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Abstract 

Since 2011 a part of the BAB A5 motorway, running through the federal state of Hesse, is 

dedicated as long-term observation section. It’s used for quality assurance of the routine 

pavement condition surveys as well as to acquire data for research purposes.  Those data might 

be used both for the development of standards of pavement condition survey as well as for the 

objectives related to maintenance and use of road networks. 

The data collection has been conducted as a part of routine pavement condition survey. In 

particular: longitudinal and transversal evenness, skid resistant and surface distresses. The 

spatial resolution of collected elementary data is one meter.  But accuracy of the GPS signals 

and differences between measuring systems have often big impact on localization of the 

elementary data. Hence a dedicated, semi-automatic algorithm for the data synchronisation 

between measurements has been developed.  It allows to achieve data comparability at the level 

of a single meter.  This effort was necessary to provide a well-synchronized data in best quality 

as an input for further research projects.  Data analysis revealed that detailed researches 

dedicated to life-cycle analyses on object level are possible only with high quality data 

measured in relatively short cycles.   

The paper introduces the long-term observation section functionality and discusses data 

acquisition, especially emphasizing data quality assurance and synchronization processes.  
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Furthermore, the first object-based results and data analysis are discussed and areas for further 

possibilities and researches are proposed.  

 

Keywords: Maintenance and Rehabilitation Strategies, Data quality, Monitoring and 

Inspection, Deterioration models, Life Cycle Assessment. 

Introduction  

The federal roads (motorways and national roads) in Germany have a length of 

approximately 65.000 km. The federal government of Germany commissions to the 16 

federal states maintenance of the federal roads. For this purpose, in a regular rotation, ¼ 

of the federal roads is annually monitored with road condition measurement vehicles 

operating with high speed (approx. 80 km/h). The process of monitoring and evaluating 

the road condition (ZEB is the German abbreviation for that process) of the federal 

roads in Germany is highly standardized according to (ZTV ZEB-StB 06, 2006). The 

standardization aims at achieving data of high quality, so they can be comparable and 

reproducible regardless the company and measurement vehicle. For this reason, the 

basic concept of the ZEB assumed an evident separation between the collection 

(monitoring) of pavement condition data and the quality assurance, the evaluation and 

the visualization of the results on the other side (Heller, S. et al. 2005).  

This approach proved successful for many years and guarantees stable quality on a high 

level. Consequently, the acceptance and thus the usage of the results increased 

considerably. Simultaneously, there was given thought to additionally use the data for 

research and development. The data quality would be sufficient for this purpose, 

however, the time interval of four years is not suitable for some research needs. For the 

short to medium-term assessment of treatments, the monitoring of damage evolution or 

for the analysis of the implication of particular events (e.g. extreme winters, Skakuj M., 

2015), significantly shorter measuring intervals would be mandatory. A further problem 

is that the impact of new monitoring and assessment methods is more difficult to 

evaluate if the periods between the comparative measurements are too long (Komma C., 

Skakuj M., 2016).  

Therefore, the federal government and the federal states decided to establish a long-term 

observation section. On the proposal and initiative of Hessen Mobil, the Federal 

Highway Authority of Hesse, a section of the motorway BAB A5 with a length of about 

76 km was chosen as appropriate for this purpose. This section runs through the federal 
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state of Hesse and includes both asphalt and concrete constructions. It will be monitored 

twice a year, once in spring and once in late autumn, in addition to the routine 

assessments carried out every four years. The measurements will include all lanes in 

both directions. Hessen Mobil has committed itself to collect relevant data, which might 

be required for further analytical purposes, such as construction data, traffic data and 

most of all every structural changes or reconstructions taking place within this section. 

The structural assessment follows the standardised matter of the ZEB. In particular, 

longitudinal and transversal evenness, skid resistance and surface defects will be 

collected. The long-term observation section was initially determined within the ZEB 

2011, meanwhile there have been ten condition surveys carried out so far. At the end of 

the annual survey of 2016, this number will increase to twelve. 

First evaluations proved the monitoring quality to be sufficiently high. Hence, the data 

allowed to extract the expected information. Figure 1 illustrates, for instance, the 

evaluation of longitudinal evenness for several parameters and campaigns. The readings 

of the different campaigns are shown superimposed and match very well. Differences 

between campaigns are mostly explicable by the implemented method and other 

influences. 

 

Figure 1: Longitudinal unevenness for several campaigns (Bergmann-Syren, 2016) 

However, there are some differences between the campaigns that are not directly 

explicable as well as identical sections of road with different localization information. 
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Moreover, the access to this amount of data required relatively great effort causing the 

studies to become time-consuming.  

In order to make that results of the long-term observation section useful for research and 

development and provide access to these results without great effort, it was necessary to 

establish a consolidated database with visualization options. This consolidated database, 

similar to the results of the regular ZEB, is provided online on the server (Heller S. et al. 

2010). Owning to the fact, users from road administrations, universities and other 

researchers can easily access and use the data. 

In the following, all steps of the project (Komma C., Skakuj M., 2016) will be described 

that were necessary to consolidate the data of the long-term observation section. In 

addition, visualization examples as well as some prospects will be given.  

Consolidation of the data 

The consolidation of the data comprised the following steps: 

1. Distinct, uniform and precise establishment of the scope of the long-term 

observation section 

2. Correction of the lane assignment  

3. Definition of a “master campaign”  

4. Fine synchronization of measurement data 

Steps 1, 2 and 3 were performed relatively easily. Firstly, the precise location of the 

long-term observation section, i.e. its beginning and end, was set once again. After that, 

the lane numbering for the entire section was determined. Within the long-term 

observation section, there are two areas with separate lanes for trucks (slow vehicle 

lanes). Since this is an exception not defined uniquely in the ZEB, the lane assignment 

differed for every measurement campaign. These differences were corrected and 

standardized, and a measurement campaign was defined as “master campaign” 

thereafter. This master campaign serves as the reference base for all further campaigns 

synchronized with the former. 

Fine synchronization of the data 

The spatial resolution of collected elementary data is one meter, similar to the regular 

ZEB. Data quality has been verified as a part of the standard survey process according 

to the rules defined in guidelines for pavement condition surveys for the national roads. 

The problem is, however, that the accuracy of the GPS signals is often not sufficiently 
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exact. There are also differences between measuring systems in the way of connecting 

the GPS signal with collected data. Both this elements combined cause offsets up to 10 

or 20 meters between different campaigns. For the comparison on the network or 

section level, these differences are insignificant. For the comparison of condition data 

on the object level, on the other hand, it is essential to synchronize the raw data of all 

measurement campaigns on much better level.  

For this reason a dedicated, semi-automatic method for the data synchronization 

between measurements was developed. It allows achieving data comparability at the 

level of a single meter. This effort is necessary to provide well-synchronized data in the 

best quality as an input for further research projects. Data analysis revealed that detailed 

researches dedicated to life-cycle analyses on an object level are possible only with high 

quality data measured in relatively short cycles.   

Inputs for the data synchronization are two data sets: the master campaign and the 

campaign to be synchronized. The evaluator “drives” virtually on the section to be 

synchronized and sets so called synchronization markers representing identical spots 

(locations) of both campaigns (figure 2). On this basis the data are displaced, stretched 

or compressed. Especially the surface images allow for a very precise synchronization. 

The final accuracy achieved is in the range of approx. 1 to 2 meters (figure 3). 

 

Figure 2: Workplace example and synchronization of surface (Komma C., Skakuj M., 2016) 

 

Figure 3: Exemplary illustration of synchronisation markers (Komma C., Skakuj M., 2016) 
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Compilation of results and visualization  

Subsequent to the fine synchronization, the data of all measurement campaigns were 

compiled in accordance with the ZEB standards, i.e. basic data, raw data (ZEB data 

with a resolution of 1 m), results table (ZEB data with a resolution of 100 m), so called 

raw bands, condition profiles and condition bands (figure 4). 

 

Figure 4: Example of raw data (a) and condition data profile (b) (Komma C., Skakuj M., 2016) 

Furthermore, a route band was generated to illustrate the measurement process. This 

type of route band was newly developed within the framework of this project. It 

comprises the date and the process of monitoring as well as the different passes during a 

measurement (figure 5). The process was derived from the lane assignment and the date 

or time of monitoring. The goal was to compare and check the lane assignment of the 

different sub-projects and measurement passes. Thus, errors can be detected and rules 

deduced for future lane monitoring. 

All visualizations were created as PDFs, and additionally imported into an online 

system enabling interactive provision of road related data such as maps, profiles (route 

bands and profiles as well as monitoring procedure), profiles with raw data, right-of-

way pictures and surface pictures. 

The contents of the windows are synchronized with each other, i.e. a selected 

localization in one window causes an immediate update of the other windows. Hence, 

all visualizations of measurement data of all campaigns can be combined and analysed 

in any desired manner (figure 6).  
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Figure 5: Route band illustrating the process of on the BAB A5 in spring 2014 (different measurement 

passes are colour-coded) (Komma C., Skakuj M., 2016) 

 

Figure 6: Online system presenting the results of two campaigns (Komma C., Skakuj M., 2016) 

 

Analysis of the measurements on the basis of novel visualizations  

One of the most important display formats as regards route bands is the so called 

“Emboss-picture”. It is a graphical quasi-3D-interpretation of the transverse profiles 

enabling to recognize regular and irregular surface structures intuitively. If the Emboss-

pictures of two measurement campaigns are being compared with each other, the 
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alterations concerning the geometry of the surface become visible (figure 7). 

 

Figure 7: Example of a multi Emboss-route band (Komma C., Skakuj M., 2016) 

Aside from data regarding evenness, surface damages, e.g. cracks and patches, are also 

very important in the scope of maintenance management. Similar to the multi Emboss-

route band, a multi route band for surface damages would be equally profitable since the 

development of cracks, for instance, could be easily monitored. In addition, the data 

quality could be better evaluated or assessed. Figure 8 shows that in the measurement of 

fall 2012, for example, cracks were not detected correctly (since cracks existed in 2011 

and 2013).  

 

Figure 8: Example of a multi route band for material characteristics (Komma C., Skakuj M., 2016) 

Complementary data 

As regards the long-term observation section, not only condition data is collected 

extensively, monitoring all structural measures and updating the data accordingly are 

stressed as well. In addition, both the data of the permanent traffic counting station and 

climate data is assessed. This data complements the data set of the long-term 
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observation section with important information for answering research questions. 

Summary and Prospect  

The long-term observation section on the BAB A5, established by the federal 

government and federal states, provides a unique data set probably throughout Europe. 

Owing to the biannual condition monitoring (as opposed to the regular ZEB monitoring 

every four years) in combination with the high quality of the ZEB data achieved 

through continuous development over years, now analyses are possible that were 

unimaginable until recently.  

So far, the data of the long-term observation section was analysed at rare intervals with 

great manual effort. Due to the typical inaccuracies concerning data localization, direct 

comparisons on the basis of evaluation grid were hardly possible or only with 

reservations. Measurement series were displaced by a couple of meters, or lanes 

(especially slow vehicle lanes) were encoded differently. These inaccuracies play a 

minor part if the ZEB data is employed as usual within maintenance management. 

However, if precise analyses on the object level are required (which the data of the 

long-term observation section actually is for), suchlike inaccuracies cause significant 

effects and lead to serious errors or to entire network areas being excluded.  

Within the framework of this project, the data of all measurements of the long-term 

observation section, as part of the BAB A5, was consolidated, thoroughly synchronized 

and visualized. In other words, there is now, for the first time, a high-value data set with 

assured quality that can optimally be used for research and the advancement of the ZEB 

method. In addition to raw data and result files, this data set consists of typical 

visualizations, e.g. raw bands, condition profiles and bands, as well as a route band 

illustrating the process of the measurement passes. Moreover, all the data are provided 

interactively and synchronized in an online system, which is already used for years 

within the context of the ZEB. Interested researchers as well as employees of the road 

administrations or other institutions have easy access to all the data now.  

The goal of this project was accomplished to its full extent, i.e. the data of the long-term 

observation section are available for research and development in a consolidated and 

high-quality manner, besides it was visualized and provided online.  

Further plans comprise to gather all treatments more exact in order to being able to 

illustrate and analyse the effects correctly. Mobile devices are expected to support this 

purpose. They will allow road maintenance managers to keep an exact determination of 



World Conference on Pavement and Asset Management, WCPAM2017 

Milan, Italy - June 12/16, 2017 

location of recorded data.  

This project already demonstrates that the long-term observation section, established by 

the federal government and the federal states, provides a unique and high-value data set 

for research, development and teaching. The set goals, such as: 

 assuring the quality of the ZEB method 

 testing new monitoring features, 

 studying the condition of state, 

 answering questions regarding road construction, 

 analysing climatic influences, 

 analysing the influences of heavy traffic  

are or can be accomplished. 

Given that appropriate methods and procedures will be applied, this data set could push 

the ZEB and the entire maintenance management significantly forward. 
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