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FEDERAL TEST METHOD STANDARD
INSTRUMENTAL PHOTQMETRIC

MEASUREMENTS OF RETROREFLECTIVE
MATERIALS AND RETROREFLECTIVE DEVICES

This standard was approved by the Cammissioner, Federal

bupva Service, General Services Ackmm.st:ram.on for the
use of all Federal agencies.

1. SCOPFE

1.1 This standard covers procedures for instrumental

de characteristics of
retrorefiective materials and retroreflective devices.

DEFINITIONS

2
2.1 Retrcreflective terms:
2
1

.1.1 Retroreflector. A surface or device which reflects and
ight in a direction close to the d.u-ectmn from

returns a relatively h:.gh proportion of

which it came. This characteristic is maintained over a
wide variation of the angle made by cthe incidenc light ray and the nommal to the retroreflective surface.
2.1.2 Retrorefiective element: One optical unit which by refraction and/or reflection produces the
phenomenon cI retroreflection.
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Spherical Element

Cat’s Eye Element

Cube Corner Element

2.2.3 Retroreflective device:

A complete device, readv for use, consisting of one or rore retroreflective
elements (for exampie. z gevice containing cats eves, a cube corner device, or a safetv
device; .

v rerrorefleccive

2.1.4 Retroreflecrive material: A yarrors ST

retroreflective material which consists o
small rectroreflective elements on or
W

i a thin continuous laver of
very near the exposed surface (for example, retroreflective sheetmz;
beaded paint, highway sign surfaces, or pavement striping).

2.1.

)
&

to

4.1 Retroreflective sheering: A retroreflecrive material preassembled as a thin film ready for use

Geametric terms (See Fipires 1 (page 2) and 2 (page 3)).

2 ] A esmemecmeea &) o maemo.
2.2.1 Reference center (0): The defined center of a recroreflector.
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Figure 1.

Pictorial view with the presentation angle (¥ ) illustrated at 90°

0
(A presentation angle of O is normally used).
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Figure 2.

Plane view from above with the presentation angle illustrated at O°.
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2.2.2 Reference axis (ON): The defined axis used to determine Tne entrance 31'1"4.8 in DF\OEODELI.LC easu ¢
ments and in practical use. This axis passes through the reference center (0) (see Note 13).

le B B | 5 < & R7=Y - et o= a - £ AOTmE A £ oase e

2.2.3 aus of incident light (0S): The line between the reference center and the center of the exit
aperture Of Che _ignt SOUrce

2.2.4 Observarion axis (OR): The line berween the reference center and the center of the entrance apertiime
cf the photoreceptor.

"n s

2.2.5 Entrance angle (8): The angle between the reference axis and the axis of incident light. Councer-
clockwise rotation or the reference axis relacive to the axis of incident light is considered positive
as shown in Figure Z.

NOTE 1: Entrance angles are normally in the range of 0 to 90°. However, negative encrance

angiles can be used to indicare a cb_z_rwr-‘ of 1BQ° in the presentation mngle, provided the (°
orientation of the datum mark is defmec reiative to the observation piane.

2.2.¢ Viewing angle (c¢): The angle between the observation axis and the reference axis.
NOTE 1. Since this angle is determined by other definec angles, the viewing mém is introauced
simply for comvenience in defining the specific luminance anc the luminance factor.

2.2.7 Observation ancle {(¢). The angle between the axis of inc and the observarion axis

("'divergence angle” is an obsolere term ror this angle).

2.2.8 Datum mark: The mark placed on the sample by the manufacturer which defines the initial (zero
degree) orientation position, and from which the orientation angle is measured.

2.2.% Orientation anele (w). The angle, when viewed fram Point N, through wnich the sample mav be rota.ed
apbour the rererence axis, Irom the initial zero degree orientation of the datum mark. The initial zero
degree oriencation angle mayv be defined relative to either the observation plane or the entrance plame.
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datum mark is in the observation
as the photoreceptor.

b. When defined relative to the entrance plane, the zerc degree orientation is when the datum
mark is in the entrance plane and on the same side of the axis of incident light as the
reference axis.

2.2.10 Presentation angle A,_.I}\_ The dihedral angle between the entrance pl ne formed by the axis of
incident” light and the reference axis, and the observation plane formed by the axis of incident light and
the observation axis. 0° is formed the pnotoreceptor is placed in che piane formed bv the axas of
incidenr lieht and the re e_ron“_ axis, with the receptor on the same side of che source as the reference

agne Llghnl anc Ui

.as shown in figure 2 is used. unlesc otherwise specified. Figure ! shows

i f
axis. A presentation angle of

The distance between the center oI The exit apercure of

Tne distance berween the reference center and the center

2.2.13 Lateral distance (d): The distance from the center of the entrance aperture of the photoreceptor
to the axis or incident light, measured perpendicularly to the observation axis. It mav be computed by
multiplying the observation distance D' by the tangent of the observation angle.

2.02.14 Source aperture angle (2)  The angle ar the sample subtended by 2 given dimension of the sowce
aperturc.
2.2.15 Receptor aperture angle (5'): The angle at the sample subtended by a given dimension of the

recepror aperture.

2.3 Photometric terms

2.3.1 Commission Internationale de 1'Eclairage (CIE) Photopic Standard Observer: A receptor of radiatio
with a spectral sensifivity curve (iable L) wiich coOnforms to the /() distributions specified in Table 1
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intensity per unit length (SIL), and luminance factor (LF).

2.1.1 Specific intensitv (SI): The ratic of the luminous intensity of the retrorefleczor to the rorual
illumnance.

1

@
S1 = S

"

o)

where
E' = Illumnance at the observation position

D' = Distance petween the center of the photoreceptor entrarnce aperture anc the reference center

Specific intensity is expressed in candelas per footcandle {(cd fc3).
NOTE 3: The CIE vocabularv defines the above relationship as the coefficient of luminous
intensity (CIL), which is expressed in metric units of candelas per lux.

NOTE 4: The quantity SI is recommended for determining the performance of such retro-
reflecrors as button reflectors, delineators, or automotive reflectors, since it depends
on a unit device and the area need not be measured.

3.1.2 Specific luminance (SL): The ratio of the luminous intensity of the projected surface to the normal
illuminance at the suriace on a plane normal to the incident light. The ratio is expressed as follmws:

~ . E (D)2/(A cosed _ I' /(Acose) . ST
ok £ E A cosc
where
I' = E'(D')? = Rerroreflective luminous intensity of the sample

A = Surface area of the sampie
£ = Viewing angle.
Specific luminance is expressed in candelas per square foot per footcandle [(cd f£t72) fc71].

NOTE 5: The CIE vocabulary defines this relationship as the coefficient of luminance, which
1s expressed in merric units of candelas per square meter per lux.

NOTE 6: The quantity SL treats the retroreflector as a surface source whose projected area
is visible as an area at the observation position. The quantity SL relates to the way the
effective retroreflective surface is focused on the retina of the humman eye and to the visual
effect thereby protmced It is reccmnenned for cxp_-;cnbmg the performance of highway signs
and striping, or large venicular markings which are commonly viewed as discernable Ssurface
areas.

3.1.3 Specific intensitv per unit area (SIA): The ratio of the luminous intensity of the surface to the
normal Illuminance and to the area of the retyoreflective surface.

Specific intensity per unit area is expressed in candelas per footcandle per square foot [(cd £y £277].

NOIE 7: The CIE vocabulary defines this relationship as the coefficient of luminous intensity
(CIT) per unit area, which is expressed in metric units of candelas per lux per square meter.

NOTE 8: The quantity SIA treacs the recyoreflector as an apparent point source whose retre-
reflected luminous intensity is dependen: on the area of the retroreflective surface irvolved
1t is a useful mgmeering quantity for dete: rmining the photometrTic performance of such retro-
reflective suriaces as highway delme_atere or warning devices. SIA may also be used to deter-
mine the minimum area of retroreflective sheeting necessary for a desired ievel of photometric
performance.

3.1.4 Specific intensity per unit length (SIL): The ratio of the luminous intensity of the sample to the
rormal IIluminance and to the length or the retroreflective sample.
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Specific intensiCy per unit length is expressed in candelas per footcandle per foot [(ed fc i) £t717.

NOE 9: The CIE vocabulary defines the above rel.atlonshl‘p as Ju: coefficient of luminous incen-
sity (CIL) per unit length, wnich is expressed in metric units of candelas per lux per meter.

1.5 hmmance factor (LF): The ratio of the luminance of the surface to that of a perfect diffusing
a T.

3
suriace such that

T E'(DH* _ __~(S51A)
A E COSE c05c COSF COSc

1Fr =

NOTE 10: In this formula, the dimensions asscciated with the reflectance of the perfect diffusing
surface are the same as se of SIA, and are thus canceled.

4.1 When stating photometric retroreflecrive requirements, the following shall be specified in the specifi-
carion for the marteri
a. The retrurefiective phowmetric quantities to be measured, limited to the following: specific
mtenszq (SI), specific luminance (SL), specific intensi g um.t area (SIA), specific intensity
per uut length (SIL), or lmmnance factor (LF).

b. The units (metric or english) in which each quantity is tc be measurec.
c¢. The minimu acceptable quantitative value.

d. The observation angle.

e. The entrance angle.
NOTE 1l: Wnen specifying an entrance angle near 0°, care must be taken to prevent
£l Fv‘ rerinc the photorecentor Tem thia mncn P
Qp‘""""’ reflection om en ing (he pnotoreceptor. In this case, the entrance
ang;e should be specified sc that specular light will be reflected away from the
photoreceptor.
f. The orientation ang:.e and the 0° orientation of the datum mark shall be specified if ran-
dom orientation of the sample is not suitable.
g. The presentation angle shall be specified if other than 0°.

The minimun test distance between the sample and the photoreceptor.

1. Sanpie dimensions and shape.
3. The maximm photoreceptor anguiar aperture [the angle at the sample (§' in Figure 2) subtended
by the mdmm dimension of this aperture] The solid angle subtended by the photoreceptor aper-
ture at the reference center shall be specified. This can be accomplished by spec:.fvmg the

{ coma: v'ﬂﬁu

photoreceprtor dimensions and test disrtance, or the maximm receptor aperture angie (general
6 minutes of arc) .

i2: The maximmn vaiue of the angle at the sample subtended by the maximm aperture
mr of _the photoreceptor should be specified in the material spec:flcatmn it should
be in the order of 6 mirutes of arc {see r:LgUIe L) However, the maximm diameter of both
apertures varies with the test distance. Reading R, and R, must be made with the same
apertures (see 6.3).

k. The maximun angular aperture of the light projector [the angle at the sample (§ in Figure 2)
subtended by the maximum dimension of this aperture]. The solid angle subtended by the light
source aperture at the reference center shall be QMP‘I fied., This can be accanplu..ed b}'

spec:.fying the source aperture dimensions and test "distance or the maximm source aperture
angle (generally 6 minutes of arc).
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1. The reference center.
m. The reference axis.
NOTE 13: The reference axis usually is perpencicular to the sirface of sheeting. In

Suct. complex devices as automodbile cor bicvcie refiectors, the reference axis anc reference
center mav pe defined with respect to the viewing direction.

NOTE 14: When evaluation requirements are different from those stated in this standard, ir is
recomended that the variations be defined relative to the test conditions used in 15 standard.

5. APPARATUS

5.1 The apparatus shall consist of a photoreceptor, a light projector source, a goniometer sample holder,
and a photometric range.

5.1.1 Photoreceptor. The photoreceptor shall be ipped with:
rnotoreceptor P P r

a. CIE standard observer filter: A light £

CIE stangarc observer (see Note 22).

b. Photoreceptor stabilitv and linearitv: The stability and linearity of the photometric scaie
reading snall be within =] percent over the range to be measured.

c. Light filter holder attachmenct: If the filter correction factor is to be used, the photo-
receptor shall be equipped with an attachment to mount filters in a way which prevents inter-
reflection berween the filrer and the photorecepror.

e < Y ool PR -} th fi -

d. Angular field aperture: 1f the photoreceptor is equipped with field apertures. a range of

2 mirtates to , degrees is desirable. In anv case, baffling shall be used to reduce the effect

of strav light to a negligible factor. This is partlcular.w important when a photometer-type
o

irmgrm 15 ueged
instmament 1s used.

NOTE 15: Because retroreflective material specifications require various test distances
which arffect the actual field aperture. a selection of angular field apertures mav be
necessary. The field of view should be limited to the smallest aperture that includes

JIIPE S {eoo
ule entire bdll.qJJ.E \See 6.3.1) .

w oo

Objective lens: If the photoreceptor is equipped with an objective lens, it shall focus
o.

he ragr digtane

18 tast GQlsiance

+

s
C

f

Light projector source: The light source shall be a lamp with appropriate reflector and lenses to
provide normal illumination on the test sample with a spectrai energy distribution conforming to the 1931

CIE standard source A (a tungsten fu_lammt Lamp crperaced at a color temperature of 2856 K) (see Table II).

. PR DS, a1l kg 1om<d Famme t st & mamaoemt ~f tho sravaces mAasmal 1] livminance

The normal illubdnance on the bd.upl.l'_' sSnall De UNAIoI wilnin o percent OI Wne average NoIial 1L.iuinance
over the area of the retroreflector at the test distance. The light projector shall be equipped with an
adjustable iris diaphragm or a selection of fixed apertures. The intensity of light shall be regulated

and shall not vary more than 1 percent for the duration of the rest.

"~

g

NOTE 16. Manv projection lamps are df_'81gneo to operate at color temperatures higher than 2856 K.
In such cases, the terminal Vl,,ce at the lamp shall be adjusted to provide the specified tem-

NOTE 17- The maximm diameter of the projector exit aperture and the angle ar the test sampie
thus subtended should not exceed that specified in paragraph &.

.3 Goniometer sample holder: The goniometer shall support the test sample so that the complemen:z of the
spec cified entrance angle does not change more than :0.3 percent. (A simple goniometer can be constructed
using a rotary milling table and an adjustable angle milling vise attachec to the table platform.) The

vertical angie of r.ne oniometer shall be ser rpendlcular te the axis of incident llxv;r The horizontal
24 g €

angie movement (the goniometer table) shall permit pnotomerric measurements wiich require plus or minus
angle settings.

w

< 7 Py i i >y s o 3 Korp i
S.4 Photometric range: To minimize the effect of stray light, background behind the sample shall be

flar Black. [ight baffles shall be located, as necessary, becween the projector and the sample. Goniometer
parcts, range wall, ceiling, and floor exposed to che light beam shall be painted f{lat black.

rho
hic

NOIE 18: The working distance should be sufficiently large so that the focusing or beam dlsplace- —
ment propertxes of the retroreflective elements do not affect the readings. For most materials,
100 feet is sufficient., This facilitares measurements which require an observation angle of

0.2°. In Table II1, the lateral distance (d) (see 2.2.13) is given for various distances and obser-
vation angles. 8



Table II. Energv Distribution of CIE Source A (Ref. 7.2)

Wavelength Wavelength
(e} Relative energy () Relative energy
380G g.7¢ 58C 114 .44
390 12.09 590 121.72
400 14.71 600 129 .04
410 17.66 610 136.34
420 21.00 62C 143.62
430 24.67 630 150.83
640 28.70 640 157.98
450 33.09 650 165.03
460 37.82 660 171.96
470 42.87 €70 178.7
480 48.25 680 185.43
490 5291 690 181.93
500 59.86 700 196.26
510 66 .06 710 204.41
520 72.50 720 21C.36
530 79.13 730 216.12
540 85.95 740 221.66
550 92.91 750 227.00
560 100.00 760 2.11
- 570 107.18

Table III. Lateral Distance as a Function of Observation Angle and Observation Distance

Observation angle (a) Observation distance (D') Lateral distance (d)
(degrees) (feet) (inches)
0.2 50 2.09
0.33 50 3.46
0.5 50 5.2
1.33 50 13.93
2.0 50 20.95
§.0 50 84.32
G.2 100 4.19
0.33 100 6.91
0.5 106 16.47
1.22 100 27.86
2.0 100 41.90
8.0 100 165.65

6. TEST PROCEDURES

6.1 General: The geomerry used to determine the performance of retroreflective materials shall be in
accordance with Iigures 1 and 2.

6.2 Goniometer calibration: The goniometer shall be calibrated at the 0° entrance angie position in the
vertical anoc horizontal planes of the test sample. All measurements shall be made relative to this point

and shall be checked earh rime the ponicmerer or licht nroiector 1s moven

cxed y Lime Lhe ZOr Llgnt Pré)] ovel.

NOTZ 1¢: This can be accomplished by locating an approximately 305 mm (11 in) square. higp-
qualitv, plane mirror in piace of the sample. A 305 mm (1Z in) cross. centered on the surface
of the miITor can be made with photographic black tape. A 610 mm (2« in) square piece of whnite
construction paper, with a hole in the cemter, can be placed over the light projector exit
apercure. By observing the white paper, the goniometer can be adjusted so that the shadow
Or the cross is reflected directly on the exit aperture of the projector. This horizoncal
position of the goniometer is the 0° entrance angle of the test sample.
6.3 Fhotometric measurements: In this method, the same instrument with the same apertures and ficld of
view snall be used to measure E' and E.. Therefore, the photoreceptor need not be calibrated, and the
wncalibrated readings oy E' and E, are rerfarred to as Ry and R., resvectively. Different inscruments

b g
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NOTE 20 It should be moted that luminance measurements could be made with

& pnotoreceptor
Calibrated in footlamberts (fl) or in footcandles (fc). This procedure is not allowed in this
test method because the potential for error due to inaccuracies in calibration is higher than
in Procedure 1 below, which uses the same photoreceptor to measure both incident and reflected
light.
6.3.1 Procedire 1: The smallest available field aperture large enough to incilude both the entire retro
reflector as seen from the _photoreceptor, and the source as vxewed ﬁ'om the retroreflector shall be chosen

for measurement of R, and R;. The hormaL illuminance at the face of the saim:Le shall be measured Dv sub-
stituting the photoreceptor for the sample. The photoreceptor entrance aperture shall be placed where the
sample is mounted and R2 shall be recorded. Then, the photoreceptor and the sample shall be returned to

-L-__. e ] -.- s~ amd D P he ad amo
Theiy Tigindi pos tions, and Ry shall be recorded in the same units as ‘i

nmsureofmeammtofscraylgn shall be made yrphcingt}wsanplewithablacksxzfaceofthe
same shape and area. The stray light readings, F Ll be subtracted from the reading R, . The value

Sl Sispte al ad

R, in the following equations is the value of R, iess the stray light reading Rs.

NOTE 21: To stabilize the instrument and improve the accuracv of the measurements, the photo-
Teceptor must remain energized between measurement of R; and R,.

NOTE 22: Color correction of the photoreceptor may be necessary because of deficiencies in the
photoreceptor's CIE photopic standard observer filter. A correction factor K can be applied by
means of a filter having a spectral transmittance proportional to the spectral retroreflectance
of the sample. If c]‘.ose spectral matches in permanent leters‘are not ava:dable it is recommended
P S P S S PR cmm TR e [ SO ey P e R T -

Tnat the Correction 1acloT Dol be used. When the wx.al.;uu 14CCOT 1S \.b:u, it determined

by the following relation:

K = RyT/R¢
where
K = The correction facto

R, = The reading of the photoreceptor while measuring the normal illuminance at the
face of the rerroreflective sample (i.e., an uncalibrated En)

Y S ~

Qr the p cc‘) ez‘.e‘p
the

1
M?
n
5
®

acceptance aperture

T = The known (total) luminance transmittance of the filter for a 2856 K source (CIL
source A)

6.3.1.1 Specific intensitv (SI)

R, (D)<
SI = ——

R:

where
| = Uncalibrated E' (see 6.3)

The color corrected specific intensity is:
K R, (D")?2 R,(D")2T

SI = =
R, R,
6.3.1.2 Specific iumnance (SL)
R, (D")*
SL =
RyA cose
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R, (D")?2
SIA = —
R, &

The color corrected specific intensity per unit area is:

KR(D)? R((DHET
SIA = =
R, A R, A
5.3.1.4 Specific intensitv per unit length (SIL)
R,(D')
SIL = ———
R: L
Tne color corrected specific intensity per wnit length is:

KR ®Y2 RK@IT

S =
. R. L
R, L Reg L
6.3.1.5 Luminance factor (LF)
r R;(D')*
1F =
R, A cosg cose
The color corrected luminance factor is:
K R, (D')?2 R, (D) T
1F = =

R, A cosB cose R, A cosB8 cose

6.3.2 Procedure II: This procedure shall be used to determine the performance of a material or a device,
using a worring standard similar to the material or device being tested. The performance value of the
working standard shall be determined in accordance with Procedure 1. For each rest condicion, the values
to be used for each of the geomerric temms in paragraph 2.2 shall be defined. The photametric performance
values {specific intensity (SI), specific luminance (SL), specific intensicy per unit area (SIA), specific
intensicy per unit length (SIL), or the luminance factor (LF)] shall be assigned to the working standard.
Photametric performance of the sample shall be determined bv camarison of the sample to the working

Y Svmpme shae 2L

standarc. These comparative measurements shall be accomplisned by following Procedure I, except that the
working sctandard shall be placed on the goniometer and reading Rigrq shall be taken. The standard shall
then be replaced with the sample, and reading R)pegqr Shall be taken.

NOTE 23: Procedure II offers many advamtages where a large mmber of perrormance measure-
ments on similar samples are to be determined. However, the working standard and the sample
must be similar in size, color, and performance value. Also, periodic recalibration of the
working standard is required to compensate for aging. The photoreceptor must be corrected
to the photopic standard observer, but does not reguire the color correction factor K. since
the standarc and the sampie are similar in color (see Note 22). ptical means to shorten the

PNOTOmetTiC range. Such as nigh quality mirrors, are allowable under Procedure I3I.

a
Lo

3.2.2 Specific intensity (SI)

ST = B rest (S

R].st:d

11
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2.2 Specific luminance (SL)
Ast* IL"es’t
SL = == (SL__ 3
STC
ces;‘lshc
2.3 Specific intensirCy per unit area (SIA)
A- -
SIA = std Rl\.est (Smscd>
A
test Rlstd
2.4 Specific intensity per unit length (SIL)
.
* _ “std K rese
ST = T———;———— (Sﬂ.std)
“test “lstd
.2.5 Luminance factor (LF)
yp . std thest
- A (I'Fstd)

The (uncalibrated) illumnance oI the working standarc at
measured in accordance with Proceaure 1

The (uncalibrated)
in accordancc with Procedure I

SpelelC intensity determined by Procedure I

nociened Fo the workine SrFan dard
and ASSigneld O WS WOIRAE stanaaxrc

Specific intensity per umit de
test conditions) and assigned to the working standard

Lurinance factor determined by Procedure I (relative to a

and assigned to the working stanaard
Retroreflective area of the working standard
Retroreflective area of the sample

Length of the working standard

Lengtn of the samplie

12

termined bv Procedure I

the photoreceptor aperture,

i1luminance of the sample at the photoreceptor aperture. measured

(relative to a fixed set of test conditions)

(relative to a fixed set of

fixed ser of test conditions;
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