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DISCLAIMER

IES publications are developed through the consensus standards development process approved by the American
National Standards Institute. This process brings together volunteers representing varied viewpoints and interests to
achieve consensus on lighting recommendations. While the IES administers the process and establishes policies and
procedures to promote fairness in the development of consensus, it makes no guaranty or warranty as to the accuracy
or completeness of any information published herein.

The IES disclaims liability for any injury to persons or property or other damages of any nature whatsoever, whether
special, indirect, consequential or compensatory, directly or indirectly resulting from the publication, use of, or reliance
on this document.

In issuing and making this document available, the IES is not undertaking to render professional or other services for or on
behalf of any person or entity. Nor is the IES undertaking to perform any duty owed by any person or entity to someone
else. Anyone using this document should rely on his or her own independent judgment or, as appropriate, seek the
advice of a competent professional in determining the exercise of reasonable care in any given circumstances.

The IES has no power, nor does it undertake, to police or enforce compliance with the contents of this document.
Nor does the IES list, certify, test or inspect products, designs, or installations for compliance with this document. Any
certification or statement of compliance with the requirements of this document shall not be attributable to the IES and
is solely the responsibility of the certifier or maker of the statement.

AMERICAN NATIONAL STANDARD

Approval of an American National Standard requires verification by ANSI that the requirements for due process,
consensus, and other criteria have been met by the standards developer.

Consensus is established when, in the judgment of the ANSI Board of Standards Review, substantial agreement has been
reached by directly and materially affected interests. Substantial agreement means much more than a simple majority,
but not necessarily unanimity. Consensus requires that all views and objections be considered, and that a concerted
effort be made toward their resolution.

The use of American National Standards is completely voluntary; their existence does not in any respect preclude anyone,
whether that person has approved the standards or not, from manufacturing, marketing, purchasing, or using products,
processes, or procedures not conforming to the standards.

The American National Standards Institute does not develop standards and will in no circumstances give an interpretation
to any American National Standard. Moreover, no person shall have the right or authority to issue and interpretation of an
American National Standard in the name of the American National Standards Institute. Requests for interpretations should
be addressed to the secretariat or sponsor whose name appears on the title page of this standard.

CAUTION NOTICE: This American National Standard may be revised at any time. The procedures of the American National
Standards Institute require that action be taken to reaffirm, revise, or withdraw this standard no later than five years from

the date of approval. Purchasers of American National Standards may receive current information on all standards by
calling or writing the American National Standards Institute.
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Technical Memorandum: Ray File Format for Description of the Emission Properties of Light Sources

1.1 Introduction

In the past few decades, the optical design of illumination systems (non-imaging optics) has benefited greatly from
the advances in computer hardware and software. Many commercially available ray-tracing optical design and
simulation software programs have been developed to support a wide variety of optical design tasks. All of these
software packages can use ray files as source models. Ray files are typically generated by light source manufacturers
using either an optical simulation or physical measurements using near field goniometers. These ray files are then
put in a specific format for each optical design program, which allows optical engineers to integrate the light source
characteristics into their optical system design simulations. Ray files describe light sources by a large number of rays
with individual start location, direction, flux, and optional spectral and/or polarization data.

Ray files are mainly intended for optical engineers, who are designing optical systems using light sources. Ray files
are a characterization of the near field characteristics of a light source. Users may also be familiar with files formatted
according to ANSI/IES LM-63-19, IES Standard File Format for the Electronic Transfer of Photometric Data and Related
Information. These are typically called “IES files” and are far-field characterizations of a lamp or luminaire. IES files are
used by lighting engineers and designers to calculate predicted light levels. Although these far-field files are useful
for calculating lighting application layouts, they are not adequate when designing optics placed in close proximity to
the light source.

One complication in providing ray files for light source characterization is that each ray file can be very large,
containing millions of rays and using more than 250 MB of data per file. Currently, a manufacturer needs to provide
ray files for all of its light sources, in up to 16 unique file formats since none of the commercially available ray tracing
software uses the same file format. This situation leads to a large amount of data that has to be created, managed,

stored, and distributed to ray file users.

Because all ray files store essentially the same data, the industry has come together to create a single standard ray file
format that all light source manufacturers can distribute and all optical design software can use for simulations. The
format has been created by a group that includes LED manufacturers, optical simulation software vendors, near-field
goniometer vendors, and academia. The new format is meant to allow simple conversion of all existing ray files into
the new format, and it will be generally backward compatible in future revisions.

This document defines the IES standardized ray file format to describe the emission properties of light sources that

can be used in all commercially available design, analysis, and metrology software.

(Note: IES TM-25-13 Addendum A has been incorporated into this document. Refer to Section 3.21 for information on

the polarization ellipse definition that was added via the Addendum.)

1.2 Scope
This document provides recommendations for a standard ray file format to describe the emission properties of light
sources. The ray file format contains information necessary to interface between ray tracing or other optical design,

simulation, analysis and metrology software used in lighting applications. DOCU ments
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2.1 ANSI/IES LS-1-20
Nomenclature and Definitions for llluminating Engineering. New York: IES; 2020. Online: www.ies.org/standards/
definitions/. (Accessed 2019 Mar 22).

2.2S0O 8601
Date and Time Format, Parts 1 and 2. Geneva: International Organization for Standardization, 2019.

2.3 IEEE 754-2008
IEEE Standard for Floating-Point Arithmetic. New Jersey: Institute of Electrical and Electronics Engineers; 2008.

2.4 The Unicode Standard
The Unicode Standard. Mountain View, Calif.: The Unicode Consortium.

2.5 The International System of Units (SI)
The International System of Units (Sl), 8th ed. Paris: International Bureau of Weights and Measures (BIPM); 2006.

2.6 ISO/IEC 8859-1:1998
Information Technology — 8-bit single-byte coded graphic character sets — Part 1: Latin alphabet No. 1. Geneva:
International Organization for Standardization, 1998.

3.1 ASCll
An encoding scheme for Latin characters, according to ISO/IEC 8859-1 (see Section 2). For the purpose of this
standard, only the character 0 and characters from 32 up to and including 126, in decimal form, shall be used.

3.2 binary

An encoding of information into certain data types in files creating a sequence of items that can be used immediately
as data by computer processors without further conversion; the sequence of binary items is, in general, not a sequence
of encoded human-readable characters.

3.3 binary32
A certain binary floating-point encoding format defined in IEEE 754 (see Section 2), using four bytes of memory per
floating-point number. The binary32 format is commonly used by C and C++ compilers to implement the “float” data

type.

3.4 byte
A unit of digital information, consisting of 8 bits.

3.5 denormalized real
As defined in IEEE 754 (see Section 2): a number whose absolute value is nonzero but smaller than 1.18 x 10738, and
thus too small to be encoded within the IEEE 754 binary32 floating-point format at full mantissa resow'efcu ments
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Technical Memorandum: Ray File Format for Description of the Emission Properties of Light Sources

3.6 direction cosine

Ray directions within the scope of this Standard shall be given as unit vectors in a three-dimensional Cartesian
coordinate system (a unit vector is normalized to have a 2-norm, or Euclidean length, of 1). Each coordinate value
of a unit vector is mathematically equal to the cosine of the angle between the vector and the corresponding axis.
Therefore, the ray direction coordinates are often called direction cosines.

3.7 fatal error
When any data in an IES TM-25 ray file shows a condition denoted “fatal error” within this Standard, then the ray file
shall be considered invalid.

3.8 light source
For the purpose of this Standard: Any object producing optical radiation (electromagnetic radiation with wavelengths
between approximately 100 nm and T mm), whether human-made or natural.

3.9 Little Endian
The ordering of individual bytes within larger data items, e.g., binary32 floating point numbers; the least significant
byte is stored first.

3.10 lumen
The Sl unit of luminous flux.

3.11 luminous flux, ®,
As defined in ANSI/IES LS 1-20 (see Section 2): radiant flux; the time-rate flow of radiant energy, evaluated in terms
of a visual response:

¢ = K [Ppes V(D) dA

3.12 NaN (quiet NaN, signaling NaN)

In computing: a numeric data type value representing an undefined or un-representable value, especially in floating-
point calculations, per IEEE 754 (see Section 2). If a = 1, it is a quiet NaN; if « is zero and the payload is nonzero, then
it is a signaling NaN. (Note: NaN stands for not a number.)

3.13 normalized real
As defined in IEEE 754 (see Section 2): a number whose absolute value is in the range between 1.18 X 1073% and 3.4 x
108, and therefore encodable within the four-byte binary32 format at full mantissa resolution.

3.14 parser
A computer program capable of syntactic analysis of a structured data file, such as a ray file.

3.15 radiant flux
As defined in ANSI/IES LS-1-20: the time rate of flow of radiant energy, expressed preferably in watts.

3.16 ray
An idealized narrow beam of light, with negligible spatial and angular extent. Mathematically, a ray is described as a
straight half-line, unambiguously given by its ray start position and its ray direction. DOCU ments
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3.17 ray direction
A unit vector in three-dimensional Euclidean space.

3.18 ray start position
A point in three-dimensional Euclidean space.

3.19 ray file
A block of information about light sources, stored in and available from durable storage (e.g., a hard disk).

3.20 signaling NaN
(See Section 3.12 NaN.)

3.21 Stokes parameters

Four certain numbers, SO, S1, S2, and S3 are used to describe the polarization state of electromagnetic radiation along a
ray, as defined in standard textbooks on electromagnetic radiation. They form a four-dimensional vector (S0, S1, S2, S3),
called the Stokes vector. SO is defined as the total radiant flux; S1 and S2 describe the amount and orientation of linear
polarization; and S3 describes the amount and orientation of circular polarization. For unpolarized light, $1=52=53=0,
and for fully polarized light (S1)* + (S2)* + (S3)* = (S0)>. Within this standard, the values of S1, S2, and S3 are normalized by
division by SO, such that 0 < (S1)* + (S2)* + (S3)* < 1, and (S1)* + (S2)* + (S3)* is equal to the polarization fraction.

A polarized ray requires a geometrical reference frame for the polarization ellipse described by the 4element Stokes
vector. Another unit vector, orthogonal to the ray direction unit vector, is required to provide the frame of reference,
which is a right-handed coordinate system. The unit vector that is recommended is one that points in the direction
of the major axis of the polarization ellipse described by the Stokes vector. This vector is used because it has physical
significance. Table 4-2 includes this information, which is described in Sections 4.8.1.13 through 4.8.1.19 tristimulus
values of a light, X, Y, Z.

As defined in ANSI/IES LS-1-20: the amounts of each of three specific primaries required to match the color of the light.
The actual values are obtained by integration of spectral radiant flux using the three color matching functions defined
by the International Commission on lllumination (CIE).

4.1 File Type and Extension
The file type shall be binary, and shall be written as Little Endian. A discussion of the file type selection is included in
Annex A.

In order to provide brand recognition for IES TM-25-13 ray files, as well as avoid confusion with legacy ray files, the file
extension of “tm25ray” shall be used for all IES TM-25-13-compatible ray files.

4.2 Overall File Structure
The binary file has been structured into two major sections with several sub-section blocks as shown in Table 4-1.
The goal is to separate the header information from the ray data to simplify reading of the file and make backward

and future compatibility simpler. DOCU ments
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Table 4-1. Overall File Structure

Section Present Size

Header Section Always Variable
File Header Always 256 bytes
Known Data Flags Always 32 bytes
Description Header Always 36,000 bytes
Spectral Tables Not Always Variable
Additional Ray Data Column Labels | Not Always Variable
Additional Text Not Always Variable

Ray Data Section Always Variable
Ray Data Lines Always Variable

4.3 Ray Ordering and Sampling

Although anyone generating a ray file may choose to write the rays in a particular order (e.g., sorted by position or
direction cosines), there are no specific requirements for the order in which rays appear in the file. As a result, users
need to proceed with caution when attempting to reconstruct the source distribution by reading only parts of the
file, as doing so could lead to erroneous results (e.g., inadequate sampling of the spatial and/or angular distribution
of the source). It is recommended that all of the rays in the file are read in by the user when reconstructing the source
distribution rather than sampling only parts of the file.

4.4 Units in File
The file units shall be millimeters (mm) for dimension and position values, nanometers (nm) for wavelength, watts (W)

for radiant flux values, and lumens (Im) for luminous flux values.

4.5 Data Types in File
The file uses the data types identified in Sections 4.5.1 through 4.5.5.

4.5.1 ASCII. An ASCII string within the standard ASCII character set. In IES TM-25-13 ray files, ASCII strings appear only
in blocks of known size. To express strings shorter than the block size, all unused characters shall be set to ASCII null
(a byte with all bits set to zero). A string beginning with the ASCII null character is an empty string.

4.5.2 Int. A 4-byte signed integer of a range -2,147,483,648 to 2,147,483,647. Generally, all integers in the file shall be
positive (refer to each field for specific conditions).

4.5.3 Float. A 4-byte binary32 number based on IEEE 754 (see Section 2). Generally, valid floats shall be positive and
negative normalized reals, zero, and signaling NaNs. Other values (i.e., denormalized, infinity, and quiet NaNs) make
the file invalid. Signaling NaNs shall be used to denote “missing” or “not provided.”

4.5.4 String. A UTF-32 text string based on Unicode. In IES-TM-25-13 ray files, strings appear only in blocks of known
size. To express strings shorter than the block size, all unused characters shall be set to null (\u0000, a sequence of four
bytes with all bits set to zero). A string beginning with the null (\u0000) character is an empty string.

4.5.5 Unsigned Long Int. An 8-byte long or big integer of a range from 0 to 18'446'744'073'709'551'ﬁocu ments
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