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LTL-800 Function Test

by Sven-Olof Lundkvist

Swedish Road and Traffic Research Institute

8-581 01 LINKÖPING SWEDEN

SUMMARY

The LTL-800 reflectometer, developed and manufactured by the

Danish Illuminating Laboratory, has been tested and evaluated at

the Swedish Road and Traffic Research Institute.

The instrument was found to be easy to handle and worked without

problems under varying conditions, for two years. More important

- validity and reliability have been evaluated and were found to

be good. The paper includes comparisons with full-scale

measurements and measurements with the Erichsen Reflectometer.



1 INTRODUCTION

When measuring the specific luminance of road markings, the

measurement geometry is very important. This means that the

observation and illumination angles - the distance on the road -

must be realistic for the driver's situation. Therefore, a

portable instrument must simulate a distance corresponding to

30-80 metres in the real situation (reference 1). Due to pract-

ical reasons most instruments on the market simulate 10-15

metres, which is too short a distance. Only one fulfils the geo-

metry demands stated above - the LTL-800 - manufactured by the

Danish Illumination Laboratory.

For two years the LTL-800 has been tested at the Swedish Road

and Traffic Research Institute, and has also been compared with

full-scale measurements and an older Swiss instrument, Erichsen

reflectometer type ZRM 101.

2 LTL-800 - A SHORT PRESENTATION

The LTL-800 is a field instrument designed for measuring the

specific luminance of road markings and road surfaces. When

measuring, the instrument is put on the object, which then is

covered and protected from straylight. This means that the

instrument can be used in daylight conditions.

The instrument works with observation and illumination angles of

1.37° and 0.74° respectively (Figure 1). The light source and

the photodetector are situated in a vertical plane, the detector

straight above the light source. In this way the instrument

simulates the observation and illumination distances of

approximately 50 metres for a passenger car. This is well

adjusted to the realistic situation, as the dipped headlight

normally has the cut-off distance at 50-70 metres, which also

should be the driver's observation distance.
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Figure 1 The geometry of the LTL-800

The LTL-800 is presented in detail in "LTL-800 retrometer"

(reference 2).

3 EXPERIENCES FROM TVO YEARS OF MEASUREMENTS WITH LTL-800

The LTL-800 is a handy instrument, its weight is 9 kg and it

works with a built-in 12 V accumulator, which means that no wire

connection to external batteries or other power sources are

needed.

The calibration is simple and - more important - safe. It is

carried out by calibration standards, one external for very

precise calibration, and one internal for an easy calibration

check. This means that if for any reason one gets dust or dirt

on the internal standard, this will be noticed, when the

calibration with the external, clean, standard is done. On a

very rough surface, straylight might leach into the instrument,

although it is well covered. However, the measuring procedure is

such that one will notice if there is straylight and this is

easily compensated for. The instrument has now been used in

Sweden for two years without problems - also under winter

conditions.



4 DEFINITIONS AND NOTATIONS

Some concepts in the following ought to be defined:

Correlation coefficient. A measure of the distance from all

 

individual measurement values to the regression line.Values

between 0 and 1 - the higher the better correlation. Denoted r.

Regression line. A line (in this case linear) which minimizes

 

the squared distance between all the individual observations and

the line itself.

Reliability. The correlation coefficient of two measuring rounds

 

on the same objects. This will give a measure of the

repeatability of an instrument. Values between 0 and 1 - over

0.70 acceptable. Denoted ö.

Specific luminance. Describes the luminance of a road marking

 

(or road surface) in relation to the illumination from a vehicle

in headlight illumination. Denoted SL, unit mcd/mz/lux.

Validity. A measurement has a high validity if it measures what

it is really supposed to measure, i.e. the measuring method

simulates the reality in a proper way. In this specific case,

the measuring method has a high validity only if it simulates

the driver's situation in night traffic headlight illumination.

The notations are:

r correlation coefficient

8 reliability coefficient

SLLTL the specific luminance measured with LTL-800

SL the specific luminance measured with Erichsen ZRM 101



SLp the specific luminance calculated from measurements with

a Pritchard luminance meter and a luxmeter

SL The mean of individual SL-values.

All tests have been carried out on road markings. However, there

is no doubt that the results are also applicable to road

surfaces, as they are more homogenous and optically act in a

simpler way than road markings containing micro beads.

5 DESCRIPTION OF MEASUREMENTS CARRIED OUT

5.1 Test of validity - dry road markings

 

Measurements with LTL-800 were compared with full-scale field

measuremen tS .

The full scale measurements were carried out with a Pritchard

luminance meter and a luxmeter. The luminance meter was mounted

at eye-level (1.2 m) above the passenger seat of a Volvo 245.

The car was placed so that the distance to the object to be

measured was 50 metres and the left headlight was switched off.

This gave a geometry similar to that of the LTL-800. In the real

driver situation you have naturally two light sources. The use

of one, does, however, not affect the measurement seriously.

This has been shown and documented in reference 1. The measuring

angle of the Pritchard was 6', which gave an elliptic range of

measurement of 0.09x2.90 m. Finally, the luminance value was

corrected for the transmission of the windscreen and the

background light.



The illumination was measured at the object in the direction

towards the headlight. The specific luminance was then

calculated as the luminance of the object divided by the

illumination at the object.

The measurements with the LTL-800 were carried out at two points

of each object - the SL value was then calculated as the mean of

these two measurement values. This is a standard method used by

the Swedish Road Administration.

In this way a total of 16 dry road markings were measured.

5.2 Test of validity - wet road markings

 

This test was carried out in the same way as described in 3.1,

except that the road markings were wetted artificially. This was

done in a very simple way - with a watering can. Water

corresponding to 4 mm of rain, was sprinkled on the surface.

This watering method has been validated earlier (reference 3).

After exactly 60 seconds the luminance value was measured and

immediately after that (within 15 seconds) the LTL-800

measurements were carried out. The illumination had been

measured while the marking was dry.

The markings in this experiment were designed particularly for

those measurements. They were 15 m in length and 0.5 m in width

in order to make it possible to use the Pritchard 20' measuring

angle, which gives the required resolution.

5.3 Test of reliability - dry road markings

50 markings representing 10 different types were measured twice

with the purpose of evaluating the reliability of the

instrument. As described previously, two points on each marking

were measured. In the two measuring rounds the measurement areas

were about the same, although it is of course impossible to put

down the instrument at exactly the same point twice.



5.4 Test of reliability - wet road markingå

The measuring procedure described in chapter 5.3 was carried out

on two occasions to describe the reliability when measuring wet

road markings.

5.5 Comparison with the Erichsen reflectometer

Measurements have been carried out on the same objects with the

two reflectometers in order to obtain knowledge of the relation

between the SL-values of the two instruments. The objects were

six different types of markings, six of each type.



6 RESULTS

6.1 Validity - dry road markings

The results of the full-scale and the LTL-800 measurements on

dry road markings are found in table 1.

Table 1 Full-scale measurements compared to measurements with
the LTL-800 on dry road markings

Marking Z premix SL SL
2p TL

No. beads (med/m /1ux) (med/m /lux)

1 0 40 34
2 0 31 34
3 0 38 36
4 0 38 33
5 10 56 58
6 10 55 69
7 10 55 66
8 10 71 72
9 25 128 122

10 25 126 116
11 25 146 116
12 25 135 138
13 40 208 212
14 40 124 206
15 40 83 210
16 40 179 214

Road markings number 14 and 15 were situated in a hollow and,

consequently, they were shadowed by the road surface. In this

case the full-scale measurement gives an irrelevant value and

these two markings are excluded from the analysis.

If we look at the mean values of SL we find that SLp = 93 mcd/m2

/lux and SL = 94 mcd/mZ/lux. Linear regression gives:
LTL

SL - -O.9 + 1.02 SLp
LTL -

with the correlation coefficient r = 0.97.



This is very close to the equation we should have received in

the ideal case, namely SLLTL = 0 + 1.00 SLP. If for each pair of

observations, we form X = SLLTL - SLp, the X value should not be

significantly different from zero. A t-test at the SZ-level show

that X is not, which means that any systematic difference

between SLLTL and SLp, cannot be shown. The differences between

 

SLLTL and SLp in table 1 are obviously due to random errors.

6.2 Validity - wet road markings

Six different types of road markings - conventional and

corrugated - were used to test the validity of wet road

markings. The results are to be found in table 2.

Table 2 Full-scale measurements compared to measurements with
LTL-800 on wet road markings

Marking type Säp SLLTL 2

No. (mod/m /lux) (mcd/m /lux)

A1 corrugated 44 41
A2 corrugated 43 37
B1 spotflex 38 45
B2 spotflex 38 41
C1 conventional 7 3
C2 conventional 9 2
D1 conventional 12 10
D2 conventional 11 7
E1 conventional 12 8

E2 conventional 13 7

F1 corrugated 27 26
F2 -. corrugated 20 30

We find that SLp = 23 mcd/mZ/lux and SLLTL = 21 mcd/mz/lux. The

linear regression gives:

SLLTL = -4.5 + 1.14 SLp with r = 0.96.



A t-test at the 5%-level shows no significant difference between

SLp and SLLTL.

random errors were relatively large which means that they could-

However, in this case one has to be careful; the

have hidden a true systematical error. The validity for wet

markings should be further investigated, although the results in

table 2 seem to fit well. Special problems could possibly arise

when you want to measure values lower than 5 mcd/mZ/lux.

6.3 Reliability - dry road markings

The correlation between round one and round two, when measuring

50 dry road markings was r = 0.89. This is often called the

reliability coefficient and denoted 6. A very useful criterion

for this coefficient is 8 = 0.70, i.e. for any instrument the

reliability should be more than 0.70. The reliability of

LTL-800, 8 = 0.89, tells us that of the total variation in

SL-values within one measuring round, 79% is due to true

variations among the markings (6 squared is 0.79) and the rest,

21% is due to random errors. Probably the main part of those 21%

comes from the object itself (inhomogenity) - you cannot place

the instrument in exactly the same position on two occasions.

Thus, you should note that this reliability is valid for LTL-800

when measuring road markings (with micro beads) and is quite

satisfactory.

6.4 Reliability - wet road markings

In this case the reliability coefficient describes not only the

reliability of the instrument when measuring wet road markings,

but also includes the wetting procedure.
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The correlation coefficient between two measuring rounds - the

reliability coefficient- was found to be as high as 8=O.99.

This value is very high, even higher than for dry markings. One

possible explanation might be that the surface of the marking

has became more homogenous (optically); the micro beads do not

work in humidity and do not contribute to the variation of

reflectivity along the surface.

Anyway, the reliability is high for the measuring method of wet

road markings.

6.5 Comparison with the Erichsen reflectometer

 

A large number of comparative measurements with the Erichsen

reflectometer and LTL-800 have been done. The regression ana-

lysis has shown that in the regression line, SLLTL = A + B SLE,

A is approx. -20 and B approx. 1.00. Unfortunately, those

coefficients vary with the type of road marking. For example, in

Figure 2, we have:

-16 and B

0 and B

1.03 while

0.50.

type 1 has A

type 6 has A

This means that without knowing the exact composition and state

of wear of the road marking it is impossible to translate values

measured with the Erichsen instrument into values valid for the

LTLTBOO geometry.

Figure 2 shows the relation between SLLTL and SLE for six types

of road markings. Each one is a conventional type of road

marking. Only the content of the compound differs. Exactly in
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which way they differ from each other cannot be described here

because of confidential reasons, but the sloops differ

significantly from each other. Each regression line was

calculated from 12 measurements, and the correlation coefficient

was more than 0.95 for every line.
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7 CONCLUSIONS

As mentioned in chapter 3 measurements of the specific luminance

are carried out easily and safely with the LTL-800. This is

important but more important is that measurements are carried

out with a high validity and reliability. The LTL-800 measures

what it is meant to measure, it fits the driver situation well.

And if measurements are carried out over and over again the

measurement results will be repeated with high precision. Any

instrument used for quality control or research should meet

those demands. The LTL-800 does.
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