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Abstract 
The condition of the national coated road network is measured annually in Sweden and Finland. The 
measuring technology has been unchanged over a long period of time, which has its benefits. As the 
measurements are performed using the same technology, trends and measurement series are retained 
without any disruption. In addition, the technology currently used is reliable and can be procured at a 
price level that has fallen rather than risen over the years. The principal area of use for condition 
measurement is to provide maintenance work with an objective basis for the planning of surfacing, but 
when it is found that current objective condition data can only explain between 40 and 75 percent 
(depending on class of traffic) of the action actually taken on the road network, consideration must be 
given to whether new condition data need to be added. The information that is lacking is thought to be 
information on surface damage and cracks. This requires new measuring technology. 

If new technology will be adopted, for the collection of condition data, the dependability of the basic 
measured quantities must be ensured before new options and measured quantities are examined. This 
study is therefore focused only on transverse-profile measurement and measures of unevenness in the 
transverse direction (rut depth and ridge height). 

The study has examined two of the leading new technologies that operate with scanning lasers, LCMS 
from Pavemetrics and PPF from Fraunhofer. The outcome of the study shows that the technology is 
good, and that accuracy and repeatability are comparable to the present-day point-laser systems. It is 
also deemed possible to retain criteria and requirements for the procurement of measurement services 
when the new technology is used. 
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Referat 
I Sverige och Finland mäts tillståndet på det statliga belagda vägnätet årligen. Mättekniken har varit 
densamma under en lång tid vilket har sina fördelar. I och med att mätningarna utförs med samma 
mätteknik bibehålls trender och mätserier utan störningar. Den nuvarande tekniken är dessutom 
driftsäker och kan handlas upp till en prisnivå som genom åren snarare sjunkit än ökat. Det huvud-
sakliga användningsområdet för tillståndsmätningen är att förse underhållsverksamheten med ett 
objektivt underlag för beläggningsplaneringen, men när det visar sig att nuvarande objektiva tillstånds-
data endast kan förklara mellan 40 och 75 procent (beroende av trafikklass) av de åtgärder som 
verkligen görs på vägnätet, måste det övervägas om denna ska kompletteras med nya tillståndsdata. 
Den information som saknas tros vara information om ytskador och sprickor. Detta kräver ny 
mätteknik. 

Om ny teknik ska börja anammas, för insamling av tillståndsdata, måste först de grundläggande 
mätstorheternas tillförlitlighet säkerställas, innan nya möjligheter och mätstorheter undersöks. Denna 
studie är därför endast inriktad på tvärprofilmätning och mått för ojämnhet i tvärled (spårdjup och 
spårrygg). 

I studien har två av de ledande nya teknikerna som arbetar med skannande laser undersökts, LCMS 
från Pavemetrics och PPS från Fraunhofer. Resultatet av studien visar att tekniken är bra, noggrannhet 
och repeterbarhet går att jämföra med de nuvarande punktlasersystemen. Kriterier och krav för 
upphandling av mättjänster där den nya tekniken används bedöms också kunna bibehållas. 
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Summary 

New technology for road surface measurement - Transverse profile and rut depth 

by Thomas Lundberg (VTI), Peter Andrén (VTI), Thomas Wahlman (Ramböll), Olle Eriksson (VTI), 
Leif Sjögren (VTI) and Peter Ekdahl (Ramböll) 

 

Scanning-laser technology, which permits comprehensive transverse profile measurement, has 
developed greatly over the past decade. Today it is a technology that is commonly used both in Europe 
and internationally to describe the condition of the road network (road surface). The old technology, 
based on point lasers, is, however, still in use in Sweden and Finland. This technology is tried and 
tested and provides a dependable result. At the same time, maintenance work provides evidence that 
the measurements supplied by the point-laser systems are insufficient to provide an objective basis on 
which sections is chosen for action. The information that is lacking is the condition of the surface with 
regard to surface damage and cracks. With comprehensive transverse-profile measurement there are 
opportunities to obtain this information, thanks to the development taking place in the technology with 
increasing resolution in the transverse and longitudinal directions, combined with better accuracy. 
Before a study is made of quality and the prospects of detecting surface damage and cracks, it must be 
ensured that that the new technology can fulfil the basic functions (transverse-profile and rut-depth 
measurement). The purpose of this study was to examine this through a number of technical tests 
equivalent to those performed at the Transport Administrations in procurement of the road surface 
measurement service. The aspects included in the tests are: 

1. measurement of road-network loop – repeatability and reproducibility 

2. measurement of project level sections – repeatability 

3. measurement of test sections – validity and repeatability. 

The outcome of the study shows that the technology for comprehensive transverse-profile 
measurement provides dependable values in measuring transverse profile and rut depth on the test 
sections and objects used. The methods and limit values normally used to approve the point-laser 
systems can also be used for the systems with the comprehensive measurement of transverse profile, 
with no impact on approved outcome. It should be mentioned that some aspects of the tests have not 
yielded an approved outcome (according to the procurement requirements), particularly in 
measurement of the loop included in the study. We attribute this primarily to the human factor in 
ensuring the correct lateral positioning of the measuring vehicle. 

Some minor changes are required in the method descriptions governing requirements and method for 
condition measurement to match the scanning technique. The changes required relate to how the 
transverse profile is to be filtered before further processing. There must additionally be incentives to 
persuade suppliers to invest in the new technology. The Transport Administrations must clarify 
conditions and requirements in procurements so that the technology achieves a breakthrough. 
Procurement of the technology solely to obtain a more detailed transverse profile is not sufficiently 
strong justification for the expected increase in costs the new technology entails. There is demand 
within the Swedish transport authorities for added value in the detection of surface damage and cracks, 
and there are opportunities with the new technology. 

As the outcome of the study on transverse profile and rut depth is favourable, it provides opportunities 
to study what value the new technology can add. The obvious next step is to examine the possibility of 
detecting surface damage and cracks, which will be studied in a continuation project funded by the 
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Swedish Transport Administration (under the sector programme BVFF (Bana Väg För Framtiden, 
Clearing a Road for the Future). 
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Sammanfattning 

Ny teknik för vägytemätning - Tvärprofil och spårdjup 

av Thomas Lundberg (VTI), Peter Andrén (VTI), Thomas Wahlman (Ramböll), Olle Eriksson (VTI), 
Leif Sjögren (VTI) och Peter Ekdahl (Ramböll) 

 

Tekniken med skannande laser som möjliggör heltäckande tvärprofilmätning har genomgått en stor 
utveckling det senaste decenniet. I dagsläget är det en vanligt använd teknik, i såväl Europa som 
internationellt, vid beskrivning av vägnätets (vägytans) tillstånd. I Sverige och Finland används dock 
fortfarande den gamla tekniken, baserad på punktlasrar. Tekniken är beprövad och ger ett tillförlitligt 
resultat. Samtidigt ger underhållsverksamheten indikationer på att de mått som punktlasersystemen 
levererar inte är tillräckliga för att ge ett objektivt underlag vid val av sträckor för åtgärd. Den 
information som saknas är framförallt ytans tillstånd gällande ytskador och sprickor. Med heltäckande 
tvärprofilmätning finns möjligheter att få den informationen, tack vare den utveckling som sker av 
tekniken med ökande upplösning i tvär- och längsled i kombination med bättre noggrannhet. Innan en 
undersökning av kvaliteten och möjligheterna att detektera ytskador och sprickor genomförs, måste 
det säkerställas att den nya tekniken klarar att leverera de grundläggande funktionerna (tvärprofil- och 
spårdjupsmätningen). Syftet med denna studie har varit att undersöka just detta genom ett antal 
tekniska tester motsvarande de som genomförs vid Trafikverkens vid upphandling av 
vägytemät¬tjänsten. De moment som ingått i testerna är: 

1. mätning av vägnätsslinga – repeterbarhet och reproducerbarhet 

2. mätning av objektsträckor – repeterbarhet 

3. mätning av teststräckor – validitet och repeterbarhet. 

Resultaten från studien visar att tekniken för heltäckande tvärprofilmätning ger tillförlitliga värden vid 
mätning av tvärprofil och spårdjup på de teststräckor och objekt som använts. De metoder och 
gräns¬värden som normalt används för att godkänna punktlasersystemen kan också användas för 
systemen med den heltäckande tvärprofilmätningen, med bibehållet godkänt utfall. Det ska nämnas att 
vissa moment av testerna inte gett ett godkänt resultat (enligt upphandlingskrav), framförallt vid 
mätning av den slinga som ingår i studien. Detta hänvisar vi framförallt till den mänskliga faktorn vad 
gäller att säkerställa mätbilens korrekta sidolägesposition. 

Det krävs vissa mindre förändringar av de metodbeskrivningar som reglerar krav och metod för 
tillståndsmätningen för att passa den skannande tekniken. De förändringar som krävs rör framförallt 
hur tvärprofilen ska filtreras innan vidare bearbetning. Vidare måste incitament finnas för att 
leverantörerna ska våga investera i den nya tekniken. Vid upphandlingar måste Trafikverken tydligt 
klargöra villkor och krav för att tekniken ska få genomslagskraft. En upphandling av den nya tekniken 
enbart för att få en mer detaljerad tvärprofil är inte en tillräckligt stark motivering för den förväntade 
kostnadsökning som den nya tekniken medför. Mervärden i form av detektering av ytskador och 
sprickor är efterfrågat inom Trafikverken och möjligheterna finns med den nya tekniken. 

I och med att resultatet av undersökningen avseende tvärprofil och spårdjup är positivt, ger det 
möjligheter att undersöka vilket mervärde den nya tekniken kan ge. Det uppenbara nästa steget är att 
undersöka möjligheten att detektera ytskador och sprickor vilket kommer att studeras i ett 
fortsättningsprojekt finansierat av svenska Trafikverket (inom branschprogrammet BVFF, Bana Väg 
För Framtiden). 
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1. Introduction and background 
The state of the road surface is an important indicator of the road’s condition. Damage that is not 
visible on the surface is normally relatively minor. It can generally be said that the information needed 
to decide on the need for maintenance consists of the answers to three questions: 

1. Is the road surface sufficiently intact (free of cracks)? 

2. Is the road surface sufficiently even (absence of deformations, rutting, unevennesses and 
subsidence)? 

3. Is the rate of change low? 

It is not always economically optimal to look solely at the condition of the surface, nor does this cover 
all aspects and needs, although it does cover very many. With a limited budget, priorities must be set, 
and the choice between dealing with an uneven road segment with surface damage or a section of road 
with a good standard of surface but a weak road structure is a fairly simple one – action is obviously 
taken on the uneven segment with surface damage. 

The method we currently use in Sweden and Finland to measure the condition of the road surface is 
known as road surface measurement with a survey vehicle. This is a technique safe for traffic that is 
carried out without a major impact on other road users, as measurement can be performed at speeds of 
between 15 km/h and 90 km/h. The technique is contactless and non-destructive, which is aimed for. It 
is well developed for its purpose and inexpensive, as large volumes can be measured at high quality 
over a relatively short period of time. The principal components in the equipment are the range-finding 
lasers (referred to in the text as lasers). The laser measures the distance between the vehicle and the 
road surface by triangulation at high speed and accuracy, normally 32,000 times per second.  

1.1. Development of the measurement technology 
Technology for measuring road-surface condition has been developed over the years. As always 
happens, this development takes place thanks to two simultaneous factors, the current technological 
front line, i.e. “what can be done” and the need for new information, i.e. “what is needed”. These do 
not always complement each other, but they drive development. The state of roads changes constantly, 
and always for the worse unless action is taken. Road condition was at first assessed manually and 
visually. The need for objective assessments and more quantifiable methods led to the use of 
straightedges, first made of wood and later metal. A point was measured where the vertical distance 
from the road surface deviated most from the straightedge. This was soon developed into non-contact 
methods that could measure at speed. Contactless measurement in this context means ultrasound or 
laser technology (no contact with the measured object). 

Laser (light amplification by stimulated emission of radiation) became the most commonly used 
technology. The measurement was initially performed with discrete measuring points, particularly in 
the transverse direction. It was possible to measure almost continuously along the road in the 
longitudinal direction, but sparsely across the road, generally only in one or two ruts along the road. 
Figure 1 Illustrates almost a hundred years of development, starting in 1920 at the bottom and then 
how development took place upwards in the diagram until 2017.  In the transverse direction across the 
road, measurement expanded from at least three measurement points to more than 40 measurement 
points (Germany). In Sweden, measurement started with 26 measurement points (1975), but with 
contact with the road (Saab RST).  

A pioneer in this area was Dr Ulf Sandberg (VTI) who, together with the Selcom company, tested one 
of its lasers for road purposes. Quite soon, after some fine adjustment and a large amount of testing, 
the laser had been adapted to measure the road surface. The idea creator Dr Peter W. Arnberg (VTI) 
initiated and realised the first multifunctional survey vehicle in which several lasers were combined 
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into something that came to be the first Laser RST. It was equipped with eleven lasers and two 
accelerometers, and by 1986 development had reached the stage where rutting, evenness and 
macrotexture could be measured in a measurement system adapted to routine use. The annual road 
network-wide inventory of national roads in Sweden using that very technology began the same year. 
Hand in hand with the introduction of new measurement technology and as new needs arose, more 
measured variables were introduced into the same measurement system.  

When non-contact measurement was first introduced (in 1980), the number of measurement points 
was reduced to 11, principally for financial reasons (the laser sensors were relatively expensive). 
Following an investigation aimed at optimising the number of measurement points to be able to 
calculate rut depth sufficiently well, it was found that 17 measurement points was a good compromise 
between quality and cost. There was now a method by which data is collected continuously in the 
longitudinal direction, but in approximately 17 to 40 lines (measurement points) in the transverse 
direction. This means that there is a resolution of 1 mm sampling in the longitudinal direction, but 100 
to 235 mm in the transverse direction. 

 
Figure 1. Development of point density in measurement of road-surface condition. 

The most recent development is focused on being able to measure continuous transverse profiles. This 
is actually nothing new: as long ago as 1968 a description was presented of how a line laser that was 
projected onto the road surface and a camera that read off the shape of the line was being tested in 
France. This must be regarded as a technology at the limits of what was technically possible at the 
time, if it is borne in mind that laser light technology appeared in the 1960s. Several trials and 
developments have taken place in measuring a continuous transverse profile using projected line or 
with a scanning point across the road. Today there are scanners that, using a laser beam, scan objects 
at longer distances (one to hundreds of metres) using LIDAR (light detection and ranging). The main 
unit is located at a point and then scans across a three-dimensional area and determines the distance to 
fixed objects, for example a bridge. A point cloud is formed that can visualise the surface. This means 
that, at the same time as collecting the constantly changing condition of the road surface, more static 
data is now also collected, such as ditch profiles and the presence of an embankment or cutting, as 
there is a wish to have this in digital form synchronised with condition data. These scanning methods 
have also been developed with increased accuracy. There are nowadays installations of this kind on 
moving survey vehicles. 
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An example of more recent measuring systems is the LCMS1, Laser Crack Measurement System from 
Pavemetrics, Canada, which consists of two scanners located at roof height behind the survey vehicle, 
around 2 metres above the road surface. Two scanners are used to obtain higher accuracy.  

 
Figure 22. VIA PPS from ViaTech, Norway, example of a 3D survey vehicle. Photograph ViaTech AS. 

Another example is the Fraunhofer Pavement Profile Scanner PPS3, from the Fraunhofer Institute 
in Germany, which uses the same technology as the LCMS, but with only one scanner.  

VIA PPS4 from ViaTech AS in Norway (Figure 2) uses a scanner (LIDAR Z+F profiler 9012) that 
utilises a rotating mirror so that measurement can take place for the whole circuit and along the road 
profile, for example imaging a tunnel-wall profile.  

PaveVision3D5 (Wang) is an American system described as being capable of surveying with sub-
millimetre accuracy at high speed.  

                                                      
1 http://www.pavemetrics.com/applications/road-inspection/laser-crack-measurement-system/ 
2 Used with permission from ViaTech AS 
3 https://www.ipm.fraunhofer.de/en/bu/object-shape-detection/applications/measurement-techniques-for-the-
road.html 
4 http://www.viatech.no/products.aspx?lang=en&id=6 
5 Network level pavement evaluation with 1 mm 3D 

survey system, Kelvin C. P. Wang et al., 2015, Journal of Traffic and Transportation Engineering  

http://www.pavemetrics.com/applications/road-inspection/laser-crack-measurement-system/
https://www.ipm.fraunhofer.de/en/bu/object-shape-detection/applications/measurement-techniques-for-the-road.html
https://www.ipm.fraunhofer.de/en/bu/object-shape-detection/applications/measurement-techniques-for-the-road.html
http://www.viatech.no/products.aspx?lang=en&id=6
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Gocator from LMI has been integrated for pavement profiling in International Cybernetics 
Corporation's (ICC) road profilers.6 

All these are complete systems, which indicates that they can survey road-surface characteristics such 
as transverse profile, surface damage and cracks, at traffic speed. 

In addition to these, there are several systems that scan the surroundings and generate 360-degree 
films/images from the surroundings, such as Street Mapper7, and Road Scanner C8 from SITECO.  

In other words, a clear ongoing trend can be seen towards linking the two methods partly to survey 
road-surface condition, which requires high accuracy, to the methods for collecting the surrounding 
road environment digitally. This increases the complexity in the design of measurement systems and 
the requirements regarding how measurements are to be performed, in particular specifications for 
how data is to be formatted and delivered. Substantial development will take place here.  

In addition, there are other sensors or measuring instruments that are also used for high-precision 
measurement of the road surface. Some examples of these are variants of Gocator line lasers, which 
can scan profiles at high accuracy (µm). An implementation of this can be seen in the British company 
WDM's manually operated macrotexture meter TM29. In addition, there are sensors that can 
principally be used statically to capture in a measurement and image a surface in three dimensions. An 
example of this is LMI’s Gocator 3D sensor10 which, using two cameras and an advanced LED light 
that scans the object almost immediately, can image a small surface (100*150 mm) digitally in three 
dimensions, see Figure 3, where a pavement from a cycle path is illustrated. 

 
Figure 3. A digitised asphalt surface of approx. 100*150 mm with heights displayed in colour; red 
represents peaks and blue low points. 

                                                      
6 https://lmi3d.com/solutions/industries/road 
7 https://www.3dlasermapping.com/streetmapper-lidar-system/   
8 http://www.sitecoinf.it/en/solutions/road-scanner 
9 https://www.wdm.co.uk/equipment/equipment-tm2/ 
10 https://lmi3d.com/products/gocator 

https://lmi3d.com/solutions/industries/road
https://www.3dlasermapping.com/streetmapper-lidar-system/
http://www.sitecoinf.it/en/solutions/road-scanner
https://www.wdm.co.uk/equipment/equipment-tm2/
https://lmi3d.com/products/gocator
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1.2. Options with scanning equipment 
The new technology with scanner laser or line laser is being used increasingly in large parts of the 
world. The new technology has two main elements, the first being use of an emitting laser source that 
is dispersed using rotating mirrors while the second is an emitting laser source that is dispersed using a 
prism. A feature common to both technologies is that reflecting light from the road surface is received 
by a CCD receiver that converts the reflecting light (the photons) into electrical signals in order to 
determine range. As well as range finding, the technology enables an image of the exposed surface to 
be provided. This can be used to determine the lateral position of the survey vehicle in relation, for 
example, to a road marking. A difference in contrast is required between the objects to be detected and 
the surface, and a white road marking can be distinguished relatively easily from a dark road surface. 
The advantage that is gained in a change-over from a limited number of lasers (point lasers) to 
scanning laser is that an almost continuous profile is obtained. The question is, however, whether the 
technology is mature enough to be used in Sweden and Finland. 

The focus in this project has been on those parameters and measures that can be calculated form the 
transverse profile of the road surface. In everyday language the term “scanning laser” is used for 
measurement of the road surface with one or more sensors that have high density between the 
measurement points in both the longitudinal and transverse directions, usually less than 10 mm, and 
that measure across a greater width, usually 4 m or more. The term sensor is proposed as a suitable 
name for this type of measurement for a comprehensive transverse profile as the technological 
solutions are different for different types of sensors. Some of the arguments that justify the use of a 
sensor for a comprehensive transverse profile instead of the currently used systems with point-laser 
sensors are listed below. 

• Less sensitive with respect to lateral positioning. At present, the driver attempts to position the 
vehicle so that a particular point laser hits the deepest part of the selected wheel track. 

• Greater density of measurement points across the road. This may be an advantage for example 
in the case of plastic deformations and heavy wear by studded tyres. 

• Possibility of limiting the transverse profile so that it is measured without disturbance from 
road markings. 

• A more detailed picture of the road surface makes it possible determine the cause of rutting 
(deformation and/or wear). 

• Possibility of detecting surface damage and cracks 
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2. Aim and limitations 
In this project we are to determine whether the scanning laser technology is sufficiently mature to 
replace the point-laser technology that is in use today. More specifically, the project is limited to 
examining whether the results for measuring transverse profile and rut depth using new technology are 
sufficiently accurate to provide upheld quality so that trends can be maintained and used to forecast 
condition. Rut depth is an important measured variable in Sweden and Finland as these countries have 
studded-tyre traffic during the winter months, which together with the structural impact of heavy 
traffic contributes to rutting. The measured variable dictates the choice of surfacing action in both the 
short and long terms. The long-term planning of road surfacing is in need of a stable value as a basis 
for forecasts forward in time, and in the short term it is used for selective efforts and to detect 
deviations from trends. 

This study has been commissioned by the transport administrations of two different countries (Sweden 
and Finland). The national requirements for transverse profile and rut depth partly diverge. The results 
of the tests are therefore presented in separate chapters so that it can be clearly shown whether the 
national requirements are met with the technology. 

An important aspect of road surface measurement with a survey vehicle is that the result has to 
preserve a known and high level of quality. The method that exists in Sweden with annual tests where 
the measurement systems are checked against a reference, that has to be stable over time, ensures that 
the data collected can be used to predict condition ahead in time. The project is to shed light on how 
this works with scanning laser. In addition, proposals are to be presented on how technology can take 
the industry forward. One of the most important questions is whether and how we can keep trends 
intact if the technology is introduced. 

A third question for the project concerns the lateral position of the survey vehicle. The instruction that 
has been given to the driver of the survey vehicle in Sweden has always been to follow the track that 
most of the traffic follows, i.e. to position the lasers for evenness measurement in the wheel tracks of 
cars (cc 150 mm). If the rutting is located close to the pavement edge, the driver has to position the 
vehicle so that all the lasers are located on the surfaced part of the road, i.e. in this situation the lateral 
position of the survey vehicle is adjusted towards the centre of the road. The scanning laser opens up 
new opportunities for automatic positioning of transverse-profile data and rut-depth data by image 
interpretation (recognition of the road marking). Thanks to the scanning technology normally 
measuring a 4 m wide transverse profile, the “system” can position the transverse profile, select a part 
of the profile, according the position of the road marking on the road. It is to be elucidated whether it 
affects level and trends for rut depth. 
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3. Method 
The tests that are carried out in the study are done the same way as the tests that are normally carried 
out in Sweden and Finland in procurement procedures for the road surface-measuring service and in 
the approval of a measurement supplier to carry out object measurement. Two different types of 
measurement system with sensors for a comprehensive transverse profile have been included in the 
study: Fraunhofer PPS (Pavement Profile Scanner) and Pavemetrics LCMS (Laser Crack 
Measurement System). A point-laser system with more measurement points than normal in Sweden 
and Finland is also tested. The measurement systems and the measurement programme are described 
in further detail in chapter 4. In addition, we describe a method by which data should be analysed with 
the aim of making a conversion from data collected by point-laser technology to data collected with 
scanning laser technology. 

3.1. Measures to be tested 
The study is intended to shed light on measures that can be linked to transverse-profile measurement. 
The measures for which requirements are set nationally, in Sweden and Finland, are checked 
consistently. There is some difference in relation to which measures are used in Sweden and Finland, 
and the checks are consequently presented separately for the two countries. Table 1 describes and 
shows the measures we test. 
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Table 1. Measures to be checked. 

Measure/Measured variable Sweden Finland Explanation 

Mean transverse profile X  The transverse profile of the road 
is imaged with a measurement 
width of 3.2 m. The transverse 
profile is normally imaged 
centred around the rutting that is 
present on the road. The 
transverse profile is normally 
imaged by all available 
measurement points, but different 
configurations will be checked in 
the report. Calculation of rut 
depth and crossfall is based upon 
the transverse profile. 

 
Figure 4. Mean transverse profile described by 17 measurement points on the measured width of 3.2 m. 

Rut depth max 
In the report, rut depth calculated with 

• 17 measurement points is 
designated by the number 17 or 
the letter X. 

• 33 measurement points is 
designated by the number 33 or 
the letter Y. 

• Maximum number of 
measurement points (161 or 321) 
is designated by all, max or the 
letter Z. 

X X Deviations from the flat surface 
across the direction of travel 
caused by wear and 
deformations. 
Rut depth calculated over the 
whole measurement width with 
all available measurement points. 
In Sweden, the index 17 and 15 
is also used for the measure, 
which indicates two different 
measurement widths, 17 – 3.2 m 
and 15 – 2.6 m. Rut depth is 
calculated as the greatest 
perpendicular distance between 
a point in the profile up to a 
simulated wire tensed on top of 
the transverse profile, see Figure 
5.  

 
Figure 5. Principle of calculation of rut depth max. Rut depth max is the greater of the perpendicular deviations between 
a tensed wire at the high points of the profile and a measurement point in the profile, in this case s13. 
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Rut depth left X X Rut depth calculated from 60% (approx. 
1.92 m) of the total measurement width 
for the left side of the profile (closet to 
middle of road). In Sweden, the index 
17 and 15 is also used for the measure, 
which indicates two different 
measurement widths, 17 – 3.2 m and 
15 – 2.6 m. 

 

Figure 6. Principle of calculation of rut depth left. Rut depth left is the greater of the perpendicular 
deviations between a tensed wire at the high points of the right side of the profile and a 
measurement point in the profile, in this case s13. 

Rut depth right X X Rut depth calculated from 60% of the 
total measurement width for the right 
side of the profile (next to verge). In 
Sweden, the index 17 and 15 is also 
used for the dimension, which indicates 
two different measurement widths, 17 – 
3.2 m and 15 – 2.6 m. 

 

Figure 7. Principle of calculation of rut depth right. Rut depth right is the greater of the 
perpendicular deviations between a tensed wire at the high-points of the left side of the profile and a 
measurement point in the profile, in this case s5. 

Height of ridge  X The height of the ridge calculated from 
the whole measurement width. Height 
of ridge is calculated as the greatest 
perpendicular distance between a point 
in the profile down to a simulate wire 
stretched underneath the transverse 
profile. 

 

Figure 8. Principle of calculation of height of ridge. Rut depth right is the greater of the 
perpendicular deviations between a stretched wire at the low points in the middle 2 m of the profile 
and a measurement point in the profile, in this case s5. 
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Crossfall line X  The slope of the road surface to the 
horizon through two measurement 
points in the transverse profile. The 
points are approx. 2 m apart and are 
centred around the middle of the 
transverse profile. 

 

Figure 9. Principle of calculation of crossfall line. The crossfall line is calculated as the slope 
between two points 2 m apart and the horizon, α. 

 

Crossfall outer line X  The slope of the road surface to the 
horizontal through two measurement 
points in the transverse profile. The 
points are the extremes in the 
transverse profile. 

 

Figure 10. Principle of calculation of crossfall outer line. The crossfall outer line is calculated as the 
slope between the two outer measurement points 3.2 m apart and the horizon, β. 

 

We will test several different setups of measurement points to characterise the transverse profile as a 
basis for calculating the different measures of rut depth, see Figure 11. Crossfall will not be elucidated 
by the study as we do not consider it to be affected by the scanning technology. If the systems can 
measure the transverse profile with great accuracy, there are no other differences compared with how 
point-laser systems calculate crossfall, and we therefore do not consider it necessary to analyse the 
measure, particularly in view of the fact that the point-laser systems and the scanning systems use the 
same type of system for inertial navigation which is the key part of crossfall measurement. 
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Figure 11- Distance between measurement points and number of measurement points used in the 
study. Tested setups of number of measurement points to describe the transverse profile. 

17 measurement points are used today (in 2017) in Sweden and Finland for measurement of the road’s 
transverse profile. Repeatability and validity theoretically become better the more measurement points 
are used to describe the transverse profile. It has been shown previously that the gain from using more 
measurement points to calculate rut depth is relatively small above 17 measurement points (Sjögren & 
Lundberg, 2005). In the offprint (Sjögren & Lundberg, 2005) it is stated that that it is a better 
investment to have well-trained drivers who keep to the correct lateral position than to increase the 
number of measurement points. 

3.2. Data processing 
To ensure that rut depth is calculated by the same methods, all rut-depth values are calculated by VTI. 
Lehman+Partner (PPS) and Vars through Ramböll (LCMS) calculate 4 m wide transverse profiles 
with a longitudinal resolution of 0.1 m. The profiles are supplied to VTI, which calculates rut depth in 
accordance with the method description of the Swedish Transport Administration (Trafikverket, 2015-
B) (same method as used in Finland) for further analysis. Information about lateral position in relation 
to a reference has been calculated by Lehman+Partner and Ramböll respectively, and the information 
has been included in the files containing transverse profiles. 

3.3. Swedish Transport Administration requirements in procurement 
In Sweden, the road surface measurement service is now procured in a selective tendering procedure 
in which technical tests are an element that determine the supplier's technical capability. A number of 
mandatory requirements are used to approve the supplier, and a result surpassing the requirements 
yields added value which is credited in the assessment of tenders. The technical tests are divided into 
three different parts, see Figure 12. 



24  VTI rapport 961A 

1. Road-network loops, repeatability and reproducibility 

2. Project level sections, repeatability 

3. Test sections, repeatability and validity 

 
Figure 12. The loop is part of a road network, used for road-network control. Object section is a 
smaller part of the road network, used for project level-specific control. Test section is a small part of 
the road network that is also reference-measured, used for validity and repeatability control. Picture 
from PMSv311, Swedish Transport Administration. 

3.3.1. Requirements for test sections 
The evaluation of the measurement of the test sections is intended to examine the technical quality of 
the equipment. This is done on sections that have a guideline painted in the left track, see Figure 13. 

 
Figure 13. Example of test section. 

                                                      
11 The Swedish Transport Administration's tool for information on surfaced roads (https://pmsv3.trafikverket.se/) 

Guideline 
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The length of the sections is 1,200 metres and is measured with five repetitions at three different 
speeds, a total of 15 repetitions. The speeds at which the survey is to be driven are 30 km/h, 50 km/h 
and 70 km/h. The driver is instructed to position the survey vehicle laterally so that the guideline is 
followed along the whole section. The sections are chosen with the aim of representing different levels 
of the measured variable or variables to be studied. Three test sections, each 1,200 m in length, were 
selected for the tests in this study. The three sections represent good to poor road standard with regard 
to rut depth. Two fundamental properties are tested, sufficiently good repeatability and validity. 

3.3.1.1. Repeatability in measurement of test sections 

Repeatability means how well the combination of driver and operator and survey vehicle can repeat 
their measurements at the three different speeds used. The requirements for repeatability are described 
in greater detail in the Swedish Transport Administration's technical documentation (Trafikverket, 
2015-A). 

The requirement for repeatability is used on averaged data over 20 m. A standard deviation is 
calculated from the 15 repetitions for each 20 m section. The three test sections contain a total of 180 
sections of 20 m, and we consequently obtain 180 standard deviations. The 75th percentile of the 180 
standard deviations is tested against the requirement for the measurement variable. This method is 
applied to all measurement variables apart from position and longitudinal and transverse profile. 

The repeatability requirements (75th percentile of the standard deviation per 20 m) that are tested from 
measurement of the test sections in this report are: 

rut depth max <0.5 mm 
rut depth left <0.5 mm 

3.3.1.2. Validity in measurement of test sections 

Validity here means how well the intended variable is measured in comparison with a reference when 
the reference is adapted to the supplier's laser configuration (same number of measurement points and 
distance between measurement points). This means that the reference must contain more measurement 
points than the tested system to enable us to choose the measurement points in the reference profile 
that correspond to the configuration for the tested system. The results of measurement from the test 
sections are used in the comparison between the supplier and the reference measurement. Each test 
section is reference-measured with respect to one or more measured variables. The requirements for 
validity are described in greater detail in the Swedish Transport Administration's technical 
documentation (Trafikverket, 2015-A). 

The transverse profile, which is included in this test, is also checked at 20 m level. The averaged 
transverse profiles over 20 m are zeroed (the profile is rotated in the transverse direction so that the 
outer measurement points are set to zero). From the zeroed mean transverse profile, the middle two 
metres of the profile are selected for comparison with the reference transverse profile. To ensure that 
the lateral position does not affect the result, the selected part of the transverse profile is fitted to the 
reference profile using the following three steps: 

1. An adjustment of lateral position is carried out when a tested transverse profile “slides” across 
the reference profile until maximum correlation is obtained. The profile is moved one 
millimetre at a time at the same time as the correlation is calculated and registered. 

2. A fine adjustment is carried in which the tested transverse profile is allowed to be adjusted in 
height, rotated and finely adjusted in lateral position until the least possible difference is 
registered between the profiles. When the tested profile has been optimally fitted to the 
reference profile (finely adjusted with respect to lateral position, height and rotation), point-
by-point comparison between the profiles is carried out. 
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3. The difference between all the available measurement points from the tested profile and 
reference profile is determined. A certain proportion of the differences has to be within 
0.5 mm. 

The calculated rut depth is compared with the rut-depth values of the reference measurement by 
creating a difference per 20 m. The difference must be within a particular interval around zero. The 
size of the interval is fixed up to a particular level (break-point) for measured variable (low measured 
values) and greater tolerance is allowed for large measured values. The principle is illustrated by 
Figure 14. 

 
Figure 14. Principle of testing for validity on test section. 

The requirements used for validity are described by Formula 1and Table 2. 

𝑇𝑅 ≥ 𝑅𝑒𝑞𝑢𝑖𝑟𝑒𝑚𝑒𝑛𝑡 

𝑅𝑒𝑓𝑖 = 𝑅𝑒𝑓𝑒𝑟𝑒𝑛𝑐𝑒 𝑣𝑎𝑙𝑢𝑒 𝑓𝑜𝑟 𝑜𝑏𝑠𝑒𝑟𝑣𝑎𝑡𝑖𝑜𝑛 𝑖 

𝑆𝑢𝑝𝑖 = 𝑆𝑢𝑝𝑝𝑙𝑖𝑒𝑟′𝑠 𝑣𝑎𝑙𝑢𝑒 𝑓𝑜𝑟 𝑜𝑏𝑠𝑒𝑟𝑣𝑎𝑡𝑖𝑜𝑛 𝑖 

𝑇𝑅 = 𝑅𝑒𝑠𝑢𝑙𝑡 𝑜𝑓 𝑡𝑒𝑠𝑡 

𝑇𝑅1 = Number OK below and including breakpoint 

TR2 = Number OK above breakpoint 

𝑛 = 𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑜𝑏𝑠𝑒𝑟𝑣𝑎𝑡𝑖𝑜𝑛𝑠 

𝐿𝑖𝑚𝑖𝑡 = 𝐹𝑖𝑥𝑒𝑑 𝑡𝑜𝑙𝑒𝑟𝑎𝑛𝑐𝑒 𝑢𝑝 𝑡𝑜 𝑏𝑟𝑒𝑎𝑘𝑝𝑜𝑖𝑛𝑡 

𝑆𝑙𝑜𝑝𝑒 = 𝐼𝑛𝑐𝑟𝑒𝑎𝑠𝑒𝑑 𝑡𝑜𝑙𝑒𝑟𝑎𝑛𝑐𝑒 𝑏𝑒𝑦𝑜𝑛𝑑 𝑏𝑟𝑒𝑎𝑘𝑝𝑜𝑖𝑛𝑡 

Formula 1 

𝑖𝑓 𝑅𝑒𝑓𝑖 ≤ 𝐵𝑒𝑎𝑘𝑝𝑜𝑖𝑛𝑡; 𝑇𝑅1 = ∑ (|𝑅𝑒𝑓𝑖 − 𝑆𝑢𝑝𝑖| ≤ 𝐿𝑖𝑚𝑖𝑡)
𝑛

𝑖
 

𝑖𝑓 𝑅𝑒𝑓𝑖 > 𝐵𝑟𝑒𝑎𝑘𝑝𝑜𝑖𝑛𝑡; 𝑇𝑅2 = ∑ (|𝑅𝑒𝑓𝑖 − 𝑆𝑢𝑝𝑖| ≤ 𝐿𝑖𝑚𝑖𝑡 + (𝑅𝑒𝑓𝑖 − 𝐵𝑟𝑒𝑎𝑘𝑝𝑜𝑖𝑛𝑡) ∗ 𝑆𝑙𝑜𝑝𝑒)
𝑛

𝑖
 

𝑇𝑅 =
𝑇𝑅1 + 𝑇𝑅2

𝑛
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Table 2. Parameters and requirement limits for validity testing of rut depth. 

Variable Breakpoint Slope Limit Requirement 

Rut depth max 7.5 mm 5% 1.0 mm 80% 

Rut depth left 7.5 mm 5% 1.0 mm 75 % 

We have chosen not to study the validity of crossfall as the sensors included for slope which are used 
to measure crossfall are the same as in a point-laser and scanning system. This means that there is no 
reason to study crossfall, even though it is an important parameter in several of the measures 
calculated from the transverse profile, for example water depth/water area. 

3.3.2. Requirements for project level sections 
Project level measurement is carried out principally on newly laid sections to check the quality of the 
contractor’s resurfacing work. A project level measurement is often used to settle penalty levels, and 
the measurement therefore has an extra dimension requiring particularly high reliability. The supplier 
of measurements must be able to demonstrate that repeatability is high (sufficiently good) for it to be 
possible for the measurement to be used for settlement, and there is therefore a control method with 
requirements to ensure this. Two project level sections were selected in the project where the 
measurement systems performed project level measurements according to the usual procedures. The 
sections are each 4 km in length on a section of road with the SMA16 type of surface (stone mastic 
asphalt concrete with maximum stone size 16 mm) laid in 2016. Each object is measured with at least 
three runs. 

The requirements are described in greater detail in the Swedish Transport Administration's technical 
documentation (Trafikverket, 2015-C). The requirements can be summarised by the following points. 

• A median value for three runs is calculated for each 20 m value along the section. 

• Means and standard deviations for 400 m sections are calculated (control objects) of 20 m 
values for each measurement and measured variable, including for the median values 
described in the point above. 

• The repeatability of the measurements is tested for each control object against the limits stated 
below. 
- Test is performed on measurement values and standard deviations for the control objects 
(400 m sections) for the measured variable concerned. A check is made between the mean of 
the median values and one of the three runs that deviates most. The deviation is checked 
against the limit values. An equivalent check is performed for the standard deviations. 

• If the check leads to failure in any of the tests, the values of another run are added to the 
calculation for the variables that fail. The results of the three most similar runs, assessed on 
the basis of means above 400 m, are selected and renewed median calculation and testing 
against the limits are performed. 

Limited values: 

Rut depth: 

– the mean value, over 400 m, for each measurement run may deviate by a maximum of 15% or 
0.4 mm (from the mean of the median values) 
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– the standard deviation, over 400 m, for each measurement run may deviate by a maximum of 25% or 
0.5 mm (from the standard deviation of the median values). 

3.3.3. Requirements for road-network loop 
Measurement of the road-network loop is aimed at checking the measurement system in a routine 
environment for road-network measurement. Road-network measurement is understood to mean 
condition measurement of large areas, usually for a road authority for data supply to a PM (Pavement 
Management) system. The loop is chosen so that several different road types are included, from those 
that carry high levels of traffic to those that carry low levels (see Figure 15). The total length of the 
loop is 93 km (one circuit). The loop is measured in five circuits as a basis for checking repeatability 
and reproducibility. 

Repeatability is determined within one individual equipment, and comparability is checked between 
one individual equipment and a standard survey vehicle using point laser. 

In routine measurement under the direction of the Swedish Transport Administration, a control 
programme is carried out in which the ordinary measurement is checked by control measurements 
when a different survey vehicle and driver perform the measurement. This test will be also be 
performed and reported in this study. 

 

 
Figure 15. Description of the road-network loop (Loop D, black) which is included in the test. 

3.3.3.1. Checking of repeatability 

Repeatability in measurement of the road-network loops decides how well measurement system, 
driver and operator, can repeat their own measurement. 

LoopA 
LoopB 
LoopC 
LoopD 
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The loop to be analysed is divided into 400 m sections. The division is done separately for each 
measurement section (the loop consists of several measurement sections). The calculation of 400 m 
sections is based on means of 20 m data and 1 m data. A 400 m section is valid and is used in the 
evaluation if the mean value for the individual 400 m section is calculated from the measured values 
for at least 380 m of data (max 20 m loss or pause per 400 m). 

The parameters used for repeatability are measurement error and relative measurement error. This is 
done as follows: 

The 400 m sections are indexed with j over the whole loop. 

nj in the formulae below relates to the number of valid repeated measurements on 400 m section j. The 
repetitions are indexed with i. For repeatability, the 400 m sections for which nj ≥ 2 are used in the 
analysis, others are excluded. For reproducibility, the 400 m sections for which nj ≥ 2 per survey 
vehicle are used in the analysis, others are excluded. 

ij  is the mean value of measurement i for 400 m section j. 

j.  is the mean value of ij  for all valid measurements for 400 m section j. 

..  is the mean value of j.  when averaging is done over all valid 400 sections. 

Formula 2 Calculation of measurement error and relative measurement error on road-network loops. 
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 is the variance between the valid measurements for 400 m section j. 

totMSE  is the mean value of jMSE  when averaging is done over all valid 400 m sections. 

The measurement error is calculated as totMSE  . 

Relative measurement error is calculated as 
..

totMSE
 . 

The requirements set for measurement error and relative measurement error are presented in Table 3. 

Table 3 Requirement for repeatability on road-network loop. 

Variable Relative measurement error Measurement error 

Rut depth (max and left) ≤5 % ≤0.4 mm. 

 

3.3.3.2. Check of reproducibility 

Reproducibility decides how well the tested measurement system resemble the point-laser systems in 
routine road-network measurement. Comparisons are made between the line-laser systems and the 
point-laser system. 

The same principle is applied in checking the requirements for repeatability (Chapter 3.3.3.1). 
Measurement error and relative measurement error are used to determine the result. The requirements 
used for reproducibility are shown in Table 4. 
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Table 4 Requirement for reproducibility of road-network loop. 

Variable Relative measurement error Measurement error 

Rut depth (max and left) ≤6 % ≤0.6 mm. 

 

3.3.3.3. Production control method 

During a routine measurement at road-network level, a supplier must perform extra control 
measurements which are to be equivalent to at least 5% of the length of routine measurement. 
Requirements are set for equality between routine measurement and control measurement. The control 
measurement has to be performed by a different survey vehicle, where a different driver performs the 
measurement. The requirements have to ensure that the routine measurement is performed correctly. 

All checks are performed on a complete measurement area where data is averaged over 400 m. In our 
case, the loop forms a check area and the routine measurement may consist of measurement by the 
point-laser system. The requirements to be met are based on three elements, sufficiently good 
correlation (correlation coefficient), spread (proportion within the check interval) and systematic 
difference. All three parts must be fulfilled for the measurement to be approved. An enumeration of 
the variables used in the control method and applicable limit values follow below. 

Xp = mean value for routine measurement for a 400 m section 

Xk = mean value for control measurement for a 400 m section 

𝑋𝑝
̅̅̅̅  = mean value for routine measurement for all Xp in the control area 

𝑋𝑘
̅̅̅̅  = mean value for control measurement for all Xk in the control area 

Y=Xp-Xk, difference between the mean values for a 400 m section 

XM= (Xp+Xk)/2, mean value of control and routine measurement for a 400 m section 

n = the number of 400 m sections in the control area. 

Formula 3 Calculation of routine control. 

X=   nXX
n

kp 
1

, systematic difference for the control area. 

𝑟 =
∑(𝑋𝑝−𝑋𝑝̅̅ ̅̅ )(𝑋𝑘−𝑋𝑘)

√∑(𝑋𝑝−𝑋𝑝̅̅ ̅̅ )2 ∑(𝑋𝑘−𝑋𝑘̅̅ ̅̅ )2
 correlation coefficient for the control area 

Table 5. Limits for approval of the routine control method. 

Measured variable 80% within interval Correlation Systematic 
difference 

Rut depth max and left (mm) - (0.5+0.1×XM) < Y < 0.5+0.1×XM r ≥ 0.90 -0.5 < X < 0.5 

 

3.4. Finnish Transport Agency requirements in procurement 
Finland has a similar arrangement to Sweden in its procurement of the road surface measurement 
service. Many of the procedures and requirements described in Chapter 3.3 can therefore also be 
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applied in Finland. The routine control method, on the other hand, is structured differently and will 
therefore be tested and reported as a separate part of the project. 

3.4.1. Production control method in Finland 
As in Sweden, extra control measurements are performed which are to verify that the routine 
measurement at road-network level has been performed correctly. The control method is performed on 
the basis of 100 m sections (only whole 100 m sections are used). 

The method can be summarised in the following points: 

• A difference is created between the control measurement (Xk) and the routine measurement 
(Xt), designated Y. 

• The limit values classify great deviations for rut depth (max, left and right) and ridge height in 
a group for “the measured value exceeds the quality limit”, designated Qn. 

• In addition, there is an extra limit value that classifies the result of rut depth max as 
“significant exceeding of the quality limit”, designated Qs. 

• A proportion of the excesses is calculated for whole check area (in our case the loop, the 
number of observations is designated X) and is designated Qn% or Qs%. 

Formula 4 Check parameters for the Finnish routine control method. 

𝑄𝑛% =
𝑄𝑛 − 𝑄𝑠

𝑋
× 100 

𝑄𝑠% =
𝑄𝑠

𝑋
× 100 

 

Table 6. Values for significant exceeding of the quality limit for the Finnish routine control method 

Measured variable Unit Measurement range for 
runn+1 

Limit 

Rut depth max mm Xk < 10 -1 ≤ Y ≤ 1 

Rut depth max mm 10 ≤ Xk < 18 -(Xk×10%) ≤ Y ≤ Xk × 10% 

Rut depth max mm Xk ≥ 18 -(Xk×15%) ≤ Y ≤ Xk × 15% 

Rut depth left/right mm Xk < 8 -1.5 ≤ Y ≤ 1.5 

Rut depth left/right mm Xk ≥ 8 -(Xk×20%) ≤ Y ≤ Xk × 20% 

Height of ridge mm -10 < Xk < 10 -1 ≤ Y ≤ 1 

Height of ridge mm Xk ≥ 10; Xk ≤ -10 -(Xk×10%) ≤ Y ≤ Xk × 10% 
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Table 7. Values for significant exceeding of the quality limit for the Finnish routine control method 

Variable Unit Measurement range for 
runn+1 

Limit 

Rut depth max mm Xk < 8 -1.5 ≤ Y ≤ 1.5 

Rut depth max mm 8 ≤ Xk < 18 -(Xk×20%) ≤ Y ≤ Xk × 20% 

Rut depth max mm Xk ≥ 18 -(Xk×25%) ≤ Y ≤ Xk × 25% 
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4. Description of measurement system and measurement 
programme 

The results presented in the report are based on measurements done within the project in combination 
with measurements used by the Swedish Transport Administration for annual checking of suppliers of 
the road-surface measurement service for object measurement and road-network management. As we 
handle several different measurement systems in the project, the operators and drivers who are 
accustomed to managing “their” system also carried out the measurement concerned. 

When talking about road-surface measurements, it is usual to classify them into categories: 

• Road-network measurement 

• Project level measurement 

A road-network measurement is carried out over a larger area, often for the purpose of providing a 
decision-support system (Pavement Management System) with data. The road authority is often the 
purchaser of this service, which is normal contracted for a prolonged period. One measurement is 
performed per section, and the national measurement strategy decides which roads are to be measured 
and how often they are to be measured. In addition to the tests carried out in conjunction with 
tendering for the service, control measurements are performed in production to ensure adequate 
quality. 

A project level measurement is used in particular to check the quality of a new pavement. 
There may be different types of contracts, and the entity ordering the measurement may be either the 
contractor which has carried out the resurfacing work or the road's “owner” (the Transport 
Administration). A supplier of project level measurement is approved to carry out this type of 
measurement in a special control procedure. A project level measurement is often tendered for 
competitively, where the “approved” suppliers compete for the assignment. Price decides the award of 
contract. Quality control is also carried out in a project level measurement to ensure the high level of 
quality required to be able to regulate penalty fines in the event of substandard resurfacing quality 

4.1. Reference measurement 
A reference measurement is performed as a separate measurement with a measurement system that 
(usually) differs from the measurement system to be tested. The purpose of the measurement is to have 
a traceable and stable measured value that can be used as a comparative measure over a long period of 
time. The accuracy of the reference system should be at least on a par with the system to be checked. 
The tolerances permitted around the reference value are an important part of the measurement method. 
A less precise reference method is combined with a somewhat greater tolerance, in such a way that we 
can gain acceptance for various references, see Figure 16. 
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Figure 16. Above a reference close to a true value with a narrow tolerance for approval. Below a 
reference with greater deviations from a true value with relatively wide tolerance for approval. 

Reference measurement is performed only on the test sections. The reference system that has been 
used in this project is VTI-XPS (VTI Cross Profile Scanner). VTI-XPS is a relatively new reference 
system that replaced VTI-TVP (VTI cross profilometer) ahead of the 2014 tendering procedure for the 
road-surface measurement service in Sweden. It is a measurement system consisting of distance-
measuring sensors, distance measurement and positioning and slope sensors. The measurement system 
is installed on a trailer and linked to a car, see the film below and Figure 17.  

 

 

 

 

 

 

 

 

Film 1 Demonstration of VTIXPS in measurement. 
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Figure 17. Reference system VTI-XPS for measurement of mean transverse profile, crossfall and 
position. 

 

As previously mentioned in chapter 3.3.1, the test sections are provided with a guideline, see Figure 
18. The guideline is intended to help the driver of both the reference system and tested measurement 
vehicles to maintain correct lateral position in the measurement. 

 
Figure 18. Test section with guideline for lateral position of survey vehicles. 

The reference section is marked in the left wheel track so that the driver will easily have the guideline 
in his field of view in measurement. The measurement is performed with a TMA-equipped (Truck 
Mounted Attenuator) following vehicle at low speed (normally 20 km/h) in order to be able to follow 
the guideline as precisely as possible. Five repeated measurements are performed, which are used to 
calculate reference values. On passage, the measurement is started with the aid of a reflector 
positioned on the start line of the test section which provides an indication in the data stream with a 
signal via the photosensor of the measurement system. The measurement is finished in the same way. 

1200 m

Guideline

Direction of travel
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The measurement sensors included are seven line lasers from LMI, Gocator 2375, which each cover a 
part of the total 3.6 m wide transverse profile. The lasers are located so that there is a certain overlap 
(the adjacent lasers measure on the same part of the road surface), and the software therefore controls 
the lasers so that every other laser measures simultaneously in order not to interfere with its 
“neighbour”. The lasers are calibrated against a milk surface in order to obtain a horizontal surface 
with minimal deviations from an absolutely plane and horizontal surface (crossfall and rut depth close 
to zero). The middle part of the 3.6 m wide profile, consisting of 3.2 m, is used as reference data for 
the transverse profile of the road. A measurement sensor has a certain level of noise, including these 
sensors, and the sensor's signal is therefore filtered with a third-order 150 mm Butterworth filter 
(forward-reverse). The other significant measurement sensor in the system is a sensor for positioning 
with inertial navigation which also keeps track of the slopes of the vehicle (trailer). The component 
that describes the slope of the vehicle (trailer) in the transverse direction is used to determine the 
crossfall of the road in combination with the measurement of the transverse profile. A unit from 
Oxford Technical Solution, Survey+ is used for this purpose. As well as these measurement sensors, 
the trailer is equipped with an incremental angle sensor to measure distance travelled and a 
photosensor for automatic starting and stopping of the measurement system. The whole system is 
powered by two car batteries. Figure 17 shows the system in action. 

The reference system has a measured accuracy better than 0.5 mm. Figure 19 shows five repeated 
transverse profiles as a mean over 20 m. The profiles have the same starting point but are otherwise 
uncorrected for crossfall. 

 
Figure 19. Five repeated measurements with VTIXPS on test section A. The profile is represented by a 
mean value over 20 m. The X-axis shows distance in mm across the road. The Y-axis shows distance in 
mm in the height direction. 

4.2. Measurement with present-day technology 
The primary purposes of the measured results from the equipment used at road-network level in 
Sweden and Finland today (in 2017) are to describe how condition develops on the road network and 
for resurfacing planning. They are to be compared with the scanning measurement systems in this 
project. The technology in present-day equipment is based on point lasers, unlike the scanning 
equipment (comprehensive transverse profile) which is to be tested in this study. 17 measurement 
points are normally used in Sweden and Finland on the measurement width of 3.2 m as a standard 
setup when the transverse profile is to be described and the rut depth calculated. Narrow roads and 
narrow lanes are characterised by 15 measurement points (the two outermost ones are not used in the 
calculation) over the measurement width of 2.6 m. There is a description of what requirements a 
survey vehicle has to fulfil in both Finland and Sweden. There are national technical documents for 
which each transport administration is responsible (Trafikverket, 2015-B). 
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In several places abroad requirements are set for more measurement points to be used than the 17 that 
are used in Sweden and Finland. Germany and the Netherlands have the requirement to describe the 
transverse profile with at least one measurement point every 0.1 m. That means 33 measurement 
points on a 3.2 m wide transverse profile. This arrangement is also tested in this project. 

Different models of point lasers are used in a measurement system depending on what function they 
have. If the laser is to be used for macrotexture, a low-noise measurement sensor with high accuracy, 
high measurement speed and a small measured spot are required in order to be able to describe the 
texture of the road surface. The requirements are not as high if the sensor is to be used for rut depth. 
The width of the measuring bar is normally 2.5 m and the measurement width is 3.2 m, which means 
that the outer laser cameras are angled outwards, necessitating a special type of laser with a larger 
measurement range to be able to measure at longer distance. It is the range-finding sensors in 
particular that differ between a scanning system and a point-laser system. The other sensors for 
positioning, geometric parameters and measurement of evenness (accelerometers) are of the same type 
in both systems. The point lasers that measure macrotexture are also the same as the scanning lasers 
normally cannot measure macrotexture. 

Training and experience are required for a driver of a measurement system to enable him to choose the 
correct lateral position of the survey vehicle. The instruction given to the driver is usually to follow the 
rutting in the road without any laser measuring beyond the edge of the pavement. On new pavements 
that do not have any rutting (e.g. quality control of new pavement contracting) the survey vehicle is 
positioned centrally in the lane to be measured. 

4.3. Measurement with new technology 
Two different types of measurement system with sensors (lasers) for a comprehensive transverse 
profile have been used in this project: Fraunhofer PPS (Pavement Profile Scanner) and Pavemetrics 
LCMS (Laser Crack Measurement System). 

The two tested systems measure a transverse profile over a width of approx. 4 m with a transverse 
resolution of less than 10 mm between the measurement points. This profile is used to calculate 
parameters such as rut depth, water depth and ridge height. The measurement width often covers the 
whole width of the lane and includes road markings, edge deformations and other characteristics 
within the measurement width. There is an option for identifying the position of the road marking, 
which means that it is possible to limit the calculation of the transverse parameters to include only 
measurement points that lie between these. If there is no road middle or lane marking, the calculation 
of parameters can be limited to a fixed distance from the right edge and a constant measurement width. 
In that way it is possible to avoid the height of the marking contributing for example to rut depth. This 
is particularly important on roads with narrow lanes. When measuring on this category of roads with 
point-laser systems, the measurement width is usually reduced form 3.2 m to 2.6 m. 

Both measurement systems have the same type of advanced system for inertial navigation, Applanix 
POS LV. In addition, a system is equipped with lidar sensor that scans the road environment. 
Measurement data from the laser system and lidar can be combined to create a 3D image of the road 
surface with an accuracy of 1 mm (according to the supplier) in height for each 1 x 1 cm above the 
measured road surface. 

Measurement data from both PPS and LCMS require post-processing. Collection of raw data takes 
place while measurement is in progress. No real-time calculation of parameters, which is dependent on 
data from these sensors, can be performed. The operator nevertheless has control of the status of the 
sensor that continued collection and saving of measurement data. 

Some questions that have been highlighted in the use of sensors for comprehensive measurement in 
production are: 
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• Any sensitivity of the sensor to the contrast and colour of the road surface. Problematic 
surface may be newly laid shiny asphalt or worn asphalt with white stone material. 

• The sensors need to be calibrated to be able to convert measurement data to correct heights. 
Further development is needed on the method of calibrating and on control routines to ensure 
that the right setting is used. 

• The way in which calibration of the sensor is routinely checked in the field needs to be 
developed. 

• Even if the sensors are reliable, any fault that arises may involve repair and a long down-time, 
lasting up to 3-4 weeks, before the sensor is ready and mounted. A point laser is cheaper and 
spare equipment is often available and can be changed relatively simply in the field. A down-
time then lasts only a few hours. 

• Lasers of different classes are used in the equipments. Some require the sensors to be turned 
off automatically at a measurement speed lower than 10-12 km/h, to reduce the risk of 
unintentionally exposing other road users to the laser beam. Other sensors do not need this 
safety device as the laser beam used is “eye-safe” (laser class 1). 

Some scanning lasers thus have a high laser class and are also positioned relatively high up so that 
they are able to cover the whole road surface. This poses risks of exposure of the eye. This is well 
known but nevertheless needs to be mentioned. Safety mechanisms that automatically switch off the 
laser light reduce the risks. An extract from the code of statutes of the radiation safety authority on 
lasers, laser pointers and other intensive pulsating light follows below (Yngvesson, 2014). 

General obligations 

Section 3 Anyone who undertakes activity with a laser, laser pointer or technical device that can 
generate intensive pulsed light shall be familiar with how the equipment is used and be aware of the 
risks that the activity may pose. 

Section 4 Anyone who undertakes activity with a laser, strong laser pointer or technical device that 
can generate intensive pulsed light shall take particular account of the risk of people being exposed to 
radiation. When a laser or strong laser pointer is used, the operator shall monitor the radiation field 
and take measures to prevent people being exposed to radiation which exceeds MTE. 

 

Permits for lasers and strong laser points 

Section 13 For lasers in laser class 3B or 4, permits are required for 

1. use relating to entertainment, art or advertising, 

2. use that results in irradiation of a public space or airspace, 

or 

3. holding or use of lasers that can be held in the hand in a public space, within a school area 
where teaching is undertaken or in a vehicle in a public space. 

Permits in accordance with the first paragraph (3) are not required for anyone who in their 
professional activity and without being a user transports or in some other way possesses lasers that 
can be held in the hand. Laser safety, the Radiation Safety Authority.” 
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A permit is thus required to be allowed to operate where lasers of classes 3B and 4 are used. This is 
not specific to the scanning technology and also applies to point lasers. The extra danger with the 
scanning lasers is their high placement. 

4.3.1. Description of the sensor Fraunhofer PPS. 
The sensor Pavement Profile Scanner (PPS) is a newly developed sensor from Fraunhofer Institute for 
Physical Measurement Techniques IPM in Germany in collaboration with the consultancy 
Lehman+Partner GmbH. 

In May 2012 PPS was approved by the German Federal Highway Research Institute (BASt, 
Bundesanstalt für Straßenwesen) for use in Germany at road-network level. There are currently two 
systems (known to us) with technology from Fraunhofer that are used for road-network management, 
one at Lehman+Partner and one at BASt. 

According to the manufacturer Fraunhofer, development is in progress to enable cracks and surface 
damage to be detected with a more accurate generation of the PPS sensor (PPS+). 

The two tables below describe the system, known as I.R.I.S. (Integrated Road Information Scanner) 
from Lehman+Partner, that has been used in this project. 

Table 8. System components in the Lehman+Partner IRIS system. 
Type of sensor Number Used for Parameters 
Scanning laser 
Fraunhofer PPS 

1 Transverse profile 
Intensity image 

Rut 
Water depth 
Ridge height 

GPS with inertial 
navigation (IMU) 
Applanix 

1 Geometry 
Position 
Synchronisation 

Crossfall 
Hilliness 
Curvature 
Position WGS84 

Odometer 1 Travelled distance 
Synchronisation 

Travelled distance 

Digital camera 6 Images of road 
environment 

360° panorama image 
of the road's 
environment 

Laser Scanner CPS 
350° 

1 Illustration of the road 
space 

Coordinate-based road 
environment - “Point 
cloud” 

 

Table 9 Description of sensor Fraunhofer PPS. 
Principle of measurement Laser with rotating mirror 
Vertical resolution <0.3 mm 
Number of points in transverse 
profile 

900  

Measurement width above 4 m 
Transverse spacing of 
measurement points 

4.4 mm  

Longitudinal resolution 800 scans/s 
Longitudinal resolution 
(measuring speed 70 km/h) 

24 mm 

Number of scans per 0.1 m 
(measuring speed 70 km/h) 

4-5 

Special circumstances Installed height 2.8 m 
Number of sensors 1 
Measuring speed 0 – 100 km/h 
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Laser Invisible laser beam 
Laser safety ”eye-safe” 

Class 1 
IEC60825 

4.3.2. Description of the sensor Pavemetrics LCMS 
LCMS from Pavemetrics is the most commonly used sensor in the industry for comprehensive 
transverse profile measurement. According to the manufacturer, more than 100 sensors have been 
manufactured and sold across the world. 

LCMS is a combined sensor for the measurement of both transverse profile and automatic evaluation 
of surface damage and cracks. The automatic evaluation of surface damage and cracks is made 
possible by the high resolution. 

A system operated by VARS Brno a.s. from the Czech Republic has been used in the project. Ramböll 
is the system supplier where the LCMS sensors are integrated with parts of the ordinary measurement 
system from Ramböll. The system is used principally for road-network measurement in the Czech 
Republic. 

The sensors and software from Pavemetrics are integrated into the Laser RST system. This means that 
it is the same algorithms, calculation and parameters that are used in the measurements performed with 
the point laser-based Laser RST system. 

The system used for test measurements in this project, RST47, has the following setup of sensors, see 
Table 10 and Table 11: 

Table 10. System components in the VARS RST47 system. 
Type of sensor Number 

of 
Used for Parameters 

Point laser 3 Texture 
Longitudinal 
unevenness 

MPD 
IRI 

Accelerometer 2 Longitudinal 
unevenness 

IRI 

GPS with inertial 
navigation (IMU) 
Applanix 

1 Geometry 
Position 
Synchronisation 

Crossfall 
Hilliness 
Curvature 
Position WGS84 

Odometer 1 Travelled distance 
Synchronisation 

Travelled distance 

Pavemetrics LCMS 2 Transverse profile 
Intensity image 
Surface 
damage/Cracks 
 

Rut 
Water depth 
Ridge height 
Cracked Surface % 

Digital camera 2 Images of road 
environment 

Photographs 
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Table 11. Description of the sensor Pavemetrics LCMS 
Principle of measurement Projection of laser line on road surface and 

imaging in photosensor 
Vertical resolution <0.5 mm 
Number of points in 
transverse profile 

4160 

Measurement width 4 m 
Transverse spacing of 
measurement points 

0.9 mm  

Longitudinal resolution 5600 scans/s 
Longitudinal resolution 
(measuring speed 70 km/h) 

4-5 mm 

Number of scans per 0.1 m 
(measuring speed 70 km/h) 

Approx. 20 

Special circumstances Installed height 2.2 m 
Number of sensors 2 
Measuring speed 0 – 100 km/h 
Laser Invisible laser beam 
Laser safety Class 3B 

IEC60825 

 

4.4. Performed measurements 
The measurement programme and the selection of sections were done on the same basis and with the 
same principles as in the test measurement in connection with the road authorities’ tendering 
procedure for the road-surface measurement service, see Table 12. 

Table 12. Overview of the measurement programme. 

Element Number of Length (m) Measuring speed (km/h) Repetitions 

Test sections 3 1,200, per section 
total 3,600 

30, 50 and 70 5 per speed, total 15 

Project level sections 2 4,000, per section 
total 8,000 

Free choice 4 

Road-network loop 1 93,000 Free choice 5 

 

The results presented in the report are based on measurements with the following measurement system 
(see Table 13). 

Table 13. Measurements performed in the project. 

    Test sections 
Project level 

sections Loop 

Equipment Type A 2 3 E F  D 

VTIXPS Reference X X X       
VTIRST Point laser X X X X X   
RST29 Point laser           X 
RST33 Point laser X     X X   
LCMS Scanning X X X X X X 

PPS Scanning X X X X X X 
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Reference measurement is carried out only on the test sections, according to the same principle as in 
the test measurement in conjunction with the road administrations’ tendering procedure for the road-
surface measurement service. The objective of the measurements was to obtain a complete 
measurement of all sections of road with both a point-laser system and the scanning-laser systems so 
that the results can be compared. 
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5. Results 
The results presented in the report are based on measurements performed within the project. There are 
results that do not comply with the limit values described in chapters 3.3 and 3.4. In a normal test in 
connection with a tendering procedure, when a great deal is at stake, careful self-inspection and re-
measurements are performed so that an optimum result can be delivered. We do not anticipate that the 
results from the measurements done within this project will be of the same high quality. What is 
reported in this project can therefore be seen as a basic level for the capacity of the measurement 
systems concerned. 

5.1. Project level measurement 
A project level measurement with four measurement runs has been performed on national road 
(riksväg) 35 in Östergötland. The road was laid in June 2014, and is of the DAC16 remixing type 
(dense asphalt concrete with maximum stone size of 16 mm with reused asphalt mass). It is a 9 m road 
with oncoming traffic and a volume of traffic of just under 6000 vehicles per day. 

As described previously, training and experience are required for a driver of a measurement system to 
enable him to choose the correct lateral position of the survey vehicle (chapter 4.2). However, new 
technology often brings new opportunities. Certain line-laser systems can provide feedback on the 
intensity of the reflecting laser beam. A road marking differs substantially from the asphalt surface 
with respect to colour and reflectance, if it is of good quality, and is relatively easy to detect for a 
scanning line-laser system. In good conditions, this can be used to automatically select a part of the 
transverse profile unaffected by road markings in calculating different road-surface measures (e.g. rut 
depth). The reality is often different as a large number of combinations of road markings occur in 
different traffic situations such as traffic islands, overtaking bans and the like (see Figure 20), and the 
markings in addition are worn and weathered to differing degrees. 

   
Figure 20. The left-hand picture shows an uncomplicated environment with similar clear road 
markings from Project level section E. The right-hand picture has a solid centre line in one direction 
and a broken line in the other direction with a subsequent traffic island, which makes it difficult to 
detect. 

The right-hand picture in Figure 20 with a solid line combined with a broken line in the opposite 
direction and the subsequent traffic island makes it difficult to decide automatically where the middle 
of the road is. As described previously, the ordinary setup of a survey vehicle in Sweden and Finland 
is based on 17 measurement points on a measurement width of 3.2 m. The measurement points are 
symmetrically located around the centre point but are not equidistant. The distances are chosen based 
on where the sensors provide the greatest benefit. A common requirement in many countries is for 
there to be a maximum of 100 mm between two measurement sensors. This means a variant with 33 
measurement points, distributed equidistantly over a measurement width of 3.2 m. A third variant 
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would be to use all available information to describe the transverse profile. The latter provides the 
highest value for rut depth. All these three variants can be calculated from a measurement with a line-
laser system with a largely continuous profile by selecting measurement points according to the lateral 
position they have in the point-laser system, see chapter 3.1. 

The following chapters present results for the three different variants with and without automatic 
lateral adjustment. 

5.1.1. Without automatic lateral correction 
This chapter presents the results of a project level measurement when the driver chooses lateral 
position according to how the road users drive or, if the road completely lacks ruts, in the middle of 
the lane. This is the procedure used in project level measurement today. The driver will probably avoid 
the road markings to get an uninfluenced rut-depth result and therefore position the survey vehicle as 
centrally as possible in the lane. 

Table 14. Versions of tested setups of survey vehicles. 

Measuring 
system 

Version1 – 17 
lasers  

Version2 – 33 
lasers 

Version3 – all 
available lasers 

RST33 X   

VTIRST X   

PPS X X X 

LCMS X X X 

 

The requirements for the repeatability test performed in a project level measurement are described in 
chapter 3.3.2. The project level measurement performed by RST33 and VTIRST can be regarded as a 
normal project level measurement in 2017. The versions of the line-laser systems that have been tested 
are described by Table 14. There are two characteristics that are particularly important to meet the 
requirements for repeatability in a project level measurement, 

1. The driver's skill in driving the survey vehicle with the same lateral position along the section 
in all runs and situations. 

2. That the survey vehicle's equipment is repeatable, has a low noise level and high reliability. 

A summary of the requirements for project level measurement follows below. The test is performed 
with 400 m mean values. Repeatability is tested against the limit values. 

Rut depth: 

– the mean value, over 400 m, for each measurement run may deviate by a maximum of 15% or 0.4 
mm (from the mean of the median values) 

With the rounding rules that are adopted, in practice all the measured values below 0.45 mm are 
approved as the requirement is expressed as 0.4 mm. 

Repeatability is first tested against the fixed requirement, 0.4 mm. If the result is not approved, testing 
then takes place against the relative requirement (15%). 

An example: The result for repeatability for RST33 is Rut Depth max17 is 0.12. The requirement is 
0.4 mm, which means that the measurement is approved. 
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Detailed information about the tests that are performed is presented in annexes. In Annex 1 tables are 
presented with results from the combinations of vehicles that have been tested on Project level section 
E. An equivalent evaluation for Project level section F can be found in Annex 2. A compilation of 
selected parts of the test is presented in the next chapter. 

5.1.1.1. Rut depth max17 

Rut depth calculated for measurement width 3.2 m with 17 measurement points according to the 
configuration in present-day survey vehicles is presented in this chapter. Mean value and standard 
deviation for Project level section E are initially shown, see Figure 21. The mean value is calculated 
for the whole section and the standard deviation is calculated as a mean of the standard deviation per 
20 m between the three runs. 

 
Figure 21. Rut depth max17, mean and standard deviation for Project level section E. 

There is some variation between the survey vehicles. The difference between the point-laser systems is 
0.1 mm, while it is 0.8 mm for the scanning measurement systems. A certain proportion may be due to 
the lateral position of the survey vehicle on the section of road and how accustomed the driver is to 
measuring according to the Swedish method in a project level measurement. The standard deviation is 
low for all the systems. 

The result for Project level F, which is located on the same road, although in the opposite direction, 
resembles the result for Project level section E, see Figure 22. 
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Figure 22. Rut depth max17, mean and standard deviation for Project level section F. 

All the measurement systems pass the repeatability test normally performed in a project level 
measurement, this applying to both objects, see Annex 1. 

5.1.1.2. Rut depth left17 

Rut depth left calculated from the 10 left of the 17 measurement points is presented in this chapter. 
Mean and standard deviation are calculated and presented according to the same principle as for rut 
depth max17, see chapter l 5.1.1.1. 

 
Figure 23. Rut depth left17, mean and standard deviation for Project level section E. 

All the measurement systems give comparable measured values for rut depth left17, see Figure 23. 
The difference between the systems is less than 0.1 mm. 
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Figure 24. Rut depth left17, mean and standard deviation for Project level section F. 

The result from Project level section F shows greater differences than Project level section E, see 
Figure 24. The fact that the result differs between the objects shows that lateral position is crucial to 
the result. 

All the measurement systems pass the repeatability test normally performed in a project level 
measurement, this applying to both objects, see Annex 1. 

5.1.1.3. Rut depth right17 

Rut depth right calculated from the 10 right of the 17 measurement points is presented in this chapter. 
Mean and standard deviation are calculated and presented according to the same principle as for rut 
depth max17, see chapter 5.1.1.1. 

 
Figure 25. Rut depth right17, mean and standard deviation for Project level section E. 

The differences here are relatively great, see Figure 25. The reason is the human factor. The drivers 
have chosen different lateral positions in the measurement, and this is particularly evident on the right 
side of the profile as only parts of the rut are covered by the outer measurement point on the right side, 
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when a measurement width of 3.2 m is used. If the measured width was increased on this section of 
road, comparability would be good. Rut depth right is normally the most sensitive parameter for 
differences in lateral position as the right outer measurement point in the transverse profile is often on 
the slope of the rutting. The left rut is usually covered by all the measurement points. This is also due 
to the right rut normally being wider than the left, particularly on large/wide roads. The possibility of 
automatically positioning lateral position on the basis of road markings will be presented in chapter 
5.2.2. 

 
Figure 26. Transverse profile at decimetre level for PPS and LCMS. Blue and orange curves show 
which part of the profile constitutes 3.2 m and is used in the calculations of rut depth for 3.2 m 
measured width. 

In Figure 26 we see the reason why the PPS system has far lower rut-depth values than other 
measurement systems. It is not due to technical problems but is referred to the lateral position in 
measurement. 
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Figure 27. Rut depth right17, mean and standard deviation for Project level section F. 

The object in the opposite direction also has large differences between the tested measurement 
systems. The result is shown in Figure 27. 

Although the lateral position was different, the repeatability test normally performed in a project level 
measurement is passed for all the systems on Project level section E but failed for a system on Project 
level section F, see Annex 1. 

5.1.1.4. Rut depth max15 

Rut depth calculated for measurement width 2.6 m with 15 measurement points according to the 
configuration in present-day survey vehicles is presented in this chapter. Mean value and standard 
deviation for Project level section E are initially shown, see Figure 28. The mean value is calculated 
for the whole section and the standard deviation is calculated as a mean of the standard deviation per 
20 m between the three measurements. 

 
Figure 28. Rut depth max15, mean and standard deviation for Project level section E. 
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There is some variation between the survey vehicles. The two point-laser systems largely demonstrate 
the same results, the degree of variation for the scanning measurement systems is greater, 0.2 mm. A 
measurement system has a somewhat higher standard deviation, which is also found in the 
repeatability test. 

If we look at Project level section F, the result is similar to that obtained for Project level section E, 
see Figure 29. 

 
Figure 29. Rut depth max15, mean and standard deviation for Project level section F. 

The two point-laser systems have a similar result and a lower mean value than the scanning-laser 
systems. 

The repeatability test that normally is performed in a project level measurement is passed for three out 
of the four systems, see Annex 1. 

5.1.1.5. Rut depth left15 

Rut depth left calculated from the 9 left of the 15 measurement points is presented in this chapter. 
Mean and standard deviation are calculated and presented according to the same principle as for rut 
depth, see chapter 5.1.1.1. 
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Figure 30. Rut depth left15, mean and standard deviation for Project level section E. 

The mean values on Project level section E differ between the systems, from 2.5 mm to 3.7 mm, see 
Figure 30. The result for rut depth is generally more sensitive to lateral position the smaller the 
measured width, which is apparent in this result. 

 
Figure 31. Rut depth left15, mean and standard deviation for Project level section F. 

Project level section F shows the same trends as Project level section E, the differences for rut depth 
left are relatively large, see Figure 31. 

The repeatability test that normally is performed in a project level measurement is passed for three out 
of four systems, see Annex 1. 

5.1.1.6. Rut depth right15 

Rut depth right calculated from the 9 right of the 15 measurement points presented in this chapter. 
Mean and standard deviation are calculated and presented according to the same principle as for rut 
depth, see chapter 5.1.1.1. 
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Figure 32. Rut depth right15, mean and standard deviation for Project level section E. 

The differences here are relatively great, see Figure 25. The reason is the human factor. The drivers 
have chosen different lateral positions in the measurement, and this is particularly evident on the right 
side of the profile as only parts of the rut are covered by the outer measurement point on the right side, 
when a measurement width of 2.6 m is used. Rut depth right is normally the most sensitive parameter 
for differences in lateral position as the outer measurement point is often in the rut. The possibility of 
automatically positioning lateral position on the basis of road markings will be presented in Chapter 
5.2.2. 

 
Figure 33. Rut depth right15, mean and standard deviation for Project level section F. 

Project level section F also has big differences in result, see Figure 33. 

The repeatability test that normally is performed in a project level measurement is passed for three out 
of four systems, see Annex 1. 
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5.1.1.7. Rut depth max with more measurement points 

How does the rut-depth measurement change if more measurement points are used instead of the 
standard setup with 17? In this chapter 33 measurement points and 321 measurement points have been 
selected for the measurement width of 3.2 m so that the profile is represented by one measurement 
point every 0.1 m in the transverse direction and one measurement point every 0.01 m or 0.02 m 
(LCMS – 0.01 m, PPS – 0.02 m, designated “all” in figures). Rut depth calculated from these profiles 
is compared with rut depth calculated from the standard setup for road-network measurement in 
Sweden and Finland (17 measurement points). Objects E and F are each analysed separately. 

The results of production control in project level measurement in Sweden are presented in Annex 1and 
Annex 2. If we compare the result of the calculation with an expanded number of measurement points 
and the result with 17 measurement points, the difference, in most cases, is comparable or somewhat 
better (better repeatability) when more measurement points are used. There are some exceptions that 
are probably due to chance. 

Project level section E, LCMS 

The result (see Figure 34) shows that an increase in the number of measurement points from 

• 17 to 33 gives approx. 5% greater rut depth 

• 17 to 321gives around 11% greater rut depth 

The difference is probably greater the more ruts the road has. A transverse profile with deep ruts and 
steep/large slopes is more difficult to depict with a small number of measurement points as the max 
point/min point of the transverse profile easily ends up between two measurement points. If we look at 
the standard deviation that describes the repeatable rut-depth measurement, is at the 20 m level (on 
average), we see a decrease in the standard deviation from 17 measurement points to 33 measurement 
points, but no further reduction to 321 measurement points. Calculating rut depth with more 
measurement points than one every 0.1 m will not provide a further improvement in repeatability. 
There are several components that contribute to repeatability, the accuracy of the measurement system, 
the ability of the driver to drive the survey vehicle with the same lateral position in repeated 
measurement and the probability of including a measurement which deviates (an outlier) increases as 
the number of measurement points increases. As we use the same basic data for the calculation of rut 
depth but a different number of measurement points is selected from the transverse profile, it is likely 
that individual deviating measurement points mean that the standard deviation is not reduced further 
when more than 33 measurement points are used.  
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Figure 34. The effect of using more measurement points in the calculation of rut depth max for 
measurement width 3.2 m. Measurement performed with LCMS on Project level section E. 

Project level section F LCMS 

A corresponding composition of the project level section in the opposite direction (designated F) gives 
the following results (see Figure 35). The differences for mean and standard deviation are of the same 
order of magnitude. 

 
Figure 35. The effect of using more measurement points in the calculation of rut depth max for 
measurement width 3.2 m. Measurement performed with LCMS on Project level section F. 

Project level section E PPS 

The second measurement system provides similar percentage differences when the number of 
measurement points is increased from 17 to 33 and from 17 to 161, 4% and 10% respectively increase 
in rut depth. Repeatability, expressed as standard deviation, is also improved when the number of 
measurement points is expanded from 17 to 33 and 161 respectively.  No difference in repeatability is 
observed between 33 and 161 measurement points. 
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Figure 36. The effect of using more measurement points in the calculation of rut depth max for 
measurement width 3.2 m. Measurement performed with PPS on Project level section E. 

Project level section F PPS 

A corresponding composition of the result for the PPS system on the object in the opposite direction 
(designated F) gives the following results, see Figure 37. The differences for mean and standard 
deviation on change of number of measurement points are of the same order of magnitude. 

 
Figure 37. The effect of using more measurement points in the calculation of rut depth max for 
measurement width 3.2 m. Measurement performed with PPS on Project level section F. 

 

5.1.2. With automatic lateral correction 
A measurement system normally depicts the road surface very accurately and precisely. The laser or 
lasers performing measurement of the surface have been specially developed to cope with the 
challenging characteristic features a road surface has. The surface may be anything from highly 
reflective glossy, which can overpower the recipient, to matt, which carries a risk of the light of the 
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laser being “sucked” up so that the reflections become weak and, in the worst case, insufficient. In 
addition, the surfaces may change in colour and shape, the orientation of the ballast may vary and the 
stone material may be either covered with bitumen or not. A special challenge for the laser is to image 
white stone material in combination with the black bitumen. There are difficulties that various 
measurement sensors cope with differing success, but the large source of error in a measurement is 
still the human factor. A challenge is how the driver is to be able to position the measurement vehicle 
in the right lateral position in a measurement. Training and feedback from the measurement system 
has proved to be of greatest assistance. The organisation must prioritise continuity and training and 
clarify the role of the driver. The driver must master how the vehicle is to be positioned laterally in 
different situations. This experience is obtained through test measurements. Giving the driver direct 
feedback, by showing the transverse profile being measured at the time, can also make it easier to 
choose a correct lateral position, particularly in situations that are difficult to manage, for example in 
oncoming light. 

The new measurement technology with scanning lasers generally has an extra and welcome function. 
As well as a transverse profile with high resolution in the transverse direction, certain systems can 
provide information on the intensity in the reflecting light. This information can be used to identify a 
reference (a position) in the transverse profile. The road markings are usually used as reference for the 
lateral positioning of data. As the transverse profile that is measured as 4 m wide and the measurement 
width normally used by Sweden and Finland is 3.2 m, the part of the 4 m wide profile which lies for 
example between the edge line and centre line can be used as a basis for the calculation of rut depth. 
Provided the lines are visible and are not changed from year to year, this can contribute to increased 
reliability in lateral positioning in recurrent measurements. 

The scanning measurement system we have tested is capable of detecting the road marking and 
positioning data on the basis of the lines. Automatic choice of lateral position based on detected road 
markings has been tested for the LCMS system. This has been done by studying how automatic lateral 
positioning affects repeatability. 

The automatic lateral positioning means that we must respond to situations that may arise in 
calculation. The following rules are to be followed in the management and calculation of rut depth 
from the profiles. 

1. All data located outside the edge line and centre line is removed in a first step. This is done 
using software from Pavemetrics. 

2. The middle part of the remaining data (between the road markings) that constitutes 3.2 m is 
used as input data to the calculation of rut depth.  

3. If the width of remaining data is not 3.2 m, the measurement point furthest to the right is set to 
the most recent valid value. 

Following these rules, rut depth is calculated and data is analysed according to the same method as in 
chapter 5.1.1. 

5.1.2.1. Automatic detection of lateral position 

The quality of the measurement of lateral position is initially described. This is done by calculating the 
distance between the automatically detected edge line and the centre line along the sections. A road 
marking has differing status/quality during its life. The object that was tested had one-year-old lines of 
good quality. The line types change along the object from single broken lines to solid and double lines. 
In one place there are traffic islands and also painted arrows on the road surface to assist in choosing 
lane (see Figure 38). 
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Figure 38. Examples of different road markings along the section. 

It is quickly realised that there may be difficulties in automatically detecting the lines in a uniform 
manner from measurement to measurement. Two parallel centre lines, of which one is usually a 
warning line or barrier line combined with an ordinary line, mean that the detection alternatively finds 
the ordinary line and the barrier/warning line. In the Pavemetrics system edge line and centre line are 
detected every 0.1 m and averaged to 20 m. Lane width is calculated as the distance between the lines. 
The lane widths of three repeated measurements per 20 m are shown in Figure 39 (project level section 
E). 

 
Figure 39. Automatically detected lane widths from the LCMS system on project level section E. 

We see that there are portions with consistent values (lane widths) along the section. The combinations 
of road markings where we find the portions with small deviations mostly agree with the upper left-
hand picture in Figure 38, that is to say single edge and centre lines. Means and standard deviations for 
the lane widths of the three repeated measurements for the two objects studied are shown in Table 15. 
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Table 15. Means and standard deviations in automatic detection of 20 m mean values of lane widths 
for objects E and F. Measurement by LCMS. 

 
Mean_run1 

(m) 
Mean_run2 

(m) 
Mean_run3 

(m) 
Std dev. per 

20 m 

Project 
level 
section E 
length 4 
km 

3.43 3.43 3.43 0.042 

Project 
level 
section F 
length 4 
km 

3.48 3.45 3.43 0.052 

5.1.2.2. Comparison of rut depth calculated from transverse profile with and without 
lateral adjustment 

We initially see the results of the repeatability test for a project level measurement (3.3.2) and how the 
rut depth result changes if it is calculated from an automatically chosen lateral position of the survey 
vehicle compared with when the lateral position of the survey vehicle is chosen by the driver. This 
also gives an indication of what impact the driver has on the uncertainty in measuring rut depth. The 
effect of lateral position is not entirely eliminated in view of the fact that we still have some variation 
in lateral position, as shown in the results from chapter 5.1.2.1. 

In the control method, for project level measurements, there are requirements for mean and standard 
deviation at 400 m level. The effect of using the lateral position technique in calculating rut depth max 
in object measurement is first described. The following three tables show results obtained by the 
control method when rut depth max is calculated with different numbers of lasers on the two objects 
measured. The improvement achieved when automatic selection of lateral position is chosen is usually 
great, and the requirements for the measurement are met with a comfortable margin. Table 16 also 
shows the results from RST33. When lateral correction is used, the LCMS system provides a result 
comparable to RST33. The driver who performed the measurement with RTS33 is experienced and 
accustomed to performing test measurements where correct lateral position is important. The results 
from RST33 are estimated to be on a par with what it is possible to achieve for a driver/survey vehicle 
without any form of machine control and therefore represents a good basis for comparison. 

Table 16. Repeatability for object measurement (RST33 and LCMS) with and without automatic 
lateral correction before calculation of rut depth max with 17 measurement points. LC stands for 
automatic lateral correction 

  
Repeatability 

Rut depth max17 
LCMS 
(mm) 

Repeatability 
Rut depth max17 

LC LCMS 
(mm) 

Repeatability 
Rut depth max17 

RST33 
(mm) 

Requirement 

Pr
oj

ec
t l

ev
el

 
se

ct
io

n 
E Mean 0.22 0.13 0.12 0.45 

Standard 
deviation 

0.19 0.10 0.12 0.55 

Pr
oj

ec
t l

ev
el

 
se

ct
io

n 
F Mean 0.28 0.20 0.20 0.45 

Standard 
deviation 

0.15 0.10 0.09 0.55 



VTI rapport 961A  59 

Table 17. Repeatability for object measurement (LCMS) with and without automatic lateral correction 
before calculation of rut depth max with 33 measurement points. LC stands for automatic lateral 
correction 

  
Repeatability 

Rut depth 
max33 
(mm) 

Repeatability 
Rut depth max33 

LC 
(mm) 

Requirement 

Pr
oj

ec
t l

ev
el

 
se

ct
io

n 
E Mean 0.16 0.15 0.45 

Standard deviation 0.18 0.08 0.55 

Pr
oj

ec
t l

ev
el

 
se

ct
io

n 
F Mean 0.29 0.13 0.45 

Standard deviation 0.18 0.09 0.55 

 

Table 18. Repeatability for object measurement (LCMS) with and without automatic lateral correction 
before calculation of rut depth max with maximum number of measurement points. LC stands for 
automatic lateral correction 

  
Repeatability 

Rut depth 
max_all 

(mm) 

Repeatability 
Rut depth max_all 

LC 
(mm) 

Requirement 

Pr
oj

ec
t l

ev
el

 
se

ct
io

n 
E Mean 0.20 0.14 0.45 

Standard deviation 0.20 0.08 0.55 

Pr
oj

ec
t l

ev
el

 
se

ct
io

n 
F Mean 0.35 0.13 0.45 

Standard deviation 0.22 0.09 0.55 

Use of automatic lateral positioning of measurement data in a project level measurement is 
recommended. In a project level measurement, the pavement is usually new and the measurement is 
usually performed within one to two months after action has been taken. The surface has not then had 
time to develop any rutting, and the greatest source of error is therefore the effect of the edge lines on 
rut depth. The contractor often has an evenness requirement in the transverse direction (rut depth) on a 
finished surface that is around 3 mm for a 20 m value and a road marking can be up to 4 mm high. It 
can be easily appreciated that problems can arise. This is solved in Sweden by reducing the 
measurement width when it is suspected that the road marking can affect rut depth. The outer points 
are “shut down” and the measurement width of 2.6 m is used. The reason why 2.6 m is used is that a 
17 measurement point equipment has approx. 0.3 m between the two outermost measurement points. It 
is possible, by detecting lateral position for the verge and centre line, to use a greater measurement 
width that then reflects a larger part of the road surface. As a scanning equipment has more 
measurement points in the transverse direction, this also makes it possible to use a greater 
measurement width than 2.6 m for narrow lanes. Another benefit of positioning data with the road 
marking as reference is in the follow-up of contracts. Although the survey vehicle will not follow the 
road's rutting in follow-up (the rutting will migrate sideways on bends), the benefit is that the same 
part of the road will be checked/followed up from year to year. 
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5.2. Test sections 
Measurement on test sections is performed to decide whether a supplier is technically capable and has 
equipment that attains the standard required by the transport administrations for a supplier to perform 
a road-network or object measurement. It is checked here that the supplier's results are valid and 
traceable through comparisons with reference measurement and that the equipment is repeatable and 
does not have any component of speed dependence. The checking and measurement procedure is 
described in chapters 3.3.1 and 4.4 respectively.  

5.2.1. Without automatic lateral correction 
The 15 measurements at three different speeds that were performed on the test sections constitute input 
for checking validity and repeatability. This chapter describes the results of the analysis done from the 
measurement without correcting for the vehicle's lateral position. The drivers have been instructed to 
follow the guideline as well as possible (with constant lateral position of the survey vehicle in relation 
to the guideline) so that the measurement agrees with the lateral position the reference equipment 
used. 

If these checks were a “live” check, for example in a procurement, the comparison would be made 
without correcting data in any way, but as this study is intended to provide answers on whether the 
tested measurement systems can meet the requirements normally applied, we chose to disregard this 
rule. We have corrected the lateral position (chosen a different part of the transverse profile) so that 
that part of the survey vehicles’ transverse profiles agrees with the lateral position of the transverse 
profile of the reference. This has not been done dynamically for each decimetre but by moving the 
transverse profile of the survey vehicles sideways by a distance corresponding to a mean of the 
deviation (for all sections). In other words, the variation remains but not the systematic lateral position 
error. This provides a basis that makes the analysis and comparison fair in relation to the tested 
systems, as though all the drivers had succeeded in maintaining a correct lateral position. The answers 
we wish to obtain from the report are whether the scanning measurement systems have sufficiently 
good accuracy and are technically capable to be used instead of the point-laser systems (with regarded 
to the measures of transverse unevenness). When studying the results in this chapter it should be noted 
once more that RST33 (17 measurement points) only measured on one test section (A), while the other 
systems measured all three sections. The results from the validity test are shown in Annex 5. 

5.2.1.1. Rut depth max17 

17 measurement points, according to the same configuration as for the measurement points on a 
traditional point-laser system in Sweden and Finland, are “selected” from the transverse profiles of the 
scanning systems as a basis for calculating rut depth max17. This provides comparison with the same 
conditions for the systems. 

The comparison of rut depth max calculated with 17 measurement points and reference consistently 
provides a good result. A positive result for validity means that more than 80 per cent of the rut depth 
of the sections has to be within an interval (±1 mm) around the reference. The results for all the 
systems are above 90%, see Figure 40. 
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Figure 40. Validity for rut depth max17 for the tested systems. 

Repeatability is also good for the tested systems. The systems cope with the requirements normally 
used, see Figure 41. 

 
Figure 41. Repeatability for rut depth max17 for the tested systems. 

If we look at the order of magnitude of the measurement values, there is a certain difference between 
the point-laser systems and the scanning systems, see Figure 42. 
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Figure 42. Rut depth max17 for test section A, mean and standard deviation of 20 m values. 
Comparison between rut depth calculated with 17 measurement points on 3.2 measurement width. 

The point-laser systems have an approx. 0.7 mm lower mean value than the scanning systems and the 
reference. The difference in all probability can be related to the way in which the transverse profile is 
managed from a scanning and a point-laser system. To create a transverse profile from a scanning 
system, it must be filtered (in the transverse direction). Basic data is sampled very densely, sometimes 
below 1 mm between each sample. There are two main reasons why the filtering has to be done, 

• the texture of the surface must not influence the measurement of rut depth, 

• a scanning laser has noise that must not influence the characterisation of rut depth. 

Noise and the texture of the surface must thus be filtered away before rut depth can be calculated. This 
is currently no standard for how this is to be carried out, and each manufacturer instead applies its own 
method. This may perhaps have to be so as different sensors have different conditions. A point-laser 
system, on the other hand, does not have the same density between the measurement points in the 
transverse direction but a high density in the longitudinal direction, normally 32 kHz. The problems 
are the same, the sensors have a particular noise and they follow the texture of the surface. This is 
normally filtered away by averaging the point-laser value over the section that is to constitute the basis 
for creating the transverse profile, 0.1 m. The filtering technique thus differs between the systems and 
is the likely reason why the results differ. As part of a possible introduction of scanning laser 
technology in Sweden and Finland, harmonisation of the filtering should be performed so that the 
difference in rut depth from the different systems is minimised. 

5.2.1.2. Rut depth max15 

Using the same approach as for rut depth max17, rut depth max15 is calculated from the scanning 
laser systems. 

The results from the validity test are good for all the systems, see Figure 43. 
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Figure 43. Validity for rut depth max15 for the tested systems. 

The result for repeatability is also good, below the requirement limit. 

 
Figure 44. Repeatability for rut depth max15 for the tested systems. 

A comparison between the different systems shows that RST33 has easily the best repeatability. As the 
result for VTIRST (which is a similar measuring system to RST-33) is on a par with the scanning 
system, the good results for RST-33 can be attributed to the driver's skill in maintaining the same 
lateral position from measurement to measurement. 

The level of rut depth, calculated with reduced measurement width, between the point-laser and 
scanned systems follows the same pattern as for rut depth calculated with full measurement width 
(17 points), see Figure 45. 
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Figure 45. Rut depth max15 for test section A, mean and standard deviation of 20 m values. 
Comparison between rut depth calculated with 15 measurement points on 2.6 m measurement width. 

The point-laser systems have a lower level of rut depth, approx. 0.6 mm. 

5.2.1.3. Other measures of rut depth 

Rut depth left and right for the different measurement widths has also been tested against the existing 
requirements. All the results are presented in Annex 3. There are tests that do not have favourable 
results, but we cannot see any explanation for this other than the human factor. The ability of the 
driver to follow the guideline is important in this study, and this is the explanation why there are 
unfavourable results. In a procurement test when a contract is at stake, there is a larger “control 
apparatus” around the measurements as there is a strong focus on self-inspection and quality 
assurance. 

5.2.1.4. Rut depth calculated with different numbers of measurement points 

What happens if the calculation of rut depth is based on an ever greater number of measurement 
points? The setups that are tested in this study are based on three different simulations for the 
measurement width of 3.2 m, 17 measurement points (X) according to the configuration used by the 
measurement systems that have measured in Sweden and Finland in recent years, 33 measurement 
points (Y) (one measurement point every 0.1 m in the transverse direction) and maximum number of 
measurement points (Z). A benefit in using the scanning laser technology is that the transverse profile 
can be described with more measurement points. This makes a more detailed description possible of 
the shape of the transverse profile, and both low and high points will be found. This in turn provides a 
basis for increasing repeatability and also provides a theoretically larger rut-depth value. Even if 
repeatability is improved, the number of measurement points ought not to affect validity. The fact that 
it does not affect validity is due to the method of producing reference data. It is adapted to the 
configuration of the survey vehicle, i.e. reference data for LCMS Z is calculated with the same number 
of measurement points from the reference profile as the transverse profile for LCMS Z consists of. 
Theory and reality seem to agree quite well in this case, validity is not significantly affected as 
different numbers of measurement points are used in the calculation of rut depth. There is an exception 
for the PPS system where validity increases as we use 33 measurement points instead of 17 in the 
calculation of rut depth, which must be regarded as a chance effect on the result. 



VTI rapport 961A  65 

 
Figure 46. Validity for LCMS when different numbers of measurement points are used to calculate rut 
depth. The line in the diagram shows limit value for control method 

 

 
Figure 47. Repeatability for LCMS when different numbers of measurement points are used to 
calculate rut depth. The line in the diagram shows limit value for control method 
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Figure 48. Validity for PPS when different numbers of measurement points are used to calculate rut 
depth. The line in the diagram shows limit value for control method 

 

 
Figure 49. Repeatability for PPS when different numbers of measurement points are used to calculate 
rut depth. The line in the diagram shows limit value for control method 

The number of measurement points has a significant impact on repeatability. The deepest rut is found 
in each measurement if all available measurement points are used, even if the driver does not maintain 
exactly the same lateral position in each repetition. If 17 measurement points are used instead, the 
variation of rut depth will increase as the lateral position of the survey vehicle affects whether low and 
high points of the transverse profile are found. 

The value of rut depth also changes depending on how many points are used to describe the transverse 
profile, according to the reasoning above. The figure below shows how large the differences become 
when more measurement points are used. Rut depth increases on average by 0.45 mm (or 5%) if one 
point per decimetre is used instead of 17 measurement points. This corresponds to a one-year increase 
in rut depth on a normally constructed SMA pavement with a traffic volume of 3,000 to 4,000. 
Increasing the number of measurement points from 17 measurement points to the maximum number 
results in a further increase of 0.2 mm (or a total of 8%). The effect of increasing the number of 
measurement points describing the transverse profile and then rut depth is not negligible. If an increase 
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in the number of measurement points becomes a reality, compensation or conversion that converts 
older values to rut-depth values supplied by the new measurement systems must take place. Basing a 
conversion on results from this study alone provides too small a basis. A “soft” transition is 
recommended, where parts of the road network are measured using both measurement systems. It is 
important that all road categories and aspects are encompassed by such a study. In view of how the 
appearance of the transverse profile can differ between a measurement on a minor road and a 
motorway, there is reason to believe that a certain correction formula per road category may be 
needed. 

 
Figure 50. Rut depth calculated with different numbers of measurement points for LCMS and PPS in 
comparison with reference 

As much information as possible should obviously be utilised if a new measurement system is 
introduced, but a distance between adjacent measurement points smaller than 25 mm does not appear 
to provide any added value to characterise a transverse profile that normally has relatively soft forms. 
50 mm would probably also be sufficient. It is thus not just filtering of the transverse profile that 
provides differences, the number of measurement points also affects the level of the rut-depth value. 
As these differences exist, we consider it difficult to mix different measurement technology (point-
laser and scanning technology) within one contract for road-network measurement. 

5.2.2. With automatic lateral correction 
If we look at the results on test sections when the measurement is positioned in the lateral direction in 
relation to a reference (described in more detail in chapter 5.1.2), we can anticipate better repeatability 
with automatic lateral correction as much of the uncertainty in a measurement is in the driver's skill 
and ability to maintain the same lateral position in repeated measurements. Validity ought not to be 
affected significantly as the drivers have been given clear instructions to follow the guideline in the 
measurement, which they have also done relatively well. 

The road markings have been detected in the measurement with LCMS, see the figure Figure 51 
below. The profile is initiated with zeroes on the right-hand part of the profile, indicating that the 
measurement value is outside the edge line. The left-hand part of the profile has measurement values 
that gradually decrease from the value ”1,1” (!). The first measurement point of the profile on the right 
of the centre line is indicated by a “jump” from 1,1 to the actual value of the profile. It is easy to 
appreciate that this is not an ideal way of marking the centre line, and consideration and programming 
are required to ensure that the “jump” is actually due to the line having been detected.  
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Figure 51. Transverse profile measured with LCMS were the lateral position for road marking is also 
detected (highlighted by ⁎). 

As the guideline is painted 250 cm to the left of the edge line, we can choose the part of the LCMS 
profile (in the transverse direction) that agrees with the lateral position of the reference. The other 
measurement system, PPS, has detected the distance between the guideline and a measurement point 
in the transverse profile. It has consequently also been possible to position the results from this 
measurement system in the transverse direction. 

We start by studying the results for LCMS. The designations used in diagrams and tables are repeated 
here. 

• X = rut depth calculated with 17 measurement points 

• Y = rut depth calculated with 33 measurement points 

• Z = rut depth calculated with max number of measurement points 

• LC = automatic lateral correction is used to select part of a transverse profile as a basis for 
calculation of rut depth 

The ordinary measurements with the LCMS system already have very good validity and repeatability 
without a correction of lateral position. In other words, no major scope is given for improvements. 
Figure 52 shows the difference in validity between rut depth max 17 with and without lateral 
correction. With the exception of rut depth calculated with 17 measurement points, a slight 
improvement in validity takes place when lateral correction is used.  
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Figure 52. LCMS, validity for rut depth max 17 with and without lateral correction. LC = lateral 
correction 

We continue with the repeatability of rut depth and see that it is improved for all configurations of 
measurement points when lateral correction is used, see Figure 53. The greatest improvement is 
obtained when 17 measurement points are used. 

 
Figure 53. PPS, repeatability for rut depth max 17 with and without lateral correction. LC = lateral 
correction 

The greatest improvement is obtained when few measurement points are used, which is logical. If few 
measurement points are used in calculating rut depth, it gives an incorrect lateral position a greater 
impact on the order of magnitude of the measured quantity than if more measurement points are used. 

Rut depth calculated with the reduced measurement width (2.6 m), which is used for measurement in 
narrow lanes, shows the same trends as a rut depth measured with a 3.2 m measurement width. A 
decline in validity is obtained with lateral correction when few measurement points are used, but the 
validity of rut depth is improved when more measurement points are used, see Figure 54. 
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Figure 54. LCMS, validity for rut depth max 15 with and without lateral correction. LC = lateral 
correction 

The repeatability of rut depth (calculated with reduced measurement width) is also improved with 
lateral correction, see Figure 55. The effect is greater for rut depth calculated with the smaller 
measurement width in comparison with the rut depth calculated with a measurement width of 3.2 m. 
This is due to where the outer measurement points are located. If the outer measurement points strike 
the transverse profile where it has the greatest gradient, we obtain great variations in the value of rut 
depth. A small shift sideways then has great effects in the calculation of rut depth. On this test section, 
the outer measurement point with reduced measurement width ends up in a part of the profile that has 
a large slope. When lateral position is corrected with automatic lateral position information, the same 
part of the transverse profile is used to a greater extent in calculating rut depth, which has a positive 
impact on repeatability. 

 
Figure 55. LCMS, repeatability for rut depth max 15 with and without lateral correction. LC = lateral 
correction 

We go over to analysing the results from the second measurement system, PPS. Rut depth calculated 
both from the narrow and the wide measurement width consistently provides an improved result if 
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lateral correction is used. This applies to both validity and repeatability. The results can be seen in the 
next four figures (Figure 56 to Figure 59). 

 
Figure 56. PPS, validity for rut depth max 17 with and without lateral correction. LC = lateral 
correction 

 

 
Figure 57. PPS, repeatability for rut depth max 17 with and without lateral correction. LC = lateral 
correction 
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Figure 58. PPS, validity for rut depth max. 15 with and without lateral correction. LC = lateral 
correction 

 

 
Figure 59. PPS, repeatability for rut depth max. 15 with and without lateral correction. LC = lateral 
correction 

The repeatability of the rut depth is very good, for both measurement widths. 

Annex 3 Also shows the results for rut depth left and right, for each measurement width, with and 
without lateral correction. 

5.2.3. Adjustment of lateral position according to shape of profile 
A third alternative to correct lateral position, for which part of the transverse profile is to be used, is to 
use the shape of a reference profile and match it to the transverse profile from another measurement 
done on the same section. We match the reference transverse profile with the measurements. This 
provides an active adjustment of lateral position along the whole section for the transverse profile 
based on the actual lateral position of the reference measurement. It is a method with potential to be 
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used in future measurements. However, we see several reasons not to recommend the method in road-
network measurement, namely: 

• It is not possible to match the first measurement after a new pavement action. Future 
measurements then become dependent on the lateral position of the first measurement. 

• If the first measurement is done on a new pavement, there are few recognition points in the 
profile, which makes reliable matching more difficult. 

• Operating actions when the road is patched are common, particularly on the secondary road 
network. Patching changes the shape of the transverse profile and makes matching more 
difficult. 

A possible use for the method with matching of transverse profiles is in quality control of 
measurement systems when the impact of the driver on the results is to be minimised. It would make it 
possible to check the accuracy of the survey vehicle without including the driver, which is part of a 
quality control of a measurement system. In current procurement tests we provide a guideline to be 
followed to the best of the driver's ability. It has been found that the principal reason why a 
measurement supplier fails to have its measurement system approved is the driver's inability to follow 
the guideline with the correct lateral position. It should be mentioned that the companies that have 
taken part in this setup have developed methods that help the driver to follow the guideline. This, 
combined with a skilled driver, makes it possible for the correct lateral position to be maintained. 

The test performed in this chapter is based on matching the transverse profiles between the scanning 
systems and reference (VTIXPS) every decimetre along the section and selecting the part of the 
transverse profile that coincides with the lateral position of the reference. The matching is performed 
by autocorrelation which, simplified, can be described as electing the lateral position that has the 
greatest correlation when the tested transverse profile is shifted in the transverse direction in relation to 
a reference profile. If the agreement between reference and tested transverse profile is good, it 
provides an optimal lateral position and we obtain validity and repeatability that are not influenced by 
the driver's choice of lateral position. The following two figures show what happens in practice when 
the profiles are matched to the reference, the first with 15 repeated measurements with PPS on a 
decimetre transverse profile and the second from LCMS. 
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Figure 60. Transverse profile from PPS for 0.1 m, 15 repetitions. Above profiles supplied without 
lateral correction, below after lateral correction with matching (autocorrelation) with the reference 
profile. 

 

 
Figure 61. Transverse profile from LCMS for 0.1 m, 15 repetitions. Above profiles supplied without 
lateral correction, below after lateral correction with matching (autocorrelation) with the reference 
profile. 

The question we wish to be answered by this study is how good the automatic lateral detection is. We 
do this by comparing validity and repeatability for rut depth when lateral position is corrected by the 
automatic method and the method with matching. We anticipate that the method with matching is the 
optimal method and the existing uncertainty is due to the measurement systems’ (reference and tested 
systems’) own accuracies. 
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We start by looking at the results from PPS. Validity is largely identical for the two methods, see 
Figure 62. 

 
Figure 62. Comparison of validity for rut depth with PPS after lateral correction with automatic 
method and matching of transverse profiles. LC= automatic lateral correction. PR= lateral correction 
via matching. 

Repeatability too is largely unaffected when the different methods for lateral correction are used, see 
Figure 63. There is a consistently a small improvement in repeatability with the matching method. 

 
Figure 63. Comparison of repeatability for rut depth with PPS after lateral correction with automatic 
method and matching of transverse profiles. LC= automatic lateral correction. PR= lateral correction 
via matching. 

We can see from the pictures above that the automatic lateral correction in the PPS system has worked 
very well on the test sections. 

If we look at the LCMS system, the result of validity and repeatability for rut depth is marginally 
worse by the matching method. There are small differences, see Figure 64 and Figure 65, leading to 
the conclusion that automatic lateral correction in the LCMS system works well. 
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Figure 64. Comparison of validity for rut depth max17 with LCMS after lateral correction with 
automatic method and matching of transverse profiles. LC= automatic lateral correction. PR= lateral 
correction via matching. 

 

 
Figure 65. Comparison of repeatability for rut depth max17 with LCMS after lateral correction with 
automatic method and matching of transverse profiles. LC= automatic lateral correction. PR= lateral 
correction via matching. 

5.3. Road-network loops 
The loop that has been used to test the measurement systems, loop D, is described in more detail in 
chapter 3.3.2. In measurement of the loop, the driver concerned has chosen the lateral position he has 
been instructed to follow. The “rules” that exist are to follow the rutting of the road with the evenness 
measurement points but without any measurement point ending up outside the pavement edge, for a 
measurement width of 3.2 m. This means that when the rutting for the right-hand part of the road is 
close to the pavement edge the driver must counter this by moving the survey vehicle towards the 
middle of the road. This procedure is not normally applied by the operators of the LCMS and PPS 
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systems. We can see, particularly on the narrow roads, that the outer measurement points in some 
places have ended up outside the pavement edge, which in turn means that the results of the tests 
performed are worse than expected. This must be borne in mind when reviewing the results of this part 
of the tests. 

An example. 

In Finland, routine measurements are checked at 100 m level. A control measurement is performed to 
verify the quality of the routine measurement. The various repetitions on loop D are made to represent 
production and control measurement. In Table 19 we can see the result of rut depth max17 for five 
repeated measurements on the same 100 m section. 

Table 19 An example of rut depth max17 for a 100 m section when lateral position influences the 
result. The measurement is performed on a road with a width of 6 m. 

Measurement1 
(mm) 

Measurement2 
(mm) 

Measurement3 
(mm) 

Measurement4 
(mm) 

Measurement5 
(mm) 

2.65 5.98 12.75 2.70 2.67 

We can see that measurements 1, 4 and 5 have a mutual difference of less than 0.06 mm, but 
measurements 2 and 3 have a different lateral position that has meant that measurement points have 
been outside the pavement edge, resulting in a deviating result. This is a consistent trend in the data 
material and explains why the limit values used in Sweden and Finland for routine control cannot be 
achieved. The reason is thus not deficiencies in the measurement systems but can be attributed to the 
measurements. In the figure below, we see a transverse profile where the survey vehicle has been 
positioned far out to the right so that the grass verge outside the pavement provides a supplement to 
the calculation of rut depth. 

 
Figure 66. Example of transverse profile showing a lateral position that entails a large supplement in 
calculation of rut depth. Red markings show which part of the transverse profile is used in the 
calculations. 

Because the survey vehicles have had a lateral position that has meant that the grass verge has 
influenced the calculation of rut depth, another lateral position will also be tested. Another part of the 
transverse profile is chosen as a basis for the calculation of rut depth. This is done for the whole loop, 
although it is not necessary on wide roads. Instead of choosing the middle part of the transverse 
profile. 3.2 m shifted in lateral position 0.2 m towards the middle of the road is chosen. This ought to 
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provide better repeatability, but on the other hand reproducibility is likely to worsen in comparison 
with RST29. The result for this shows fewer deviating values. 

5.3.1. Requirements in Sweden 
The control methods used in procurement of the measurement service at road-network level are 
described in chapter 3.3.2. The check is divided into three different elements. One of the elements is 
the same as in the production check performed in the ordinary contract for road-network measurement. 
The check is to ensure that the supplier has reliable results that can be used in the Swedish Transport 
Administration’s PM (Pavement Management) system. The second test in a procurement is to study 
the repeatability of the measurement system. This is done by determining measurement error and 
relative measurement error, see chapter 3.3.3.1. The third and last element in a procurement is to study 
reproducibility, see chapter 3.3.3.2. The requirements for this test are based on using two measurement 
systems of the same kind. It was not possible in this test for us to use two LCMS systems or two PPS 
systems, and data is therefore compared with a point-laser system with 17 measurement points, 
RST29. Rut depth was calculated in the tests from a transverse profile with 17 selected measurement 
points from the scanning measurement systems’ largely continuous transverse profile. 

5.3.1.1. Without automatic lateral correction 

Repeatability 

Repeatability is described by the measurement error. The calculations are based on averaged 400 m 
sections from the five repeated measurements for each measurement system (on loop D). The 
requirement used are the same as were used in previous procurements of road-surface measurement in 
Sweden. The requirements are originally formulated to fit the accuracy a point-laser system has. These 
are requirements that most measurement systems fulfil in a procurement test. Because of a large 
number of disturbances in the transverse profile attributed to the lateral position (see chapter 5.3) in 
the measurements, not all the requirements are met. 

 
Figure 67. Control of measurement error and relative measurement error for rut depth calculated 
with 17 measurement points from LCMS and PPS. Grey line is limit value for blue bar, yellow line is 
limit value for orange bar. 

We have shown from checks on test sections that the two systems are repeatable and valid. The 
uncertainty that has been added to this test is, in particular, the impact of the driver on the 
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measurement (choice of lateral position). The driver's impact on the result can be divided into two 
principal sources of error, both based on the lateral position. 

1. The chosen lateral position means that measurement points end up outside the pavement edge. 

2. Differences in lateral position between the repeated measurements. 

The PPS measurement system is most successful in these tests; the results are below the limit values 
for rut depth calculated from the whole measurement width and for the left-hand part of the profile. 
The right-hand part has a large measurement error and large relative measurement error. We attribute 
this disturbances from the measurement when one or more measurement points were measured outside 
the pavement. The LCMS system also has some impact from certain measurement points having 
ended up outside the pavement edge, but this does not explain the whole measurement error. Other 
sources of error have been involved; the ability of the driver to repeat the measurement and wet road 
segments in the measurement have also had an impact on the results. 

The routine control method for network measurements in Sweden means that a certain part of the 
routine measurement is repeated with a different survey vehicle and different personnel. This is 
described in more detail in chapter 3.3.3.3. When we test the Swedish routine control method, rut 
depth has been calculated with 17 measurement points from the scanning systems with the same 
mutual distance between the measurement points as used in a point-laser system. Data from the 
scanning systems constitutes the control measurement. Data from a point-laser system is used as 
routine measurement. Data is compared at 400 m level, and three tests are carried out: 

• Correlation, correlation coefficient r ≥ 0.9 

• Systematic difference, systematic difference ≤ 0.5 mm and ≥ -0.5 mm 

• Similarity with the routine measurement, within interval from routine measurement ≥ 80%. 

The results from the routine control method are presented in Figure 68. 
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Figure 68. Results of the Swedish routine control method on loop D. 

The correlation between rut depth calculated from the scanning systems and the point-laser system is 
good except in the right-hand rut where the result does not meet the limit value. The systematic 
difference is within the limits for the LCMS system but not for PPS with respect to rut depth max and 
right. Finally, the LCMS attains ok results for similarity with routine measurement but not PPS, where 
rut depth max and right again fail. We have already analysed the failed values and discussed them in 
this chapter. We do not find that the defects are due to technical deficiencies in the measurement 
systems. 

5.3.1.2. With automatic lateral correction 

An advantage with the scanning systems is that they can detect what lateral position the survey vehicle 
has had in relation to a reference (road marking). The technology is described in more detail in chapter 
5.1.2. The expected result is improved repeatability as rut depth can be calculated on the basis of data 
with the same lateral position in repeated measurement. We have not, however, been able to observe 
improved repeatability with automatic lateral correction in measurement on the loop. There are 
explanations for this. Firstly, the quality of the road markings is not the best on the secondary road 
network, see Figure 69. If the road marking is worn, missing or in some other way is difficult to 
interpret for the system, this leads to uncertainty in determination of lateral position which can even 
adversely affect repeatability. Two of the five repetitions on loop D could not be used to detect the 
distance from the edge line, so that the result regarding lateral adjustment is based on three rounds of 
loop D. 
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Figure 69. Example of segment where detection of the road marking does not work. 

Rut depth from the LCMS system has been evaluated on the basis of normal placement of the survey 
vehicle and compared with rut depth calculated from an automated lateral positioning. 

The results of the comparison are shown in Figure 70. The results for rut depth max and left worsen if 
lateral position information is used, but for rut depth right we have a halving of the measurement error 
and the relative measurement error. The explanation for this is not obvious, but we believe that the 
improvement in rut depth right is due to the fact that we now avoid measuring on the grass alongside 
the pavement edge, on the narrow roads. 

 
Figure 70. Comparison of repeatability for rut depth when line detection for automatic lateral 
correction has been used and the driver chooses lateral position. (LC = lateral correction) 

If the lateral correction had worked perfectly, an improvement would also have taken place for rut 
depth max and left. The result indicates that the lateral correction has not worked satisfactorily in 
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measurement of the loop. The reasons for this can be partly explained by the reasoning in the 
introduction to this chapter. 

5.3.2. Requirements in Finland 
In Finland, the routine measurement at road-network level is also checked with control measurements. 
A certain proportion of the road network is measured an extra time in order to show that the routine 
measurement is reliable and quality-assured for further use in PM systems. The method is described in 
more detail in chapter 3.4.1. A difference between production checking in Sweden and Finland is the 
division into sections; means over 400 m are used in Sweden and 100 m is used in Finland. 

We first show the repeatability for the five measurements on loop D, see Figure 71 and Figure 72. 

 
Figure 71. Five repeated measurements of rut depth max. 17 and maximum difference between the 
measurements on loop D. Measuring system PPS. Data per 100 m. 

 
Figure 72. Five repeated measurements of rut depth max. 17 and maximum difference between the 
measurements on loop D. Measuring system LCMS. Data per 100 m. 

In purely visual terms, we can see that the measurements with PPS on the loop have a smaller mutual 
error. The driver has repeated his measurement better. 
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5.3.2.1. Without automatic lateral correction 

The outcome of the routine control method in Finland was tested on the basis of comparing own 
measurements as follows. 

• Run 1 versus Run 2 

• Run 2 versus Run 3 

• Run 3 versus Run 4 

• Run 4 versus Run 5 

There are just over 3200 100m differences to check against the limit values used. The control method 
for rut depth max has two breakpoints that permit greater differences (deviations) the higher the 
measured value is. The picture below shows the upper and lower permitted limit for the 100 m 
differences. The breakpoints for rut depth max are at 10 mm and 18 mm. Permitted values have to be 
within the “funnel” illustrated in Figure 73. Two checks are done for rut depth max, one as shown in 
the picture below and the other with greater tolerance to capture “large deviations”.  

 
Figure 73. Limit values for routine control method for rut depth in Finland. 

An explanation of designations for the parameters and results reported for the control method follows 
below.  

• Z – number of 100m differences between two runs that do not meet the limit value  

• Z% –proportion of 100m differences between two runs that do not meet the limit value 

• Zh – number of 100m differences between two runs that do not meet the limit value for large 
deviations 

• Zh% – proportion of 100m differences between two runs that do not meet the limit value for 
large deviations 

• X – number of observations 
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• Qn% - proportion of failed 100m sections for the control method (for all tested combinations), 
excluding Qs% 

• Qs% - proportion of failed 100m sections for the control method for large deviations (for all 
tested combinations) 

• Q% - proportion of failed 100m sections for the control method (for all tested combinations, 
∑(Qn% Qs%)) 

The greater uncertainty we can observe for the LCMS system in Figure 72 is also found in the result 
from the control method. While the PPS system has 3.0% of the values that exceed the limit values (of 
which 0.9% with a large error), the LCMS system has 16.2% (5.5%), see Table 20 and Table 21. 

Table 20. Results of the Finnish routine control method for rut depth max17, measurements with PPS. 
 

run2-run1 run3-run2 run4-run3 run5-run4 

Z 20 30 30 19 

Z% 2.5% 3.7% 3.7% 2.3% 

Zh 11 8 7 4 

Zh% 1.4% 1.0% 0.9% 0.5% 

Qn% 2.1% 

Qs% 0.9% 

Q% 3.0% 

X 3256 

 

Table 21. Results of the Finnish routine control method for rut depth max17, measurements with 
LCMS. 

 
run2-run1 run3-run2 run4-run3 run5-run4 

Z 214 105 113 96 

Z% 26.3% 12.9% 13.9% 11.8% 

Zh 65 33 38 42 

Zh% 8.0% 4.1% 4.7% 5.2% 

Qn% 10.7 % 

Qs% 5.5 % 

Q% 16.2 % 

X 3256 
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The results for ridge height follow the same pattern as rut depth max. The PPS system achieves better 
results than the LCMS system. The results are shown in Table 22 and Table 23. 

Table 22. Results of the Finnish routine control method for ridge height, measurements with PPS. 
 

run2-run1 run3-run2 run4-run3 run5-run4 

Z 26 15 17 19 

Z% 3.2% 1.8% 2.1% 2.3% 

Q% 2.4% 

X 3256 

 

Table 23. Results of the Finnish routine control method for ridge height, measurements with PPS. 
 

run2-run1 run3-run2 run4-run3 run5-run4 

Z 127 40 53 29 

Z% 15.6% 4.9% 6.5% 3.6% 

Q% 7.6 % 

X 3256 

 

It should be pointed out again that we attribute the principal source of error in the measurements to the 
human factor, as discussed in chapter 5.3.1.1. 

The results for rut depth left and right are presented in Annex 4. 

5.3.2.2. With automatic lateral correction 

An attempt at using lateral position information in relation to the right-hand edge line has been made 
with the LCMS system. We have previously discussed, in chapter 5.3.1.2, possible causes and sources 
of error to explain why measurement of lateral position has not provided a satisfactory result in 
measurement of loop D. When the Finnish routine control method is tested on data corrected for 
lateral position, the results are generally somewhat better, but not so good as to enable us, on the basis 
of these measurements, to recommend the method in road-network measurement. The results are 
presented in Annex 4. 

5.4. Conversion between point laser and scanning laser 
We know that rut depth differs if it is calculated from the point-laser systems and the scanning laser 
systems. There are several reasons, and the original idea in the project was to carry out a conversion of 
rut depth from the measurement on the road-network loop from the traditional point-laser system to 
the scanning technology. We have abandoned that idea, in particular because we are not satisfied with 
the quality of measurement of the road-network loops. We argue instead for a statistical method for 
tackling the problem to guide the transport administrations in Sweden and Finland. A more limited 
study is performed for one of the test sections. 

The reasons for differences in value of rut depth that we have identified in the project can be 
summarised in the following points (we assume the same measurement width): 
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1. The filtering of the transverse profile from the scanning system is suspected of affecting the 
value of rut depth. We have observed a mean difference for rut depth of 0.7 mm from 
measurement of test sections when the same number of measurement points with the same 
configuration are used to describe the transverse profile from point-laser and scanning 
systems. 

2. How many measurement points are used to describe the transverse profile affects the 
magnitude of the calculated rut depth. The observed increase in rut depth calculated from a 
transverse profile described by 17 measurement points and 321 measurement points is approx. 
11%. 

The intention is to express a PPS.X value as a function of an RST33 value, etc. A way of adjusting an 
RST33 value so that comparability is obtained with non-adjusted PPS.X value is thus sought. If a 
function of the type 𝑃𝑃𝑆. 𝑋 = 𝑎0 + 𝑎1 ∗ 𝑅𝑆𝑇33 is estimated, it can be used to convert from an 
unadjusted RST33 value to an RST33 value that is adjusted to resemble PPS.X by setting the RST33 
value in the rightward direction. The conversion relates to a function that shows how an expected 
value for RST33 at a given point can be converted to the expected value for PPS-X at the same point. 

Data comes from test section A. The section is 1200 metres long, and measurement date are presented 
averaged over 20-metre sections. The last 20-metre section has been deleted because the results 
deviated greatly for one of the systems. The section has been measured 15 times with each system, at 
three different speeds, 30, 50 and 70 km/h. The different systems are: 

• RST33 (point laser, 17 measurement points) 

• PPS summarised with 17 (X), 33 (Y) or 161 (Z) points, with or without lateral correction. 

• LCMS summarised with 17 (X), 33 (Y) or 321 (Z) points, with or without lateral correction.  

For PPS and LCMS, the different measures are actually different ways of processing registered data. 
There were 15 runs on the section where all the measures were calculated in each run. There were thus 
not 15 runs with PPS.X, 15 new runs with PPS.Y, etc. This means that PPS.X in the first run to a great 
extent is based on the same information as PPS.Y, etc., and that any deviating measurements 
presumably also have an impact in both systems. It would affect the method of calculation if a 
comparison is to be made between PPS.X and PPS.Y. All the systems are measured here in turn in 
relation to RST33, and the calculations do not need to be corrected for the characteristic that several 
measures are calculated in the same way from the same set of data. On the other hand, this should be 
borne in mind if the difference between RST33 and PPS.X is to be compared with the difference 
between RST33 and PPS.Y and similar. In this case it is additionally evident that the same RST33 
values are included in both the comparisons and that an analysis must also take account of this. 

The spread between repeated measurements is approximately the same irrespective of level. See Table 
24, which shows the spread between the 15 repetitions for each system. The table is sorted by mean 
value over the 13 system setups, and the first 10 and last 10 rows are shown. The values in the table 
also suggest that the spread between repetitions in the case of PPS is smaller than for LCMS and that 
there is a small difference depending on the number of points and whether lateral correction is active. 
PPS.X has a greater spread than other variants of PPS. 

It is not self-evident to look at a data as an explanatory variable and a response variable. Neither is 
there any reason to regard the first run with RST33 as a pair with the first run with PPS.X, etc., even 
though both are first within their systems. Regression may nevertheless work extremely well as a 
check and as a first guess. Results are therefore shown from simple linear regression of type 𝑦 = 𝑏0 +

𝑏1𝑥 and of type 𝑥 = 𝐶0 + 𝐶1𝑦 where the coefficients 𝐶0 and 𝐶1 are subsequently converted to 𝑐0 and 
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𝑐1with the same meaning as 𝑎0 and 𝑎1. In both cases, the random variation is assumed to be in the 
rightward direction. In Formula 5 each individual observation is used as a value, the mean at each 
distance is used in the regression analyses. A simpler form is to calculate a relationship of type 𝑦 =

𝑒0 + 𝑥 where 𝑒0 is only an average difference. All these are presented in Table 25 and in figures. An 
ideal line of type 𝑦 = 𝑥is also presented in the figures (Figure 71 and Figure 72). The lines in the 
figures are sometimes difficult to read as they conceal one another, suggesting that the methods in 
spite of everything are relatively alike.  

There is reason to propose a different method than simple linear regression. Assume that the 
relationship on which the conversion is to be based is a straight line, that the variation in repetitions 
does not depend on the level, and that there is independence between the measurements, and that data 
for a system at a given point is normal distributed. It cannot be assumed that we know the rut depth, 
but a reasonable guess is that it is very close to the measured value and that the measured value works 
well as a first guess. A quick check also showed that all the other systems give a value for rut depth 
that is around 1 mm higher than RST33 and that the slope is close to 1. This provides us with starting 
values for an iterative method of estimation. If x is made to the measurement values for RST33 and y 
the system that is to be converted to, an estimate is obtained choosing 𝑑0, 𝑑1, and 𝑚𝑖 so that 

Formula 5 Density of data from two systems. 

∏ ∏ 𝑓(𝑥𝑙𝑟, 𝑚𝑙 , 𝑠𝑥)𝑓(𝑦𝑙𝑟, 𝑑0 + 𝑑1𝑚𝑙 , 𝑠𝑦)

15

𝑟=1

59

𝑙=1

 

is maximised. This should be considered as a main proposal in choice of analysis. Here 𝑓(𝑥, 𝑚, 𝑠) is 
the density of 𝑥 in a normal distribution with expected value 𝑚 and standard deviation 𝑠. The first 
product covers all distances and the second product covers all repetitions. The standard deviation is 
calculated in advance based on Table 24. It is possible also to let the standard deviations being adapted 
in the equation above, but this has not provided any clear benefit. 

A quick glance at figures (Figure 74 and Figure 75) and coefficients (Table 25) shows that RST33 can 
be converted to correspond to PPS.X and Y, without and with LC12, by adjusting just with a constant. 
For others, a discussion is needed on whether the slope can be approximated by 1. Such an 
approximation entails errors, and the significance ought to be assessed in relation to all other errors. 
There are several reasons why this investigation should nevertheless be viewed with great caution. 

• The variation between repetitions for RST33 is substantially lower than presented in VTI 
report 812 (Andrén, et al., 2014). This suggests that there are sources of variation in routine 
measurement that have not been included here. The differences here cannot therefore be 
regarded as comparisons between systems in routine measurement. 

• The material covers only one test section that is quite short. 
• It would be desirable to investigate why PPS.X and LCMS.X are not, on average, the same as 

RST33. They are represented by the same 17 measurement points are ought to be more alike. 
• The analysis is not structured so that it takes account of any dependence from one 20-metre 

section to the next. There is such dependence in data, and the calculation is therefore a 
simplification. Time has not been found to investigate the consequences of the simplification, 
and neither therefore is any discussion of significance testing included here. The dependence 
is apparent for example if the difference between RST33 repetition 1 and RST33 repetition 2 
is calculated. 59 such differences are obtained, one per 20 metres. The difference on a 20-
metre section tends to recur on the next 20-metre section, etc. Autocorrelation becomes 0.087. 
This is not much, but if we continue with all pairs of repetitions the mean autocorrelation 

                                                      
12 LC - lateral correction 
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becomes 0.265. As this is quite clearly separate from 0, it therefore emerges that a difference 
between repetitions on a 20-metre section tends also to persist on the next 20-metre section. 
The effect becomes clearer for the different systems and is between 0.321 and 0.635. 
Something influences in such a slow way that the observations, or rather then random 
variation, cannot be regarded as independent along the section. It may be the lateral position, 
but this is doubtful as no clear improvement is achieved through active LC. It can also be seen 
that the variation between the marginal mean values becomes greater than theoretically ought 
to be the case if independence was present. 

Table 24. Variation between repeated measurements 

level RST PPS LCMS 

  X Y Z X.LC Y.LC Z.LC X Y Z X.LC Y.LC Z.LC 

6.43 0.05 0.15 0.05 0.06 0.06 0.06 0.06 0.22 0.26 0.27 0.30 0.29 0.29 

6.55 0.03 0.06 0.04 0.04 0.07 0.07 0.07 0.24 0.29 0.30 0.32 0.31 0.32 

6.80 0.06 0.18 0.06 0.06 0.07 0.06 0.07 0.22 0.22 0.23 0.27 0.26 0.26 

7.14 0.07 0.15 0.11 0.12 0.12 0.12 0.12 0.19 0.21 0.22 0.22 0.27 0.27 

7.18 0.07 0.09 0.09 0.08 0.09 0.08 0.09 0.23 0.24 0.25 0.24 0.24 0.24 

7.19 0.12 0.09 0.08 0.08 0.09 0.11 0.11 0.13 0.14 0.14 0.09 0.09 0.09 

7.53 0.05 0.11 0.08 0.06 0.08 0.07 0.06 0.16 0.18 0.19 0.19 0.20 0.19 

7.57 0.08 0.16 0.09 0.09 0.09 0.09 0.09 0.23 0.15 0.17 0.18 0.18 0.19 

7.66 0.04 0.20 0.06 0.07 0.07 0.07 0.07 0.17 0.20 0.20 0.19 0.21 0.20 

7.79 0.16 0.03 0.09 0.09 0.09 0.09 0.09 0.43 0.42 0.41 0.11 0.09 0.09 

10.32 0.08 0.03 0.04 0.04 0.05 0.03 0.04 0.11 0.14 0.14 0.18 0.14 0.14 

10.43 0.10 0.11 0.04 0.02 0.02 0.03 0.03 0.11 0.11 0.12 0.14 0.11 0.11 

10.49 0.05 0.27 0.07 0.06 0.07 0.07 0.07 0.42 0.38 0.38 0.39 0.38 0.39 

10.71 0.14 0.06 0.05 0.04 0.05 0.03 0.04 0.12 0.17 0.18 0.14 0.18 0.18 

10.89 0.08 0.24 0.06 0.06 0.04 0.04 0.04 0.53 0.52 0.53 0.60 0.60 0.60 

11.35 0.07 0.11 0.06 0.05 0.05 0.06 0.06 0.16 0.09 0.11 0.13 0.15 0.15 

11.38 0.21 0.11 0.04 0.03 0.05 0.03 0.04 0.14 0.11 0.11 0.14 0.11 0.11 

11.69 0.05 0.28 0.05 0.04 0.08 0.04 0.04 0.12 0.17 0.15 0.18 0.14 0.15 

11.92 0.11 0.18 0.06 0.03 0.06 0.04 0.04 0.33 0.50 0.49 0.18 0.17 0.17 

12.80 0.06 0.16 0.04 0.04 0.05 0.06 0.06 0.27 0.22 0.23 0.23 0.24 0.23 
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Table 25. Coefficients in the conversion function. 

System 𝒃𝟎 𝒃𝟏 𝒄𝟎 𝒄𝟏 𝒅𝟎 𝒅𝟏 𝒆𝟏 

PPS.X 1.215 0.918 1.072 0.936 1.177 0.923 0.566 

PPS.Y 1.136 0.976 1.008 0.992 1.060 0.986 0.945 

PPS.Z 1.223 0.983 1.091 0.999 1.145 0.993 1.086 

PPS.X.LC 1.219 0.917 0.947 0.951 1.072 0.935 0.561 

PPS.Y.LC 1.191 0.968 1.048 0.986 1.108 0.979 0.940 

PPS.Z.LC 1.227 0.982 1.089 0.999 1.147 0.992 1.081 

LCMS.X 1.529 0.916 1.393 0.933 1.516 0.918 0.865 

LCMS.Y 2.013 0.898 1.773 0.929 1.990 0.901 1.208 

LCMS.Z 2.200 0.901 1.945 0.933 2.176 0.904 1.415 

LCMS.X.LC 1.355 0.910 1.238 0.925 1.340 0.912 0.646 

LCMS.Y.LC 2.060 0.879 1.735 0.920 2.022 0.884 1.103 

LCMS.Z.LC 2.249 0.881 1.904 0.925 2.209 0.886 1.309 

 

The following colours and codes are used in the next two figures. Each figure corresponds to a row in 
Table 25, and the figures are presented in the same order as the rows in the table. 

• Black rings: the observations if the values are looked at from the same repetition as logical 
pairs. There are arguments against the above approach, but it is used here in order to be able to 
show original data at all in any point cloud. 

• Red dots: Mean values per 20-metre section. 
• Red line: Regression of type 𝑦 = 𝑏0 + 𝑏1𝑥. 
• Green line: Conversion after a regression of type 𝑥 = 𝐶0 + 𝐶1𝑦. 
• Dark-blue line: Adaptation of 𝑑0and 𝑑1 according to Formula 5. 
• Pale-blue line: Line based on mean difference 𝑒0. 
• Grey line: ideal line 𝑦 = 𝑥. 
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Figure 74. Relationship, conversion from point laser to PPS with differing number of measurement 
points and when lateral correction is not used and when it is used respectively. 
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Figure 75. Relationship, conversion from point laser to LCMS with differing number of measurement 
points and when lateral correction is not used and when it is used respectively. 
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6. Conclusions 
The scanning technology has proved to be of very high quality with regard to transverse profiling. The 
Fraunhofer PPS system and the Pavemetrics LCMS system have taken part in the study. The results 
obtained from the measurement of test sections point to good validity and good repeatability. The 
technical quality demonstrated on the test sections is actually sufficient to assume that the systems will 
fulfil the requirements applied at road-network level. Some of the requirements for road-network level 
have not been fulfilled in the study. We attribute this to deficiencies in the lateral positioning of the 
survey vehicle. The tests performed at object level (repeatability requirement) also show that the 
systems can be compared to the point-laser systems in terms of repeatability. 

We have shown that the number of measurement points affects the level of the rut-depth value. 
Although the increase in rut depth with more measurement points is small, it is not insignificant. It 
affects trends and forecasts, limit values for a maintenance standard, existing and new function 
contracts and new-construction requirements.  

The part of the study that concerns conversion of rut depth from point-laser system to scanning system 
was performed on limited material, one test section (A). The relationship can be approximated well 
with only a parallel shift for PPS.Y (33 measurement points) and PPS.Z (maximum level of 
measurement points). These setups also have a small random variation between the 15 repeated 
measurements. The variation is roughly the same irrespective of level in all systems, which simplifies 
the conversion of data. It is apparent that the variation between repetitions in this study does not 
correspond to the uncertainty that occurs in routine measurement and the study is therefore insufficient 
to enable a method to be advocated. 

Data from the measurements done within this project are thus not sufficient to establish a translation of 
rut depth calculated from point laser to rut depth calculated from scanning laser. What we have seen in 
the study is an increase in rut depth of approx. 11% solely by increasing the number of measurement 
points from 17 to 321 (10 mm between the measurement points). We have also observed a difference 
between a point-laser and scanning-laser system of 0.7 mm when the same number of measurement 
points with the same mutual spacing of the measurement points is used for calculation of rut depth. 
This difference may be due to how filtering of the transverse profiles of the scanning laser systems is 
done. It is nevertheless not possible to introduce the new technology without taking account of the 
observed differences. 

We would recommend using automatic lateral correction for object measurement and function contract 
in order to avoid including the road marking in the transverse profile. Although the experience of 
lateral correction we have gained in this project has not been devoid of problems, we consider the 
effect of road markings on rut depth to be one of the greatest problems in the control of newly laid 
objects. The quality of the road marking is usually very good at the time of measurement, which 
makes detection more reliable. If the contractor wants to have a measurement performed soon after the 
resurfacing work has been carried out, this means that painting of the road marking must be done 
before the control measurement is performed. Painting is normally carried out within a week after 
resurfacing work has been completed. When traffic released after a pavement action, several things 
normally happen such as re-packing of the road, the macrotexture is changed (usually a reduction) and 
friction is reduced. When traffic is released the surface is also very black and glossy (the binder covers 
the ballast), making it difficult for a laser to measure (high level of loss). It is therefore entirely 
favourable to wait for week before a control measurement is performed as the road markings are in 
place and the characteristics of the surface have stabilised which, taken together, provides better 
conditions for measuring without too much loss. 

The problems we have encountered when lateral position information has been used at road-network 
level (loop D) have not allowed a sufficiently good result for us to be able recommend it as a method 
to be used at road-network level. When lateral correction from the measurements has been used it has 
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not clearly resulted in better repeatability for rut depth. It is, however, theoretically a good idea to use 
the road markings as reference in road-network measurement to measure at “exactly” the same place 
every year. More tests are therefore recommended to investigate deficiencies and adapt the technology 
for Nordic conditions and their consequences for the quality of road markings. It must also be 
mentioned that if an automatic lateral correction of the transverse profile based on road marking 
becomes reality (instead of the driver choosing lateral position) in road-network measurement it would 
affect trends in a random manner, in other words it would become difficult to make a reliable 
conversion. The location of rutting in relation to the road marking varies with bends, hills, road width 
and barriers, and the size of the rut depth therefore becomes dependent on what strategy we use to 
position the survey vehicle in the sideways direction. 

Two equivalent equipments have been required in the procurements of the road-surface measuring 
service previously carried out in Sweden in order to be allowed to take part in the procurement. The 
justification for this is: 

• to demonstrate sufficiently good reproducibility 

• the volume of the assignment procured necessitates several survey vehicles 

• to obtain supplier of a particular size who can handle the complexity of the assignment 

It is extremely important that the result does not differ depending on which survey vehicle is used 
when a road-network inventory is produced. Limit values are often used to decide whether action 
needs to be taken on a road, and it must not depend on which supplier or measurement system happens 
to carry out the measurement on the section. When a new technology is introduced a large investment 
by the measurement supplier is required, and it is therefore not reasonable to require the supplier 
already to take part with several survey vehicles at the procurement stage. A possible winner in the 
procurement exercise must invest in several survey vehicles and training of operators. Even if only one 
survey vehicle were to be required, the requirement that new survey vehicles must provide equivalent 
results still stands. There are procedures for testing newly manufactured survey vehicles that must be 
followed (Trafikverket, 2015-A). 

It is a delusion that the new technology can replace a good driver. The measurement by scanning 
technology is carried out with a high density of measurement points in the transverse direction so that 
rut bottoms will always be found. This helps in obtaining a more stable value of rut depth, but 
positioning in the transverse direction nevertheless has the greatest impact on rut depth. If it is possible 
to rely on the technology to choose the “right” lateral position based on the road markings, this 
theoretically leads to a stable and correct rut depth. Present-day road-network measurements are based 
on the driver choosing lateral position based on the position of the rutting. As a result, the actual rut 
depth is captured, although there may be some interference from the road markings. We know that the 
rutting follows the curvature of the road, thetraffic and rutting on a right-hand bend moves closer to 
the edge of the road and that the rutting conversely is moved towards the middle of the road on a left-
hand bend. If automatic lateral positioning is used, based on the road markings, this has the 
consequence that the actual rutting is not captured and we obtain an underestimate of rut depth. 

There are some gaps in information that must be filled before the scanning measurement technology 
can be introduced. We can summarise these in the following points: 

1. Strategy from the transport administrations, collecting raw data or refined data. Require large 
storage spaces. May require change in administrative computer systems. 
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2. How is the transverse profile to be filtered? Can we use the same filtering technique for all 
types of scanning systems? Are we to carry out the filtering so that the result resembles the 
point-laser systems? 

3. How are validity and repeatability affected by different types of filtering? 

4. Can lateral position detection be used at road-network level to automatically select the 
“correct” part of the transverse profile? More studies need to be done beyond tests already 
performed.  

5. How does the scanning technology work on completely new asphalt surfaces? We know that 
the point lasers have a far higher proportion of loss values on new surfaces. 

6. What does reproducibility look like between several scanning measurement systems of the 
same kind? “Correct” reproducibility tests need to be carried out. 

7. In a possible introduction of the measurement technology in Sweden and Finland we 
recommend carrying out an innovation procurement or similar arrangement where certain 
parts of the road network are measured in duplicate, partly with the ordinary point-laser 
systems and in addition with scanning measurement technology. In the procurement, the 
measurement supplier is asked to present proposals for innovations (new functions and 
indicators) with the new technology. Introduction via a procurement of innovation must be 
preceded by some fundamental tests of quality (including rut depth, IRI, crossfall) as in a 
normal procurement test. The duplicate measurement is also aimed at providing a basis on 
which to be able to recalculate data so that trends are maintained as far as possible. 

8. Can a possible introduction of scanning technology be combined with other measurement, for 
example scanning of the road area? 

6.1. Market-related consequences 
Measuring defects of the road surface such as cracks, loss of aggregate, holes, etc. with current 
modern technology provides great added value if done in conjunction with ordinary road-surface 
measurement. At relatively small extra cost a very important piece of the puzzle that was previously 
missing in the decision-making process on effective and relevant planned road maintenance will be 
obtained. It will be possible for comprehensive road-surface measurement, for example with LCMS 
and PPS, to a far greater extent to be used more directly for prioritising actions as it then also contains 
much of the essential information that was previously lacking and that was instead based on subjective 
assessments.  

The cost of road-surface measurement consists of three main elements 

1. Cost of equipment (investment and service cost) 
2. Cost of measurement in the field (operation, personnel, accommodation, daily allowances, 

travel, disbursements) 
3. Analysis, quality control and project management  

If surface defects are added to present-day road-surface measurement, the cost of equipment and cost 
of analysis are principally affected. The cost of measurement in the field is affected relatively little. It 
possibly increases somewhat as the measurement becomes more sensitive to weather conditions (wet 
roadway). 

The additional cost is estimated at around 30% in relation to present-day road-surface measurement. 
This additional cost is set in relation to a very high added value, such as: 
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• Better degree of explanation for prioritisation of action. 
• Greater assurance in interpreting transverse unevennesses and less impact on this measured 

result from the lateral placement of the survey vehicle, resulting in improved quality and 
reliability of measurement data.  

• Far greater possibility of interpreting the road surface subsequently, both visually and 
automatically, based on high-resolution images and more detailed 3-D geometric imaging of 
the road surface.  

• Substantially increased possibility of developing measures of the impact of the road surface 
on both vehicles and road safety. With more modern technology it is possible to develop 
simulation models that take better account of the dynamic collaboration between road surface 
and vehicle. Examples of this are the effect on heavy traffic from geometry and edge 
deformations and the effect on the modern vehicle systems that constitute the core of 
Autonomous Driving. 

The benefit-cost ratio for this development in measurement technology is thus very high. 

Among the large players in the road-surface measurement sector on the Nordic market, Ramböll, 
Sweco and Destia, both Ramböll and Sweco have experience of scanning systems. Quite a large 
investment is required in technology, and we are thinking here not just of the technical part but of 
know-how and how the equipment is to be managed, what deficiencies and benefits and characteristic 
features can be imagined and how data is to be managed, the list goes on. In order to obtain fair and 
healthy competition, we believe that a soft transition from point laser to scanning technology is the 
best way to go. In new contracts, the scanning technology should measure parts of the point-laser 
measurement to see how the scanning technology works in practice. We would like to see different 
suppliers given an opportunity to carry out measurement using the scanning technology in order to 
start up a market. As mentioned earlier, the introduction can be implemented as an innovation 
tendering procedure where new ways of using the technology to provide a more all-encompassing 
picture of the condition of the road network can be looked for at the same time. 

6.2. Technical consequences 
The method description used in Sweden for road-surface measurement today (2017) was originally 
written to suit the point-laser technology It was revised ahead of the tendering procedure for the 
current period 2015-2019 (Trafikverket, 2015-B). The revision was based on not excluding scanning 
technology. This means that the method description we have today can be used for scanning 
technology.  

To ensure that a change-over from point laser to scanning technology has minimal impact on what is 
measured, some changes should nevertheless be made to the method description. 

A quotation from the Swedish method description (Trafikverket, 2015-B) showing that it is possible to 
use the new scanning technology follows below. 

“Transverse profile should be measured with at least 17 measurement points. The measuring device 
or devices should be installed so that the measurement covers a road width of at least 3.18 m, see 
Figure 1. 

The measurement points should be located so that the transverse profile of the road surface in 
measurement is reproduced as well as possible. The measurement points should be distributed 
symmetrically with respect to a vertical plane in the longitudinal direction of the vehicle passing 
through its geometric centre. 

The distance-measuring devices should have a specified accuracy (3 standard deviations) which is 
within ± 0.7 mm for each individual measurement of distance.” 
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Requirements are also set for how densely the transverse profile is to be collected in the longitudinal 
direction. 

“A transverse profile is measured and calculated for each 100 mm of the length of the road. Each 
transverse profile per 100 mm should be based on at least one individual measurement with each 
measuring device.” 

There is a substantial difference here between the point-laser technology and the scanning technology 
that is not covered by the method description, namely how the transverse profile is to be managed 
prior to the calculation of rut depth. Rut depth is calculated from the transverse profile that is 
collected. The calculation is done for each decimetre along the road. The transverse profile on which 
the calculation of rut depth is based must not be affected by the texture of the road, i.e. if the 
measuring device happens to measure in the deepest part of the road’s texture this effect on the 
calculation of rut depth must be minimised or eliminated. Another influencing factor is the noise of the 
measurement sensor which must not affect rut depth to any major extent either. 

We begin by describing how this can be dealt with for the point laser. A point laser measures the 
surface at high frequency (usually 32 kHz). Different models of point lasers have measured spots of 
differing size, from around 0.5 mm in diameter to several millimetres. A 32 kHz point laser driven at 
90 km/h has time to measure/image the surface 128 times within a 100 mm segment. These 128 
measurements are averaged to create the mean transverse profile. This minimises the impact of the 
noise of the measuring device and the texture of the surface and constitutes the filtering that is required 
for a point laser. The most recent Swedish method description no longer contains the requirement that 
the surface must be measured at high density in the longitudinal direction. Previous descriptions have 
a requirement that each point in the transverse profile must be made up of at least 50 measurements in 
the longitudinal direction. This requirement should be reintroduced for point-laser systems to 
minimise the effect of noise and texture on the calculation of rut depth. 

The scanning lasers usually do not have the same density in the longitudinal direction, on the other 
hand raw data is collected very densely in the transverse direction. Depending on type of equipment, 
there may be less than 1 mm between the measurement points. There are the same “interfering” factors 
here as for the point laser, the texture of the surface and the noise of the measurement sensor. These 
factors are dealt with by filtering, which in contrast to the point laser takes place in the transverse 
direction. There is no standardised way of filtering the transverse profile from a scanning system. How 
filtering takes place is probably company-specific, development for the circumstances of the 
company's own sensor. 

In a method description we propose that the following method be applied/described to filter transverse 
profile data collected as raw data from scanning systems: 

• The transverse profile is collected every 0.1 m in the longitudinal direction. If the transverse 
profile is measured more densely, it is represented by a mean value within 0.1 m. 
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• The transverse profile (normally 4 m wide) is expanded by mirroring with 2 m on each side. 
The mirroring is done both horizontally and vertically, see Figure 76. This is done to avoid an 
effect on the ends of the transverse profile in filtering. The expanded profile is now ready to 
be filtered. 
 

 

Figure 76. The blue profile is the original profile. The orange expansion is the mirroring. 

• The transverse profile is filtered with a 3-pole low-pass Butterworth filter of 150 mm (forward 
and reverse to avoid phase shifts).  

• 150 mm is removed from the 4 m side profile at each end of the transverse profile, so that 3.7 
m remains. This is another safety measure to prevent end-effects of the filtering affecting the 
result. 

• After filtering, the part of the transverse profile (normally 3.2 m) that represents 0.1 m in the 
longitudinal direction and provides a basis for calculation of rut depth is chosen. 

To take account of these methods of measurement, a method description must include wording for 
both technologies. Using specifically a 150 mm low-pass filter is not entirely self-evident. We 
consider that further studies should be performed to optimise filtering for the equipments. 

In a tendering procedure, the scanning technology probably cannot compete with point-laser 
technology in price if only present-day measurement variables are asked for. There must be incentives 
for requirements that persuade the supplier to come up with a scanning system. Requirement may, for 
example, be a particular density of measurement points in the transverse direction and the possibility 
of detecting surface defects and cracks. This in turn requires that it must be possible to decide whether 
what is offered (surface defects or cracks) in a tendering procedure is sufficiently good. It is essential 
for this purpose that reliable reference methods are developed. 
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7. Proposals for continued development and evaluation 
Even if it is possible to introduce new technology with no decline in quality for the measurement of rut 
depth, this is not sufficiently strong reason for a technological shift. We have to be able get more out 
of the new technology! The software from the suppliers of the scanning systems today contains 
options for calculating cracks and other measures of surface defects. The quality that is obtained with 
present-day measurement of rut depth (point lasers) is good and fulfils the needs of the transport 
administrations for rut depth. However, cracks and surface damage specifically are a neglected area, 
particularly in Sweden. There are promising trials on indicating surface damage at road-network level 
from MPD and megatexture (small and large damage) (Lundberg, et al., 2015). The proposal is based 
on studying the homogeneity of what is measured in the longitudinal direction at one-metre level. It is 
to be studied in a continuation project (Sustainable Maintenance – Surface Damage) whether the new 
scanning technology offers a more reliable method, perhaps in combination with MPD and 
megatexture. The project begins in 2018 and is expected to be reported in 2019. The benefits and 
opportunities we see with the new scanning technology are summarised in Table 26. 

Table 26. Added value and opportunities in the introduction of scanning measurement technology. 

Function/Feature Implementation Technical opportunities, 
limitations 

Surface defects Dependent on outcome of new 
project, 2020. 

There are program modules for 
new scanning technology, require 
the most high-resolution 
equipments. Some European 
countries collect raw data and 
calculate their own measures. 

Cracks Dependent on outcome of new 
project, 2020. 

There are program modules for 
new scanning technology, require 
the most high-resolution 
equipments. 

Shape of rut for causal analysis of 
rutting. 

When the technology is introduced 
there are ideas and methods that 
have not been fully developed 
because there are too few 
measurement points in the 
transverse profile. There is a wish 
to be able to decide whether the 
rutting is caused by heavy traffic 
(compression, structural problems) 
or cars (wear). 

One measurement point every 
25 m in the transverse direction 
ought to be fully sufficient for all 
imaginable methods. 

Ponding Ponding means a refinement of the 
measure of area of water that is 
used at present. Ponding has to 
take account of all three 
dimensions to decide where 
puddles of water are formed after 
and during rainfall. Ponding does 
not replace area of water but 
complements it. 

One measurement point every 
25 m in the transverse direction 
ought to be fully sufficient for all 
imaginable methods. 

Difference in height between 
pavement and support strip. 

There are requirements for 
maximum difference in height 
between pavement and support 
strip. No tests have been done. 

It works only on roads with widths 
≤ 7 m. There may be difficulties in 
deciding where the pavement ends 
and the support strip begins. If 
difficulty is faced in deciding this 
there are, on the other hand, 
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Function/Feature Implementation Technical opportunities, 
limitations 

probably no problems (the heights 
are equivalent). 

A better and more detailed basis 
for pavement planning. 

Already used today by some 
measurement suppliers in lining up 
for planning. 

A more detailed picture of the 
transverse profile of the road 
provides a better base and better 
opportunities to link more parallel 
measurements to a 
comprehensive transverse profile. 
It also provides a more detailed 
picture of the transverse profile 
and therefore a better basis for 
planning. The large measurement 
width is another great benefit. 

Better repeatability by using the 
road marking or rut shape as 
reference. 

Better agreement of year-by-year 
measurements. 

The automatic detection of lateral 
position worked well on test 
sections and in measurement of 
the project level sections in the 
tests done in this study. The 
circumstances for detection were 
good. Experience at road-network 
level is not so good. 

More tests should be done at road-
network level to investigate the 
reasons why the technology did 
not work satisfactorily in 
measurement of the road-network 
loop. 

Distance between rut bottoms, 
better accuracy. 

There is a measure that indicates 
the distance between the deepest 
points on the left and right parts of 
the transverse profile. The 
measure is used to decide the 
reason why rutting has occurred. 

When measurement with 17 
measurement points is used, the 
distance between two 
measurement points in the 
transverse profile is up to 300 mm. 
A small difference in the ruts may 
thus mean that the measure 
“jumps” 300 mm, which is not 
satisfactory. We obtain a more 
stable measure with a transverse 
profile that is described by one 
measurement point every 25 mm. 
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Annex 1. Results of repeatability test on Project level section E 
The tables in this chapter describe the checks performed on Project level section E. Results and 
requirements in the tables are expressed in mm and the relative result and the requirement as a 
percentage. 

 

Table B1 - 1 Results from project level measurement with RST33 on Project level section E. 

RST33_17_lasers, 29.04.16 

        

Project level measurement, 

section E 

         

  
Mean Standard deviation 

 

TermID Plain text Result Requirement Result Requirement Pass 

1025 Rut depth max17 0.12 
 

0.45 15.5% 0.12   0.55 25.5% OK 

1026 Rut depth left17 0.20 
 

0.45 15.5% 0.07   0.55 25.5% OK 

1105 Rut depth right17 0.11 
 

0.45 15.5% 0.14   0.55 25.5% OK 

8025 Rut depth max15 0.28 
 

0.45 15.5% 0.16   0.55 25.5% OK 

8026 Rut depth left15 0.29 
 

0.45 15.5% 0.10   0.55 25.5% OK 

8105 Rut depth right15 0.38 
 

0.45 15.5% 0.32   0.55 25.5% OK 

 

Table B1 - 2 Results from project level measurement with VTIRST on Project level section E. 

VTIRST_17_lasrar, 17.05.16 

        

Project level measurement, 

section E 

         

  
Mean Standard deviation 

 

TermID Plain text Result Requirement Result Requirement Pass 

1025 Rut depth max17 0.36 
 

0.45 15.5% 0.33   0.55 25.5% OK 

1026 Rut depth left17 0.26 
 

0.45 15.5% 0.25   0.55 25.5% OK 

1105 Rut depth right17 0.54 14.6% 0.45 15.5% 0.22   0.55 25.5% OK 

8025 Rut depth max15 0.11 
 

0.45 15.5% 0.07   0.55 25.5% OK 

8026 Rut depth left15 0.17 
 

0.45 15.5% 0.09   0.55 25.5% OK 

8105 Rut depth right15 0.40 
 

0.45 15.5% 0.39   0.55 25.5% OK 
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Table B1 - 3 Results from project level measurement with LCMS with 17 measurement points on 
Project level section E. 

Fraunhofer, 21.06.2016 

        

Project level measurement, 

section E 

         

  
Mean Standard deviation 

 

TermID Plain text Result Requirement Result Requirement Pass 

1025 Rut depth max17 0.22 
 

0.45 15.5% 0.09   0.55 25.5% OK 

1026 Rut depth left17 0.31 
 

0.45 15.5% 0.15   0.55 25.5% OK 

1105 Rut depth right17 0.33 
 

0.45 15.5% 0.21   0.55 25.5% OK 

8025 Rut depth max15 0.18 
 

0.45 15.5% 0.12   0.55 25.5% OK 

8026 Rut depth left15 0.30 
 

0.45 15.5% 0.19   0.55 25.5% OK 

8105 Rut depth right15 0.18 
 

0.45 15.5% 0.23   0.55 25.5% OK 

 

Table B1 - 4 Results from project level measurement with LCMS with 17 measurement points on 
Project level section E. 

LCMS_17_lasrar, 29.04.16 

        

Project level measurement, 

section E 

         

  
Mean Standard deviation 

 

TermID Plain text Result Requirement Result Requirement Pass 

1025 Rut depth max17 0.22 
 

0.45 15.5% 0.19   0.55 25.5% OK 

1026 Rut depth left17 0.30 
 

0.45 15.5% 0.30   0.55 25.5% OK 

1105 Rut depth right17 0.38 
 

0.45 15.5% 0.16   0.55 25.5% OK 

8025 Rut depth max15 0.68 17.8% 0.45 15.5% 0.21   0.55 25.5% Fail 

8026 Rut depth left15 0.78 27.2% 0.45 15.5% 0.34   0.55 25.5% Fail 

8105 Rut depth right15 0.91 25.7% 0.45 15.5% 0.50   0.55 25.5% Fail 
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Table B1 - 5 Results from project level measurement with LCMS with 17 measurement points on 
Project level section E with lateral position adaptation to road marking. 

LCMS_17_lasrar, 160429 

        

Project level measurement, 

section E 

         

  
Mean Standard deviation 

 

TermID Plain text Result Requirement Result Requirement Pass 

1025 Rut depth max17 0.13 
 

0.45 15.5% 0.10   0.55 25.5% OK 

1026 Rut depth left17 0.11 
 

0.45 15.5% 0.08   0.55 25.5% OK 

1105 Rut depth right17 0.17 
 

0.45 15.5% 0.14   0.55 25.5% OK 

8025 Rut depth max15 0.08 
 

0.45 15.5% 0.09   0.55 25.5% OK 

8026 Rut depth left15 0.12 
 

0.45 15.5% 0.13   0.55 25.5% OK 

8105 Rut depth right15 0.17 
 

0.45 15.5% 0.08   0.55 25.5% OK 

 

Table B1 - 6 Results from project level measurement with LCMS with 33 measurement points on 
Project level section E. 

Fraunhofer, 21.06.2016 

        

Project level measurement, 

section E 

         

  
Mean Standard deviation 

 

TermID Plain text Result Requirement Result Requirement Pass 

1025 Rut depth max17 0.11 
 

0.45 15.5% 0.07   0.55 25.5% OK 

1026 Rut depth left17 0.20 
 

0.45 15.5% 0.12   0.55 25.5% OK 

1105 Rut depth right17 0.51 29.4% 0.45 15.5% 0.32   0.55 25.5% Fail 

8025 Rut depth max15 0.11 
 

0.45 15.5% 0.08   0.55 25.5% OK 

8026 Rut depth left15 0.23 
 

0.45 15.5% 0.12   0.55 25.5% OK 

8105 Rut depth right15 0.20 
 

0.45 15.5% 0.23   0.55 25.5% OK 
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Table B1 - 7 Results from project level measurement with LCMS with 33 measurement points on 
Project level section E. 

LCMS_33_lasrar, 29.04.16 

        

Project level measurement, 

section E 

         

  
Mean Standard deviation 

 

TermID Plain text Result Requirement Result Requirement Pass 

1025 Rut depth max17 0.16 
 

0.45 15.5% 0.18   0.55 25.5% OK 

1026 Rut depth left17 0.33 
 

0.45 15.5% 0.28   0.55 25.5% OK 

1105 Rut depth right17 0.27 
 

0.45 15.5% 0.15   0.55 25.5% OK 

8025 Rut depth max15 0.65 16.3% 0.45 15.5% 0.20   0.55 25.5% Fail 

8026 Rut depth left15 0.79 25.9% 0.45 15.5% 0.33   0.55 25.5% Fail 

8105 Rut depth right15 0.90 24.3% 0.45 15.5% 0.51   0.55 25.5% Fail 

 

Table B1 - 8 Results from project level measurement with LCMS with 33 measurement points on 
Project level section E with lateral position adaptation to road marking. 

LCMS_33_lasrar, 29.04.16 

        

Project level measurement, 

section E 

         

  
Mean Standard deviation 

 

TermID Plain text Result Requirement Result Requirement Pass 

1025 Rut depth max17 0.15 
 

0.45 15.5% 0.08   0.55 25.5% OK 

1026 Rut depth left17 0.12 
 

0.45 15.5% 0.07   0.55 25.5% OK 

1105 Rut depth right17 0.15 
 

0.45 15.5% 0.12   0.55 25.5% OK 

8025 Rut depth max15 0.13 
 

0.45 15.5% 0.10   0.55 25.5% OK 

8026 Rut depth left15 0.11 
 

0.45 15.5% 0.08   0.55 25.5% OK 

8105 Rut depth right15 0.17 
 

0.45 15.5% 0.14   0.55 25.5% OK 
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Table B1 - 9 Results from project level measurement with PPS with one measurement point every 20 
mm on Project level section E. 

Fraunhofer, 21.06.2016 

        

Project level measurement, 

section E 

         

  
Mean Standard deviation 

 

TermID Plain text Result Requirement Result Requirement Pass 

1025 Rut depth max17 0.13 
 

0.45 15.5% 0.10   0.55 25.5% OK 

1026 Rut depth left17 0.18 
 

0.45 15.5% 0.15   0.55 25.5% OK 

1105 Rut depth right17 0.51 27.2% 0.45 15.5% 0.31   0.55 25.5% Fail 

8025 Rut depth max15 0.09 
 

0.45 15.5% 0.07   0.55 25.5% OK 

8026 Rut depth left15 0.29 
 

0.45 15.5% 0.14   0.55 25.5% OK 

8105 Rut depth right15 0.20 
 

0.45 15.5% 0.16   0.55 25.5% OK 

 

Table B1 - 10 Results from project level measurement with LCMS with one measurement point every 
10 mm on Project level section E. 

LCMS_Alla_lasrar, 29.04.16 

        

Project level measurement, 

section E 

         

  
Mean Standard deviation 

 

TermI
D 

Plain text Result Requirement Result Requirement Pass 

1025 Rut depth max17 0.20 
 

0.45 15.5% 0.20   0.55 25.5% OK 

1026 Rut depth left17 0.35 
 

0.45 15.5% 0.29   0.55 25.5% OK 

1105 Rut depth right17 0.27 
 

0.45 15.5% 0.17   0.55 25.5% OK 

8025 Rut depth max15 0.57 12.3% 0.45 15.5% 0.23   0.55 25.5% OK 

8026 Rut depth left15 0.76 29.2% 0.45 15.5% 0.35   0.55 25.5% Fail 

8105 Rut depth right15 0.83 18.0% 0.45 15.5% 0.40   0.55 25.5% Fail 
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Table B1 - 11 Results from project level measurement with LCMS with one measurement point on 
Project level section E with lateral position adaptation to road marking. 

LCMS_33_lasrar, 29.04.16 

        

Project level measurement, 

section E 

         

  
Mean Standard deviation 

 

TermID Plain text Result Requirement Result Requirement Pass 

1025 Rut depth max17 0.14 
 

0.45 15.5
% 

0.0
8 

  0.5
5 

25.5
% 

OK 

1026 Rut depth left17 0.14 
 

0.45 15.5
% 

0.0
7 

  0.5
5 

25.5
% 

OK 

1105 Rut depth right17 0.15 
 

0.45 15.5
% 

0.1
1 

  0.5
5 

25.5
% 

OK 

8025 Rut depth max15 0.11 
 

0.45 15.5
% 

0.0
8 

  0.5
5 

25.5
% 

OK 

8026 Rut depth left15 0.18 
 

0.45 15.5
% 

0.1
2 

  0.5
5 

25.5
% 

OK 

8105 Rut depth right15 0.13 
 

0.45 15.5
% 

0.0
8 

  0.5
5 

25.5
% 

OK 
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Annex 2. Results of repeatability test on Project level section F 
The tables in this chapter describe the checks performed on Project level section F. Results and 
requirements in the tables are expressed in mm and the relative result and the requirement as a 
percentage. 

 

Table B2 - 1 Results from project level measurement with RST33 on Project level section F. 

RST33_17_lasrar, 29.04.16 

        

Project level measurement, 

section F 

         

  
Mean Standard deviation 

 

TermID Plain text Results Requirement Results Requirement Pass 

1025 Rut depth max17 0.20 
 

0.45 15.5% 0.09   0.55 25.5% OK 

1026 Rut depth left17 0.09 
 

0.45 15.5% 0.10   0.55 25.5% OK 

1105 Rut depth right17 0.20 
 

0.45 15.5% 0.14   0.55 25.5% OK 

8025 Rut depth max15 0.25 
 

0.45 15.5% 0.17   0.55 25.5% OK 

8026 Rut depth left15 0.22 
 

0.45 15.5% 0.33   0.55 25.5% OK 

8105 Rut depth right15 0.39 
 

0.45 15.5% 0.24   0.55 25.5% OK 

 

Table B2 - 2 Results from project level measurement with VTIRST on Project level section F. 

VTIRST_17_lasrar, 17.05.16 

        

Project level measurement, 

section F 

         

  
Mean Standard deviation 

 

TermID Plain text Results Requirement Results Requirement Pass 

1025 Rut depth max17 0.22 
 

0.45 15.5% 0.13   0.55 25.5% OK 

1026 Rut depth left17 0.14 
 

0.45 15.5% 0.14   0.55 25.5% OK 

1105 Rut depth right17 0.43 
 

0.45 15.5% 0.21   0.55 25.5% OK 

8025 Rut depth max15 0.14 
 

0.45 15.5% 0.09   0.55 25.5% OK 

8026 Rut depth left15 0.24 
 

0.45 15.5% 0.13   0.55 25.5% OK 

8105 Rut depth right15 0.33 
 

0.45 15.5% 0.32   0.55 25.5% OK 
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Table B1 - 3 Results from project level measurement with LCMS with 17 measurement points on 
Project level section F. 

Fraunhofer, 21.06.2016 

        

Project level measurement, 

section F 

         

  
Mean Standard deviation 

 

TermID Plain text Results Requirement Results Requirement Pass 

1025 Rut depth max17 0.28 
 

0.45 15.5% 0.46   0.55 25.5% OK 

1026 Rut depth left17 0.62 12.2% 0.45 15.5% 0.49   0.55 25.5% OK 

1105 Rut depth right17 0.54 33.5% 0.45 15.5% 0.68 63.6% 0.55 25.5% Fail 

8025 Rut depth max15 0.41 
 

0.45 15.5% 0.21   0.55 25.5% OK 

8026 Rut depth left15 0.66 13.0% 0.45 15.5% 0.47   0.55 25.5% OK 

8105 Rut depth right15 0.44 
 

0.45 15.5% 0.77 294.3% 0.55 25.5% Fail 

 

Table B1 - 4 Results from project level measurement with LCMS with 17 measurement points on 
Project level section F. 

LCMS_17_lasrar, 29.04.16 

        

Project level measurement, 

section F 

         

  
Mean Standard deviation 

 

TermID Plain text Results Requirement Results Requirement Pass 

1025 Rut depth max17 0.28 
 

0.45 15.5% 0.15   0.55 25.5% OK 

1026 Rut depth left17 0.62 15.4% 0.45 15.5% 0.42   0.55 25.5% OK 

1105 Rut depth right17 0.64 13.0% 0.45 15.5% 0.42   0.55 25.5% OK 

8025 Rut depth max15 0.83 17.5% 0.45 15.5% 0.30   0.55 25.5% Fail 

8026 Rut depth left15 0.75 26.7% 0.45 15.5% 0.36   0.55 25.5% Fail 

8105 Rut depth right15 1.04 31.7% 0.45 15.5% 0.28   0.55 25.5% Fail 
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Table B1 - 5 Results from project level measurement with LCMS with 17 measurement points on 
Project level section F with lateral position adaptation to road marking. 

LCMS_17_lasrar, 29.04.16 

        

Project level measurement, 

section F 

         

  
Mean Standard deviation 

 

TermID Plain text Results Requirement Results Requirement Pass 

1025 Rut depth max17 0.20 
 

0.45 15.5% 0.10   0.55 25.5% OK 

1026 Rut depth left17 0.17 
 

0.45 15.5% 0.11   0.55 25.5% OK 

1105 Rut depth right17 0.19 
 

0.45 15.5% 0.08   0.55 25.5% OK 

8025 Rut depth max15 0.10 
 

0.45 15.5% 0.07   0.55 25.5% OK 

8026 Rut depth left15 0.14 
 

0.45 15.5% 0.15   0.55 25.5% OK 

8105 Rut depth right15 0.19 
 

0.45 15.5% 0.11   0.55 25.5% OK 

 

Table B1 - 6 Results from project level measurement with LCMS with 33 measurement points on 
Project level section F. 

Fraunhofer, 21.06.2016 

        

Project level measurement, 

section F 

         

  
Mean Standard deviation 

 

TermID Plain text Results Requirement Results Requirement Pass 

1025 Rut depth max17 0.28 
 

0.45 15.5% 0.30   0.55 25.5% OK 

1026 Rut depth left17 0.56 10.7% 0.45 15.5% 0.34   0.55 25.5% OK 

1105 Rut depth right17 0.57 31.8% 0.45 15.5% 0.50   0.55 25.5% Fail 

8025 Rut depth max15 0.43 
 

0.45 15.5% 0.25   0.55 25.5% OK 

8026 Rut depth left15 0.64 12.5% 0.45 15.5% 0.41   0.55 25.5% OK 

8105 Rut depth right15 0.45 36.1% 0.45 15.5% 0.78 344.5% 0.55 25.5% Fail 
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Table B1 - 7 Results from project level measurement with LCMS with 33 measurement points on 
Project level section F. 

LCMS_33_lasrar, 29.04.16 

        

Project level measurement, 

section F 

         

  
Mean Standard deviation 

 

TermID Plain text Results Requirement Results Requirement Pass 

1025 Rut depth max17 0.29 
 

0.45 15.5% 0.18   0.55 25.5% OK 

1026 Rut depth left17 0.72 16.4% 0.45 15.5% 0.37   0.55 25.5% Fail 

1105 Rut depth right17 0.58 11.3% 0.45 15.5% 0.32   0.55 25.5% OK 

8025 Rut depth max15 0.83 17.1% 0.45 15.5% 0.31   0.55 25.5% Fail 

8026 Rut depth left15 0.72 24.1% 0.45 15.5% 0.34   0.55 25.5% Fail 

8105 Rut depth right15 1.00 29.1% 0.45 15.5% 0.29   0.55 25.5% Fail 

 

Table B1 - 8 Results from project level measurement with LCMS with 33 measurement points on 
Project level section F with lateral position adaptation to road marking. 

LCMS_33_lasrar, 29.04.16 

        

Project level measurement, 

section F 

         

  
Mean Standard deviation 

 

TermID Plain text Results Requirement Results Requirement Pass 

1025 Rut depth max17 0.13 
 

0.45 15.5% 0.09   0.55 25.5% OK 

1026 Rut depth left17 0.13 
 

0.45 15.5% 0.13   0.55 25.5% OK 

1105 Rut depth right17 0.13 
 

0.45 15.5% 0.07   0.55 25.5% OK 

8025 Rut depth max15 0.19 
 

0.45 15.5% 0.10   0.55 25.5% OK 

8026 Rut depth left15 0.16 
 

0.45 15.5% 0.17   0.55 25.5% OK 

8105 Rut depth right15 0.20 
 

0.45 15.5% 0.09   0.55 25.5% OK 
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Table B1 - 9 Results from project level measurement with PPS with one measurement point every 20 
mm on Project level section F. 

Fraunhofer, 21.06.2016 

        

Project level measurement, 

section F 

         

  
Mean Standard deviation 

 

TermID Plain text Results Requirement Results Requirement Pass 

1025 Rut depth max17 0.28 
 

0.45 15.5% 0.30   0.55 25.5% OK 

1026 Rut depth left17 0.55 10.1% 0.45 15.5% 0.34   0.55 25.5% OK 

1105 Rut depth right17 0.56 29.5% 0.45 15.5% 0.50   0.55 25.5% Fail 

8025 Rut depth max15 0.43 
 

0.45 15.5% 0.26   0.55 25.5% OK 

8026 Rut depth left15 0.63 12.3% 0.45 15.5% 0.44   0.55 25.5% OK 

8105 Rut depth right15 0.43 
 

0.45 15.5% 0.72 284.9% 0.55 25.5% Fail 

 

Table B1 - 10 Results from project level measurement with LCMS with one measurement point every 
10 mm on Project level section F. 

LCMS_max_lasrar, 29.04.16 

        

Project level measurement, 

section F 

         

  
Mean Standard deviation 

 

TermI
D 

Plain text Results Requirement Results Requirement Pass 

1025 Rut depth max17 0.35 
 

0.45 15.5% 0.22   0.55 25.5% OK 

1026 Rut depth left17 0.77 16.2% 0.45 15.5% 0.34   0.55 25.5% Fail 

1105 Rut depth right17 0.59 10.9% 0.45 15.5% 0.31   0.55 25.5% OK 

8025 Rut depth max15 0.83 16.0% 0.45 15.5% 0.32   0.55 25.5% Fail 

8026 Rut depth left15 0.85 28.2% 0.45 15.5% 0.20   0.55 25.5% Fail 

8105 Rut depth right15 1.04 26.3% 0.45 15.5% 0.32   0.55 25.5% Fail 
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Table B1 - 11 Results from project level measurement with LCMS with one measurement point on 
Project level section F with lateral position adaptation to road marking. 

LCMS_33_lasrar, 29.04.16 

        

Project level measurement, 

section F 

         

  
Mean Standard deviation 

 

TermID Plain text Results Requirement Results Requirement Pass 

1025 Rut depth max17 0.13 
 

0.45 15.5% 0.09   0.55 25.5% OK 

1025 Rut depth max17 0.13 
 

0.45 15.5% 0.09   0.55 25.5% OK 

1026 Rut depth left17 0.14 
 

0.45 15.5% 0.12   0.55 25.5% OK 

1105 Rut depth right17 0.13 
 

0.45 15.5% 0.08   0.55 25.5% OK 

8025 Rut depth max15 0.20 
 

0.45 15.5% 0.10   0.55 25.5% OK 

8026 Rut depth left15 0.17 
 

0.45 15.5% 0.11   0.55 25.5% OK 

8105 Rut depth right15 0.19 
 

0.45 15.5% 0.08   0.55 25.5% OK 
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Annex 3. Results for validity and repeatability on test sections 
Explanation of the symbols in tables: 

• X means that 17 measurement points are used in the calculations. 

• Y means that 33 measurement points are used in the calculations. 

• Z means that all available measurement points are used in the calculations. 

• LC means that the lateral position for the data selected for the rut-depth calculation are related 
in the lateral direction to a reference in order to increase repeatability.  

 

Table B3 - 1 Results for validity and repeatability for measurement with RST33 on test sections. 

Ramböll (RST33) 

   

    

Parameter Limit value Results 

 

Validity (%) (%) 
 

Rut depth max 17 80 96.0 OK 

Rut depth max 15 80 98.1 OK 

Rut depth left 17 75 98.0 OK 

Rut depth left 15 75 98.1 OK 

Rut depth right 17 
 

47.2 
 

Mean transverse profile 85 99.9 OK 
    

Repeatability (mm) (mm) 
 

Rut depth max 17 lasers 0.5 0.10 OK 

Rut depth left 17 lasers 0.5 0.09 OK 

Rut depth max 15 lasers 0.5 0.10 OK 

Rut depth left 15 lasers 0.5 0.10 OK 

Rut depth right 17 lasers 
 

0.33 
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Table B3 - 2 Results for validity and repeatability for measurement with VTIRST on test sections. 

VTIRST 

   

    

Parameter Limit value Results 

 

Validity (%) (%) 
 

Rut depth max 17 80 90.3 OK 

Rut depth max 15 80 92.6 OK 

Rut depth left 17 75 90.8 OK 

Rut depth left 15 75 91.1 OK 

Rut depth right 17 
 

63.6 
 

Mean transverse profile 85 94.3 OK 
    

Repeatability (mm) (mm) 
 

Rut depth max 17 lasers 0.5 0.28 OK 

Rut depth left 17 lasers 0.5 0.25 OK 

Rut depth max 15 lasers 0.5 0.25 OK 

Rut depth left 15 lasers 0.5 0.25 OK 

Rut depth right 17 lasers 
 

0.30 
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Table B3 - 3 Results for validity and repeatability for measurement with PPS (when 17 measurement 
points are used) on test sections. 

PPS X 

   

    

Parameter Limit value Results 

 

Validity (%) (%) 
 

Rut depth max 17 80 91.2 OK 

Rut depth max 15 80 90.9 OK 

Rut depth left 17 75 93.6 OK 

Rut depth left 15 75 91.0 OK 

Rut depth right 17 
 

67.4 
 

Mean transverse profile 85 95.8 OK 
    

Repeatability (mm) (mm) 
 

Rut depth max 17 lasers 0.5 0.39 OK 

Rut depth left 17 lasers 0.5 0.32 OK 

Rut depth max 15 lasers 0.5 0.39 OK 

Rut depth left 15 lasers 0.5 0.42 OK 

Rut depth right 17 lasers 
 

0.50 
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Table B3 - 4 Results for validity and repeatability for measurement with PPS (when 17 measurement 
points are used) on test sections after automatic lateral correction based on the guideline. 

PPS X LC 

   

    

Parameter Limit value Results 

 

Validity (%) (%) 
 

Rut depth max 17 80 97.0 OK 

Rut depth max 15 80 96.2 OK 

Rut depth left 17 75 98.6 OK 

Rut depth left 15 75 96.1 OK 

Rut depth right 17 
 

7.0 
 

Mean transverse profile 85 94.0 OK 
    

Repeatability (mm) (mm) 
 

Rut depth max 17 lasers 0.5 0.09 OK 

Rut depth left 17 lasers 0.5 0.09 OK 

Rut depth max 15 lasers 0.5 0.09 OK 

Rut depth left 15 lasers 0.5 0.09 OK 

Rut depth right 17 lasers 0.5 0.08 
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Table B3 - 5 Results for validity and repeatability for measurement with LCMS (when 17 measurement 
points are used) on test sections. 

LCMS (RST47) X 

   

    

Parameter Limit value Results 

 

Validity (%) (%) 
 

Rut depth max 17 80 99.0 OK 

Rut depth max 15 80 99.1 OK 

Rut depth left 17 75 99.5 OK 

Rut depth left 15 75 99.1 OK 

Rut depth right 17 
 

92.5 
 

Mean transverse profile 85 99.1 OK 
    

Repeatability (mm) (mm) 
 

Rut depth max 17 lasers 0.5 0.29 OK 

Rut depth left 17 lasers 0.5 0.26 OK 

Rut depth max 15 lasers 0.5 0.30 OK 

Rut depth left 15 lasers 0.5 0.30 OK 

Rut depth right 17 lasers 
 

0.48 
 

 



120  VTI rapport 961A 

Table B3 - 6 Results for validity and repeatability for measurement with LCMS (when 17 measurement 
points are used) on test sections after automatic lateral correction based on the road marking. 

LCMS X LC 

   

    

Parameter Limit value Results 

 

Validity (%) (%) 
 

Rut depth max 17 80 95.8 OK 

Rut depth max 15 80 97.3 OK 

Rut depth left 17 75 97.9 OK 

Rut depth left 15 75 98.4 OK 

Rut depth right 17 
 

93.3 
 

Mean transverse profile 85 99.1 OK 
    

Repeatability (mm) (mm) 
 

(mm) 
 

Rut depth max 17 lasers 0.5 0.19 OK 

Rut depth left 17 lasers 0.5 0.19 OK 

Rut depth max 15 lasers 0.5 0.19 OK 

Rut depth left 15 lasers 0.5 0.19 OK 

Rut depth right 17 lasers 0.5 0.20 
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Table B3 - 7 Results for validity and repeatability for measurement with PPS (when 33 measurement 
points are used) on test sections. 

PPS Y 

   

    

Parameter Limit value Results 

 

Validity (%) (%) 
 

Rut depth max 17 80 97.1 OK 

Rut depth max 15 80 96.4 OK 

Rut depth left 17 75 97.8 OK 

Rut depth left 15 75 95.8 OK 

Rut depth right 17 
 

65.5 
 

Mean transverse profile 85 98.4 OK 
    

Repeatability (mm) (mm) 
 

Rut depth max 17 lasers 0.5 0.14 OK 

Rut depth left 17 lasers 0.5 0.13 OK 

Rut depth max 15 lasers 0.5 0.22 OK 

Rut depth left 15 lasers 0.5 0.27 OK 

Rut depth right 17 lasers 
 

0.50 
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Table B3 - 8 Results for validity and repeatability for measurement with PPS (when 33 measurement 
points are used) on test sections after automatic lateral correction based on the guideline. 

PPS Y LC 

   

    

Parameter Limit value Results 

 

Validity (%) (%) 
 

Rut depth max 17 80 98.6 OK 

Rut depth max 15 80 95.8 OK 

Rut depth left 17 75 98.0 OK 

Rut depth left 15 75 95.8 OK 

Rut depth right 17 
 

2.0 
 

Mean transverse profile 85 98.6 OK 
    

Repeatability (mm) (mm) 
 

Rut depth max 17 lasers 0.5 0.09 OK 

Rut depth left 17 lasers 0.5 0.08 OK 

Rut depth max 15 lasers 0.5 0.09 OK 

Rut depth left 15 lasers 0.5 0.09 OK 

Rut depth right 17 lasers 0.5 0.09 
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Table B3 - 9 Results for validity and repeatability for measurement with LCMS (when 33 measurement 
points are used) on test sections. 

LCMS (RST47) Y 

   

    

Parameter Limit value Results 

 

Validity (%) (%) 
 

Rut depth max 17 80 99.1 OK 

Rut depth max 15 80 99.1 OK 

Rut depth left 17 75 99.5 OK 

Rut depth left 15 75 99.1 OK 

Rut depth right 17 
 

93.9 
 

Mean transverse profile 85 97.8 OK 
    

Repeatability (mm) (mm) 
 

Rut depth max 17 lasers 0.5 0.23 OK 

Rut depth left 17 lasers 0.5 0.22 OK 

Rut depth max 15 lasers 0.5 0.27 OK 

Rut depth left 15 lasers 0.5 0.28 OK 

Rut depth right 17 lasers 
 

0.44 
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Table B3 - 10 Results for validity and repeatability for measurement with LCMS (when 33 
measurement points are used) on test sections after automatic lateral correction based on the road 
marking. 

LCMS Y LC 

   

    

Parameter Limit value Results 

 

Validity (%) (%) 
 

Rut depth max 17 80 99.5 OK 

Rut depth max 15 80 99.7 OK 

Rut depth left 17 75 99.6 OK 

Rut depth left 15 75 99.7 OK 

Rut depth right 17 
 

93.1 
 

Mean transverse profile 85 97.8 OK 
    

Repeatability (mm) (mm) 
 

Rut depth max 17 lasers 0.5 0.21 OK 

Rut depth left 17 lasers 0.5 0.20 OK 

Rut depth max 15 lasers 0.5 0.19 OK 

Rut depth left 15 lasers 0.5 0.19 OK 

Rut depth right 17 lasers 0.5 0.20 
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Table B3 - 11 Results for validity and repeatability for measurement with PPS (when all measurement 
points are used) on test sections. 

PPS Z 

   

    

Parameter Limit value Result 

 

Validity (%) (%) 
 

Rut depth max 17 80 97.0 OK 

Rut depth max 15 80 96.6 OK 

Rut depth left 17 75 97.0 OK 

Rut depth left 15 75 95.6 OK 

Rut depth right 17 
 

64.5 
 

Mean transverse profile 85 98.3 OK 
    

Repeatability (mm) (mm) 
 

Rut depth max 17 lasers 0.5 0.11 OK 

Rut depth left 17 lasers 0.5 0.12 OK 

Rut depth max 15 lasers 0.5 0.21 OK 

Rut depth left 15 lasers 0.5 0.25 OK 

Rut depth right 17 lasers 
 

0.50 
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Table B3 - 12 Results for validity and repeatability for measurement with PPS (when all measurement 
points are used) on test sections after automatic lateral correction based on the guideline. 

PPS Z LC 

   

    

Parameter Limit value Result 

 

Validity (%) (%) 
 

Rut depth max 17 80 98.6 OK 

Rut depth max 15 80 96.2 OK 

Rut depth left 17 75 96.6 OK 

Rut depth left 15 75 95.0 OK 

Rut depth right 17 
 

1.3 
 

Mean transverse profile 85 98.6 OK 
    

Repeatability (mm) (mm) 
 

Rut depth max 17 lasers 0.5 0.09 OK 

Rut depth left 17 lasers 0.5 0.09 OK 

Rut depth max 15 lasers 0.5 0.09 OK 

Rut depth left 15 lasers 0.5 0.09 OK 

Rut depth right 17 lasers 0.5 0.09 
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Table B3 - 13 Results for validity and repeatability for measurement with LCMS (when all 
measurement points are used) on test sections. 

LCMS (RST47) Z 

   

    

Parameter Limit value Results 

 

Validity (%) (%) 
 

Rut depth max 17 80 98.8 OK 

Rut depth max 15 80 99.0 OK 

Rut depth left 17 75 99.3 OK 

Rut depth left 15 75 98.9 OK 

Rut depth right 17 
 

93.9 
 

Mean transverse profile 85 97.7 OK 
    

Repeatability (mm) (mm) 
 

Rut depth max 17 lasers 0.5 0.23 OK 

Rut depth left 17 lasers 0.5 0.21 OK 

Rut depth max 15 lasers 0.5 0.28 OK 

Rut depth left 15 lasers 0.5 0.29 OK 

Rut depth right 17 lasers 
 

0.44 
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Table B3 - 14 Results for validity and repeatability for measurement with LCMS (when all 
measurement points are used) on test sections after automatic lateral correction based on the road 
marking. 

LCMS Z LC 

   

    

Parameter Limit value Results 

 

Validity (%) (%) 

 

Rut depth max 17 80 99.3 OK 

Rut depth max 15 80 99.6 OK 

Rut depth left 17 75 99.4 OK 

Rut depth left 15 75 99.6 OK 

Rut depth right 17 
 

93.4 
 

Means transverse profile 85 97.7 OK 
    

Repeatability (mm) (mm) 

 

Rut depth max 17 lasers 0.5 0.20 OK 

Rut depth left 17 lasers 0.5 0.20 OK 

Rut depth max 15 lasers 0.5 0.20 OK 

Rut depth left 15 lasers 0.5 0.20 OK 

Rut depth right 17 lasers 0.5 0.20 
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Annex 4. Results from the Finnish routine control method 
Explanation of the symbols in tables: 

Z – number of 100 m differences between two runs that do not pass the control method  

Z% –proportion of 100 m differences between two runs that do not pass the control method  

Zh – number of 100 m differences between two runs that do not pass the control method with the large 
tolerance 

Zh% – proportion of 100 m differences between two runs that do not pass the control method with the 
large tolerance 

X – number of observations 

Qn% - proportion of failed 100 m sections for the control method (for all tested combinations), 
excluding Qs% 

Qs% - proportion of failed 100 m sections for the control method with expanded tolerance (for all 
tested combinations) 

Q% - proportion of failed 100 m sections for the control method (for all tested combinations) 

 

Table B4 - 1 Results of the Finnish routine control method for rut depth left17, measurements with 
PPS 

 
run2-run1 run3-run2 run4-run3 run5-run4 

Z 61 57 27 24 

Z% 7.5% 7.0% 3.3% 2.9% 

Q% 5.2 % 

X 3256 

 

Table B4 - 2 Results of the Finnish routine control method for rut depth right17, measurements with 
PPS. 

 
run2-run1 run3-run2 run4-run3 run5-run4 

Z 69 69 53 40 

Z% 8.5% 8.5% 6.5% 4.9% 

Q% 7.1 % 

X 3256 
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Table B4 - 3 Results of the Finnish routine control method for rut depth left17, measurements with 
LCMS. 

 
run2-run1 run3-run2 run4-run3 run5-run4 

Z 71 51 46 30 

Z% 8.7% 6.3% 5.7% 3.7% 

Q% 6.1 % 

X 3256 

 

Table B4 - 4 Results of the Finnish routine control method for rut depth right17, measurements with 
LCMS. 

 
run2-run1 run3-run2 run4-run3 run5-run4 

Z 76 32 36 38 

Z% 9.3% 3.9% 4.4% 4.7% 

Q% 5.6 % 

X 3256 

 

Table B4 - 5 Results of the Finnish routine control method for rut depth max17, measurements with 
LCMS after automatic lateral correction. 

 
run2-run1 run3-run2 run4-run3 run5-run4 

Z 168 38 
  

Z% 20.6% 4.7% 
  

Zh 46 9 
  

Zh% 5.7 % 1.1 % 
  

Qn% 9.3 % 

Qs% 3.4 % 

Q% 12.7 % 

X 1628 
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Table B4 - 6 Results of the Finnish routine control method for rut depth left17, measurements with 
LCMS after automatic lateral correction. 

 
run2-run1 run3-run2 run4-run3 run5-run4 

Z 89 10   

Z% 10.9% 1.2%   

Q% 6.1 % 

X 1628 

 

Table B4 - 7 Results of the Finnish routine control method for rut depth right17, measurements with 
LCMS after automatic lateral correction. 

 
run2-run1 run3-run2 run4-run3 run5-run4 

Z 37 8   

Z% 4.5% 1.0%   

Q% 2.8 % 

X 1628 

 

Table B4 - 8 Results of the Finnish routine control method for ridge height, measurements with LCMS 
after automatic lateral correction. 

 
run2-run1 run3-run2 run4-run3 run5-run4 

Z 123 31   

Z% 15.1% 3.8%   

Q% 9.5% 

X 1628 
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Annex 5. Validity for rut depth on test sections 
This annex presents the results of the validity test on test sections. Note that RST33 (point laser) 
measured on only one test section (A). The picture on the next page shows the difference between the 
tested measuring system and the reference. The limit value for a pass result is drawn in. The difference 
must be between the two solid lines. At least 80% of the differences must be within the range to obtain 
a pass. 

Click on the explanatory descriptions (the measurement system) in the picture and switch the results 
on and off in the diagram. 
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