Federal Test Method Standard 373
December |, 1979

FEDERAL TEST METHOD STANDARD
INSTRUMENTAL COLOR MEASUREMENTS OF

RETROREFLECTIVE MATERIALS AND DEVICES UNDER
NIGHTTIME ILLUMINATING AND VIEWING CONDITIONS

This standard was approved by the Commissioner Federal Suppiv Service,
CSeneral Services Administrator, for the use of all Federai agencies.

. SCOPE

l.I This standard descripes the instrumental determination of the chromaticity coordinates of retroreflective materials
ang devices under conditions which are characteristic of nighttime illuminating and viewing.

1.2 This standard 1s intended as a comprehensive guide to the geometric and colorimetric terminology useful in
characterizing retrorefiectors, and as a description of instrument requirements.

1.3 The requirements needed to stipulate specific tests and specifications for retrorefiectors are inciuded in section 4 of
this standard.

Z. DEFINITIONS

2.1 Retroreflective terms:

2.l Retrorefiection. Reflection in which radiation is returned in directions close to the direction from which it came.

2.0.2 Retroreflector. A suriace or device which reflects and returns a relatively high proportion of light in a direction
close to the direcuon from which it came. This characteristic is maintained over a wide varialion of the angle made by the
incident lignt ray and the reference axis.

2.l.3 Retrorefiective efement. One optical unit which by refraction andjor reflection produces the phenomenon of

2.l.4 Retroreflecuive device. A complete device, ready for use, consisting of one or more retroretiective elements.

2.5 Retroreflective material. A retroreflective material which consists of a thin continuous laver of smail
retrorefiecive elements on or very near the exposed surface (for example, retroreflective sheeting, beaced paint, highway
sign surfaces, or pavement stripingl.

2.1.5.1 Retroretjeclive sheeting. A retroreflective material preassembled as a thin fiim ready for use.

2.2 Geometric lerms (see figures | and 2):

2.2.0 Reierence center {0). The defined center of a retroreflector.

2.2.2 Reference axis (ON). Tne definea axis used Lo determine the entrance angle in colormetric measurements and in
practical use. This axis passes through the reference center (O) (see note 6).

2.2.3 Axis of incident nght (3S). The line between the reference center and the center of the exit aperture of the light

source.

2.2.5 Observauion axis (OR). The line between the reference center and the center of the entrance aperature of the

Lol

receptor.

2.2.5 Entrance angie (). The angle between the reference axis and the axis of incident light. Counterciockwise
rotation of the reference axis relatve to the axis of incident light is considered positive, as shown in figure |.

o= c .
NOTE i- Entrance angies are normally in the range ol 0 1o 90" . However, negative entrance angles can be used to
—_—— e . o - N .
inaicate & cnange of 130 in the presentation angie, providea the 0 orientation of the datum mark 1s deiined relative
to the opservation plane.
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2.2.6 Viewing angle (7). The angi2 between the observaticn aws and the reference axis.

NOTE 2: Since s angle o seterminec by oiher gelined angigs. the viewing angle 1s introguced {or convenience.

o a1 RATWwoar The Z¥it ~° (nroAant ant anMf thos ARcarvaiinn avie (A varnoncre anaiosl .«
ne angic selweer the axis o) incioent ligni ans 1h= observaiion axis 'divergence angie" 15
2.2.8 Dawm_mar T.h.e mark .,ﬁarec on the sample by the manut

n anz:= {(wi. The an

2.2.9

te. when viewead frem ozint N. through which the campie mav be -¢
reference axis, 1rom Ul Nilia Zero gegree orientation of tne datum ark. The inihal zero degree orientation angx( may pe
definec relative 10 either the observauon plane 2r the entrance viane.

(a) When defined reiative (o the opservation plane, the zerc degree orientation is when the datum mark is in the
observation piane and on the same side o1 the axis of inc:dent light as the pnotoreceptor.

rance piaf‘xc. ihe zero decree origniaiion is when

{b) When defineg rai i i 7
tra n the same side of the axis of incident light as the reference

1S in the en
axis.

ative to the en
nce plane ang

2.2.i10 Presentation angle (¥). The dihedral angie petwesn the enirance plane (formed bv ithe axis of incident light ang
the reference axis/ anc the observation piane (for'nc bv the axis ot incident light and the observation axis). O~ is formed by

4

the ayic incident light anc the reference axis. with the recepror on the saine side of the source 3o the reference axis A

the axis of incigent BN 8N IR TEISrente ais. Wilh ne reLeplo he sarne sigde o the source lhe reference axis. A
i 2

presentation angie oi (” as shown in figure 2 is used. unless otherwisc specified. Figure | shows the presentation angie at
+90%

2.2.11 Ylumination distance (D. equai to CS). The distance between the center of the exit aperture of the light source and
the reference center.

2.2.12 Observation d:stance (D'. 2guai tc CR). The disiance betwesn the reference center and the center of the entrance
aperture of the pnotoreceptor.

2.2.13 Laterai distance (d). Tne distance {rom the center of the entrance aperiuvre of the photoreceptor to the axis of

P p P P
in~iAant lioht measyreg ~armondicil arig 10 'No ARCOrUaATiAn avic 1o pmav hp computle ar rrttimivineg rhe AhcarvztiAan
incident ligh!, measures perpendiculariy he observaticn axis. !t may computecd by multisiving the observalios
distance D' Dy the tangent of the opservauon angle.

Q

2.2.04 Source aperture angiz (&), The angle o1 the sample subtended bv a given dimension of the source aperture.

2.2.15 Receptor aperture angle (§). The angle z1 the sample subtended by a given dimension of the receptor acerture.

2.2.16 Angular aperture of an individual retroreilect:ve optical unit. There is a maximum displacement distance cetween
an incident light ray striking an inaividual retroretlective ovlicai unit anu the resuitant retroreflected ray. When this
maximum displactement disiance 15 projecies on a plane passing through the retroretiector center ana perpenaicular 1o the
retroflecter axis. the angic it then subtenas at the center oI the receplor 15 the anpguiar aperture of the indiviquai

retrereflective optical unit.

2.2.17 Angular aperture of the retroreflacror at the source (n). The angle subtended al the center of the source by the
greatest dimension of the active area of the retrorefijector.

2.2.18 Anguiar aperture oi the retroreflector at the recentor {n’). The angle subtendec at the center 5t the receptor by
the greatec! uimensjon of thz aclive area ot the retrorcrjeclor. Because. 1n pract:ce, the receptor is always close o the
ource, the anguiar apertures ot the retroreflector a3t the source and at the receptor do not differ significantly.

2.3 Ccierimetric terms.

2.2 CIE standard :llumninant A.  Standard sources of light have been established anc spezified dbv the International
Commission on lliumination, KNown Dy ihe oliicial aooreviation CIE which s dUOL-)'lf:C\ irom the rFrench name, Commission
Internationaie ge !'Eciairage. For nigntume coior mecsurement, tne CIE light source usec 1s CIE standard source A (&
Lungsten lamp operated al & color ;cmpera;urc o 2856 K. Ome' x_lE stanGarg sournes dhn the:r energy distributions

{rntarran sian

o S PN Py
wweierrec (0 a8 standarc iiuminants

LI 0 reIAerenty yoaistrioulicn: o

Cibluminant A s

given ir tadie i.
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TABLE 1.

Energy distribution ot CIE standard

oEm TECT
relde 10D

illuminant A (ref. 8.1

Waveiengtn, nm Relative energy

Waveiengih., nm

Relative energy

380 9.7%
355 [c.0%
400 6.7
410 17.68
520 21.0C
430 24.67
440 28.70
435G 33.3°
460 37.82
470 42.87
4R0 4g 25
490 53.91
500 59.86
510 66.06
520 72.50
530 79.12
540 85.9)
550 92.91
560 186.00
570 1G7.1%8

58C
<9
Z7

600
6173
620
63C
640
650
660
670

J

[
121.72

taG N
129.0%

136.3¢6
i43.62
150.83
157.98
165,33
171.36
178.77

198 n12
[R-PXE Pl

191.93
198.26
204 41
210.36
216.12
221.66
227.00

232.11

2.3.2 Trisumuius values of the spectrum colors for the 193l

CIE standard colorimetr:c observer.

The basis for the

tristimuius system of colorimetry is defined by the 193] CIE standard coiorimetric observer. {A detalled explanation oi the

deveiopment of the system may be founa in reference 8.2.} Figure 3 and tabie Il give the spectral tristimulus vajues of the

spectral luminous

i93i Standard Coiormetric Observer. These functions have been chosen so that v(A} = V (1), the
efficiency function for photopic vision (see 8.3).
25 1
|
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FIGURE 3
Spectral tristimulus values (for equal spectral energy source) of the 193] CIE siandard colorimetr:c observer
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ues (for

TABLE lI. Spectral tristimulus values (for equal spectral energy
_ - source) of the 1931 CIE Standard Colorimetric Observer
Wave:engih Wavetengin S

(nm Xia) VA It A tnm’ XA A oA
380 5.001¢ £.9606 3.0065 580G J.7i63 0.3708 5.2017
390 C.0062 G.000! G.320: 3906 1.0262 0.757¢C 0.001)
4G0 G.0i43 0.0004 3.0679 600 1.0e22 0.6310 0.0008
410 0.0635 5.001Z G.2074 610 .. 002¢ G.5030 0.3003
420 C.13u¢ C.0060 J.8856 020 G.85e5 3.281C 0.00C2
430 0.2839 0.01le 52856 630G U.eL2tL C.2650 C.2000
w4l G.3482 $.023C LLTRT7 640 g.us7e G.1750 G.30G00
450 0.3362 G.0380 1.7721 650 £.2835 Q0.1070 G.0000
460 0.2908 0.0600 1.6692 66GC 0.1649 0.0619 0.0000
470 0.1954 0.05i0 1.2876 670 3.087¢ 6.0320 0.0000
480 0.095¢ 0.1390C 0.8130 680 0.0468 0.0170 0.0000
490 0.0320 0.2080 0.4652 690 0.0227 0.0082 0.0000
560 G.0043% C¢.3230 0.2720 70C Gg.Clisk 0.004! 0.0000
510 0.0093 0.5030 J.1582 71C 0.0058 0.0021 G.0000
520 0.0633 0.7100 0.0782 720 0.0029 0.0010 J.0000
530 C.1655 g.362C £.0422 730 2.90)u 0.0005 G.0000
540 0.2904 0.954C 0.6203 74G 0.00G7 0.0003 0.500C
550 C.u33¢L C.9950 0.0084 750 C.00C3 C.000! 0.5000
360 0.5945 0.995C 0.0039 760 G.0002 £.000! 0.0000
570 0.762! 0.9520 0.0021!

580 0.9163 0.8700 0.0017

2.3.3 Tristimulus vajues for a colored sample. The spectral nature of the lignt coming to the eye from a retroreflector
depencs upon the spcctral distribution of the radiation from the source, S(A), and a quanuty proportional to the spectral
\ EA ala wramontc of rarraraflactare S()) ic illuminant A

D
rcll!:(.idu&.c of the r:uUlcucuAvl. (\\A;. ror AIASIILII me Colorimelrnic measurements ©1 reirorelieciors, _:\/\/ ts illuminant A.

The spectral tristimuius vajues, S (/\) and R()\) are used to calculate three numbers, the tristimulus values X, VY, and Z,
follows:

B

X = 5fsA(A) R(A) XA) dA

Y :k[; (A) R(A) VA) dA
Vo= KIS A REA vA) dA

£ iy e s
KfS AA) R(A) ZHA) a4

Where: S;\(f\) = the spectral distributton of iljuminant A.

R(A) = the spectral reflectance of the sampie.
Hu b Sy Y TUNY L sk mmmmvmal bmicrimmiiiiie umiiizae ~f tha (TIE croammnrAd Amcearuar
XAy NAL ZVA) = UwE b'){"...qx HISUMUIUS vaiu€s O1 1T wil Swaiilaid Go5Tr VT .

100/k i/SA“‘) MA) dA

Integration of each curve across the visible region (380 to 76C nm) giver the numerical vajue for the corresponding
trisumulus value X, Y, or Z.

2.3.4 Chromaticity coordinates.The chromaticity coordinates x, y, and z are computed {rom the tristimulus values X, Y,
and < as follows:

The normalizalion consiant k in the equations for X, Y. and Z cancels out in calculat:ne », v, anc =. Thus x. y, and z express
the chromaticity of the refiected light without regard to its brightness. Because (he sum o x, y, and © is always equal 10
one, onjyv two 0f these guantitlies are needed 10 describe the anromatiCity o1 a lignt. Tre <nromaucity coordinates x anc v

are chosen lor this purpose.

5
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515 £ME I8 ik, vi-chromatic R Tho mmce—asimics, mamcm catoar o amd ;o= stied as shown in figure &
2.32.5 (it i73] X, v)j-chromatuiciiv uldzrar'l. e CHrOmauCity CoOrginatss X ai 113 v Cait be uluucu ad MWW g gl .
The outiine in he 1l2ure encioses the enlire range of combinalione of anc v whick correspond to rea! cniors. The

¥
chromaticity coorginates {or 'nonochromauc radiation ial:; or ihe upper curved poundary, cailec the "spectrum locus." The

B iAsMimaras Al th houndary Thae rhramatirity
€ (NGiICaies Cn Uhys ooundary. 0 OnfoMmiauciy

points at wniCh MONOChromalc radialion Ci various waveie hs fall &
coorginates 10r DoivENnromatic rag:allon lais wilhifi the boundars, with the more nearlv neutra; coiors aemg representes by
points toward the center of ihe poundec region. The gotiec [ine in figure 4 is callec the Plankian locus anc indicates the

chromaticity coordinates for radiation emitted at various temperatures from a blackbodyv. The chromatiZity coordinates ior

cnromatiily Coorainaies il & ous res iro XDOC atill coa

illuminant 4 are indicatec ir figure 4.

2.3.6 Trnisumujus colorimetler. For the purposes 3: this methog, a tristimulus coiorimeter is gefined as an instrument for
measuring coiorimeltric quantities by mezns oi detectors. Tne spectrai response of the getectors nas been made 10 simulate
the standara opserver speciral trisumulus funcuons. Sucn an instrument produces vatues approximateiy proporuonal to X,
Y, and Z directly without need for numerical integration. For practical reasons, the X response is of ten broken up into two

parts, Xred and Xblue’ representing the separate contributions from each of the two peaks on the XA) curve (see figure 3).

2.3.7 Teiecolonimeter. An instrument for measuring the tristimulus values or cnromaticity coordinates of a color
stumulus at appreciadle aistances from that stimulus.

2.2.3 Speciroradiometer. An instrument for measuring the spectral distribution of radiant energy (see 3.4,

2.3.9 Con

eler
with respect to the iliuminating ancd measuring (nsiruments.

An instrument for supporting the retroretflective material or devic

3. USE OF THE CIE CHROMATICITY DIAGRAM FOR THE SPECIFICATION OF COLOR
3.0 Specifving coior limiis. A coior point representing the x and y
Jocated on the CIE diagram. A spec:fication for a specific retroreflectuv
a sample of this color fail within specified boundaries of the diagram. The ai

our sets of cnromaticity coords
cur s¢ ahrgmaudicly ceerd

®
a
9_

o

inl

/ COOTTin
imit would require that the color point for
ea within these bo ounadaries is referred to as a
- theo

cnoc~ificatian
speciiicatuion.

Different color limits are required o specify daytime and nighttime color. Nighttime and daytime color limits are different
for two major reasons: the quality of the illuminat: :ng lmht and the geometry or direction af the Hluminating In?ht. Dayvtime
color is viewed under a source of daylight quality, and nxgnmme color 1s viewed under source A {(a CIE source corresponding
to an Iincandescent iamp, such as an automobiie headiampl. iliumination in the davume s irom skyiight, and difiuseiy
refiected lignt :s observed; illumination in the nignttime comes from a point very near the observer, and retroreflected light

15 observed.
4. REQUIREMENTS TO BE STATED IN SPECIFICATIONS

4.i  When sianung cclonmeltric retr

specification for the material:

grerlective r2ourements

.4
J
o
.
g
Q
o9
.
[
2
=
o
3
¢
3
(7
n
o
{
(v g
[}
n
J
17
8
.
3
n)
)
-
T
D

(a) Tne Limits ot the coior arez on the !93]1 CIE chromanicity diagram (usually four pairs of chromaticity
coordinates (x and v) are required to define an area on the diagram).

{b) The chromaticity cocrdinate limits of the standarc filteris) (when 1t 1s necessary to calibrate
the receptor rejative Lo a standard cojored fiiter(s)).

NOTE 3: it s necessary to calibrate the receptor relat:ve tc (aj standard coiored filter(s), except when using the
spectroradxomater method (no [ilter used). The chromaticity coordinate limits of the standard filter(s; must be
specif fied by snnnlaur\p the filter glass type or the manufacturer's part number of the filter.

{c) The opservation angle iaj.
{d) Tne entrance angie (3}
. A0
NOTE 4: When spec:iving an entrance angie of 07, care must be taken 1o prevent specular reflection from entering
the receptor. In this case. the entrance angle should pe specified so that specular light will be reflected away trom

the receptor.

- o . - :
{e) Tne orientation angle {wi, and the G~ orientauor of the datum mark, if randgom orientation o
the sample 15 not suitable.

{f) Tne preseniation angie (Y

(g) The observation disiance (') (see 4.2.3).

~1

I B B - N 181 )} 118 <« B ) | 1}
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(h) Sample dimensions and snape.

(1) The max:murm rz7eptor angular aper®:
the maximurr armension of ifus apert
at the reference center snalj be s
dimensions and observaiion disian
minutes of arc).

NOTE 5: The maximurn vaiue of the angie 3t the sampie sudtended Dv tne rmaximium aperture diamerer of the
receptor shouid be specifiec in the materia, speciiicition: 1t <nould be :n the orger dof 6 minutes ol arc (see
figere 2). However, Ino maxunuin Glameier o Beth aperiures varies wilh 'ne test disiande.

(j) Tne maxunum angular aperture o nNe Jign: pro 271or _f?ne angie 31 the sample (b in {.gure 2) subtengeg
bv tne maximum dimension of this aperturci. The >0.iG angie subtendec dy the ligni source aperture
at the refe-ence center shall be speciried. Tnis can be accomplishea by specifying the source
aperture dimensions and iiiuminaton distance (D), o7 the maximum source aperture angie {generajiy
{0 minutes or arcl.

=

1Y TR
K/ 1

(1) The reference axis.

NOTE 6: The reference axis usualiv is perpendicular o the surface of sneeting. In such complex devices as
automonbile or bicvcie refiectors, tne reference axis anc reference center may he cefined with respect to the

viewing directlion.

NOTE 7: When evaiuation reauirements are different frem those stated in this standarg, 1t 1s recommenaec that
the variations be defined rejative tc the test conditions used in this standard.

- LIV

S€j
retroreflectors.

. 4.2.] Angular apertures. Useiful angular apertures are shown in table Ill. High resolution tests require observation angies
as small as 0.I°. Moagerate resolution tests require observation angies no smaller than C.27, and Inw resojution tests require
observauon angies of (.237 or greater. It rnust ne notac tha:, 1n theory, retroretiecied radiant energy s measured with
infinitely smal. apertures, or apertures at [east as smaji a> those encountered in practicai appiication. The angular apertures
in tabic Il have beern founcd to be useful approximations of thece requirements, while stll allowing {fcr sufficient sensitivity
1o reajize a praclicai measurement in the jaboraiorv.

TABLE NI. Usefu! aneusar avertuyrer for <ojorimerric tesung
x:aign \iocerate

\iccera [
resolutiorn resciulion resoiution
Sum of anguiar Gl 92° 0.2 - .04 C.123 .06°
aperture ot
source plus
receptor (5§« 8'}*
.9 o o
angular af .47 max. S 2.5 max.
of retroreilector
(norn
o) o A AL
angular aperture 0.C!7 max. C.027 max. G.047 max.
o1 an indivigua!l
retrorefiecuve

optical unit

*Maximum sSyYslem sensitivily 1s oODlaInes «~nen the any'ialr 2pertures ol tne scurce (¢ ) ana ol the receptlor L &Y
are ecuai.

4.2.2 Sumpie s;ze sejection. The recommeiided minmum sampic 5 one entire retrorefiector (2 jarge retroretjecior may

be iestea ov summineg the efiecic of smaller sepments). or. ‘wnen testine retroreflective sheeunz, 2 mimmum area of C.09

92 -
m~ U 17 This can be accomplished, for exampie, DY neasur'ne

© ungie sguare samnte C.2 m (1) on a sige or by averaging

the rneasuremerits of several smaller preces to'anng 0.2¢ ~, Tieroared.
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5.2.2 Observation disiance. The observation cistance and illumination distance rust be specified in this test methc

P,

Thev are limited by anguiar aperture recuirements, by the requirement to test 3 minimum sampie area, or by tne agesire tu—
test ar enlire retroreflector at once. However, the iilumination distance must be within + | percent of the observation
distance. lf it is not possible to have the illumination anc observation distances equal, a resirictive opening must be piaced
in the incident lignt beam at the observation distance. The angular aperture of the source is then measured at this

restrictive aperture.

4.2.4 Photometric range.

4.2.4.) High resolution test. A 30-m illumination distance with source and receiver angular apertures meeting the

tolerance of table IIl is recommended. With this arrangement, if the sample retroreflector is contained within a circie {8 cm
) . . . fn s O . T . o .
in diameter, the maximum angular aperture o! the retroretiector tU.4 ; will not be exCceeaged. However, nNis MEIN0OA GOELS NOL
exclude the use oi shorter illumination distances (or longer if needec when the anguiar aperture of the elemental optical unit

is large], provided the angular requirements and minimum sample sizes are within the stated tolerances.

4.2.4.2 Moderate resolution test. A }|5-m iulumination distance with a 25-mm diameter receplor aperture is

recommended. With this arrangement, the sample retroreflector must be within a circie 45 ¢m in diameter ir order not to
exceed the maximum angular aperture lim:t. However, this method does not exclude the use of shorter illumination
distances, provided the toierances for the angular apertures of the source, the photoreceptor, the retrorefiector, and the
elemental retroreflective optical unit are not exceeded. However, shorter illumination distances may necessitate testing

and musras HEae.

and averaging the le size reguirement.

4.2.4.3 Low resolution test. An 8.7-m illumination distance with source and receiver angular apertures meeting the

tolerances of table 11l is recommenaed. At this distance, a 0.46-m specimen will be within the angular tolerances for
This geometry allows for greater sensilivity to low refiectivity materials or for tests at jarge
observation angies (e.g.. a = 2.0 or 3.0%). Other distances may be used for the low resolution test, provided the angular
requirements and samples sizes are within the toierances of tabte [Il.

5. APPARATUS

5.1 The apparatus shall consist of either a spectroradiomeier equipped wiih collection optics or a teiecolorimeter, a

regulated light projector source, a gonjometer sampie holder, a photometric range, ana calibration standards.
5.2 Teiecoiorimeter. The telecolorimeter shall be equipped with:
a. CIE 193] Trisumutus Value filters :
- An ired filter tor the long wave portion of the X function
- An %ﬂue filter for the short wave porlion of the x funcuon

- A v filter tor the y tuncuon (spectral luminous efficiency funciion)

- Az filter for the z function
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~ Tight filrar Anidar atrarnmen: H tho filter caorrect:nn facior 1€ 10 Be tesn the 1aiarniarimeator chall ha acininnan

C. LIBNL 1L K GED giidlamitCiie. o n€ 1400 LOMTOCUTN 18000 IS5 0 oC USEC, (i IS CiOrimciel Snau: ot EGQuipped
with an arrarhmant 18 mount filtere 10 2 way whicn prevents interrefiestinon herwsean the filter and rne telacalarimator
with an attachment 10 mount fiitersin a wav whicn prevents interrefiection between the filter and the telecolorimeter.

d. Means to eiyminate strav lignt. Stray hight snali be reguced to a negligible ieve! by use of a fieic aperture on the
telecolorimeter. The f:eld aperture may be omuttea if pafiliing of the photomertric range s carefully emploved. Elimination

NOTE 8: A selection of angular field apertures from 2 minutes to 3° may be necessary, because retroreflective
mater,al specifications require various test distances which atfect the actual fieid aperture. The fieid of view should

be limited to the smailest aperture that includes the entire sampie.

e. Obiective jens. I the tejecolorimeter is equippec with an objective iens, it shail focus at the test distance.

5.3 Spectroradiometer. The spectroradiometer shall be equipped with:

a. Disoersive element. A device which separates the incident radiant flux into narrow bands of wavelength. It shall

consist of a monochromator or a series of narrow-band interference filters. The stray light shail be sufficiently smal! to
permit an accuracy of + 0.005 in the measured values of x and y. The wavelength reproducibility shall be -1 nm or better,

and the half-power bandwidth shail be between 4 and & nm.

b. Receptor stabilitv ang linearity. The receptor shall be stable and linear to within + | percent over the range to be

measuread.

c. Qutput. The spectroradiometer snall be capable of providing either grapnical or digitai information from which

chromaticity coordinates can be computed.

percent of the average normal illuminance over the area of the retroreflector at the test distance. The light projector shall

a

be equippea with an adjustable ;ris diaphragm or a selection of fixed apertures. The intensity of the light snall be regulate

anu shall not vary more than | percent for the duration of the test.

NOTE J: Many projecuon lamps are designed to operate ai color temnperatures higher than 2856 K. In such cases, the

terminal voitage ai the jamp shall be adjustea to proviae tne specified color temperature.

NOTE 10: The maximum diameter of the projector exit aperture and the angle at the test sample thus subtended

should not exceed that specified in paragraph 4.1.

il
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5.5 Goniometer samole holder and other supports. Suitable supports shall be provided for the source, telecojorirr

and lest sampies as required so that the geometric arrangement required for caiibration and measurements can be ach, _ J

and maintained. The goniometer shali sudport the test sample so that the compiement of ihe specified entrance angle does

e Th v
(O

axis oI incigent

[1]

ar
plus or minus angie setungs.

23

5.6 Photometric range. The background behind the sample shall be {lat black tc mimimize the effect of strav Light.

e
ceiling, and floor exposed to the light beam shall be painted flat black.

NOTE Il: The observation distance D' must be large enough so that the lateral displacement of the retroreflected light

i e

within the optlical elemenis © ve material is small rejauve to the lateral distance d of the

measurement, For most spherical lens materials with optical elements less than 0.005 inches in diameter, this
dispiacement is negligible. For large cube corner constructions, it may be significant. Thirty meters 1s generally a
sufficient observation distance for typical cube corner constructions. Shorter observation distances mav be used for
pherical lens retroreflectors.

NOTE i2: The laterial distance (d) is an important parameter. It can easily be measured by mounting a rifilescope on
the goniometer at the reference center of the sample. The cross hairs of the scope can then be centered and {focused
on the exit aperture of the light projector. By sighting through the riflescope, a pointer can be located on the axis of
incident light at the point where the jateral distance line intercepts the axis of incident light. The lateral distance can
then be precisely measurec. Table 1V gives the lateral distance d for various values of the observation distance D' and

the observation angle.

TABLE 1V. Llateral distance as a function of observarion angle and observation distance

Observation Observation Laterai

angic (a) distance (D') distance (d)

(degrees) (feet) (inches)
0.2 50 2.09
0.33 50 3.46
0.5 50 5.24
i.33 50 13.93
2.0 50 20.95
8.0 5G 84.32
0.2 100 4. 19
0.33 10C 6.9
0.5 100 10.47
1.33 100 27 .86
2.C 10G 41.90
.0 100 168.65
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5.7 Calibration stancards. Calipration filters {calibratec on a speciropnotometer). naving reiative sperstral

transmirtance curves similar in shape to those of the spectra] reflectance of the test sampie, snali be usea. (Bv similar
shapes is meant that the ratio of the spectral refiectance of the sampie tc the spectrai transmittance of the filter 1s

approximateiy constant.)

6. TEST PROCEDURES

6.l General. The geometry used to determine the performance of retroreflective materiais shall be in accordance with

figures | and 2.

6.2 Goniometer calibration. The goniometer shall be calibrated at the 0° entrance angle position 1n the vertcal and

horizontal pianes of the test sampie. All measurements shall be made relative to this point and shall be checked eacnh time
. . 5 5
the goniometer or light projector is moved. lf measurements are to be made ai extreme angies of 75" to near 907, i1 1s

recommended that the goniometer be calibrated at the 90° entrance angle position for greatest accuracy.

NOTE 13: This can be accomplished by locating a 300-mm (I2-inch) square, high-quality, plane mirror in piace oi the
sample. A 300 mm cross, centered on the surface of the mirror, can be made witn pnotograpnic biack tave. A 600-mm
square piece of white construction paper, with a hole in the center, can be placed over the exit aperture of the
projector. By observing the white paper, the goniometer can be adjusted so that the shadow of the cross is refiected
direciiy on the exii aperture of the projecior. This horizoniai position of the goniometer is the ¢° entrance angie of

the test sample.
6.3 Procecure |.

6.3.] Calibrauon of the tejecolorimeter. Place a spectrally fiat white diffusing surface :nat aces not alter tne color

temperature of the reflected lignt in the sample position as shown in figure 5. Focus the telecojorimeter, ecuipped with the
field apertiure to be used during the color measurements, on the white surface. Obtain a reaaing with the reiecolorimeter
tor each of the "instrument" filters. First obtain a reading for Y' (usually a reading of 100 is obtainea). Then read X' ed’
x‘blue’ and Z'. The following vaiues must be obtained:

X =0.0538 Y!

blue

X' = 1.0u45 Y
red

z =0.3555 Y

tree’ | true’ Ttrue’
values, into the instrument's auxiliary filter holder. With each of the instrument's {ilters positioneo in turn before the

Then insert a reference fiiter, caliprated to a standard color with a spectrophotometer and assignea X

photoreceptor, read X"red’ X“mue, Y", and Z". Calculate the color correction factors CFX, CFY’ and CF. as foilows:

13
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=z “trye
X" X" -
rec Diue
CF, = true
Y
v
CF. = Ttrue
—u
pa

where: CFX. CFY, CF-~ = correction factors

X Y z
true’  true’ Ttrue
These values are determined with a spectrophotometer for

= the X, Y, and Z values assigned to the reference filters.

Iliuminant A and the |93] Standard Observer.

n

v v .
“red’ "biue’ Y, an

Q

X" agr X bjuer Y0 2 = for

Source A equipped with the respective filter.

NOTE I4: The color correction factors are attempts to bring the lelecolorimeter's responses into agreement with the

true trisumulus values of the spectrum coiors for the {931 Standard Observer as shown in figure 3.

Standard

V/ White
)
\

/
.
©
<t
3
|

~
A3
Reterence Filter

Observation Distance, D’

8

Arrangement for calibration of the telecoloruneter
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6.3.2 Color measurement. Reposition the relecolorimeter to achieve the arrangement specified in figures | and 2 and in

the specification for the tes: materiai. No changes :r the acjustment oi ine telecolorimeter shali De mage, but e rang»

scale of the instrument mav pe usea. To minimize errors in the Zoior temoerature oI the hignt source. tne same gnt sturte

shai. be useqg ior Lot calibrdation anc coior measurement., The colleClon ODULCS O Lhe (ELeCOiorimelsr Must ¢ aCiusles i

that, wnen placed in the receptor position, either the enure retrorefjective sample is contained within its fjeid of view cr

the entire fiejd of view s contained witnin the uniform sampie surface. In the case of retroreflecting devices. the firs: of

these conditions is recommenaed. Focus the lelecoiorimeter on the tes: surface, and ensure that the {iejc stup aperture 1

the tejecolorimeter i1s completely filed witn light. Reaa the Xred’ Xblue' Y, ang Z values of the 3ample Dy pcsiticning eacn

tristimuius filters in turn before the téiecoiorimeter. Then correct ihese vaiues by the foilowing equations:

A

AL ek
oI tn

X = (X X ' {CF)
test red blue X
Y = (CF.}
test Y
z =2 (CF.L)
test Jos

Compute the chromaticity coordinates x and y of tne test sample by the following equations:

xtp{? = XI><'
test test
X +Y + 2
test test test
Y
Y. .. = test
test
X .+« Y, . «2
est 1est est
The computed CIE chromaucity coordinates, x . and y , locate a point on the CIE diagram. The tes: samcic -ne='s
test test i >
specification requirements wner this point falls withyn the color block estabiisned in the specificatl:on 1or the master;a! (ses

6.4 Procecure [l

6.4.0 Use of the spectroradiometer. This method emplovs a spectroradiometer to measure the spectral distribution of

the irradiance on the sampie anc the irradiance at the receptor. Use of this metnod does noi require that the source e a:
the proper color temperature or that the intensity scaie of the spectroradiorneter be properly calibrated. However. Lhe
spectroradiomerer must be linear, and :ts wavelength scale must be caiibratec. The -<oileciion opticc of tne
spectroragiometer mus: De adiusted so thal, wnen placed in the receptor position. either the entire retroreflecting samois o
contained within ite fieid of view or the entire fieid of view 1s contained within the uniform sampie surface. In the Zase o
retroreflecting gevices, the {irst of these conditions 1> recommenced. When the enure sample s incluaed in the fiejc o
view, the field of view should be sufficiently iarger than the sampie to avoic problems in aiignment, but not so jarge a5 i
cause difficulty by collecting strav radianon. When the enure field of view is contained within the retroreflecting arca. the
fieid of view should be sufficiently smaller than the retroreflecting area in oraer to avoid problems witn misalignment, out

shoutd not be so smail as to cause difficulty with sampie nonuniformity.
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6.6.2 Color measurement. Place the spectroradiometer in the recepior position, and taxe readings Rl('\) of the light

refiected irom (he retroreflector being measurec at each wavelengtn from 400 to 700 nm at 10-nm intervals. Then place :

spectroradiometer in the sampie posilion. ensure that he enure source exit aperiure s contained in the fieid of view of thé™

spectroragiometer, and take reaaings Rzl)\) at each wavelengtn from 400 to 70C nm at 10-nm intervais.

NOTE 15: An alternate set of Rz()«) readings can be obtained by viewing the radiation reflected from a BaSO, plaque
3s shown in figure 5. This method has the advantage that RI(A) ang RZ(A) can be made (o be approximately the same
magnituce by properly choosing the distance between the receptor and the white standard. However, in both methods,
the position of the spectroradiometler must be held constant auring the entire series of measurements of RZ(A), and its
collection oplics must not be changed irom that used when Rl()‘) is measured. A large observation angle (such as 45%

must be used,for BaSOu surfaces retroreflect in a manner which is ditficult to predict and therefore calibrating at small

opservation angies can resull in large errors.

Calcuiate the :ristirnulus vaiues X, V', and 2 by the following equations:

760
X =k Z R, /R, S () XA
330
¥ =k B0 R R, 5,00 T
380
760 }
T=k Z R, (A/RHAIS 4 (A ()
380

where: Rl = reading of the sample

R, =reading of the incident radiation, either directly or reflected from a

nogN
BaSO, plaque.

The chrcmaticity coordinates x and y are given by:

>
"
>

X+Y+Z

7. PRECISION

7.0 Precision. The standard deviauon of measurement of the chromaticity coordinates for samples of various colors is
given 16 taoie V. This precision statement 1s based on repeat measurements (see 8.5) of the same samples and does not
inciade variciions ntroduceda by sampling.  Participaung laboratories were allowed to seiect vaiues tor all parameters In
section & bused un individual preierence and avauapility of equipment. It is anticipated that measurements using a uniform

sel of test parameters will be rnore accurate than the measurerments summarized in table V.

16
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TABLE V., Srandard deviations of single nighttime chromaticity measurements
Degrees ol 1reeaorm. Stangara aeviatrons
Number Withun Within

ot one Between one Berween

Coior SDECIMEens japoratory japoratories iaboratorv {aboratories
. S — X —_

White 6 12 48 .005 .0C2 oL .0CS
Y ellow 6 12 48 .002 .002 .007 .006
Red 8 i6 6L .004 .002 .007 .007
Blue 7 14 5% .008 .01l .019 .032
Green 8 16 64 .005 .009 .008 .021
Orange 9 18 72 .003 .006 .006 Nelsh)

7.2 Repeatapiiity. The repeatabpiiitystatement in table VI is based on repeat measurements using a tristimutus filter

colorimeter over a period of several months in one jaboratory.

7.3 Reproaucibility. The reproducibility statement in tabie VI is based on an internationai interchange of samples
between laboratories (see 8.5). One set of samples was measured both by tristrimulus colorimeters and by
spectrophotometers.

LE VI. Maximuin_aliowable differences for two determinations {95% C.l. for a range of iwo)
Repeataoility* Reprooucibiiity**

Color (within one laboratorv) (between laboratories)

= — X -
White 015 .006 .031 .01&
Yeilow .006 .006 02! 017
Red 012 .006 .02! 020
Blue .02¢ .032 .028 L0914
Green 015 .027 .023 .059
Qrange .G09 .018 .017 .Gis

* The limits for repeatabiiity are statea such that one would expect the difference between a patr ot individuai determinations

10 exceed this value one ume 1n twenty.

** The limits for reproducibility are stated such that one wouid expect the difference between a singie determination in

one laboratory and a singie determination in & second laboratory to exceed this value one time In twenty.
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