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INTERNATIONAL

Standard Practice for

Goniophotometry of Objects and Materials 1

This standard is issued under the fixed designation E 167; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilonej indicates an editorial change since the last revision or reapproval.

This standard has been approved for use by agencies of the Department of Defense.

1. Scope 3.3 For other appearance terms and definitions see Termi-

1.1 Goniophotometry is a general procedure for evaluating0logy E 284.
the manner in which an object or a material geometrically4

distributes the unabsorbed portion of incident light, whether by~ S|gn|f|c§nce.anq U§e . ) .
reflection or by transmission. 4.1 Spatial distribution of reflected or transmitted light is a

1.2 The two former, essentially identical, Practices forPhysical property that can be used, in addition to shape and
Goniophotometry, E 166 for transmitted light and E 167 forCIOr, to characterize the appearance of an object or material.
reflected light, are now combined in this one practice. 4.2 Distribution of light by nearly uniform scattering in all

1.3 This standard does not purport to address all of thedirections, either by reflection or transmission, is termed
safety concerns, if any, associated with its use. It is théj!ffus[on. Distribution b)_/ reflectlon,. mostly in and near the
responsibility of the user of this standard to establish appro_dlrectlon of specular (mirror) reflection, correlates with gloss.

priate safety and health practices and determine the applicalistribution by reflection, mostly in and near the direction of
bility of regulatory limitations prior to use. the light source, is associated with retroreflection. Distribution

by transmission, in a continuation of the direction of incidence,

2. Referenced Documents is termed regular transmission. As most objects and materials
2.1 ASTM Standards: display varying combinations of these modes, and as the final
E 284 Terminology of Appearante visual effect _is depe_ndent upon this_ combination,_ goniopho-
E 308 Practice for Computing the Colors of Objects bytometry provides an important technique for studying appear-

Using the CIE Systef ance.

E 1767 Practice for Specifying the Geometry of Observa- 4.3 Goniophotometric data may also be used in studying
tions and Measurements to Characterize the Appearance gurface structure, rates of degradation, and suspended solids. It

Material2 may _alsc_> be used_ as a guide to choosing specific directions of
illumination and view, to be used for more routine evaluation
3. Terminology of objects or materials of a specific type.

3.1 Definitions:
3.2 Definitions of Terms Specific to This Standard: ] ] ]
3.2.1 directional reflectance factor, Rn—the ratio of the 5.1 Geome_tnc Componentesee Fig. 1 a_nd Fig. 2_):
flux reflected from a specimen in a specified solid angle to the 5-1.1 Specimen Mountindocated at the intersection of the
flux reflected from the perfect reflecting diffuser under the@xes of the source arm and the receptor arm. In the reflection
same geometric and spectral conditions of measurement. Mode, the intersection should lie on the specimen surface; in
3.2.2 directional transmittance factor,jJn—the ratio of the ~ the transmission mode it may lie within the specimen or at
flux transmitted by a specimen in a specified solid angle to th€ither face of the specimen, but the location should be

flux transmitted under the same geometric and spectral condfPecified. _ o
tions of measurement but in the absence of the specimen.  5-1.2 Source Arm-A light source and lens for projecting an
incident beam of light rays onto the specimen within a narrow
cone about the central angle of incidenice,
1 This recommended practice is under the jurisdiction of ASTM Committee E-12 513 Receptor Arm-An optlcal_syste_m and detector for
on Appearance and is the direct responsibility of Subcommittee E12.03 of€Ceiving rays that leave the specimen in a narrow cone about
Geometry. the central angle of view.
Current edition approved Nov. 10, 1996. Published February 1997. Originally _ AL ; _
published as E 167-60 T. Last previous edition E 167 —91. Combined with 5']."4 Pa_lrallel and Converglng Ra.y .nght Beam
E 166 — 63 (1970). Configurations—The parallel-ray configuration is shown in

2 Annual Book of ASTM Standardgol 06.01. Fig. 1. This configuration has lenses in both source and

5. Apparatus

Copyright © ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959, United States.
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FIG. 1 Components of a Parallel-Beam Goniophotometer in Transmission Configuration
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FIG. 2 Components of a Converging-Beam Goniophotometer in Reflection Configuration

receptor beams to render light rays, respectively, incident upon, Note 3—Most goniophotometric measurements are confined to a plane
and received from the specimen as nearly parallel as pOSSibI@.at is perpendicular to the specimen plane, hence are termed monoplane.

Note that one of the lenses (the receptor lens in Fig. 1) must BRE B8R mees B 2 B0 S8 T o the source or
larger than the other to avoid vignetting. The ConVergmg_raythe receptor arm may be constructed to permit movement about an axis

configuration has only one lens, which, in the example showRependicular to the specimen plane, as required.
in Fig. 2, is in the source arm. The principal rays of the
converging beam design, shown in Fig. 2, are not parallel t

each other as they strike and then leave the specimen. Ho ’g\nd receptor field angless, and w,, should be variable to

ever, this design is less susceptible to vignetting, require . : . . )
g P 9 g, req z?ccommodate different types of specimens involving different

centering of only one, not two, lens systems, and offers highe t brobl Th fiold | lid | d
angular resolution than the parallel beam design. For one easurement problems. These hield angles are Solid angles an
>;_nay have either pyramidal or conical shapes.

more of these reasons, it is widely used for goniophotometr

5.1.5 Source Aperture Stop,, should be variable to adjust
1e size of the specimen illuminated for measurement. Source

) Note 4—For a more detailed analysis of the geometry of light beams,
Note 1—Two of the foregoing three components must be free to rotate S . ) 3
. . ; . ) consult references on optical instrument design and Practice E®1767.
about the intersection of their axes in the specimen plane, so that thé i )
angles of the incident and viewing beamsand v, respectively, are 5.1.6 When specimens are translucent, the viewed area on
variable at will. These angles are measured between the axis and thhe specimen from the receptor should always be larger than

perpendicular to the illuminated specimen plane at the point of interseche jlluminated area to minimize the edge |4ss.
tion. By convention, in retroreflection studies, incidence angles are

designated as negative if both receptor and source arms are in the same
quadrant and angleis larger than anglé

Note 2—Although Fig. 1 illustrates a parallel-beam configuration used 3 Smith, W. J.,Modern Optical EngineeringMcGraw-Hill, New York, 1966.
in a transmission goniophotometer, and Fig. 2 shows a converging-beam 4 «The Translucent Blurring Effect—Method of Evaluation and Estimation,”
configuration used in a reflection goniophotometer, either configuratiomnniSTS Technical Note 594-1Rlational Institute of Standards and Technology,
can be used for either purpose. October 1976.
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5.2 Spectral Conditions-Unless otherwise indicated, the 7.2.1 If the specimens are strong diffusers, calibrate in terms
spectral emittance of the source should correspond to CIBf 45/0 or 0/45 bidirectional reflectance factor. This is done as
llluminant C. The spectral response of the receptor shall be thdbllows: Use a calibrated 45°, 0° standard and iset45°,
of the CIE luminous efficiency function for photopic vision (y v = 0° (or the converse if more convenient). Adjust the meter or
in Practice E 308). chart for convenience to make the numerical indication equal

5.3 Measurement MechanismThe receptor-measurement to the assigned value of the standard times an integral power of
mechanism shall be linear to within2 % of full scale or to  10.
within =10 % of the magnitude of a reading, whichever is the 7.2.2 For specular reflection or transmission measurement,
smaller. Repeatability shall be within one half of the linearity calibrate in terms of fractional reflectance, that is the ratio of

limits. the flux reflected from, to that incident on, a specimen for
specified solid angles. Allow the incident beam to fall on the
6. Choice Between Variation of Incidence and Viewing receptor and adjust the readout to provide an indication near
Angles maximum. For calibration at lower values, use a polished black

6.1 The amount of light accepted for measurement is glass standard for which the gloss reflectance factor has been

function of the angle of incidence and the angle of viewing, a£emputed forih_e angle of incidence to be used, or is otherwise
well as the sizes of source and receptor apertures. Measur@0Wn. Setv=i and adjust the instrument to indicate the
ment as a function of direction may be made by varying the&known gloss reflectance factor of the standard times an integral
angle of incidencei, or the angle of viewingy. power of 10. _ _

6.1.1 When measurements are made by variifay a fixed 7.3 Measurement-Insert the test specimen (marked with an
value ofv, the light falling on the photoreceptor is proportional oW showing the direction of illumination) in accordance
to the directional reflectance or transmittance factors express&ith & prearranged plan. Take data in the manner prescribed for
in terms of the perfect reflecting diffuser. the instrument.

6.1.2 When information is desired on the change of light as Nore 6—Where specimens are translucent, instruments will give low
a function of the angle of view, or where specimens are sucheadings when light, striking the specimen near the edges of the specimen
that the amount of light reflected or transmitted in differentwindow, travels within the specimen and is trapped.

directions may vary with the illuminated specimen area, the 7.3.1 For nonrecording instruments, take readings at angular

viewing angle,v, should be varied. intervals sufficiently small to ensure adequate rendition of the
goniophotometric curve. In and near the direction of specular
7. Procedure reflection, or direction of greatest transmission, readings

7.1 Selection of Angular Conditions of Measuremeiithe  should be taken at no greater than 1° intervals, elsewhere at no
materials being investigated and the information that is desiregreater than 5° intervals. Make at least one repeat setting for
will influence selection of the angular conditions of measure-each individual specimen at each angle, preferably in reverse

ment. In general, the following shall prevail: order. o '
7.1.1 Select the fixed directions to be used for the materials 7.3.2 For recording instruments, to assure that the recording
being investigated. pen does not lag behind rapid changes in light flux, reduce the

7.1.2 Select the aperature field angles sufficiently narrowangular scanning rate (change in angle per unit time) in the
that the narrowest concentration of light flux by the specimengicinity of flux concentration. Make at least one repeat curve
can be faithfully differentiated, yet, at the same time, providefor each specimen.
adequate detector signal. 7.3.3 To eliminate the effect of steady instrumental drift,

take repetitions in reverse order. Repeat calibration with the

Nore 5—The resolution of the human eye (the angular separation oo o ot least every 5 min and at the end of each series of
two points discerned as separate, as measured at the eye) is approximate

0.01°. The corresponding angular resolution of the goniophotometep servations.
optical diagrams in Fig. 1 and Fig. 2 approximai , whichever is .
|a2ger_ g 9 9 PP s oy 8. Calculation
8.1 Calculate the average reading for each specimen at each
anglev. Calculate the average reading for the standard at angle
v=0 deg. Calculate the directional or fractional reflectance

factor for each anglé and v from the perpendicular, as

7.1.3 Provide a receptor aperature angjsomewhat larger
than the source aperature angie

7.1.4 When the angle of incidendg|s to be varied, make
aperture stopS, so narrow that the incident beam does not .
exceed the specimen width at the largest angle of incidence f¢fauired. as follows:

which measurement is desired. I SR
., L L Direct | reflect; factoRy = —=— 1
7.1.5 When measurement conditions require illumination of rectional reflectance factoR, Scosv @
a large area of sample and a variable angle of viewinmake , SR
the viewing aperture stop so narrow that the viewed area is Fractional reflectanc&; = = )

uniformly illuminated at the largest angle of viewing for which
measurement is desired.

7.2 Calibration—The method chosen for calibration by
means of ASTM standards is determined by the character of the
materials to be measured.

where:

cosv = correction factor for the change in viewed area with
change in angle of viewing v, when the viewed area
is larger than the illuminated area,
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S, = reading for the specimen, 9.1.3 Fixed angle of illumination or viewing, size and
R, = assigned reflectance factor of the standard forshapes of the aperature solid angles of incidence and viewing,
perpendicular viewing, and w; andw,,.
S = reflectance reading for the standard, also for per- 9.1.4 Spectral radiance distribution of source when different
pendicular viewing. from CIE llluminant C and spectral response of receptor when
8.1.1 For transmission, use analogous scales and terminadifferent from the CIE luminous efficiency function for photo-
ogy as follows: pic vision.
N _ m (S \1 9.1.5 Standard used and values assigned.
Directional transmittance factdfy = - (cos v) 5 @) 9.2 In any table of goniophotometric results, report for each
Fractional transmittancd; = S/S, (4  specimen and for each geometric condition, the calculated
reflectance or transmittance factors. Indicate whether diffuse or
where: o ) fractional basis is reported.
w, = fixed angle of viewing (steradians), 9.3 For reflecting specimens, plot as goniophotometric
S, = reading for the specimen, and curves, either reflectance factor or fractional reflectance as
S, = reading for the source directly. f : s : ; :
unctions of variable or v. Indicate which reflectance scale is

9. Report used. Polar logarithmic scales, as shown in Fig. 3, are
convenient for this purpose. For transmitting specimens, use

9.1 For each goniophotometric curve or table of goniopho .
analogous scales and terminology.

tometric data, the report shall include the following:
9.1.1 Instrument used.

9.1.2 Specimen, its preparation, mounting, and illuminated-0- Keywords
area. (Indicate area for= 0 deg, when variableis used.) 10.1 goniophotometry; reflection; transmission
o
30° 30°
45° -45°
60° -60°
75° -75°
10.0 1.0 [oX] Q. 1.0 t0.0
Specimen

FIG. 3 Goniophotometric Reflection Curves of Several Materials (Angle of Incidence = 45°)
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ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).



