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PREFACE
The objective of this work is to provide an assembled presentation of teday's knowledge concerning the use of pedestrian retroreflectors as aids
to improve traffic safety.

One also wishes to unify

the various technical specifications for pedestrian
retroreflectors existing in the Nordie countries.
The work has been conducted as a part of the Nordie
cooperation on night time traffic research. In this
cooperation the following institutions are involved:
The Danish Illurninating Engineering Labaratory
(LTL) , Denmark
The Road Directorate (VO-DK) , Denmark
Roads and Waterways Administration (VVS),
Finland
Norwegian Research Institute of Electricity Supply
(EFI) , Norway
The Public Roads Administration (VO-N) 1 Norway
National Swedish Road and Traffie Research Institute (VTI) 1 Sweden
National Road Administration (VV) , Sweden
The work is directed by a coordinating group 1 presently consisting of the following persons:
Kai SØrensen (LTL)
JØrgen Haugaard (VD-DK)
Pentti Hautala (VVS)
Hans-Henrik BjØrset (NTH/EFI)
Torkild Thurmann-Moe (VO-N)
Kåre Rurnar (VTI)

1

chairman

Karl-Olov Hedman (VV) .
This repart has been prepared by a project group
consisting of:
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Birger Nygaard,
Ministry of Justice 1 Denmark
Matti Koivurova,
Central Organization for Traffie Safety 1 Finland
Kåre Rumar,
VTI1 Sweden
BjØrn Brekke 1 project coordinator and repart editor
EFI1 Norway
In addition, the following persons have contributed
direct~y

to the work of the project group 1 including

the studies and experimental investigations which
have been performed:
Harald Lund-Jessen,
LTL 1 Denmark
Olli Halonen,
Finnish Or_ganization for Standardization 1 Finland
Tapani Timonen,
Technical Research Centre of Finland
Sven-Olof Lundkvisti
VTI1 Sweden
BjØrn Eide-Olsen
EFI 1 Norway
The coordinating group has exarnined and accepted the
report, and has at an earlier stage forwarded the
proposals of the project group of technical requirements for pedestrian retroreflecto_r s

1

to the road

and traffic authorities of all the four countries.
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SUMMARY
Title

Pedestrian retroreflectors.

Functional

and technical requirernents.
Publisher:

Nordie Research Cooperation for

~ight

Traffic.
Repart No. 5, 1982
(The repart rnay be obtained from: EFI,
N-7034

TRONDHEirot-NTH, !'Iorway)

Pedestrians are subjected to high accidental risks
in night time traffic, a problem which is closely
related to the poor visibility conditions generally present, especially on roads without permanent
lighting installations.

Presently, the only means

for irnproving pedestrian visibility in a simple and '
efficient way is the retroreflector.
The importance of pedestrian retroreflectors as a
traffic safety factor has been widely recognized for
years in the Nordie countries.

The problems rernain,

however, that
Retroreflectors provide safety only as lang as
they are of a certain optical quality.
The pedestrian hirnself is not able to deeide
whether his retroreflector is adequate for safe
detection in traffic situations.
The quality of retroreflectors on the rnarket is
highly variable.
Retroreflectors detericrate with time, due to environmental influences.
The existing Nordie national regulations are rather
incornplete, and although coequal, their requirernents are scrnewhat different.

Also, they deal with

new (unused) rnaterials only.
Recognizing the above problems, the project group has
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initiated studies in order to determine what requirements should be put on retroreflectors when t~e aim
is to ensure sufficient traffic safety value over a
reasonable life time.
A safety distance of 140 m was adopted as the basis
of technical requirements. This led to a corresponding minimum retroreflection requirement of about
300 med/lux for safe detection by car drivers on

vehicle illuminated roads.
The optical and physical properties of retroreflectors have Qeen reviewed.
It turns out that the
moulded prismatic (cube-corner) retroreflector is
the most efficient type for dangling tags, while the
glass bead retroreflector has pro~erties that makes
it advantageous for permanent mounting on garments
(re~roreflective

fabric) .

Comprebensive investigations of retroreflector qualities have been performed. New (unused) materials
have been measured, and the processes of wear and
tear during use have been studied, both by sirnulated
strain in the labaratory and by actual use over time.
These results show that polystyrene tags have a life
time not much longer than one winter season (5 months),
while the life time of retroreflective fabrics depends greatly upon the garment treatment, especially
washing.

Most high-quality materials of today will
loose almost half of their initial retroreflection
after 10 washings. Also, the washing detericration
may be partly compensated by applying larger retroreflector areas on the particular garrnent.
The main conclusion of the present work is a set of
specifications for each main type of retroreflectors:

Tags and retroreflective fabrics.
The specifications state the functional requirements and describe relevant låboratory tests designed to ensure

3

fulfilment of the functional requirements throughout a reasonable life time.
The specificatio ns have already been forwarded to
the traffic authorities of all the four participating countries· for consideratio n.
Also retroreflect or manufacture rs, traffic organizations, consumers' organization s, clothes manufacturers and others see major benefits in common
Nordie requirements for pedestrian retroreflect ors.
It is the hope of the Nordie Research Cooperation
that the proposed specificatio ns shall reach international acceptance also outside the Nordie countries.
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SAMMENDRAG
Funksjonelle og

Tittel

Fotgjengerrefle kser.
tekniske krav.

Utgivere:

Nordisk forskningssamar beid om mØrketrafikk.
Rapport nr. 5, 1982.
(Rapporten kan bestilles hos EFI,
N-7034 TRONDHEIM-NTH) .

Fotgjengere er utsatt for hØy ulykkesrisiko i mørketrafikken, et problem som vesentlig skyldes den
reduserte synligheten som normalt opptrer i mØrke,
spesielt på veger uten fast lysanlegg. Den mest
effektive kjente metoden for å Øke synligheten av
fotgjengere er bruk av retroreflektore r.
Betydningen av fotgjengerreflek ser som trafikksikkerhetsfaktor har vært bredt anerkjent i mange år i de
nordiske landene.

Likevel er fØlgende problemer

fortsatt til stede:
Reflekser gir sikkerhet bare så lenge de har en
viss optisk kvalitet.
Fotgjengeren selv kan ikke avgjØre om hans refleks er tilstrekkelig for sikker oppdagelse i
trafikksituasjon er.
Kvaliteten av reflekser på markedet er svært
variabel.
Reflekser Ødelegges over tid på grunn av påvirkninger fra omgivelsene.
De eksisterende nordiske nasjonale spesifikasjoner er forholdsvis ufullstendige, og selv om de
er likeverdige, er de tekniske kravene noe ulike.
Dessuten gjelder de kun for nye (ubrukte) materialer.
Under erkjennelse av disse problemene har prosjektgruppen satt i gang undersØkelser med sikte på å
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avgjØre hvilke krav som må stilles til retroreflektorer når målet er å sikre tilstrekkelig trafikksikkerhetsverdi over en rimelig levetid.
De optiske og fysikalske egenskapene hos retroreflektorer er gjennomgått. Det viser seg at stØpte
prismereflekser (cube-corner-ref lekser} er de mest
effektive som brikker .~ mens glassperle-refle kser har
egenskaper som gjØr dem fordelaktige til permanent
montering på plagg (tekstilrefleks} .
Omfattende undersøkelser av reflekskvalitet er er
blitt gjennomført. Nye (ubrukte} materialer er målt,
og slitasjeprosesse ne ved bruk er blitt studert.
Det gjelder både simulerte påkjenninger i laboratoriet, og virkelig bruk over tid. pisse resultatene
viser at polystyrene-brik ker har en levetid som ikke
er mye lenger enn en vinterseseng (5 måneder}, mens
levetiden for tekstil-refleks er avhenger sterkt av
plaggbehandling en, særlig vasking. De fleste materialene av hØy kvalitet pr. idag mister mindre enn halvparten av retrorefleksjone n etter 10 vaskinger. Dessuten kan Vaskeslitasjen delvis kompenseres ved å bruke
større refleksarealer på det enkelte plagget.
Hovedkonklusjon en på det foreliggende arbeidet er et
sett spesifikasjoner for hver hovedtype retroreflektorer: Brikker og tekstilreflekse r. Spesifikasjonen e
angir de funksjonelle kravene og beskriver relevante
laboratorietest er som er laget for å sikre at de
funksjonelle kravene er oppfylt over en rimelig levetid.
Spesifikasjonen e er allerede blitt overlevert til
trafikkrnyndighe tene i alle de fire deltakerlandene
for vurdering. Også refleksprodusen ter, trafikkorganisasjoner, forbrukerorgani sasjoner og andre ser
vesentlige fordeler ved felles nordiske bestemmelser
for fotgjengerrefle kser.
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INTRODUCTORY COMMENTS
by BjØrn Brekke
Pedestrian retroreflectors have been in common use
for many years, especially in the Nordie countries.
Investigations have so far also shown a steadily
increasing use, and the latest Finnish report
(Oranen, 1980) indicated that in rural areas in
Finland as much as 60% of all pedestrians wear retroreflectors when being on the roads during the
dark hours, while 50% wear retroreflectors in towns.
Bearing in mind that the acquirement and application of a retroreflector requires some action on
the part of the user, in some cases even monetary
expences, the findings of the Finnish investigation
are quite impressive. The reason for the active
interest shown by pedestrians, is no doubt to be
Information
found in a general need for safety.
organitraffic
campaigns which are run regularly by
zations and read authorities have made retroreflectors into the most widely recognized traffic safety
factor for pedestrians.
However, retroreflectors provide safety only as long
as they are detected at a certain minimum distance
by oncorning car drivers. This implies that the retroreflectors must have a certain optical quality
in order to be effective.
A major problem is that the wearer himself is unable
to deeide whether his own retroreflector is sufficiently bright to be detected. Therefore traffic
situations may frequently occur where pedestrians
think themselves safe, while in reality the q~ality
of their retroreflectors is far inferior to what
is required for safe detection.
This problem imrnediately calls for some sort of
regulations defining what should be accepted as a
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pedestrian retroreflector.
A report concerning the use of pedestrian retroreflectors was made by The Nordie Read Safety Council
in 1975 (NTR 1975).
In connection with this work the
possibility of making the use of retroreflectors compulsory was discussed. During the years 1978-1979
Finland, Sweden and Norway adopted standards and regulations for the quality of retroreflective tags
(SFS,1979, Konsumentverket ,1978, Samferdselsdepa rtementet,1978). Finland established at the same time
a standard for retroreflective fabrics.
During the work with the Norwegian regulations,
measurernents confirmed that a number of the retroreflective tags on the Norwegian market at that time
had a very low quality.
Some of them could hardly
be ealled retroreflectors at all (Brekke-,---1980).
The regulations of 1979 led to a marked improvement
of the quality of tags on the market. Therefore,
one might also expect a similar effect from the introduction of specifications for retroreflective
fabrics.

However, the situation for fabrics is
scrnewhat more complicated. Not only is it important
to make the manufacturers improve the quality of

their products, but in this case it is also important
that designers and manufacturers of clothes becorne
more interested in equipping their produets with retroreflectors which will give the wearer a satisfactory degree of safety.

This requires at least

some knowledge about
The technical properties of the retroreflector
material
How the retroreflector is supposed to function
in a traffic situation.
The present work is meant to give some of this know-

9
ledge.
The technical specifications proposal, which is the
main conclusion of the report, has already been forwarded to the traffic authorities of our four
countries. It is hoped that this report will contribute to an increased general understanding of
the potential traffic safety benefits lying in the
regulated distribution and use of pedestrian retroreflectors.
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VISIBILITY AND SAFETY OF PEDESTRIANS IN NIGHT TRAFFIC
by Kåre Rurnar.

It is generally accepted that night driving is two three times more hazardous than daylight driving
per driven km. However, sincemost of the traffic
is carried out during daylight hours the absolute
accident figures are generally higher for daylight
illumination. But some accident types - such as
pedestrians being hit by cars are in many countries even in absolute figures more frequent in
night driving than in daylight. These types of
accidents are normally very severe since the speed
of the car is high and since the pedestrian is
completely unprotected.
Not only does accident statistics show very bad
figures for night driving but basic research concerning vision under low levels of illumination
also indicates that night driving is a situation
for which man is not constructed and in which man's
visual system proves inefficient.
The visual system is developed to function in good
lighting conditions and has its highest performance
characteristics at normal daylight conditions. In
night driving conditions on the ether hand,the
visual situation is radically worsened. The illumination levels under which night traffic is carried
out are in the lower region of photopic vision where
the receptor sensitivity is considerably decreased.
But it is important to stress that although it is
called night traffic the illumination levels are
so high that it is not scoptic vision that is used
in night traffic. We normally refer to the night
traffic illumination levels as photopic or ~esopic.
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Centrast sensitivity is drastically lowered at
levels of night traffic illumination. \vhile contrasts in day traffic are normally very high and
not critical,they are of primary and vital importance in night traffic. The task of the driver in
vehicle lighting is to distinguish between a sarnewhat brighter surface (e.g. a pedestrian) and a
sarnewhat darker surface (the background) • The task
is aften very close to the visual threshold.
On top of this basic visual deficiency come other
properties of the eye especially important and critical in night traffic - glare sensitivity and night
myopia. The main eauses to glare in road traffic are
the optical deficiencies of the eye that cause the
veiling stray light. Other glare eauses are adaption and neural interaction. On broad terms the socalled Halladay's law is valid and makes it possible
to calculate the visual degradation caused by glare.
The main cause for night myopia is probably the
regression of the accomodation of the eye in night
traffic towards the resting point. This is probably
due to difficulties in adequate fixation and accomodation in the improperly illuminated visual field.
The effects of both glare and night myopia could be
expressed in terms of decreased centrast sensitivity.
Consequently, the inadequacy of the human eye in
night traffic could be expressed in three words bad
centrast sensitivity.
The low visual centrast sensitivity is most probably
the basic reason for the high accident rate in night
traffic. What would then be effective counterilleasures? Very low centrast sensitivity could be translated into short visibility distances. Which visibility distance do drivers need from safety point of
view?
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According to the Nordie Association for Read Technique (NVF 1976) the shortest safe visibility distance at a normal rural read speed of 90 krnph is
140 m.
The various efforts to aid the visual systern presented and tested so far (optical filters, glare
shield glasses, special adaptation lamps, drugs, etc.)
have been unsuccessful in improving vision in real
night driving situations. On the ether hand every
effort should be taken to cerreet visual deficiencies of the eye - e.g. myopia, astigrnatism.
The possibilities to improve visual performance by
training are very lirnited. The centrast thresholds
are of a physiological-optical nature rather than
psychological. On the ether hand it is quite possible
to train drivers what to look for, where to look for
it and when to look for it. Together with having
drivers experience how bad their visibility level
really is such a training would probably have favourable eff~cts on the accident situation. The cornparatively good night driving statistics for professional
drivers gives sorne hope for the effect of training.
In order to rnake the traffic conditions during night
driving cerrespond to daylight driving two different
principles of light sources have been introduced read and vehicle lighting. Read lighting is solved
in principle but is a very expensive method in
sparsely populated areas - such as the Nordie countries. In vehicle lighting the problem is the meeting
phase - both the initial part on high bearn and the
final part on low bearn. In this phase visibility distances to dark objects (pedestrians) on the read are
norrnally areund 50 metres and very seldorn above 100
metres (Johansson et al 1963, Johansson & Rurnar 1968,
Rurnar 1974, Helmers & Rurnar 1975, Helmers & Ytterborn
1980). The only possibility to increase visibility
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above 140 m by changing vehicle illumination seems
to be the polarized headlights (Johansson & Rurnar
1970, OECD 1971, Helmers 1981).
What remains then is to change the appearance of the
objects (pedestrians) . Theoretically three possibilities seem available:
- to equip the pedestrians with lighting,
- to equip the pedestrians with retroreflective
material,
to have the pedestrians dress in bright clothes.
The first alternative is too complicated and will
never work with present battery - technology. Several
studies (Johansson et al 1963, Helmers & Ytterbom
1980) have shown that bright clothes is no solution.
The visibility distances will not pass the limit
140 m.
The effect of retroreflective material has been
shown in series of studies (Johansson et al 1963,
Rurnar 1974, Rurnar 1976)

~

The technical principles

used (spheric or prismatic retroreflection) mean
that the centrast against the dark backgrounå as
seen by the driver from behind the headlights is
several hundred times higher than that of white
cloth. In consequence with that visibility distances to dark clothed pedestrians equipped with
retroreflective material during vehicle meetings
both in the high and low beam phases may well
exceed the mentianed 140 meters. In order for that
to happen it is however necessary that the retroreflection exceeds certain limits.
One cornmonly accepted way to express retroreflection
is by the coefficient of luminous intensity (CIL),
denoted millicandela/lu x (med/lux) . An effort to
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relate the CIL-values to visibility distances to
pedestrians in low bearn - low beam situations (the
most difficult situation) is given in Figure 1. This
curve is based on the unpublished rneasurements obtained by Berggrund & Rurnar (1975). As can be seen
from this curve a visibility distance of 140 metres
roughly reguires a CIL-value of 300 med/lux.
Pedestrians could be wearing retroreflective @aterial
in the form of special auxiliary retroreflectors
such as dangling tags or as retroreflectors fixed
to the norrnal ·clothing. The dangling tag has been
shown to have a higher attention value when it is
rotating (blinking) as cornpared to the fixed retroreflector (Berggrund & Rurnar 1975). But the fixed
retroreflectors irnprove the driver probability to
identify the pedestrian as being a pedestrian
(pattern recognition) and not something else. The
identification of objects is an important but overloaked function. The more common retroreflectors
become along our roads, the more important becornes
a special way to identify pedestrian retroreflection
pattern. Furtherrnore, the standard flat hanging tag
always runs the risk of not showing any of its retroreflective surfaces. Therefore in a longer perspective the fixed retroreflective rnaterials seern more
promising. They do not dernand anything from the
wearer, they are always there and they always
function - that is under two conditions:
- that they are so placed that they are effective
in all horizontal directions,
- that they can endure normal wear and washing.
The large effect of pedestrian retroreflectorization
is obtained on roads without stationary illumination.
But tests (Berggrund & Rurnar 1975) have shown that
especially in wet conditions the effect is also substantial within street lighted areas - provided the
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vehicles are on low bearn and not parking light.
Furthermore, many cities presently switch off their
street lighting part of the year or part of the night
in order to save energy. In such situations pedestrian reflectorization would of course be very effective.
The conclusion is that pedestrian visibility in
present night traffic is not acceptable. Normal detection distances in vehicle meeting situations on
rural roads are around 50 m while about 140 m is
required from safety point of view. The possibilities to improve visibility by changing human
vision or vehicle lighting do not seem too promising - at least not in a shorter perspective. Retroreflective materials compensate the decreased contrast sensitivity of the eye in night traffic and is
an effective, fast and inexpensive countermeasure.
In order to reach a visibility of 140 m the pedestrian should be carrying retroreflective material
with a retroreflection of about 300 med/lux. This
value should be fulfilled also after some time of
normal wearing and washing conditions. Specific
requirements on pedestrian retroreflectorization
are initially directed towards makers but are a prerequisite for as well effective information campaigns as for possible laws on compulsory wearing.
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Figure 1. The relation between retroref lection and
detectio n distance to a dark obstacle
equipped with retroref lective material
in a low beam - low bearn situatio n.
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2.

RETROREFLECTORS
by BjØrn Brekke

2.1

Optical and physical character istics
Although retrorefle ctors appear in a variety of
shapes and sizes, depending on their use, they are
all based on one of two optical principle s, which
rnay be called the cube-corn er and the mirrared lens,
respectiv ely. Both types are used as pedestrian
retrorefle ctors, and in this chapter their optical
fundarnent als are explained , and their individua l
character istics as practical retrorefle ctive aids
are discussed . Also, the basic principle s for rneasuring retrorefle ction are reviewed, and finally the
problems of practical applicatio n of retrorefle ctors
are discussed .

2. 1 . 1

CYQ§=gQ~g~~-~~i~2E~~1§~t2~~

The purpose of a retrorefle ctor is to reflect incoming light back in the direction of the light source,
and to achieve this within an appreciab le range of
the angle of incidence .
This rnay be obtained by rneans of a cube-corn er as illustrated in figure 2.1a. The cube-corn er consists of
three mirrors rnounted perpendic ularly to each other,
shaping a regular pyrarnid with the corner as the apex.
The basis of the pyrarnid, the "entrance plane" of the
retrorefle ctor, is an equal-side d triangle defining
the plane where the corner has been cut from the cube.
However, it is not very convenien t to rnake retroreflectors by rnounting three thin rnirrors. An easier
and more reliable rnethod is to rnould the pyrarnid in
sorne transpare nt rnaterial (glass or plastic) , and to
mirror the outside of the three interperpe ndicular
sides. This is how high-prec ision retrorefle ctors
for optical purposes are constructe d.
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Cube-corner s with mirrared surfaces will retroreflec t
light entering from any direction (within the cubecorner's own aperture limit). The process of mirraring, however, is expensive and not very realistic
to use in mass produetion of low pedestrian retorereflectors.
The alternative is to use a solid pyramid without
mirroring. For that case retroreflect ion ~vill take
place under certain conditions which may be illustrated by the two-dimensio nal situation o:E figure
2.1b.

If the refractive index n of the material is
r
sufficiently high, total reflection will take place
at R and R simultaneou sly, and the incoming ray is
1
2
thus turned 180° befare leaving the front surface
again. If the angle vi becomes too large the conditions for total reflection are eventually upset
at R or R (or both), and the intensity of the re1
2
troreflected ray is strongly reduced, and more so
the larger the entrance angle becomes.
It is possible to calculate the effective range of
the entrance angle vi when nr is given (Brekke 1980).
Using ordinary organic glass materials having
n

r

~

1.55 - 1.60

the range of vi giving total retroreflect ion is

which is still quite narrow.
As vi increases beyond this limit, the amount of
transmitted and absorbed light increases, with a
correspondin g decrease in retroreflect ed light.
To extend the effective angularity, the apex angle
of the pyramid may be varied.
IE can be dernonstr.ate d
(Shreyer 1972) that a 1° change of the apex angle
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a)

c)

Pigure 2.1

WORN RETROREFLECTOR

Optical principle of a cube-corner
retroreflect or. An entering ray is
turned through 180° by three reflections on the sides of the regular pyramid {a) . The two-::dimensi onal case
(b) illustrates retroreflect ion by
simultaneous total reflection at R1
and R 2 • The maximuroent rance angle Vi
allewing total reflection, is determined by the index of refraction nr
for the cube-corner material. If the
surfaces of the cube-corner are damaged
by mechanical wear or moulding failure
(c), the conditions for total reflection are partly upset, and the loss of
light by diffraction is increased.
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will diverge the retroreflected ray by approximately 6°.
Anether way of changing the angularity is to tilt
the pyramid as a whole with respect to the basis
plane.
A practical cube-corner retroreflecting device intended for use by pedestrians, usually consists of a
few hundreds of single cube-corner pyramids, each
having an extension of approximately 1-3 mm. There
are alternative methods for modifying and grouping
the pyramids in order to maximize the effective
area of the total retroreflector (Shreyer, 1972).
The most common type of retroreflector is moulded
in polystyrene. Acrylic glass has better properties
when considering durability and wearing effects,
but polystyrene is preferred mainly due to the higher
index of refraction

(~

1.59 compared

to~

1.49 for

acryle) .
The retroreflective power of the retroreflector depends critically upon the optical quality of the surfaces of the prisms, which again is determined by
the surface quality of the moulding
equipment
the degree of control of the moulding
process (temperature, pressure)
Defective surfaces caused by scars and dust on the
equipment, or wrinkles caused by improper cooling
rates, will upset the reflections and increase the
relative amount of transmitted, diffracted and abThis is illustrated in figure 2.1c.

sorbed light.

A similar effect

is caused by the constant wearing
of the front surface during use of the retroreflector, also indicated in the figure.
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To ensure total reflection on the pyramid sides,
it is important that these are kept clean, and
they must not be in physical contact with other
materials than air.

It is therefore common

practice to make pedestri-an retroreflect ors by
welding together two identical reflector
"halves", leaving a certain distance between
the opposing pyramids.
2. 1 • 2

~~9E~:E!~~~-!~~!~E~!!~9~~E~
While most types of cube-corner retroreflect ors
for pedestrians are of the moulded type deseribed

above, at least one different class of materials
In this case, the cubeis in practical use.
corner prisros are impressed on one side of a
thin, flexible vinyl type sheeting material.
The "micro-prism s" thus obtained are much smaller than those of the moulded retroreflect ors,
typical size 0.1 mm.
The optical principle of this retroreflect or is
identical to that of all other cube-corner types.
Also in this case the prisros have to be protected
from contact with other media. By means of a backing
material ensuring an air-filled space, total reflection in the prisros is permitted.
2 .1 . 3

~~EE~E~~-!~~~-E~~E~E~E!~9~~E~
If a spherical mirror is placed in the focal
plane of a positive lens, the system will aet

as a retroreflect or (figure 2.2a).
A perfect, solid sphere with an index of refraction which is exactly twice that of its environment, will focus incoming light on its own back
To make it into a retroreto mirror a portion of
has
simply
flector, one
the sphere surface (exactly half of it to get
This situation is
maximuro aperture angle).

wall

(Brekke 1980).

illustrated in figure 2.2b.
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However, i t is generally not realistic to de-·
sign retroreflect ors based an glass spheres
wi th n =2.
I f n < 2 the focal surface o f the
g
g
sphere will be found at some distance beyond
the back wall of the sphere, as indicated in
figure 2.2c. (n =1.5 moves the focus to a disg
tance d=R/2 from the wall) •
A short inspection of the geometrical and optical properties of this retroreflect or reveals
that the mirrared lens avoids some of the problems encountered in the cube-corner. In particular, the ratio of retroreflect ed to incident light is less dependant upon the angle
of incidence, since the amount of absorbed
and transmitted light is roughly constant. This
indicates th~t the lens retroreflect or generally can be used for a wider range of the
angle of incidence.
In practice, complete retroreflect ors based
on this principle consist of large nurnbers of
near identical glass beads with diameters in
the order of 0.05 mm, packed as tightly as
possible to increase the effective area. Several techniques have been developed to solve
the manufacturin g problems of such devices,
using glass beads floating in a transparent
emulsion, and the retroreflect ion is achieved
either by actual mirraring or by total reflection obtained after chemical processing (etching) of the outer part of the beads.
In some types of glass bead retroreflect ors,
especially the older ones, the beads are half
irnrnersed in a binder emulsion, while the upper
parts are freely exposed. However, for reasons
of mechanical protection, and in order to improve the optical quality of the device under
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Lens

Hirror

a)

bl

c)

Figure 2.2

Optical principle of a glass sphere
retroreflector. Incoming light is
focused and returned in the same direction by a mirror placed in the
focal plane of the focusing lens (a) .
If a glass sphere has an index of refraction which is twice that of its
environment, it focuses light on its
own back wall (b) . If the index of
refraction is lower, the mirror must
be placed at a certain distance from
the sphere (c) .
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certain difficult situations, most retroreflectors are today supplied with a transparent protective layer covering the beads and ensuring
a plane front surface.
These types of retroreflectors are manufactured
in large sheets, and with a variety of backing
materials, depending upon their intended use.

Goniometer table

Samnle
\

\
\

\
\

\ Entrance angle
( Illumination angle )

Me11suring distance
Observation angle

Pigure 2.3

Geometry for retroreflection measurements. The entrance angle S
is varied by mov.i ng the sample holder by a two-axes goniometer, while
the observation angle a is changed
by moving the detector relative to
the light source. (The figure is a
sketch in the horizontal plane) .

27
2.2

Geometry and measurement of retroreflection

2.2.1

~~~~~E~~~~~-EE!~~!E1~

Retroreflection characteristics are measured
by means of a set-up,the principle of which is
shown in figure 2.3.

This is a sketch of the

arrangement in the horizontal plane.

The re-

troreflector is mounted on the sample holder
of a two-axes goniometer (horizontal and vertical axes) .

It is uniformly illuminated by

the source, which is light source A, to simulate night-time traffic conditions.
tor is

v~..-

The detec-

corrected to account for the sensi-

tivity of the human eye, and may be moved horizontally in relation to the light source to
change the angle of observation, a. The retroreflector is assumed to have a plane front
surface, defining a normal direction.

As the

sample is rotated about any of the two axes,
the entrance angle S(angle of incidence or illumination angle) is determined by a vertical
component s1 and a horizontal component s2.
The laser is a convenient means for defining
S1
2.2.2

=

S2

=

O

(Reference position) .

Geometrical conditions
----------------------

To measure true retroreflection, the detection
should take place in the direction of the source
(which could be achieved by means of a beam
splitter arrangement).

However, for practical

applications this ideal situation is not the
one of the greatest interest.

A pedestrian

retroreflector is to be viewed by car drivers,
who in ordinary passenger cars have their eyes
situated approximately 0.60 m above the car
headlights.

For a pedestrian retroreflector

at 140m distance this corresponds to an angular separation of 0.25° between source and
detector.
is

For a truck driver the situation

scrnewhat different (0.65°).
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Table 2.1 shows relations between car types and
observation angles and distances.
Table 2.1 Relations between different car sizes,
observation angles and retroreflector
distances.

Ca r
type
~as senger

Distance
Angul ar
Eyeheadlight separation a corresponding
to a = 0.33 °
at 140 m
separation
distance
0.60 m

0.25 °

104m

van/
smal l lo r ry

1.10 m

0.45 °

1 91

Truck/
Semi-trailer

1 60 m

0.65°

278 m

c ar
!U arge

o

:r.l

The quantity rneasured is the coefficient of retroreflection R' (cd/lux/rn 2 ) or the coefficient of
lurninous intensity (abbreviated CIL), R(cd/lux).
The magnitude of both depends critically upon the
observation angle, as can be seen from figure 2.4.
This particular curve refers to a cube-corner retroreflector.

For a glass bead rnaterial, the curve is

generally less steep.
A relevant question is therefore: At what observation angle should the retroreflector be rneasured
in order to obtain a relevant description of its
properties as a pedestrian safety device?
It appears from table 2.1 that if one assurnes the
rnajority of cars to be ordinary passenger cars,
the proper observation angle would be 0.25°.
However, 0.33 ° (20') is an internationally adopted
angle for describing several types of retroreflectors used in road traffic. Also, Swedish investigations (Berggrund and Rurnar 1975, Rurnar 1976)
showed that a retroreflector of R = 300 med/lux
rneasured at a = O. 33° and S = 0° is sufficiently
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Relative
retroreflectiv i ty

1, o

\

\
\
\

\
\
0,8

\

0,6

0,4

0,2

0,2°

0,8°

1,0°

Angle of observation

Figure 2.4

Exarnple of relative coefficient of
lurninous intensity (CIL) for a cubecorner retroreflector as a function of
the observation angle. For a glass
bead retroreflector, the curve will
be less steep.
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=

140 m with a passenger car.
To what extent is this result also relevant for
different types of cars, and ether distances?

conspicuous at D

When the observation distance and/or the car
size is changed, the following happens:
1.

The observation angle is altered. This
rneans rnoving on the curve of figure 2.4.
If the distance is shortened, the angle
increases, and the retroreflection is reduced. If the distance is increased, the
opposite happens.

2.

The illumination of the retroreflector by
the headlights changes according to the
inverse square law.

3.

The observation condition changes according
to the inverse square law.

It thus turns out that one is faced with two
opposing effects:
At eloser distance, there is more light available,
but the angle is less favourable, and vice versa.
Calculations show that the loss or gain of light
with distance is the dorninating factor.
Table 2.2 shows the relative brightness of a cubecorner retroreflector viewed from different car
types at various distances. The reference situation
(brightness unity) is observation from a passenger
car at 140m distance. When calculating the relative brightness values, the coefficient of lurninous
intensity (CIL) is corrected for the change in observation angle, using figure 2.4.
The lurninous intensity ID of the retroreflector
at distance D can be expressed by:
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where R is the coefficient of luminous intensia
ty (CIL) for the observation angle a in question,
and ED is the actual illumination of the retroreflector.
Using the observation at 140 m from a passenger
car as the reference situation, the illumination
ED can be written

ED

= E140

(140 + L) 2
(D + L) 2

where L is a factor correcting for the reduced
divergence of the headlight beam, when using the
inverse square law.
The luminous intensity of the retroreflector is
then
R

a • E140

(140 + L) 2
(D + L) 2

It is generally assumed that the visual brightness
is determined by the illumination of the observer's
retina, which again depends upon the illumination
Ep and area Ap of the eye pupil. The pupil illumination is simply
E
p

ID
j)2

and the flux entering the eye is therefore
F

p

ID
D2

A
p

On the retina, thi s flux is redistributed across
a smaller area:
F

E

_E.

r

A
r

ID
D2

.

A

_E.

A
r
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where Er is the retinal illumination, and Ar is
the area of the retinal image.
If the retroreflector is sufficiently small, the
area A

r

will remain equal to the Airy disc (central

diffraction pattern) of the eye pupil.

This will

be the case with a dangling tag at a distance of
about 125m and above.

As long as the adapta-

tion of the eye does not change, Ap will be constant, and therefore also Ar' independent of the
distance D.
The apparent brightness of the retroreflector is
now expressed by the following formula:
A

___E

B "' Er

A

r

Since the expression within parenthesis is constant,
the relative visual brightness is given by
R

a.

B "' D2 (D + L)2

The factor L is of the order of -1 m for ordinary
European car headlights (dipped) .
D

=

At distances

50 m and above this cerreetion can be safely

neglected, thus

The relative brightness values of table 2.2 are of
course approximate.

Also, it should be remembered

that the subjective (apparent) brightness of an
observed source is a non-linear function of the
objective (measured or calculated)

brig~tness.

To take this into account, one should allow the
calculated relative value to bc lower than 1 and
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still consider the retroreflect ion to be sufficient.
In table 2.2 a border is drawn arbitrarily at
Brel = 0.5, thus limiting a region where the retroreflector may be considered as efficient.
Table 2.2 Relative visual brightness of a cubecorner retroreflect or as seen by drivers
of different car types and at various
observation distances D. The brightness
at D = 140 m with a passenger car is
taken as unity.

~
r

e

60 m

100 m

140 m

180 m

220 m

Passenger

7.5

2.5

1 •o

0.5

0.2

Lorry/van

2.0

0.8

0.5

0.3

0.2

Truck

1. o

0.3

0.2

o. 1

0.1

In conclusion, the above analysis shows that a
specificatio n made to meet the observation requirements at D = 140m for a passenger car, should be
adequate for most car types, except possibly the
very large trucks at distances above ~ 100 m.
For these cases, it might be considered to make
a specificatio n at the observation angle a = 8.5°
or 0.7°.
The preceding discussion is based on a plane retroreflector oriented with its front surface in the
vertical plane and its surface normal directed towards the light source, i.e. angle of incidence
S= 0°. In practice retroreflect ors will mave
relative to the source and observer, and the angle
of incidence may change considerably . It is therefore of interest to know the performance of the
retroreflec tivity as this change takes place, and
to specify minimum retroreflec tivity values at
various angles.
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Due to their physical limitations ,as discussed in
chapter 2.1, the retroreflect ors will necessarily
show limits to their effective angularities .
As the angle of incidence increases, the following
happens:
The effective retroreflect ive area decreases
The relative amount of absorbed, diffracted
and transmitted light increases.
Generally one finds that the effective angular
region is ±30° to ±50°, scrnewhat less for cube-corners
than for glass bead retroreflect ors.
If for a given angle of observation a the CIL is
measured as a function of S, one obtains characteristic curves like those shown in figure 2.5.
The difference in response between cube-corners and
glass bead materials is typical. The cube-corner has
a higher peak and steeper curve than the other one.
If the response is measured with S1 = O and S2 varying, a sharp peak will appear on top of the response
curve at S2 = O, due to mirror reflection on the
retroreflec tor's front surface. To avoid this unwanted effect, it is useful to give the retroreflector a small tilt of about 5° in the vertical
direction while measuring.
Recommendat ions for a standard geometry for measuring retroreflect ors have recently been given by CIE
(·CIE 1 980) • These recommendat ions are followed
in this presentation .
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R(mcd/1 ux)

1000
4

............····-······················ .........................................

-so·

-4o'

Figure 2.5

-3o·

-20'

-10'

o·

4fJ.

so· Entrance

angle

Charact eristic shapes of CIL-curv es
for retroref lectors. Curves 1 and 2
are for two differen t circular cube- 2
corner tags, area approxim ately 20 cm •
Curve 4 is for a circular piece of a
glass bead retroref lector of the same
area, while curve 3 is for twice the
area of the same glass bead material .
It appears from the ~urves that the
efficien cy of the retroref lector is
less dependan t upon the entrance angle
of the light in the Cb e of glass bead
materia l.

a
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2.3

Practical application of retroreflectors

2.3.1

~g~~~!~~~1-f~gg!E~~§~~
Experirnental investigations under true night time

traffic conditions (Berggrund and Rurnar 1975,
Rurnar 1976) have dernonstrated that a retroreflector with an exposed CIL-value of approxirnately
300 med/lux has a visibility distance of about
140 m, which is the minimum safety distance recornrnended by the Nordie Association for Road
Technique (NVF) for rural roads with 90 krnph
speed limit.
(It should be noted that the CILvalue is then rneasured at an observation angle of
0.33°).
The functional requirernent for any pedestrian retroreflector which is rneant to serve as a safety
device on the roads within the Nordie countries,
rnay therefore be forrnulated as follows:
To provide safety, any pedestrian retroreflector
must expose a CIL-value of at least 300 med/lux
in the direction of oncorning cars.
The most irnportant irnplication of this requirernent
is that the pedestrian must, to be considered safe,
be equipped with retroreflectors which expose the
necessary 300 med/lux in all directions sirnultaneously.

Otherwise, the pedestrian rnay still be invisible to drivers approaching from certain directions.
Any specification of technical requirernents for
retroreflectors must airn towards irnproving the
ability of retroreflectors to fulfil the functional
requirernent.
In arder to achieve this, it is useful to start with an analysis of how the main types
of retroreflectors rnay be arranged to ensure maximuro visibility.
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2.3.2

Q~n9:!!n9:_!:~9:§

The dangling tag has been the most cornrnonly used
pedestrian retroreflector for rnany years. Its
characteristic feature is the blinking effect
that arises from a more or less regular rotation.
The rotation will inevitably occur if the string
of the tag is sufficiently long, due to the person's rnovernents, air draughts and so on. The
blinking increases the conspicuity of the retroreflector, as was also observed in the Swedish
investigations (Rurnar 1976}. This is in accordance with the cornrnonly observed effect that an
interrnittent light signal is more conspicuous than
a steady light of the same intensity (Imperial
College, 1971}. However, this enhancernent effect
on the visual irnpression does not allow a reduction of the required CIL-value. The tag does not
necessarily always rotate, and even when it is
oriented at an angle it should fulfil the functional
requirement.
Due to the physical lirnitations of the retroreflector, this is not possible for any orientation.
What one can do, is to extend the effective angular
region as rnuch as possible. The most common type
of dangling tag retroreflector is the rnoulded cubecorner type. As one can see from figure 2.5, it
has a rather narrow angular characteristic, with
a high, peaked maximuro retroreflectivi ty. This
goes well with the rotation and blinking principle.
To ensure maximuro performance over a certain range
of the illumination angle, the minimum top value
should be higher than 300 med/lux, and at least 400.
This minimum top value should not be spec±fie.d for
B = B2 = O, but at a small tilt angle in one of
1
the directions, due to the problem of surface reAlso, to avoid too narrow angular
characteristic, anether minimum CIL-value shquld
flection.
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l
l
l
l
a)

Figure 2.6

bl

Cube-corner retroreflector tags have
relatively narrow effective angular
domains. Therefore tags must be
allowed to rotate, and should always
be worn in pairs (a} .
For a certain orientation of the tags,
the "dark" domains of the herizental
plane are considerable (b}.
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R(mcd/lux)
3000

a = 0,33°

Po lystyrene
tags
Area: - 20 cm

-40°

-30°

Figure 2.7

-20°

-lO'

o•

lO'

20°

JO'

2

40' Entrante angle

Typieal CIL-eurves for eube-eorner
tagson the Nordie market in 1981.
Compared to the requirement of
400 med/lux as the minimum top
value, these retrorefleetors are
extremely good, at least in new
eondition, as these eurves show.

B

40
be specified at a higher entrance angle. Since
most cube-corners tend to drop drastically in
retroreflection at about ±30°, the additional
specification should be made for instance for
±20°. By studying the performance of common
retroref~ectors

on the market, 250 med/lux seems
to be a reasonable value at ±20° (see figure 2.7).

It appears that the practical, effective angular
domain for a cube-corner retroreflector is approximately 60°. The ordinary, two-sided tag thus may
cover 120° at a given orientation, but this is
still only one third of the total herizental piane.
Therefore, the tag can never fulfil the functional
requirement without rotating.
To achieve the best result, the tags should be
worn in pairs, one on each side. They should be
suspended in strings that are long enough to allow
rotation and avoid the tag being covered by arms
or hands. Also, this arrangement should allow at
least one of the tags to be freely exposed in any
direction of the horizontal plane with very short
intervals. Figure 2.6 illustrates the situation
discussed above.
Since the first official regulations concerning
dangling tags were introduced a few years ago, the
quality of the cube-corner retroreflectors on the
markethas been greatly improved. Figure 2.7 shows
average performances of a few of the more important
types, all manufactured and sold in 1981. It
appears that all of them has a CIL-performance high
above the minimum requirement, some satisfying the
functional requirement also at maximurn angle (±30°).
However, it must be remembered that these measurements were made on new (unworn) samples.
It is important that specifications are made for the retro-
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reflectors to fulfil after a certain time of use.
retroreflect ors are degraded with use, due

All

to damage to ~he outer surface, as explained earlier
(chapter 2.1, figure 2.1c).
Coloured tags.
Nordie road authorities have advised that pedestrian
retroreflect ors should not appear orange or red in
colour to the observer. This is to avoid confusion
with other retroreflect ors and lights in road traffic, like rear lights of bicycles, motorcycles and
cars, stopping lights and directional lights.
It is therefore required to specify colaurs in the
region of white to yellow-white for tags, but any
precise (measured) colour limits are considered
unnecessary , at least in the present situation.
Anether reason for not using strongly coloured
retroreflect ors, is that they will generally be
far inferior to the colourless ones regarding
CIL-value. This is especially true for colaurs
in the red and blue regions, where the sensitivity
of the human eye is low.
Colaurs in the yellow and green regions affect the
quality less, and there are several types of tags
made with fluerescent colours, especially in the
yellow region. The loss of retroreflec tivity due
to the colouring is 10-20% for these tags, but as
long as the CIL-values still are 2-3 times as high
as the minimum requirement , the loss eannot be
said to be of any importance.
The effect of the fluorescence by itself has not
yet been studied, but it has been noted by several
persons that the effect is conspicuous at dusk and
dawn, when there is sufficient blue light scattered
in the atrnosphere to exite the fluorescence , but
too little of longer wavelengths to give the im-
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pression of true daylight. The same is observed
in dull weather, in heavy rain and in foggy conditions. The fluorescen ce is observ-ed as a constant luminance , independe nt of car headlight s or
other light sources. The tag gives under such
circumsta nces the impression of possessing its
In particula r a
own interior light source.
yellow-gre en type of flueresce nt colour seems to
be very prominent . Although this is based on subjective judgement s, there seems to be reasons to
investiga te eloser the effects of light flueresce nt
colaurs in cube-corn er tags.
2.3.3

g~~~2~~~!~~~!Y~-~~~~!s~

Retrorefl ective fabrics are made to be sewn or
In same inadhered to the surface of garments.
of the
parts
integrated
stances they appear as
garments themselve s.
main differenc e in practical performan ce between a dangling tag and a piece of garmentmounted retrorefle ctive fabric, is that the latter
~he

does not rotate. Even when the pedestrian is
walking, all angular changes are small and slow,
and no blinking effect is observed. The faet that
most retrorefle ctive fabrics are of the glass head
type and show a rather flat retrorefle ction
character istic (figure 2.5) adds to the impression
of steady light.
This type of retrorefle ctor has a useful angular
domain of about 80° (i.e. ±40°) when mounted on
a flat backgroun d. To fulfil the functiona l requirement it is necessary to ensure 360° covering.
This can only be achieved by mounting retrore-·
flective fabric on several parts of the

gar~ent.

Roughly one could say that the body has four
11
sides 11 , and to cover 360° requires one piece of
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material corresponding to CIL
each side.

=

300 med/lux on

Figure 2.8 shows how the retroreflec-

tors may be arranged.

a)

Figure 2.8

Retroreflective fabrics must be
mounted on all sides of a garment
to ensure visibility from all directions of the horizontal plane (a) •
Since the materials have a certain
angularity, it may still not be
necessary to cover the whole circumference (b) .

The faet that the retroreflectors generally are
not flat, is a problem when establishing relations
between test results and practical performance.
The actual curving of garment-mounted retroreflectors vary considerably, from the near flat
back of a jacket to small wrinkles in the sleeve.
One possible way to overeorne this is to measure
the retroreflection of test samples mounted on a
cylinder of medium radius; anether is to measure
flat samples and later cerreet for actual curva-
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ture by the use of an empirical cerreetion factor.
Both rnethods have been tried, and prove to yield
equally valid results.
ferable

The latter method is pre-

due to its simpler measurement conditions.

To establish the cerreetion factor, two particular
garments, children's overalls equipped with sufficient amounts of high quality retroreflective
fabrics, were stuffed to cerreet shape and CILvalues measured from various directions.
Simultaneously, the total visible area of retroreflector material was measured, and the cerrespending CIL-values for the area in flat shape was calculated.

Table 2.3 compares the measured and cal-

culated CIL-values and gives the resulting cerreetion factors.

The value of the factor is found to

vary between 1.4 and 3.0.

It should therefore be

safe to adopt the mean value of 2.0 for all cases.
The same factor may also be used for other materials,
since the angular characteristics differ very little
between materials.
Since retroreflective fabrics are manufactured in
large sheets and may be mounted jn any shape and
size on actual garments, it is not realistic to
put CIL requirements on the material as such.
Instead, the material should be tested for resistance to environmental factors

(washing, rain,

low temperature and so on) , while a cernbined minimum CIL/area requirement is put on the use of the
material on a single garment.
The calculation of the necessary area Amin to yield
CIL

=

300 med/lux when mounted on a garment, is

based on measurement of the CIL-value Rtest of a
test sample of area Atest' and is made as follows:
A

.

m1n

300

-R--

test

• A test • 2
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where 2 is the curving cerreetion factor.
Table 2.3

Cerreetion factors for curved retroreflective fabrics in relation to
flat state. Measurements made on
two different garments.

Direction
of view

Visible area
(cm 2 )

Front
Front-left
Le f t
Back-left
Back
Back-right
Right
Front-right

85
55
42
55
85
50
35
50

1535
1116
653
1239
1781
1027
443
1027

2771
1793
1369
1793
2771
1630
1141
1630

1.8
1.6
2.1
1.4
1.6
1.6
2.6
1.6

Front
Front-left
Le f t
Back-left
Back
Back-right
Right
Front-right

30
23
26
22
25
17
19
18

414
352
409
340
310
291
201
256

978
750
848
717
815
554
619
586

2.4
2.1
2.1
2.1
2.6
1.9
3.0
2.3

Measured R
m
(med/lux)

Calculated R
c
(med/lux)

Correction
factor R
-c
R
m

Mean value

2.05

The calculated area is the minimum requirement for
exposure in any direction. The total area necessary
for a pedestrian is therefore roughly four times as
large, and the distribution should be as even as
possible in the horizontal plane, as figure 2.8
shows.
Figure 2.9 contains measurement results for some retroreflective fabrics presently available on the
Nordie market.

Also included is a micro-prism

material, since this is a flexible, variable area
retroreflector intended for application to garment surfaces.
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R{mcd,'lux)
1500
Observation
angle

" = O. J3
Sample no.

1,2,3:
Glass bead
retroreflectors
1000

4:
Microprism
retroreflector
Test sample area:
Ates t = 20 cm

-4o•

-JO'

Figure 2.9

-zo•

-10°

o•

10°

zo•

JO'

40' Entrance angle
l\

Typical CIL-curves for retroreflective
fabrics on the Nordie market in 1981.
Curves 1 ,~and 3 are for 3 different
glass bead materials of good quality,
while curve 4 is for a micro-prism
material.

The CIL curves indicate that the angular variation is
very moderate, within the region ±30°, which is advantageous for just this sort of application.
Of the best material in this investigation only
9 cm 2 is needed to fulfil the functional requirement, or 36 cm 2 for a total garment. Of ether
materials of good quality four or five times as
much is needed.
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These results are for new (unworn) materials.
The actual specifications must also in this case
be made for the retroreflectors after a certain
time of use, i.e. an average wear and tear of
reasonable magnitude.
General retroreflection requirement.
So far, no restrietions have been put on the
coefficient of retroreflection of the materials
that may be used, as long as enough material is
It is true that this is mostly a question
applied.
of design, since from a safety point of view it
does not matter much whether one applies a small
area of a high performance material, or a larger
area of a material with a lower R'-value. This
"reciprocity" rule is valid at least within reasonHowever, .there may exist
a limit to what should be considered a retroreflector within this context. To establish this
limit, ane might consider the case when the whole

able limits.

backside of a children•s jacket is covered by a
retroreflective material corresponding to
300 med/lux.

The coefficient of retroreflection

for such a material would be approximately
5 cd/lux/m 2

•

However, at this stage it does not seem appro?riate
to establish a definite limit for such retroreflectors.

Furthermore, the 300

rncd/lux-requirerne~t

should in any case exelude rnaterials of inferior
quality.
2.3.4

~E~~-~~~-2h~E~-E~S~!E~~~~~
It appears from the preceding discussions that there
are no ether limitations as to the actual size of

retroreflectors than those given by the optical or
physical properties of the devices. There may,
however, be limits to what can be regarded as
practically usable sizes.
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In the first place, it is reasonable to require
that the retroreflector must not be too small.
The smaller it is, the greater is the probability
that it is hidden from view, for instance by
wrinkels in the garment.

Also, a tag must have

a certain size and weight to ensure rotation.
Avalue of 15 cm 2 for the minimum area of all
types of retroreflectors is arbitrarily chosen.
Also, very few retroreflectors of any type will
be able to fulfil the functional requirement after
being worn for some time, if they are smaller than
15 cm 2 •
There can obviously not be specified any maximum
area for retroreflective fabrics.
For a tag, it
is of some importance that it does not become too
large to carry in a pocket. An arbitrary limit
of 40 cm 2 is chosen as this maximum area.
Also the shape of the tag has some influence on its
performance.
It will obviously rotate better if it
is allowed to do so about its langest axis.
A reasonable requirement is therefore that it
should never be wider than its own length.
2.4

Environmental influence on retroreflection
Pedestrian retroreflectors are exposed to varying
environmental conditions.
It is of particular
importance that they are manufactured to be influenced as little as possible by climatic and
meteorological variations when in normal use.
However, being optical devices, they tend to be
rather vulnerable, especially to wet conditions.
As a consequence, all retroreflectors are least
effective when most needed, namely in rain- or
snowfall with seriously reduced visibility.
It is necessary to specify minimum performances
under difficult conditions, but specifications
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must be set within the physical limitations of
the retroreflector principles and construction.
2. 4. 1

B~!!!

A uniform layer of water on the front surface will
not affect the retroreflector's performance.
However, under natural conditions rain does not
form a uniform film but rather tends to stay as
droplets and clusters of droplets clinging to the
surface.

The droplets aet as diffraction objects

both for incident and emergent light, causing a
smaller or larger part of the light to be scattered
and "lost" in unwanted directions.

A retroreflec-

tor with water droplets on some isolated parts of
its surface, appears to have dark patches when illurninated by car headlights.

As more and more of

its surface is covered by droplets, it grows steadily darker to the observer.

Since small droplets

eauses a wider spread of the light than large enes,
the worst case is an even distribution of tightly
packed small droplets.
New polystyrene tags have very smooth surfaces that
droplets do not easily cling to. Also, the tag is
always in movement, thus making it still more difficult for droplets to keep in position. Generally,
therefore, a new polystyrene dangling tag will not
be very much affected by rain. The situation is
probably more serious with worn tags, since an injured surface is much better for droplets to cling
It is, however, still difto than a smooth one.
ficult to talk about a "wet" condition for this
type of retroreflector.

Even if it is possible to

cover some of its surface with droplets, the situation will never be reproducible, and it is not
realistic to specify a standard condition for test
measurements.
The situation for the flexible micro-prism sheeting
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is approxirnately the same as for tags.
A more serious problem for cube-corner retroreflectors is the possibility of water getting into the
air-filled cavity behind the prisms.

In general,

the chance is very smal l that the cavity should be
filled with water, but i f the cavity is not completely sealed off, smal l quantities o f water may
enter, and according to the ternperature, more or
less of this maisture may deposit as dew on the
prisros and rnay alrnost cornpletely "extingu_j_sh" it.
A test for water-tightness is therefore highly relevant for this type of retroreflector.
Retroreflective fabrics are generally more seriously
affected by water.

Firstly, the surface of these
rnaterials is usually not srnooth, and raindrops thus
have a better chance of staying in place. Also,
there is very little mavement in a garment-mounted
retroreflector.

Nevertheless, it is just as difficult to define a "wet" condition for this type

of retroreflector, when talking about surface droplets.

However, fabrics also tend to be more or

less soaked after prolanged exposure to rain, and
sorne of the absorbed water also contributes to the
"extinguishing" effect.

Thus, a retroreflective

fabric can generally not be expected to behave very
well in rainfall, either in new or worn condition.
What can be expected, is that it retains its efficiency within reasonable time after the rain has
stopped. The retention time can be applied as a
test eriterion for this type of retroreflector.
2.4.2

§!!Q~-~B~-;!;~~

The situations where falling snow deposits on more
or less vertical retroreflector surfaces and stay
there are probably not occurring very aften, and
are consequently less interesting.
In most cases
the snow will either fall off the surface, or melt

51

instantly to form water droplets. Under certain
meteorolo gical condition s, with an excess of water
vapour in the atmospher e and sinking temperatu re,
rime may deposit on the retrorefle ctor surface.
All types of surfaces are about equally liable to
be rimed, and rime is even more deteriora ting to
the retrorefle ction than raindrops . There is, however, at present no known way of protecting the
retrorefle ctors against these effects.
2.4.3

~Q~-~g~E~!~~~!g2

Low temperatu res alone do not affect the optical
propertie s of retrorefle ctors, but may be harmful to retrorefle ctor materials .
Moulded tags may become brittle at low temperatures, and since tags are aften banged against
hard objects while hanging in their strings, the
result may be cracks that either directly reduces
the retrorefl ectivity, or allows water to enter
into the cavity in later situation s.
Retrorefl ective fabrics may also become brittle,
and crack when the garment wrinkles as the wearer
maves. The cracks may first lead to loosening of
beads, and later to the disintegr ation of smaller
It is necessary
or larger pieces of the material.
that this type of retrorefle ctor can withstand
considera ble bending at low temperatu res.
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3.

STUDIES OF RETROREFLECTORS WORN BY NORMAL USE
AND UNDER ARTIFICIAL CONDITIONS
by Birger Nygaard.

3.1

Introduetion
The retroreflect ive quality of the pedestrian retroreflectors depend greatly upon the conditions to
which they are subjected, and the circwnstance s
under which they are used.
The environment al conditions for retroreflect ors on
cars, motor-cycles and bicycles are - to a certain
degree - relatively constant while this is not the
case for pedestrian retroreflect ors.
Depending on rnaterial type and use purpose (tag or
retroreflect ive fabric} they will be subjected to
hittings, washing, folding, waving, cutting, etc.,
influences which are infrequent on retroreflect ors
fitted on vehicles.
Besides we have to consider the decreasing functional
value of the retroreflect ive materials as the observation angle grows, especially for pedestrians who
are moving constantly. This puts heavy demands on
the retroreflec tivity of the constantly changing
surfaces on which the illumination changes from
moment to moment.
Those or similar differences between vehicle retroreflectors and pedestrian retroreflect ors make
ether demands on the studies and the material tests
in the type approval:
- it should be ensured that the tests will consider.
on one hand, the various environments to which
pedestrian retroreflect ors are subjected,
- and on the ether hand that the demand for functioning in all directions, irrespective of the
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movernents of pedestrians, should be weighted in
relation to the size, the design or location of
the retroreflector.
Thus, it is obvious that test procedures for vehicle retroreflectors only to a certain extent are
usable in these connections. It is, furtherrnore,
doubtful if theexistingtes t procedures like those
at present used in the Nordie countries could be
considered to meet fully with the basic demands
mentianed above.
A condition president for the validity and the
reliability of a test procedure is that it corresponds to the deteriaration and changes of the
retroreflection under conditions during which the
deteriaration of the material takes place.
Common for the prevalent procedures is, however,
that they, as far as the pedestrian retroreflectors are concerned, only to a certain extent are
based on controlled measurements of material qualities after normal, daily use, but instead they
are based on labaratory simulations.
From lack of this important basic knowledge for the
authorization of a proposal to a common Nordie norm
and approval procedure,the working group has
started various studies of material changes on some
common retroreflector types, both by normal, daily
use and by various labaratory tests.
The working group has not disposed of real research
means for these studies, this has affected the content and extent. For exarnple, only a limited nurnber
of the existing produets has been tested. In spite
of that the working group has found it necessary,
however, to carry out same functional tests in arder
to have an idea of the retroreflector qualities after
normal use.

55
We would like to thank all the Nordie pedestri ans,
who for months have worn and used the tested retroreflecto rs as well as the light-te chnical laberatories and institut es, which have made time-con suming measurem ents of the qualitie s of the retroreflecto rs from period to period.
At the same time it is pointed out that the number
of tested samples is limited and the results should
be estirnate d in relation to that. However, there is
nothing in the test material that points to the faet
that the results are not represen tative for the
current retroref lector types and therefor e · the
conclusi ons presumab ly have a general characte r.
The studies have covered 5 differen t conditio ns:
1. Measurem ent of retroref lection for new material s
2. Change of retroref lection in tags after normal
use by Nordie pedestri ans
3. Measurem ent of the retroref lection of children 's
clothes with sewed-on retroref lective fabrics
4. Washing tests of retroref lective fabrics
5. Simulate d wear of retroref lective tags
In the followin g the results of these studies will
be reported separate ly.
3.2

Measurem ent of the retroref lection for new material s
The measurem ents were made by the Norwegia n mernher
of the working group at the beginnin g of 1980 and
included measurem ent of the retroref lection of new
retroref lectors in the herizen tal entrance angle up to
~ 30° on six differen t tag makes and nine differen t
retroref lective fabrics, the latter being all produets from the same rnanufac turer.
The used measurem ent methods for the two retroreflecto r types are deseribe d in chapter 2.2.
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The results of the new value measureme nts are shown
in Appendix 1a-d resp. Appendix 2a-b. It is obvious
that retrorefle ctors of cube corner macro-typ e generally have the highest initial values but the
angle dependenc e is less in the region ! 20° for a
retrorefle ctor type with glass beads.
However, the new values for two types of tags - with
glass beads and cube corner micro-typ e - are so low
that they, in the commonsiz e after some time's use
hardly can reach the working group's suggestion for
retrorefle ctors correspon ding to 400 med/lux at -+ 5 o .
Regarding size and area for tags and retrorefle ctive
fabric it can be concluded that
- some existing tag makes, for the main part of head
or cube corner micro-typ es
- and most fabrics
in their present size and with area demands for the
fabrics of 40 cm 2 , will not fulfil the working groups
proposals for minimum values.
3.3

Change of retrorefle ction in tags after normal use
by Nordie pedestrian s
The study has comprised long-time tests of five different tag makes over a period of 1! years.
The study has exclusive ly been based on a voluntary
and unpaid participa tion,and the practical possibili ties of making further tests in the Nordie countries
have been of various extent. Thus, Norway and Sweden
have been able to continue the tests beyond the 3 - 4
periods that were the original arnbition of the working
group. In Norway the test of the original tags covered
six months.
Each country has tested two different makes (one of
them of cube corner type identical in all three countries). The tags have been distribute d to ten persons,
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children and grown-ups. In each country the wearers were instructed to fasten the tags in the string
in the left or the right pocket of the used overclothes.
The test persons have furthermore been instructed
to keep usual objects in their pockets (keys,
money, etc) and to treat the retroreflectors in a
normal way, i.e. letthemhang down from the
pockets when moving in night traffic.
Totally 80 retroreflector tags have been included
in the test. Some of them were lost owing to torn
strings.
In general, the strings have shown up to be very
deficient and had to be exehanged now and then.
All tag types are double-sided - consequently the
test totally included 160 retroreflector units.
The two sides of the tags will be regarded as independent retroreflectors, each of them with a retroreflection and ether characteristics. (In the Swedish
tests there is no difference between these two sides
and therefore the analyses inelude a smaller nurnber
of data than optimum. As these tests are relatively
few and have been made randomly on the two sides,
this faet has no vital importance for the total results of the test).
All tags were new from the start and were taken
from big produetion series. Before the distribution to the Nordie countries the two sides of the
tags were measured according to the standard procedure deseribed in chapter 2.2, and the values
at

.

hor~zontal

entrance angles -+ 5 o and -+ 20 o were

chosen to represent the tag quality. For running
identification every tag has been provided with
a colour code and a marking of front and back
side. Thismarking has not changed the characteris-
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tics of the tag.
These introducto ry measureme nts were made in Norway,
and afterward s the tags were distribute d to the
ether mernhers of the working group. When received,
the tags were thenmeas uredin accordanc e with the
standard method in the labaratory of the respective
country. Finally the tags were sent to the test
persons.
After a wearing period of about one rnonth, the tags
were collected and measured at the labaratory and
since returned to the user.
Efforts were made to control that the same pedestrian
did wear the same retrorefle ctors during the whole
study, but in some cases there has been a change of
tags between persons.
Owing to the small use of overcloth es and retroreflector tags in the Scandinav ian countries during the
summer, the studies have usually been called off
during this time of the year.
Therefore it can be presumed that the tags have been
worn about one month in every test period, and that
the users, both regarding use and age, have been
represent ative for Nordie people.
Table 3.1 shows the nurnber of rneasured retrorefle ctor
sides for all the test periods in the four participating Nordie countries . As said befare, more tests
were made in Norway and Sweden but in all four
countries tags of type 1 have been included.
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Table 3.1 Survey of tag makes included in the
Nordie test; number of measurement
periods for every country and number
of measured retroreflector sides

Denmark

Finland

Norway

Sweden

totall y

Make 1 (cube-corner)
Measurement periods
I-teas uremen t s
Retroreflector sides

10
3
4
76

10
(3)2
3
58

10
6
7
140

10
5
6
54

40
( 17) 16
20
328

Make 2 (micro prism)
Measurement periods
Measurements
Retroreflector sides

10
3
4
76

Number

10
3
4
76
10
(3) 2
3
60

10
(3) 2
3
60

Make 3 (glass bead)
Measurement periods
Measurements
Retroreflector sides

Make 5 (cube corner)
Measurement periods
Measurement s
Retroref:)..ector sides
Totally
Types
Measurement periods
Measurement s
Retroreflector sides

10
6
7
140

10
6
7
140

Make 4 (cube c orner)
Measurement periods
Measurement s
Retroreflector sides

20
6

20
(6) 4

B

6

152

118

20
12
14
272

10

10
5
6
54

54

20
10
12
108

(34)32
40
650

BO

60

The decrease of retroreflection has thus been measured during the whole test and table 3.2 shows the
average CIL-values and the variation of the tested
makes. Purthermore the k-values are reported; i.e.
the relative retroflection in relation to the initial values

=

1.0.
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Tab le 3.2 Mean values, spreading, nurnber and
k-values for all the rneasurernents. Bo t h
sides, 5° and 20° horizontally
5

3

2

New v a lue
Make 1
5°-mean '!a lue
Spreading
Number

980.1

845.3

754.2

689.4

517.9

458.2

241.7

248.5

236.6

203.0

195.1

2GS.1

70

70

.77

.86

k-value

28

28

65

68
.70

.51

.53

20°-mean v a lue

780.2

665.8

603.4

543.2

388.9

380.0

Spreading

145.9

167.7

168.5

137.7

140.9

143.0

Number

70

70

28

28

65

68

.so

.70

.77

.85

k-value

.49

Make 2
5°-mean value

461.7

451.3

413.3

330.6

Spreading

214.4

227.8

173.5

150.3

Number

20

20

18

18

.72

.90

.98

k-value
20°-mean v a lue

429.1

382.5

344.9

277.6

Spreading

149.8

180.2

146.8

124.2

!-Jumber

20

k-value

20

18
.80

.89

18
.65

Make 3
5°-mean value
Spreading
Number

343.4

343.4

294.3

18

35.2

35.2

42.4

20

20

20

417.3

k-value

.82

20
.71

.82

394.8

322.2

322.2

276.2

Spreading

13.6

31.2

31 .2

40.2

Number

20

20

20

20°-mean value

k-value

.82

.82

20
.82

Make 4
5°-mean val u e
Spreading
Number

1412.0

1084.5

840.5

640.0

510.0

517.0

201.8

251.3

236.1

309.3

286.7

302.1

20

20

k-value

.77

20
.69

20
.45

20
.36

.37

20°-mean v a lue

997.5

754.5

568.5

427.5

328.0

343.5

Spreading

148.8

185.7

159.7

214.6

193.4

198.5

Number

20

k-value

20

20
.76

20

20
.33

.43

.57

20
.34

Make S
5°-mean value
Spreading
Number

1049.0

930.0

858.0

819.9

733.3

653.3

159.5

136.8

202.9

78.0

50.0

48.2

10

10

10

20°-mean v a lue
Spreading
Number
k-value

9
.62

.70

.78

.82

.89

k-value

9

759.0

634.0

557.0

567.8

498.9

444.4

99.6

134.3

126.2

51.9

40.8

44.2

10

10

9

9

10
.84

.73

.75

.66

.59
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Figure 3.1 shows the average CIL-values graphicly
with a rnarking of the proposal of the working group
for minimum values at 5° and 20°.
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Figure 3.1 Mean values in CIL of pedestrain retroreflector tags after normal use in 3-5 rnonths.
En trance angles 5° and 20° hor. The dernand
proposals of the working group are shown
by the broken lines.
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It is evident that only tags of cube corner macrotype fulfil the suggested demands after sorne rnonths'
normal use and that the lirnit will be passed after
about six rnonths for all tags. This corresponds to
a maximuro time of use of one winter season for the
best retroreflectors in the Nordie test.
Graphs of the individual characteristics of the retroreflectors are shown in figure 3.2 where the maximuro
and minimum values of any of both retroreflector
sides are indicated for the five rnakes. In regard to
the comparison only the values for the first three
measurement periods have been indicated and for rnake
1 only the Danish results are indicated.
CIL

Make 1, 5°

(med/lux)
1500

1000

so o
400 CIL

Tag llo.
10

CIL

1:ncd/luxJ

!-~oke 2, ~o

15(10

1000

500

400. CIL

10

Pigure 3.2

Tag No.

Maximuro and minimum CIIrvalues for the
5 tested makes. Value ranges from newvalues to values after 3 months of use.
Any of both sides. Only . values from one
country (Denmark) shown for rnake 1.
Entrance angle = 5°
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As a conclusion it can be established that only a few
of the tested tags fulfil the demands of the working
group as regards the reflective power after 2 - 6
months' use and that the retroreflection decreases to
half the new value during this period on most of the
makes.
3.4

Measurement of the retroreflection of children's
clothes with sewed-on retroreflective fabrics
For retroreflective tags the proposal from the working
group requiring visibility from all directions will be
met by hanging them on a string, giving free mobility
and rotation during the use.
When using the retroreflective fabric it is, however,
necessary to spread the retroreflector area to the circumference of the clothes in order to obtain a satisfactory result.
The Finnish mernhers have made a test with two different
applications of one type of retroreflective fabric on
children's clothes in order to have an idea of the area
demand in accordance with the proposal of the working
group. In both tests a new and unused material has been
used.
(The same investigation is referred to in chapter 2.3).
The placing of the retroreflective fabric and the result
of the measurements are shown in figures 3.3a-b.
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Figure 3.3b

Retroreflec tion dependent on visible
area for sewed-on retroreflect ive
fabric on childrens' clothes. Unused
fabric
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It is shown that the application of the retroreflective rnaterial on the clothes has a great and vital
importance for the visibility effect in relation
to the direction of the pedestrian.
As a conclusion it can be stated that a satisfac2
tory effect can be reached with 100 - 200 cm material of the above menticned type optimally
spread over the clothes. With other types with
less retroreflect ion larger areas must be used
in order to reach the same result.
3.5

Washing tests of retroreflect ive fabric
The proposals from the working group contain
many demands for durability under various conditions and as told before the correspondin g
test procedures are based on more or less realistic estimation of the detericratio n of the
retroreflect ive materials by daily use.
As regards the retroreflect ive fabrics it is, however, realistic to assurne that reduced retroreflection will appear especially as a consequence
of repeated washings during the use period.
The Norwegian mernher of the working group has made
several washing tests of the retroreflect ive
fabrics previously reported in Appendix 2a-b.
Appendix 3a-i shows the result of the washing tests
before and after one and ten washings respectively .
By all the tests SIS 251239, V3 is followed. A
surnmary of the washing results is shown in table 3.
(Some of the newest rnaterials were washed as much
as 25 times, as shown in the appendix).
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Table 3. 3

Retrorefl-ection measurements for nine retroreflective fabrics after ten washings
and necessary visible area in order to comply with the proposal of the working group
(min. 300 med/lux) .
Measurements units = cd/lux/m2

Initial condition
Materlal
No.
1
2

3
4

s
6
7

8
9

Type/
colour

R1 (cd/lux/m 2 )

white
yellow
red
yellow
grey
white
red
silver
yellow

78
65
113
68
58
75
78
340
62

* neelared not washable

Req.area (cm 2 )

After 10 washings
R1 (cd/lux/m 2 )

38
46
27
44
52
40
38
9
48

53
33
8

s
55
44
45
198

57
91
375
600
55
68
67
15
not lneasured

by the manufacturer.

According to the table already one washing affects
the retroreflection considerably but the relative
wide-angle performance is, on the whole, unehanged
after ten washings. Type 8

differs characteristic-

ly by showing much higher values and for the rest
the separate retroreflective fabrics show very
variable results.
Washing tests were also carried out in Finland in
order to study

retroreflector washability. The

tests were designed to resemble as closely as
possible washing done at home with an automatic
washing machine. Finnish SFS 2998 standard

Req.area (cm 2 )
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washing cycles 3 (coloure ds, 60°C) and 5 (light wash,
40°C) were used. The correspo nding cycles are included in the SIS 251239 standard . Befare washing
2
the 50 x 150 mm retroref lectors were fixedon a
2
300 x 600 mm catton/p olyester piece of cloth as
shown in figure 3.4. A maximuro of 2 such pieces of
cloth per 1 kg of laundry were put into the washing machine. Each type of retroref lector was
washed 1 - 10 times, the cloth being dried between
washes.

E

E
o

ol"'")

~·

~~

150 UIDI

150 mm

~~'----~
150

DUD

600 mm

Figure 3.4 Test sample

For most material s it was found that washing at a
temperat ure of +60°C results in a sharp drop in
the retroref lection after only a few washes, while
washing at a temperat ure of +40°C is signific antly
better. It therefor e seems that a light wash cycle
at a temperat ure of +40°C should be chosen. This,
however, would mean that the recomrnen ded washing
cycle for clothing with non-remo vable retroref lectors would be determin ed mainly an the basis of the
retroref lective materia l, and not the actual
clothing materia l.
Sumrning up the results of the Nordie washing tests
the conclusi on is that the retroref lection of the
retroref lective .fabrics is reduced by washing.
However, a reasonab le and fully acceptab le compensation for this reductio n can, in most cases, be
obtained by a relative ly modest increase of the
area of the visible retroref lector.
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3.5.1

~~~~~~-2~-h~!~!~Y
The retroreflection of the retroreflector materiais
was found to decrease sharply when the reflector
gets wet. The effect of water was studied with test
samples which had gene through a frost test in
accordance with the SFS 4410 standard (1 h, -30°C)
and a washing test (+40°C). The retroreflector
materiais were placed in a rain simulator
(30 min, +50°C and 30 min, +15°C). The recovery of the
retroreflection as a function of time was then measured. Figure 3.5 shows the results for some materials. It is evident that imrnediately after the rain
simulation the retroreflection of all materiais
dropped by 1 - 5% from the value measured when the
materiais were dry. It is also clear that reversion
to a 50% retroreflection level takes several minutes •

.

:

10

15

-?.o- ---- --is~

·:~ 30;··

reversio~ time ,;;,i~ :

Figure 3.5 Hurnidity test
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3.6

Simulated wear of retroreflective tags
As far as the tags are concerned it can be assumed
that the greatest detericration of the retroreflection is the frietion against the outside of the
clothing and specially the touch against hard and
sharp-cornered things in the pocket.
The normally used frietion test, where a brush mecanically is rubbed against t~e exterior of the tag
a certain number of times, gives hardly a realistic
pieture of the environment of an overcoat pocket as
the movements of the pedestrian cause rotations and
ether influence from more aspects than those shown
by the brush test.
The working group has therefore under Swedish guidance made a number of tests where the pocket environment has been simulated by a small tumbler (drum of
hard rubber which rotates 30 times/minute, motordriven).
In this drum a pedestrian retroreflector of type 1
was put together with 10 Swedish coins and a piece
of cloth. After that, measuremertts of the retroreflection were made at intervals of 40 minutes during
three hours. The test was repeated with f i ve· tags,
all of type 1.
Figure 6 shows graphicly the results of the test in
average values for the five tags compared with the
ten tags of the same make in the Swedish part of the
test with wear under normal circumstances.
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If a linear conversion factor for both tunetions
is accepted, the half-life for the retroreflective properties of the tag, which normally is
about five months, will be 210 minutes in a
tumbler, i.e. a test time of 40 minutes corresponds to one menth's real use.
A summing up of these tests shows, that by this
test procedure a reduction of the retroreflection
of the tags occurs, similar to the wear tested
under normal circumstances. At the same time this
test method permits a wide range when choosing
environment factors for the test.
3.7

Conclusion
The Nordie proposal for approval demands for pedestrian retroreflectors especially intends to
guarantee the funtionally safe values, even after
a certain time of normal use. The reference time
has been 6 months of normal use (corresponding to
one winter season) of the tags and ten washings
for the retroreflective fabrics.
In the absence of reference values from long-time
tests outside the labaratory the working group has
tested the qualities of some common makes of tags
after normal use by children and grown-ups in four
Nordie countries.
Furthermore, the working group has made retroreflection measurements on new retroreflectors, test
washings up to ten times of retroreflective fabrics,
measurements of area claims for suitable application
of retroreflective fabrics on childrens' clothes and
finally tested a method for artificially wear of
tag retroreflectors with the aid of a tumbler.
It is stated that retroreflective tags of cube corner
macro-type generally have higher retroreflection
values and on an average fulfil the proposal for
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approval demands within 4 - 6 months af normal use.
This is not valid for the tested tags with glass
beads or micro prisms. In this connection the
tested makes af those types are considered as
unsuitable.
The retroreflective fabrics are influenced by
washing and thus lose at least 1/3 of the retroreflection after ten washings.
Areas of 100 - 200 cm

2

optimally spread all over

the clothes seem to be sufficient to reach retroreflective values in all directions at levels proposed by the working group.
The tumbler test shows, compared with the obtained
results under normal use, many similarities and
points at a realistic alternative to the normally
used brush test.
Thus, the accomplished tests show that especially
the retroreflection greatly decreases by normal
use. After regular use in the winter season even the
hest type must be considered as worn-out. The retroreflective tags deteriarate most substantially by
the first washing and lose, . only gradually, the
retroreflection in the fallewing washings. Same tagand retroreflective fabrics show such low values
that they, in their present shape~ eannot comply
with the proposais suggested by the working group.
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4.

SPECIFICATIONS PROPOSAL
by BjØrn Brekke and Kåre Rurnar (4.4)

4.1

Introduetion
From the preceding discussions, studies and experiments, a proposal of technical specifications
for all types of pedestrian retroreflectors has
emerged. Due to the differences both in physical
properties and in practical application, it has
been found reasonable to present a different set
of specifications for dangling tags and retroreflective fabrics, respectively.
The proposal should be regarded as a collection of
minimum requirements upon which national standards
may be based.
Each set of specifications contains the following
main constituents:
Definitions of retroreflectors, measurement
method and units.
Statement of the functional requirement.
Description of the appropriate labaratory tests
which the retroreflectors must undergo and withstand in order to fulfil the functional requirement under practical conditions.
Statement of various ether requirements of importance to the practical use of the retroreflector type in question.
The main difference between the present proposal
and the existing regulations is that the proposal
puts the requirements on worn retroreflectors, thus
ensuring sufficient safety value over a reasonable
length of time, the functional life time of the re~

troreflector.
The life times airned at are confirmed by practical
experiments to be realistic.

They may be shorter

than desirable, but it should be noted that they
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may well be extended by various precautions. This
is especially true with retroreflective fabrics.
In this case the life time is not fixed, but relative and related to the number of washings of the
garment. Ten washings is a fairly high number for
outerwear of grown-ups, while for the clothes of
small children it may be a very low number. In that
case ane should also remember that the test results
(Chapter 3.5) indicate that by doubling the area of
the retroreflector, the corresponding life time is
more than doubled.
There is, however, anether problem associated with
Investigaretroreflectors on children's clothes.
tions indicate (Brekke, 1981) that mechanical wear
is responsible for approximately the same amount of
degradation as washing during a given period of time.
However, the material from the experiment referred
to is limited, . and more investigations are required
If, however, the
befare conclusions may be drawn.
above indication turns out to be correct, this
suggests that for children's clothes up to 4 times
as much retroreflective fabric may be needed to
provide safety during a given period of time, as in
the case of grown-ups' clothes. ·
While the specifications for tags put the responsibility solely on the retroreflector manufacturer,
the specifications for fabrics are directed partly
to the retroreflector manufacturer and partly to
the manufacturer of the particular garment. The
practical procedure will be that the retroreflector
manufacturer subjects his various types of fabrics
to the tests deseribed in the specifications. Based
on the results, tables showing the minimum area refor each of the fabrics are worked out.
The garment manufacturers are then responsible for
the cerreet distribution of the retroreflective
quire~ent

material when applying i t to their products.
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During the work with the specifications, the project group has discussed same of the more important aspects with ether research laboratories,
traffic organizations, consumers' organizations
and manufacturers of retroreflectors . A still
larger number of such institutions were asked to
comment on the draft versions. Several valuable
suggestions and cerreetions emerged in this way.
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4.2

4.2.1.1

Technical reguirements for retroreflective tags

In this context, the term retroreflector refers to a
freely hanging, string-suspended retroreflecting
device worn by a pedestrian (dangling tag).

4.2.1.2

The retroreflection is expressed by the coefficient
of luminous intensity (CIL) in millicandela/lux
(med/lux) .

4.2.1.3

The measurement georoetries for retroreflection
measurements are those recornrnended by CIE TC-2.3
Subcommittee

11

Retroreflection 11

•

Terminology and

coordinate system are used in accordance with these
recornrnendations.
4.2.1.4

The coefficient of luminous intensity is measured
with a fixed observation angle (a) of 20'
which is defined as

lyi~g

(0.33°)

in the vertical plane.

The entrance or illumination angle (S) is varied in
both the vertical plane (Sl) and the herizental
plane (f32)
4.2.1.5

(figure 2.3).

The measurements require a standard light source
corresponding to

C~E

with a tolerance

o~

standard illuminant A (2856K)
±SOK, and a photometer head

adapted to the CIE photopic standard observer.
The angular subtenses of the light source and the
photometer head at the sample should not exceed 6'.

4.2.2.1

In order that a retroreflector shall be regarded as
functionally efficient, it must satisfy the requirement that, worn by a pedestrian in real night
time traffic, it can be seen by a

ca~

driver at a

distance Qf at least 140 m in a passing situation
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when both cars have dipped headlight s. This corresponds to a coefficie nt of lurninous intensity of
at least 300 med/lux.
4.2.2.2

After being subjected to the water immersien test
(4.2.4.1), the low temperatu re test/hit test
(4.2.4.2) and the wearing test (4.2.4.3), the retroreflec tor must satisfy the photometr ic requirements of table 4.1, expressed in med/lux:
Table 4.1 Photometr ic requireme nts for dangling
tag retrorefle ctors.
Entrance angle (S)
Observation
angle (~)

Ho1.·izontal: S z

00

s1

±50

Vertical

20' (0,33°)

:

±20°
±50

400 m:::d/lux 250 m:::d/lux

(Comment: The value 400 instead of 300 med/lux is
chosen because the tag is supposed to rotate when
hanging from its string, and therefore is exposing
the maximum value for a very short time).
4.2.3

~2!2~~-~~g~!E~~~n~2

The retrorefle cted light from the retrorefle ctor,
when using light source A as an illurninan t, shall
appear to be white or light yellow to the observer.
The colour determina tion is made by visual inspection only.

4.2.4.1

Water immersien test.
After being kept under water for 24 hours (in
herizenta l position, with the upper surface at
least 2 cm below the water surface), the retroreflector must retain its functiona l efficiency ,
and it must not have its shape or functiona l
propertie s altered in any way by this. In particular, joints must not be deteriora ted and water
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must not have entered into the interior cavities of
the retroref_lector body.
4.2.4.2

Low temperature test/hit test.
Immediately after being kept at a temperature of
(-30 ±3)°C for 24 hours, the retroreflector must
withstand the following test: The retroreflector
is attached by the end of its string to a vertical
steel plate (figure 4.1).
It is then raised to an
angle of 90° so that the string is straight. The
retroreflector is then released so that it hits the
steel plate edgewise. The test is performed 10 times
in succession at a temperature of (-30 ±3)°C. After
this test, the retroreflector must not show any
damage that may reduce its functional abilities.

4.2.4.3

Wearing test.
The retroreflector must undergo a Simulated wearing
test corresponding to approximately 6 months of
normal use.

This' test is especially designed and
is deseribed in chapter 4.4.

4.2.5.1

Area and shape.
The retroreflector shall have a maximuro total area
on each side of 40 cm 2 , and a minimum total area on
each side of 15 cm 2 •
When suspended by its string, the maximuro allowable
width of the retroreflector is equal to its height.

4.2.5.2

Advertisements.
Advertisements are acceptable as long as the retroreflector fulfils the photometric requirements. The
approval test may be performed on the retroreflector
without advertisements, and the test report should
in that case indicate how large portion of the surface may be cdvered by advertisements. However,
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when the manufactu rer or the authoritie d find it
advisable or necessary , a separate test is performed
with the actual advertisem ent on the retrorefle ctor.
4.2.5.3

Suspensio n.
The length of the string must be between 30 cm and
45 cm. The mechanica l propertie s (strength and flexibility) must cerrespon d to doubly twined catton
thread.
The string must be equipped with a safety pin or corresponding fastening device.

4.2.5.4

Marking.
The retrorefle ctor must be clearly and durably marked
with the name or ~rade mark of the manufactu rer or
importer. In case the manufactu rer produces two or
more different retrorefle ctors that are not easily
distinguis hed by shape or colour, each must be marked
separately with a type code. Also, if the retroreflection propertie s of a retrorefle ctor is changed by
the manufactu rer, while the shape is retained, a
different type code must be applied.

Figur 4.1 Hit test for dangling tag
retrorefle ctors.
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4.3

Technical Requirements for retroreflect ive fabrics

4.3.1.1

In this context, the term retroreflect or refers to a
flexible, retroreflect ing device applied to the surface of a garment, footwear, bag, etc. by sewing or
adhering, or as an integratedp art of the garment,
footwear or bag.

4.3.1.2

The retroreflect ion is expressed by the coefficient
of luminous intensity (CIL), in millicandel a/lux
(med/lux), when considering a fixed area of retroreflective material as an independent unit. Alternatively, when considering retroreflect ive material as
such, the retroreflect ion is expressed by the coefficient of retroreflect ion in cd/lux/m 2 •

4.3.1.3

The measurement georoetries for retroreflect ionmeasure ments are those recommended by CIE TC-2.3 Subcommittee
"Retrorefle ction". Terminology and coordinate system
are used in accordance with these recommendat ions.

4.3.1.4

The retroreflect ion is measured with a fixed observation angle (~) of 20' (0,33°) which is defined as
lying in the vertical plane. The entrance or illumination angle (S) is varied in both the vertical
plane (Sl) and the herizental plane (Sz)

4.3.1.5

(figure 2.3).

The measurement s require a standard light source corresponding to CIE standard illuminant A (2856K) with
a tolerance of ±SOK, and a photometer head adopted to
the CIE photopic standard observer. The angular subtenses of the light source and the photometer head at
the sample should not exceed 10'.

4.3.2.1

In order that a retroreflect or shall be regarded as
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functionally efficient, it must satisfy the requirement that, worn by a pedestrian in real night time
traffic, it can be seen by a car driver at a distance of at least 140 m in a passing situation when
both cars have dipped headlights. This corresponds
to a coefficient of luminous intensity of at least
300 med/lux.
4.3.2.2

The functional requirement of section 4.3.2.1 above
implies that fixed retroreflect ive materials on garments must be mounted in such a quantity and manner
that from any direction in the herizental plane
areund the pedestrian, the minimum area exposed
corresponds to a coefficient of luminous intensity
of at least 300 med/lux.

4.3.2. 3

. to be visible from any direcThe minimum area Am1n
tion is determined by the following procedure:
a)

After being subjected to the first washing, performed according to the washing test (4.3.4.1)
alternativel y the first part of the wearing
test (4.2.4.2), the test sample must satisfy
the photometric requirements expressed as relative values in table 4.2, called test 1.

b)

After being subjected to 9 more washings (4.3.4.1)
alternativel y the second part of the wearing
test (4.3.4.2), the low temperature test (4.3.4.3),
and the artificial rainfall test (4.3.4.4), the
test sample must satisfy the photometric requirements expressed as relative values in
table 4.2, called test 2.
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Table 4.2 Photometric requirements for retroreflective fabrics.

Entrance angle (S)
Observation
angle (a)

Horizontal:
Sz
Vertical :

s1

20' (0,33°)

00

±20°

±40°

±50

± 50

± 50

Test 1

100%

75%

15%

Test 2

50%

37,5%

7,5%

The retroreflection measurements are made with
samples mounted an a plane sample holder in arder
to ensure a plane retroreflecting surface.

The

area af the test sample is not specified, but
should be as large as the sample holder permits
in arder to reduce measurement errors.

It should

not, however, subtend an angle greater than 80'
at the photometer head.
c)

The percentages in the table thus refer to the
actually measured coefficient af luminous intensity for each materialo

The required minimum area

Amin is calculated in each case by means af the
formula:
A.
=A
·_2Q_Q_·2
m1n
test
Rtest

Atest is the area af the test sample in cm 2 o
Rtest is the actual maximum CIL-value measured
S1 = ±5° and Sz = 0° for the test sample in

with

test 2o

The factor 2 corrects for the variable

curving af the

r~troreflective

material in actual

u se. ( see chapter 2 o 3 o 3) o

d)

The smallest acceptable value af A . is 15 cm 2
m1n

•

87

4.3.3

gg!Q~E-E~S~!E~~~n~2

The retrore flected light from the retrore flector
when using light source A as an illumin ant, must
not appear to be red or orange to an observe r.
The colour determ ination is made by visual inspection only.

4.3.4.1

Washing test.
Retrore flector s intende d for washab le garmen ts must
undergo a 40°C machine washing test corresp onding to
the Swedish standar d washing procedu re SIS 251239.
The retrore flector is mounted either on the garmen t
which it is intende d for, or on a neutral piece of
cloth that does not interfe re with the physica l properties of the retrore flector . The perform ance of
the washing test is deserib ed in chapter 4.5.

4.3.4.2

Wearing test.
Retrore flector s that are intende d for garmen ts, footwear, bags etc. that are not usually washed, or are
not washab le, are subject ed to an especia lly designe d
wearing test which is deserib ed in a separat e deeument to be publish ed.

4.3.4.3

Low tempera ture test.
Immedi ately after being kept at a tempera ture of
(-30 ±3)°C for 24 hours, the retrore flector is bent
areund a cylinde r with a diamete r of 5 mm. After
this test, the retrore flector must not show any
physica l damage like crackin g or looseni ng of retroreflect ive beads, etc.

4.3.4.4

Artific ial rainfa ll test.
The retrore flector is subject ed to artific ial rainfall for 30 minutes with water having a temper ature
of (+20 ±2)°C. After that, the sample, in vertica l
positio n, must regain at least 70% of the retrore -
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flection it had befare the test, within a time interval of 30 minutes.

4.3.5.1

Advertisements.
Advertisements are acceptable as lang as the retroreflector fulfils the photometric requirements. If
necessary, a separate test must be performed for e·ach
type of advertisement on a given type of material.
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4.4

Descri ption of simula ted wearin g test for
retror eflect ive tags.
Retror eflect ive tags must underg o a simula ted
wearin g test corres pondin g to approx imatel y
6 months of normal use. This test is design ed
as follow s.
The sample is put in a tumble r togeth er with
ten small coins (value s of 25 Swedis h ore)
and two rectan gular pieces of saft cloth stuff
2
(abt. 100 cm each). The turr~ler will rotate
30 r/m during 4 hours and 20 IrLinut es, which
corres ponds to 6 months of normal wear.
The tumble r is not perfec tly cylind rical. In
faet it is ten-co rned with the radius of 75 mm
and the depth of 90 mm. Its walls are made of
rubber .
A sketch of the tumble r is seen in figure 4.2.
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d ri vin g sha.fts

Pigure 4.2. A sketch of the tumbler seen sideface. The two driving shafts make
the tumbler rotate with v
The radius of it is r
its depth 90 mm.

=

= 30

r/m.

75 mm and
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4.5

Description of washing test for retroreflective
fabrics.
Retroreflective fabrics intended for washable garrnents must undergo a two-step washing test ceroprising altagether 10 washing cycles (Chapter 4.3).
The test chosen is a 40° light wash cycle deseribed
in Swedish Standard SIS 251239.
The test samples should for the washing be mounted
either on the garment for which they are intended,
or on a neutral (non-coloured) cloth. The ratio of
test sample area to cloth area should approximate
that of an actual garment equipped with the retroreflective fabric in question. To obtain normal
filling of the washing machine, additional garments
or neutral cloth are added.
The cloths with test samples are dried .after each
washing.
Test 1 comprises 1 washing cycle followed by
photometric measurement.
Test 2 comprises the remaining 9 washing cycles
followed by the final photometric measurement.
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APPENDIX 1

Photometric measurements of retroreflective tags on themarket in 1980.
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APPENDIX 2

Photometr ic measureme nts of retroreflective fabrics on themarke t in 1980-81.
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APPENDIX 3

Washing test results for retroreflecti ve fabrics on the market
1980-81.
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Appendix Ji:

Retroreflective fabric, not tested for washing.
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