VTI rapport 675A www.vti.se/publications
Published 2010

Evaluation of the LTL-M

Mobile measurement of road marking

Sven-0lof Lundkvist

vti

FINDING A BETTER WAY

A






Publisher: Publication:
VTI rapport 675A

Published: | Project code: | Dnr:

[ ]
V t I 2010 40793 2007/0553-28

SE-581 95 Linkdping Sweden Project:

Evaluation of the MR
Author: Sponsor:
Sven-Olof Lundkvist Danish Road Directorate

Norwegian Public Roads Administration
Swedish Road Administration, SRA

Title:
Evaluation of the LTL-M — Mobile measurement of road marking

Abstract (background, aim, method, result) max 200 wor ds:

An equipment for mobile measurement of road marking retroreflectivity, the LTL-M, has been
developed by DELTA Light & Opticsin Denmark. Thisinstrument uses a different optical principle than
the mabile instrument commonly used until now, the Ecodyn 30. The optical system used by the LTL-M
might lead to better accuracy and repeatability.

By simultaneous measurements using the two mobile instruments and, as the reference, the hand-held
LTL-2000, the accuracy and repeatability of the LTL-M and Ecodyn 30 were estimated. M easurements
were carried out in the laboratory on road marking samples and in the field on continuous and broken
edge lines.

The conclusion of the study is that the LTL-M measures with |ess systematic and random errors
compared to the Ecodyn 30. Furthermore, the repeatability of the LTL-M is better than the repeatability
of the Ecodyn 30.

Keywords:
mobile measurement, reflectometer, retroreflectivity, road marking
| SSN: L anguage: No. of pages.

0347-6030 English 24 + 2 Appendices




Utgivare:

vti

581 95 Link&ping

Publikation:

VTI rapport 675A

Utgivningsar:
2010

Projektnummer: | Dnr:
40793 2007/0553-28

Projektnamn:

MR

Utvardering av mobil reflektometer av typ

Forfattare:

Sven-Olof Lundkvist

Végverket

Uppdragsgivare:
Vedirektoratet
Vegdirektoratet

Titel:

Utvérdering av LTL-M — mobil métning av vagmarkeringar

Referat (bakgrund, syfte, metod, resultat) max 200 ord:

DELTA Lys & Optik i Danmark har utvecklat ett instrument for mobil métning av vagmarkeringars
retroreflexion, LTL-M. Detta instrument anvénder en annan optisk princip an det instrument som
vanligen har anvants hittills, Ecodyn 30. LTL-M:s optiska system skulle kunna innebéara att métfelen

reduceras.

Genom samtidig métning med LTL-M, Ecodyn 30 och, som referens det handhdllnainstrumentet
LTL-2000, har de mobilainstrumentens validitet och repeterbarhet skattats. Matningar gjordesi labora-
toriet pa vagmarkeringssampel och i falt pa heldragna och intermittenta kantlinjer.

Slutsatsen fran studien &r att LTL-M méater med mindre systematiska och slumpméssiga fel én
Ecodyn 30. LTL-M har aven béttre repeterbarhet an Ecodyn 30.

Nyckelord:

mobil métning, reflektometer, retroreflexion, vagmarkering

| SSN: Sprak: Antal sidor:
0347-6030 Engelska 24 + 2 bilagor




Preface

This project was undertaken within NMF — the Nordic Meeting for Improved Road
Equipment. The study was financed by road authoritiesin Denmark, Norway and
Sweden, where the following persons were responsible:

Denmark, Danish Road Directorate Peter J Andersen
Norway, Norwegian Public Roads Administration Bjarn Skaar
Sweden, Swedish Road Administration Hans G Holmén

The hand-held measurements were carried out by Lars Eriksson, VTI, and the author,
the LTL-M measurements by Kai Sgrensen and Asbjarn Menertsen, DELTA Light &
Optics, and the Ecodyn 30 measurements by Peter Lovmo, Ramboll RST.

Analysis and documentation have been carried out by the author.

Linkoping, January 2010

Sven-Olof Lundkvist

VTI rapport 675A
Cover: Asbjgrn Mejnertsen, DELTA Light & Optics and Sven-Olof Lundkvist, VTI



Quality review

Internal peer review was performed on January 18" 2010 by Sara Nygardhs, VTI.
Sven-Olof Lundkvist has made alterations to the final manuscript of the report. The
research director of the project manager, Jan Andersson, examined and approved the
report for publication on January 28" 2010.

Kvalitetsgranskning

Intern peer review har genomforts 2010-01-18 av Sara Nygardhs, VTI. Sven-Olof
Lundkvist har genomfort justeringar av slutligt rapportmanus. Projektledarens narmaste
chef, Jan Andersson, VTI, har déarefter granskat och godként publikationen for
publicering 2010-01-28.

VTI rapport 675A



Table of contents

IS [ 1] 4=V YR PT 5
SaAMMANTATINING ..o 7
1 Background and aim of the study ..........cccooiviiiiiiiiiiiii 9
2 INStrUuMENt INFOrMALION . ... 10
2.1  The hand-held INStrUMENT . .....cooie e 12
3 1Y/ 11 o Lo Yo PR 13
3.1  Laboratory MmeasUrEmMeENtS ..........cieeieeeieiiiiiiiiiiee e e e e e e e e e e eananas 13
3.2 Field MEASUIEMENTS ....ceeiieeeee et 13
4 R ESUITS .. et e 16
4.1 DEfINIIONS ..o e 16
4.2 Laboratory StUAY ........cooviiiiiiiiiiiiiiiiieiiieeeeeeeee e 16
4.3 FIeld STUAY ...ccoeeeeeeee e 17
5 DS CUSSION ..t 22
6 CONCIUSION <t r s 23
R IO CES ... 24
Appendix A

Appendix B

VTI rapport 675A



VTI rapport 675A



Evaluation of the LTL-M — M obile measurement of road marking

by Sven-Olof Lundkvist
VTI (Swedish National Road and Transport Research)
SE-581 95 Linkdping Sweden

Summary

Astraffic flow levelsincrease, there is a growing demand for mobile measurement
methods. On busy roads, it is not safe to use hand-held instruments as measurement
staff must work on the road. Instead, both for the safety of staff and drivers, mobile
measurements in traffic speed are preferred. This study presents an evaluation of a
mobile reflectometer, the LTL-M, developed by DELTA Light & Opticsin Denmark.

In practice, avehicle based retroreflectometer will have sometilt or lift relative to the
road marking surface caused by movements of the vehicle or camber of the road. This
leads to changes of the actual distance, either randomly or systematically, and thereby
changes of the measured R, value because of the distance law of illumination. The
LTL-M uses an optical system, which may be described as a simulation of the
defocused system, refer to section 2. Thisoptical system should make measurement
reliable, meaning only small systematic and random errors. In the first phase of the
study, the two optical principles (focused and defocused) were tested and compared in
the laboratory by varying length, height and measurement angles.

Thereafter, afield study, involving measurements of several types of road markingsin
Denmark and Sweden was carried out. In this second phase, the two mobile instru-
ments, the LTL-M and Ecodyn 30, were used and the reference instrument was the
hand-held LTL-2000. Furthermore, repeatability was studied by measuring each test
section twice.

The result of the laboratory study showed that readings using the focused optical system
(Ecodyn 30) may suffer from large measurement errors due to changes in measurement
geometry. Contrary, the readings of the LTL-M, using the defocused system, were
almost independent of the measurement geometry. Consequently, the laboratory meas-
urements clearly indicated that the defocused optical system is preferable on a mobile
reflectometer.

In the field study, the readings of the LTL-2000 were seen as the key, although even
these measurements suffer from errors. Furthermore, the readings are not entirely
comparable as the LTL-2000 was used to measure only a small percentage of the road
marking area, while the LTL-M measured virtually al of the area. However,
comparison of readings of the LTL-M and the Ecodyn 30 showed:

LTL-M Ecodyn 30
Systematic error 3.6% 10.6%
Random error 5.3% 12.5%
Repeatability 3.3% 7.0%

VTI rapport 675A 5



The conclusion from the laboratory and field measurements is that the LTL-M measures
with less systematic and random errors compared to the Ecodyn 30. Furthermore, the
repeatability of the LTL-M is better.

Finally, it is suggested that alarger field study is carried out. This study would include
not only the LTL-M and Ecodyn 30, but also other mobile instruments on the market.
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Utvarderingav LTL-M — mobil matning av vagmarkeringar

av Sven-Olof Lundkvist
VTI
581 95 Linkdping

Sammanfattning

Pa hogtrafikerade vagar & det inte lampligt att géra métningar med handhdllnainstru-
ment eftersom dettainnebar risker bade for métpersonal, som maste befinna sig pa
vagen, och for trafikanter. Istéllet & det 6nskvart att i stérsta mdjliga utstrackning utféra
funktionsmatningar med mobila métmetoder i en hastighet som inte avviker mycket fran
ovrig trafik. Foreliggande rapport dokumenterar en utvardering av ett nyligen utvecklat
mobilt instrument for métning av vagmarkeringars retroreflexion. Instrumentet, som
benamns LTL-M, &r utvecklat av DELTA Lys & Optik i Danmark.

Att en reflektometer & monterad pa ett fordon innebér att métvinklar och méthojd (ver
vagmarkeringsytan) kommer att variera under métningens gang, vilket i sin tur leder till
en forandring av det faktiska matavstandet. Belysningsstyrkan vid instrumentet foljer
den kvadratiska belysningslagen, vilket innebar att det registrerade retroreflexionsvardet
kommer att bli felaktigt. Emellertid anvander LTL-M en optik som simulerar ett de-
fokuserat optiskt system, vilket & mindre kangligt for felaktig matgeometri. Detta borde
innebéra att LTL-M méter med mindre systematiska och slumpmassigafel &n instrument
som anvander fokuserat matsystem. | den forstafasen av projektet jamfordes de tva
optiska systemen — det defokuserade och det fokuserade — med avseende pa
maétningarnas noggrannhet och precision genom att méatvinklar och méthdjd i statiska
laboratoriemétningar varierades systematiskt.

| studiens andra fas gjordes mobila faltmatningar pa kantlinjer i Danmark och Sverige
med LTL-M och Ecodyn 30, varav den sistnamnda anvander ett fokuserat optiskt
system. For att studera repeterbarheten gjordes tva métningar pa varje métstracka. Som
referens gjordes handhallna matningar med L TL-2000, varvid resultat frén mobila och
handhallna métningar jamfordes.

L aboratoriestudien visade att métningar med ett fokuserat system (Ecodyn 30) kunde
vara behéftade med storafel. Daremot var L TL-M:s métvarden sa gott som oberoende
av méatgeometrin. Saledes kunde |aboratorieméatningarna bekréfta att ett defokuserat mét-
system é&r att foredra vid mobil métning av retroreflexionen.

| faltstudien ansdgs de handhdllna métningarna vara facit, &ven om ocksa dessa ar
behaftade med smé systematiska och slumpméssiga métfel. Vidare ska det papekas att
handhalIna och mobila matningar egentligen inte ar helt jamforbara eftersom det hand-
hallnainstrumentet mater pa endast en liten del av den totala vagmarkeringsarean,
medan de mobila métningarna registrerar nastan hela arean. Anda visade de jamforande
métningarna foljande:
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LTL-M Ecodyn 30
Systematiskt méatfel 3,6 % 10,6 %
Slumpmassigt matfel 53 % 12,5 %
Repeterbarhet 3,3% 7,0 %

Slutsatsen av studien &r att LTL-M mater med bade mindre systematiska och
slumpmaéssiga fel an Ecodyn 30. Jamfort med Ecodyn 30 har &ven LTL-M béttre

repeterbarhet.

Slutligen foreslas en ytterligare faltstudie, i vilken &ven andra pa marknaden forekom-

mande instrument undersoks.
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1 Background and aim of the study

Astraffic flow levelsincrease, there is a growing demand for mobile measurement
methods. On busy roads, it is not a good idea to use hand-held instruments as measuring
staff must work on the road. Both for the safety of staff and drivers, mobile measure-
ments in traffic speed are preferred.

Regarding road marking, mobile retroreflectivity measurement equipment has been used
for aimost 20 years. In Europe, the French Ecodyn has been in production since late 80's
and has been in use in the Nordic countries for more than ten years. The 30 metre
version of thisinstrument, the Ecodyn 30, was tested in Sweden in 1999 — documented
in VTI Rapport 444A (Lundkvist, 1999). Since then, the instrument has been developed
and measurement errors reduced, which for instance has been documented by Lundkvist
(2009). However measurement errors are still too large for some applications, e.g. when
using the results of a measurement to decide a dispute. Therefore, thereisaneed for an
instrument that measures the performance of road markings even more accurately than
the current Ecodyn 30.

A new mobile retroreflectometer, the LTL-M, has been developed by DELTA Light &
Optics. Thisinstrument, by using a somewhat different measurement technique than the
Ecodyn 30, might increase the accuracy of mobile measurement. The aim of this study is
to investigate and compare measurement errors of the LTL-M and Ecodyn 30.

The report focuses on the in-situ measurements which were carried out in order to
investigate the reliability and validity of the LTL-M, and aso to compare this new
instrument with the Ecodyn 30. Furthermore, some results from the laboratory
measurements, which were carried out with the purpose of testing the measuring
principle, are presented.
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2 Instrument information

The LTL-M uses the 30 m standard measuring geometry according to EN-1436 (CEN,
2007) with areduced scale of all dimensions so that the actual measuring distance is

6 m. The Ecodyn 30 is based on the same reduction of the scale of the 30 m geometry
and thisis the case for afew more mobile instruments that are available on the market,
although the scale may be different.

In practice, avehicle based retroreflectometer will have sometilt or lift relative to the
road marking surface caused by movements of the vehicle or camber of the road. This
leads to changes of the actual distance, either randomly or systematically, and thereby
changes of the measured R, value because of the distance law of illumination. A lift
leads to changes of the ratio between the angles of illumination and measurement, and
thereby changes of the measured R, value asthisratio is afactor inherent in the R,
value.

Similar changes might be expected with a portable retroreflectometer, as there will be
sometilt or lift when placing it on aroad marking surface. However, the LTL-X and the
LTL-2000 handheld retroreflectometers provide a virtual infinite measuring distance by
optical means. This eliminates the influence of small displacements of the illuminated
field. Additionaly, the fields are arranged according to method B described in EN 1426
(the measured field encloses the illuminated field) and this eliminates the influence of
the ratio between the angles. All together, this may be called the defocused system and is
sometimes referred to as collimating optics.

The defocused system cannot be used directly for vehicle based retroreflectometers as
these need to have large widths of the measured field in order to allow for steering.
However, the principles of the LTL-M include the effects of the defocused method and
in the following, for short, the LTL-M isreferred to as using the defocused system.

The measurement errors, using the defocused system, were tested in the laboratory, see
Chapter 3.

The light source is flash discharge lamp which is not of Type A according to the defini-
tion in ISO/CIE 10526 (ISO/CIE, 1999). However, the spectral response of the pho-
tometer is modified to provide a correct overall spectral response of illumination and
measurement (thisis permissible according to EN 1326).

Theilluminated field on the road surface is approximately 1 m wide and 1 m long. The
measured field is placed within the illuminated field, and is limited by gaps in broken
road markings and by the widths of the markings. This alowsfor afairly large error
margin in steering. Double lines are measured simultaneously. Results actually include
not only Ry values, but also the road marking geometry (widths and punctuations of
broken lines) and even the relative geometry of measurement between the retroreflecto-
meter and the road marking surface.

A portable retroreflectometer normally has a cover to reduce the signal from ambient
light, in particular from direct sun. A vehicle based retroreflectometer cannot have a
cover at the measured field out in front of the vehicle, and must therefore use some other
method to provide the reduction.

The Ecodyn 30 uses modulated illumination in combination with selective amplification
at the modulation frequency. The Laserlux uses selective reception in a narrow band of
wavel engths that includes the wavelength of the laser. The LTL-M uses yet another
method, which is exposure during the very short time interval of the flash, during which
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the flash dominates over other light. None of these methods are quite sufficient in the
case of direct sun, so that the signal from the ambient light has to be measured and
subtracted. The LTL-M uses an effective method to do that for each measurement.

The LTL-M iscaibrated by means of a calibration block with atilted white surface.
Either of the types used for the LTL-X or the LTL-2000 can be used.

Figure 1 showsthe LTL-M mounted on a Peugeot van.

Figure 1 The LTL-M mounted on a Peugeot van.

After the 2008 |aboratory measurements, the LTL-M was modified in order to improve
the repeatability of the instrument. Therefore, the instrument was not identical in the
laboratory and field measurements.

The instrument tested in the field study in 2009 is the only one manufactured so far, and

must be seen as a prototype. The development has been considerable and the actual prin-
ciples are not likely to be modified. However, the practical application and software are

still being improved.

As mentioned in the above, the Ecodyn 30 uses the same measurement geometry as the
LTL-M. However, the system is focused, which may make the readings sensitive to
changes in the geometry of the system. The Ecodyn 30 uses 14 photo-cells, each with a
measurement width of 40 mm, and the reading is by choice the average of the one or two
cells which show the highest value. In thisway, the reading is an average of 40 or

80 mm of the road marking width, respectively. In this study, the 80 mm measurement
width was used for field measurements. The light source is a halogen lamp giving
continuous light. However, in order to avoid influence from surrounding light, a chopper
technigue is used. The software has been adjusted for measurement of broken road
marking, one metre in length. Figure 2 shows the Ecodyn 30.
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Figure 2 The Ecodyn 30.

It should be stressed that the Ecodyn 30 used in this study has been modified for meas-
urement of Swedish road marking design. Therefore, the results may not be comparable
to results from older Swedish studies or other studies carried out in Europe or the US.

2.1 The hand-held instrument

The hand-held LTL-X and LTL-2000 were used as references in the laboratory and field
measurements, respectively. The two instruments are identical regarding measurement
geometry, both use a defocused optical system, and are in almost every other respect
equivalent. Both instruments are well-known and measurement errors are known to be
small, which has been reported by among others Bernstein (2000).

The instrument used in this study was recently calibrated in the laboratory.
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3 Method
3.1 Laboratory measurements

Using the mobile instruments, static measurements in the laboratory were performed on
12 samples of new road markings applied to metal panels. The purpose of these meas-
urements was to compare the two measuring principles, the defocused (LTL-M) and the
focused (Ecodyn 30). The following procedure was used:

In thefirst series of measurements, the instrument was mounted, calibrated and adjusted
for measurement of the sample 6 metres ahead and two readings were registered. There-
after, the instrument was dismounted and shut off, whereupon the procedure — mounting,
calibrating and adjusting — was repeated. From those measurements, the repeatability
and reproducibility was estimated.

The measurement reading of the LTL-M represented the average retroreflectivity of the
entire sample area, while the Ecodyn 30 reading was an oval-shaped area with largest
width of 40 mm located in the centre of the road marking. Thus, as the two mobile
instruments did not measure on the same area and as the sample surfaces were not
homogeneous, they should not read exactly the same value.

In the second step, on some of the 12 samples, the measurement geometry varied
systematically in order to find the influence of measurement height and angles when
using the two measuring principles.

Readings using the LTL-X were registered for al samples. On each sample almost the
entire road surface area was measured.

3.2  Field measurements
The field measurements were divided into two categories:
¢ Validation measurements on sections, approximately 200 metres of length

e Production measurements on sections up to 12 km of length.

3.2.1 Validation measurements

In order to check the validity and repeatability of the two mobile instruments, measure-
ments were carried out on 28 sections of dry edge lines, each approximately 200 metres
in length. In Denmark, 22 sections with continuous edge lines and in Sweden, 6 sections
with broken edge lines were selected and measured. The road markings in Denmark
were test markings, and were in most cases, profiled. However, they had an appearance
like regular markings; only the recipe of the compound or the type of glass beads varied.
All road markings were 100 mm wide. Figure 3 shows atypical Danish and Swedish test
section.

M easurements with the two mobile instruments were carried out almost simultaneously
(within 30 minutes). Furthermore, each test section was measured twice in order to esti-
mate the repeatability of the instruments.

In Denmark, the hand-held measurements were completed within 30 minutes after the
mobile ones. However, due to darkness, two test sections were measured the day after.
Thisis believed to have no influence on the results as there was no precipitation during
the night and the road markings were dry in both cases.
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Using the LTL-2000, hand-held readings were recorded every 5th metre in Denmark and
every 6th metre in Sweden along the entire section of approximately 200 metres. This
resulted in between 30 and 40 readings on each test section.

Figure 3 Typical test sections in Denmark and Sweden with continuous (left) and
broken (right) edge lines.

3.2.2  Production measurements

In order to investigate how the instruments perform during real conditions, when the
length of an object might be up to 10 km, 32 sections were measured using the mobile
units. The primary aim of these measurements was not to compare the results of the
measurements, but to assess the reliability of the instruments. Could any specific
problems be identified? It is one thing to carry out one single measurement on a short
section of the road, but how do the instruments work when used 10 hours a day for
several days?

3.2.3 Test sections

The test sections used in Denmark and Sweden are defined in Table 1. Three of the test
sections in Sweden were located on high-trafficked roads. Due to the Swedish road work
regulations, hand-held measurements were not carried out on these sections.
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Table 1 Test roads in Denmark and Sweden. Each test road was divided into X number
of sections, each with different types of road marking. Validation measurements were

performed on ten of the roads, comprising of 28 test sections.

. Length Divided into
Country Road No. Test section Lef.‘gth of measured X test
No. section (km) (km) sections

Denmark 213 dk1 — dk4 1.4 5.6 4
E47* dk5 11.7 23.4 1

469 dk7 2.0 8.0 1

469 dk8-dk15 5.0 20.0 8

475 dk17-dk19 1.5 6.0 3

24 dk20-25 4.2 16.8 6

Sweden EG* s4 6.0 24.0 1
21 s10 4.5 18.0 1

24* s13 2.8 11.2 1

101 s18 0.2 0.8 1

104 s19 2.7 10.8 1

108 s20 3.1 12.4 1

108** s21 4.2 16.8 1

110 S22 4.3 17.2 1

115 523 3.8 15.2 1

*  Only production measurements were carried out on this test road.

**  Excluded from the analysis.

On most of the test sectionsin Table 2, measurements were carried out twice on both
sides of the road. Generally, this means that the measured length is four times of the
length of the section.

Test road S21 was excluded from the analysis because of human error. By mistake, the
results of the LTL-2000 were presented before DELTA carried out the analysis. This
meant that it was possible (but not likely) for DELTA to adjust the LTL-M result to
readings of the hand-held measurements. Therefore, to be absolutely fair, this test
section was omitted.

All measurements were carried out on dry road markings, first in Denmark on roads 213
and E47 on Zealand, then on all Swedish test roads in Scania and finally on the Danish
roads |located in Jutland. In thisway, all measurements were completed within three

days.
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4 Results

4.1 Definitions

In Sections 4.2, 4.3 and 4.4, the parameters shown in tables and figures are defined as
follows:

The systematic measurement error, ¢, has been defined as:

i (R, (mobile)— R, (LTLX))/ R,,(LTLX)

e="2 [1]
n

where R;;(mobile) and R;;(LTLX) isthe retroreflectivity of sample i when measured
using the mobile instrument and the hand-held LTL-X, respectively. n is the number of
samples or test sections.

The random error, using the same denotations as above, is defined as:

i|Ru (mobile) — R, (LTLX)|/R,,(LTLX )

- 2
n

Furthermore, the repeatability is the difference between two measuring roundsand is
calculated as.

z |RLi1 (mobile) — R, ,, (mobile)| I R,,,(mobile)
=1

The reproducibility is also calculated using Equation [3], but in this case the instrument
was re-calibrated between the two measurement rounds (laboratory measurements only).

4.2  Laboratory study

In Table 2 the results of the laboratory test are summarized from a previously published
report by Rambdll RST (Lundkvist, 2009).
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Table 2 Measurement errors and influence on Ry, due to deviation from correct
measurement geometry. The figures are based on measurement of 12 samples.

Defocused Focused
Parameter (LTL-M) (Ecodyn 30
% %
systematic error +0.6 -3.0
random error 7.7 7.5
repeatability +1.8 +0.3
reproducibility 5.3 +13.3
influence of measuring distance 1), deviation 20% 1-11 23-47
influence of measuring height 2), deviation 20% 2-14 9-67
influence of tilting instrument 3), tilting 2-5 degrees 1-7 4-11
influence of lateral measuring angle 4), dev. 2,5 degrees 1-5 1-17
Influence of lateral position 5), deviation 0,1-0,2 metres 1-4 0-16

1) by tilting the instrument forwards/backwards

2) by lifting/lowering the instrument and simultaneously tilting it forwards/backwards to keep
the distance constant

3) by a sideward’s tilt

4) by aiming the instrument to the side and simultaneously moving it sideward’s to keep the
sample in the centreline

5) by moving the instrument to the side without aiming, to bring the sample away from the
centreline

The results of the laboratory test clearly show that all measurement errors, except
random error and repeatability, are significantly smaller using the defocused measure-
ment principle - especially so with the errors associated with changes of the measuring
geometry. Thisisastrong indication that a mobile instrument should use this optical
principle as the measuring geometry may vary due to the movements of the vehicle or
camber of the road.

It must be stressed that two measuring principles, not two instruments, were tested.
However, the LTL-M showed an undesirable random error, which probably affects
repeatability. The source of this error was identified as poor control of zero-signal,
which was improved in two steps with the last step introducing direct measurement of
the zero-signal and compensation in each measurement.

4.3  Field study
4.3.1 Validity and repeatability of the mobile instruments

In Section 4.1, Equations [1], [2] and [3] were used for estimation of measurement errors
and repeatability of the two mobile instruments. In the field test, the readings of the
hand-held instrument (L TL-2000) were considered as “the true R, values’. This means
that deviations from the readings of LTL-2000 are seen as “ measurement errors’.
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The validity of the mobile instrument can be illustrated by the relationship between
mobile and hand-held readings. Thisis shown in Figures4 and 5 for the LTL-M and the
Ecodyn 30, respectively.

600

500

400

300

LTL-2000

00

200

100

0 100 200 300 400 500 600
LTL-M

Figure 4 Relationship between the LTL-M and hand-held readings for 28 types of road
marking. Average of two measurement rounds.

M easurement errors, repeatability and correlation between the LTL-M and hand-held
readings were:

Systematic deviation between the LTL-M and

. 3.6%
hand-held readings
Random deviation between the LTL-M and

. 5.3%
hand-held readings
Repeatability — deviation between two 3.3
measurement rounds, using the LTL-M 270
Correlation between readings of the LTL-M 0988
and the hand-held instrument )
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The corresponding results for the Ecodyn 30 are:
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Ecodyn 30

Figure 5 Relationship between the Ecodyn 30 and hand-held readings for 28 types of
road marking. Average of two measurement rounds.

M easurement errors, repeatability and correlation between the Ecodyn 30 and hand-held
readings were:

Systematic deviation between the Ecodyn 30

) 10.6%
and hand-held readings
Random deviation between the Ecodyn 30 12 5%
and handheld readings >
Repeatability — deviation between two 7 0%
measurement rounds, using the Ecodyn 30 70
Correlation between readings of the 0.964
Ecodyn 30 and the hand-held instrument '

The deviations between the mobile instruments the LTL-2000 are summarized in
Figure 6.

As mentioned earlier, the edge lines are continuous in Denmark, while they are broken
in Sweden. Therefore, the measurement deviations stated above can be divided into
those two types of road marking. Thisis shown in Figure 7 for the two mobile instru-
ments.
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Figure 6 Deviations between mobile and hand-held measurements.
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Figur 7 Deviation between readings of the two mobile instruments and the hand-held
LTL-2000, divided into results from continuous road markings in Denmark and broken
markings in Sweden.
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4.3.2 Production measurements

As stated before the main purpose with the production measurements was to investigate
and compare the performance of the instruments, during “real” measurements on road
sections up to 10 km of Iength. This part of the study showed that both instruments were
reliable. During measurement of aroad length of 206 km, only one fault occurred, a
malfunction with the LTL-M software. However, this was detected quickly and
corrective measures taken, which should mean that this error will not occur again. The
Ecodyn 30 worked without any malfunction during the three days of measurement.

It should be noted that the LTL-M isstill in the final stages of development, while the
Ecodyn 30 isin a mature stage after several years of use.

Figure 8 shows the results from the production measurements.

600

500

400

300

Ecodyn 30
@

fe) (0]
200 e

100

0 100 200 300 400 500 600
LTL-M

Figure 8 Relationship between readings from the two mobile instruments, the LTL-M

and the Ecodyn 30. Measurements of 32 sections, up to 12 km of length. Average of two
measurement rounds.

As can be seen, there is adeviation between readings from the two instruments, which
was expected after studying the results of 4.3.1.
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5 Discussion

The laboratory study showed clearly that the measurement principle of the LTL-M is
more reliable than that of the Ecodyn 30 asthe LTL-M proved less sensitive to changes
in the measurement geometry.

Of course, in the laboratory all measurements were static and changes in geometry were
controlled. However, when mounted on a moving vehicle many parameters will change
in arather uncontrolled way. Therefore, with the results from the laboratory in mind, it
was not surprising to find that the LTL-M measurements were more reliable than the
Ecodyn 30 measurements.

In the Ecodyn 30 study of 2000, previously referred to, the repeatability and the repro-
ducibility of the LTL-2000 was also tested. The repeatability of LTL-2000 was found to
be 2.4%, which is only dightly better than the LTL-M repeatability of 3.3%.

Furthermore, the deviation between readings of the LTL-2000 and the LTL-M was
found to be only dlightly larger than the deviation found between two specimens of the
LTL-2000. This indicates that the LTL-M measures almost as accurate as the hand-held
instrument. The measurement errors of the Ecodyn 30, on the other hand, are clearly
larger than those of the L TL-2000, which aso was found by Bernstein (2000).

When judging the results in general one must have in mind that we do not have the
absolutely true values for road marking retroreflectivity as even the hand-held readings
suffer from measurement errors. Furthermore, the area which is measured is not equal:
Hand-held measurement involves sampling, taking one reading in the centre of the road
marking approximately every 5th metre. Contrary, the LTL-M reads one R, -value each
metre, and this value is an average of the entire road marking width. This means that on
a 200 m long section of a continuous edge line of 0.10 m width, the LTL-M includes
almost all of the road marking area, 20 m?, while L TL-2000 reads an average of
approximately 0.34 m?, corresponding to 1.7% of the total area. This may affect the
comparison of LTL-M and LTL-2000 measurements. It may be pointed out that the
systematic deviation determined in the laboratory measurements, where the measured
areas were identical, was only 0.6%.

The reliability test, which involved the measurement of more than 200 km of length,
showed that both instruments performed well. One malfunction occurred when the
software of the LTL-M crashed. However, this was a simple error which was taken care
of immediately. Moreover, there were no problems with any of the two mobile instru-
ments.
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6 Conclusion

The mobile instrument LTL-M has been found to measure almost as accurate as a hand-
held instrument and measures more accurately than one of its competitors, the Ecodyn 30.
However, the test carried out was limited and it would be of great interest to test more
than one specimen of the final version of the LTL-M. Finally, a comparison, not only with
the Ecodyn 30, but also with other mobile instruments, should be carried out. One possi-
bility would be to do that work within CEN TC226/WG2.
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Annex A
Page 1 (1)

Tabell A1 The retroreflectivity (med/m*/Ix) of a 200 m test section. Average of two
measuring rounds using the two mobile instruments and of 35—40 readings
using the hand-held LTL-2000.

test section LTL-2000 Ecodyn 30 LTL-M
dkl 239 2815 2215
dk2 267 322,5 267,0
dk3 255 303,5 267,5
dk4 291 323,0 294,5
dk7 69 76,5 72,5
dk8 131 161,0 134,5
dk9 173 182,0 190,0
dk10 147 153,0 150,5
dk11 145 154,0 148,5
dk12 142 1440 140,5
dk13 148 169,5 158,0
dk14 356 385,0 394,0
dk15 99 133,5 97,5
dk17 240 235,0 266,5
dk18 316 316,5 354,0
dk19 246 2455 263,5
dk20 185 190,5 180,0
dk21 206 263,5 220,0
dk22 261 316,0 254,5
dk23 309 409,0 326,5
dk24 322 408,5 330,5
dk25 431 505,5 425,5
s18 161 147,0 168,0
s19 182 174,0 177,0
s20 216 209,0 208,0
s21 353 315,5 *
S22 211 184,5 231,5
s23 223 227,5 256,0

"Not measured.
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Annex B
Page 1 (1)

Tabell Bl The retroreflectivity (med/m’/Ix) of test sections, 0.1—11.7 of length. Average
of two measuring rounds using the two mobile instruments.

test sectiom Ecodyn 30 LTL-M

dkl 322,5 261,5
dk2 325,5 258,5
dk3 294,0 250,0
dk4 276,5 2425
dk5 339,5 272,0
dk7 121,5 114,5
dk8 213,0 177,5
dk9 148,0 147,5
dk10 206,0 195,0
dk11 167,0 163,0
dk12 162,0 154,0
dk13 163,0 1515
dk14 370,5 378,5
dk15 127,5 109,0
dk17 243,5 286,5
dk18 285,5 304,5
dk19 286,5 261,5
dk20 200,5 183,0
dk21 2745 234,0
dk22 274,5 245,0
dk23 332,5 310,0
dk24 382,0 327,5
dk25 510,0 467,5
s4 136,0 121,0
s10 199,5 192,0
s18 152,5 161,5
s19 195,5 189,5
s20 212,0 189,0
s21 279,0 *

s22 151,5 175,0
523 218,0 230,5

“Not measured.
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