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PREFACE

The work reported here is a small part of a large pro-
ject concerning visible guidance of the road at night.
The project is carried out at the Swedish Road and
Traffic Research Institute in cooperation with, and
financed by the Swedish Road Administration.

S-0 Lundkvist is the main author of this report.

A sincere acknowledgment should be given the Norwegian
Road Administration, Oslo, and Cromocol Ltd., Stockholm,
having, free of charge, put their instruments for the

measurements of specific luminance at our disposal.
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Specific luminance measurements of road markings and
road surfaces in the field
Comparisons between instruments.

by Sven-0lof Lundkvist, Gabriel Helmers and Uno Ytterbom
National Swedish Road and Traffic Research Institute
S-581 01 LINKOPING SWEDEN

ABSTRACT

Comparative measurements of specific luminance of road
markings and road pavements have been made on the road
by three protable instruments with different geometries
of measurement. The results show that there are no
simple relations between measurement values of these
instruments over types of road markings, pavements

and/or measurement occasions.

These results are discussed and different explanations
are proposed. The main conclusion is that further
knowledge should be reached by making comparative
measurements between each instrument and an indepen-
dent laboratory set up of the geometry of each instru-

ment.
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INTRODUCTION

The concept of specific luminance

The relative amount of light of a road surfacereflected
back to the eyes of the driver in vehicle headlight
illumination on unlit roads can be described by the
specific luminance (SL) of the road surface. The con-

cept of specific luminance is defined as follows

SL = Z (cd/m)/lux; (1)
where L is the luminance (cd/m2) of the road surface
at the point P, and E is the illuminance (lux) on a

fictive plan situated at the point P and orientated

perpendicular to the direction of illumination.

In this context the specific luminance generally is
below 1 (cd/mz)/lux, so the unit (mcd/m2)/lux is more

convenient to use.

The specific luminance of a surface is beside the
reflection properties of the surface itself an inter-
action between the surface and the geometry of measure-

ment defined by the angles a, B8 and € in figure 1 below.

Q observer

b2 light source

road surface

Figure 1 Geometric parameters of the specific
luminance of a surface
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Denotations in figure 1l.:

g = illumination angle

Q
I

observation angle

™
Il

azimuthal angle
= observation height
= illumination height

= distance of observation

o0 &5 O

= distance of light source

W O O @ =T

= point of measurement

When the difference between the observation and illumi-
nation angles (a - ¢) is small and the azimuthal angle
(B) is about 180° the specific luminance is often called
retroreflection. This concept, however, indicates that
the luminance is due to retroreflective elements of a
surface, which is not always the case. Therefore, the

more general concept of specific luminance is used.

Background

At present there is only little knowledge about the
influence of the geometry of measurement when measur-
ing specific lumiance of road markings. Since some
years measurements of specific luminance in Sweden have
been carried out with a portable instrument developed
and built by the National Swedish Road and Traffic
Research Institute (VTI). The regulations of the
Swedish Road Administration concerning road markings
(BYA 365:232) are based on measurements with the
Swedish instrument. But it is unknown whether the geo-
metry of measurement of this instrument is the most
valid one. Other measurement geometries would simulate
more realistic distances of road marking visibility in
night driving. On the other hand it is desirable that
the measurements have small random errors. This is a

growing problem in simulating larger and larger
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distances of observation. Besides that, the instrument
should be light and handy.

COMPARATIVE MEASUREMENTS

Purpose of the study

The purpose of this study is to investigate how the
specific luminance, mainly regarding road markings,
varies with the instrument used. Three different instru-
ments have been compared by repeated measurements of a

number of surfaces.

Description of the instruments

Three portable instruments for measurement of specific
luminance have been used. For all of them the azimuthal
angle B is 1800, i.e. the "observer", the light source
and the point of measurement are in the same vertical
plane. The "observer" is situated above the light
source. The measurement geometry of each instrument is

defined in figure 2.

) Q observer
® light source

y IHh €

. >

Figure 2 The measurement geometry of each instrument
B = 180°. The denotations of the parameters
are presented in figure 1.
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The following instruments have been compared:

1) An instrument developed and built by the National
Swedish Road and Traffic Research Institute. This
instrument is denoted S and its measurement values
SL(S) .

2) A commercial Swiss instrument, Erichsen Type RM 710.
It is denoted CH and its measurement values
SL(CH) .

3) An instrument developed and built by the Norwegian
Technical High School, Trondheim, Norway. Denoted N
and SL (N) respectively.

Specifications of the instruments are shown in table
1, where measurement and aperture angles, simulated

distances and measurement areas are presented.

Measurement Aperture | Measure- | Simulated geome-

geometry angles ment area| try on the road

Instrument o € a/e | vg Up A Hy D =Dy, Hh
S 3.2 1.7 1.9 |17 5x9 65x80 1.22 21.9 0.65

CH 5.0 3.5 1.4 8 8 100x100 0.93 10.6 0.65

N 1.37 0.74 1.9 | 20 20 200x65 1.20 50.3 0.65

Table 1. Instrument specifications

o measurement angle (degrees)

€ illumination angle (degrees)

Vo aperture angle of the measurement system (minutes)

Yy aperture angle of the illumination system (minutes)
measurement area (length xwidth, mm)

H, observer eye height above the road surface (m)

D simulated distance to the point of observation (m)

D}, simulated distance to the point of illumination (m)

H headlight mounting height above the road surface
(assumed value, m)
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The simulated headlight mounting height (Hh=0,65 m) ,
has been chosen according to the car population in the

Scandinavian countries. H D. and Dy, were then calcu-

o’ “o
lated
Ho
tan a = D (2) and
o)
H
tan e = D—h (3)
h

When DO=Dh the equations (2) and (3) give

H

_ h
Dh = €an € (4)
and
_ tan a
Hy = Hy» tan e (5)

When o and € are small:

Ho ¥ Hh

0]

= (6)

The relation o/e is a significant parameter of the
specific luminance of a surface (Morkertrafik 3, 1980).

This parameter is discussed in section 4.

The specifications of the instruments in table 1 mean
that the geometry of the N-instrument corresponds to
that which has been recommended for field measurements
by the Nordic Research Cooperation for Night Traffic.
The geometry of the S-instrument is mainly based on
practical considerations. The CH-instrument is based

on a German standard.
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Surfaces of measurement

The specific luminance of three different types of
surfaces has been measured: worn road markings, new

road markings and road pavements. Simultaneous measure-
ments with two or three instruments have mainly been
carried out as an extension of the evaluation program

of road markings in a larger project. All field measure-
ments were carried out in the summer of 1979. The
results are presented in the sections 3.2, 3.3 and 3.4

below.

There usually are large amounts of drop-on micro-pearls
on the surface of new road markings. This means that
the specific luminance measured, mainly is a function
of these pearls. When the road marking is worn the
drop-on pearls have disappeared and the pre-mix micro-
pearls have appeared at the surface of the material.
The specific luminance value then derives from those
retroreflecting pearls and the road marking compound
itself. On road pavements there is no retroreflective
material. Therefore the specific luminance of pave-

ments strongly depends on the texture of the surface.

This study is mainly concerned with road markings.

RESULTS

Relation between instruments

The results are presented in tables 2-8. In each table
the relations between measurement values of two or all

three of the instruments are calcultated. These rela-

tions (denoted Xy X, and x3) are defined as follows.
_ SL(CH)
X1 T SL(9) (7)
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Specific luminances

x. = SL(N)
2 ~ SL(S)

_ SL(N)
%3 T SL(CH)

of worn road markings

The specific luminance of worn road markings have been

measured at four different occasions.

presented in table 2-5 below.

The results are

Road marking | Specific luminance Relation between
type (cd/mz) lux instruments
no. SL(S) n SL(CH) n X
1 100 2 55 2 0.55
2 70 2 54 2 0.77
3 67 2 54 2 0.81
4 144 2 79 2 0.55
5 116 2 62 2 0.53
6 103 2 66 2 0.64
12 12 x;=0.64

Table 2. Specific luminances of worn road markings I

Date 1979-06-15

Road E4 (after 1979-07-04 road no 636)
Place Vikingstad (10 km from Link&ping)
Weather cloudy, +17°C

Instruments S, CH

Types of markings worn thermo-plastics

Notes
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Each of six different compounds was appli-

cated as a tranversal line on the road.

The influence of this application on the
specific luminance is unknown.

n is the

number of measurements.
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