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QHny) Designation: E 809 — 94a (Reapproved 2000)

Standard Practice for

Measuring Photometric Characteristics of Retroreflectors 1

This standard is issued under the fixed designation E 809; 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.

1. Scope Ru =R/l

1.1 This practice describes the general procedures for in- 3.2.2 coefficient of luminous intensity, Rn—of a retrore-
strumental measurement of the photometric characteristics dlector, ratio of the luminous intensity)(of the retroreflector in
retroreflective materials and retroreflective devices. the direction of observation to the illuminanceE () at the

1.2 This practice is a comprehensive guide to the photomretroreflector on a plane perpendicular to the direction of the
etry of retroreflectors but does not include geometric terms thancident light, expressed in candelas per lux (cd-QoR, = (I/
are described in Practice E 808. E)).

1.3 This practice describes the parameters that are required3.2.2.1 Discussior—Also called “coefficient of (retrore-
when stating photometric measurements in specific tests arfected) luminous intensity.” Recommended for determining
specifications for retroreflectors. the performance of retroreflectors such as button reflectors,

1.4 This standard does not purport to address all of thedelineators, or automotive reflectors, since it depends on a unit
safety concerns, if any, associated with its use. It is thalevice and the area is not required. CIE uses the syRliof
responsibility of the user of this standard to establish appro-this quantity.
priate safety and health practices and determine the applica- 3.2.3 coefficient of retroreflected luminance, Rr+—ratio of

bility of regulatory limitations prior to use. the luminancel., of a projected surface to the normal illumi-
nance,E , at the surface on a plane normal to the incident
2. Referenced Documents light, expressed in candelas per square metre per lux
2.1 ASTM Standards: (cd-mi2Ix7h.
E 284 Terminology of Appearante R, = (LE,)

E 308 Practice for Computing the Colors of Objects by

Using the CIE Systefn 3.2.4 coefficient of (retroreflected) luminous flux, R—the

E 808 Practice for Describing Retroreflection ratio of the flux per unit solid anglé'/Q)" coming from the

22 CIE Documents: retroreflector measured at the observation point to the total flux
CIE Publication No. 54—Retroreflection—Definition and (®) incident on the effective retroreflective surface, expressed
in candelas per lumen (cd-TM).

Measuremerit
CIE Publication No. 17.4—International Lighting Vocabu- Ry = (®'/1Q)/® = 1/® = R,/cosp
lary® 3.2.4.1 Discussior—The units for this photometric quantity,

3. Terminology candelas per I_umen, are sometimes abbreviated as CPL.
' o ) ] ~3.2.5 coefficient of retroreflection, R, n—of a plane ret-
3.1 Terms and definitions in Terminology E 284 are appli-roreflecting surface, the ratio of the coefficient of luminous
cable to this practice. In general, the terminology in thisintensity )) of a plane retroreflecting surface to its arég (
3.2 Definitions:
3.2.1 coefficient of line retroreflection, R, of a retroreflect- Ra = (R/A)
ing stripe n—the ratio of the coefficient of luminous intensity ~ 3.2.5.1 Discussior-The equivalent inch-pound units for
( R) of a retroreflecting stripe to its length)(expressed in coefficient of retroreflection are candelas per foot candle per
candelas per lux per metre (cdbm™). square foot. The Sl and inch-pound units are numerically
equal. An equivalent term used for coefficient of retroreflection
_ is specific intensity per unit area, with symbol SIA or the CIE
1 This practice is under the jurisdiction of ASTM Committee E12 on Color and symbo| R'. The term coefficient of retroreflection and the

Appearance and is the direct responsibility of Subcommittee E12.10 on Retrores-ymbo| RA along with the SI units of candelas per lux per
flection.

Current edition approved April 15, 1994. Published June 1994. Originallysquare meter are recommended by ASTM.

published as E 809 — 81. Last previous edition E 809 — 94. 3.2.6 datum markn—in retroreflection an indication on the
2 Annual Book of ASTM Standardgol 06.01.
3 Available from USNC/CIE Publications Office; TLA Lighting Consultants,

Inc., 77 Pond St., Salem, MA 01970.
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retroreflector that is used to define the orientation of thenear its exposed surface (for example, retroreflective sheeting,
retroreflector with respect to rotation about the retroreflectobeaded paint, highway sign surfaces, or pavement striping).

axis. 3.2.19 retroreflective sheetingr—a retroreflective material
3.2.6.1 Discussior—The datum mark must not lie on the preassembled as a thin film ready for use.

retroreflector axis. 3.2.20 retroreflector n—a reflecting surface or device from
3.2.7 entrance angleB, n— in retroreflection angle be- which, when directionally irradiated, the reflected rays are

tween the illumination axis and the retroreflector axis. preferentially returned in directions close to the opposite of the

3.2.7.1 Discussior—The entrance angle is usually no larger direction of the incident rays, this property being maintained
than 90°, but for completeness its full range is defined as 0° over wide variations of the direction of the incident rays. [CIE,
B = 180°. To completely specify the orientation, this angle is1982] ®
characterized by two componengs, and 8,. The first axis is 3.2.21 retroreflector axis n—a designated line segment
an axis through the retroreflector center and perpendicular tsom the retroreflector center that is used to describe the
the observation half plane. The first component of the entrancangular position of the retroreflector.
angle @,) is the angle from the illumination axis to the plane 3.2.21.1Discussior—The direction of the retroreflector axis
containing the retroreflector axis and the first axis. The secont$ usually chosen centrally among the intended directions of
component of the entrance angle §) is the angle from the illumination; for example, the direction of the road on which or
plane containing the observation half plane to the retroreflectonith respect to which the retroreflector is intended to be
axis. The second axis is an axis through the retroreflector centpositioned. In testing horizontal road markings the retroreflec-
and perpendicular to both the first axis and the retroreflectotor axis is usually the normal to the test surface.
axis. The positive direction of the second axis lies in the 3.2.22 retroreflector centgrn—a point on or near a retrore-

observation half plane. flector that is designated to be the center of the device for the
3.2.8 goniometer—an instrument for measuring or setting purpose of specifying its performance.
angles. 3.2.23 rotation angle,e, n— in retroreflection angle indi-
3.2.9 illuminance, E-E, E,, n—luminous flux incident per cating the orientation of the specimen when it is rotated about
unit of area. the retroreflector axis.
3.2.10 illumination axis n— in retroreflection a line from 3.2.23.1Discussior—The rotation angle is the dihedral
the effective center of the source aperture to the retroreflect@ngle from the half-plane originating on the retroreflector axis
center. and containing the positive part of the second axis to the half

3.2.11 observation anglen—angle between the axes of the plane originating on the retroreflector axis and containing the
incident beam and the observed (reflected) beaimyétrore- ~ datum mark. Range: -18062 e = 180°. _
flection «, between the illumination axis and the observation 3.2.24 viewing angle,v, n— in retroreflection the angle

axis). between the retroreflector axis and the observation axis.
3.2.12 observation axisn— in retroreflection a line from 3.3 Definitions of Terms Specific to This Standard:

the centroid of the effective receiver aperture to the retrore- 3.3.1 normal illuminance, E— the illuminance on a ret-

flector center. roreflective surface measured in the plane which passes
3.2.13 photometer—an instrument for measuring light. through the retroreflector center and is perpendicular to the axis

3.2.14 retroreflectance factor, R n—of a plane retroreflect-  Of incident light (illumination axis).
ing surface, the dimensionless ratio of the coefficient of 3.3.1.1Discussior—In Sl units, normal illuminance is mea-
luminous intensityR) of a plane retroreflecting surface having sured in lux (lumens-rif).
areaA to the coefficient of luminous intensity of a perfect 3.3.2 photopic receiver-a receiver of radiation with a
reflecting diffuser of the same area under the same conditiorfP€ctral responsivity which conforms to thig\) distribution
of illumination and observation. of the CIE Photopic Standard Observer that is specified in
Method E 308.
) ] ) . 3.3.3 reflected illuminance, E-illuminance at the receiver
3.2.14.1Discussior—In the above expressiof is the  measured on a plane perpendicular to the observation axis.
entrance angle andis the viewing angle. The quantiti ¢, is 3.3.3.1 Discussior—This quantity is used in the calculation
numerically the same as the reflectance fad®r, of the coefficient of luminous intensityR: R = (I/
3.2.15 retroreﬂectlon n—reflection in which the reflected EL) = (Erdz)/E 1 whered is the distance from the retlroreﬂec-
rays are preferentially returned in directions close to theor to the receptor.
opposite of the direction of the incident rays, this property
being maintained over wide variations of the direction of the4. Summary of Practice

R: = R,/A cosB X cosv

incident rays. [CIE]® 4.1 The fundamental procedure described in this practice
3.2.16 retroreflective devicen—deprecated term; use ret- involves measurements of retroreflection based on the ratio of
roreflector. the retroreflected illuminance at the observation position to the

3.2.17 retroreflective elementn—a single optical unit incident illuminance measured perpendicular to the illumina-
which by refraction or reflection, or both, produces thetion axis at the retroreflector. From these measurements, along
phenomenon of retroreflection. with the geometry of test, various photometric quantities

3.2.18 retroreflective materialn—a material that has a thin applicable to retroreflectors can be determined.
continuous layer of small retroreflective elements on or very 4.2 Also described are methods of comparative testing


https://standards.iteh.ai/catalog/standards/sist/82e99915-130a-43a1-9482-fad39a4aab13/astm-e809-94a2000

v E 809

where unknown specimens are measured relative to an agredtectors, items in paragraphs 7.1.1-7.1.12 must be included.
upon standard retroreflector (a substitutional test method). Refer to Fig. 1 for a simplified diagram of measurement

5. Significance and Use geometry terminology.

51 Thi ice d i d d 7.1.1 Retroreflective photometric quantity, such as: coeffi-
: Is practice describes procedures used t0 MeasUfg.n; of Juminous intensityR,), coeficient of retroreflected
photometric quantities that relate to the visual perception o

X o - “luminance R) (also called specific luminance), coefficient of
retroreflected light. The most significant usage is in the relat'orﬂetroreflection R.), coefiicient of line retroreflectionR,,)

to the nighttime vehicle headlamp, retroreflector, and driver’sreﬂectance factorR,), or coefficient of luminous flux per unit
eye geometry. For this reason the CIE Standard Source A Solid angle (R).

used to represent a tungsten vehicle headlamp and the receplor, ;1 1 1 |n specifications, a minimum acceptable quantitative
has the photopicy (A), spectral responsivity corresponding to , . 1a is usually established

the light adapted human eye. Although the geometry must bé 7 1 5 ypits in which each quantity is to be measured (for

specified by the user, it will, in general, correspond to the?(ample cd I ?).

relation between the vehicle headlamp, the retroreflector, an 7.1.3 Observation angle
the vehicle driver's eye position. 7.1.4 Entrance angle. When specifying an entrance angle
6. Uses and Applications near 0°, care must be taken to prevent specular reflection from

6.1 Coefficient of Retroreflectien This quantity is used to entering the photoreceptor. _
specify the performance of retroreflective sheeting. It considers 7-1.5 Components of the entrance angle4nd ), which
the retroreflector as an apparent point source whose retror&hall be specified if the entrance angle is other than 0°.
flected luminous intensity is dependent on the area of the 7-1.6 Rotation angle and the datum mark position shall be
retroreflective surface involved. It is a useful engineeringSPecified if random rotational orientation of the test specimen
quantity for determining the photometric performance of sucHS not suitable. o _
retroreflective surfaces as highway delineators or warning /-1.7 Test distance or minimum test distance.
devices. The coefficient of retroreflection may also be used to 7-1.8 Test specimen size and shape.
determine the minimum area of retroreflective sheeting neces- 7-1.9 Photoreceptor angular aperture.
sary for a desired level of photometric performance. 7.1.10 Source angular aperture.

6.2 Coefficient of Line Retroreflection (of a Reflecting /-1.11 Retroreflector center. o
performance of long narrow strips of retroreflective materialsPerpendicular to the surface of retroreflective sheeting. In such
when the actual width is not as important as is the reflectivit/cOmplex devices as automobile or bicycle reflectors, the
per unit length. retroreflector axis and r_etroreflecf[or center may be defined with

6.3 Reflectance Factor (of a Plane Reflecting Surface) respect to the illumination direction.

This is a useful term for comparing surfaces specifically
designed for retroreflection to surfaces which are generall;f/3 -HpRABLE
considered to be diffuse reflectors. Since almost all natural 8.1 Generai—The apparatus shall consist of a photorecep-
surfaces tend to retroreflect slightly, materials such as BaSGJ0r. @ light projector source, a specimen goniometer, an
can have a reflectance factor much higher than one (as much @8server goniometer, and a photometric range.

four) at small observation angles. Such diffuse reflectance 8.2 Photoreceptor-The photoreceptor shall be equipped as
standards should be used for calibration only at large observaollows: o _

tion angles, for example, 45°. 8.2.1 Photopic Filte—The photoreceptor shall be equipped

6.4 Coefficient of Retroreflected Luminan@so called with a ||ght filter such that the SpeCtral responSiVity of the
Specific Luminange-This term considers the retroreflector as
a surface source whose projected area is visible as an area at Illuminazion Distance
the observation position. The coefficient of retroreflected
luminance relates to the way the effective retroreflective
surface is focused on the retina of the human eye and to t -
visual effect thereby produced. It is recommended for describ -T --------- 1 vavion ML qam s DY Cencer
ing the performance of highway signs and striping or large =227 \}
vehicular markings which are commonly viewed as discernible
surface areas.

6.5 Coefficient of Luminous Flux per Unit Solid Angle,

Ry—This measurement is used to evaluate retroreflectors orf ™ *=***
the basis of flux ratios. It is numerically very nearly equal to

the coefficient of retroreflected luminance at small entrance

angles. It is recommended for use in the design of retroreflec-

tors but not for specification purposes.

7. Requirements When Measuring Retroreflectors

dsource Aperture Angle Retroreflector

inati ‘s
Illumination Axi Retroreflector

Note 1—Shown withg =8, andp, = 0°
7.1 When describing photometric measurements of retrore- FIG. 1 Simplified View of Test Geometry for Retroreflection
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receptor closely matches the (A) response of the CIE exposed range walls, ceiling, and floor not baffled and exposed
Standard photopic observer. See Annex Al for accuracy tests the light beam shall be painted flat black.
and compensation. ) )
8.2.2 Photoreceptor Stability and LinearigyThe stability 9 Selection of Photometric Range Parameters
and linearity of the photometric scale reading must be within 9.1 Selection of Angular Apertures
1 % over the range of values to be measured (see Annex A2). 9.1.1 Useful angular apertures are shown in Table 1. When
8.2.3 Filter Holder Attachment-Standard filters, when re- observation angles as small as 0.1° are specified, high resolu-
quired for correcting the departure from photopic response ofion angular apertures should be used. For observation angles
the photoreceptor’ must be mounted in an attachment. TH@ smaller than 0.20, moderate resolution should be used.
attachment must mount the filters in a way that preventyVhen the observation angle is 0.33° or greater, low resolution
interreflection between filter and the photoreceptor. is adequate. Refer to CIE Publication No. 54. o
8.2.4 Photoreceptor Field of View-The photoreceptor must ~ 9-1.2 It must be noted that in theory, retroreflection is
be equipped with a means to limit the field of view. This maymeasured with apertures that'are mﬂmtely small or at_least as
be accomplished with an objective lens and field aperture otMall @s those encountered in the practical application. The
with light baffling. The field of view shall be limited such that angular apertures in Table 1 have been found to be useful
the effect of stray light is negligible. The field of view should approximations of these requirements while still allowing for

be limited to the smallest aperture that includes the entire te§tfficient sensitivity to realize a practical measurement in the

specimen. When an objective lens is used, it shall be capable &ooratory. , , _
focusing at the test distance. 9.2 Selection of Observation Distanee The observation

distance and illumination distance must be specified in testing

8.3 Light Projector Source-The light source shall be a e .
lamp with appropriate reflector and lenses to provide normaietroreflectors. T_hey are limited by ‘%”.9“"’” aperture require-
ments, the requirement to test a minimum sample area, for

illumination on the test sample with a spectral power distribu- le 0.01 Ain th f flecti heeti h
tion conforming to the 1931 CIE Standard Source A (a tungstel"arx"".mp ev. In the case of retroreflective sheeting or the
esire to test an entire retroreflector at once. However, the

filament lamp operated at a correlated color temperature

2856°K, see Method E 308). The normal illuminance on thd Umnation distance must be within: 1% of the observation
sample shall be uniform within 5% of the average normal EIICR ¢l I Gt possible to have the iflumination and test

iluminance over the area of the retroreflector at the tesfiStances nearly equal, a restrictive opening must be placed in

distance. The light projector shall be equipped with an adjustthe incident light beam at the observation distance. The angulgr
perture of the source is then measured relative to this

able iris diaphragm or a selection of fixed apertures. ThéPernur
intensity of light shall be regulated and shall not vary more'estrictive aperture.
than 1 % for the duration of the test. 10. Test Specimen

8':.3'1 The current of the projection lamp mustobe adjustt_ad to 10.1 The test specimen shall consist of one entire retrore-
provide a correlated color temperature of 2856°K. An adjust-f

ment procedure is described in Annex A3. Such adjustmen!eCtor' & Iarge retroreflector may be teste_d by summing the
values obtained from segments of the device.

often requires lowering the power from the nominal value since 10.2 When testing retroreflective sheeting, it is recom-

many projector lamps are designed to operate at correlater%ended that the test area be between 0.01 andd.This may

CO;O; t;rq_pr)]erat_ures gdreerl]ter thafn 5856 K . be accomplished, for example, by selecting a single square test
h ~ | E.sme and s a%e odt € prhOJector exit aperture al”ﬁpecimen 0.2 m on each side or by averaging the measurements
the angle this aperture subtends at the test specimen must g, seyeral representative pieces totaling between 0.01 and

specified. 0.1 nf in area.
8.4 Specimen GoniometgfTest Specimen Holder)—This

goniometer shall support the test specimen in the prescribetll. Calibration

geometric arrangement. The motions of the axis shall be in 11 1 The following components required in this practice
accordance with Practice E 808. For most materials, accuragyyst be calibrated prior to use.

of setting should be such that the complement of the specified 11 1.1 Projector Source-The source must be calibrated to
entrance angle or component thereof does not change by moge:rrelated color temperature of 2856°K and closely duplicate
than +=0.5°. The goniometer must be calibrated in accordancge spectral power distribution of CIE Standard Source A. A

with 11.1.4. A simple goniometer can be constructed using gnethod of calibration is described in Annex A3 based on
rotary milling table and an adjustable angle milling vise

attached to the tablg platform. . . _ TABLE 1 Angular Apertures

8.5 Observer GoniometerThis goniometer is used to ac- Fioh YP— o
curately set the separation of the projector (light source) and resolution  resolution  resolution
photoreceptor. ThIS setting determines th_e observation _angIeSum of angular aperture of source 0.1 £ 0.02 0.2 =0.04 0.33 = 0.06

8.6 Photometric Range-The photometric range provides plus receptor (5 +5), 0°4
the dark work area for testing retroreflectors. To minimize thef\ngular aperture of retroreflector,” 0.4 max 1.8 max 3.5 max

. . . Angular aperture of an individual 0.01 max 0.02 max 0.04

effect of stray light, the background behind the test specimeRyorefiective element, ©
shall be flat blac_k' nght baffles shall be_ Iocated, a; necessary**‘Maximum system sensitivity is obtained when angular apertures of source (3)
between the projector and the test specimen. Goniometer partsg receptor (3') are equal.
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tristimulus colorimetry. Spectroradiometric methods of calibra-specimen at the test distance and the incident normal illumi-
tion are also suitable. Atoleranceto25°K allows about 1.5 % nance can then be measured without moving the photorecep-
variation in test results of colored retroreflectors. tor.) Then, return the photoreceptor and the test specimen to

11.1.2 Photoreceptor Spectral Responsivitifhe photore- their original positions, and record, in the same units a® ,.
ceptor spectral responsivity must be verified in terms of the 12.3.2 Measure the amount of stray light by replacing the
spectral power distributions measured in this practice. Aest specimen with a black surface of the same shape and area
procedure for verification of spectral responsivity is describedat angles such that the gloss does not affect the reading. A high
in Annex Al. Errors in the photopic fit of the receptor are directgloss black surface is preferred. In some cases a flat black with
systematic errors in the test result. A maximum variation ofreflectance less than 4 % could be used. Subtract the stray light
+2 % relative to both illuminant A and the spectral powerreadings,m , from the readingm,. The valuem,’ in the
distribution of the retroreflector when illuminated by Source Afollowing equations is the value ai, less the stray light
is recommended. readingm,,.

11.1.3 Photoreceptor Linearit-The procedures in this 12.3.3 Unless the photoreceptor has a repeatability of
practice require the measurement of both incident and reflecte@l3 % between power-on cycles, it is recommended that the
light levels which may be several orders of magnitude differenphotoreceptor remain energized between measuremem, of
in value. To ensure accuracy, the photoreceptor and readoahdm,’.
system must be linear or appropriate corrections for nonlinear- 12.3.4 If the photoreceptor is deficient in its correction to
ity must be applied. Annex A2 describes a method forthe CIE photopic standard observer, a color correction factor
verification of photoreceptor linearity. must be applied (see Annex Al). This correction fadfois

11.1.4 Goniometer Calibratior-The goniometer shall be applied by means of a filter having a spectral transmittance
calibrated at the 0° entrance angle position. All measuremenisroportional to the spectral retroreflectance of the test speci-
shall be made relative to this point and shall be checked eaafen.
time the goniometer or light projector is moved. If measure- 12.3.4.1Warning—If close spectral matches in permanent
ments are to be made at extreme angles of 75° to near 90°,filters are not available, it is recommended that the correction
is recommended that the goniometer be calibrated in the samigctor not be used. If the correction factor is used, it is
75° to 90° range of entrance angle for greatest accuracy.  determined by the following relation:

11.1.4.1 Calibration of the goniometer at the 0° entrance

angle position may be accomplished by several means. One K= mpTim

example is by substituting an approximately 200 mm (8 in.) where:

square high quality plane mirror in place of the sample. A200K = correction factor,

mm cross, centered on the surface of the mirror can be mad8y, = reading of the photoreceptor while measuring the

with photographic black tape. A 400 mm square piece of white normal illuminance at the position of the retroreflec-

construction paper, with a small (5 mm) hole in the center, can tive test specimen (that is, an uncalibrated) E

be centered over the light projector exit aperture. By observing™y = reading of the photoreceptor placed at the same

the white paper, the goniometer can be adjusted so that the position as for the m reading, but with the addition

shadow of the cross is reflected directly on the exit aperture of of the color filter placed immediately in front of the

the projector. This position of the goniometer is the 0° entrance acceptance aperture, and . .

angle. T = known (total) luminance transmittance of the filter for
a 2856°K source (CIE Source A).

12. Test Procedure 12.4 Procedure B—Substitutional Method. This method is a

12.1 The geometry used to determine the photometric pecomparison procedure that is particularly useful when a large
formance of retroreflectors shall be in accordance with Practiceumber of performance measurements on similar test speci-
E 808. mens are to be made. When used it is critical that the working

12.2 Photometric Measurementdn this practice, use the standard be similar in size, color, and performance value to the
same instrument with the same apertures and field of view tanknown. It allows the use of optical means to shorten the
measure the reflected illuminandg ) and the normal illumi- photometric test distance within the limitations stated.
nance (E,). Therefore, the photoreceptor need not be cali- 12.4.1 General—To use this procedure first determine the
brated, and the uncalibrated meter readingg,ocdndE, are  performance value of the working standard in accordance with
referred to asm; and m,, respectively. Do not use different Procedure A. For each set of geometric conditions, assign
instruments to measui€ andE | . photometric performance values to the working standard. Then

12.3 Procedure A—Ratio method. determine the photometric performance of the test specimen by

12.3.1 General—Select the smallest available field aperturecomparison measurements following Procedure A, except
large enough to include both the entire retroreflector as segplace the working standard on the goniometer and take the
from the photoreceptor, and the source as viewed from they(std) reading, then replace the standard with the test speci-
retroreflector, for measurement &, and m,. Measure the men and take readingy(test). Then proceed with the calcu-
normal illuminance at the face of the sample by substituting théations as in 13.2 for Procedure B.
photoreceptor for the sample. Place the photoreceptor entrancel2.4.2 Optical Limitations—In this procedure frequently
aperture where the test specimen is mounted and raogrd collimating optics are used with the source and receptor at the
(Alternatively the light source may be substituted for the tesfocal distance from the optical element. This effectively
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reduces the required test distance while maintaining equivalent 13.2 Procedure B

angular apertures. The collimating optical system also allows 1321 Coefficient of Luminous Intensity:

the test specimen and working standard to be separated by a ) )

small distance from the collimating optics that has been found R = [my/(test/m; (std)] X R, (std

convenient for multiple measurements. 13.2.2 Coefficient of Retroreflected Luminance (Specific
12.4.3 Angular Limitations—Under Procedure B optical |uminance):

means such as high quality mirrors or lenses may be used. _ , ,

Under these conditions the angular subtense of the illumination R = [A(stdmy (tes/A (teshm,'(Std] x R, (std

source and receptor using optical means to shorten the photo-13.2.3 Coefficient of Retroreflection:

metric range must (_:onform_to the values given in T_able_ 1. R, = [A (stdm,(test/A (testm ' (std)] X Ry(std)

When the optical distance is shortened without collimating

optics, particular attention must be given to the maximum 13.2.4 Coefficient of Retroreflection:

angular aperture limitation of the individual optical element, Ry = [L(stdm,’(tesd/1(teshm,’(std)] X Ry(std)

which can be quite large in some cube corner retroreflector

elements. With collimating optics the individual optical ele- 13.2.5 Reflectance Factor:

ment is at infinity and the element aperture size is not critical. R = [A (std)m,’'(tesh/A (testm,'(std)] X Re(std)
12.4.4 Spectral Limitations-Since the working standard

must be similar or, preferably, virtually the same color as the

test specimen, the system spectral requirements are not as Ry = [A (stdmy'(test/A (teshmy'(std)] X R (std)

critical. This means that the photoreceptor must be corrected to )

the photopic standard observer, but does not require the coIoY‘Vh,ere'

correction factoiK. Also periodic recalibration of the working m’(std)

standard is required to compensate for aging.

13.2.6 Coefficient of Luminous Flux per Unit Solid Angle:

photoreceptor reading (uncalibrated) from the
working standard, measured in accordance
with Procedure A,
13. Calculation m,’(test) = illuminance (uncalibrated) of the test specimen
at the photoreceptor aperture, measured in
13.1 Procedure A accordance with Procedure A,

13.1.1 Coefficient of Luminous Intensity: R (std) = coefficient of luminance intensity determined
R = m,/d’m, by Procedure A (relative to a fixed set of test
13.1.2 Coefficient of Retroreflected Luminance (Specific gon((jjltlons) and assigned to the working stan-
Luminance): arg,
) , R, (std) = coefficient of retroreflection determined by
R = m,'d7/mA cosv Procedure A (relative to a fixed set of test
13.1.3 Coefficient of Retroreflection: conditions) and assigned to the working stan-
dard
— 142 ’
_ RA__ mwei{msb [ Ru(std) = coefficient of line retroreflection determined by
13.1.4 Coefficient of Line Retroreflection: Procedure A (relative to a fixed set of test
R, = my/d%m,1 ggrr\ctjjmons) and assigned to the working stan-
13.1.5 Reflectance Factor: R (std) = coefficient of retroreflected luminance deter-
Re = (m)my'd?/m,A cosp cosv mined by _P_rocedure A (re_lative to a fixed set_ of
13.1.6 Coefficient of Luminous Flux per Unit Solid Angle: ;‘?{Ztngg:jd't'ons) and assigned to the working
R = my'd’/m,A cosp Re(std) = reflectance factor determined by Procedure A

(relative to a fixed set of test conditions) and

\évhere.: observation distance, in meters assigned to the working standard ;
A _ area of test specimeﬁ in squaré meters, R(std) = coefﬁugnt of luminous flux per un!t solid aqgle
| = length of line meters, determined by Prp_cedure A (relatl_ve to a fixed
v = viewing angle, set (_)f test conditions) and assigned to the
B = entrance angle, working standard, .
m,/ = meter reading (minus stray light) used to measure A (Std) = retroreflective area of working standard,

reflected illuminance at observation position, rela-  (est) = retroreflective area of the test specimen,

tive units. and 1(std) = length of working standard, and

' 1(test) = length of test specimen.

meter reading used to measure normal illuminance,
relative units.

C|
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