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1. Introduction 

A phase-based LiDAR system has the advantage of being extremely precise. When 

combining this with a mounting angle of 90 degrees with respect to the road surface, the 

result is a point cloud representation of the road surface with maximal accuracy and optimal 

result for road surface analysis: such as rut depth, ridges and cracks.   

This report describes the innovation TerraTec has done with use of phase-based scanner 

during the innovation project period, and the scope of various projects conducted over the 

last years.   

 

Figure 1:Picture of positioning vehicle (right image) with Viatech ViaPPS system installed, showing the phase-
based scanner when cover lid is removed (left image). 

2.  Viatech ViaPPS system  

TerraTec has a Mobile Mapping System (MMS) provided by the Norwegian company 

Viatech AS, mounted rigidly on a modified VW Amarok pickup vehicle (Fel! Hittar inte 

referenskälla.).  Specifications are listed in table below (Table 1).  

 

Table 1: Viatech ViaPPS specifications 

Measurement frequency: 1 016 000  Hz 

Rotation frequency 200 Hz 

Maximum Range: 119 m 

Scanner angle: 360˚ 

Number of return signals: 1 

Navigation system: Applanix POS/LV 610 with 

Trimble BD982 GNSS - receiver 

Camera: ViaPhoto Wide system, with 2 x 4MPx Basler kamera 

mounted in front window 

Vehicle: VW Amarok, modified pickup  
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2.1. Z+F profile scanner  

The ViaPPS system is built around a Zöller+Fröhlich (Z+F) profile scanner. The Z+F is a 

phase-based scanner, with a frequency of measurements of 1 016 kHz and rotation 

frequency of 200 Hz. Phase-based scanners, as opposed to pulse-based scanners, have 

traditionally a higher relative precision with reduced noise in resulting data. High 

measurement frequency also results in a denser point cloud, with short relative distance 

between points, which is an advantage when studying irregularities on a surface in detail 

and with high precision.  

The Z+F phase scanner is mounted on the roof at the rear of a modified VW Amarok vehicle 

in a position approximately 2 meters above the road surfaces (Figure 1). For TerraTec’s 

applications, the scanner is set up to scan 360 degrees field of view (FOV), in order to 

capture both the road surface and the road surroundings.  

While the vehicle is moving, the scanner rotates and captures point cloud data in the speed 

of the traffic. The density of the scanners profiles depends upon the speed of the vehicle and 

the scanners rotation frequency, resulting in 0.08 m between each scanned profile when 

driving at 60 km/h. Within each profile, the laser points are millimetres apart.   

The angle of the laser beam profile on the road surface is 90 degrees, which is the most 

optimal set-up for road surface scanning, to identify deviations from an even surface. The 

combination of the mounting set-up and the advantages of the phase scanner, results in a 

point cloud with measurements containing less noisy data and increased ability for detection 

of rut depth dimensions, cracks, depression and other irregularities in the road surface.  

2.2. Texture scanner: IRI+  

Mounted in the front right on the vehicle and implemented in the ViaPPS system, is also an 

IRI+ (International Roughness Index) texture scanner (

 

Figure 2: Image of an IRI+ scanner 

). This index indicates the degree of smoothness of the surface, based on measurements in 

the longitudinal direction of the road based on the range measurements of the IRI scanner.  

The IRI+ differs from an IRI sensor. IRI+, in contrast to the general IRI, include an IMU 

inside the sensor, that can register all the movements the IRI sensor is undergoing during 

data capture, resulting in higher accuracy of measurements compared to the regular IRI.  
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Figure 2: Image of an IRI+ scanner 

2.3. ViaPhoto panoramic images  

Two ViaPhoto Wide cameras, each with 4 Mega pixels, are mounted in the front window. 

One of the cameras points forward, to capture the road surface. The second camera points 

slightly to the right, to capture the side terrain. The cameras are triggered simultaneously, 

and the two images will be stitched together to create a panorama image, which covers both 

the road and the side terrain. The panorama images are georeferenced and calibrated, 

enabling width and length to be measured in the stitched images in the ViaPPS software.  

2.4. Mobile Mapping positioning platform 

For precise positioning, the Mobile Mapping system has a navigation platform combining 

measurements from the INS/GNSS sensor combination, together with pulses from the 

odometer mounted on the left rear wheel, providing distance measurements. By using post-

processing of raw data from the navigation sensors, in TerraPos, centimetre accuracy is 

achieved; see more about TerraPos in TRV report 6A.  

In addition, the system carries a network connection in the field that continuously receives 

GPS corrections in real time, to increase accuracy of the real-time measurements. In 

Norway, this service is CPOS from the Norwegian Mapping Authorities (Kartverket).  

3. Phase scanner innovation in TerraTec 

3.1. Background  

The first attempts in TerraTec to utilize a phase-based scanner on a Mobile Mapping (MM) 

vehicle was undertaken in 2013, when mounting a Zöller+Frölich (Z+F) phase-based 

scanner on our already existing Lynx MM platform. This experiment with the Z+F as a 

complement to the Lynx LiDAR sensors was related to a project TerraTec did for the state-

owned railway company Jernbaneverket (Bane NOR today), to map conditions of the rails 

and infrastructure on the railway.  

 

The Lynx system consists of two pulse-based LiDAR sensors. These are mounted with an 

angle of 45 degrees with respect to the driving direction (and 90 degrees with respect to each 

other). The Z+F was mounted at the back of the vehicle to supplement the Lynx scanners 
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(Figure 3) – as the pulse-based and phase-based scanners have different advantages. In the 

next years, TerraTec carried out several projects combining Z+F and Lynx LiDAR sensors.  

For further details about the Lynx system, see TRV report part 2A for specifications and TRV 

report part 7A for processing and outputs.   

 

 

Figure 3:Picture of the Z+F phase-based scanner (in the middle), mounted together with the Lynx MM system in 
2013. The pulse-based scanners are mounted in an angle on either side. 

3.2. Implementation of the Viatech ViaPPS system 

In 2015, TerraTec purchased a ViaTech ViaPSS system, including a Z+F phase-based 

scanner. Until that, TerraTec had been renting a Z+F phase-based scanner (both for 

experiments and commercial projects). The ViaPPS system was mounted on a new car and 

operated as a separate mobile mapping system. 

When ordering the ViaPPS system, TerraTec decided to add a more accurate (high-end) 

IMU, to achieve the most precise positioning of data possible. The system was also delivered 

with an IRI+ texture scanner (with an integrated IMU), instead of the regular IRI sensor 

(without IMU).  

By adding more sophisticated (and expensive) components to the system, TerraTec’s ViaPPS 

system is able to deliver even more precise analysis of the road surface parameters. More 

about the output parameters from the ViaPPS system in the next chapter below.  

3.3. Development of Z+F raw data extraction  
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To be able to exploit raw data from the Z+F scanner back in 2013, and to combine these data 

with the laser data from the Lynx system, it was necessary to develop a program that could 

process the raw Z+F data and output the point cloud in LAS format.  

TerraTec uses post-processing for the position data to create an accurate trajectory. For this, 

the TerraTec takes full advantage of the in-house developed software TerraPos. More about 

the TerraPos software in TRV report part 6A. The program that was developed to process 

the raw Z+F data, utilizes the trajectory from TerraPos to create the most accurate point 

cloud.  

The Z+F processing program developed in 2013 has been further developed during the 

course of this innovation project to fit the ViaPPS output. The standard output from the 

ViaPPS system is based on real time trajectory data, and the coverage of the point cloud is 

limited to the road surface. The program developed by TerraTec uses the post-processed 

trajectory, and it process the entire Z+F data set, which means data outside the road surface 

is included in the point cloud.  

Because of the high density of data points from the phase scanner, the distance between 

points in each road profile constitutes a precise base for analysing wear and damage to the 

surface (Figure 4).  

 

Figure 4:Screenshot from intensity view of raw data in ViaPPS software, illustrating cracks in road surface. 

4. Road parameters and ViaPPS calculations 

This part outlines some of the possibilities of parameters and computations in the ViaPPS 

software today.  

4.1. ViaPPS analyse parameters 

The ViaPPS system can deliver all road parameters. Most parameters are based on data from 

the Z+F phase scanner. Road texture parameters use data from IRI sensor. See list below for 

a summary:  

 IRI (International Roughness Index) 

 MPD (Mean Profile Depth) 

 Lateral profiles, across-track  

 Longitudinal profiles, along-track  

 Rut depth  
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 Ridge, highest point between rut tracks  

 Cross fall/transversal slope 

 Radius, of road curves  

 Crack detection 

 Irregularities, both longitudinal and for road profiles  

 Road texture  

 

 

 

4.2. ViaPPS filter and computations 

The ViaPPS computation software use different filters and defined calculation methods for 

generating the resulting parameters.  

4.3. Filters 

The usual filter used for calculations of results is the Chebyshev filtering, of the 11th order. 

But there is also possibility of no filter, moving average or moving median.  

Filters are applied to the reflections from the Z+F phase scanner, to smooth out the 

measurements for the road profile.  

4.4. Methods 

Available methods for computations are: “snor”1, “krumholt”, “bunnrettholt”, “regresjon” 

(regression) and the international standard CEN 13068-8. This is predefined methods in the 

ViaPPS computation software.  

Another option in the settings is the choice between the use of Automatic or Constant length 

of the ruler (beam) that is used for the different methods. For the option of Constant length, 

the length is adjustable. The Automatic length, the ruler size varies with the width of the 

road defines by the painted center- and edge line on the road. Automatic length is only 

advisable for roads with clearly defined continuous road markings.  

Below are some examples of some of the methods (Figure 5 and 6), from the ViaPPS 

computation software.  

 

                                                           
1 Norwegian term «Snor» equals «trådprincipen» in Swedish terms.  
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Figure 5:“Bunnrettholt”-method to the left and “Snor”-method to the right. 

  

 

Figure 6:Regression-method to the left and CEN standard to the right. 

   

5. Projects undertaken using phase-based 
scanner 

This part sums up the larger projects and focus areas conducted with the phase-based 

scanner since 2015.  

As built-documentation By using the Z+F phase-based scanner and the Viatech system, 

TerraTec has carried out projects for entrepreneurs on newly built sections of the E6 north 

of Oslo, for as-built documentation according to the Norwegian standards in Nasjonal 

Vegdatabank (NVDB).  

Pilot projects for road surface analysis TerraTec has also recently undertaken analysis 

of roads in Finland, using the Viatech ViaPPS system, to document the road condition and 

especially crack detection.     
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Documentation for larger construction sites Other projects include before- and after 

documentation of roads as subjects for construction zones, where mass transportation with 

heavy vehicles will result in wear and tear or damage to the roads. The system can scan the 

roads before the work is started, and later, after the work is completed, to analyze what 

impact the loaded trucks have had on the roads leading to and from the construction sites. 

This has been done for the projects related to the Follobanen project in Ski, and the 

InterCity projects in Moss.   

Differential analyses TerraTec has also carried out a differential analysis of a section of 

the E39 road in southern Norway with this system, to document the change before and after 

re-asphalting the road section.   

 

 

Airport areas and runways in Norway The use of the phase-based scanner and ViaPPS 

system is not restricted to analysis of the road net alone, but useful for analysis for any hard 

surface area. Among the projects TerraTec has completed with this system are also airport 

runways in several cities in Norway, for instance, Torp Airport in Sandefjord, Værnes 

Airport in Trondheim and Mosjøen Airport (Figure 7) in northern Norway.  

TerraTec has used the ViaTech system for runway surface applications such as to produce a 

basis for planning of re-asphalting, or analysing the surface crossfall of the runway to model 

the water runoff.  

 

Figure 7:Picture from scanning situation on runway, at the airport in Mosjøen, northern Norway. Image is a 
stitched panorama from ViaPhoto 
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