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Disclaimer

prostep ivip Recommendations (PSI Recommendations) are recommendations that are available for
anyone to use. Anyone using these recommendations is responsible for ensuring that they are used
correctly.

This PSI Recommendation gives due consideration to the prevailing state-of-the-art at the time of
publication. Anyone using PSI Recommendations must assume responsibility for his or her actions
and acts at their own risk. The prostep ivip Association and the parties involved in drawing up the PSI
Recommendation assume no liability whatsoever.

We request that anyone encountering an error or the possibility of an incorrect interpretation when
using the PSI Recommendation contact the prostep ivip Association (psi-issues@prostep.org)
immediately so that any errors can be rectified.

Copyright

I. All rights on this PSI Recommendation, in particular the copyright rights of use and sale such
as the right to duplicate, distribute or publish this PSI Recommendation remain exclusively
with the prostep ivip Association and its members.

Il. This PSI Recommendation may be duplicated and distributed unchanged, for instance for use
in the context of creating software or services.

Ill. Itis not permitted to change or edit this PSI Recommendation.

IV. A suitable notice indicating the copyright owner and the restrictions on use must always
appear.
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Introduction

The JT format is an industry focused, high-performance, lightweight, flexible file format for
capturing and repurposing 3D product definition data for visualization to enable collaboration and
validation throughout the extended enterprise. The JT format is streamable and contains
compression for compact and efficient representation.

Some of the highlights of the JT format include:

built-in support for assemblies, sub-assemblies and part constructs;

a flexible partitioning scheme, supporting single or multiple files;

b-rep solid shape representations to provide precision to the light-weight viewing processes;
product manufacturing information in support of paperless manufacturing initiatives;
precise and imprecise wireframe shape representations;

discrete purpose-built levels of detalil;

triangle sets, polygon sets, point sets, line sets and implicit primitive sets (such as cylinder,
cone and sphere);

a full array of visual attributes such as for materials, textures, lights;

hierarchical bounding box and bounding spheres;

data compression that allows producers of JT files to fine tune the trade-off between
compression ratio and fidelity of the data.

Beyond the data contents description of the JT format, the overall physical
structure/organization of the format is also designed to support operations such as:

offline optimizations of the data contents, i.e. file granularity and flexibility optimized to meet
the needs of enterprise data translation solutions;

asynchronous streaming of content, i.e. viewing optimizations such as view frustum and
occlusion culling and fixed-framerate display modes;

layers, and layer filters.

NOTE This document is based on the JT Open version 10.5 specification.
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Remarks with regard to 1ISO JT (ISO 14306)

JTIAP defines the syntax and semantics of the JT file format and is compatible to the JT file format
specification in ISO 14306 (in its version from 2012 and successors) as well as to the essential
implementations currently available to the market. Thereby, JTIAP comes along with enhanced

functionalities required by the prostep ivip JT Workflow Forum and prostep ivip JT Implementor
Forum.

In industry, JT is broadly used e.g. for:
e visualization,
e data exchange between partners and/or CAD systems and

e long-term data retention.

When implementing ISO 14306, for supporting use cases

that require the representation of 3D exact geometry, the

usage of XT B-Rep shall be treated as normative and the
usage is mandatory.

Addition: For e.g. complex kinematic simulations or complex assembly structures, the combined
application of JT together with STEP AP 242 XML (ISO 10303-242) offers a comprehensive solution.
Both formats are harmonized with each other. This especially offers solutions to industrial players
which have set up highly complex process chains, and therefore need effective standards.
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Siemens PLM Software
JT Data Format Reference Patent Clarification Notice

Siemens Product Lifecycle Management Software Inc. (SPLM) owns or holds exclusive rights to one
or more patents covering technology that is disclosed and documented in the JT File Format
Specification and in ISO standard 14306 JT file format specification for 3D visualization, version 9.5
and later. SPLM desires to promote the use of JT Data Format for information interchange among
diverse products and applications.

Accordingly, the following patents are licensed on a royalty-free, non-exclusive basis for the term of
each patent and for the sole purpose of developing software that produces, consumes, and interprets
JT Data files that are compliant with the specification, and the distribution and use thereof:

U.S. Patent Number: USA 20110199382, 8019788
and its corresponding patents in foreign jurisdictions.

The above license is limited to only those rights required to implement the JT Data Format and no
others. SPLM grants only those rights in the above-referenced patent(s) necessarily practiced in the
implementation, and subsequent distribution or utilization of such implementation, of the above named
specifications, and does not grant any rights not required to implement the above named
specifications. The license does not grant the right to practice any patent covering other technologies,
such as implementation techniques that are not explicitly disclosed in the above named specifications,
nor does it allow the use of any patented feature for any purpose other than as set forth in the
applicable license grant. SPLM has other patents in various fields, none of which are hereby licensed.
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Industrial automation systems and integration — JT file format
specification for 3D visualization

1 Scope

The JT file format specification for 3D visualization specifies the sequential order of bytes that
comprise the segments of data required to represent a JT file. The JT format is uniquely compressed
to minimize file size.

The JT file format specification for 3D visualization includes data descriptions that can represent the
following data in binary format.

— facet information (triangles), stored with geometry compression techniques;
— visual attributes such as lights, textures and materials;
— product manufacturing information (PMI);

— boundary representation (b-rep) solid model shape representation based on ISO 10303 and
associated metadata;

— boundary representation (b-rep) solid model shape representation XT b-rep and associated
metadata;

— configuration representations; and
— delivery methods such as asynchronous streaming of content.

The JT file format specification for 3D visualization does not specify the implementation of, or definition
of a run-time architecture for viewing and/or processing JT data.
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2 Normative references

ISO 10303-1:1994, Industrial automation systems and integration — Product data representation and
exchange — Part 1: Overview and fundamental principles.

ISO 10303-11:2004, Industrial automation systems and integration — Product data representation and
exchange — Part 11: The EXPRESS language reference manual.

ISO 10303-21:2014, Industrial automation systems and integration — Product data representation and
exchange — Part 21: Implementation methods: Clear text encoding of the exchange structure.

ISO 10303-41:2014, Industrial automation systems and integration -- Product data representation and
exchange -- Part 41: Integrated generic resource: Fundamentals of product description and support.

ISO 10303-42:2014, Industrial automation systems and integration — Product data representation and
exchange — Part 42: Integrated generic resource: geometric and topological representation.

ISO 10303-43:2011, Industrial automation systems and integration -- Product data representation and
exchange -- Part 43: Integrated generic resource: Representation structures.

ISO 10303-44:2014, Industrial automation systems and integration -- Product data representation and
exchange -- Part 44: Integrated generic resource: Product structure configuration.
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3 Terms, definitions and abbreviated terms

3.1 Terms and definitions

For the purposes of this document, the following terms apply.
3.1.1

Assembly

A related collection of model parts, represented in a JT format logical scene graph as a logical graph
branch.

3.1.2
Attribute

Objects associated with nodes in a logical scene graph and specifying one of several appearances,
positioning, or visual characteristics of a shape

3.1.3
Boundary representation

Solid model representation where the solid volume is specified by its surface boundary (both its
geometric and topological boundaries)

3.14

Code text

Collection of data in encoded form
3.1.5

Coordinate system

A system which uses one or more numbers, or coordinates, to uniquely determine the position of a
point or other geometric element

NOTE 1 If not otherwise specified in a data field’s description, it is assumed that the data is
defined in Local Coordinate System.
3.1.6

Directed acyclic graph

Graph that consists of a set of nodes and a set of edges that connect the nodes in a tree like structure

NOTE 1 A directed graph is one in which every edge has a direction such that edge (u,v),
connecting node-u with node-v, is different from edge (v,u).

NOTE 2 A directed acyclic graph is a directed graph with no cycles, where a cycle is a path
(sequence of edges) from a node to itself.

NOTE 3 With a directed acyclic graph, there is no path that can be followed within the graph
such that the first node in the path is the same as the last node in the path.

3.1.7

JT enabled application

Application which supports reading and/or writing reference compliant JT format files
3.1.8

Level of detalil

LOD

Alternative graphical representation for some model component such as part

PSI 14, Part 1,V 3
© prostep ivip Association — All rights reserved



JT Industrial Application Package
JT file format specification
Version 3.0, 10.06.2021 prostep vip

3.1.9
Local coordinate system
LCS

Coordinate system that is used to specify the raw data of the shape geometry with no transforms
applied

3.1.10

Logical scene graph

LSG

Scene graph representing the logical organization of a model

NOTE A scene graph contains shapes and attributes representing the model’s physical components,
properties identifying arbitrary metadata (e.g. names, semantic roles) of those components, and a
hierarchical structure expressing the component relationships.

3.1.11
Mipmap
Reduced resolution version of a texture map

NOTE Mipmaps are used to texture a geometric primitive whose screen resolution differs from the
resolution of the source texture map originally applied to the primitive.

3.1.12
Model

Representation, in JT format, of a physical or virtual product, part, assembly; or collections of such
objects

3.1.13

Model coordinate system

MCS

Local coordinates transformed by any transforms specified as attributes at or above the node
3.1.14

Product and manufacturing information

PMI

Collection of information created on a 3D/2D CAD model to completely document the product with
respect to design, manufacturing, inspection, etc.

NOTE This can include data such as:

— dimensions (tolerances for each dimension);

— geometric tolerances of feature (datums, feature control frames);
— manufacturing information (surface finish, welding notations);

— inspection information (key locations points);

— assembly instructions;

— product information (materials, suppliers, part numbers).

3.1.15

Property

Object associated with a logical scene graph node and identifying arbitrary application or enterprise
specific information (meta-data) related to that node
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3.1.16
Quantize

Constrain something to a discrete set of values, such as an integer or integral multiplier of a common
factor, rather than a continuous set of values, such as a real number

3.1.17
Scene graph

Directed acyclic graph that arranges the logical and often (but not necessarily) spatial representation
of a graphical scene

3.1.18
Streaming

Loading from disk based medium only the portions of data that are required by the user to perform the
tasks at hand

NOTE 1 The motivation for streaming is to more efficiently manage system memory.

NOTE 2 Transfer of data in a stream of packets, over the internet on an on-demand basis,
where the data is interpreted in real-time by the application as the data packets arrive.

NOTE 3 The motivation for streaming is that the user can begin using or interacting with the
data almost immediately - no waiting for the entire data file(s) to be transferred before beginning.
NOTE 4 The desired end result of streaming is to deliver only the JT data that the user needs,
where the user needs it, when the user needs it.

3.1.19

Shape

Logical scene graph leaf node containing or referencing the geometric shape definition data (such as
vertices, polygons and normals) of a model component

3.1.20

Texture channel

Texture unit plus the texture environment.

NOTE The JT format meaning for texture channel is the same as in OpenGL [1].
3.1.21

Texture object

Named cache that stores texture data, such as the image array, associated mipmaps, and associated
texture parameter values: width, height, border width, internal format, resolution of components,
minification and magnification filters, wrapping modes, border colour, and texture priority

NOTE The JT format meaning for texture object is the same as in OpenGL [1].
3.1.22

Texture unit

A hardware unit used to sample and filter a texture image.

NOTE The JT format meaning for texture unit is the same as in OpenGL [1].
3.1.23

View coordinate system

World coordinates transformed by a view matrix
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3.1.24
World coordinate system
WCS

prostep ivip

Node coordinates transformed by transforms inherited from a node’s parent (i.e. the coordinate system

at the root of the graph)

3.2 Abbreviated terms

For the purposes of this document, the following abbreviated terms apply.

Abs Absolute Value

Bbox Bounding Box

B-Rep Boundary Representation
CAD Computer Aided Design
CODEC Coder-Decoder

GD&T Geometric Dimensioning and Tolerancing
GUID Globally Unique Identifier

HSV Hue, Saturation, Value
LsbFirst Least Significant Byte First
Max Maximum

Min Minimum

MsbFirst Most Significant Byte First

N/A Not Applicable

PCS Parameter Coordinate Space
PLM Product Lifecycle Management
RGB Red, Green, Blue

RGBA Red, Green, Blue, Alpha

TOC Table of Contents

VPCS Viewpoint Coordinate System
URL Uniform Resource Locator
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4 Notational conventions

4.1 Diagrams and field descriptions

Symbolic diagrams are used to describe the structure of the JT file. The symbols used in these
diagrams have the following meaning:

Table 1 — Symbols

Symbol Description

Rectangles represent a data field of one of the standard data types.

e Folders represent a logical collection of one or more of the standard data types.
This information is grouped for clarity and the basic data types that compose the
group are detailed in following sections of the document.

Rectangles with extra lines at left and the right sides corners clipped off represent
information logical steps that has been compressed.

D Rectangles with the right side corners clipped off represent information that has
been compressed.

-+

Arrows convey the ordering of the information.

The format used to title the diagram symbols is dependent upon the symbol type as follows:

Diagram “rectangle box” (i.e. standard data types) symbols are titled using a format of “Data_Type :
Field_Name.” The Data_Type is an abbreviated data type symbol as defined in 3.2 Data Types. In
the example below the Data_Type is “132” (a signed 32 bit integer) and Field_Name is “Count.”

132 : Count

Figure 1 — rectangle box diagram

Diagram “folder” (i.e. logical data collections) symbols are simply titled with a collection name. In the
example below the collection name is “Graph Elements.”

Graph Elements

Figure 2 — folder diagram

Diagram “rectangle box with lines at left and right sides” are simply titled with a logic step name. In the
example below the logic step name is “Recover First Shell Indices”.

Recover First Shell

Figure 3 —rectangle box with lines at left and right sides diagram
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Diagram “rectangle box with clipped right side corners” (i.e. compressed/encoded data fields) are titled
using one of the following three formats:

Data Type; followed by open brace “{*, number of bits used to store value, closed brace “}’, and a
colon “”; followed by the Field Name. This format for titling the diagram symbol indicates that the data
is compressed but not encoded. The compression is achieved by using only a portion of the total bit
range of the data type to store the value (e.g. if a count value can never be larger than the value “63”
then only 6 bits are needed to store all possible count values). In the example below the Data Type is
“U32”, “6” bits are used to store the value, and Field Name is “Count”

U32{6} : Count

Figure 4 —rectangle box with clipped right side corners

Data Type followed by open brace “{*, compressed data packet type, “,”, Predictor Type, closed brace
“Y’, and a colon “”; followed by the field name. This format for titling the diagram indicates that a
vector of “Data Type” data (i.e. primal values) is ran through “Predictor Type” algorithm and the
resulting output array of residual values is then compressed and encoded into a series of symbols

using one of the two supported compressed data packet types.
The two supported compressed data packet types are:

Int32CDP — The Int32CDP (i.e. Int32 Compressed Data Packet) represents a third-generation format
used to encode/compress a collection of data into a series of Int32 based symbols. This version of the
Int32CDP supersedes the two similarly-named ones from the Version 9 JT Specification, and should
not be confused with either of its predecessors. A complete description for Int32 Compressed Data
Packet can be found in Int32 Compressed Data Packet.

The Int32 Compressed Data Packet type is used for compressing/encoding both “integer” and “float”
(through quantization) data.

In the example below the Data Type is “VecU32”, Int32 Compressed Data Packet type is used, Lagl
Predictor Type is used, and Field Name is “First Shell Index.”

VecU32{Int32CDP, Lagl} : First Shell Index >

Figure 5 — compressed data packet diagram

As mentioned above (with Predictor Type algorithm), the primal input data values are NOT always
what is encoded/compressed. This is because the primal input data is first run through a Predictor
Type algorithm, which produces an output array of residual values (i.e. difference from the predicted
value), and this resulting output array of residual values is the data which is actually
encoded/compressed. The JT format supports several Predictor Type algorithms and each use of
INt32CDP specifies, using the above described notation format, what Predictor Type algorithm is being
used on the data. The JT format supported Predictor Type algorithms are as follows (note that a
sample implementation of decoding the predictor residual values back into the primal values can be
found in Annex C.

Table 2 — Predictor Type

Predictor Description

Type

Lagl Predicts as last value

Xorl Predict as last, but use XOR instead of subtract to compute
residual

NULL No prediction applied

Each predictor type can be combined with additional processing steps, and in such case the predictor
type is prefixed with “Combined:”. For example, “Combined:Lag1” means that predictor type “Lag1” is
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combined with additional preprocessing steps. Additional description about the processing steps is
provided whenever such combined predictor is used.

“‘Data Type : Field Name” . This format for titling the diagram symbol indicates that the data is both
compressed and encoded. The Data Type is an abbreviated data type symbol as defined in Data
Types and usually represent a vector/array of data. How the data is compressed and encoded into the
Data Type is indicated by a CODEC type and other information stored before the particular data in the
file. In the example below the Data_Type is “VecU32” and Field_Name is “CodeText.”

VecU32 : CodeText

Figure 6 — data type : field name diagram

Note that for some JT file Segment Types there is LZMA compression also applied to all bytes of
element data stored in the segment. This LZMA compression applied to all the segment’s data is not
indicated in the diagrams through the use of “rectangle box with clipped right side corners”. Instead,
one shall examine information stored with the first Element in the file segment to determine if LZMA
compression is applied to all data in the segment. A complete description of the JT format data
compression and encoding can be found in Data Segment and Data Compression and Encoding.

Following each data collection diagram is detailed descriptions for each entry in the data diagram.

For rectangles this detail includes the abbreviated data type symbol, field name, verbal data
description, and compression technique/algorithm where appropriate. If the data field is documented
as a collection of flags, then the field is to be treated as a bit mask where the bit mask is formed by
combining the flags using the binary OR operator. Each bits usage is documented, and bit ON
indicates flag value is TRUE and bit OFF indicates flag value is FALSE. All bits fields that are not
defined as in use should be set to “0”.

For folders (i.e. data collections), if the collection is not detailed under a sub-section of the particular
document section referencing the data collection, then a comment is included following the diagram
indicating where in the document the particular data collection is detailed.

If an arrow appears with a branch in its shaft, then there are two or more options for data to be stored
in the file. Which data is stored will depend on information previously read from the file. The following
example shows data field A followed by (depending on value of A) either data field B, C, or D.

)

132 : A

A== A==2
A

us:B U16: C u3z2: D

A

Figure 7 — data filed dependency example

In cases where the same data type repeats, a loop construct is used where the number of iterations
appears next to the loop line. There are two forms of this loop construct. The first form is used when
the number of iterations is not controlled by some previous read count value. Instead the number of
iterations is either a hard coded count (e.g. always 80 characters) or is indicated by some end-of-list
marker in the data itself (thus the count is always minimum of 1). This first form of the loop construct
looks as follows:
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132: A

A

U8 : B

80

Figure 8 — loop construct example

The second form of this loop construct is used when the number of iterations is based on data (e.qg.
count) previously read from the 