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Pedestrian Markings for Visibility Enhancement !

This standard is issued under the fixed designation E 1501; 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 epsilonef indicates an editorial change since the last revision or reapproval.

INTRODUCTION

The use of appropriate retroreflective markings can significantly enhance the night visibility and
safety of the user. As the first in a series addressing overall visibility for individual safety, this standard
is intended to establish minimum retroreflective performance requirements and test methods for
retroreflective pedestrian markings.

1. Scope levels of vehicular or hazards exposure may require other types
1.1 This specification covers the performance of retroreflecOr @mounts of retroreflective markingghis standard does not

tive markings to be used on objects worn by pedestrians for thBUrport to address all of the safety concerns, if any, associated
purpose of enhanced conspicuity. It addresses conspicuity froMith its use. Itis the responsibility of the user of this standard
viewpoints around the entire object, and it allows for freedont® €stablish appropriate safety and health practices and
of design of the markings so long as the minimum require.determine the applicability of regulatory limitations prior to

ments are achieved. Objects include but are not limited t&S€-
jackets, shirts, vests, trousers, socks, backpacks, hats, agd
footwear. An adjustment for the brightness/luminance ratio ag' Referenced Documents
a function of color is also made. 2.1 ASTM S_tandards?

1.2 This specification applies only to nighttime viewing E 284 Terminology of Appearance _
conditions in which the observer is positioned near a source of E 808 Practice for Describing Retroreflection o
illumination. The most common example is that of a motor E 809 Practice for Measuring Photometric Characteristics

vehicle operator seeing by means of the light from the _Of Retroreflectors , o -
headlamps of the vehicle. E 811 Practice for Measuring Colorimetric Characteristics

1.3 This specification describes the minimum retroreflective _Of Retroreflectors Under Nighttime Conditions
performance required for a reasonable level of nighttime F 923 Guide to Properties of High Visibility Materials Used
conspicuity. It does not address potentially diminished perfor- 0 Improve Individual Safety

mance of retroreflective markings that may be experienced 2-2 Other Standards: _ o
with general storage, use, wear, and care. Publication CIE No. 54, Retroreflection—Definitions and

1.4 SI (metric) units shall be used in referee decisions under Measurements, Central Bureau of the CIE, Vienna, $982

this specification. 3. Termi
. . 3. Terminolo

1.5 The following safety hazards caveat pertains to speci- . .gy _ ,
fying materials by this standard specification. Although the . 3.1 Def|n|t_|ons—Def|n|t|0ns of terms relating to retrpreflec—
markings described in this specification are intended to signifiion in Terminology E 284, Practice E 808, and Guide F 923
cantly enhance safety through increased conspicuity undé® @pplicable to this specification.
most conditions of illumination and viewing of the type . 311 coefficient of luminous intensity, Rr—of a retrore-
described in 1.2 above, they do not guarantee significantIgeCto_r' ratio of the Iummogsmtensny)(of thg retroreflector in
enhanced conspicuity under all such conditions. Individualdn® direction of observation to the illuminancg,( at the
exposed to adverse weather conditions or associated with high

2 For referenced ASTM standards, visit the ASTM website, www.astm.org, or
contact ASTM Customer Service at service@astm.org.Aforual Book of ASTM
1 This specification is under the jurisdiction of ASTM Committee E12 on Color Standards/olume information, refer to the standard’s Document Summary page on
and Appearance and is the direct responsibility of Subcommittee E12.08 on Higthe ASTM website.

Visibility Materials for Individual Safety. 3 Available from The U.S. National Committee of the CIE (International
Current edition approved May 1, 2004. Published May 2004. Originally Commission on lllumination), C/o Thomas M. Lemons, TLA-Lighting Consultants,
approved in 1992. Last previous edition approved in 1999 as E 1501~ 99 Inc., 7 Pond St., Salem, MA 01970.
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retroreflector on a plane perpendicular to the direction of the 3.2 Definitions of Terms Specific to This Standard:

incident light, expressed in candelas per lux (xR, = (I/
E)).

3.2.1 color factor K, n—a chromatic adjustment to coeffi-
cient of luminous intensityR , to account for the ratio of

3.1.2 conspicuity n—the characteristics of an object that brightness to luminance.
determine the likelihood that it will come to the attention of an 3.2.2 entrance angle component for object inclinatidh,

observer.

3.1.3 observation anglex, n—in retroreflection angle be-

tween the illumination axis and the observation axis.

3.1.3.1 Discussior—The observation angle is always posi-

tive and is restricted to small acute angles.

3.1.4 observation half-planen—the half-plane that origi-

n—angle from the illumination axis to the plane containing the
object reference axis and the first axis for the object (see Fig.
1 and Fig. 2). Range: —90B5=90°.

3.2.3 entrance angle component for object rotatiopy,
n—angle from the plane containing the observation half-plane

to the object reference axis (see Fig. 1 and Fig. 2). Range:

nates on the line of the illumination axis and contains the-180°<p,=180°

observation axis.

3.2.4 first axis for the obje¢tn—axis through the approxi-

3.1.5 pedestrian n—any person on foot (standing or mov- mate center of the object and perpendicular to the observation

ing) who is located on a highway or street.

F 923
3.1.6 retroreflection n—reflection in which the reflected

half-plane (see Fig. 1 and Fig. 2).
3.2.5 marking n—that portion of an object that retrore-

rays are preferentially returned in directions close to theflects.
opposite of the direction of the incident rays, this property 3.2.6 object n—the item worn by a pedestrian, to be marked
being maintained over wide variations of the direction of thefor increased conspicuity under this specification.

incident rays.

3.2.7 object reference axisn—a designated line segment

3.1.7 retroreflector axisn—a designated line segment from that extends outward from the approximate center of the object
the retroreflector center that is used to describe the anguland is horizontal when the object is oriented in its usual upright

position of the retroreflector.

position (see Fig. 1 and Fig. 2).

3.1.7.1 Discussior—This is sometimes called the reference 3.2.8 retroreflective return, B n—the sum of the coeffi-
axis (Fig. 1). It is used to establish a coordinate system fixedients of luminous intensityR,, measured at two selected
with respect to the retroreflector by which its location andobservation angles and adjusted for chromaticity.
angular orientation can be specified. When symmetry exists, 3.2.8.1 Discussior—This quantity is used to describe the
the retroreflector axis usually coincides with the axis ofeffective performance of the object. (See 6.6.)
symmetry of the retroreflector. This is the axis of maximum 3.2.9 second axis for the objech—axis through the ap-
reflectivity. It is typically normal to the face of retroreflective proximate center of the object, lying in the plane of the
sheeting. For injection-molded retroreflectors, its direction mayllumination axis and observation axis, and perpendicular to the
vary, and must be defined as a result of testing or by consultingbject reference axis (see Fig. 1 and Fig. 2).

the manufacturer.

Second
Axi s

(Moveabl
Wlthﬂ/}

Reference

ITllumination
Axis

See Publication CIE No. 54. The principal fixed axis is the illumination axis. The
first axis is perpendicular to the plane containing the observation axis and the
illumination axis. The second axis is perpendicular to both the first axis and the
reference axis. The reference axis is fixed with respect to the retroreflector or
object but movable with the components 3, and B, of the entrance angle. All axes,
angles, and directions of rotation are shown positive.

FIG. 1 The CIE Angular Reference System for Specifying and

Measuring Retroreflectors

4. Classification of Objects

4.1 To facilitate testing objects, they are classified as fol-
lows:

4.1.1 Type +—Coats, jackets, and coveralls. Sleeved gar-
ments with markings on front, back, and sleeves. A typical
example is shown in Fig. 3.

4.1.2 Type 2—\ests. Sleeveless garments to cover front,
back, and sides of upper torso. Markings are provided on the
front and back. A typical example is shown in Fig. 4.

4.1.3 Type 3—Trousers (short or long), leg bands, leggings,
socks (to be worn with short trousers), and other leg coverings.
A typical example is shown in Fig. 5.

4.1.4 Type 4—School bags and backpacks. Back-carried
using shoulder and/or front straps. Markings are on surfaces
away from the body, including carrying straps. A typical
example is shown in Fig. 6.

4.1.5 Type 5—Hats, helmets, head bands, and other head
gear. Garments worn on the head for protection, warmth, or
increased conspicuity. A typical example is shown in Fig. 7.

4.1.6 Type 6—Shoes and other footwear. Objects worn on
the feet. A typical example is shown in Fig. 8.

4.2 Other types 4.1.1-4.1.6 are not limited to the example or
marking placement shown in Figs. 3-8.

5. Performance Requirements
5.1 Retroreflective return(Rg):
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Second Axis for the Object

First Axis for the Object

Iilumination Axis

Entrance Angle Component
for Object Inclination 8, Entrance Angle Component

for Object Rotation £,

B1=-10°

Mask Aperture

FIG. 2 The Angular Reference System Used in this Specification

FIG. 3 A Type 1 Object (Coats, Jackets, and Coveralls) Showing FIG. 5 A Type 3 Object (Trousers and Other Leg Coverings)

Location of Markers

Ao
A

FIG. 4 A Type 2 Object (Vests) Showing Location of Markers

5.1.1 For each distance simulation and each entrance angle
component for object rotatiof, the retroreflective returrikRs

is calculated by the following formula: 0.1.2

Re=F¢[Ry+ Rl [A/A1° (1)  rotation

Showing Location of Markers

is the color factor for the markings as determined in
6.5,

is defined to be dimensionless, Bg has the same
physical dimensions aR,,

is the coefficient of luminous intensitR, measured
through an aperture mask (see Section 6) at obser-
vation anglex; as given in Table 1,

is the coefficient of the luminous intensity ,
measured through an apertured mask (see Section 6)
at observation angle, as given in Table 1,

is the minimum area for any mask aperture for each
distance simulation as given in Table 1, and

is the sum of the areas of the apertures in the mask;
the minimum dimensions for arelg, and dimension

D, of a mask aperture are given in Table 1.

For each of the two distance simulations and at each

measurement point at 15° intervals @ over a full 360° of

as the object is rotated about the second axis for the



