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Abstract

Road authorities are continuously trying to increase road maintenance efficiency and reduce its related costs.
Consequently outsourcing of road maintenance activities in open markets has been used as a strategy in order to
increase maintenance efficiency. Such a strategy requires a systematic assessment of road conditions and its’
components to evaluate the fulfilment of the contracts. For many of the road components, reliable condition
assessment method is still not developed. This paper presents a result of a study conducted by the Swedish
Transport Agency aiming at evaluating a method for condition assessment of different road components, such as
road barriers, pavements, roadside slopes and ditches. The equipment which is used in this study is called Sector
Profile Scanner which is a medium range laser scanner used for high accuracy measurements of areas and
elements within a range of 10 meters. The field studies are conducted in Sweden along 7 road sections with
different characters. The method evaluation is focused on aspects such as the technical performance, cost
efficiency, number of scanned road components and the ability to illustrate and analyse the results.

Keywords: Road condition assessment, road maintenance, road condition scaning and road management.

Résumé

Les autorités essayent continuellement d'accroitre I'efficacité de I'entretien routier et de réduire ses codts. En
conséquence l'externalisation des activités d'entretien de la route dans l'ouverture des marchés a été utilisé
comme une stratégie afin d'accroitre I'efficacité de la maintenance. Une telle stratégie exige une évaluation
systematique de I'état des routes et ses composants pour évaluer I' exécution des contrats. Pour un grand nombre
de composants de la route, I'état fiable des méthode d'évaluation n'est pas encore développé. Cet article présente
le résultat d'une étude menée par I'Agence suédoise des transports visant a évaluer une méthode d'évaluation de
I'état des différents composants de la route, tels que les barrages routiers, trottoirs, résidus en bordure de route et
des fossés. L'équipement qui est utilisé dans cette étude est appelé secteur profil du scanner qui est un scanner
laser de moyenne portée utilisé pour des mesures de haute précision des zones et les éléments d'une portée de 10
meétres. Les études de terrain sont menées en Suéde sur 7 trongons de route avec différents personnages.
L'évaluation de la méthode est axée sur des aspects tels que la performance technique, les colt et rendement, le
nombre de composantes de route numérisées et I'aptitude a illustrer et analyser les résultats.

Mots-clés: évaluation de I'état de la route , I'entretien des routes , I'état des routes scaning et la gestion des routes
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1. Introduction

As road infrastructure funding sources are less and less sufficient to insure implementation of new projects and
maintenance of existing roads, road authorities worldwide are forced to increase efficiency and reduce costs
(Freer-Hewish1990). Because maintenance costs constitute a large portion of the annual expenditure on road
infrastructures, road authorities are continuously trying to increase road maintenance efficiency and reduce its
related costs. Consequently outsourcing of road maintenance activities in open markets has been used as a
strategy in order to increase maintenance efficiency (Karim 2010). Since 1992, maintenance activities have been
outsourced by the Swedish Transport Administration (STA). The tenders usually are processed assuming that the
condition of the road network meets the requirements which are described by so called Standard Description for
Maintenance (SBD) (Trafikverket 2009). Possible condition deviations from the standard condition, as described
in the tenders, must be monitored by the bidders through a visual inspection within 1-2 month. The detected
deviations are then documented during a contract review before signing the contract by STA and the contractor.
Those condition deficiency which cannot be detected during the inspection often lead to further discussion about
additional costs. As competition has increased, and prices have been reduced, these kinds of condition
deficiencies have increasingly led to the agreement fails, and many cases have been submitted for legal review.
Such a process is costly and creates a wrong focus on business and collaboration. To improve the information
about the actual condition of the road networks in the tender documents and to identify and locate deficiencies,
there is a need to investigate modern survey technologies, such as laser scanning, to ensure the conditions of the
roads. STA has successfully used laser scanning technology during the last 15 years for assessment of road
pavement condition (Vagverket 2009) with the intention to have a continuously updated knowledge about the
pavement conditions on Swedish roads as a basis for pavement maintenance management and planning. The
advantages of using laser scanning for road pavement have encouraged STA to test scanning technologies to
assess the condition for other road components. A new scanning technology for road sign conditions has recently
been tested and given good experiences to how increase the efficiency of road maintenance (Karim and
Sandberg 2013).

2. Objectives

The aim of this study is to investigate the extent to which a laser scanning technology can be used to ensure the
condition of roads and road components and identify what and where deficiencies are. The objective is to:
e improve the information about the condition of the road and the roadside in tender documents to
provide a better basis for bid calculation
e establish an efficient and accurate review of the delivery plans of maintenance contracts.

3. Methodology

The required road condition in Sweden is stated in description for road maintenance SBD. In the SBD, different
requirements on accessibility, clear zone, roughness and rutting, etc, are stated, with parameters for
measurement, such as International Roughness Index (IRI), rutting depth, width and length. In the document
condition of the road components, such as road sign, road barriers and manholes, are stated with parameter for
measurement. Assessment of the road components are usually conducted through inaccurate and ineffective
visual inspection. In this study a laser scanning technology was tested to create an effective and accurate way to
assess road network condition. Mobile laser scanners was used to measure several parameters which are used to
determine road condition. This study was conducted in two stages: field measurement and data processing. The
field measurement was conducted using a laser scanning system developed by ViaTech a/s. The laser scanning
system was mounted in a van. Eleven road components were scanned along 7 different road sections in Sweden
(Fig. 1). Later, the collected data was processed using different software.

3.1. Field measurement

The Scanning laser system which was used in this study consisted of ViaTech’s Pavement Profile Scanner
(ViaPPS), Sector Profile Scanner (ViaSPS), photosystem (ViaPhoto) and Texture Scanner (ViaTSC). The system
was mounted in a van (Fig. 1).
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Pavement Profile Scanner (ViaPPS) is a pavement profile system designed to document the condition of any
pavement. The main characteristics measured when including are Rut Depth and With, Cross Fall, Curve Radius,
International Roughness Index (IRI) and Mean Profile Depth (MPD). Crack Detection is delivered as an option.
The ViaPPS system measures the transversal profile with 580 points 140 Hz (times/second). This gives a profile
every 8 cm at a speed of 40 km/h. The width of the scan is 83 degrees. The standard mounting height of 2 meters
gives a scan width of 4 meters.

Sector Profile Scanner (ViaSPS) has the same specification as ViaPPS and is optimized for measuring lateral and
overhang areas within the range of 10 m. The laser scanner is directed towards the area to be measured, either
straight up to scan bridges or other structures over the road, or to the side to scan the road sides.

The photo system (ViaPhoto) is a digital photo system which consists of two cameras that can take images at
regular intervals facing forward and slightly aside to see the surroundings. The intervals can be either based on
distance or time. In this study, images were taken every 10 m. Each image is stored with additional information
such as GPS position, speed etc. The system has an image viewer, ViaPhoto Desktop, for the post processing.

Texture Scanner ViaTSC registers road surface along the longitudinal road section with a frequency of up to 32
kHz and can be used to calculate road surface texture and longitudinal profile. The scanner is mounted in front of
the right wheel of the van.

The GPS locations were taken using a Topcon GB-3 (GPS and GLONASS) together with a GPRS modem for
data correction via the RTK network from SWEPQOS. The positions were registered continuously by sending the
GPS signals through the inertial system, OXTS Inertial. From the inertial system, after processing the sensors, it
calculates the most probable position. An odometer provides remote longitudinally to the other measurement
systems.

3.2. Data processing

The collected data by ViaPPS and ViaSPS were stored on disk in the computers mounted in the van. Later the
data was processed using Feature Manipulation Engine Ting (SAFE FME) in order to transform the coordination
and convert the data format to LAS format. A free version of Fugro was used to analyze and visualize the data.
ArcScene was also used as a complement. Depending on the end product, the data can be further processed using
different software. In this study Nova Point was used to present the longitudinal section profiles and cross
sections profiles.

3.3. Data analyses

The processed data was analyzed by a review of the ability to indicate the road components in the laser point
cloud, the quality in which the components are visible in the laser point clouds as well as the ability to indicate
deviation in component condition from the required condition stated in the SBD.

4. Results and analyses
Total 5,2 km roads were scanned in this study within 2 hours. This gives a scanning capacity of 14 km/hr. The

results of the study is presented in table 1. The scanning process was conducted without needs for personnel on
the road.
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Table 1. Performance based requirement and indicators to measure as well as the result of the scanning process
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The results show that almost all the road components included in this study can be detected by the laser scanner.
However some of the components, such as lighting posts, cannot be visualized entirely as parts of the posts no

covered in the scanned zone (Fig. 2). Despite the limitations, the used technology gives a great potential for
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inventory of road components road capital if a software can be developed to recognize and account the road
components.

Fig.2. (a) A lighting post as it is shown in the ViaPhoto; (b) the same lighting post presented in the laser point cloud

Road components at a distance larger than 10 meters from the pavement were not able to be scanned as the range
of the laser scanner which was directed to scan the roadside, was 10 meter from pavement edge. Some of the
road components such as wildlife fence, which are usually placed beyond that range, requires visual inspection.
Another disadvantage was the way the VisSPS scanners were mounted as it was not possible to scan road
median only using one ViaSPS scanner directed towards the roadside. It is also worth noting that due to the
ViaPPS’s scanning width of 4 meter as used in the study, scanning of roads wider than 4 m would require more
than one scanning move along the same road stretch. The limitation mentioned above can be eliminated by using
another VisSPS scanner directed towards the road median.

The quality of visualization differs between the components. Due to the current resolution of ViaSPS scanner
some components, such as cable barriers and wildlife fences, are only partly presented in the laser point cloud.
This low resolution require also that the scanning has to be done with speed of 20-30 km/hr in order to scan
small sized components such as roadside posts and posts for road signs (Fig. 3-5).

Fig. 4. (a) A roadside cable barrier as it is shown in ViaPhoto; (b) Same cable barrier as it is shown in the laser point cloud
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Fig. 5. A wildlife fence as it is shown in the laser point cloud

The results also show that the ability to detect the deviations from the required conditions in SBD for each
component is different. Damages which have caused deviation in geometrical properties can be detected clearly
in the laser point cloud (Fig.6). However, the current resolution of the scanner limits the ability to detect minor
damages, such as pavement crack and damages of wildlife fences.

Fig. 6. (a) Pavement damages as it is shown in ViaPhoto; (b) the same damage as it is
shown in the lase point cloud

Measurement of the deviations was not included in this study. However, the results showed that deviation such
as tilt and slopes can be indicated and measured in the laser point cloud (Fig. 3 and 7). Deviations such as level
differences and crack depth that are less than 1 cm is not possible to measure. These limitation are also due to the
current resolution of the laser scanner used in this study. Another condition indicator which was not able to
measure is retroreflectivity of the road signs (Fig. 8).

AN

Fig.7. Road ditches slope shown in the laser point cloud

Fig. 8. A scanned road sign shown in the laser point cloud
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5. Conclusions

The aim of this study is to investigate the extent to which a laser scanning technology can be used to assess the
condition of the roads and the road components and to identify and locate the deviations from required
conditions. Based on the result of this study, following conclusions can be drawn:

e The use of the laser scanning technology shows a great potential to detect and assess road components
and identify the position of the components.

e The laser technology enables the assessment of the condition of road components by scanning and
determining the deviation from the required conditions

e Road condition assessment using laser scanning technology improves the working environment for the
maintenance staff as the process does not requires any personnel on the road or the roadside.

e The resolution of the scanners is critical for road condition assessment using laser scanning technology.

e Using higher resolution and software for data processing, inspection of road conditions can be very
effective and more accurate than current visual inspections.

Further studies are recommended to develop routines, hardware and software to increase the efficiency of the
scanning technology using for road condition assessment. For example, scanner with a higher resolution has to
be used to conduct the scanning process at higher speed and to increase the accuracy of scanning in order to
detect the condition deviations. Software has to be developed in order to recognize the component from the
collected data, to detect the deviation and to calculate the extent of the deviations.
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