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1. Introduction 

Maps have for years been an intrinsic part of the geomatics branch and are a convenient, 

simplified representation of the real world, easy to use and understand for many. Nowadays 

three-dimensional vector maps have replaced traditional paper maps and brought in many 

new possibilities. Laser scanning and photogrammetry are becoming more and more popular 

as the source of spatial information and the basis for extraction of features, also called 

vectorisation. 3D mapping is at the same time one of the most common deliverables based on 

data from laser scanning. 

Documentation and monitoring of road condition is an important task that has to be done for 

thousands of kilometres of roads in each country. Traditional methods based on manual field 

measurements are being replaced by automated systems mounted on cars and equipped with 

several sensors. The huge advantage of such systems is increase in safety, minimised time 

needed to perform the field survey and more automated calculation of parameters describing 

hard surface of the road. Also point cloud data from laser scanning can be used for analysis of 

geometry and roughness of the road surface. 

The purpose of this report is to compare data from three different mapping systems, two 

mobile and one airborne, and determine which of them is the most appropriate for the two 

abovementioned tasks. The focus has been put on identifying strengths and weaknesses of 

each system in terms of efficient feature extraction and road surface analysis. 
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2. Data Used in Comparison 

Data capture on the old Svinesund bridge connecting Norway (road Fv 118) and Sweden (road 

OV 1040) has been performed using two Mobile Mapping Systems (MMS): Optech Lynx SG-1 

and Viatech ViaPPS, and an airborne system mounted on a helicopter: MIDAR-H. Optech 

Lynx SG-1 consists of two time-of-flight profile laser scanners oriented approximately 45° to 

driving direction and 90° to each other, four 5-Mpixel cameras and the Ladybug 5 panoramic 

camera. Viatech ViaPPS is equipped, among other things, with a high precision phase scanner 

Z+F Profiler 9012 oriented perpendicularly to driving direction and two ViaPhoto cameras 

mounted in the front windscreen. MIDAR-H is a custom-built airborne system acquired in 

2016 and consisting of two lidar sensors Riegl VUX-1 and three cameras. To learn more about 

all three systems, see TerraTecs reports*. 

Data capture with MIDAR-H was executed on 28th October 2016, with ViaPPS on 29th June 

2016 and with Lynx SG-1 on 10th November 2016. 

The tests performed on the collected data comprise vectorisation of features on the Svinesund 

bridge and along the road on either side of the fjord, as well as road surface analysis for the 

same stretch. The software used was TopoDOT, TerraScan and TerraPhoto, all running in the 

MicroStation environment. 

 

Figure 1 Area of interest containing data from all three sensors (purple polygon). 

                                                           
* RAPPORT 2A, Optimalisering av Mobil Mapping-produksjon 
* REPORT 3A, Innovative data acquisition from a vehicle with a phase-based scanner 
* REPORT 5A, Products and quality achievable by helicopterborne data capture using Terratecs 
custom built system MIDAR-H  
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3. Vectorisation 

The purpose of this chapter is to compare the effectiveness and accuracy of feature 

vectorisation in data from the three different sensors. Following objects have been extracted: 

road surface markings, kerbs, safety barriers and lampposts. The extraction in point cloud 

was primarily done using automatic and semi-automatic tools to test out how they perform 

on different data sets. Also, it has been checked how well the feature types are identifiable in 

the collected data, both point cloud and imagery, and if they can be manually vectorised with 

good enough precision. More information about methods of effective vectorisation in point 

cloud can be found in report 7C. 

3.1. Extraction of Road Surface Markings 

Road surface markings are probably the feature type that is easiest to extract. They are very 

distinct from their surroundings by the means of high contrast between the white paint and 

the dark asphalt. Laser data from all three sensors contain information about intensity which 

makes it very easy to isolate road surface markings by defining a limited range of intensity 

values. The next step is automatic or semi-automatic vectorisation. The images below show 

how the markings are visible in point clouds from different sensors. The intensity range has 

been already clipped to isolate the markings painted on the road. 

 

Figure 2 Road surface markings in point cloud from Lynx SG-1. 
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Figure 3 Road surface markings in point cloud from Viatech ViaPPS. 

 

Figure 4 Road surface markings in point cloud from MIDAR-H. 

The conclusion is that road surface markings can be easily identified in data from all three 

systems and extracted using automatic methods. 
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3.2. Extraction of Kerbs 

Kerbs are not only used as representation of road edges in mapping, but also as break lines in 

detailed terrain modelling. Depending on its shape and project requirements, a kerb can be 

vectorised using several lines, usually it is at least top and bottom edge facing the carriageway. 

The method used was automatic Extraction by Template in TopoDOT.  A standard cross 

profile with four characteristic points representing the shape of the kerb was defined. 

 

Figure 5 Cross profile of the kerb with four break points (red crosses). 

The effectiveness of this method depends on how well the profile defined can be fitted in the 

point cloud. Below are images showing how the kerbs looks like in data from all three sensors. 

 

Figure 6 Kerb in point cloud from Lynx SG-1 (cross section depth 5 cm). 

 

Figure 7 Kerb in point cloud from Viatech ViaPPS (cross section depth 5 cm). 
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Figure 8 Kerb in point cloud from MIDAR-H (cross section depth 30 cm). 

As it is clearly visible in the cross sections above, there is a significant difference between data 

from Lynx SG-1 and ViaPPS in terms of internal noise. But there is an even bigger difference 

between those two Mobile Mapping systems and the MIDAR-H system in terms of both point 

density and internal noise. Moreover, the drainage channel along the kerb is not visible the 

data from MIDAR-H. Lines extracted in the point clouds from MMS were very accurate, with 

deviation mostly below 1 cm. The accuracy of lines extracted in the point cloud from 

MIDAR-H was visibly worse with horizontal deviations up to 8 cm. Obviously, this method of 

automatic vectorisation did not work well in places where the shape and dimensions of the 

kerb were varying from the section profile defined. 

 

Figure 9 Automatic extraction of kerb using the template method. Red lines were extracted in point 

cloud from Lynx SG-1 (visible in the background), green lines were extracted in point cloud from 

MIDAR-H. Horizontal deviation of the green lines is 5 cm in the place shown. 

3.3. Extraction of Safety Barriers 

Safety barriers on the bridge were also extracted using the Extraction by Template tool in 

TopoDOT. Images below show how the barrier looks line in cross sections from all three data 

sets. 
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Figure 10 Safety barrier on the bridge in point cloud from Lynx SG-1 (cross section depth 10 cm). 

 
Figure 11 Safety barrier on the bridge in point cloud from Viatech ViaPPS (cross section depth 10 cm). 

 

 

Figure 12 Safety barrier on the bridge in point cloud from MIDAR-H (cross section depth 30 cm). 
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The extraction worked fine for point clouds from Lynx SG-1 and ViaPPS, although the latter 

required a different section template – see the difference between the barrier visible in both 

data sets. Extraction by template did not work at all for MIDAR-H because of too few points 

representing the shape of the barrier. In spite of this, one can use some other semi-automatic 

methods based on draping to point cloud and powerline extraction that can be utilised to 

vectorise the barrier in an efficient way. 

3.4. Extraction of Poles 

Extraction of vertical features, like poles or signs, can be automated to some degree by the 

means of algorithms for object recognition. To learn more about the test of tools for automatic 

recognition using machine learning, see TerraTecs report “7C - Effektiv kartering i laserdata 

och bilder”. As it comes from this test, the automatic recognition works well only on data from 

Lynx SG-1, the results were much worse for ViaPPS.  The huge disadvantage of the ViaPPS 

system is that the only scanner is placed perpendicularly to driving direction which results in 

poor or lack of coverage on thin vertical objects along the road. 

 

Figure 13 A lamp post in point clouds from (from the left): Lynx SG-1, Vietech ViaPPS and MIDAR-H. 

The image above shows one and the same lamp post in all three data sets. It is very clearly 

visible in the point cloud from Lynx SG-1. It is also visible in the data from ViaPPS, but note 

that the sign on the lamp post can be barely seen. In the point cloud from MIDAR-H the 

lamppost can be hardly recognised. The only way to map such vertical objects in data from 

the two latter sensors is manual vectorisation, in addition, it is difficult to achieve good 

accuracy in the MIDAR-H data. 
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3.5. Use of Imagery for Vectorisation 

A picture is worth a thousand words – this well-known idiom appears to be true also for state-

of-the-art mapping systems. A good quality image can be sometimes worth a thousand laser 

points. All three systems being discussed in this report are equipped with some cameras. For 

Lynx SG-1 it is the Ladybug panoramic camera as well as four 5 Mpix cameras. Imagery from 

the first one is exceptionally useful as support for laser data. Although the point cloud itself is 

characterised by very good coverage, sometimes it may be difficult to recognise and interpret 

certain types of features. The Ladybug imagery can be also effectively used for quality control. 

By comparing the vectorised objects to the images, the operator can easily verify completeness 

and correctness of the mapping. 

 

Figure 14 Use of Ladybug imagery as support for 3D mapping 

The ViaPPS system is equipped with two cameras placed in the front windscreen. They do not 

provide the same image coverage as the Ladybug camera and are more difficult to calibrate in 

an accurate way, but can be still used as supporting material. 

The MIDAR-H system has three cameras, one nadir camera and two oblique ones (forward 

and backward). The oblique imagery itself can be successfully used for visual object 

recognition, and in addition to that, orthophoto can be generated. These images help to offset 

some of the downsides of the laser data from MIDAR-H. Some features that are poorly visible 

in the point cloud, like the lamp post discussed earlier, or outer asphalt edges, are at the same 

time very clear in the orthophoto. In many cases, combination of ortho imagery and laser data 

can be used to efficiently vectorise such features, the XY position will be taken from the image 

and later, the same object will be draped on the point cloud to get right elevation. 
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Figure 15 Orthophoto generated from images from the MIDAR-H system. 
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4. Road Surface Analysis 

Analysis of road surface based on point cloud from laser scanning can provide much useful 

information about the condition and geometry of a particular road section. More information 

about road surface analyses can be found in TerraTecs report “7B - Automatiserad 

vägytemätning”. Data from the three mapping systems were processed in TopoDOT using the 

Road Condition and Grade Analysis tools. The purpose is to evaluate usefulness of each 

system in this field. 

4.1. Road Condition Analysis 

Vectorised edge lines and centre line were used as reference for the Road Condition tool. The 

laser points lying below or above the reference surface defined by the vectorised road lines, 

have been classified to separate classes depending on the vertical distance from the 

theoretical, plain surface. In addition, different types of unevenness have been flagged using 

a set of symbols with colours illustrating severity grade. 

 

Figure 16 Flagging of different types of unevenness in the Road Condition tool in TopoDOT 

Below are results of the analysis done using different data sets. The green points are points up 

to 2 cm below the reference surface – they represent rutting or depression. The light blue 

points are points up to 2 cm above the reference surface – they may represent bumps. The 

dark blue rectangles are processing blocks for the Road Condition tool and the green icons are 

flagging places where the distress severity is higher than a given threshold, they also indicate 

distress type. 
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Figure 17 Road condition analyses in point cloud from Lynx SG-1. 

 

Figure 18 Road condition analysis in point cloud from Viatech ViaPPS. 

 

Figure 19 Road condition analysis in point cloud from MIDAR-H. 
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In the point cloud from Lynx SG-1 there are some ruts visible, but at the same time the image 

shows many noise points and most of the blocks are flagged with green severity symbols. The 

results for the ViaPPS system also show some rutting, however, more clearly than for the Lynx 

system, and there are almost no noise points; only a few blocks are flagged with severity 

symbols. There are no green points nor distress flagging in the result for the MIDAR-H system 

which means that no unevenness has been detected. 

To be able to understand meaning of these results and to draw right conclusions, one has to 

consider two important characteristics of each sensor: point density and internal accuracy 

(noise). The table below shows some significant differences between them. 

System Point density on the road 

[points / m²] 

Noise level on the road 

[mm] 

Lynx SG-1 5000-6000 8-15 

ViaPPS 4000-5000 3-4 

MIDAR-H 50 20-30 

Table 1 Point density and noise level for a single pass (flightline). 

 

One can formulate a principle saying that one can only detect unevenness bigger in size than 

the noise level of the particular data set. Of the three systems being tested, ViaPPS has the 

lowest noise level and therefore should be regarded as the most reliable one in terms of road 

surface analysis. The results for ViaPPS show ruts with 5-15 mm depth. Given this 

information, it is not surprising that there are many noise points in the results for the Lynx 

data – the actual rut depth is similar to the noise level and therefore the results are not 

completely clear and reliable. The fact that no unevenness was detected in the MIDAR-H data 

can be explained by noise level much higher than the actual rut depth. 
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4.2. Grade Analysis 

This test was done using the Grade Analysis tool in TopoDOT and the surface line method 

(Swe. ytlinjemetoden) where the calculation of cross slope is based on a 2 m long line placed 

in the middle of each road lane. The measurements of a short stretch, taken in point cloud 

from each system have been tabulated and compared to one another. 

 

Figure 20 Grade and cross slope analysis - comparison of measurements. 

The first conclusion is that the values from the ViaPPS system are the most even ones, which 

is not surprising given the low noise level in point cloud from this sensor. Results for the Lynx 

system are fairly similar to the previous one and the difference is little. However, there is 

a clear systematic deviation between the two Mobile Mapping systems which may be caused 

by some issues with sensor calibration and must be investigated further. Measurements taken 

in the MIDAR-H data are in average approximate to those from MMS, but the spread is visibly 

bigger. 
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5. Conclusions 

Laser data from three mapping systems (two mobile and one airborne) have been tested in 

terms of their usefulness for efficient vectorisation and road surface analyses. Whether 

a system is appropriate for a certain application or not depends on a number of factors like: 

number and type of sensors (laser scanners, cameras), scan angle, point density and internal 

accuracy of the data (level of noise). 

Lynx SG-1 has proven to be the best choice for general mapping of road corridor thanks to its 

two scanners providing very good coverage and point density, relatively good internal 

accuracy and, finally, panoramic imagery from the Ladybug camera. However, it can be 

successfully replaced by the ViaPPS system in applications requiring high precision on the 

road itself and by the MIDAR-H in projects where the accuracy requirements are lower or 

a swath of land where it is impossible or inconvenient to drive a car must be mapped. 

Regarding road surface analysis, only the ViaPPS system appears to be good enough to meet 

the requirements set by national transportation agencies that demand unevenness starting 

from a sub-centimetre level to be detected and reported. Lynx SG-1 could be used to detect 

some bigger damage or depression, but the results might be misleading due to the presence 

of more noise in the point cloud. The point cloud from the MIDAR-H system is too noisy and 

cannot be used for such precise road surface analysis. 
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