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Summary

The 3M-Company, London, organized in 1974/1975 an international
intercomparison of chromaticity and visual retroreflectance
measurements on retroreflecting materials (ref 1-7). Nine
laboratories participated. A set of 44 retroreflecting sheetings
(white, red, orange, yellow, green and blue) were sent to these
laboratories. The CIE chromaticity coordinates (x,y) were
measured for retroreflected light in 5° entrance and 1/37 ob-
servation angle from the entrance direction. Also daylight
chromatlclty dayllght sources C and D65) was measured but with
45 /0 geometry (457 entrance and 0° observation angle).

The retroreflectance was measured in form of SCIL-values
(Specific Coeff1c1ent of Luminous Intensity) with the unit
cd/1lx-m~2. The 5 /5 33° geometry was used for this.

The laboratory for physical measurements performed in 1979 the
corresponding measurements on exactly the same samples. This
report gives the result of the latter measurements and their
deviations from the mean values of the measurements of the other
laboratories. The report consists of a test protocol submitted
1979 to the coordinater H.F. Stephanson, 3M-Company, London.



Inledning

3M-Company, London, organiserade 1974/1975 en internationell
jamforelse av kuldrmédtningar och visuell reflektansmdtningar
pa retroreflekterande material (ref 1-7). Nio laboratorier
deltog. Ett set om 44 st prover med kuldrerna vit, rdd, orange,
gul, grdén och blad skickades runt till dessa laboratorier.
CIE kromaticitetskoordinater (x,y) uppmdttes dels £&r retro-
reflekterad strilning i 5° infallsvinkel och 0,33° observa-
tionsvinkel fran infallsvinkeln och dels for dagsljus (ljus-
kdllorna C och D65) under 45° infallsvinkel och 0° observa-
tionsvinkel. Retroreflektans uppmdttes i form av SCIL-vdrden
(Specific Coefficient of Luminous Intensity) som har enheten
cd/lux-m~2, SCIL-vidrdena uppmittes med ovanndmnda 5°/5,33 -

geometrin.

Laboratoriet f&r fysikalisk mdtteknik utfdrde dessa mdtningar

pé exakt samma prover ar 1979. Resultatet av de senare mdtningar-
na redovisas i denna rapport i form av ett mdtprotokoll fran

1979 st&dllt till organisatdren H.F. Stephenson, 3M-Company,
London.



Purpocse:

Coordinator:

Material:

MEASUREMENT

REPORT

Interlaboratory comparison of reflectivity
and chromaticity measurements on retro-
reflecting materials submitted by the 3M
Company.

Dr H.F.
Control,

Stephenson, 3M Company, Traffic
Materials Laboratory, London, England/

Secretary CIE TC-2.3 subcommittee "Retroreflection".
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Type
High Intensity - 3870

WAFT - 3270

"

High Intensity - 3871
L1

WAFT - 3271

WAFT Screened (714 Process Paste)

High Intensity 3872
Light Red Daytime Color WAPT 3272
Dark Red Daytime Color WAFT 3282

High Intensity Screened (812 Process
Paste)
Light Red Screened WAFT (701 Process
Paste)
Dark Red Screened WAFT (712 Process
Paste)

High Intensity 3875

WAFT - 3275

n

High Intensity Screended (810 Process
Paste)

Light Blue Screened WAFT (715 Process
Paste)

Dark Blue Screended WAFT (710 Process
Paste)

n



No Colour Type

28 Green High Intensity 3877

2 9 L1] n

30 " WAFT - 3277

3‘] n n

32 " n

33 i High Intensity Screened (808 Process
Paste)

34 " WAP'T Screened (708 Process Paste)

3 5 n "

36 Orange High Intensity 3884

37 L] i

38 " WAFT - 3284

3 9 " n

40 i n

4 ‘l L1} n

42 " High Intensity Screened (816 Process
Paste)

43 o WAFT Screened (716 Process Paste)

4 4 " n

Measurements: 1. CIE chromaticity coordinates (x,y) for a) night-

time use (retroreflecting) with standard light
source A (2856 K) and b) daytime use with
standard source C and D65 alternatively.

2. SCIL values.

Geometry: 0.333° observation angle and 5° entrance angle for
nightotime chromaticity and SCIL measurements and
457/07 incidence/view geometry for daytime chroma-
ticity measurements.

Methods: The night time chromaticity was measured with two
methods:
A) spectral and B) tristimulus.
Daytime chromaticity was measured by a spectral
method.
SCIL values was measured with a tele photometer.

Night-time - A double prism monochromator Zeiss MM12 with a
spectral: halogen lamp source was used to irradiate the sample
monochromatically at 10.00 m distance. A mirror was
used to deflect the beam 90° off the monochromator
optical axis. A tele photometer, Photo Research,
Pritchard model 1980 without filters was used as
a detector of the reflected radiation. The objective
of the photogeter was placed close to the mirror
giving 0.333" observation angel.
The objective diameter was reduced to 15 mm by a
front aperture.

The sample was substituted with a spectrally calib~
rated aluminium mirror for calibration of the system.

Measurements of monochromatic reflectance was taken
each 5 nm from 380 to 775 nm. The half value band-
width was varying from about 4 nm at 380 nm to



Night-time -
tristimulus:

Daytime:

SCIL:

about 20 nm at 775 nm.

The measurements was controclled by a desc computer
HP 9825A which a) set the monochromator to the
desired wavelength, b) wait for stabilisation and
then <) take the output value from the detector.
The 80 values in the 380-775 nm region takes

about 1 minute.

The reflectance values was spectrally weighed with
the spectral distribution of standard light source
A.

A specially made anode output from the photometer
and an external current/voltage amplifier was used
in order to get a fast response.

A tele photometer/colorimeter Photo Research
Pritchard model 1980 was used to measure the
reflected light from the sample which was irradiated
with a standard light source A. Detector and source
was placed at 10.00 m distance and separated giving
0.333° observation angle (center to center). The
photometer objective diamter was used to 15 mm by

a front aperture. Measurements was taken with each
of 4 filter (Photopic, red, blue and Xb).

The colorimeter was calibrated using a set of
colour filters which with standard light source A
has x,y-coordinates close to those of the samples.
Schott filters 0G530-1 (0.538, 0.458), 0G590-2
(0.667, 0.333), 0OG550-3 (0.591, 0.409), BG7-3
(0.147, 0.318) and VG6-5 (0.228, 0.590) was used
for this.

Thg m8nochromator mentioned above and a Zeiss,RA2,
457 /0 -reflectance measurement unit (old version)
was used. Bariumsulphate tablet was used as refer-
ence.

A tele photometer Photo Research Pritchard model
1970 rebuild for an external amplifier was used to

measure the reflected light from the sample which

was illuminated by a standard light source A. The
photometer and source was placed at 10.00 m distance
from the sample and separated to give 0.333°
observation angle. The SCIL values was measured at
5° entrance angle.

The objective diameter was reduced to 34 mm using
a front aperture.

An aluminium mirror which is calibrated in SCIL-
value for standard source A was used as reference
of the measurements.

Deviations in the V(}) response of the photometer
was corrected for using colour filters with x,y-
chromaticity coordinates in neighbourhood of those

for the samples.



Result:
Spectral
No  x y
1 .449 427
2 443 424
3 423 416
4 482 446
5 444 4472
6 483 447
7 546 449
8 551 446
9 545 448
10 526 464
11 549 444
12 545 421
13 666 329
14 644 343
15 664 332
16 639 347
17 655 336
18 663 328
19 651 335
20 681 318
21 125 375
22 126 282
23 134 315
24 143 412
25 104 321
26 102 262
27 097 324
28 182 574
29 203 572
30 230 606
31 208 601
32 196 591
33 185 618
34 177 641
35 193 661
36 623 373
37 631 367
38 555 402
39 541 399
40 582 391
41 573 379
42 627 369
43 593 385
44 604 379

Night-time chromaticity
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Light souree O

Result:
No  x
1 305
4 331
7 525
10 504
13 638
14 618
16 653
21 141
23 145
29 164
32 127
35 131
36 557
38 568
43 541
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Daytime chromaticity
Light seéurce D65
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Summary of the SCIL measurements on the 3M
circulating set of reflecting material.

The measurements are made according to the
proposed measurement geometry.

SP Mean wvalue
No Colour SCIL (cd/lux/m?)of 9 labs
1 White 219,4 219.,.5
2 i 178,6 177
3 " 71,2 69,2
4 ) 103,8 104, 8
5 i 101 .2 102,7
6 " 96,2 95,0
7 Yellow i 8,0 123,5
8 " 136, 2 178,3
9 ; 59,0 59, 3
10 " 48,2 48,9
11 i 54,2 54,6
12 " 25,2 25,3
13 Red 46,5 46,0
14 " 24,4 22,9
15 " 23,1 20,9
16 : 27,3 25,2
17 " 22,2 21,0
18 " 29,6 29,0
19 " 13,4 12,9
20 » 14,0 14,5
21 Blue 20,3 30 ,:3
22 ) 5,8 6,3
23 d 9,2 9,4
24 ; 22,5 22,3
25 " 5,8 5,6
26 X 5,7 3,5
217 " 5,0 4,4
28 Green 34,7 34,3
29 " 23,6 24,5
30 ¥ 9,5 9,1
31 n 9,2 9,5
32 " 11,2 11,3
33 " 3%.6 34,0
34 oo 11,0 1157
35 o 14,5 14,6
36 Orange 60,3 58,2
37 " 55, 4 54,3
38 " 27,8 38,8
5 " 31,8 32,1
40 " 38,7 35,2
41 i o 21,2
42 " 53,6 ,
43 " 27 .7 26,7

44 " 22,3 22,2



Speculations: The deviations between the labs in the chroma-
ticity measurements are much higher than ex-
pected, included spectral methods. One sample,
No 5, for wich the deviation Ax = .01 was
achieved with the Zeiss spectroradiometer for
night-time chromaticity was investigated extra
carefully. Different references (black mirror
and Ba504)were used. But with the same result.

The deviations ©of SP valuées in daytime chroma-
ticity micht to some extent be explained by the
brogad (+ 157) detector viewing angle of the

45°/0° unit which was pointed out by Dr Stephenson.

The bandwidth in the spectral method for night
time chromaticity was rather high which may
explain some of the very large deviations for
the blue colours.

The choice of reference colour filter was found

te be rather eritical and is eof couree & large
source of error. Used neutral filter must be
included in the corrections with reference filters.
Deviations up to .01 was measured if the latter
was not taken in account.
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