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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 committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.

ISO coll
electro

aborates closely with the International Electrotechnical Commission (IEC) on all matters of

chnical standardization
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cedures used to develop this document and those intended for its further maintenanee ar
bd in the ISO/IEC Directives, Part 1. In particular the different approval criteria needed for th

O (U (D

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

=)

n is drawn to the possibility that some of the elements of this document may.be’the subject o
ights. ISO shall not be held responsible for identifying any or all such paténtrights. Details g
ent rights identified during the development of the document will be in the)lntroduction and/o
50 list of patent declarations received (see www.iso.org/patents).

———

e name used in this document is information given for the convenience of users and does nojt
te an endorsement.

explanation on the meaning of ISO specific terms and{expressions related to conformit
ent, as well as information about ISO’s adherence to“the WTO principles in the Technica
to Trade (TBT) see the following URL: Foreword - Supplementary information

—

hmittee responsible for this document is ISO/T6261, Additive manufacturing, in cooperatio
TM F 4291, Terminology, on the basis of a partnership agreement between ISO and ASTN
ional with the aim to create a common set.ofISO/ASTM standards on Additive Manufacturing,

e

fond edition cancels and replaces the, first edition (ISO/ASTM 52915:2013), which has beel
111y revised. This revision contains chahges to normative language and details of a minimun
bntation, as well as corrections and-elarifications.

b

© ISO/ASTM International 2016 - All rights reserved


http://www.iso.org/directives
http://www.iso.org/patents
http://www.iso.org/iso/home/standards_development/resources-for-technical-work/foreword.htm
https://standardsiso.com/api/?name=3e7a9ab65b5dbb359087dbf74204ed05

ISO/ASTM 52915:2016(E)

Introduction

This International Standard describes an interchange format to address the current and future needs
of additive manufacturing technology. For the last three decades, the stereolithography (STL) file
format has been the industry standard for transferring information between design programs and
additive manufacturing equipment. An STL file defines only a surface mesh and has no provisions
for representing colour, texture, material, substructure and other properties of the fabricated object.
As additive manufacturing technology is evolving quickly from producing primarily single-material,
omogeneous nhjnrfc to prndnr‘ing ganmnfr‘inc in full colour with anr‘finna”y-dnfinnﬂ gradations of
mhaterials and microstructures, there is a growing need for a standard interchange file formatthat can
qupport these features.

The Additive Manufacturing File Format (AMF) has many benefits. It describes dm) object|in such
4 general way that any machine can build it to the best of its ability, and asCsuch is tecdhnology
independent. It is easy to implement and understand, scalable and has good petformance. Crycially, it
is both backwards compatible, allowing any existing STL file to be convertedy.and future conppatible,
dllowing new features to be added as advances in technology warrant.

© ISO/ASTM International 2016 - All rights reserved v


https://standardsiso.com/api/?name=3e7a9ab65b5dbb359087dbf74204ed05



https://standardsiso.com/api/?name=3e7a9ab65b5dbb359087dbf74204ed05

INTERNATIONAL STANDARD ISO/ASTM 52915:2016(E)

Specification for Additive Manufacturing File Format
(AMF) Version 1.2

1 Scope

4n interchange format to address the current and future needs of additive manufacturing techn

'he AMF may be prepared, displayed and transmitted provided the requirements of this spec

hnguage (XML)[1] schema is required to support standards-compliant interoperability.

This International Standard provides the specification for the Additive Manufacturing File Formalt (AMF),

logy.

fication

§
dre met. When prepared in a structured electronic format, strict adherence to amextensible [markup
1

A W3C XML schema definition (XSD) for the AMF is available from [SO¢f¥om http://standards.iso.

uide for such an XML schema is provided in Annex A.

A
qgrg/iso/52915 and from ASTM from www.astm.org/MEETINGS/imagesfamf.xsd. An impleméntation
§

It is recognized that there is additional information relevant to thefinal part that is not covered by the

qurrent version of this International Standard. Suggested future-features are listed in Annex B.

his International Standard does not specify any explicit\ymechanisms for ensuring data iptegrity,

glectronic signatures and encryptions.

Terms and definitions
or the purposes of this document, the following terms and definitions apply.

2.1
AMF consumer

Joftware reading (parsing) the -Additive Manufacturing File Format (AMF) file for fabrication,

isualization or analysis

ote 1 to entry: AMF files are-typically imported by additive manufacturing equipment, as well as
gnalysis and verification software.

2.2
AMF editor
Joftware reading-and rewriting the Additive Manufacturing File Format (AMF) file for conversi|

ote 1 to entry: AMF editor applications are used to convert an AMF from one form to another, for
donvert allcurved triangles to flat triangles or convert porous material specification into an explicit mesh

2.3
AME producer
U vVWd C VV Tt )

geometric data

viewing,

o1

example,
surface.

original

Note 1 to entry: AMF files are typically exported by computer-aided design (CAD) software, scanning software or

directly from computational geometry algorithms.

24
attribute
characteristic of data, representing one or more aspects or descriptors of the data in an elemen

Note 1 to entry: In the XML framework, attributes are characteristics of elements.

© ISO/ASTM International 2016 - All rights reserved
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2.5

comments

all text elements associated with any data within the Additive Manufacturing File Format (AMF) to be
ignored by import software

Note 1 to entry: Comments are used for enhancing human readability of the file and for debugging purposes.

2.6

element
information unit within an XML document consisting of a start tag, an end tag, the content between the
tags and any attributes

Note 1 tq entry: In the XML framework, an element can contain data, attributes and other elements.

2.7
extensible markup language
XML
standard from the WorldWideWeb Consortium (W3C) that provides for tagging of iftformation contenft
within dlocuments offering a means for representation of content in a format thiat is both human ang
maching readable

Note 1 tg entry: Through the use of customizable style sheets and schemas, infofimation can be represented in p
uniformway, allowing for interchange of both content (data) and format (metddata).

[SOURCE: ISO/ASTM 52900:2015, 2.4.7]

2.8
STL
stereolithography
file forrat for model data describing the surface geometry of an object as a tessellation of trianglep
used to communicate 3D geometries to machines in ofider to build physical parts

Note 1 to entry: The STL file format was originally’ developed as part of the CAD package for the earl
stereolithography apparatus, thus referring to, that process. It is sometimes also described as “Standar
Triangulption Language” or “Standard Tessalatiofi Language”, though it has never been recognized as an officidl
standard by any standardization organizatien:

="

[SOURCE: ISO/ASTM 52900:2015, 2.4:16]

3 Key considerations
3.1 General

3.1.1 [There is anatural trade-off between the generality of a file format and its usefulness for a specifi
purpose. Thusgfeatures designed to meet the needs of one community may hinder the usefulness of a fil
format fpr othér uses. To be successful across the field of additive manufacturing, the file format describe
in this I]|1ternational Standard, the AMF, is designed to address the concerns listed in 3.1.2 to 3.1.7.

= (D 3

3.1.2 Technology independence. The AMF describes an object in such a general way that any machine
can build it to the best of its ability. It is resolution and layer-thickness independent and does not contain
information specific to any one manufacturing process or technique. This does not negate the inclusion
of features that describe capabilities that only certain advanced machines support (for example, colour,
multiple materials), but these are defined in such a way as to avoid exclusivity.

3.1.3 Simplicity. The AMF is easy to implement and understand. The format can be read and debugged
in a simple text viewer to encourage comprehension and adoption. Identical information is not stored in
multiple places.

2 © ISO/ASTM International 2016 - All rights reserved
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3.1.4 Scalability. The file size and processing time scales well with the increase in part complexity
and with the improving resolution and accuracy of manufacturing equipment. This includes being able
to handle large arrays of identical objects, complex periodic internal features (for example, meshes and
lattices) and smooth curved surfaces when fabricated with very high resolution.

3.1.5 Performance. The AMF enables reasonable duration (interactive time) for read-and-
write operations and reasonable file sizes for a typical large object. Detailed performance data are
provided in Annex B.

.1.6 Backwards compatibility. Any existing STL file can be converted directly into a valid AMF file
ithout any loss of information and without requiring any additional information. AMFAfiles jare also
asily converted back to STL for use on legacy systems, although advanced features will'be l¢st. This
rmat maintains the triangle-mesh geometry representation to take advantage of gXisting optimized
licing algorithms and code infrastructure already in existence.

.1.7 Future compatibility. To remain useful in a rapidly changing industry; this file format fis easily
xtensible while remaining compatible with earlier versions and technologies. This allows new ffeatures
be added as advances in technology warrant, while still working flawlessly for simple homopgeneous
eometries on the oldest hardware.

.2 Guidelines for the inclusion of future new elements

.2.1 Any new element proposed shall be applicable a€ross all hardware platforms and technhologies
at could conceivably be used to generate the desired gutcome.

.2.2 In support of the consideration above, neW elements proposed for this International Standard
hall describe the final object, not how to build it. For instance, a hypothetical future element <hp1l1low>
ight be allowed to tell an additive manufacturing system to leave the volume empty if possible.
owever, an element <objectLayerFiIt*Path> that describes how to build a hollow voluie shall
ot be included since it assumes a partic¢ular fabrication process.

Structure of this specifieation

.1 Format. Informatien.specified throughout this specification is stored in XML 1.0 format. XML is a
xt file comprising a list-of elements and attributes. Using this widely accepted data format allows for
e use of many toolsfer creating, viewing, manipulating, parsing and storing AMF files. XML is|human-
eadable, which makes debugging errors in the file possible. XML can be compressed or encrypted or
oth if desired dnya post-processing step using highly optimized standardized routines.

.2 Flexibility. Another significant advantage of XML is its inherent flexibility. Missing or additional
arameters do not present a problem for a parser as long as the document conforms to the XML sfandard.
ractically, the use of XML namespaces allows new features to be added without breaking old versions of
e’parser, such as in legacy software.

4.3 Precision. This file format is agnostic as to the precision of the representation of numeric values.
It is the responsibility of the generating program to write as many or as few digits as are necessary for
proper representation of the target object. However, an AMF consumer should read and process real
numbers in double precision (64 bits).

4.4 Future amendments and additions. While additional XML elements can be added provisionally
to any AMF file for internal purpose, such additions shall not be considered part of this specification. An
unofficial AMF element may be ignored by any AMF consumer and may not be stored or reproduced by an
editor application. An element becomes official only when it is formally accepted into this specification.

© ISO/ASTM International 2016 - All rights reserved 3
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5 General structure

5.1 The AMF file shall begin with the XML declaration line specifying the XML version and
encoding, for example:

The XM

<?xml version="1.0" encoding="UTF-8"7>

L version shall be 1.0. Only UTF-8 and UTF-16 should be specified. Unrecognized encodings

should cause the file to fail to load.

52 W
ignored

5.3 The remainder of the file shall be enclosed between start </amf> and end </amf> element tagg.

This ele
A versid
Standar
the naty
micron)

5.4 Enclosed within the <amf/> element start- and end-tags, there are five top level elements, ap

describd

5.4.1
referend

which shall be unique. Atleast one object element shall be present in the file. Additional objects are optional.

5.4.2
declareq
materia

5.4.3
mappin

5.4.4
other cd
object Il
importe

9%

hitespace characters and standard XML comments may be interspersed in the file and shall'b
by any interpreter, for example:

<l-- ignore this comment -->

ment denotes the file type and fulfils the requirement that all XML files have d sifigle root element.
n attribute denoting the version of the AMF standard the file is compliant'with should be used.
d XML namespace attributes may also be used, such as the lang attribuite designed to identifj
ral human language used. The unit system may also be specified (millimetre, inch, foot, metre of
In the absence of a unit specification, the attribute value millimetres’is assumed, for example:

o~

<amf unit="millimeter” version="1.0" xmldang="en”

xmins:amf="www.astm.org/Standards{F2915-14">

bd in 5.4.1 to 5.4.5.

object> The object element defines a veliime or volumes of material, each of which might als
e a material identifier (ID) for AM processing. The object element shall also declare an object 1T},

=4

material> The optional material element defines one material for fabrication, each of whicl
an associated material ID~The material ID declared shall be unique and shall not be 0. If n
element is included, a sirigle' default material is assumed.

&

9%

texture> The gptienal texture element defines one image or texture for colour or textur
b, each of which declares an associated texture ID. The texture ID declared shall be unique.

consteldhation> The optional constellation element hierarchically combines objects an
nstellations into a relative pattern for printing. The constellation element may also declare a1
D, whichshall be unique. If no constellation elements are specified, each object element shall b
d with no relative position data. The consumer software may determine the relative positionin

19 4= B 0> = ==

of the ol

pjects if more than one object is specified in the file.

5.4.5 <metadata> The optional metadata element specifies additional information about the

object(s

) and elements contained in the file.

5.5 Only a single object element is required for a fully functional AMF file.

© ISO/ASTM International 2016 - All rights reserved
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6 Geometry specification

6.1 General

6.1.1 The top level <object> element declares a unique ID and shall contain one child <mesh>
element. The <mesh> element shall contain two child elements: <vertices> and <volume>. The
<object> element may optionally reference a material.

6.1 VETTIiCES ct. Each
yertex is implicitly assigned an identifying integer in the order in which it is declared, starting.at’zero and
i
i

increasing monotonically. The required child element <coordinates> gives the position.of t
in three-dimensional (3D) space using the <x>, <y> and <z> child elements.

6.1.3 After the vertex information, at least one <volume> element shall be/ncluded. Each|volume
gncapsulates a closed volume of the object. Multiple volumes may be included ih.asingle object. Yolumes
mhay share vertices at interfaces but shall not have any overlapping volume.

p.1.4  Within each volume, multiple child <triangle> elements shall'be used to define the friangles
hat tessellate the surface of the volume. Each <triangle> elementshall reference three verti¢es from
he set of indices of the previously defined vertices. The indices ofthe three vertices of the triangles shall
e specified using the <v1>, <v2> and <v3> child elements. The'vertices shall be ordered according to
he right-hand rule such that vertices are listed in counter<clockwise order as viewed from the| outside
f the volume. Each triangle is implicitly assigned an identifying integer in the order in which it was
leclared starting at zero and increasing monotonically (see Figure 1).

o0 ot 5 o+ o+ e

6.1.5 The geometry shall not be used to describg&support structure. Only the final target structfyire shall
e described.

=
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<?xml version="1.0" encoding="UTF-8"2>
<amf unit="millimeter”>
<object id="0">
<mesh>
<vertices>
<vertex>
<coordinates>
<x>0</x>
<y>1.32</y>
<z>3.715</z>
</coordinates>
</vertex>
<vertex>
coordtmates
<x>0</x>
<y>1.269</y>
<z>2.45354</z>
</coordinates>
</vertex>

</vertices>
<volume>
<triangle>
<v1>0</v1>
<v2>1</v2>
<v3>3</v3>
</triangle>
<triangle>
<vi>i</v1>
<v2>0</v2>
<v3>4</v3>
</triangle>
</volume>
</mesh>
</object>
</amf>

NOTE The figure shows a basic AMF file containing only.a list of vertices and triangles. This structure is
compatilple with the STL standard and can be readable by as-minimal implementation of an AMF consumer.

Figure 1. Basic AMF file

6.2 Smooth geometry

6.2.1 By default, all triangles shall be assumed to be flat and all triangle edges shall be assumed to b
straight|lines connecting their. two vertices. However, curved triangles and curved edges may optionall
be speciffied to reduce the number of mesh elements required to describe a curved surface. Minimal AM
consumgr software (see £lause 13) may ignore curvature information associated with triangles.

T

6.2.2 Puring impoft, a curved triangle patch shall be recursively subdivided into four triangles t
generate a final €émporary set of flat triangles. The depth of recursion shall be exactly five (that is,
single clirved triangle will be converted into 1 024 flat triangles).

L=~

1%

6.2.3 uring production, the producing software that generates curved triangles shall determine
automatically the number of curved triangles required to specify the target geometry to the desired
tolerance, knowing that the consuming software will perform five levels of subdivision for any curved
triangle.

6.2.4 To specify curvature, a vertex may contain a child element <normal> to specify the desired
surface normal at the vertex. The normal should be unit length and pointing outwards. If this normal is
specified, all triangle edges meeting at that vertex shall be curved so that they are perpendicular to that
normal and in the plane defined by the normal and the original straight edge.

6.2.5 Ifavertexisreferenced by two volumes, the normal is considered identically for each volume, but
its direction should be interpreted as consistent with the volume in consideration (so that it is pointing

6 © ISO/ASTM International 2016 - All rights reserved
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outwards). Vertices that have an ambiguous normal because they are common to multiple volumes
should not specify a normal.

6.2.6 A curved triangle shall not be more than 25 % out of plane and shall not include inflections.

6.2.7 When the curvature of the volume’s surface at a vertex is undefined (for example, at a cusp,
corner or edge), an <edge> element may be used to specify the curvature of a single nonlinear edge
joining two vertices. The curvature is specified using the tangent direction vectors at the beginning and

i onfli i Irvature

6.2.8 Normals should not be specified for vertices referenced only by planar triangles: Edge dlements
dhould not be specified for linear edges in flat triangles.

6.2.9 When interpreting normal and tangents, second degree Hermite interpolation shall be used. See
A.3 for formulae for carrying out this interpolation.

6.3 Restrictions on geometry

All geometry shall comply with the following restrictions.

+ Every triangle shall have exactly three different non-co-linear vertices.

+ Triangles shall not intersect or overlap except at theirlcommon edges or common vertices.
-+ Volumes shall enclose a closed contiguous space with non-zero volume.

+ Volumes shall not overlap.

+ Every vertex shall be referenced by at least three triangles.

+ Every pair of vertices shall be referenced by exactly zero or two triangles per volume.

+ Any two vertices shall not havelidentical coordinates. The tolerance used to define equality is 10-8
units.

+ The outward direction of triangles that share an edge in the same volume shall be consistent. The
outward direction i§ defined by the order of vertices.

7 Material specification

7.1 General

[.1.1 \"Materials are introduced using the optional <material> element. Any number of materjials may
beZdefined using one <material> element for each. Each material is assigned a unique ID. Gdometric
votumes ay specify amateriat D attribute value o thre <votume>—element that Teferencesathaterial.
The material ID “0” is reserved to represent no selected material (void), see Figure 2.

7.1.2 Material characteristics are contained within each <material> element. The child element
<colour>is used to specify the red/green/blue/alpha (RGBA) appearance of the material (see Clause 8
on colour). Additional material properties may be specified using the <metadata> element, such as
the material name for operational purposes or elastic properties for equipment that can control such
properties, see Figure 3. See A.1 for a description of the AMF elements.

© ISO/ASTM International 2016 - All rights reserved 7
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Key
(a)
(b)
(@
(d)
(e)

(c) (d)

<?xml version="1.0" encoding="UTF-8"?>
<amf unit="millimeter”>
<object id="0">
<mesh>
<vertices>

<vertex>
<coordinates >

</coordinates >
<normal>
<nx>0</nx>
<ny>0.707</ny>
<nz>0.707</nz>
</normal>
</vertex>
<edge>
<v1>0</v1>
<dx1>0.577</dx1>
<dyl>0.577</dyl>
<dz1>0.577</dz1>
<v2>1</v2>
<dx2>0.707</dx2>
<dy2>0</dy2>
<d22>0.707</d223
</edge> -

</vertices>

<volume materialid="0">
<trianglé>

</triangle>
</volume>
</mesh>
</object>
</amf>

(e)

defdult (flat) triangle patch

triapgle curveduising vertex normals

triamgle curved using edge tangents

subdlitzision of a curved triangle patch into four curved subpatches

AMF file containing curved geometry

Figure 2 — Types of triangles used in a mesh

© ISO/ASTM International 2016 - All rights reserved
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<?xml version="1.0" encoding="UTF-8"2>
<amf unit="millimeter”>
<material id="1">
<metadata type="Name”>StiffMaterial</metadata>
</material>
<material id="2">
<metadata type=”Name”>FlexibleMaterial</metadata>
</material>
<material id="3">
<metadata type=”Name”>MediumMaterial</metadata>
<composite materialid="1">0.4</composite>
<composite materialid="2">0.6</composite>
</material>
<material id="4">
= did
<composite materialid="1">z</composite>
<composite materialid=72">10-z</composite>
</material>
<material id="5">
<metadata type=”Name”>Checkerboard</metadata>
<composite materialid="1">
floor (mod(x+y+z,1))+0.5) </composite>
<composite materialid="2">
1-floor(mod(x+y+z,1))+0.5) </composite>
</material>

<object id="0">

<mesh>
<vertices>
</vertices>
<volume materialid="1">
</volume>
<volume materialid="2">
</volume>

</mesh>

</object>
</amf>

NOTE The figure shows an AMF file containing fivesmaterials. Material 3 is a 40/60 % homogeneoug mixture
df the first two materials. Material 4 is a vertically graded material and Material 5 has a periodic checkerboard
qubstructure.

Figure 3 — Homogeneous and composite materials

7.2 Mixed and graded materials and substructures

[.2.1 New materials cdnjbe defined as compositions of other materials. The element <compodite> is
ysed to specify the proportions of the composition as a constant or a formula dependent of the |, y and z
doordinates. A constant mixing proportion will lead to a homogeneous material. A coordinate dependent
domposition canlead to a graded material. More complex coordinate-dependent proportions can lead to
nonlinear material gradients as well as periodic and non-periodic substructure. The proportion [formula
dan also refer-to a texture map using the tex (textureid, x, vy, z) function (see A.1).

7.2.2 -Any number of materials may be used within a composite.

-2.3— ATy Tiegative material proportion vatue stiall be Imterpreted as a Zero proportor. Material
proportions shall be normalized to a sum of 1.0 to determine actual ratios.

7.3 Porous materials

7.3.1 Reference tomaterialid “0” (void) may be used to specify porous structures. The proportion
of void shall be either 0 or 1. Any fractional shall be interpreted as 1 (that is, any fractional void shall be
treated as 0 or fully void).

7.3.2 Although the <composite> element could theoretically be used to describe the complete
geometry of an object as a single function or texture with reference to void, producers shall not do

© ISO/ASTM International 2016 - All rights reserved 9
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this (see B.2.5 and B.2.6). The intended use of the <composite> element with reference to void is to
describe cellular mesostructures.

7.4 Stochastic materials

Reference to the rand (x, y, z) function may be used to specify pseudo-random materials. For example,
a composite material could combine two base materials in random proportions in which the exact
proportion might depend on the coordinates in various ways. The rand (x, y, z) function produces a

random

floating point scalar in the range [0,1] that is persistent across function calls (see A.4).

8 Col

81 G

8.1.1

values i
may be
may be
element]
element]

(see Fig]
8.1.2

8.1.3
materia
overridd

our specification

bneral

Colours may be introduced using the <colour> element by specifying the RGBA {transparencyj
h a specified colour space. By default, the colour space shall be sSRGBI2] but alternative profiles
specified using the metadata tag in the root <amf> element (see A.1). They<colour> elemenit
a child of the <material> element to associate a colour with a material, the <object
to colour an entire object, the <volume> element to colour an entire.volume, the <triangle
to colour a triangle or the <vertex> element to associate a colour with a particular vertex
ire 4).

[f no colour is specified, the default colour is white.

==

Dbject colour overrides material colour specification;a volume colour overrides an object an
colours; vertex colours override volume, object~and material colours; and triangle colourin
s vertex, object and material colours.

T

P

10
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<?xml version="1.0" encoding="UTF-8"?>
<amf unit="millimeter">

<material id="1">
<metadata type="Name">StiffMaterial</metadata>
<color>
<r>0</r>
<g>z</g>
<b>1-z</b>
</color>
</material>

<texture id="1" width="10" height="26" type="grayscale">
TWFuIGlzIGRpc3RpbmdlaXNoZWQsIG5vdCB
vbmx5IGJ5IGhpcyByZWFzb24sIGJ1dCBieS
B0aG1zIHNpbmdlbGFyIHBhc3Npb24gZnJvb

SBVAGHICIBIDMICINRZLCBSaG L aCBpCy BT
</texture>

<object id="0">
<mesh>
<vertices>

</vertices>
<volume materialid="1">
<color>
<r>0.9</r>
<g>0.9</g>
<b>0.2</b>
<a>0.8</a>
</color>

<triangle>
<vl>0</vl>
<v2>1</v2>
<v3>3</v3>
<texmap rtexid="1" gtexid="2" bte}3§3"3">
<utexl>0.l</utexl>
<utex2>0.21</utex2>
<utex3>0.15</utex3>
<vtexl>0.65</vtexl>
<vtex2>0.72</vtex2>
<vtex3>0.91<lvtex3>
</texmap>
</triangle>
</volume>
</mesh>
</object>
</amf >

NOTE A solid colour may be associated witha'material, a volume or a vertex. A vertex may also be ag
with a coordinate in a colour texture file.

Figure 4 — Colour specification

8.2 Colour gradations and texture mapping

8.2.1 A colour may.also be specified by referring to a formula that might use a variety of fu
including a texture-niap function.

.2.2  When'referring to a formula, the <colour> element may specify a colour that dep

sociated

nctions,

ends on

e coordinates such as a colour gradation. Any mathematical expression that combines the fiinctions

escribed in A.2 may be used. For example, use of the rand function would allow for pseudaq
olour'patterns. The tex function would allow the colour to depend on a texture map or image. T¢

random
specify

fall-colour graphic, typically three textures would be needed, one for each colour channel. To

create a

monochrome graphic, one texture is typically sufficient.

8.2.3 When the vertices of a single triangle have different colours, the interior colour of the

triangle

shall be linearly interpolated between those colours, unless a triangle colour has been explicitly specified
(because a triangle colour takes precedence over a vertex colour). If all three vertices of a triangle contain

a mapping to the same texture ID for any channel (r, g, b or a), the colour of this channel of the
shall be extracted from the texture map, overriding the triangle colour.

© ISO/ASTM International 2016 - All rights reserved
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8.3 Transparency

The transparency channel <a> determines alpha compositing for combining the specified foreground
colour with a background colour to create the appearance of partial transparency. A value of 0 specifies
zero transparency, that is, only the foreground colour is used. A value of 1 specifies full transparency,
that is, only the background colour is used. Intermediate values shall be linearly interpolated between
the background and foreground colours. Negative values are rounded to 0 and values greater than one
are truncated to 1. The background colour of a triangle shall be the vertex colour, then volume colour,
then object colour, then material colour in decreasing precedence. The background colour of a vertex

h l] b Fa N e lina logae oo hacotr oolon e b oo o ot oo loaae o0 do oo oo o daxnco Tl
sSha g—arC v OTaIIC— COToO T, ot OO C e T COTOOT,— CIICIT HraccTrar COTouTt 1ir actriastiTg proetCOcTC e Ie

backgrdqund colour of a volume shall be the object colour, then material colour in decreasing precedencs.
The background colour of an object shall be the material colour.

9 Texture specification

9.1 The <texture> element is used to associate a textureid with particular texture'data. The textur
map size shall be specified and both two-dimensional (2D) and three-dimensignal (3D) textures ar
supported. The data shall be represented as a series of grayscale values in the ranige10,255]. Each value i
stored ih one byte and encoded in Base64. The ordering of pixel data shall be(consistent with the textur
map reference coordinate.

U o7 (U (U

9.2 The producer shall ensure that the amount of data matches the/specified size of the texture. If th
amount]of data is excessive, the consumer shall truncate it. If the amount of data is too low, the consumef
shall append the data with 0 values as needed to meet the specified texture size.

W

9.3 Inforder to map a texture onto a triangle, the <tex@p> element may be used to define u, v an
(optionally) w coordinates for each vertex of this triangle. If the texture’s “tiled” property is “true”, an
u,v,w mgdppings outside of the [0,1] range shall be detetmined according to the coordinate modulo 1. If th
texture’s tiled property is not “true”, any mappings-that fall outside of the [0,1] range shall return zero.

W N ==

9.4 Té¢xtures shall be linearly interpolated-for each triangle. A triangle shall include only a singl
<texmdp> element. Overlapping textures shall be combined by the producer into a single texture befor
being mppped onto a mesh.

\"2Y

10 Constellations

10.1 Mpultiple objects may be arranged together using the <constellation> element (see Figure 5].
A constellation may speécify the position and orientation of objects to increase packing efficiency angl
describg large arrays of identical objects. The <instance> element specifies the displacement and
rotation| that an exisSting object shall be transformed to position it in the constellation. The displacemenit
and rotdtion shall’be defined relative to the original position and orientation of the object when it wap
originally definied. Rotation angles shall be specified in degrees and shall first apply rotations about the k
axis, thegnhe y axis and then the z axis.

10.2 A constellation may include another constellation, with multiple levels of hierarchy. However, cyclic
definitions of constellations shall not be used.

10.3 When multiple objects and constellations are defined in a single file, the position and relative
orientation of only the direct children objects and constellations of the <amf> element may be optimized
by the consuming software.

10.4 When interpreting orientation, the z axis shall be assumed to be the vertical axis, with the positive
direction pointing upwards and zero referring to the base surface. The x and y directions shall correspond
to the main build stage axes, consistent with the right-hand rule.

12 © ISO/ASTM International 2016 - All rights reserved
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<?xml version="1.0" encoding="UTF-8"?>
<amf unit="millimeter">
<object id="1">

</object>
<constellation id="2">
<instance objectid="1">
<deltay>5</deltay>
<rz>90</rz>
</instance>
<instance objectid="1">
<deltax>-10</deltay>
<deltay>10</deltay>
<rz>180</rz>
</instance>

</constellations>

</amf >

NOTE A constellation may assemble multiple objects together.

Figure 5 — Constellations

11 Metadata

'he <metadata> element may optionally be used to specify additional information about the
bjects, geometries and materials being defined (see Figuxe(6). For example, this information might
pecify a name, textual description, authorship, copyrightsinformation and special instructions. The
metadata> element may be included as a child of the'<amf> element to specify attributgs of the
gntire file or as a child element of objects, volumes and'materials to specify metadata local to that entity.
Reserved metadata types and their meaning are listed in A.1.

[0 W o M- |

<?xml version="1.0" @Qcoding="UTF-8"?>

<amf unit="millimetSwW' >
<metadata typ '\Wscription "sProduct 123</metadata>
<metadata typi&'author">John Smith</metadata>
<metadata e="cad">SolidX 2.2</metadata>
<metadat e="name">Part l</metadata>
<metadqri type="revision">1.3A</metadata>

<oPydY ObjectID="0">
’metadata type="name">Component l</metadata>

«/object>
%/amf >

NOTE Additional infotmation can be stored about the object using the metadata element.

Figure 6 — Metadata

(ustom metadata types should use a different namespace, for example:

<xamf:metadata type="myattribute”>mydata</xamf:metadata>

3 . T RPN L TN
& GUIIIPICSSIUIT dIIU UILINIouloIn

12.1 An AMF shall be stored either in plain text or be compressed. If compressed, the compression shall
be in a ZIP archive format[3] and can be done by a user or at write time by an application, using any one
of several open compression libraries, such as Reference [4].

12.2 Both the compressed and uncompressed version of the file shall have the AMF extension and
the consuming software shall determine whether or not the file is compressed and, if so, to perform
decompression during read. Any file that does not begin with an <?xm1> tag shall be interpreted as a
compressed xml file.
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12.3 Additionally, other files may be included in the ZIP archive, such as manifest files or electronic
signatures. However, only the AMF file with the same name as the archive file will be parsed. Absence of a
file with that name shall constitute an error.

13 Minimal implementation

13.1 A minimal implementation of an AMF producer shall be able to generate a compressed file with a
single object and no colour, material, texture, constellations or metadata. The single object will comprise
a mesh ¢ontaining only one volume.

1%

13.2 Aminimal implementation of an AMF consumer shall be able to parse a compressed file with ong
object apd ignore any colour, material, texture, constellations or metadata information.

14 © ISO/ASTM International 2016 - All rights reserved
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Annex A
(informative)

AMF XML schema implementation guide

11\.1 AMF elements

<dx2>, <dy2>,
<dz2>

Table A.1 lists the AMF elements.
Table A.1 — AMF elements
Parent Multiple
Element Attributes | elements Deéscription
element(s)
allowed?
No Root XML elément.
. The units to’be used may be “inch”, “millimetre,”
Unit « i DI »
<amf> metre’’))“foot” or “micron”.
version The\amf specification version of this file in the
format of X.XXX
] Yes An object definition.
<object> <amf> - . . - o
id A unique integer identifying this object.
<material> The colour to display the object in and to
<object> fabricate it in if supported.
<colour> <vol - N When conflicting colour specifications exist,
colour volume 0 precedence is given according to the orddr listed
<vertex> in the specification.
<triangle>
Red, green, blue and alpha (transparencyj
component of a colour in sRGB space, floating
<r>, <g>, . .
<colour> No point values ranging from 0 to 1. The valyes may
<b>, <a> o
be specified as constants or as a formula
depending on the coordinates.
<mesh> <object> No A 3D triangular mesh definition.
. The list of vertices to be used in defining
<vertices> <mesh> No . :
triangles in the mesh.
<vertex> <vertices> Yes A vertex to be referenced by triangles.
<coordinates> <vertex> No Specifies the 3D location of this vertex.
< . K y-or-zZ-coordinate respectivelrofavertex
A <coordinates> No EAA $eer 7
<z> position in space.
Specifies the 3D normal of the object surface at
<normal> <vertex> No .
this vertex.
<edge> <vertices> Yes Spec1ﬁesthe3[)tgngentofan(ﬂnectedge
between two vertices.
<dx1>, <dy1>, .
<dz1> The normalized x, y or z component
<edge> No (respectively) of the first or second edge

direction vector.

© ISO/ASTM International 2016 - All rights reserved
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Table A.1 (continued)

Element

Parent
element(s)

Attributes

Multiple
elements
allowed?

Description

<nx>, <ny>, <nz>

<normal>

No

The normalized x, y or z component
(respectively) of a surface normal at a vertex.

<volume>

<mesh>

Yes

Defines a volume from the established vertex list.

materialid

The ID of the material to apply to this volume.

<trigngle>

<volume>

Yes

Defines a 3D triangle from three vertices,
according to the right-hand rule (counter-
clockwise when looking from the outside).

<vl>| <v2>,
<y3>

<triangle>
<edge>

Index of the vertices defining the triangle or
edge.

<texture>

Yes

Specifies texture data to be used by a colour
or by a tex function in a formula. Contains a
sequence of Base64 encoded Vvalues specifying
values for pixels of a texture.

id

Assigns a unique texture ID for the new texture.

width

Width (horizontal size, x) of the texture,
in pixels.

height

Height (lateral size, y) of the texture, in pixels.

depth

Depth\(vertical size, z) of the texture, in pixels.

tiled

Defintes if a texture should be tiled. A value of
“true” implies tiling is enabled. Any other value
implies no tiling whereby any texture mapping
outside of the defined image shall return zero.

type

Encoding of the data in the texture. Currently
shall be “grayscale”. In grayscale mode, each
pixel is represented by one byte in the range
[0,255]. When the texture is referenced using
the tex function, these values are converted into
a single floating point number in the range [0,1]
(see A.2). Full-colour graphics might typically
require three textures, one for each of the colour
channels. A graphic involving transparency
might require a fourth channel.

<texmapl>

<triangle>

No

Maps the vertices of this triangle to (u,v,w)
coordinates of the specified textures. If
unspecified, the w coordinate shall be assumed
to be zero.

rtexid

The texture ID of the red channel.

gtexid

The texture ID of the green channel.

btexid

I'he texture ID of the blue channel.

atexid

The texture ID of the alpha channel.

<utext>,
<utex2>,
<utex3>

<texmap>

No

Description: u, vand w (optional) coordinates for
triangle vertices 1, 2 and 3.

<ytextl>,
<ytex2>,
<ytex3>

<wtextl>,
<wtex2>,

16
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Table A.1 (continued)

016(E)

Element

Parent
element(s)

Attributes

Multiple
elements
allowed?

Description

<wtex3>

<material>

<amf>

Yes

An available material for reference by volumes or

composites.

A unique material ID. Material ID “0” is reserved

id

to denote no material (void) or sacrificial
material.

<composite>

<material>

Yes

Blends existing materials. Value provideg
numeric constant or mathematical functi
coordinates x, y, z specifying the proporti
material of type materialid Af the value if
negative, it shall be treated as zero. The
proportions shall be nérmalized to add u
unless they are allzero, in which case no
material is specified (void). A materialid
of “0” shall bee treated as a reference to nd
material (void). The void material shall n
mixed. See'A.2 for a list of allowable
mathematical functions.

a
bn of
on of
b to 1,

yalue

bt be

materialid

Reference to an existing material. Refere}
not be recursive or cyclic.

hce shall

<constellation>

<amf>

Yes

A grouping of objects or constellations w
specific relative locations.

th

id

The Object ID of the new constellation be
defined.

ng

<instance>

<constellation>

Yes

An instance of an object or constellation {

o print.

objectid

A reference to the ID of the existing objec
constellation being instantiated. Recursiy
cyclic references shall not be used.

t or
ye or

<deltax>,
<deltay>,
<deltaz>

<instahce>

No

The distance of translation in the x, y or Z|
direction, respectively, in the referenced
coordinate system, to create an instance
object in the current constellation.

pbject’s
pf the

<rx>, <ry>,
<rz>

<instance>

No

The rotation, in degrees, to rotate the ref
object about its x, y and z axes, respective
create an instance of the object in the cuy
constellation. Rotations shall be executed
order of x first, then y, then z.

brenced
ly, to
rent

in

—

<metadata>

<amf>,
<object>,
<volume>,

Yes

Specify additional optional information albout an

entity
J

<material>,
<vertex>

© ISO/ASTM International 2016 - All rights reserved
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Table A.1 (continued)
Parent Multiple
Element Attributes | elements Description
element(s)
allowed?
type The type of the attribute. Values shall be one of

the following: “name”. The alphanumeric label of
the entity may be used by the interpreter when
interacting with the user.

“Tescription —=Adescription of the comtentof thyg
entity.

“url” - Alink to an external resource relating'to
the entity.

“author” - Specifies the name(s) of-the author(s)
of the entity.

“company” - Specifies the company generating
the entity.

“producer” - Specifies the name of the
originating softwareé and version.

“revision” - Specifies the revision of the entity.

“tolerance” £, Specifies the desired
manufactlining tolerance of the entity in
entity’s\unit system.

“valumie” - Specifies the total volume of the
entity, in the entity’s unit system, to be used for
verification (applies to object elements and
volume elements only).

“elasticmodulus” - Specifies the elastic modulus
of the entity, in SI units (material only).

“poissonratio” - Specifies the Poisson Ratio of
the material, in SI units (material only).

“colourprofile” - The ICC colour space used to
interpret the three colour channels <r>, <g> and
<b> . May be one of 9sRGB9, 9AdobeRGB9, 9Wide
Gamut-RGB9, 9CIERGB9Y, 9CIELAB9 or 9CIEXYZ9
(top level <aml> only).

A.2 Mathematicdl operations and functions
Table A2 lists the'mathematical operations and functions.

Formulde containing characters that are restricted in XML, such as “<” and “>”, shall be contained
within g €DATA clause (i.e. start with “<![CDATA]” and end with “]]>").

Table A.2 — Mathematical operations and functions

Precedence |Operator Description

1 0 Parentheses block
2 A Power

3 * Multiply

3 / Divide

a  Logical operators return a Boolean value of either 1 or 0 representing TRUE and FALSE, respectively. When processing
non-Boolean numbers as Boolean values, a zero value represents FALSE and a non-zero value represents TRUE.

18 © ISO/ASTM International 2016 - All rights reserved
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Table A.2 (continued)

Precedence |Operator Description
4 + Add
4 - Subtract
5 = Equala
5 <, <= Less than (or equal to)a
5 > >= Greater than (or equal to)d
b and Intersection (Logical AND)a
b or Union (Logical OR)a
b Xor Difference (Logical XOR)a
b 1 Negation (Logical NOT)a
b mod(a,b) Modulus, including fractional. Returns remainder after dividing|a by b.
b sin(x) Sine, radians
b cos(x) Cosine, radians
b tan(x) Tangent, radians
b asin(x) Arc sine, radians
b acos(x) Arc cosine, radians
b atan(x) Arc tangent, radians
) floor(x) Round down to nearest integer
b ceil(x) Round up to nearest integer
) sqrt(x) Square root
b In(x) Natural logarithm
b log10(x) Base-10logarithm
b exp(x) Natural exponent
b abs(x) Absolute value
b max(x,y) Maximum value
b min(x,y) Minimum value
b rand(x,y) Maps the 2D or 3D coordinate onto a real (fractional) pseudo-
random number uniformly distributed in the range [0,1]
(exclusive of 1). The number returned shall be persistent across
multiple calls (that is, the same number shall always be returned
for the same coordinate). If k = 1, a second (probably different)
number shall be returned for that coordinate. See sample implementa-
tion in A.4.
b tex(textureid,u,v,w) |Returns a floating point scalar value in the range [0,1] that interpolates
tex(textureid,u,v) the texture with the textureid at the coordinate (u,v,w) for 3D textures
" and (u,v) for 2D textures. if the texture is of type “grayscale”, the|range
[0,1] corresponds to the range [0,255] in the texture data. Whole coor-
dinate values shall refer to the centre of the texture map pixels with the
first pixel having an index of 1. If the values are fractional, linear inter-
polation shall be used. If the coordinates fall outside a non-tiled texture,
a zero value shall be returned. If the texture is 2D and a z coordinate is
specified, the z coordinate shall be ignored.

a  Logical operators return a Boolean value of either 1 or 0 representing TRUE and FALSE, respectively. When processing
non-Boolean numbers as Boolean values, a zero value represents FALSE and a non-zero value represents TRUE.
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A.3 Formulae for interpolating a curved triangular patch

A.3.1 Nonplanar triangular patches with specified surface normals or edge tangents shall be
interpolated from their three vertices and six tangent vectors and/or three surface normals using
interpolated second order Hermite curves, as described in A.3.2 to A.3.4.

A.3.2 For each of the three edges of the triangle [refer to Figure A.1(a)] follow the steps described in

A3.2.1toA3.2.6.
/\-’/ s \‘/@\

AVAVEY)
i)

N

(a) (b)

Key
(a) notdtion used for the subdivision of a curve
(b) triamgles are divided recursively to a depth of five

NOTE The figure shows an example of a spherical:surface represented with 320 triangles, each subdivided
into 16 spb-triangles by using the procedure described+in A.3 recursively.

Figure A.1 — Interpolating a curved triangle edge

A9

A.3.2.1| If the normal, ng, at point;\vg, is not specified explicitly using the <normal> element, comput
the normal, ng, by computing the,cross product between the two edge tangents meeting at that point.
For this| calculation, use the gdge tangents specified by the <edge> element, if available, from A.3.2.
executedl in a prior recursionor, if neither are available, use a straight line connecting the edge end pointg.

Al

The regulting normal, np, should be normalized to unit length and have its sign set so that it i
pointing outwards.

A.3.2.2| Repeat’A.3.2.1 for the normal, n;, at point, v;.

A.3.2.3 LIfthe tangent, tg, is not cppriﬁ'pd pvplir‘iﬂy in an <edge> element or a previous recursion,
compute the tangent vector, tg, such that it is perpendicular to the normal at ng and resides in the plane
defined by that normal and the vector connecting the two vertices, vg and v1. Formula (A.1) for tp can be
used. Given vg, ng and vq, define d = v1-vg:

ty = MM (A.1)
‘ ("0 xd)xno”

A.3.2.4 Repeat A.3.2.3 for the tangent, t1, at point, v1.
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A.3.2.5 Compute the centre point, vo1 = h(o.5), using second order Hermite curve interpolation, as
shown in Formula (A.2):

h(s):(253 —3s? +1) v0+(s3—2 s +s)t0 +(72 s3+3 52)v1 +(s3 fsz)tl (A.2)

A.3.2.6 Compute the centre tangent, to1 = t(0.5), using the derivative of the second order Hermite curve
interpolation, as shown in Formula (A.3):

L \ L \ L A L )

t(s):(6s‘—6S)V0+L3S‘—4S—|—1)t0+(—6S‘+6s)v1+(35‘—25)t1 (A.3)

A.3.3 Using the three new vertices and normals, split the triangle into four sub-triangles.

A.3.4 Repeat A.3.3 recursively for each triangle to a depth of five [refer to Figuré-A<1(b)].

A.4 Code for pseudo-random spatial map (PRSM)

The goal of the rand function is to allow for pseudo-random textures.to be used in material anf colour
definitions. The rand(x,y), rand(x,y,z) and rand(x,y,z,k) return a persistent random number as function
of a given coordinate. These functions map the 2D or 3D coordinate onto a real (fractional) pseudo-
landom number uniformly distributed in the range [0,1] (éXclusive of 1). The number returped will
be persistent across multiple calls (that is, the same number shall always be returned for the same
doordinate). If k = 1, a second (probably different) number may be returned for that coordinate| A third
probably different) number may be returned for that)coordinate with k = 2 and so on. A sanpple C++
implementation of rsm(x,y,z,k) is provided in Figure’A.2.
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