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Introduction

The purpose of this specification document

This document describes the FAV (fabricatable voxel) file format specification.
This document is made publicly available so that:

the FAV format may be used to achieve efficient management of the complex structures of 3D model
data such as shapes and attributes (including internal structures)

FAV format 3D model data may be utilized in hardware and software
FAV files may be created, edited, and utilized within systems (interoperability)

3D model data formatted in accordance with this specification can be used on systems that support FAV files.
By processing FAV files on FAV-supporting systems in accordance with this specification, it is possible to
utilize a range of information from 3D model data stored in this format.

We hope that use of the FAV format will enhance the range of design and expression of 3D model data and
contribute to further developments in the fabrication of and communication using 3D models.

Wording in this document

RFC2119

This document uses keywords and phrases as described in RFC 2119. Below is an excerpt from RFC 2119.

1. MUST
This word, or the terms "REQUIRED" or "SHALL", mean that the definition is an absolute requirement
of the specification.

2. MUST NOT
This phrase, or the phrase "SHALL NOT", mean that the definition is an absolute prohibition of the
specification.

3. SHOULD
This word, or the adjective "RECOMMENDED", mean that there may exist valid reasons in particular
circumstances to ignore a particular item, but the full implications must be understood and carefully
weighed before choosing a different course.

4. SHOULD NOT
This phrase, or the phrase "NOT RECOMMENDED" mean that there may exist valid reasons in
particular circumstances when the particular behavior is acceptable or even useful, but the full
implication should be understood and the case carefully weighed before implementing any behavior
described with this label.

5. MAY
This word, or the adjective "OPTIONAL", mean that an item is truly optional. One vendor may choose
to include the item because a particular marketplace requires it or because the vendor feels that it
enhances the product while another vendor may omit the same item. An implementation which does
not include a particular option MUST be prepared to interoperate with another implementation which
does include the option, though perhaps with reduced functionality. In the same vein an implementation
which does not include a particular option MUST be prepared to interoperate with another
implementation which does include the option
(except, of course, for the feature the option provides.)

In this specification document, those specifications that contain the keywords and phrases defined above (1
to 5) are the requirements deemed necessary in fulfilling the purpose of the FAV format and achieving the
intended operation of systems that handle FAV files. It must be fully understood that serious problems may
occur in systems handling FAV files when FAV files are used without satisfying the specified
REQUIREMENTS.

The use of FAV files that do not conform to this specification REQUIRES that a system be equipped with an
appropriate error handling mechanism; however, it cannot be guaranteed that any one system will have such
a mechanism. Therefore, it is necessary for the users of FAV format files to take utmost care that no
unintended operations occur on a system handling FAV files.
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XML

FAV files are written in XML.

In this specification document, elements in XML are enclosed in angle brackets.

The attributes of elements are enclosed in parentheses.

E.g., <element>
E.g., (attribute)

In this document, XML code examples are enclosed in a box and begin with "e.g.,".

e.g., <element_label attribute_label=0.1>ELEMENT</element_label>

In this document, elements and attributes are detailed in tables as shown below.

Table 1 An example description of the specifications of an element and its attribute

. Data
Element Attribut | Data [Default Description Condition
e type
value]
A  double . . This area describes
This area describes what "
. value . o . conditions such as whether
attribute is specified as the attribute . . .
Double | [0.0] the attribute is required, the
_label of an element and the . .
. . number of attributes required
meaning of the attribute.
(e.g., one or more), etc.
element_ i :
label A character | This area describes what
string is specified as the data of
i Strin [ ] the element and the
9 meaning of the specified
data. "-" is written when
there is no default value.

When elements are written in angle brackets separated by a period, the element on the left side of the period
indicates a parent element, and the element on the right side of the period indicates a child element.

<element_parent>
<element_child> The data for this element is described here. </element_child>
</element_parent>

e.g., <element_parent.element_child> expresses the element structure shown below.

License

The owners of the copyright and the license of this specification document are as follows:

License information:

© 2016, Tomonari Takahashi*, Atsushi Masumori**, Masahiko Fuijii*, and Hiroya Tanaka**,
*Fuji Xerox Co., Ltd. ,
**Keio University SFC Social Fabrication Laboratory.

Creative commons Attribution-NonCommercial-NoDerivatives 4.0 International
<https://creativecommons.org/licenses/by-nc-nd/4.0/>

This license statement is related to the copying and modification of this document. It is neither intended to
restrict nor permit the use of data in FAV format and/or systems that handle FAV files, and does not assert

any rights with regard to such data and systems.

The following are to be described in order to fulfill the obligations specified in the license that apply when this
document is entirely or partially copied or used in other formats.

The license information shown above
The URL of this document
Notation stating that the material is a copy or an excerpt of FAV File Format Specification Ver 1.0
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1. The FAV file format

The FAV format is a file format for saving 3D model data.

1.1 Concept

FAV stands for fabricatable voxel.

In addition to a 3D object's external structure, a FAV file can store information on a range of attributes such
as those defining the internal structure, materials to be used, colors, and connection strength of an object.
The FAV file format enables designers to model both the exterior and interior of a 3D object right down to the
finest requirements and to then save this data.

Using 3D model data in the FAV format furthers the range of expression possible with a fabricated object,
thereby enabling us to conceive new ideas and fabricate new objects that have not been possible until now.
These enhancements will contribute to the facilitation of better communication using 3D model data, and be
especially beneficial in the creation of new applications capable of crossing between industry borders. For
example, the FAV format can be expected to have a particularly large influence in the creation of applications
capable of integrating the currently separate processes of image processing, management of scanned data
in the medical field (MRI / CT), and fabrication of industrial products from composite materials.

3D model data in FAV format is "fabricatable”, meaning that data is stored in a way that is optimized for
fabrication. Data optimized for fabrication satisfies the following:

The information required for fabrication (e.g., shape, material, color, connection strength) is clearly
defined in three-dimensional space, for both the exterior and interior of an object.

It allows the user to design (CAD), analyze (CAE), and inspect (CAT) 3D model data seamlessly in an
integrated manner without having to convert data.

FAV format 3D model data satisfies all of the above.

1.2. Characteristics

FAV stands for fabricatable voxel. The FAV format expresses 3D data in the form of voxels.

Voxels are the three-dimensional equivalents of pixels. Similar to the way pixels are arranged to create a
two-dimensional image, a three-dimensional object is structured by arranging voxels in three-dimensional
space.

Structuring an image using pixels Structuring an object using voxels

Fig. 1 Pixels and voxels

Defining three-dimensional objects using voxels makes it possible to design 3D objects of various
microstructures. This can be done by using voxels of various designs, not including voxels in certain areas,

etc.

Fig. 2 Designing intricate microstructures using voxels
5
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The following are the benefits of defining 3D objects by arranging voxels:
The internal structure as well as the external structure of an object can be defined.

Various attributes such as materials, colors, and connection strength can be defined together with the
overall structure of the object.

Voxels are finite elements. Therefore, voxel-based data can be used for simulation (CAE) using the same
format as that used for the design phase (CAD). Also, it is possible to modify the design of each voxel
based on the results of simulations.

External force

Hard material for reinforcement (blue) |

Hard material (blue) mixed
into edge areas with high
amounts of distortion to

increase strength

Pillar added to
reinforce shape

Hard material (blue) |

Soft material (orange)

Possible to design
internal structure freely

— = ‘ -

| Amount of distortion due to pregsure | | Voxel data redesigned to reflect results of simulation

Simulation results can be reflected in voxel data for easy design changes

N Material changes (changing to harder materials, etc.)
N Structural changes (reinforcing shape, removing internal areas, etc.)

Fig. 3 The benefits of using voxel-based 3D model data
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1.3. Environmental conditions

The specifications that follow assume that FAV-format data is handled in the environment described below.

The coordinate system

In the coordinate system for FAV files, planes which form the layers of an object are defined on the x-y axes,
while the height of an object is defined on the z-axis as a positive value. The coordinate system is REQUIRED
to be right-handed.

Taking into consideration the work areas of fabrication equipment such as 3D printers where 3D models are
actually constructed, it is RECOMMENDED that coordinates of 3D model data be plotted so that the z-axis
value represents the height, the x-axis value the width, and the y-axis value the depth of a fabricated object
when viewed from the origin point of the equipment to be used (which is equal to the origin point of the
coordinates).

Z (Height)

(Depth)

(Base surface)

5 X (width)

Fig. 4 The coordinate system used for FAV files

The units used for the coordinate system

The numerical value 1 used in the coordinate system of the FAV format is REQUIRED to represent 1 mm in
a real-world object.

Different units (e.g., inches) may be used depending on the application. If a different unit is used, however,
note that a coordinate value of 1 MUST still be equal to 1 mm in a real-world object when data is saved in
FAV format. Note also that the same FAV file MUST NOT be interpreted in different units when handled by
different environments or applications.
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1.4. Structure

The elements of a FAV file form a tree structure as shown below.

<metadata >, <palette >, <voxel >, and <object > are the main four elements of a FAV file. <palette> is
referenced by <voxel>, and <voxel> is referenced by <object>. Therefore, it is RECOMMENDED that
elements be defined in the following order: <palette >, <voxel >, <object >.

Unless otherwise specified, the order of elements is discretional.

See each section for details of each element and attribute.

<fav (version)>

<metadata> ]—[ <id> ][ <title> ]

L-[ <palette> ] [ <author> ][ <license> ][ <note> ]

<geometry (ID, Name)> ]

—{ <shape> H <reference>]
—[ <scale> ]—[ <Xx> ][ <y> ][ <z> ]

’ 1

<material (ID, Name)> ]

—{ <material_name> ]

—[ <product_info>

<manufacturer> ]

<product_name> ]

—[ <iso_standard> <iso_id> ]

—{ <voxel (ID, Name)> ]

<geometry_info> ]—[ <id> ]

<material_info> ]

I—[ <id> ][ <ratio> ]
<display> ]—[ <r> ][ <g> ][ <b> ][ <a> ]

<application_note> ]

e ale ol Lo

-[ <object (ID, Name)> ]

-

<grid> ]

<origin> ]—[ <> ][ <y> ][ <z> ]

<unit>

<dimension>

—[ <structure> ]

—[ <voxel_map (byte_per_voxel, compression) > ]

—[ <color_map (color_mode, compression) > ]

—[ <link_map (neighbors, compression) > ]

Fig. 5 The tree structure of elements that constitute a FAV file

E
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1.5. Notation method

The labels of elements and attributes in a FAV file SHALL be in lower case.
When a label consists of multiple words, each word SHALL be concatenated by underscore.

e.g.,<elementitem attribute_ item=0ATTRI BUTEO/ >

1.6. Security

Security specifications for FAV-format data do not greatly differ from other general electronic data. This
means that it is possible to apply security measures such as setting passwords, adding digital signatures for
detecting falsification, and allowing users to browse FAYV files only when they have certain keys.

FAV files that have been modified without the permission of the author or whose author information has been
falsified must not be used. It MUST be fully understood that any usage in conflict with the rules stipulated in
the license may be considered a violation of the law.

1.7. <fav>

Parent element Link <metadata> <palette> <voxel> <object>

<fav> s the root element of a FAV file. 3D model data defined in the FAV format starts from the <fav > element.
All pieces of data defined and managed in the FAV format are stored under <fav>.

<fav>has the following attribute.
Table 2 The description of <fav>

Element | Attribute Data Data Description Condition
type [Default value]

The version number | Specifies the character string that
fav version String | of the FAV format represents the version number of the | Required
[ ] FAV format used for the file.

Shown below is an example of XML code under <fav>

e.g.,

<fav version="1.0">
N
<[fav>

Fig. 6 XML code examples under <fav>
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2. <metadata>

Parent element: <fav> Link <material> <object>
<metadata> defines metadata for the various types of data defined in the FAV format.

<fav>, <material>, and <object> can be defined as the parent elements of <metadata>. Regardless of the
level at which the <metadata> element is defined, elements that can be defined under <metadata> are
always remain the same. It is only necessary to define required elements.

In <metadata>, the following elements may be defined.

<id>

B

<title>

B

<author>

B

<license>

B

<memo>

Shown below is an example of XML code under <metadata>

eg.,

<metadata>
<id>bc4affb5 - 9a53 4de - 9f27- 721ef27e8f34</id>
<title><I[[CDATA[FAV Verl.0 Sample File]]></title>
<author><![CDATA[Fuji Xerox & Keio SFC]]></author>
<license><!|[CDATA[CC BY]]></license>
<note><I[CDATA[This is a sample file in FAV format ver1.0.]]></note>
</metadata>

Fig. 7 XML code examples under <metadata>

2.1. <id>

Parent element <metadata> Link <fav> <material> <object>

<id> specifies the ID used to identify the parent element of <metadata>. It is recommended that IDs that are
guaranteed to be unique be used (e.g., GUID) to ensure the uniqueness of each piece of data in the FAV
format.

<id> contains the following data.

Table 3 The description of <id>

Element Attribute Data Data Description Condition
type [Default value]

The ID of the | Specifies the character string of the
id - String | parent element ID that is used to identify the parent | Required
[ ] element of <metadata >.

See Fig. 7 for XML code examples for <id>.

10
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2.2. <title>

Parent element <metadata> Link <fav> <material> <object>

<title> specifies the title of the parent element of <metadata>. For example, <fav.metadata.title > specifies
the title of <fav>, and <object.metadata.title > specifies the title of a single <object> element.

<title>contains the following data.

Table 4 The description of <title >

Data Data

type | [Default value] Description Condition

Element | Attribute

The title of the
title - CDATA | parent element

[ ]

Specifies the character string of the title

of the parent element of <metadata>. Required

See Fig. 7 for XML code examples for <title>.

2.3. <author>

Parent element <metadata> Link <fav> <material> <object>

<author> specifies the author of the parent element of <metadata>. For example, <fav.metadata.author>
specifies the author of <fav>, and <object.metadata.author> specifies the author of a single <object> element.

<author> contains the following data.

Table 5 The description of <author>

Element | Attribute Data Data Description Condition
type [Default value]

The author of the | Specifies the character string of the
Author - CDATA | parent element author of the parent element of | Required
[ ] <metadata>.

See Fig. 7 for XML code examples for <author>.

2.4, <license>

Parent element <metadata> Link <fav> <material> <object>

<license> is the license information of the parent element of <metadata>. For example,
<fav.metadata.license> specifies the license for <fav>, and <object.metadata.license > specifies the license
for a single <object> element.

Some example licenses are Creative Commons (CC), GNU General Public License (GPL), BSD, and X11
(MIT). If a unique license is to be defined, write the entire text under <license> and/or provide the link to the
license information.

<license> contains the following data.

Table 6 The description of <license>
Data Data
type [Default value]

Element | Attribute Description Condition

The license - .
information of the Specifies the character string

license - CDATA describing the license information of | Required
parent element
the parent element of <metadata>.

[ ]

See Fig. 7 for XML code examples for <license>.

11
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2.5. <note>

Parent element:

<metadata> Link <fav> <material> <object>

<note> is a memo for the parent element of <metadata>. For example, <fav.metadata.note> specifies the
memo for <fav>, and <object.metadata.note > specifies the memo for a single <object> element.

<note> contains the following data.

Table 7 The description of <note>

Data Data
Element Attribute tvpe [Default Description Condition
yp value]
;I:;e memgrg: Specifies the character string of a
note CDATA P memo for the parent element of
element
[ ] <metadata>.

See Fig. 7 for XML code examples for <note>.

12



FAV File Format $ecification

3.

<palette>

Parent element <fav> Link <voxel> <geometry> <material>

In <palette>, basic information such as the shape and material of a voxel is registered in preparation for
defining the overall structure of the 3D model data in FAV format. 3D model data is represented in the FAV
format by taking <voxel> elements built from the basic information registered in <palette> and using these to
define <object>.

The following elements are described at the level under <palette>.

<geometry>

B

<material>

Shown below is an example of XML code under <palette>

e.g.,
<palette>
<geometry id="1" name="NormalCube">
<shape>cube</shape>
<scale>
<xX>1</x>
<y>1</y>
<z>1</z>
</scale>
</geometry>
<geometry id="2" name="Plate">
<shape>cube/shape>
<scale>
<xX>1</x>
<y>1<ly>
<z>0.25</z>
</scale>
</geometry>
<geometry id="3" name="Diamond">
<shape>user_defined</shape>
<reference><![CDATA[Diamond.stl]]></reference>
<scale>
<x>0.98</x>
<y>0.98</y>
<z>1.05</z>
</scale>
</geometry>
<material id="1" name="SoftMat1">
<material_name><![CDATA[Som&oft - materials]]></material_name>
</material>
<material id="2" name="HardMat1">
<produd_info>
<manufacturer><![CDATA[ABC Materials Co.]]></manufacturer>
<product_name><!/[CDATA[ULTRHRD/007]]></product_name>
<url><I[CDATA[http://www.abcmaterial.com/ultra/hard/007]]></url>
</product_info>
<product_info>
<manufacturer><![CDATA[ABC Materials Co.]]></manufacturer>
<product_name><!/[CDATA[ULTRHRD/006a]]></product_name>
<url><I[CDATA[http://www.abcmaterial.com/ultra/hard/006/a]]></url>
</product_info>

13
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<iso_standard>
<iso_id>ISO 1043-1:2006</iso_id>
<iso_name>ABS</iso_name>
</iso_standard>
</material>
</palette>

Fig. 8 XML code examples under <palette>

3.1. <geometry>

Parent element <palette> Link <voxel> <shape> <scale>

<geometry> defines the shape and scale of a voxel, the basic element of 3D model data.
By arranging voxels that have their geometric properties defined in <geometry>, 3D model data can be
structured.

Table 8 Example voxel shapes that can be defined in <geometry>

Image
N | = ® Q

(id) 01 02 03 04 05 06

(name) Cube01 Cube02 Plate BigSphere SmallSphere Cylinder
<shape> cube cube cube sphere sphere user_defined
<scale> 2x2x%2 1x1x1 1x1x0.3 1.5x1.5x1.5 | 0.25%0.25%0.25 | 3x1x1

<geometry> has the following attributes.

Table 9 The description of <geometry>

Element | Attribute | P2 Data Description Conditio
type [Default value] n

A positive integer | Specifies the unique ID that is used
positive | [1 ] to identify <geometry>. The same ID
Integer MUST NOT be used for multiple
<geometry> elements.

Required

geometry

A character string | Specifies the name of <geometry>.

Objectl The same name SHOULD NOT be
used for multiple <geometry>
elements.

name String

The following elements are described at the level under <geometry>
<shape>

<scale>

5

14
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Shown below is an example of XML code under <geometry>

e.g.

<geometry id="2" name="Plate">
<shape>cube</shape>
<scale>
<Xx>1</x>
<y>1<ly>
<z>0.25</z>
</scale>
</geometry>
<geometry id="3" name="Diamond">
<shape>user_defined</shape>
<reference><!/[CDATA[Diamond.stl]]></reference>
<scale>
<x>0.98</x>
<y>0.98</y>
<z>1.05</z>
</scale>
</geometry>

Fig. 9 XML code examples under <geometry>

3.1.1. <shape>

Parent element <geometry> Link <voxel> <grid>

<shape> defines the shape of a voxel, the basic element of 3D model data. In addition to the standard shapes,
it is possible to use other shapes by specifying external STL files.

When voxels with <shape> specified are arranged in <grid>, the center of each shape is positioned in the
center of its cell.

<shape> contains the following data.

Table 10 The description of <shape>

Element | Attribute Data Data Description Condition
type [Default value]

cube / sphere / | Specifies the shape of a voxel.

shape Strin user_defined When "user_defined" is specified,
P 9 | [cube] <reference> MUST also be
defined.

When "user_defined" is specified in <shape>, it is REQUIRED that <reference> also be defined. The
<reference> element specifies an external STL file that defines the shape of a voxel.

Table 11 The description of <reference>

Element | Attribute Data Data Description Condition
type [Default value]

The path of the STL | Specifies the character string
file defining the | of the relative path to the
shape of a voxel external STL file defining the
[ ] shape of a voxel.

reference CDATA

See Fig. 9 for XML code examples for <shape>.

15
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3.1.2. <scale>

Parent element <geometry> Link <voxel> <shape> <grid>

<scale> defines the scale of a voxel, the basic element of 3D model data. The scale is specified in relation
to the cell size specified under <grid>, the element which defines the space in which voxels are arranged.
The standard scale is 1x1x1.

When voxels with <scale> specified are arranged in <grid>, the center of each shape is positioned in the
center of its cell.

<scale> contains the following elements

Table 12 The description of <scale>

Data Data
type | [Default value]

Element | Attribute Description Condition

A double value | Specifies the scale for the x-axis of
[1.0] <shape> in relation to the cell size
X Double specified in <grid>. When a negative
value is specified, the voxel is flipped. O
MUST NOT be specified.

A double value | Specifies the scale for the y-axis of
[1.0] <shape> in relation to the cell size
y Double specified in <grid>. When a negative
value is specified, the voxel is flipped. O
MUST NOT be specified.

A double value | Specifies the scale for the z-axis of
[1.0] <shape> in relation to the cell size
z Double specified in <grid>. When a negative
value is specified, the voxel is flipped. O
MUST NOT be specified.

See Fig. 9 for XML code examples for <scale>.

16
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3.2. <material>

Parent element <palette> Link <voxel>

<material> contains information on the material(s) that constitute each voxel, the basic element of 3D model
data.

By arranging voxels for which the material make-up is defined under <material>, the overall material structure
of the 3D model data is defined.

<material> has the following attributes.

Table 13 The description of <material>

Element | Attribute Data Data Description Condition
type [Default value]

A positive integer | Specifies the unique ID that is

id positive | [1 ] used to identify <material>. The Required
Integer same ID MUST NOT be used for
multiple <material> elements.
material
A character string | Specifies the name of
. Material0O1 <material>. The same name
name String

SHOULD NOT be used for
multiple <material> elements.

At the level under <material>, one or more of the following elements representing material information are
defined.

<material_name>

B

<product_info>

B

<iso_standard>

B

It is possible to define multiple elements under <material>. These elements are checked in the order they
were defined to confirm whether the material they specify can be used. Once confirmation is obtained that a
specified material can be used, all other material information is ignored.

Shown below is an example of XML code under <material>

e.g.,

<material id="2" name="HardMat1">
<product_info>
<manufacturer><I[CDATA[ABC Materials Co.]]></manufacturer>
<product_name><![CDATA[ULTRMRD/007]]></product_name>
<url><![CDATA[http://www.abcmaterial.com/ultra/hard/007  ]]></url>
</product_info>
<product_info>
<manufacturer></[CDATA[ABC Materials Co.]]></manufacturer>
<product_name><!/[CDATA[ULTRHRD/006a]]></product_name>
<url><!/[CDATA[http://www.abcmaterial.com/ultra/hard/006/a]]></u rl>
</product_info>
<iso_standard>
<iso_id>ISO 1043- 1:2006</iso_id>
<iso_name>ABS</iso_name>
</iso_standard>
</material>

Fig. 10 XML code examples under <material>
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3.2.1.

<material_name>

Parent element: <material>; Link: -

<material_name> specifies a material by its name. A character string identifying the material (e.g., product
name, common name, general material name such as ABS, PLA) is specified.

<material_name> contains the following data.

Table 14 The description of <material_name>

Element Attribute Data Data Description Condition
type [Default value]
material name | - CDATA The material name .Spec.n‘u_as a charact.er string
- [ ] identifying the material used.

See Fig. 10 for XML code examples for <material_name>.

3.2.2.

<product_info>

Parent element: <material>; Link: -

<product_info> specifies a material by its product information. Product information identifying the material

(e.g., manufacturer's name, product name, product code, product information URL) is specified.

<product_info> contains the following elements.

Table 15 The description of <product_info>

[ ]

Element Attribute Data Data Description Condition
type [Default value]
'rl;]r;emr}; Ttir%frthoi Specifies the character string of
manufacturer | - CDATA : the name of the manufacturer of
the material .
[ ] the material.
The product | Specifies the character string of
product_name | - CDATA | Name. of the | the product name, product code,
material etc. provided by the
[ ] manufacturer.
The URL of the
website
url i CDATA providing Specifies the URL of the website
material providing material information.
information

See Fig. 10 for XML code examples for <product_info>.
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3.2.3. <iso_standard>

Parent element: <material>; Link: -

<iso_standard> specifies a material by its ISO standards. For example, when acrylonitrile butadiene styrene
(ABS), which is listed in ISO 1043-1:2006, is specified as the material, the character strings "ISO 1043-
1:2006" and "ABS" are to be used.

<iso_standard> has the following elements.

Table 16 The description of <iso_standard>

Element | Attribute Data Data Description Condition
type [Default value]

The 1SO standard | Specifies the character string of

iso id i String number the _I_SO standard. number
- [ 1] describing the material to be
used.
The material | Specifies the character string of
. . name described in | the material name or the
iISo_name - String

the ISO standard abbreviation as listed in the 1SO
[ ] standard.

See Fig. 10 for XML code examples for <iso_standard>.
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4. <voxel>

Parent element: <fav>; Link: <geometry>, <material>, <display>, <application_note>

<voxel> is the basic element constituting 3D model data in the FAV format. By arranging voxels in three-
dimensional space, the overall structure of 3D model data is defined. <voxel> references information (e.g.,
<geometry>, <material>) registered under <palette>. Therefore, it is possible to define attributes such as
colors and materials for each voxel of a 3D model as well as the overall shape of the model.

e
YT
Ty i
TS <voxel>
.iv{J‘ N
A % en (id) 01
e (name) soft_cube
'8 J
]
HH 'f <geometry.name> | normal_cube
= 1L
|
i i a <material.name> soft_material01
_ RETILITEAN <voxel>
L amn g -
ifrasae: i (id) 02
toert ] ] H
{THOH : - £ 4 | (name hard_cube
t"v,#-'l T L Ij?\‘ ( ) —
HHEE $.~ <geometry.name> | normal_cube
pead 3
;11 3 2 e s <material.name> hard_material01
s SRR e :

Fig. 11 Specifying the overall shape and attributes using <voxel>

<voxel> has the following attributes.

Table 17 The description of <voxel>

. Data Data - "
Element | Attribute type [Default Description Condition
value]
A positive | A positive integer of 1 or larger MUST
. Positive integer pe specified as the (id) that is used.to _
id Integer [1 ] identify ~ <voxel>. The same (id) | Required
MUST NOT be used for multiple
voxel <voxel> elements.
A character | Specifies the name of <voxel>. The
name String string same name SHOULD NOT be used
Voxel001 for multiple <voxel> elements.

The (id) of <voxel> MUST be a positive integer. This is because the value is listed as a hexadecimal number
in <voxel_map>, the element which defines the shape of a 3D object. Also, 0 MUST NOT be used for (id)
because this value is reserved to denote the absence of a <voxel>.

The following elements are described at the level under <voxel>.

<geometry_info>

5

<material_info>

5

<display>

5

<application_note>
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Shown below is an example of XML code under <voxel>

e.g.,
<voxel id="1" name="soft_cube">
<geometry_info>
<id>1</id>
</geometry_info>
<material_info>
<id>1</id>
<ratio>1</ratio>
</material_info>
</voxel>
<voxel id="2" name="hard_cube">
<geometry_info>
<id>1</id>
</geometry_info>
<material_info>
<id>1</id>
<ratio>0.15</ratio>
</material_info>
<material_info>
<id>2</id>
<ratio>0.85</ratio>
</material_info>
<application_note><![CDATA[HM HO1:Hybrid Hard Material Num ber 01]]></application_note>
<application_note><![CDATA[FabAppAttr : application note]]></application_note>
</voxel>

Fig. 12 XML code examples under <voxel>

<geometry_info>

Parent element: <voxel>; Link: <palette>, <geometry>
<geometry_info> specifies the shape and scale of a voxel, as defined under <geometry>.

The <id> value specified here MUST be that value which was specified in <geometry> registered under
<palette>. When the shape of 3D model data is defined using voxels that have <geometry> (id)s specified
under <geometry_info>, the shapes and scales of each voxel at their respective positions will be the shapes
and scales associated with the same IDs specified under <geometry> (Fig. 11).

<geometry_info> has the following elements.

Table 18 The description of <geometry_info>

Element | Attribute Data Data Description Condition
type [Default value]

The (id) specified | Specifies the (id) of <geometry>
in <geometry> so that the element defining the
. i . [ ] geometric properties can be
id String referenced. The predefined (id)
attribute in <geometry> MUST be
specified here.

Required

See Fig. 12 for XML code examples for <geometry_info>.
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4.2. <material_info>

Parent element: <voxel>; Link: <palette>, <material>
<material_info> specifies the material information of a voxel, as defined under <material>.

The <id> of <material_info> is specified to be the same (id) as that of <material> (registered under <palette>).
When the shape of a 3D model is defined using voxels that have material IDs specified under <material_info>,
the materials used at their respective voxel positions will be the materials associated with the same (id)
specified under <material> (Fig. 11).

Hybrid material can also be used by defining multiple <material_info> elements under <voxel> (Fig. 13).
When using hybrid material, the following elements are specified under <material_info>: <ratio>, which
specifies the proportion of each material, and <id>, which references the material specified under <material>.
Values MUST be specified so that the sum of all <ratio> values in <material_info> of a given <voxel> element

is 1.0.
<voxel> Single Material
(id) 01 <material_info> <material>
(name) soft_cube | <id> |01 }—D (id) 01
<geometry_info> (name) | LightMat080X
<material_info>
Hybrid Material
<voxel> L
- <material_info> <material>
(id) 02 = -
—D <id> |02 —‘ ‘ (id) |02
(name) hard_cube
<ratio> [ 0.7 (name) | SuperHardPS-4
<geometry_info>
<material_info> | <material_info> <material>
| [<ie> [os -l Jos
<ratio> | 0.25 (name) | ULTRAOO7
<material_info> <material>
| [<e> o7 [ G o7
<ratio> | 0.05 (name) | ULTRAOO6a
Fig. 13 Examples of voxels made up of single and composite material
<material_info> contains the following elements.
Table 19 The description of <material_info>
Element | Attribute Data Data Description Condition
type [Default value]
The (id) of | Specifies the (id) of <material> so
ositive <material> that the element defining the
id - Ipnte er [ 1] material can be referenced. The (id) | Required
9 attribute in <material> MUST be
specified here.
The proportion | A double value is used to specify
of the material | what proportion the material makes
to be used in | up of the whole (defined under
ratio - Double | the composite | <material>). Values MUST be
material specified so that they total to 1.0
[ ] when added. The value MUST be
larger than O.

See Fig. 12 for XML code examples for <material_info>.
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4.3. <display>

Parent element: <voxel>; Link: <color_map>
<display> specifies the color information of <voxel>. This element is used so that differences in attributes
such as the shape and material can be visually confirmed.

If the <display> element is defined under <voxel> when defining the shape of a 3D object, the color of the
voxel will be the color specified under <display>. The color specified in <display> can also be used as the
color of the object when a 3D object is actually fabricated. However, if many colors are to be used for an
object, it is RECOMMENDED that <color_map> be used.

<display> has the following elements.

Table 20 The description of <display>

Element | Attribute Data Data Description Condition
type [Default value]
nonNeg 0-255 Specifies the red component of the
. i ativelnt [ ] color of a <voxel>. A value_smaller
eger than O or a value exceeding 255
MUST NOT be specified.
nonNeg 0-255 Specifies the green component of
g i ativelnt [ ] the color of a <voxel>. A va!ue
eger smaller than O or a value exceeding
255 MUST NOT be specified.
nonNeg 0-255 Specifies the blue component of the
b i ativelnt [ ] color of a <voxel>. A value.smaller
eger than O or a value exceeding 255
MUST NOT be specified.
nonNeg 0- 255 Specifies the alpha component of
a i ativelnt [ ] the color of a <voxel>. A va!ue
eger smaller than O or a value exceeding
255 MUST NOT be specified.

See Fig. 12 for XML code examples for <display>.

4.4, <application_note>

L ) . Parent element: <voxel>; Link: -
<application_note> defines properties for <voxel>.
It is necessary to add one <application_note> element for each property. Also, it is RECOMMENDED that
descriptions be added to assist users (those who create and use properties) in distinguishing and selecting
necessary data from multiple <application_note> elements.

Note that large data SHOULD NOT be stored and large numbers of <application_note> elements SHOULD
NOT be defined unnecessarily.

<application_note> has the following data.

Table 21 The description of <application_note>

Element | Attribute Data Data Description Condition
type [Default value]

A property stored | Specifies the character string of

in <voxel> a property to be stored in
[ ] <voxel>. It is RECOMMENDED
application CDATA that desgrlptlon_s that may help
_hote users distinguish and select

necessary data from multiple
<application_note> elements be
added.

See Fig. 12 for XML code examples for <application_note>.
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5.

<object>

Parent element: <fav>; Link: <voxel>, <grid>, <structure>
<object> defines 3D model data in FAV format to create the actual form of the final 3D object.

Underneath <object> are the <grid> and <structure> elements. <grid> defines the space that stores 3D model
data, and within this space, <structure> defines the structure of the 3D model data. 3D model data is divided
into <voxel_map>, which defines the shape, <color_map>, which defines color information, and <link_map>,
which defines the connection strength between voxels.

Fig. 14 The relation between grid and structure

Multiple <object> can be defined in a FAV file. When multiple <object> elements are defined, <grid> and
<structure> are defined for each <object> element.

<object> has the following attributes.

Table 22 The description of <object>
Data Data
type [Default value]

Element | Attribute Description Condition

A positive integer | Specifies the (id) that is used to
positive | [1 ] identify <object>. The same (id)
Integer MUST NOT be used for multiple
<object> elements.

Required

object

A character string | Specifies the name of <object>. The
name String Object001 same (name) SHOULD NOT be
used for multiple <object> elements.

The following elements MUST be described at the level under <object>.
<grid>

5

<structure>
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