implicit and computed using control points.

U,<0 U—U,_, +“ﬁ3i_ﬁ3(i*1]“
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Multiplicities are implicitly 4 for start and end knot and 3 for internal knots.

Table 236 — PRC_HCG_BsplineHermiteCurve

Name Data Type Data Description

type CompressedEntityType (Required)
PRC_HCG_BsplineHermiteCurve

start_end_data StartEndData (Required) Save the start and end

trimming data as either vertices or points

number_bit

LIn cignﬂdlnfpgerit‘h VariahleRitNumber.

(qunirﬂd) Number bhits is the number of

bits used to store number_points;.|this
number is stored with 4 bits

number_pdints

UnsignedintegerWithVariableBitNumber

(Required) Number_points is tlle number
of compressed control points

point_number_bits

UnsignedIntegerWithVariableBitNumber

(Required) Point_number_bits is | the
number of bits used 'to store comprefsed
points; this numper is stored with 6 bits

points Array <Vector3d> [number_points - 2] | (Optional; ¢ it~ point_number_bits330)
Array of (number_points -2) comprepsed
points
compressefl-points Array (Optional; if point_number_bits<330)
<Point3DWithVariableBitNumber> Array of (number_points - | 2)
[number_points - 2] compressed points with variable number
of bits
tangent_number_bits UnsignedIntegerWithVariableBitNimber | (Required) tangent_number_bits is |the
number of bits used to store comprefsed
tangents; this number is stored with 6 bits
tangents Array <Vector3d>[number_points] (Optional; if tangent_number_bits >|30)
Save number_points compressed tangents
compresse(l_tangents Array (Optional; if tangent_number_bits <=|30)
<Point3DWithVariableBitNumber> Save number_points compressed tangents
[number/points] with variable number of bits
8.9.21.9.5| PRC_HCG_CompositeCurve

This entity

define a compressed composite curve. [t must not be used on edges or coedges.

Table 237 — PRC_HCG_CompositeCurve

Name Data Type Data Description

type CompressedEntityType (Optional; if is compressed iso spling¢ is
FALSE) PRC_HCG_CompositeCurve

start_end_data StartEndData (Required) Save the start and end trimming
data as either vertices or points

dimension UnsignedInteger (Required) Dimension of the compressed
composite curve (either 2 or 3)

is_closed Boolean (Required) TRUE if the curve is closed; else
FALSE
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number_of_curves

UnsignedInteger

(Required) Number of curves

composite

in the

curves

Array

[mumber_of _curves]

<CompressedCurve>

(Required) Array of compressed curves

8.9.

Thi

21.9.6 StartEndData

data defines the start and end verticies/positions of a trim curve. It is context dependent (see

8.9.

21.9.2 or 8.9.21.9.3).

Table 238 — StartEndData

Naqle Data Type Data Description

starlt_vertex CompressedVertex (Optional; if “\curve_trimmipng face is
TRUE) Start mertex

end| vertex CompressedVertex (Optionals/ if curve_trimmipg _face is

TRUE)End vertex

stanjt_point

CompressedPoint

(Optional; if curve_trimmi
FALSE) Start point

hg_face is

end| point CompressedPoint (Optional; if curve_trimming face is
FALSE) End point

8.9{21.10 CompressedVertex

This represents a compressed vertex eitherlas a compressed point or a reference to pn already

conppressed point. Each compressed brep«data serialization maintains an array of previously written

vertices, starting at index 0.

nurmber_of_bits_to_store_reference is_the number of bits used to define a reference to compfessed data

and|is described in PRC_TYPE_TOPO_BrepDataCompress.

Table 239 — CompressedVertex

Name

Data Type

Data Description

alre

ady_stored Boolean

(Required) TRUE if vertex is |
stored

NOT already

point_index UnsignedintegerWithVariableBitNumber | (Optional; if already_stored| is FALSE)
Index to the already stored |[compressed
point data

point-data CompressedPoint (Optional; if already_stored is TRUE)
Compressed point data.
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8.9.21.11

CompressedPoint

This represents a compressed point. The representation of the compressed point in the PRC File may be
either as a Point3DwithVariableBitNumber or as a PRC_TYPE_TOPO_UniqueVertex depending upon how
many bits are necessary to represent the data.

When a PRC File Writer writes a compressed point, the number of bits necessary to store the point is
calculated using the formula

Double dTol = brep_data_compressed_tolerance / 100.0;

Unsig

adintuMaxCoordinata=MAX(fahelGA fabhelx) fobhel(-2 ) /ATl 4 1
et T XTS5 /66t =+

Unsign

If uNbBits
is stored ag

TTre-trivroXoootrorrrioree TIXZ Y Tty ooy

ed int uNbBits = GetNumberOfBitUsedToStoreUnsignedInteger( uMaxCoordinate);

s greater than 30, the compressed point is stored as a PRC_TYPE_UniqueVertex; otherwi
a Point3DwithVariableBitNumber.

Table 240 — CompressedPoint

e it

Name

Data Type Data Description

uNbBits

UnsignedintegerWithVariableBitNumber | (Required)uNbBits is stored using 6 b

ts

point

Point3DWithVariableBitNumber (Optional; if uNbBits <= 30) Compre
point data is stored as a 3D point

ulNbBits bits and dTol tolerance

Esed
vith

point

Vector3d (Optional; if uNbBits > 30) Compre

point data is stored as a unique vertex

5sed

8.9.22 PR
8.9.23 Ret
8.9.23.1 G

Each curv
identifier

The first 1

[ TYPE_TOPO_WireBody
erences

eneral

e, surface, or topological _entity within an individual topological context is assigned
hich can be used to referto it from other entities within the same topological context.

eference to an entity stores the actual data and generates an identifier for that en

Subsequent references to that entity store only the identifier.

Note that v
of data stor
no additio

topology.

Vhen the actual data is stored, the first entry is an UnsignedInteger which indicates the t
ed. PRC<TYPE_ROOT (0) is used to indicate that the entity corresponds to a NULL pointer
nal data“is saved. Otherwise, the integer will be one of the subtypes of curve, surface

8.9.23.2 PtrCurve

an

tity.

ype
and
, or

If the Boolean flag is TRUE, the actual curve data is stored. Otherwise, the identifier of the curve is
stored. The only legal curves are those represented by the base class PRC_TYPE_CRYV.
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Name Data Type Data Description

(Required) is_referenced is TRUE if
is_referenced Boolean identifier of the entity is stored; else FALSE

(i.e. actual entity data stored)

(Optional; if is_referenced is FALSE) The
curve PRCTYPE_CRV actual data for the stored entity.
curye_identifier UnsignedInteger (Optional; if is referenced is TRUE)

1aentirier or stored entity

8.9123.3 PtrSurface

If the Boolean flag is TRUE, the actual surface data is stored. Otherwise, the identifier of the¢ surface is

storfed. The only legal surfaces are those represented by the base class PRC_TY.PE_SURF.
Table 242 — PtrSurface

Name Data Type DatdDescription
(Required) is_referenced i§ TRUE if
is_referenced Boolean identifier of the entity is stored| else FALSE
(i.e. actual entity data stored)
(Optional; if is_referenced is [FALSE) The
surface PRC_TYPE_SURF actual data for the stored entity
. . . (Optional; if is_referenced | is TRUE)
surface_identifier UnsignedInteger [dentifier of stored entity

8.9123.4 PtrTopology

If the Boolean flag is TRUE, the actual topological entity is stored. Otherwise, the ident]fier of the
topplogical entity is stored. The-only legal topological entities are those represented by thg base class

PRO_TYPE_TOPO.

Table 243 — PtrTopology

Name Data Type Data Description
(Required) is_referenced i§ TRUE if
is_sfored Boolean identifier of the entity is stored| else FALSE
(i.e. actual entity data stored)
(Optional; if is_stored is FALSH) The actual
tOPT PRC_TYPE_TOPO data for the stored entity.
topo_identifier Unsignedinteger (Optional; .1f is_stored is TRUE) Identifier of
stored entity
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8.10 Curve

8.10.1 Entity Types

Table 244 — Curve entity types

Type Name

Type Value

Referenceable

PRC_TYPE_CRV

PRC_TYPE_ROOT + 10

PRC_TYPE_CRV_Base

PRC_TYPE CRV+1

PRC_TYPE_(RV_BlendUZBoundary PRC_TYPE_CRV ¥ 2
PRC_TYPE_JRV_NURBS PRC_TYPE_CRV + 3
PRC_TYPE_(QRV _Circle PRC_TYPE_CRV + 4
PRC_TYPE_JRV_Composite PRC_TYPE_CRV + 5
PRC_TYPE_AQRV_OnSurf PRC_TYPE_CRV + 6
PRC_TYPE_ARV_Ellipse PRC_TYPE_CRV +7
PRC_TYPE_(RV_Equation PRC_TYPE_CRV + 8
PRC_TYPE_(RV_Helix01 PRC_TYPE_CRV +9
PRC_TYPE_QRV_Hyperbola PRC_TYPE_CRV + 10
PRC_TYPE_AdRV _Intersection PRC_TYPE CRV + 11
PRC_TYPE_ARV Line PRC_TYPE_CRV + 12
PRC_TYPE_(RV _Offset PRC_TYPE_CRV +13
PRC_TYPE_QRV_Parabola PRC_TYPE_CRV +\I'4
PRC_TYPE_(RV _PolyLine PRC_TYPE_CRV + 15
PRC_TYPE_QRV_Transform PRC_TYPE-CRV + 16
8.10.2 PR(_TYPE_CRV

Abstract type for curves.

8.10.3 PR({_TYPE _CRV _Base

8.10.3.1 General

Abstract type for alkgeometric curves. The following data is stored for all curve types.
8.10.3.2 dontentCurve

ContentCurve provides additional information about a curve such as its name and attributes, how it

extends past its boundary (start and end points), and if it is a 2D or 3D curve.

is_3d_flag: this flag is set to TRUE if the curve is a 3D curve; otherwise it is FALSE. If a curve has a
transformation, this flag is used to determine if it a 2D transformation or a 3D transformation (See

8.4.11)
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Table 245 — ContentCurve

Name Data Type Data Description

has_base_geometry | Boolean (Required) TRUE if base information is present; else FALSE

attribute_data AttributeData (Optional; if has_base_geometry is TRUE) Attributes attached to the

geometric entity

name Name (Optional; if has_base_geometry is TRUE) Name attached to the

geometric entity

id

system; this may not be used to reference entity within PRC

Unsignedinteger | (Optional; if has_base_geometry is TRUE) Identifier in,originating CAD

File;

extefnd_type Unsignedinteger | (Required) Indicates how the curve is extended;sée 8.9.11

is_3

Id flag Boolean (Required) is_3d flag; TRUE if the curve is3D, otherwise FA

.SE

8.1

Thi
ate
froy

ble
PR(

bou

boy

sense_of_bounding_surface is equal to the sense of the bounding surface used in the i

cur
AB

AT
rota

).4 PRC_TYPE_CRV _Blend02Boundary

b entity represents a U iso-parametric curve of a Blend02 sutface (along its center curvg
ither the surfaces v minimum or v maximum value. The parameterization of the curve i
h the Blend02 surface.

nhd represents the Blend02 surface and shall’ not be NULL; it shall be
| TYPE_SURF _Blend02.

nd indicates which blend U iso-parametric beithdary is used:

0 represents the first blend bound (v minimum).
1 represents the second blend bound‘(v maximum).

nding_surface is the bounding surface that the Blend02Boundary curve lies on.

e.
end02Boundary curye-is always a 3D curve (i.e. is_3d must be TRUE).

ransformation-positions the curve in model space. This transformation is capable of {
tion, and scaling. Only the following flags are acceptable (see section 8.4.11).

Table 246 — PRC_TYPE_CRV_Blend02Boundary transformation flags

direction)
s inherited

of type

ntersection

ranslation,

Valye Type Name Data Description

0x0

) PRC_TRANSFORMATION_Identity Identity

0x01 PRC_TRANSFORMATION_Translate Translation

0x02 PRC_TRANSFORMATION_Rotate Rotation

0x08 PRC_TRANSFORMATION_Scale Uniform scale

A Parameterization enables a reparameterization and trim of the curve.

A Blend02Boundary curve can also be considered to be the intersection between one of the bounding
surfaces of the blend and a construction surface, which is an implicit surface intersecting the blend and
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is orthogonal to the blend surface along its bounding curve. Since the shape of this surface is
significant for the curve's geometry, it is not described.

not

In practice, a Blend02Boundary curve is created as an intersection curve but is interpreted as an iso

curve on a Blend02 surface. The parameters of the intersection curve which are calculated during

the

construction process are saved are described below (see 8.10.13 for a description of the crossing

points).

intersection_order is TRUE if the first intersection surface is the implicit surface and the second one is

the bounding surface; otherwise it is FALSE.

number_of- S—P6 3
through anfordered set of spatial positions.

chordal_error is an estimate of the maximum distance between the curve and the set of |segm
given by thle array of crossing points.

angular_error is the maximum angle between the tangents of two sequential crossing points.
bounding [surface is the adjacent surface.

base_parameter is the parameter at the first crossing point.

base_scald is the scale at the first crossing point.

start_limit
described

The evaluation formula at a parameter value on a Blend02Boundary curve is

point and end_limit_point define the bounded portion of\the curve; each point is fur
by start_limit_type and end_limit_type (see 8.10.13.3),

Calculate the implicit_parameter from the given parameter,using this curves‘s Parameterization datd.

nd == 0)

v ¥ minimum V value of the blend surface

v ¥ maximum V value of the blend Surface

XYZ = blend.evaluate( implicit(parameter, v )

jrve

bnts

her
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\ 2
5 — 3
\ 4
Key
1 blend02
2 blend02 spline
3 {mplicit surface intersecting the blend orthogonally
4  bounding surface
5 blend02 boundary
Figure 4 — PRC_TYPE_CRYV, Blend02Boundary
Table 247 — PRC_TYPE_CRV_Blend02Boundary
Name Data Type Data Description
UnsignedInteger (Required)
PRC_TYPE_CRV_Blend02Boundary
curye_data ContentCurve (Required) Common curve datg
transform Transformation (Requ{red) Transfo.rmatlon positioning
curve in model coordinate system
paramaterization Parameterization (Required) Redefine the paranjeterization
surface PtrSurface (Required) Blend surface shall be of type
PRC_TYPE_SURF_Blend02
bou|nd Integer (Required) bound
nulJlber_of_crossing_points UnsignedInteger (Required) Number of crossing points
crossing points Array <Vector3d> | (Required) Crossing point posikions
[number_of_crossing_points]
chord_error Double (Required) Chordal error
angle_error Double (Required) Angular error
bound_surface PtrSurface (Required) Bounding surface
sense_bound_surface Boolean (Required) Sense of bounding surface
intersection_order Boolean (Required) Intersection order
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Table 247 (continued)
sense_intersection_order Boolean (Required) Sense of intersection curve
base_parameter Double (Required) Base parameter
base_scale Double (Required) Base scale
start_limit_point Vector3d (Required) Starting limit point
start_limit_type UnsignedInteger (Required) Starting limit type
end_limit_point Vector3d (Required) Ending limit point
end_limit_type UnsignedInteger (Required) Ending limit type
8.10.5 PR(_TYPE_CRV_NURBS
8.10.5.1 General
This class fepresents a non-uniform rational bspline curve. The curve may be"either 2D or 3D and it

may be either rational or non-rational.

A NURBS ¢
— disth

— Pisan
— np (th

— Uisth

irve is defined by the following data:

e degree of the curve and is restricted to the range 1 <= degree <= 25
array of control points.
e number of control points) = highest_index_of:control_points + 1

b knot vector

— the knlots shall be a non-decreasing sequencge ,that is, U[i] <= U[i+1]

— The ny
are co
the IE
floatin

mber of times a knot value u oc¢curs in the knot vector is called its multiplicity; knot va
mpared (to determine multiplicity) by : U[i+1] <= nextafter(U[i],DBL_MAX), nextafter b
LE-754 standard function'returning the next representable neighbor of a double-preci
b point (see Bibliography):

— multiple end knots aresréquired; for non-periodic curves, the multiplicity of the end knof

degregq

— Interio

+1.

r knots mayhave multiplicity up to degree+1. Thus, the interior of NURBS curves may b¢

or G1 flor instance.

ues
Ping
fion

S is

e CO

— knot_l}ype shall be set in the EPRCKnotType range value

— nu (number of knots in the knot vector) = highest_index_of knots + 1; it shall satisfy Nu=d + Np +

1.

— is_rational is TRUE if the curve is rational and has an optional array of weights

— W is an optional weight at each control point; W(i) shall be within [0.001, 1000]; all
coordinates x,y,z are weighted.

— curve_form shall be set in the EPRCBsplineCurveForm range value.

The evaluation formula at a parameter value on a Nurbs curve is
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)= 2a BN )
>N )
Where
k+1 =number of control points,
P; =control points,
Wi =weights,
d =degree.N; are the normalized B-spline basis functions of degree d defined-.on the knot
set:
Ui-g}- Uis1 Uj+1>= Uj(i.e. non-decreasing).
Table 248 — PRC_TYPE_CRV_NURBS
Name Data Type Data Description
UnsignedInteger (Required) PRC_TYPE_CRV_NURBS
curye_data ContentCurve (Required) Common curve data
is_rational Boolean (Required) is_rational is TRUE if this is
a rational NURBS curve; elsq FALSE
d UnsignedInteger (Required) d is the degree of curve
highest_index_of_control_points | Unsignedintegen (Required)
highest_index_of_control_oints
highest_index_of_knots UnsignedInteger (Required) highest_index_gf knots
p Array. (Required) P is an array| of control
<ControlPointsNurbsCrv>[np] points defining curve.
u Array <Double>[nu] (Required) U is an array of Knots
knot_type UnsignedInteger (Required) Knot_type (EPRCKnotType)
curye_form UnsignedInteger (Required) Curve_form

(EPRCBsplineCurveForm)

8.10.5.2 ControlPointsNurbsCrv

Table 249 — ControlPointsNurbsCrv

Name. Data Ty;'\n Data ngsc_l:l_pt_llon—

X Double (Required) X coordinate of control point

y Double (Required) Y coordinate of control point

y/ Double (Optional; if is_3d_flag is TRUE) Z
coordinate of control point; the Boolean flag
is_3d comes from the ContentCurve data

w Double (Optoinal; if is_rational is TRUE) W
coordinate of control point
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8.10.5.3 EPRCKnotType

This enumeration is used to characterize a knot vector.

NOTE This value is currently unused and should be set to KEPRCKnotTypeUnspecified.

Table 250 — EPRCKnotType

Value Type Name Data Description

0 KEPRCKnotTypeUniformKnots Uniform knot vector

1 NEPRCKnotTypeUnspecified Unspecified knot type

2 HEPRCKnotTypeQuasiUniformKnots Quasi-uniform knot vector

3 NEPRCKnotTypePiecewiseBezierKnots Extrema with multiplicities of degree +.1

8.10.5.4 HEPRC(CBsplineCurveForm

This enumerated type defines the possible NURBS curve forms.

NOTE This value is currently not used and should be set to KEPRCBsplineCurveFormUnspecified.

Table 251 — EPRCBsplineCurveFormn

Value Type Name Data Description

0 KEPRCBSplineCurveFormUnspecified Unspecified curve form
1 KEPRCBSplineCurveFormPolylinel Polygon

2 KEPRCBSplineCurveFormCircularArc Circular arc

3 KEPRCBSplineCurveFormEllipticAre Elliptical arc

4 KEPRCBSplineCurveFormParabolicArc Parabolic arc

5 KEPRCBSplineCurveFormHyperbolicArc Hyperbolic arc

8.10.5.5 HPRCExtendType
This enumprated type definesthe possible methods for curve and surface extentions. Extensions may
be either Clor G continuous.,

The first bit is reserved for future use and shall be set to 0 in any variable representing this type

Table 252 — EPRCExtendType

Value |Type Name Data Description

0 KEJ’RCExtcndT;'pc.“.’snc Discontintous-position

2 KEPRCExtendTypeExt1 Same as KEPRCExtendTypeClnfinity

4 KEPRCExtendTypeExt2 Same as KEPRCExtendTypeG1R for surface and KEPRCExtendTypeG1 for

curve

KEPRCExtendTypeG1 Continuous in direction but not magnitude of first derivative
KEPRCExtendTypeGI1R Surface extended with a ruled surface that connects with G1 continuity

10 KEPRCExtendTypeG1_G2 Extended by reflection, yielding a G2 continuous extension

12 KEPRCExtendTypeClnfinity |Unlimited continuity
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8.10.6 PRC_TYPE_CRV Circle

A cannonical circle is defined by its radius and lies on the XY plane centered at the origin. It is
parameterized in radians on the interval [0.0, 2 ] where 0.0 lies on the x-axis and the mapping is
defined by the right-hand rule relative to the z-axis normal to the plane of definition.

A Transformation positions the curve in model space. This transformation is capable of translation,
rotation, and scaling. Only the following flags are acceptable (see section 8.4.11)

Table 253 — PRC_TYPE_CRV Circle

Valge—FypeName PataDeseription—
0x0p PRC_TRANSFORMATION_Identity Identity

0xO0[L PRC_TRANSFORMATION_Translate Translation

0x0p PRC_TRANSFORMATION_Rotate Rotation

0x08 PRC_TRANSFORMATION_Scale Uniform scale

A Parameterization enables a reparameterization and trim of the circle,
The evaluation formula at a parameter value on a circle is

Calculate the implicit_parameter from the given parameter using this circle’s Parameterization
data.

X = Radius * cos(implicit_parameter);
Y = Radius * sin(implicit_parameter);
Z=0.0

The following examples illustrate possible uses of the Parameterization class:
— | To specify the interval in radians, set Coeff _a to 1.0, Coeff_b to 0.0, and interval to [0.0,R 7]. These
parameter values specifyanidentity conversion.

— | To specify the interval in degrees, set Coeff_a to PI/180, Coeff_b to 0.0, and interval to [P.0, 360.0].
Coeff_a is the ratiglef radians to degrees.

— | To reparameterize the circle so the parameter values are in the interval [0.0, 1.0], set Copff a to 2 m,
Coeff_b t00:0 and interval to [0.0, 1.0]
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Key
1  circular prcin the X-Y plane
R radius of the circle

To startofgrcin 3D

T:1 end ofarc

Figure 5 — Example of a circular are

In the above example, the circular arc is in the XY plane (and therefore has an identity transformatipn),
has radius R, and is restricted to the [ t0, t1 ] interval

Table 254 — PRC_TYPE_CRV _Circle

Name Data Type Data Description

UnsignedInteger (Required) PRC_TYPE_CRV_Circle
curve_data ContentCurve (Required) Common curve data
has_transfdrm Boolean (Required) has_transform is TRUE if there

is a transformation; else FALSE

(Optional; if has_transform is TRUE)
transform Transformation Transformation positioning circle in mpdel
coordinate system

paramaterization Rdrameterization (Required) Redefine the parameterizatipn

radius Double (Required) Radius

8.10.7 PRLC_TYPE_CRV_Composite

This represents a composite curve consisting of one or more subcurves.
The following restrictions apply:
Each subcurve shall be of the same dimensionality as the composite (i.e. all 2D or all 3D).

The subcurves shall define a piecewise continuous curve, that is, they shall define a GO continuous
curve.

A Transformation positions the composite curve in model space. This transformation is capable of
translation, rotation, and scaling. Only the following flags are acceptable (see section 7.4.11).
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Table 255 — PRC_TYPE_CRV_Composite types

Value Type Name Data Description
0x00 PRC_TRANSFORMATION_Identity Identity
0x01 PRC_TRANSFORMATION_Translate Translation
0x02 PRC_TRANSFORMATION_Rotate Rotation
0x08 PRC_TRANSFORMATION_Scale Uniform scale
A Parameterization enables a reparameterization and composite curve.
The implicit parameterization of the composite is the interval [0.0, NumberOfSubCyrves]. The
subjnterval from [i, i+1] corresponds to the ith subcurve either in the same or oppositp direction
according to the sense of the composite curve.
To ¢valuate a composite curve at a parameter value:
Calgulate the implicit parameter from the given parameter uging this composite curve's
Parameterization data. The implicit_parameter must lie in the intefval[0.0, NumberOfSuhCurves].
Fingl the sub-interval that the implicit_parameter lies in. Say it lies in'the ith subinterval [i, i+1], that is, i
<= implicit_parameter <=1+ 1.
Get|the interval defining the ith SubCurve. Say it is the interval [a, b].
Calgulate delta = implicit_parameter - i;
If tHe sense of the ith SubCurve is the same as thé’sense of the composite
Parameter_OnSubCurve = a + delta * (b*a)
Elsé
Parameter_OnSubCurve = b= 'delta * (b-a)
Posjtion = SubCurve.evaluate(Parameter_OnSubCurve)
Table 256 — PRC_TYPE_CRV_Composite
Name Data Type Data Description
UnsignedInteger (Required) PRC_TYPE_CRV_Conjposite
curye_data ContentCurve (Required) Common curve data
trarrsform Transformation (Required) Transformation |[positioning
composite-eurve-inrmedel-space
parameterization Parameterization (Required) Define parameterization
number_of_subcurves UnsignedInteger (Required) Number of subcurves
subcurves Array <CompositeSubCurve> | (Required) Array of subcurves comprising
[number_of subcurves] the composite
is_closed Boolean (Required) is_closed isTRUE if the
composite curve is closed; else FALSE
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8.10.7.1 CompositeSubCurve

A subcurve of a composite curve consists of a pointer to the definition of the subcurve and a flag
indicating if the subcurve is in the same direction as the composite curve (TRUE) or in the opposite
direcection (FALSE).

Table 257 — CompositeSubCurve

Name Data Type Data Description

subcurve PrtCurve (Required) A subcurve in the composite

sense Boolean (Required) sense is TRUE if the subcurye is
in the same direction as the compgsite
curve; FALSE if it is in the“-oppdgsite
direction

8.10.8 PR(_TYPE_CRV_OnSurf

This repregents a 3D curve defined as a UV curve lying in the domain of a surface.

The specif]
domain of

A Transforn

ed domain is currently ignored and the underlying surface domain is used to define
he surface that the UV curve shall lie within.

rotation, annd scaling. Only the following flags are acceptable (see section 8.4.11).

Table 258 — PRC_TYPE_CRV_OnSurfflags

the

mation positions the curve in model space. This transformation is capable of translatjion,

Value Type Name Data Description
0x00 PRC_TRANSFORMATION_Identity Identity

0x01 PRC_TRANSFORMATION_Translate Translation

0x02 PRC_TRANSFORMATION_Rotate Rotation

0x08 PRC_TRANSFORMATIONScale Uniform scale

A Paramet¢rization will enable this-eurve to be reparameterized and trimmed.

The tolera
indicates
approxima

hce is used internally but does not take part of the definition of the curve on surfac
in appropriate-folerance that can be used to obtain a “representative” 3D NU
fion of the curve to aid in various operations. If not known it shall be set to 0.0. The un

this tolerarce is the same as that used to store CrvOnSurf Data. See Section 5.7.

To evaluat

Calcul4
Param

 this clirve at a parameter value:

p, It
RBS
t of

ite.. the implicit_ parameter from the given parameter using this CurveOnStrrf‘s

i o - Jdot
CT1Z4atlvull uatd.

uv_position = uv_curve.evaluate(implicit_parameter)

XYZ = Surface.evaluate(uv_position)

160
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Table 259 — PRC_TYPE_CRV_OnSurf

Name Data Type Data Description
UnsignedInteger (Required) PRC_TYPE_CRV onSurf

curve_data ContentCurve (Required) Common curve data

tranform Transfomation (Required) Postition curve in model space

parameterization Parmeterization (Required) Define parameterization and
trimming information

tolerance Double (Required) Tolerance; default.is|0.0

uv_gurve PtrCurve (Required) UV curve in parameter domain
of surface; this shall be a 2D cunve in the UV
space of the surface,

surface PtrSurface (Required) Surface’the curve lies on

uv_glomain Domain (Required) UV domain on the surface; this

is currently)ignored and the surface domain
is used

8.10.9 PRC_TYPE_CRV_Ellipse

A cqnonical ellipse is centered at the origin with radius Rk'along the x-axis and radius Ry along the y-
axid and lies in the XY-plane. It is parameterized in radians on the interval [0.0, 2 ] with|{0.0 on the
positive x-axis and the mapping is defined by a right:hand rule about the z-axis normal to the plane of

definition.

A Transformation positions the curve in model space. This transformation is capable of franslation,

rotgtion, and scaling. Only the following flags’are acceptable (see section 8.4.11).

Table 260 — PRC_TYPE_CRV _Ellipse entity

Value Type Name Data Description
0x0p PRC_TRANSFORMATION_Identity Identity

0xO0[L PRC_TRANSFORMATION_Translate Translation

0x0p PRCZTRANSFORMATION_Rotate Rotation

0x08 BRC_TRANSFORMATION_Scale Uniform scale

A parameterization will enable the ellipse to be reparameterized and trimmed.

The evaluation formula at a parameter value on an ellipse is

LalcCulate the 1ImplICIt_parameter mrom tne given parameter using tnis ellipse s Parameterization

data.

X =rx * cos(implicit_parameter);

Y = ry * sin(implicit_parameter);

Z=0.0
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Yi
W 1
Ry
(0,0,0)j - e 10 oo

7
Key
1  elliptic qrc in X-Y plane
Rx radius ip X dimension
Ry radiusin Y dimension
To starting|point for arc in 3D
T1  ending goint for arc
Figure 6 — Example of an ellipticare
In this example, the ellipse is in the XY plane (and therefore has'an identity transformation), with radii
rx and ry pnd is restricted to the [ to, t1 ] interval. Assuming Coeff a is 1.0 and Coeffb 0.0 (which
indicates d parameterization in radians), then ty=0 and ti= m /2, t0 corresponds to the Cartegian
coordinatep (rx,0,0) and t; to (0,ry,0).
Table 261 — PRC-TYPE_CRV _Ellipse
Name Data Type Data Description
UnsignedInteger (Required) PRC_TYPE_CRV_Ellipse
curve_data ContentCurve (Required) Common curve data
tranform Transforniation (Required) Position ellipse into mpdel
space
parameterization Parameterization (Required) Define parameterization [and
trimming information
rx Double (Required) Radius along x axis
ry Double (Required) Radius along y axis

8.10.10 PRC_TYPE_CRV_Equation

This defines a curve by 1D mathematical functions in X, Y, and optionally, Z (see 8.12.3).

A Transformation positions the curve in model space. This transformation is capable of translation,
rotation, and scaling. Only the following flags are acceptable (see section 8.4.11).
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Table 262 — PRC_TYPE_CRV_Equation transform entty

Value Type Name Data Description
0x00 PRC_TRANSFORMATION_Identity Identity

0x01 PRC_TRANSFORMATION_Translate Translation

0x02 PRC_TRANSFORMATION_Rotate Rotation

0x08 PRC_TRANSFORMATION _Scale Uniform scale

A parameterization will enable the curve to be reparameterized and trimmed.

The evaluation formula at a parameter value on this curve is

If (is_3d_flag)

X = X_Function.evaluate(implicit_parameter)

Y = Y_Function.evaluate(implicit_parameter)

Z =7 _Function.evaluate(implicit_parameter)

Calculate the implicit_parameter from the given parameter using this™curve |equation‘s
Parameterization data.

Else
Z7=0.0
Table 263 — PRC_TYPE_CRV_Equation

Name Data Type Data Description

UnsignedInteger (Required) PRC_TYPE_CRV_Equation
curye_data ContentCurve (Required) Common curve data
trar'form Transformation (Required) Position curve in model space
parl)meterization Bdrameterization (Required) Reparameterize and trim
intf1rval Interval (Required) This interval should be set to the same ipterval as in

the Parameterization data

x_fl.inction PRC_TYPE_MATH_FCT_1D | (Required) X function
y_fl]_nction PRC TYPE MATH FCT 1D | (Required) Y function
z_function PRC_TYPE_MATH_FCT_1D | (Optional; if is_3d_flag is TRUE) Z funtion if this is a 3D curve;

the Boolean flag comes from the ContentCurve field

8.10.11 PRC_TYPE_CRV_Helix01

8.10.11.1General

This curve type defines a helix defined on the inteval [- infinite_param , infinite_param]. A Helix is

always a 3D curve.
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A Transformation positions the helix in model space. This transformation is capable of translation,
rotation, and scaling only the following flags are acceptable (see section 8.4.11).

Table 264 — PRC_TYPE_CRV _Helix01 transformation

Value Type Name Data Description
0x00 PRC_TRANSFORMATION_Identity Identity

0x01 PRC_TRANSFORMATION_Translate Translation

0x02 PRC_TRANSFORMATION_Rotate Rotation

0x08 PRC_TRANSFORMATION Scale Uniform scale

A Paramet¢rization will enable the helix to be reparameterized and trimmed.

A Type varjable indicates which of two kinds of helix is defined by this curve:

— Constant pitch (type 0)

— Variabje pitch (type 1)

Each has u
The Start v}

nique data and a unique evaluation formula.

ariable represents a 3D position which is used to define the'starting position of the helix.
Table 265 — PRC_TYPE_CRV_Helix01

Name Data Type Data Description
UnsignedInteger (Required) PRC_TYPE_CRV_Helix01

curve_data ContentCurve (Required) Common curve data

tranform Transformation (Required) Position helix in mpdel
coordinate system

parameterization Parameterization (Required) Reparameterize and trim helix

type Character (Required) Type of helix; shall be 0 or 1

orientation Boolean (Required)  Trigonometric  orientdtion
(TRUE if helix turns in a clockwise diredtion
and FALSE if it turns in a counter-clockwise
direction

start Vector3d (Required) start

typeO_helix TypeOHelixData (Optional; if type is 0) Data for type 0 he¢lix

typel_helix TypelHelixData (Optional; if type is 1) Data for type 1 h¢lix

8.10.11.2TypeOHelixData

A type 0 helix represents a constant radius helix.

The origin and direction define the axis of the helix. The axis of the helix is denoted as the z-axis.The
projection of the Start position onto the helix axis determines an origin_on_axis. The x-axis is then
defined as the vector from the origin_on_axis to the start point. This defines a coordinate system

orienting and defining the constant radius helix.

The pitch of the helix is the width of one complete helix turn measured along the helix axis.

The radius evolution is used to define a linear evolution of radius, such as a conic helix.

164
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The following is the evaluation formula for a helix of type 0 at a parameter value:
origin = point_3d ( origin[0], origin[1], origin[2] );
z_axis = vector_3d ( direction[0], direction[1], direction[2]);
origin_on_axis = project_point( origin, z_axis, start );
x_axis = vector_3d( start - origin_on_axis);
radins = x axislength + param * radins evolution;
if (trignometric_orientation) {
tmp_point.x = radius * cos( param );
tmp_point.y = radius * sin( param );
tmp_point.z = pitch * param;
}else {
tmp_point.x = radius * cos( - param );
tmp_point.y = radius * sin( - param );
tmp_point.z = pitch * param;
}
eval_point = transform_point( originven_axis, x_axis, z_axis, tmp_point );
TFable 266 — TypeOHelixData
Name Data\Type Data Description
orgin|[0] Double (Required) Origin[0]
dirgction[0] Double (Required) Direction|[0]
orgin|[1] Double (Required) Origin[1]
dirgction[1] Double (Required) Direction|[1]
orgin|[2] Double (Required) Origin[2]
dirgction|[2] Double (Required) Direction|[2]
pitc Doubie (Required) Pitch
radius Doubel (Required) Radius_evolution

8.10.11.3TypelHelixData

For

a variable pitch helix (type 1) the following restrictions apply:
The radius_law shall be of type PRC_TYPE_MATH_FCT_1D_Polynom.

The theta_law shall be of type PRC_TYPE_MATH_FCT_1D_Polynom.
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— The following values are reserved for future use but shall be initialized to the specified values:
— reserved_double_0 shall be set to 1.
— reserved_double_1 shall be set to 1.
— reserved_double_2 shall be set to 1.

— reserved_double_3 shall be set to 0.

A coordinafesystem whose

— origin |s at the start point
— z-axis Is the unit_z vector
— Xx-axis |s the unit_u vector

orients the|helix.

The radiusfand theta laws are used to change the radius according to the angle'around the helix.
The z law i used to change the pitch of the helix along its z-axis.

The follow]ng is the evaluation formula for a helix of type 1 at a parameter value:

r1 = radius_law.coeffient[0];

r2 = radius_law.coeffient[1];

t1 = thpta_law.coeffient[0];

t2 = thpta_law.coeffient[1];
param|= (param / (rl +r2)) * 2;

radius|=r1 + (param-t1)* (r2-r1) /(t2-tl1);

if (trigbnometric_orientation) {
tmp_point.x=\radius * cos( param );

tmp_point.y = radius * sin( param );

tmp_point.Z = Z_law.evaluate( param J;
}else {

tmp_point.x = radius * cos( - param );

tmp_point.y = radius * sin( - param );

tmp_point.z = z_law.evaluate( param );
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x_axis = vector_3d (unit_u[0], unit_u[1], unit_u[2]);

z_axis = vector_3d (unit_z[0], unit_z[1], unit_z[2]);

ISO 147

eval_point = transform_point( start, x_axis, z_axis, tmp_point );

Table 267 — TypelHelixData

39-1:2014

Name Pata—TFype PatabDeseription——

unit_z[0] Double (Required) Unit_z[0]

unit_u[0] Double (Required) Unit_u[0]

unif_z[1] Double (Required) Unit_z[1]

unit_u[1] Double (Required) Unit, u[1]

unit_z[2] Double (Required)Unit_z[2]

unit_u[2] Double (Required) Unit_u[2]

res¢rved_double_0 Double (Required) Reserved_double_0;[shall be set
tol

res¢rved_double_1 Double (Required) Reserved_double_1;[shall be set
tol

res¢rved_double_2 Double (Required) Reserved_double_2;[shall be set
tol

res¢rved_double_3 Double (Required) Reserved_double_3;[shall be set

to 0

radjus_law PRC TYPE MATH-FCT_1D (Required) Radius law
z_law PRC TYPE.MATH_FCT_1D (Required) z law
theta_law PRC TYPE MATH_FCT_1D (Required) Theta law
8.10.12 PRC_TYPE_CRV_Hyperbola

A
sen]
infi
AT
rotd

anonical hyperhola is centered at the origin with semi_axis length along the
i_image_axis’length along the y-axis and lies in the XY-plane. It is parameterized on the
hite_paramyinfinite_param].

Fansfoftmation positions the hyperbola in model space. This transformation is capable of
tiof, and scaling. Only the following flags are acceptable (see section 8.4.11).

k-axis and
interval [-

ranslation,
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Table 268 — PRC_TYPE_CRV_Hyperbola transformation

Value Type Name Data Description
0x00 PRC_TRANSFORMATION_Identity Identity

0x01 PRC_TRANSFORMATION_Translate Translation

0x02 PRC_TRANSFORMATION_Rotate Rotation

0x08 PRC_TRANSFORMATION _Scale Uniform scale

A Paramete¢rization will enable the hyperbola to be reparameterized and trimmed.

The type of hyperbola defines how the parameterization of the hyperbola is to be interpreted:

— 0 The parameterization shall be changed so that param represents the value of the coerdinat¢ on
the y-gxis

— 1 The pominal parameterization formula applies based on cosh and sinh respectively for x and yj;

The evaluation formula for a hyperbola at a parameter value is:

Calculgte the implicit_parameter from the given parameter using this hyperbola‘s Parameterization
data.

If this 1s a type 0 hyperbola {
Evial_point.x = semi_image_axis * sqrt(1.0 + pow(impli¢it_parameter/semi_axis, 2));
Evial_point.y = implicit_parameter;

} else {| // this is a type 1 hyperbola
Evial_point.x = semi_image_axis * cosh(implicit_parameter);

Evial_point.y = semi_axis * sinh(implicit_parameter);

Eval_ppint.z = 0.0;

Key
1 hyperbola in X-Y plane (right half of hyperbola in the positive X sub-plane)

Figure 7 — Example of a hyperbola
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Table 269 — PRC_TYPE_CRV_Hyperbola

Name Data Type Data Description
UnsignedInteger (Required) PRC_TYPE_CRV_Hyperbola

curve_data ContentCurve (Required) Common curve data

tranform Transformation (Required) Position hyperbola in model
coordinate system

parameterization Parameterization (Required) Reparameterize and trim
hyvperbola

senli_axis Double (Required) Semi_axis

senli_image_axis Double (Required) Semi_axis_image

type Character (Required) Type of hyperbola; $hall be 0 or

1

8.10.13 PRC_TYPE_CRV Intersection

8.10.13.1General

Thig represents a curve which is the exact intersection of two surfaces.

A Transformation positions the curve in model space, This transformation is capable of franslation,

rotgtion, and scaling. Only the following flags are acceptable (see section8.4.11).

Table 270 — PRC_TYPE_CRV Intersection transformation

Value Type Name Data Description
0x0p PRC_TRANSFORMATION_Identity Identity

0xO0[L PRC_TRANSFORMATION_Translate Translation

0x0p PRC_TRANSFORMATION_Rotate Rotation

0x08 PRC_TRANSFORMATION_ Scale Uniform scale

A Parameterization will-enable the curve to be reparameterized and trimmed.

A pjecewise linear-approximation to the true intersection curve is defined by a sequence pf crossing
points where ea¢h” of the crossing points lie on the true intersection. At each crossing point the

follpwing in known

— |the spacial position of the crossing point;

— |the' UV parameter value of the crossing point on each surface;

— the unit tangent of the intersection curve at this point (defined as the cross product of the surface
normals (surface 1 cross surface 2) or reversed (surface 2 cross surface 1) depending on the sense
of the intersection curve with an optional sense applied to each surface normal);

— the parameter value (which should satisfy the parameterization requirements described in

8.10.13.2);

— ascale value (which should satisfy the parameterization requirements described in 8.10.13.2).
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The NumberOfCrossingPoints shall be sufficient so that evaluation of the curve at a parameter value
results in a unique solution (see evaluation method below). The ChordalError and AngularError are
used to indicate when more crossing points shall be added to the definition to ensure a unique solution
when evaluating an intersection curve at a parameter value (see below).

The intersection curve is limited by two points (start_limit_point and end_limit_point) each
characterized with a type of limit (start_limit_type and end_limit_type) as described in 8.10.13.3.

In the case of KEPRCIntersectionLimitTypeTerminator, the limit position is present in the crossing
points array (as the first or last point).

ChordalEry
by the cros

2|
ATTIToTT O

-l

ictanca lhatias atha oo o L £ of Sra-aRnte—cit
StanCCoCttyw T e Cur v CantorrC— ST OT SCETIICIITS 5 ven

ric o fina o £+l nao
Ul 10 dIl ColllllIdilT Ul U1IU 11Id
Sing points array.
AngularErtor is the maximum angle between the tangents of two sequential crossing points.

zation_definition_respected indicates whether the parameters of the crossing’points a
int with the parameterization requirements (see 8.10.13.2).

parameter
are compli

‘ray

This corresponds to a valid geometry in the sense of the crossing point_flags, which should be sdt to

TRUE.

An interseqtion curve is always a 3D curve (i.e. is_3d shall be TRUE).

The evaluation formula for an intersection curve at a parameter value tis:

If t matches a crossing point parameter, the crossing point position is the intersection curve point.

the
will
bl N

find two consecutive crossing points P1 and P2 such-that the parameter t is included in
intervgl [ t1, t2 ] (t1= parameter of P1 and t2 = paraméter of P2 ]. The intersection curve point
be thelintersection of surface 1, surface 2 and the plane defined by the origin O and the norm
where]:

If not,

+ [ (t-t1)/(t2-t1) ] * (P2-P1)
-P1

fion
on

In fact
of the
param

to evaluate a point at a given* parameter, an iterative process is used to find the intersec
three surfaces : surface 1, surface 2 and the plane defined above (the plane depends
pter t).

Hints on how to ensure a good intersection curve definition:

To ensure
tangent de
180 degred

that there_is¢a unique solution, additional conditions have to be added on crossing p
finition. Théoretically, the tangents of two consecutive points shall have angle smaller t
. [n practice an angle smaller than 40 degree should be used to avoid numerical probl

during the|

computation of the 3 surfaces intersection. This is the AngularError defined above

bint
han
bms
and

should be ipn‘radians.

Also to ensure that there is a unique solution, the plane defined above can’t cross the intersection curve
many times within the ChordalError associated with the intersection curve. The more crossing points
there are, the smaller the ChordalError will be. Therefore, in this case, more crossing points have to be
added in the intersection curve definition to avoid such situations.
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4
Key
1 s$urface 1
2 surface 2
3 P(r) - point of the piecewise linear approximation at parameter r
4  the parameter plane(r)

(r) will be found at the intersection of the three surfaces:
the parameter plane
surface 1

surface 2

Figure 8 — Example of curve defined by intersection of 2 planes

Key

1 intersection curve point at parameter t = 1
2 plane defined fort=1

3 surfacel

4  surface 0

5 intersection curve

6 crossing points

Figure 9 — Example of a curve defined by use of crossing points
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Key
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Key

BwWw N

crossing point tangents
intersectjon curve
crossing points

angle < 4p°

Figure 10 — Example of ensuring a;good curve definition

curve

cord
chord error

distance (< chord error)

172

Figure 11 — Example of a unique curve
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Table 271 — PRC_TYPE_CRV Intersection

Name Data Type Data Description
UnsignedInteger (Required) PRC_TYPE_CRV_Intersection

curve_data ContentCurve (Required) Common curve data

has_transform Boolean (Required) has_transform is TRUE if there
is a transform; else FALSE

tranform Transformation (Optional; if has_transform is TRUE)

| Positions curve in model caordinate system

parllmeterization Parameterization (Required) Reparameterizetand|trim curve

surface_1 PtrSurface (Required) Surface 1

surface_2 PtrSurface (Required) Surface2

senge_1 Boolean (Required) TRUE if sense is the same as
surface 1; FALSE otherwise

senge_2 Boolean (Required)’ TRUE if sense is the same as
surface™2; FALSE otherwise

senge_cross Boolean (Required) TRUE if the sepse of the
Intersection sense is surface 1 gross surface
2; FALSE otherwise

number_of_crossings UnsignedInteger (Required) Number of crossing points

crogsings ArrayOf (Required) Array of crossing po|nts

<CrossingPointsCrvintersection>
[number_of_crossings]

stallt_limit

Vector3d

(Required) Start limit point

stallt_limit_type UnsignedInteger (Required) Start limit type;
EPRCIntersectionLimitTypes

end| limit Vectar3d (Required) End limit point

end| limit_type Unsignedinteger (Required) End limit type;
EPRClntersectionLimitTypes

chord_error Double (Required) Chordal error

ang|e_error Double (Required) Angular error

param_respected Boolean (Required) Parameterization| definition
respected

8.10.13.2CrossingPointsCrvintersection

Each crossing point is described by the following:

— The spatial position (crossing_point_position).

— The parametric position on surface_1 (crossing_point_uv_1).

— The parametric position on surface_2 (crossing_point_uv_2).

— The normalized tangent on the curve, crossing_point_tangent, is given by the cross product of two
surface normals, taking into account the senses of surfaces surface_1_sense and surface_2_sense.
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— Parameter value associated with the crossing point.

— Scalea

ssociated with the crossing point.

— The flag shall be set to

PRC_INTERSECTION_CROSS_POINT_SURFACE1
PRC_INTERSECTION_CROSS_POINT_SURFACE2
PRC_INTERSECTION_CROSS_POINT_INSIDE_CURVE_INTERVAL

to indicate

that

— the uvj
— the uy
— Thecr

At the ith
Requireme

scale[[] «

parameter{i| < parameter{i — 1]+ scale[i —1] || position| i} position|i — 1]||

parameter
scale[0] sh
This methg

(function iptegration for example...).

The intersq

The . (per
multiplicat

Between ty
onto the pr

crossing point, the parameter and scale should adhere to the following Parameteriza

position on surface 1 is filled
position on surface 2 is filled

ossing point is inside the curve interval.

nts

tangent[i] position[i] — position[i —1]) lefi —1]
scale[i —

tangent[i].(position[i + 1] — position[i])

0] is the parameter at first crossing point and the minimum parameter of the curve intery
buld be set to 1.0 if not known.

d is useful to get a more or less curvilinear parameterization without too much computa

ction curve has a boolean flag to'indicate if these parameterization requirements are met|

fion

ral;

fion

od) in the scale formula-is:the dot product while in the parameter formula it is simple

1on.

vo crossing points,-the parameter of an intersection curve point is given by its project

evious crossing point tangent line.

Table 272 — CrossingPointsCrvintersection

—

on

Name Data Type Data Description

position Vector3d (Required) Crossing point position
uv_surface]1, Vector2d (Required) Crossing point uv on surface 1
uv_sruface_2Z VectorZd (Required) Crossing point uv on surface 2
tangent Vector3d (Required) Crossing point tangent
parameter Double (Required) Crossing point parameter
scale Double (Required) Crossing point scale

flags Character (Required) Crossing point flags

8.10.13.3EPRClIntersectionLimitType

This enumeration is used to classify an endpoint of a bounded portion (curve segment) of an
intersection curve defined by the intersection of two surfaces (PRC_ TYPE_CRV_ Intersection). This

174
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classification takes into consideration the nature and relationship of the surface normals of the point on
each of the two surfaces as well as the shape of the intersection curve (finite/infinite, open/closed).

The endpoint is classified KEPRCIntersectionLimitTypeTerminator if one (or both) of the surface
normals is degenerate or if both of the surface normals are well defined but the normals are collinear.

EXAMPLE 1 Consider the following intersection of two cylinders. The intersection point where the two surface
normals become collinear will be a limit point of type Terminator which is used to define two separate
intersection curves (i.e. each branch of the intersection results in an intersection curve).

O
Figure 12 — Ecv)(a}nple of an intersection limit type

N
The endpoint is classified KEP;SéIntersectionLimitTypeBoundary if the intersection curve i§ used as a

center curve of a blend02 s

curye. C)

EXAMPLE 2 Consider a;;@zﬁdOZ surface with a radius that becomes equal to its center curve curvhture radius
(an ntersection curve).\"

that becomes degenerate but it is not relevant to the iptersection

The endpoint is sified KEPRCIntersectionLimitTypeLimit, if it lies on an infinite intersectign curve. In
this| case, arbi %’ry endpoints are chosen to limit the curve segment to avoid having an infinite curve.

EXAnMPLthﬁ Consider the intersection of two cylinders which result in two parallel lines. Two g¢ndpoints of
limif tyf;\ imit are picked to define a finite line segment on each of the branches of the surface/surface

e
inte r@ion.

The endpoint is classified KEPRCIntersectionLimitTypeHelp, if it lies on a finite, closed intersection
curve. In this case, an arbitrary point is chosen to represent the end point of the curve segement.

EXAMPLE 4  Consider the following intersection of a plane and cone which results in an elliptical intersection
curve. Any point on the intersection curve may be used as the limit point with limit type Help.
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Table 273 — EPRCIntersectionLimitType

Value | Type Name

Data Description

0 KEPRClIntersectionLimitTypeHelp Arbitary limit on a closed intersection curve.

1 KEPRClIntersectionLimitTypeTerminator | Limit where one of the two intersection surface normals is
degenerate or where they become colinear.

2 KEPRClIntersectionLimitTypeLimit Artificial limit to avoid an infinite curve.

3 KEPRClIntersectionLimitTypeBoundary Limit of the curve if a PRV_TYPE_SURF_Blend02 surface (that

uses the intersection curve as its center curve) becomes

degenerate.

8.10.14 PRC_TYPE_CRV Line

The cannonical line is defined along the x-axis. The implicit parameterization i$\ [<infinite_param,

infinite_param] with 0.0 being the origin and positive values along the positive x-axis:

The Transformation can reposition the cannonical representation in model space using a translatfion,

rotation, annd scaling. Only the following flags are acceptable (see section 8.4.117.

Table 274 — PRC_TYPE_CRV Line transformation

Value Type Name Data Description
0x00 PRC_TRANSFORMATION_Identity Identity

0x01 PRC_TRANSFORMATION_Translate Translation

0x02 PRC_TRANSFORMATION_Rotate Rotation

0x08 PRC_TRANSFORMATION _Scale Uniform scale

The Param[zterization enables the line to bereparameterized and trimmed.

The evalua

Calculate the implicit_parameter.fiom the given parameter using this line‘s Parameterization daga.

ion formula for a line at a parameter value is:

X = implicit_parameter;

176
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Key

1 line segment from To to T1 along X-axis

Figure 13 — Example of a line segment

In the above illustration, the line is restricted to [ t0 , t1 ] interval on the X vector of its Cartesian
transformation.

Table 275 — PRC_TYPE.CRV_Line

Name Data Type Data Description

UnsignedInteger (Required) PRC_TYPE_CRV _Line
curye_data ContentCurve (Required) Common curve data
has|transform Boolean (Required) has_transform is TRUE if there

is a transform; else FALSE

traijform Transformiation (Optional; if has_transform| is TRUE)
Position line in model coordinatle system

parameterization Patameterization (Required) Reparameterize and|trim line

8.10.15 PRC_TYPE_CRV. Offset
This represents the offset of a 3D curve following the binormal defined by the tangent of th¢ curve and
the foffset plan&normal.

The curvesshall be 3D, that is, the Is_3d Boolean flag of the ContentCurve shall be TRUE.

The cutrve shall not have a transformation, that is, the Has_transformation Boolean flag of the
Tra sformationshallhe FALSE

Parameterization shall have Coeff a = 1.0, Coeff_b = 0.0, and the interval shall lie within the base curve
interval.

You can use an existing offset curve entity as the base curve used to create a new offset curve.
The evaluation formula for an offset curve at a parameter value is:

Calculate the implicit_parameter from the given parameter using this curves‘s Parameterization
data.

base_point = base_curve.evaluate(implicit_param)
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base_deriv = base_curve.evaluate_derivative(implicit_param)
offset_dir = normalize( base_deriv * offset_plane_normal )
eval_point = base_point + offset_distance * offset_dir

Where X " Y is the cross product of the vectors X and Y

7
Key
1 Dbase curye
2 offset vedtor v (defines offset distance and offset normal)
3 offset disfance (constant)
4  offset plape
5 offset cuijve

Figure 14 —Example of an offset curve

In this example the base curve is offset by a 3D vector V which specifies the combination of the offset
plane normal and the offset distance.

Table 276 — PRC_TYPE_CRV_Offset

Name Data Type Data Description
Unsignedinteger | (Required) PRC_TYPE_CRV_Offset
curve_data ContentCurve (Required) Common curve data
tranform Transformation (Required) Postion offset curve in model space
parameterization Parmeterization | (Required) Reparameterize and trim curve
base_curve PtrCurve (Required) Base curve to offset
offset_plane_normal Vector3d (Required) Offset plane normal; this should be a unit vector
offset Double (Required) Offset distance

8.10.16 PRC_TYPE_CRV_Parabola

A canonical parabola has its focus at (focal_length, 0, 0), its directrix at x = - focal_length and lies in the
XY-plane. It is parameterized on the interval [-infinite_param, infinite_param)].
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A Transformation positions the parabola in model space. This transformation is capable of translation,
rotation, and scaling Only the following flags are acceptable (see section 8.4.11).

Table 277 — PRC_TYPE_CRV_Parabola transformation

Value Type Name Data Description
0x00 PRC_TRANSFORMATION_Identity Identity

0x01 PRC_TRANSFORMATION_Translate Translation

0x02 PRC_TRANSFORMATION_Rotate Rotation

0x08 PRC_TRANSFORMATION_Scale Uniform scale

A Parameterization will enable the parabola to be reparameterized and trimmed.

The

The

type of parabola defines how the parameterization of the parabola is to be interpreted:
0 The parameter represents the value of the coordinate on the x-axisj thee y-axis is the
parabola

1 The nominal parameterization formula applies; the parameter. i proportional to the v
coordinate on the y axis; the x-axis is the axis of the parabola
nominal evaluation formula for a parabola at param value is:
Iftypeis 1{
eval_point.x = focal_length * param * param;
eval_pointy = 2.0 * focal_length * param;
}else{
param?2 = param * param;
p2 = param2/2.0 +
sqrt(param2*param?2 /4.0 + 16.0*focal_length*focal_length*param2);
param?2 = (param < 0.0)sqrt(p2) : -sqrt(p2);
if (param2 < 0.4
eval_poifit.x =- param2
evalpointy = - 2.0 * focal_length * sqrt( - param2/ focal_length)
1 else’{

eval_pointx =param2

= 2 0 kool lIangtlh X copt o) [/ fona] Tangrh)

TOCTI_TCITS It SUT T parartz] rOCaI_TCITE Ty

Eval_point.z = 0.0
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Key
1 parabola

in the X-Y plane

Figure 15 — Example of a parabolic arc

Table 278 — PRC_TYPE_CRV_Parabola

Name Data Type Data‘Description
UnsignedInteger (Required) PRC_TYPE_CRV_Parabola

curve_data ContentCurve (Required) Common curve data

tranform Transformation (Required) Position curve in mpdel
coordinate system

parameterization Parameterization (Required) Reparameterize and trim cufve

focal_length Double (Required) Focal length

type Character (Required) Parameterization type; shall be
Oorl

8.10.17 PRC_TYPE_CRV_PolyLine

8.10.17.1General

This repregents a PolyLine curve defined by a sequence of 2D or 3D points.

The implic|t parameterization of a polyline is the interval [0.0, number of points]. The interval [i, |+1]

corresponds,torthe segment between point[i] and point[i+1]. The curve between consecutive points|is a

straight Added transformation info line

A Transformation positions the polyline in model space. This transformation is capable of translation,
rotation, and scaling. Only the following flags are acceptable (see section 8.4.11).
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Table 279 — PRC_TYPE_CRV_PolyLine transformation

Value Type Name Data Description
0x00 PRC_TRANSFORMATION_Identity Identity

0x01 PRC_TRANSFORMATION_Translate Translation

0x02 PRC_TRANSFORMATION_Rotate Rotation

0x08 PRC_TRANSFORMATION _Scale Uniform scale

A Parameterization will enable the polyline to be reparameterized and trimmed.

Table 280 — PRC_TYPE_CRV_PolyLine

Name Data Type Data Description

UnsignedInteger (Required) PRC'TYPE_CRV_PolyLine
curye_data ContentCurve (Required). Common curve data
has|transform Boolean (Required) has_transform is TRUE if there

is a transform; else FALSE

tranpform Transformation (Optional; if has_transform| is TRUE)
Postion curve in model space
parpmeterization Parmeterization (Required) Reparameterize and|trim curve
nu1+ber_of_p0ints UnsignedInteger (Required) Number of points in|polyline
poiJlts Array <PalyLinePoint> | (Required) Array of points defirling polyline
[number_of_points]
8.10.17.2 PolyLinePoint
Table 281 — PolyLinePoint
Naqle Data \Type Data Description
poiJlt_Bd Vector3d (Optional; if is_3d_flag is TRUE) 3D point;
the is_3d_flag Boolean flag comles from the
ContentCurve
point_2d Vector2d (Optional; if is_3d_flag is TRUE) 2D point
8.10.18 PRC€_TYPE_CRV_Transform
A Transform curve represents a curve defined by applying a 3D mathematical function to a bpse curve.

Both the transform curve and the base_curve shall be 3D curves.

The Transformation can reposition the curve in model space using a translation, rotation, and scaling.
Only the following flags are acceptable (7.4.11).
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Table 282 — PRC_TYPE_CRV_Transform transform

Value Type Name Data Description
0x00 PRC_TRANSFORMATION_Identity Identity

0x01 PRC_TRANSFORMATION_Translate Translation

0x02 PRC_TRANSFORMATION_Rotate Rotation

0x08 PRC_TRANSFORMATION _Scale Uniform scale

The Parampterization enables the curve to be reparameterized and trimmed.

The nomin

Calculg
Param|

tmp_p

pterization data.

If (math_transformation != NULL)

ev|

Else

evpl_point = tmp_point;

bl evaluation formula for a transform curve at param value is:

bint = base_curve.evaluate( implicit_parameter );

hl_point =math_transformation.evaluate( tmp_point );

Table 283 — PRC_TYPE-CRV_Transform

ite the implicit_parameter from the given parameter using this transform cure’s

Name Data Type Data Description

UnsignedInteger (Required) PRC_TYPE_CRV_Transform
curve_data ContentCurve (Required) Common curve data
tranform Transformation (Required) Position curve in model spage
parameterization Parmetetization (Required) Reparameterize and trim cufve
base_curve, PtrGurve (Required) Base curve
math_transformation PRC TYPE MATH_FCT_3D (Required) 3D mathematical

transformation to apply to base curve

8.11 Surface

8.11.1 Entity Types
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Type Name

Type Value

Referenceable

PRC_TYPE_SURF

PRC_TYPE_ROOT + 75

PRC_TYPE_SURF _Base

PRC_TYPE SURF + 1

PRC_TYPE_SURF Blend01

PRC_TYPE_SURF + 2

PRC_TYPE_SURF Blend02

PRC_TYPE_SURF +3

PRC_TYPE_SURF Blend03

PRC_TYPE_SURF + 4

PR(

| TYPE_SURF NURBS

PRC_TYPE_SURF + 5

PRC

TYPE_SURF Cone

PRC_TYPE_SURF + 6

PRC

TYPE_SURF_Cylinder

PRC_TYPE SURF +7

PR(

| TYPE_SURF _Cyldrical

PRC_TYPE_SURF + 8

PRC

TYPE_SURF_Offset

PRC_TYPE_SURF +9

PRC TYPE_SURF _Pipe PRC_TYPE_SURF + 10
PRCI TYPE_SURF Plane PRC_TYPE_SURF + 11
PRCI TYPE_SURF_Ruled PRC_TYPE_SURF + 12
PRC| TYPE_SURF Sphere PRC_TYPE_SURF + 13
PRC| TYPE_SURF_Revolution PRC_TYPE_SURF +14

PRC

TYPE_SURF _Extrusion

PRC_TYPE_SURF.+ 15

PRCl

TYPE_SURF_FromCurves

PRC_TYPE-SURF + 16

PRCl

TYPE_SURF _Torus

PRC_TYPE_SURF + 17

PRCl

TYPE_SURF_Transform

PRE-TYPE_SURF + 18

PRCl

TYPE_SURF _Blend04

PRC_TYPE_SURF + 19

8.1

Abs
that

8.1
8.1

Abs

.2 PRC_TYPE_SURF

1.3.1 General

tract.type for surfaces. The following data is stored for all surface types.

tract type for surfaces<If this appears in the documentation defining a field in the PRC File, it means
any surface type:may be used.

1.3 PRC TYPE_SURF Base

8.1

o ila Val r 'Y al Vol
.4 LOTIerilourjucce

ContentSurface provides additional information about a surface such as its name and attributes and

how it extends past its boundary.
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Table 285 — ContentSurface

Name Data Type Data Description

has_base_geometry Boolean (Required) TRUE if base information is
present; else FALSE

attribute_data AttributeData (Optional; if has_base_geometry is TRUE)
Attributes attached to the geometric entity

name Name (Optional; if has_base_geometry is TRUE)
Name attached to the geometric entity

id UnsignedInteger (Optional; if has_base_geometry,is THUE)
Identifier in originating CAD “system; |this
may not be used to reference entity within
PRC File;

extension tvpe Unsienedinteser (Required) Indicates*how the surface is

-PP & J extended; see EPRGExtendType

8.11.4 PR

A Blend01

[ TYPE_SURF _Blend01

surface is defined by three curves, a center curve, anjorigin curve and an optional tangent

curve, all defined over the same parameter interval. If the tangént curve is not defined (NULL), the first
bf the origin curve is used instead. The implicit parameterization of a Blend01 surface is [|0, 2

derivative
7] X [cente

A Blend01
origin cury
the normal

A Transfon

Only the following flags are acceptable (see84.11).

-_curve.interval.min, center_curve.interval.max].

Table 286 —PRC_TYPE_SURF Blend01 transformation

surface represents a variable radius pipe‘surface centered on the center curve with|the
e defining both the radius and 0.0 locatien of the u parameter and the tangent curve defiping
of the cross section plane of the Blend(01 surface along the center curve.

mation can reposition the surfaee\in model space using a translation, rotation, and scaling.

Value Type Name Data Description
0x00 PRC_TRANSEORMATION_Identity Identity

0x01 PRC_TRANSFORMATION_Translate Translation

0x02 PRG-"TRANSFORMATION_Rotate Rotation

0x08 PRC_TRANSFORMATION _Scale Uniform scale

A UVParameterization enables the Surface to be reparameterized and trimmed.

The following diagram illustrates the relationship between the curves defining the Blend01 surface.
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N —»

Key

1 ¢enter(v) curve

2 rigin(v) curve

3 radius(v)

4  ¢rigin(v)

5 XYZ(u, v) (on Blend01 surface)
6 Blend01 surface

7 tangent(v)

Figure 16 — Example of a Blend01 surface

To ¢valuate a Blend01 stirface at a parameter value:

Calculate the implicit_parameter from the given parameter using this surface's UVParamleterization
data.

R(implicit_param_v) = origin_curve(implicit_param_v) - center_curve(implicit_param_v)

XYZ = origin_curve(implicit param_v) + cos(implicit param_u) * R(implicit pdram_v) +
sin(implicit_param_u) * [tangent_curve(implicit_param_v) * R(implicit_param_v)]

(where " is the cross product)

If the tangent curve is NULL, use the unitized first derivative of origin curve instead of the tangent
curve.
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Table 287 — PRC_TYPE_SURF_Blend01

Name Data Type Data Description
UnsignedInteger (Required) PRC_TYPE_SURF_Blend01

curve_data ContentSurface (Required) Common surface data

tranform Transformation (Required) Position surface into model
space

parameterization UVParameterization (Required) Define parameterization and
trimming information

° |

center_curye PtrCurve (Required) Center curve; shall not be NIIILL

orgin_cruve PtrCurve (Required) Origin curve; shall notbe NULL

tangent_curve PtrCurve (Required) Tangent curve;imay be NUIL in
which case the first deriyative of the cepter
curve is used as the tangent curve.

8.11.5 PR(_TYPE_SURF Blend02

A Blend02(surface is an exact rolling ball blend defined by rolling a-bdll of a constant radius alofg a

center curye while maintaining tangential contact with two bounding'surfaces (or curves in the cas

a “cliff han
the Blend0

The Blend()2 surface is defined by

— Avrolling ball center curve (center_curve) which defines the u parameter of the surface.

— A first| bounding surface or a first bounding'eurve (bound_surface 1 or bound_curve 1). Ei

bound

— Aseco
bound

— A radi
differe
taking
negatiy

— Two in
blend
otherw

bing” blend). A point on the center curve is projected onto the two bounding geometries
P surface is defined by the circular arc between thesetwo points (from pointl to point2).

| surface 1 or bound_curve 1 may be given and the other shall be NULL.

hd bounding surface or a second bounding curve (bound_surface 2 or bound_curve 2). Ei
| surface 2 or bound_curve 2smay be given and the other shall be NULL.

us and two senses. Radius 1 and radius 2 have the same absolute value but may
nt signs. A positive:sign indicates that the blend is on the side of the surface normal 3
into account the‘senses of the surfaces bound_surface_sense 1 and bound_surface_sense
e sign indicatées that the blend is on the opposite side as the bounding surface normal.

stances ©f)cliff_supporting_surface. If one of the bounds is a curve, the surface is a cliff &
hind its twWo supporting surfaces are the surfaces of the faces adjacent to the cliff edge (N
rise).

e of
and

her

her

ave
fter
D. A

dge
JLL

— The type of parameterization (parameterization_type):

— 0 indicates that the v parameter is zero at the first bound and one at the second bound.

— 1 indicates that the v parameter is zero at the first bound and the angular value, in radians, at

the second bound.

— The implicit parameterization is

— [center_curve.interval.min, center_curve.interval.max] x [0, 1] if the parameter_type is 0
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— [center_curve.interval.min, center_curve.interval.max] x [0, 2 7] if the parameter_type is 1

The Transformation can reposition the surface in model space using a translation, rotation, and scaling.
Only the following flags are acceptable (see section 8.4.11).

Table 288 — PRC_TYPE_SURF Blend02 transformation

Value Type Name Data Description

0x00 PRC_TRANSFORMATION_Identity Identity

0x01 PRC_TRANSFORMATION_Translate Translation

0x0p PRC_TRANSFORMATION_Rotate Rotation

0x08 PRC_TRANSFORMATION _Scale Uniform scale

Theg UVParameterization enables the surface to be reparameterized and trimmed.

A bpundary surface may be replaced by a boundary curve, in that case, known as “cliff edgg blending”,
the [center curve point shall be projected onto this curve and not onto the missing boundary sjurface.

To ¢valuate a Blend02 surface at a parameter value:

Calgulate the implicit_parameter from the given parameter using this surface's UVParamleterization

Rad

P1

p2

Wh

Y2(

data.

ius is the absolute value of radius 1 and radius 2

¥ center(u) projected onto Bound Surface 1\(or Bound Curve 1)

§ center(u) projected onto Bound Surface 2 (or Bound Curve 2)

bre this is a perpendicular projéction and the distance between Center(u) and P1 (andl P2) must

equal the blend radius
= (P1 - center(u)) / " P1 - center(u) ||
= (P2 - center(u)\)/ || P2 - center(u) ||

= angle between X(u) and Y(u)

1) = (X)) "~ Y(w) "~ X(w) /| C(X(w) ~ Y(w) ~X(w) |

Sothat X(u) . Y2(u) = 0 and Y2(u) is a unit vector

If (parameter_type ==0)

XYZ = center(u) + Radius * ( cos(A(u) * v) * X(u) + sin(A(u)*v) *Y2(u) )

Else

XYZ = Center(u) + Radius * (cos(v).X(u) + sin(v).Y2(u))
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where

u and v mean implicit_param_u and implicit_param_v in all descriptions

|| X || is the length of vector X

X"Y is the cross product of X and Y vectors

X .Y is the dot product of X and Y vectors

Key

A U1 A W N

P2

188

bouy]
cent
Blen|
boui]
Blen|
Blen|
cent

cent

_\\

d surface 1

br(u) curve

02 radius

d surface 2

d02(u,v)

102 surface

br(u) projectedénto bound surface 1

br(u) projeeted onto bound surface 2

Figure 17 a) — Example of Blend02 surface
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6
Key
1 bound curve 2
2 Blend02 surface
3 bound surface 1
4 Blend02 (u,v) (on Blend02 surface)
5 centre (u) curve
6 radius
NOTE The same as a cliff blend except P2 = centre (u) projected‘onto bound curve 2.
Figure 17 b)— Example of Blend02 surface
Table 289 — PRC .TYPE_SURF Blend02

Name Data Type Data Description

UnsignedInteger (Required) PRC_TYPE_SURF_Blend02
curye_data ContentSurface (Required) Common surface dafa
tranform Transformation (Required) Position surface [into model

space
parameterization UVParameterization (Required) Define parameterjzation and
trimming information

bou|nd_surface_0 PtrSurface (Required) Bound Surface 0
boulnd_curve_O PtrCurve (Required) Bound curve 0
boulnd_surface_l PtrSurface (Required) Bound surface 1
boulnd_curve_l PtrCurve (Required) Bound curve 1
cenfer-curve PtrCurve (Required) Center curve
center_curve_sense Boolean (Required) Center curve sense
bound_surface_0_sense Boolean (Required) Bound surface 0 sense
bound_surface_1_sense Boolean (Required) Bound surface 1 sense
radius_0 Double (Required) Radius 0
readius_1 Double (Required) Radius 1
cliff_suface_0 PtrSurface (Required) Cliff supporting surface 0
cliff surface_1 PtrSurface (Required) Cliff supporting surface 1
parameterization_type Character (Required) Parameterization type
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8.11.6 PRC_TYPE_SURF Blend03

A Blend03 surface is a fillet surface defined by four curves: a center curve, two rail curves, and an angle
curve which defines the V parameterization of the surface. All curves are quintic splines defined over
the same nodal vector (Number_of_elements, Parameters and Multiplicities).

A center_curve, rail_curve_1, and rail_curve2 are defined using point, tangent, and second derivative
data from Number_of_element entries in the Points, Tangents, and SecondDerivative arrays:

— center

curve uses data atindiciesi*3 + Q:

— rail_cufve_1 uses data at indicies i*3 + 1;

— andra

where 0 <3

A rail2_an{
Rail2Secon
controlling

Each isop3
center_cury
parameter
rail2_angle

The implic
trim_v_majy

If trim_v_m

I_curve_2 uses data at indicies i*3 + 2.

i <= Number_of elements.

4

plesV_curve is defined using the data in the arrays Rail2AnglesV,Rail2DerivativesV,
dDerivativesV. This curve defines the V parameterization of ‘the Blend03 surface
the V parameterization along the isoparametric U curves.

rametric U curve is a circle defined on a plane centered. on a point evaluated on
e, where the point on rail_curve_1 evaluated at the same parameter gives the x-axis, and
point on rafil_curve_2 gives the y-axis. For each circle, rail_curve_1¢orresponds to Parameter[0], and|
corresponding to the point on rail_curve_2 is_found using the angle curve func
5V_curve. The same parameter is divided by Rail2ZParameterV.

ax is less than trim_v_min, the V parameterization is set to [0, 1].

The Transfprmation can reposition the surfacein model space using a translation, rotation, and scal

and

the
the
the
[ion

t parameterization is [ Parameter[0], Parameter[Number_of elements - 1] ] x [ trim_v_mnin,

ing.

Only the following flags are acceptable (see'section 8.4.11)
Table 290 — PRC TYPE SURF Blend03 transformation
Value Type Name Data Description
0x00 PRC_TRANSFORMATION_Identity Identity
0x01 PRC_TRANSFORMATION_Translate Translation
0x02 PRG-TRANSFORMATION_Rotate Rotation
0x08 PRC_TRANSFORMATION Scale Uniform scale
The UVParanteterizationenables-thesurface-te-bereparameterized-and-trimmed:

To evaluate a Blend03 surface at a parameter value:

Calculate the implicit_parameter from the given parameter using this surface‘s UVParameterization

data.

X(w) =

(rail_curve_1(u) - center_curve(u) ) / || rail_curve_1(u) - center_curve(u) ||

a unit vector)

Y(u) =

190

rail_curve_2(u) - center_curve(u)

(so that X(u) is
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Y2(u) = [ X(u)*Y(u) 17°X(u) /|1 [ X(W*Y(u) ]1*X(uw) || (so that X(u).Y2(u)=0 and Y2(u) is a unit
vector)

A(u) =rail2_anglesV_curve(u) / Rail2ParameterV
Radius(u) = || rail_curve_2(u) - center_curve(u) ||
XYZ = center _curve (u) + Radius(u) * ( cos( A(u)*v ).X(u) + sin( A(u)*v).Y2(u))

Where

\l and v mean implicit_param_u and implicit_param_v.
Il X || is the length of vector X

X7Y is the cross product of X and Y vectors.

The following values are reserved for future use:

— |reserved_int[0] should be set to 5.

— |reserved_int[1] should be set to 0.

— |reserved_int[2] should be set to 0.

— |reserved_int[3] should be set to number_of_element.
— |reserved_int[4] should be set to 0.

— |reserved_int[5] should be set to 1.

— |reserved_chars_0 should be setto 1.

— |reserved_chars_1 should pe set to 0.

— |reserved_chars_2.should be set to 0.

— |reserved_supplemental_doubles[i] and number_of supplemental_doubles should be set tp 0.
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Table 291 — PRC_TYPE_SURF_Blend03

Name Data Type Data Description
UnsignedInteger (Required)

PRC_TYPE_SURF Blend03

curve_data ContentSurface (Required) Common
surface data

tranform Transformation (Required) Position
surface into model space

parameterization UVParameterization (Required) Dgfine
parameterization and
trimming information

number_of|elements Integer (Required)

Number of elements

parameters} Array <Double> [ number_of_elements] (Required) Parameters
multiplicities Array <Integer> [number_of_elements] (Required) Multiplicitips
points Array <Vector3d> [number_of_elements] (Required) Array of Pojints

rail_2_angles_v

Array <Double> [number_of_elements]

(Required)
Rail2AnglesV

Array | of

tangents

Array <Vector3d> [number_of_elements]

(Required)  Array | of
Tangents

rail_2_derivatives_v

Array <Double> [numbertof_elements]

(Required) Array | of
Rail2DerivativesV

second_derjivatives

Array <Vector3d> [number_of_elements]

(Required)  Array | of

SecondDerivatives
rail_2_seconhd_derivatives Array <Dauble> [number_of_elements] (Required) Array | of

Rail2SecondDerivativesV
rail_2_parameter_v Double (Required)

Rail2Parameter V
trim_v_min| Double (Required) Trim v min
trim_v_max Double (Required) Trim v max
reserved_ilrt Array <Integer>[6] (Required) Reserved_int
reserved_cilar_o Character (Required)

Reserved_char_0
reserved_char<1 Character (Required)

Reserved_char_1
reserved_char_1 Character (Required)

Reserved_char_2
number_of_supplimental_doubles | Integer (Required) Number of

reserved supplimental

doubles
supplimental_doubles Array <Double>[ | (Required) Reserved

number_of_supplimental_doubles]

supplimental doubles
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8.11.7 PRC_TYPE_SURF _NURBS

8.11.7.1 General

This class represents a non-uniform rational bspline surface.
A NURBS surface is defined by the following data:

— Duis the degree of the surface in u and is restricted to the range 1 <= degree <= 25

Dv is the degree of the surface in v and is restricted to the range 1 <= degree <= 25

P is a two dimensional array of control points.

Npu (number of control points in u) = highest_index_of_control_points_in_u +.1
Npv (number of control points in v) = highest_index_of_control_points_in_v+ 1
Ku is the knot vector in u

— the knots shall be a non-decreasing sequence, that is, Ku[i]J«<=Ku[i+1]

— multiple end knots are required; for non-periodic surfaces, the multiplicity of the e
Du+1.

— Interior knots may have multiplicity up to Du+1.

Nku (number of knots in the u knot vector) = highest_index_of_knots_in_u + 1; it shall
=Du + Npu + 1.

Kv is the knot vector in v
— the knots shall be a non-decreasing sequence, that is, Kv[i] <= Kv[i+1]

— multiple end knots arérequired; for non-periodic surfaces, the multiplicity of the e
Dv+1.

— Interior knots@nay have multiplicity up to Du+1.

Nkv (number*of knots in the v knot vector) = highest_index_of_knots_in_v + 1; it shall
=Dv + Npwst1.

knot.type shall be set in the EPRCKnotType range value

Rational is TRUE if the surface is rational and has an optional array of weights

hd knots is

satisfy Nku

hd knots is

Katisfy Nkv

W is an optional weight at each control point; W(i,j) shall be within [0.001, 1000]; all the

coordinates x,y,z are weighted.

surface_form shall be set in the EPRCSplineSurfaceForm range value.

The evaluation formula at a parameter value on a Nurbs surface is

The surface S(u,v)) at a parameter value u and v is given by:
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npu npv
ST,

N;(u)N;(v)

Sluv) e« S5
20 2o Wi NN, ()

Where
npu =number of control points in u
npv =number of control points in v
Pj =control points,
Wi =fveights,
Du =flegree in u
Dy =flegree inv

N; are the rormalized B-spline basis functions of degree d defined on the knot set:

Uig.»Uir1 | Uj1>=Uj(i.e. non-decreasing).
Table 292 — PRC _TYPE_SURF NURBS
Name Data Type Data'Description
UnsignedInteger (Required) PRC_TYPE_SURF_NURBS
curve_data ContentSurface (Required) Common surface data
is_rational Boolean (Required) is_rational is TRUE if
this is a rational NURBS surface;
else FALSE
du UnsignedInteger (Required) Du is the degre¢ of
surface in u
dv UnsignedInteger (Required) Dv is the degre¢ of
surfaceinv
highest_index_of_control_points_i | Unsignedinteger (Required)
n_u highest_index_of_control_points_i
n_u
highest_index_of control_points-i-| UnsignedInteger (Required)
n_v highest_index_of_control_points_i
n_v
highest_index_of_knotszin_u UnsignedInteger (Required)
highest_index_of_knots_in_u
highest_index_of knots_in_v UnsignedInteger (Required)
highest_index_of_knots_in_u
p 2DimArray (Required) P is a two dimensional
<ControlPointsNurbsSurf> array of control points defining
[highest_index_of_control_points_i | surface.
n_uj
[highest_index_of control_points_i
n_v]
ku Array <Double> | (Required) Ku is an array of knots
[highest_index_of knots_in_u] inu
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kv Array <Double> | (Required) Kv is an array of knots
[highest_index_of knots_in_v] inv
knot_type UnsignedInteger (Required) Knot_type shall be set
to a value in EPRCKnotType
surface_form UnsignedInteger (Required) Surface_form shall be

set to a value in
EPRCSplineSurfaceForm

8.11.7.2 ControlPointsNurbsSurf

An array of control points for a Nurbs surface are stored in a two dimensional array

For (i=0; i<= highest_index_of_control_points_in u; i++)

For (j=0; j<=highest_index_of_control_points_in_v; j++)

Jtore the %, y, z and optional w value

Table 293 — ControlPointsNurbsSurf

Name Data Type Data Description

X Double (Required) X coordinate of conttol point

y Double (Required) Y coordinate of conttol point

y/ Double (Required) Z coordinate of contfol point

w Double (Optional; if is_rational is | TRUE) W
coordinate of control point

8.11.7.3 EPRCSplineSurfaceForm

This enumerated type defines-the possible NURBS surface forms.

NOTE This value is currently not used and should be set to KEPRCBsplineSurfaceFormUnspecifiefd.
Table 294 — EPRCSplineSurfaceForm types

Valye Type Name Type Description

0 KEPRCBSplineSurfaceFormPlane Planar surface

1 KEPRCBSplineSurfaceFormCylindrical Cylindrical surface

2 KEPRCBSplineSurfaceFormConical Conical surface

3 KEPRCBSplineSurfaceFormSpherical Spherical surface

4 KEPRCBSplineSurfaceFormRevolution Surface of revolution

5 KEPRCBSplineSurfaceFormRuled Ruled surface

6 KEPRCBSplineSurfaceFormGeneralizedCone Cone

7 KEPRCBSplineSurfaceFormQuadric Quadric surface

8 KEPRCBSplineSurfaceFormLinearExtrusion Surface of extrusion

9 KEPRCBSplineSurfaceFormUnspecified Unspecified surface

10 KEPRCBSplineSurfaceFormPolynomial Polynomial surface
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8.11.8 PRC_TYPE_SURF Cone

This represents a canonical definition of a conical surface where the axis of the cone lies along the z-
axis. The x-axis represents the 0.0 value of the u parameter interval [0.0, 2 7] with positive values
counter-clockwise about the z-axis using the right hand rule. The z-axis represents the v parameter
interval [-infinite_param, infinite_param]. The 0.0 value of the v parameter is indicated by the bottom
radius. The semi-angle is the half angle of the cone in radians.

The implicit parameterization of the cone is [0.0, 2 7] x [-infinite_param, infinite_param)].

The Transformation can reposition the surface in model space using a translation, rotation, and scaling.
Only the fo[lowing flags are acceptable (see section 8.4.11).

Table 295 — PRC_TYPE_SURF _Cone transformation

Value Type Name Data Description
0x00 PRC_TRANSFORMATION_Identity Identity

0x01 PRC_TRANSFORMATION_Translate Translation

0x02 PRC_TRANSFORMATION_Rotate Rotation

0x08 PRC_TRANSFORMATION_Scale Uniform scale

The UVParpmeterization enables the surface to be reparameterized‘and trimmed.
To evaluat¢ this surface at a parameter value:

Calculate the implicit_parameter from the given parameter using this surface’s UVParameterizagion
data.

radiusF bottom_radius + implicit_param_v * tan{semi-angle)
tmp_p¢int.x = cos( implicit_param_u) * radius

tmp_p¢int.y = sin( implicit_param_u) * radius

tmp_p¢int.z = implicit_param_y

Table 296 — PRC_TYPE_SURF_Cone

Name Data Type Data Description

Unsignedinteger (Required) PRC_TYPE_SURF_Cone
curve_data ContentSurface (Required) Common surface data
tranform Transformation (Required) Position surface into mpdel
parameterization UVParameterization (Required) Define parameterization and

trimming information

radius Double (Required) Bottom radius
semi_angle Double (Required) Semi angle in radians

8.11.9 PRC_TYPE_SURF Cylinder

This represents a canonical definition of a cylinder where the axis of the cylinder lies along the z-axis.
The x-axis represents the 0.0 value of the u parameter (radians) interval [0.0, 2 ] with positive values
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counter-clockwise about the z-axis using the right hand rule. The z-axis represents the v parameter
interval [-infinite_param, infinite_param]. The 0.0 value of the v parameter is at the origin.

The implicit parameterization of the cylinder is [0.0, 2 7] x [-infinite_param, infinite_param)].

The Transformation can reposition the surface in model space using a translation, rotation, and scaling.
Only the following flags are acceptable (see section 8.4.11).

Table 297 — PRC_TYPE_SURF _Cylinder transformation

Value Type Name Data Description
0x0f PRE-FRANSFORMATION Tdermtity tdemtity

0xO0fL PRC_TRANSFORMATION_Translate Translation

0x0p PRC_TRANSFORMATION_Rotate Rotation

0x08 PRC_TRANSFORMATION_Scale Uniform scale

Thg UVParameterization enables the surface to be reparameterized and trimmed.
To ¢valuate this surface at a parameter value:

Calculate the implicit_parameter from the given parameter using this surface‘s UVParamleterization
data.

tmp_point.x = cos( implicit_param_u) * radius
tmp_point.y = sin( implicit_param_u) * radius
tmp_point.z = implicit_param_v

Table 298 =~ PRC_TYPE_SURF_Cylinder

Name Data Type Data Description
Unsignedinteger (Required) PRC_TYPE_SURF_Cylinder

curye_data GontentSurface (Required) Common surface dafa

tranform Transformation (Required) Position surface [into model
space

parameterization UVParameterization (Required) Define parameterjzation and
trimming information

radjus Double (Required) Radius

8.11.10 PRC_TYPE_SURF Cylindrical

This represents a cylindrical surface expressed in cylindrical coordinate system where (R, Theta, h). A
base surface defines the mapping from UV to (R, Theta, h) = (%, y, z). The axis of the cylinder lies along
the z-axis.

The implicit parameterization of the cylindrical surface is the same as the UV domain of the base
surface.

The Transformation can reposition the surface in model space using a translation, rotation, and scaling.
Only the following flags are acceptable (see section 8.4.11).
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Table 299 — PRC_TYPE_SURF Cylindrical transformation

Value Type Name Data Description
0x00 PRC_TRANSFORMATION_Identity Identity
0x01 PRC_TRANSFORMATION_Translate Translation
0x02 PRC_TRANSFORMATION_Rotate Rotation
0x08 PRC_TRANSFORMATION _Scale Uniform scale
The UVParpmeterization enables the surface to be reparameterized and trimmed.
The tolerance is used internally but does not take part of the definition of the surface. It indicate$ an
appropriate tolerance that can be used to obtain a “representative” 3D NURBS approximation of|the
surface to gid in various operations. If not known it shall be set to 0.0.
To evaluat¢ this surface at a parameter value

Calculate the implicit_parameter from the given parameter using this surfage‘s UVParameterizafion

data.

base_point = base_surface.evaluate( implicit_param_u, implicit_param_v)

tmp_p¢@int.x = base_point .x * cos(base_point.y)

tmp_peint.y = base_point .x * sin(base_point.y)

tmp_p¢int.z = base_point.z

Table 300 — PRC_TYPE_SURF Cylindrical
Name Data Type Data Description
UnsignedInteger (Required) PRC_TYPE_SURF_Cylindrical
curve_data ContentSurfdce (Required) Common surface data
tranform Transforimation (Required) Position surface into mpdel
space
parameterjzation UVPRdrameterization (Required) Define parameterization [and
trimming information

base_surfage PtrSurface (Required) Base surface
tolerance Double (Required) Tolerance
8.11.11 PRCTYPE-SURE Offset

This represents a surface defined by offsetting a given surface along its normal by a specified distance.
The implicit parameterization is the same as the UV domain of the base surface.

The Transformation can reposition the surface in model space using a translation, rotation, and
scaling.Only the following flags are acceptable (see section 8.4.11).
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Table 301 — PRC_TYPE_SURF_Offset transformation

Value Type Name Data Description
0x00 PRC_TRANSFORMATION_Identity Identity

0x01 PRC_TRANSFORMATION_Translate Translation

0x02 PRC_TRANSFORMATION_Rotate Rotation

0x08 PRC_TRANSFORMATION _Scale Uniform scale

Theg UVParameterization enables the surface to be reparameterized and trimmed.

To ¢valuate this surface at a parameter value

data.

tmp_point = base_point + ( offset_distance * base_nornial)

base_point = base_surface.evalaute(implicit_param_u, implicit_pdram_v)

base_normal = base_surface.evaluate_normal( implicit_parafa_u, implicit_param_v)

Table 302 — PRC_TYPE_SURF_Offset

Calculate the implicit_parameter from the given parameter using this surface’s UVParameterization

Name Data Type Data Description
UnsignedInteger (Required) PRC_TYPE_SURF_Off3et

curye_data ContentSurface (Required) Common surface dafa

tranform Transformation (Required) Position surface [into model
space

parameterization UVPdarameterization (Required) Define parameterjzation and
trimming information

basg_surface PtrSurface (Required) Base surface

offspt_distance Double (Required) Offset distance

8.11.12 PRC-TYPE_SURF Pipe

This surface type is currently not supported and reserved for future use.
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Table 303 — PRC_TYPE_SURF _Pipe

Name Data Type Data Description
UnsignedInteger (Required) PRC_TYPE_SURF_Pipe

curve_data ContentSurface (Required) Common surface data

tranform Transformation (Required) Position surface into model
space

parameterization UVParameterization (Required) Define parameterization and
trimming information

center_curye PtrCurve (Required) Center curve

orgin_curve PtrCurve (Required) Origin curve

radius Double (Required) Radius of pipe

8.11.13 PRC_TYPE_SURF Plane

The repres|

ents the canonical definition of a planar surface which is defined@s-the XY plane

The canonical representation of a plane has

the x-a

xis set to (1, 0, 0)

— theyakissetto (0,1, 0)

theza

the implic
infinite_pa
The implic

Implic

Implic

Kis set to (0,0,1)

t parameterization is the uv domain [-infinite_param, infinite_param] x [-infinite_paj
fam |
t parameter value for a plane is calculated using

t_param.u = u_parameter_coeff a™ param.u + u_parameter_coeff _b;

t_param.v = v_parameter ‘coeff_a * param.v + v_parameter_coeff b

The Transformation can repositien the surface in model space using a translation, rotation, and scal

Only the fd

llowing flags arecacceptable (see section 8.4.11).

Table 304 — PRC_TYPE_SURF _Plane transformation

am,

ing.

Value Type Name Data Description
0x00 PRC_TRANSFORMATION_Identity Identity

0x01 PRC TRANSFORMATION Translate Translation

0x02 PRC_TRANSFORMATION_Rotate Rotation

0x08 PRC_TRANSFORMATION_Scale Uniform scale

The UVParameterization enables the surface to be reparameterized and trimmed.

To evaluate this surface at a parameter value

Calculate the implicit_parameter from the given parameter using this surface’s UVParameterization

data.

tmp_point.x = implicit_param_u
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tmp_point.y = implicit_param_v

tmp_pointz=0
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Table 305 — PRC_TYPE_SURF _Plane

39-1:2014

Name Data Type Data Description
UnsignedInteger (Required) PRC_TYPE_SURF_Plane

curve_data ContentSurface (Required) Common surface data

traffform Transformation (Required) Position surface_[into model
space

parameterization Domain (Required) Define parameterjzation and
trimming informatjon

u_pz,arameter_coeff_a Double (Required) U patameter coeff_a

v_p+rameter_coeff_a Double (Required) V'parameter coeff a

u_pllrameter_coeff_b Double (Required) U parameter coeff b

v_p:Lrameter_coeff_b Double (Required) V parameter coeff b

8.11.14 PRC_TYPE_SURF_Ruled

This represents a ruled surface defined by connectingpoints on each of two curves by a strdight line. It

is required that both curves are defined over the samie interval since points at equal paran

alomg each curve are connected by a straight line.

The implicit parameterization of the ruled surface

firs_curve.interval.max].

The Transformation can reposition thestirface in model space using a translation, rotation, 3

Only the following flags are acceptable (see section 8.4.11).

Table 306 — PRC_TYPE_SURF Ruled transformation

is [0, 1] x [first_curve.in

neter value

terval.min,

nd scaling.

Valye Type Name Data Description
0x0p PRC-TRANSFORMATION_Identity Identity

0x0l PRC_TRANSFORMATION_Translate Translation

0x0p PRC_TRANSFORMATION_Rotate Rotation

0x08 PRC_TRANSFORMATION _Scale Uniform scale

ThelUMParameterization-enablesthe surfacetg be rnparnmnfnri7nr‘] and-trimmed

To evaluate this surface at a parameter value

Calculate the implicit_parameter from the given parameter using this surface‘'s UVParameterization

data.

base_point1 = first_curve.evaluate( implicit_param_v)

base_point2 = second_curve.evaluate( implicit_param_v)

tmp_point.x = (1.0-implicit_param_u) * base_point1.x + implicit_param_u * base_point2.x
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tmp_point.y = (1.0-implicit_param_u) * base_point1.y + implicit_param_u * base_point2.y

tmp_point.z = (1.0-implicit_param_u) * base_point1.z + implicit_param_u * base_point2.z

Table 307 — PRC_TYPE_SURF _Ruled

Name Data Type Data Description
UnsignedInteger (Required) PRC_TYPE_SURF_Ruled

curve_data ContentSurface (Required) Common surface data

tranform Transformation (Required) Position surface into ympdel
space

parameterization UVParameterization (Required) Define parameterization [and
trimming information

first_curve PtrCurve (Required) First curve

second_curyve PtrCurve (Required) Second curve

8.11.15 P,

This repre
correspong

RC_TYPE_SURF _Sphere

by the u

Only the fo

sents the canonical definition of a spherical surface centefed at the origin. The u paramgter
s to a circle in the XY plane with 0.0 being the x-axis.and positive angles measured arol[:lnd
the z-axis yising the right hand rule. The v parameter corresponds'to a semi-circle in the plane defined

rameter and passing through the z-axis with the,XY plane being 0.0 and positive angles
above the XY plane and negative angles below the XY planeiThe implicit parameterization of a sphefe is
[0,27] x [ /2, /2].

The Transformation can reposition the surface in model space using a translation, rotation, and scaling.

lowing flags are acceptable (see section-8.4.11).

Table 308 — PRC_TYPE_SURF Sphere transformation

Value Type Name Data Description
0x00 PRC_TRANSFORMATION_Identity Identity

0x01 PRC_TRANSFORMATION_Translate Translation

0x02 PRC_TRANSFORMATION_Rotate Rotation

0x08 PRCTRANSFORMATION _Scale Uniform scale
The UVParhmeterization enables the surface to be reparameterized and trimmed.

To evaluat¢ this'surface at a parameter value

Calculate the implicit_parameter from the given parameter using this surface’s UVParameterization

data.

tmp_point.x = radius * cos(implicit_param_v) * cos(implicit_param_u)

tmp_point.y = radius * cos(implicit_param_v) * sin(implicit_param_u)

tmp_point.z = radius * sin(implicit_param_v)
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Key Q
1 point (u, v) on surface of the sphere Q
2 radius of the sphere Q

I is measured in the X-Y plane in radians determining a plane wﬁ(@‘lncludes the Z-axis on which v is measur¢d in radians
from the X-Y plane %)

&
Figure 18 fgémple of a sphere
K\

Table wo— PRC_TYPE_SURF Sphere

“\J

Name Data Type"’\\ Data Description

Unsiwlnteger (Required) PRC_TYPE_SURF_SpHere

—

curye_data @@ntSurface (Required) Common surface dafa

N4
tranform ()ﬁansformation (Required) Position surface [into model

N space
parameterizationdo UVParameterization (Required) Define parameterjzation and
Q‘~ trimming information
\(\

radjus AQ Double (Required) Radius

<X

8.1 lﬁj PRC_TYPE_SURF Revolution

This represents a surface of revolution defined as revolving a base curve around an axis of revolution.

The implicit parameterization is [0, 2 r], [base_curve.interval.min, base_curve.interval.max]. The u value
is in radians and the 0.0 value corresponds to a point on the base_curve. Positive angles are in the
direction determined by the axis direction using the right hand rule.

The Transformation can reposition the surface in model space using a translation, rotation, and scaling.
Only the following flags are acceptable (see section 8.4.11).
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Table 310 — PRC_TYPE_SURF Revolution transformation

Value Type Name Data Description
0x00 PRC_TRANSFORMATION_Identity Identity
0x01 PRC_TRANSFORMATION_Translate Translation
0x02 PRC_TRANSFORMATION_Rotate Rotation
0x08 PRC_TRANSFORMATION_Scale Uniform scale
The UVParpmeterization enables the surface to be reparameterized and trimmed.
The axis of|revolution is defined by an origin and the cross product of x-axis and y-axis.
The tolerance is used internally but does not take part of the definition of the surface, It indicate$ an
appropriatp tolerance that can be used to determine if the base_curve lies in a plane pasSihg by the pxis
of revoluti¢n. If not known it shall be set to 0.0. See Section 5.7.
To evaluat¢ this surface at a parameter value
Calculate the implicit_parameter from the given parameter using this surface‘s UVParameterizagion
data.
base_ppoint = Base_curve.evaluate( implicit_param_v)
point_¢n_axis = axis_of_revolution.project_on_DirectionZ( basé_point )
tmp_axis_x = base_point - point_on_axis
tmp_axis_y = axis_of_revolution.DirectionZ " tmp-axis_x
tmp_ppint = point_on_axis + cos(implicit_ param_u) * tmp_axis_x +sin(implicit_param_y) *
tmp_axis_y
where|" indicates the cross produet
Table’311 — PRC_TYPE_SURF_Revolution
Name DataType Data Description
Unsignedinteger (Required) PRC_TYPE_SURF_Revolution
curve_data ContentSurface (Required) Common surface data
tranform Transformation (Required) Position surface into mpdel
space
parameter]zafinn ”"/Dnrnmatari'/nf'inn (anuirod) Define pr)rqmafnwivqfinn and
trimming information
tolerance Double (Required) Tolerance
orgin Vector3d (Required) Origin
x_axis Vector3d (Required) X axis
y_axis Vector3d (Required) Y axis
base_curve PtrCurve (Required) Base curve
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8.11.17 PRC_TYPE_SURF_Extrusion

This represents an extruded surface where a base curve is extruded along a sweep vector.
The implicit parameterization of the extruded surface is
[base_curve.interval.min, base_curve.interval.max] x [-infinite_param, infinite_param].

The Transformation can reposition the surface in model space using a translation, rotation, and scaling.
Only the following flags are acceptable (see section 8.4.11).

Table 312 — PRC_TYPE_SURF Extrusion transformation

ValJle Type Name Data Description
0x0p PRC_TRANSFORMATION_Identity Identity

0xO0[L PRC_TRANSFORMATION_Translate Translation

0x0p PRC_TRANSFORMATION_Rotate Rotatiof

0x08 PRC_TRANSFORMATION_Scale Uniform scale

Thg UVParameterization enables the surface to be reparameterized-and trimmed.
The evaluation at a parameter value param is

Calculate the implicit_parameter from the given parameter using this surface‘s UVParamleterization
data.

XYZ = base_curve.evaluate(implicit_param_u) + implicit_param_v * sweep_vector;

Table 313 — PRC_TYPE_SURF _Extrusion

Name Data Type Data Description
UnsignedInteger (Required) PRC_TYPE_SURF_Extyusion
curye_data ContentSurface (Required) Common surface data
tranform Transformation (Required) Position surface [into model
space
parameterization UVParameterization (Required) Define parameterjzation and

trimming information

sweep_vector Vector3d (Required) Sweep vector shall be a unit
vector
base_curve PtrCurve (Required) base curve

8.1T.T8 PRC_TYPE_SURF FromCurves

The implicit parameterization is  [first_curve.interval.min, first_curve.intervalmax] x
[second_curve.interval.min, second_curve.interval.max].

The Transformation can reposition the surface in model space using a translation, rotation, and scaling.
Only the following flags are acceptable (see section 8.4.11).
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Table 314 — PRC_TYPE_SURF _FromCurves transformation

Value Type Name Data Description
0x00 PRC_TRANSFORMATION_Identity Identity

0x01 PRC_TRANSFORMATION_Translate Translation

0x02 PRC_TRANSFORMATION_Rotate Rotation

0x08 PRC_TRANSFORMATION _Scale Uniform scale
The UVParpmeterization enables the surface to be reparameterized and trimmed.

The evaluation at a parameter value param is

Eval_ppint = first_curve.evaluate(param.u) + second_curve.evaluate(param.v) - origin;
Table 315 — PRC_TYPE_SURF_FromCurves
Name Data Type Data Description
UnsignedInteger (Required) RRE-TYPE_SURF_FromCurve.

curve_data ContentSurface (Required) Common surface data

tranform Transformation (Requireéd) Position surface into mpdel
space

parameterization UVParameterization (Required) Define parameterization [and
trimming information

orgin Vector3d (Required) Origin

first_curve PtrCurve (Required) First curve

second_curyve PtrCurve (Required) Second curve

8.11.19 PRC_TYPE_SURF _Torus

This represgents the cannonical definition of a torus centered at the origin with the major axis in th¢ XY

plane. The [implicit parameterizgation is [0, 2 ] x [0, 2 ] where the u parameter is 0.0 corresponding to

a circle on [the XZ plane with.radius = minor_radius and the v parameter corresponds to a circle on|the

XY plane wjith radius = majoforadius + minor_radius.

The Transformation can(reposition the surface in model space using a translation, rotation, and scaling.

Only the fo

lowing flags are acceptable (see section 8.4.11).

Table 316 — PRC_TYPE_SURF Torus transformation

Value Type Name Data Description

0x00 PRC_TRANSFORMATION_Identity Identity

0x01 PRC_TRANSFORMATION_Translate Translation

0x02 PRC_TRANSFORMATION_Rotate Rotation

0x08 PRC_TRANSFORMATION _Scale Uniform scale
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The UVParameterization enables the surface to be reparameterized and trimmed.

To evaluate this surface at a parameter value

Calculate the implicit_parameter from the given parameter using this surface‘'s UVParameterization

data.

radius = major_radius + minor_radius * cos(implicit_param_v);

tmp_point.x = radius * cos(implicit_param_u)

tmp_point.y = radius * sin(imiplicit_param_u)

tmp_point.z = minor_radius * sin(implicit_param_v)

B imimi e N

- Nl
: X
Key
major radius
minor radius
boint on torus surface (u, v)
Major torus axis is in the X-Y plane
Figure 19 — Example of a torus
Table 317 — PRC_TYPE_SURF Torus
Name Data Type Data Description
UnsignedInteger (Required) PRC_TYPE_SURF_Tonus
curve-data f‘nnf'pnf'('urfnr‘p (Qpnlnirpd) Common surface datla
tranform Transformation (Required) Position surface into model
space
parameterization UVParameterization (Required) Define parameterization and
trimming information
major_radius Double (Required) Major radius
minor_radius Double (Required) Minor radius
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8.11.20 PRC_TYPE_SURF_Transform

A Transform surface is defined by applying a 3D mathematical transformation to a base surface.

The implicit parameterization is the same as the base surface.

The Transformation can reposition the surface in model space using a translation, rotation, and scaling.

Only the following flags are acceptable (see section 8.4.11).

Table 318 — PRC_TYPE_SURF_Transform transformations

Value Type Name Data Description
0x00 PRC_TRANSFORMATION_Identity Identity

0x01 PRC_TRANSFORMATION_Translate Translation

0x02 PRC_TRANSFORMATION_Rotate Rotation

0x08 PRC_TRANSFORMATION_ Scale Uniform scale

The UVParhmeterization enables the surface to be reparameterized and trimnied:

The mathematical transformation can be NULL.

The nominpl evaluation formula for a transform curve at param valueds;

Calculgte the implicit_parameter from the given parameéter using this transform surfa

Paramgpterization data.

Tmp_point = base_surface.evaluate( implicit_parameter);

If (math_transformation != NULL)

Evial_point =math_transformation.evaluate( tmp_point );

Else

Evial_point = tmp_point;

Table 319 — PRC_TYPE_SURF_Transform

ce S

Name Data Type Data Description
Unsignedinteger (Required) PRC_TYPE_SURF_Transform

curve_data ContentSurface (Required) Common surface data

tranform Transformation (Required) Position surface into mpdel
space

parameterization UVParameterization (Required) Define parameterization and
trimming information

base_surface PtrSurface (Required) Base surface

math_transformation PRC_ TYPE MATH_FCT_3D (Required) 3D mathematical
transformation

8.11.21 PRC_TYPE_SURF Blend04

This type is currently not supported and is reserved for future use.
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ISO 14739-1:2014

Table 320 — Mathematical operator entity types

Typ

e Name

Type Value Referenceable

PRC_TYPE_ MATH

PRC_TYPE_ROOT + 900

PRC_TYPE_MATH_FCT_1D

PRC_TYPE_MATH + 1

PRI TYPE_MATH_FCT_ID_Polynom PRC_TYPE_MATH FCI_ID + 1
PRCQ TYPE_MATH_FCT_1D_Trigonometric | PRC_TYPE_MATH FCT 1D + 2
PRCQ TYPE. MATH_FCT_1D Fraction PRC_TYPE_MATH_FCT_1D + 3
PRCQ TYPE. MATH_FCT_1D_ArctanCos PRC_ TYPE_ MATH _FCT_1D + 4
PRCI TYPE_ MATH_FCT_1D_Combination PRC_TYPE_MATH_FCT_1D + 5
PRQ TYPE_MATH_FCT_3D PRC_TYPE_MATH + 10

PRCQ TYPE_MATH_FCT_3D_Linear PRC_ TYPE_ MATH_FCT_3D +1
PRCQ TYPE_MATH_FCT_3D_NonLinear PRC_TYPE_MATH_FCT_3D <2
8.12.2 PRC_TYPE_MATH

Abs
8.1

Bas

8.1

Thi
The

2.3 PRC_ TYPE MATH_FCT_1D

Polynomial equation

Cosine based equation

Specific equation

CombinatioCef1D equation

cgutput = 0.0

Fraction of two 1D equations

tract class for mathematical operators.

e type for a equation of one variable. Thefollowing are legal types of equations;

PRC_TYPE_MATCH_FCT_1D_Polynom
PRC_TYPE_MATCH_FCT_1D_Trigonometric
PRC_TYPE_MATCH_FCT_1D_Fraction
PRC_TYPE_MATCH_FCT_1D_ArctanCos
PRC_TYPE_MATCH_FCT_1D_Combination

.4 PRC_TYPE_MATH_FCT_1D_Polynom

5 represents 1D polynomial equation.

evaluation formula for a given parameter value is

For (i=0; i<number_of_coefficients; i++) {

output = output + coefficient[i] * pow(param, i);
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Table 321 — PRC_TYPE_MATH_FCT_1D_Polynom

Name Data Type Data Description
UnsignedInteger (Required)
PRC_TYPE_MATH_FCT_1D_Polynom
number_of_coefficients UnsignedInteger (Required) Number of coefficients in
polynomial
coefficient Array <Double> | (Required) Array of coefficients
[number_of _coefficients]
8.12.5 PR{_TYPE MATH_FCT_1D_Trigonometric

This repregents a 1D trigonometric equation.

The evaluation formula for param value is

Output = dc_offset + amplitude * cos(param*freq - phase)

Table 322 — PRC_TYPE_MATH_FCT_1D_Trigonometric

Name Data Type Data Description
UnsignedInteger (Required)
PRCG.TYPE_MATH_1D_Trigonometric
amplitude Double (Required) Amplitude
phase Double (Required) Phase
freq Double (Required) Frequency
dc_offset Double (Required) Dc_offset
8.12.6 PR(_ TYPE_MATH_FCT_1D_Fraction

This repregents a 1D equation that isa)fraction of two 1D equations.

The evaluation formula for param value is

Output = Numerator / Deneminator

Table 323 — PRC_TYPE_MATH_FCT_1D_Fraction

Name Data Type Data Description
UnsignedInteger (Required)
PRC_TYPE_MATH_FCT_1D_Fraction
numerator PRC_TYPE_MTH_FCT_1D (Required) Numerator
denominator PRC_TYPE_MTH_FCT_1D (Required) Denominator

8.12.7 PRC_TYPE_MATH_FCT_1D_ArctanCos

This represents a 1D trignometric arcfunction.

The evaluation formula for param is

Output = atan( ( amplitude * cos( ( param * frequency) + phase) ) ) * a
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Where

mg/2 < amplitude < rg/2

263 < (param * frequency) < 263

E Reserved_double shall be set to 0.0
Table 324 — PRC_TYPE MATH_FCT_1D_ArctanCos

Name Data Type Data Description
trsigredinteger (Required) PRC_TYPE_MATH FCT 1D ATCtamCo
a Double (Required) A
amplitude Double (Required) Amplitude
frequency Double (Required) Frequency
phase Double (Required) Phase
e Double (Required) E ; note that this is not used

8.12.8 PRC_TYPE_MATH_FCT_1D_Combination
8.12.8.1 General

This represents a function that is a combination of several 1D functions
The evaluation formula at a param value is

Output=0.0
For (i=0; i<number_of_coefficients; i++){

Output = output + coefficient[i] * function][i];

}
Table 325 — PRC_TYPE_MATH_FCT_1D_Combination

Naqle Data Type Data Description

Reduired Unsignedinteger (Required)
PRC_TYPE_MATH_FCT_1D_Combination

number_of-coeéfficients UnsignedInteger (Required) Number of coefficients (or
functions)

coefficient Array <CombinationFunctions> | Array of coefficients and functigns

[number_of_coefficients]
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8.12.8.2 CombinationFunctions

Table 326 — CombinationFunctions

Name Data Type Data Description
coefficient Double (Required) Coefficient
function PRC_TYPE_MATH_FCT_1D (Required) Any 1D mathematical function

8.12.9 PRC_TYPE_MATH_FCT_3D

Abstract cl
The follow
PRC_TYPE |

PRC_TYPE |

8.12.10 P|

The repres|

The evaluation formula at a param value is

output
output

output

hss for 3D mathematical functions.
ng are legal 3D mathematical functions:

| MATH_FCT_3D_Linear
WMATH _FCT _3D_NonLinear
RC_TYPE MATH_FCT_3D_Linear

ents a 3D linear function.

x=mat[0] [0] * param.x + mat[1] [0] * param.y + mat[2]{0] * param.z + vect[0]
y=mat[0] [1] * param.x + mat[1] [1] * param.y *mat[2][1] * param.z + vect[1]
z=mat[0] [2] * param.x + mat[1] [2] * paramxy + mat[2][2] * param.z + vect[2]

Table 327 — PRC_TYPE_MATH_FCT_3D_Linear

Name Data Type Data Description

UnsignedInteger (Required) PRC_TYPE_MATH_FCT_3D_Linear
mat Array Double[3] [3] (Required) Matrix[3][3] stored row by row
vect Array Double[3] (Required) Vector of 3 coordinates
8.12.11 PRC TYPE MATH/FCT_3D_NonLinear
This repregents a 3D non-linear mathematical function.

The evaluation farmula for param is as follows:

tmp_re

sult = left transformation mm]n:\fp(p:\rqm);

output.x = tmp_result.x * cos(tmp_result.y * d2);

output.y = tmp_result.x * sin(tmp_result.y *d2);

output.z = tmp_result.z;

output = right_transformation.evaluate(output);

Note that the following are reserved for future use but should be initialized to default values:

— Reserved_double shall be setto
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— Reserved_int_1 shall be set to 2

— Reserved_int_2 shall be set to 2

— Reserved_int_3 shall be setto 0

Table 328 — PRC_TYPE_MATH_FCT_3D_NonLinear

Name Data Type Data Description

UnsignedInteger (Required) PRC TYPE MATH FCT 3D NonlLinear
left|transformation PRC_TYPE_MATH_FCT 3D (Required) Left 3D non-linear transfofmation
right_transformation PRC_TYPE_MATH_FCT 3D (Required) Rignt 3D non-linear transformation
d2 Double (Required) d2
res¢rved_double Double (Required) Reserved_double (not usef)
resé¢rved_int_1 Integer (Required) Reserved_int_1 (not used)
rese¢rved_int_2 Integer (Required) Reserved_int_2 (not used)
rese¢rved_int_3 Integer (Required) Reserved_int_3 (not used)
9 [(Schema Definition
9.1/ General
The PRC File Format Specification provides a me&éhanism for describing data stored within a|PRC File. A

schema definition language can describe, changes between versions of the PRC F
Sperification. See 5.2 for a basic description*of versioning in PRC.

Thi$ mechanism allows new entity types to be defined and information to be added for

ent
o]

New data for an existing efitity type shall be added at the end and before UserData (if any
appllies to all PRC_TYPE éntities.

The

ty type and written to a PRC File which is readable by PRC File Reader software written
revious versions of the PRC:File Format Specification.

schema definition language contains tokens to

describe thé primary data in an entity (Boolean, Integer, UnsignedInteger, Double,
String, Vector 2D, Vector3D, Interval, Domain, BoundingBox);

define-a block of data which may indicate a version number;

le Format

AN existing
to conform

); this rule

Character,

A | 2l ph 1 : L la] Lol ) 1 & 4= 1 | 41 ] 41
UTSLITUT CULIUILIVUIIAD PpI'UCTSSIIG (11 / UITII/TIST, TTIAUUIIAD TTSLS SULIT d5 1TSS UIdlI, ITSS5 Ul

to, greater than, greater than or equal to, equal to, not equal to);

define variables which may be assigned values;

n or equal

perform simple binary mathemathical operations such as multiplication, division, addition,

subtraction;
test the type of geometry present in a file;

read a curve or surface.
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Using these schema tokens, new entity types or additions to an existing entity type may be described.
This capability is used to describe changes between versions of the PRC File Format Specification.

The following describes processing the data in a PRC File from the point of view of a PRC File Writer
and a PRC File Reader:

— The current data in the PRC File (indicated by the authoring_version) consists of base entity data
(indicated by the mimimal_version_for_read) plus a delta describing new fields within base entities
plus new entities (indicated by schema definitions in the PRC File).

— A PRC File Writer

— Is

— W

— APRC

based on a current_version of the PRC File Format Specification.

Fites minimal_version_for_read to indicate the structure and content of the base data
the Writer is based on.

Fites authoring_version to indicate the structure and content of the currént file.

minimal_version_for_read = authoring_version, the Writer doed not have to write
extra data.

mmimimal_version_for_read < authoring version, the PRC\File Writer shall include sch
entities, but only if such entities actually exist in the file.

File Reader

based on a current_version of the PRC File Kormat Specification.

the current_version is less that the minimal_version_for_read, an error has occurred
the Reader should not continue-to-process the file. The Reader is built on a version of]

specification that preceeds the (base) version of the specification that the Writer was &
on.

of the data in the-file’ without reference to any schema definitions. Both the Writer
Reader have the-same view of the data in the PRC File.

herwise, the'Reader is built on a version of the specification that knows the structure of]
base entities in the file and will use the schema definitions to process new data from
PRC File.” When reading an entity

that

any

tma

definitions in the PRC File describing the delta: the new fields of base entities and all new

and
the
uilt

'he current_version is the same as the authoring_version, the PRC File Reader may read all

and

the
the

Ifithe entity type is a base entity type, the reader will read all of the base data for the en

tity

from the file. It will then use the schema to skip new information in the file.

— If the entity type is a new entity, the Reader will use the schema to skip the information in

the PRC File

9.2 Enumeration Of Schema Tokens

The following table provides the value, name, and short description of the schema tokens that are used
to describe a PRC entity. See 9.3 for a description of how these tokens are used.
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Table 329 — Enumeration Of Schema Tokens

Value Token Name Description

0 EPRCSchema_Data_Boolean Read a Boolean

1 EPRCSchema_Data_Double Read a Double

2 EPRCSchema_Data_Character Read a Character

3 EPRCSchema_Data_Unsigned_Integer Read an UnsignedInteger

4 EPRCSchema_Data_Integer Read an Integer

5 EPRCSchema_Data_String Read a String

6 EPRCSchema_Parent_Type Parent type of the current object
7 EPRCSchema_Vector_2D Read a Vector2d

8 EPRCSchema_Vector_3D Read a Vector3d

9 EPRCSchema_Extent_1D Read an Interval

10 EPRCSchema_Extent_2D Read a Domain

11 EPRCSchema_Extent_3D Read a BoundingBox

12 EPRCSchema_Ptr_Type Reada‘specified typed object
13 EPRCSchema_Ptr_Surface Read a surface

14 EPRCSchema_Ptr_Curve Read a curve

15 EPRCSchema_For Loop of instructions

16 EPRCSchema_SimpleFor Loop of instructions

17 EPRCSchema_If Condition block

18 EPRCSchema_Else Condition block

18 EPRCSchema_Block_Start Define an instruction block
20 EPRCSchema_Block_Version Define a versioned instruction block
21 EPRCSchema_Block-End End of a block

22 EPRCSchema'Value_Declare Declare a global value

23 EPRCSchema_Value_Set Set a global value

24 EPRCSchema_Value_DeclareAndSet Declare and set a global value
25 EPRCSchema_Value Access a global value

26 EPRCSchema_Value_Constant Value constant

27 EPRCSchema_Value_For Value of the for-loop

28 EPRCSchema_Value_Curvels3D Specific value (9.3)

29 EPRCSchema_Operator_MULT * operator

30 EPRCSchema_Operator_DIV / operator

31 EPRCSchema_Operator_ADD + operator

32 EPRCSchema_Operator_SUB - operator

33 EPRCSchema_Operator_LT < operator

34 EPRCSchema_Operator_LE <= operator
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Table 329 (continued)
35 EPRCSchema_Operator_GT > operator
36 EPRCSchema_Operator_GE >= operator
37 EPRCSchema_Operator_EQ == operator
38 EPRCSchema_Operator_NEQ != operator

9.3 Schema Processing

9.3.1 EPR(

The next fi
9.3.2 EPR(

The next fi
9.3.3 EPR(

The next fi
9.3.4 EPR(

The next fi
9.3.5 EPR(

The next fi
9.3.6 EPR(

The next fi
9.3.7 EPR(

This token
types are F

Parent typ
correspong
before the

9.3.8 EPR(

The next fi
9.3.9 EPR(

[Schema_Data_Boolean

bld in the file is a Boolean.

[Schema_Data_Double

bld in the file is a Double.

[Schema_Data_Character

bld in the file is a Character.

[Schema_Data_Unsigned_Integer

bld in the file is an UnsignedInteger.

[Schema_Data_Integer

bld in the file is an Integer.

[Schema_Data_String

bld in the file is a String.
[Schema_Parent_Type
indicates that the next tokenin the token array is the parent type. Legal values of the parent
RC_TYPE_SURF and PRC_TYPE_CRV.

e is used in case ofdnheritance from another object. There is no specific field in the PRC [File
ling to this typecof\token. In this case, the parent object (abstract curve or surface) is fjead
bbject.

[Schema_Vector_2D

bld intthe file is a Vector2d.

[Schema_ Vector_3D

The next field in the file is a Vector3d.
9.3.10 EPRCSchema_Extent_1D

The next field in the file is an Interval.
9.3.11 EPRCSchema_Extent_2D

The next field in the file is a Domain.
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12 EPRCSchema_Extent_3D

next field in the file is a BoundingBox.
13 EPRCSchema_Ptr_Type

This token indicates that the next token in the token array corresponds to the type of object that is next
in the file. The legal types that may be read from the file are

PRC_TYPE_SURF

9.3

The
wit]

9.3

The
witl

9.3

An

PRE-TYPE€CRV

PRC_TYPE_TOPO

PRC_TYPE_RI

PRC_TYPE_MKP_Markup

PRC_TYPE_MATH_FCT_1D

PRC_TYPE_MATH_FCT_3D

The integer number representing a new entity type definedin the schema sections of a P

14 EPRCSchema_Ptr_Surface

next field in the file is a surface (PRC_TYPE_SURF). This is equivalent to a EPRCSchemz
n an implicit PRC_TYPE_SUREF object type.

15 EPRCSchema_Ptr_Curve

next field in the file is a curve (PRC_TYPE_CRYV). This is equivalent to a EPRCSchem3
1 an implicit PRC_TYPE_CRV object type.

16 EPRCSchema_For

EPRCSchema_For defines-a for loop as three tokens

The token EPRCSchema_For indicating a for loop follows.
A schema block/defining the number of times to execute the block.
A schenia,block defining the block to be executed.

Table 330 — EPRCSchema_For example:

RC File.

)_Ptr_Type

_Ptr_Type

Token Sequence Pseudo Code
EPRCSchema_For int loop_end = read_integer() + 6;
EPRCSchema_Operator_ADD for (int i=0; i<loop_end; i++) {
EPRCSchema_Data_Integer read_double();
EPRCSchema_Value_Constant }
6
EPRCSchema_Data_Double
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9.3.17 EPRCSchema_SimpleFor

An EPRCSchema_SimpleFor defines a for loop as two tokens

— The token EPRCSchema_For indicating a for loop follows.

— The number of time to execute the block is not defined in the schema. For a SimpleFor loop the loop
counter shall be a simple integer in the PRC File and not defined by a more complex schema block.

— A schema block defining the block to be executed.

The next tpken is the loop counter number and the token after that is the token to execute caupter
number of times.

Table 331 — EPRCSchema_SimpleFor example:

Token Sequence Pseudo Code
EPRCSchemp_SimpleFor int loop_end = read_unsigned_integer();
EPRCSchema_Block_Start for (inti=0; i<loop_end; i++.)
EPRCSchlema_Data_Integer {
EPRCSchlema_Data_Double read_integer();
EPRCSchiema_If read_double()
EPRCSdhema_Operator_EQ if(i==0)
EPRC$chema_Value_For read_double();
EPRLCSchema_Value_Constant }
0
EPR[LSchema_Data_Double
EPRCSchema_Block_End

9.3.18 EPRCSchema_If and EPRCSchemacElse

This token|indicates the start of a conditional token clause. The next token instruction corresponds to
the conditipnal value, and executes the following token instruction if the conditional value is TRUE. If
there is an [EPRCSchema_Else token:

Table 332 = EPRCSchema_If and EPRCSchema_Else example:

Token Sequence Pseudo Code
EPRCSchemp_If tmp_integer = read_integer();
EPRCSchema_OperatorEQ If (tmp_integer == 3)
EPRCSchiema.Data_Integer read_vector_3d();
EPRCSchiema Value Constant Else
3 read_vector_2d();

EPRCSchema_Vector_3D
EPRCSchema_Else
EPRCSchema_Vector_2D

9.3.19 EPRCSchema_Block_Start

This token indicates a block of tokens terminated by an EPRCSchema_Block_End. The block of tokens is
not versioned.
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This token indicates a versioned block of tokens terminated by an EPRCSchema_Block_End. The token
following the EPRCSchema_Block_Version is the version number. If the version number is less than or
equal to the current version, the block version is ignored.

Table 333 — EPRCSchema_Block_Version example:

Token Sequence

Pseudo Code

EPRCSchema_Block_Version

If (current_version < 150) {

1

EBRCSchema_Data_Integer

EPRCSchema_Vector_3D
EPRICSchema_Block_End

Tead_imtegert);
read_vector_3d();

}

9.3121 EPRCSchema_Block_End

This token indicates the end of a token block.
9.3/22 EPRCSchema_Value_Declare

This token declares and sets to zero a new value indexed by)the next instruction value. All

locdl to the block instruction.

Table 334 — EPRCSchema_Value_Declare example:

values are

Tok|en Sequence

Pseudo Code

EPRICSChema_Value_Declare
5

int value_5 = 0;

9.3123 EPRCSchema_Value_Set

Setg a value indexed by themext token instruction value. Before it can be used, a variah

declared.

Table 335 — EPRCSchema_Value_Set Example:

le shall be

Tok|en Sequence

Pseudo Code

EPRICSChema_Value_Declare
5
EPRICSchéma_Value_Set
5

int value_5 = 0;
value_5 = read_integer();

EPRC_Schema_Data_Integer

9.3.24 EPRCSchema_Value_DeclareAndSet

Declares and sets a new value indexed by the next instruction value.
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Table 336 — EPRCSchema_Value_DeclareAndSet example:

Token Sequence

Pseudo Code

EPRCSchema_Value_DeclareAndSet

5

EPRC_Schema_Data_Integer

int value_5 = read_integer();

9.3.25 EPRCSchema_Value

Retrieves t
shall be de

he content of the value indexed by the next instruction value. Before it can be used, a vari

clared.

hble

Table 337 — EPRCSchema_Value example:

Token Sequyence

Pseudo Code

EPRCSchem
5
EPRCSche

2

EPRCSchem

2
EPRCSche
EPRCSchem
6
EPRCSche
EPRCSch
5
EPRCSch|
2

h_Value_DeclareAndSet

ma_Value_Constant

h_Value_DeclareAndSet

mna_Data_Integer
h_DeclareAndSet

ma_Operator_ADD

ema_Value

ema_Value

intvalue 5 = 2;
int value_2 = read_integer();
int value_6 = value_5 + value-2;

9.3.26 EP]

Retrieves 4

RCSchema_Value_Constant

constant value given by the next token.

Table 338 — EPRCSchema_Value_Constant example:

Token Sequence

Pseudo Code

EPRCSchem|
5

h_ValuétDeclareAndSet

EPRC_Sche

ma’Value Constant

int value_5 = 10;

10

9.3.27 EPRCSchema_Value_For

Retrieves the value of the current for-loop.

Example: See 10.3.17 example.
9.3.28 EPRCSchema_Value_Curvels3D

If the current object is a curve, return TRUE if it is a 3D curve, FALSE if it is a 2D curve.
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29 EPRCSchema_Operator_MULT

Binary operator for multiplication.

9.3.

30 EPRCSchema_Operator_DIV

Binary operator for division.

9.3.

31 EPRCSchema_Operator_ADD

Binary operator for addition.

ISO 14739-1:2014

9.3
Bin
9.3

Rel

32 EPRCSchema_Operator_SUB

hry operator for subtraction.
33 EPRCSchema_Operator_LT

itional operator for less than comparison.

Table 339 — EPRCSchema_Operator_LT example:

Tok|en Sequence Pseudo Code
EPRICSchema_Value_DeclareAndSet int value_5 = read_integer();
5 int valuenl0/= read_integer();
ERRCSchema_Data_Integer if (value_5 < value_10) {
EPRC_Schema_Value_DeclareAndSet

1
H

EPRICSchema_If

H

0 ¥
PRCSchema_Data_Integer

PRC_Schema_Operator_LT
EPRCSchema_Value
5
EPRCSchema_Value
10
EPRCSchema_Block_Start

EPRCSchema_Block End

9.3

Rel

34 EPRCSchema_Operator_LE

htionaloperator for less than or equal to comparison.

9.3

35 EPRCSchema_Operator GT

Relational operator for greater than comparison.

9.3.

36 EPRCSchema_Operator_GE

Relational operator for greater than or equal to comparison.

9.3.

37 EPRCSchema_Operator_EQ

Relational operator for equal to comparison.
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9.3.38 EPRCSchema_Operator_NEQ

Relational operator for not equal to comparison.

9.4 Schema Requirements and Examples

9.4.1 General

The following are some requirements of the schema definition language and its usage

All of the examples have an enclosing block which is not a version block. This is a requirement.

— New cpirves (or surfaces) have either the PRC_TYPE_CRV or a particular curve entity type as|the
EPRCSchema_FatherParent_Type. The FatherParent_Type indicates what data will be inherited by
the entity in the schema.

— For dxample, for PRC_TYPE_CRV and PRC_TYPE_SURFACE, attributes, transform, fnd
paramgptrization are inherited from the FatherParent_Type.

— The example to add a field to an existing entity did not define the previots ,data. All new data ghall
be added to the end of an existing entity.

9.4.2 An Ekisting Entity

This is the[schema definition of PRC_TYPE_MISC_GeneralTransformation which was defined in vergion

8137 of the PRC File Format Specification.

Table 340 — An Existing Entity

Data Type Token Sequence Comments

UnsignedInteger PRC_TYPE_MISC_GeneralTransformation Value indicating type of entity

UnsignedIntpger 8 N umber of tokens that follow

UnsignedInteger EPRCSchema_Block_Start Start of all blocks

UnsignedInteger EPRCSchema_Block-Version Beginning of a versioned block

UnsignedIntpger 8137 Version number

UnsignedInteger EPRCSchemd_SimpleFor For loop to get the data

UnsignedInteger 16 Read 16

UnsignedIntgger EPRCSchema_Data_Double Doubles in the transformdtion

matrix

Unsignedintgger EPRCSchema_Block End End of new versioned block

Unsignedintggen EPRCSchema_Block End End of all blocks

9.4.3 Existing PRC_TYPE_CRV_Polyline

The following is the schema for the existing PRC_TYPE_CRV_Polyline.
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Table 341 — Existing PRC_TYPE_CRV_Polyline

Data Type Token Sequence Comments

UnsignedInteger PRC_TYPE_CRV_Polyline Value indicating type of entity
UnsignedInteger 14 Number of tokens that follow
UnsignedInteger EPRCSchema_Block Start Start of all blocks
UnsignedInteger EPRCSchema_Block _Version Beginning of a versioned block
UnsignedInteger Version_0 Version number
Unsigmedinteger EPRCScHema_pParent_1ype The ctassof The parent entity
UnsignedInteger PRC_TYPE_CRV Is a curve

UnsignedInteger EPRCSchema_SimpleFor For loop to get the data
UnsignedInteger Integer value Number of péints in the polyline
UnsignedInteger EPRCSchema_If if the

UnsignedInteger EPRCSchema_Value_Curvels3D Curve is a 3D curve
UnsignedInteger EPRCSchema_Vector_3D The data field will be a 3D yector
UnsignedInteger EPRCSchema_Else otherwise

UnsignedInteger EPRCSchema_Vector_3D The data field will be a 2D vjector
UnsignedInteger EPRCSchema_Block_End End of new versioned blocK
UnsignedInteger EPRCSchema_Block_End End of all blocks

9.4}4 Add a Field to Existing Entity

Int

For

an existing entity, new data shall be-added to the end.

nis example, a string field is added to theexisting curve PRC_TYPE_CRV Line.

Table'342 — Add a Field to Existing Entity

Data Type Token Sequence Comments

UnsignedInteger PRC_TYPE_CRV_Line This is the entity type of|the existing
type of curve (line).

UnslgnedInteger 6 Number of tokens to follpw

UnsignedInteger EPRCSchema_Block_Start Start of all blocks

UnslgnedIntegen EPRCSchema_Block_Version Beginning of a versioned block

Unslgnedluteger 9149 File version number 149th day of
2009

UnsignedInteger EPRCSchema_Data_String Data field

UnsignedInteger EPRCSchema_Block End End of new versioned block

UnsignedInteger EPRCSchema_Block End End of all blocks

9.4.5 Add a New Curve

In this example, a new curve type with 2 doubles and a pointer to a curve is added to the schema.
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Table 343 — Add a New Curve

Data Type Token Sequence Comments

UnsignedInteger PRC_TYPE_CRV_NewCurve This is the entity type of the new
curve.

UnsignedInteger 10 Number of tokens to follow

UnsignedInteger EPRCSchema_Block Start Start of all blocks

UnsignedInteger EPRCSchema_Block_Version Beginning of a versioned block

UnsignedIntgger Version_1 File version number

UnsignedInteger EPRCSchema_Parent_Type The class of the parent entity

UnsignedIntpger PRC TYPE CRV Is a curve

Unsignedintgger EPRCSchema_Double Data field is a double

Unsignedintgger EPRCSchema_Double Data field is adouble

UnsignedInteger EPRCSchema_Ptr_Curve Data field(is a curve

Unsignedintgger EPRCSchema_Block End End of new versioned block

Unsignedintgger EPRCSchema_Block End End of all blocks

9.4.6 Multiple Revisions to an Entity Type

Table 344 — Multiple Revisionsto an Entity Type

Data Type Token Sequence Comments

UnsignedIntgger PRC_TYPE_CRV_NewCurve This is the entity type of the pew
curve.

Unsignedintgger 14 Number of tokens to follow

Unsignedintgger EPRCSchema_Block.Start Start of all blocks

Unsignedintgger EPRCSchema_Block: Version Start of

Unsignedintgger Version_1 Version number of Version_1 blogk

Unsignedintgger EPRCSchema_Parent_Type The parent type

UnsignedIntpger PRE.TYPE_CRV_Line Isa PRC_TYPE_CRV_Line

UnsignedIntgger EPRCSchema_Data_Double Data field 1 is a double

UnsignedIntgger EPRCSchema_Data_Double Data field 2 is a double

UnsignedInteger EPRCSchema_Block_End End of version 1 block

UnsignedInteger EPRCSchema_Block_Version Start of

UnsignedInteger Version_2 Version number of Version_2 block

UnsignedInteger EPRCSchema_SimpleFor Simple for loop to read

UnsignedInteger EPRCSchema_Data_Integer An integer

UnsignedInteger EPRCSchema_Block_End End of version 2 block

UnsignedInteger EPRCSchema_Block_End End of all blocks
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I/0 Algorithms

1 Getnumberofbitsusedtostoreunsignedinteger

Computes the number of bits needed to serialize an unsigned integer. uValue must be less than
(UINT_MAX / 2).

The following code example shows how to compute the number of bits needed for an unsigned integer.

unsigned GetNumberOfBitsUsedToStoreUnsignedInteger(unsigned uValue)

{

10.

Bui
ind

The

unsigned uNbBit = 1;
unsigned uTemp = 1;
while (uValue > uTemp)

{
uTemp=uTemp<<l | 1;
uNbBit++;

}

return uNbBit;

2 Makeportable32bitsunsigned

ds an array of unsigned characters from an unsigned:32-bit integer. The final value i
ependent of the machine byte-ordering.

following code example shows how to make a pertable array of unsigned character value

voidl MakePortable32BitsUnsigned(unsigned uValue, unsigned char pcValue[4] )

{

10.

pcValue[0] = (unsigned char).(uValue & O0xXFF);
uValue >>= 8§;
pcValue[l] = (unsigned char) (uValue & OxFF);
uValue >>= 8§;
pcValue[2] = (unsigned*char) (uvValue & OxFF);
uValue >>= 8§8;
pcValue[3] = (unsigned char) (uValue & OxFF);

3 Writebits

Writes bits frem left to right.

The

following code example shows how to write bits.

5 therefore

iBit!

Fal + +E3 +la L. £flara o 1o ikl
CUUIIL DPCLIIICD LU TTUIIIUCT UL UILS tU UUT VWIILLUIL.

The bits are added to a single byte (uURemainder), which is then flushed to the final device each time 8

bits

are filled.

At the end of the serialization, uRemainder is padded with zeros before writing the last byte to the
device.

void WriteBits( unsigned uValue, int iBitsCount )

{

static unsigned uRemainder = 0;
static int iRemainderBits = 0;
while (iBitsCount > 0)
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int iBitsDelta = iBitsCount + iRemainderBits - 8 ;
if (iBitsDelta == 0)
{
uRemainder |= uValue;
iRemainderBits = 0 ;
iBitsCount = 0 ;
}
else 1f (iBitsDelta < 0)
{

LRemainder !: wWalyue (—{R*iﬁ-qﬁa‘lﬁ-:z\:
iRemainderBits += iBitsCount;
iBitsCount = 0 ;

ellse

int loc = uValue >> iBitsDelta;
uRemainder |= loc ;

uValue -= loc << 1iBitsDelta;
iBitsCount -= (8 - iRemainderBits) ;
iRemainderBits = 0 ;

ifl (iRemainderBits == 0)

// writing 1 byte (uRemainder) to the deyire

10.4 Writestring

Writes a UTF8-encoded string. The numberef characters does not include a terminating null character.

The followIng code example shows how:to write a string.
void Writeptring( const char* pcString )
{

if (pgString == )
WriteBit (0) ;

else

{
unfsigned=1i, iNumberOfCharacters = strlen(pcString);
WriteBit (1) ;

Writ*eUnsignedInteger (iNumberOfCharacters) ;

for (1=0;1<iNumberOfCharacters;i++)
WriteCharacter (pcStringl[il]);

10.5 Writefloatasbytes

Write a float as 4 bytes.
void WriteFloatAsBytes(float fValue)
{

226
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union
{
float fFloat;
unsigned int ulnt;
JunionFloatunsignedInt ;

unionFloatunsignedInt.fFloat = (float) fValue;
unsigned uTemp = unionFloatunsignedInt.ulnt;
WriteBits (uTemp & OxXFF, 8 );

uTemp >>= 8 ;

WriteRit (11'T‘Qmp s 0 EE, o N

10.

Thi
The

Thi
Huf]
isle
out

For
con

bW

10.9) when writing Point_reference_array in Entity description (See 7.8.8.8).

voil

//

bog

voil

uTemp >>= 8 ;
WriteBits (uTemp & OxFF, 8 );
uTemp >>= 8 ;
WriteBits (uTemp & OxXFF, 8 );

6 Writecharacterarray

b function writes an array of characters.

following code example shows how to write a character array.

b function allows for both direct storage, or storage after Huffman compression (see s¢
fman Algorithm), as denoted by variable blsCompressed. The strategy whether or not cc
put file.

instance, compression can be skipped systématically when the array size is lower th
pressed strategy leads to write at least one\unsigned integer.

FiteCompressStrategy is TRUE by default except for calls from WriteCompressedIndice

d Huffman (
char* pcArray,unsigned\uCharArraySize,
unsigned*& puHuffmanArray,unsigned& uHuffmanArraySize);

gives Huffman compression strategy on case-by-case basis
1 HuffmanCompression () ;

d WriteChd&rac¢terArray (
char* pcArray,unsigned uCharArraySize,

unsigned uBitNumber,bool bWriteCompressStrategy=true)

beol bIsCompressed = HuffmanCompression();

ction 11.2,
mpressing

ft outside the scope of the standard and can vary between implementations to try to optimize size of

if (hWr*i+Q(“mmPVQQQQﬁ-r:ﬁ-arjv\

WriteBoolean ( bIsCompressed );

if ( bIsCompressed )
{
// calling Huffman to create
// puHuffmanArray and uHuffmanArraySize
unsigned* puHuffmanArray;
unsigned u,uHuffmanArraySize;
Huffman (pcArray,uCharArraySize,
puHuffmanArray,uHuffmanArraySize) ;

WriteUnsignedInteger ( uHuffmanArraySize );
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