
MCG 2016 – 5
th
 International Conference on Machine Control & Guidance 

“Facing complex outdoor challenges by inter-disciplinary research” 
Vichy, France, October 5-6

th
, 2016  

Development of a Portable Mobile Laser Scanning System with Special 

Focus on the System Calibration and Evaluation 
  

E. Heinz
1
, C. Eling

1
, M. Wieland

1
, L. Klingbeil

1
, H. Kuhlmann

1 

1Institute of Geodesy and Geoinformation, University of Bonn, Nussallee 17, D-53115 Bonn, Germany 

heinz/eling/wieland/klingbeil/kuhlmann@igg.uni-bonn.de 

Keywords: Kinematic Laser Scanning, Portable Multi Sensor System, Lightweight, Low-cost, Direct Georeferencing, 

Calibration, Evaluation, Simulation, Network Configuration Analysis. 

Abstract: The mapping of our environment with mobile laser scanning systems has become increasingly popular in 

recent years. However, many systems are installed on platforms (e.g. cars) that are not able or allowed to 

enter certain areas. Hence, there is a great interest in developing portable systems that remain operational 

even in challenging situations. This paper presents such a portable system that includes a lightweight direct 

georeferencing unit for the pose estimation of the system and a small low-cost 2D laser scanner. This setup 

contrasts favorably with existing portable systems that use heavy and expensive high-end sensors. Special 

emphasis is placed on the extrinsic system calibration between the direct georeferencing unit and the 2D 

laser scanner by using a calibration field with several reference planes. To analyze and further optimize the 

network configuration in the calibration field, initial results of a self-developed simulation environment are 

shown. For the system evaluation kinematic point clouds are compared to reference point clouds of a high-

end terrestrial laser scanner. Accordingly, the mobile system has an accuracy of cm to dm, thus making it an 

attractive option for various applications that do not require the highest possible accuracy. 

1 INTRODUCTION 

In modern times, spatial 3D data of environmental 

structures are required for various applications, e.g. 

documentation, inventory management, monitoring 

planning, visualization and navigation. Mobile laser 

scanning has turned out to be an adequate measuring 

method to acquire such data since it is characterized 

by high speed, high accuracy and high resolution. 

The basic principle of mobile laser scanning is to 

kinematically map the environment with a moving 

2D laser scanner. The position and attitude of the 2D 

laser scanner is constantly determined by additional 

sensors such as GNSS, IMUs or odometers. A good 

review on the current status of mobile laser scanning 

systems can be found in e.g. (Puente et al., 2013). 

Most mobile laser scanning systems are installed 

on wheeled platforms such as cars because one of 

the main fields of application is to collect data of 

buildings and infrastructure for mapping, inspection, 

engineering and management purposes. However, 

wheeled platforms are not allowed or able to enter 

certain areas due to safety aspects, narrow passages 

or soft ground. Hence, the development of portable 

systems, which can be carried by the operator while 

scanning the environment, are urgently required to 

also manage such challenging situations.  

This paper presents the development of such a 

portable mobile laser scanning system that consists 

of two primary components: a compact and low-cost 

2D laser scanner as well as a small, lightweight and 

in-house developed GPS/IMU unit that determines 

the position and attitude of the system on the fly and 

hence directly georeferences the scanned points in a 

common coordinate frame (e.g. WGS84). 

The concept of developing portable mobile laser 

scanning system is not totally new since appropriate 

systems have already been presented and are even 

available to commercial users, see e.g. (Kukko et al., 

2012; Frei et al., 2013; Leica Geosystems, 2016). 

However, many systems make use of high-end laser 

scanners and georeferencing sensors, thus making 

these systems both expensive and heavy. Our mobile 

system forms a contrast to this because it is compact, 

lightweight and predominantly based on low-cost 

components.  

Particular requirements of mobile laser scanning 

systems are the system calibration and evaluation. 
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Especially the extrinsic calibration of the system, i.e. 

the mutual installation position and orientation of the 

georeferencing sensors and the 2D laser scanner on 

the platform, is crucial. Various calibration methods 

have been presented that are based on very complex 

laboratory approaches, see e.g. (Gräfe, 2007; Hesse, 

2007). Other researchers have tried to calibrate their 

systems by using natural features such as planes. By 

constraining the scanned points to satisfy the plane 

equations, the calibration parameters of the systems 

can be determined, see e.g. (Filin, 2003; Skaloud & 

Lichti, 2006; Glennie, 2012; Chan et al., 2013). 

These approaches are easier to implement and also 

practicable in the field. 

Although the plane-based approaches could also 

determine intrisic calibration parameters like a range 

offset of the laser scanner, they failed to determine 

all extrinsic calibration parameters simultaneously in 

a reliable and accurate way. We were able to solve 

this problem by using and modifying a plane-based 

approach presented in (Strübing & Neumann, 2013), 

which was recently also applied in (Hartmann et al., 

2015). A calibration field with differently oriented 

georeferenced planes was scanned with the system. 

Constraints between the directly georeferenced scan 

points of the mobile system and the reference planes 

were used for the system calibration. In doing so, all 

extrinsic calibration parameters of the system could 

be reliably estimated with an accuracy of some mm 

and a decidegree or better. To analyze and optimize 

the network configuration in the calibration field, a 

simulation environment has been developed. First 

simulation results will also be discussed. 

The evaluation of mobile laser scanning systems 

is performed in many ways, e.g. by using natural or 

artifical control points or control structures, see e.g. 

(Barber et al., 2008; Haala et al., 2008; Kaartinen et 

al., 2012; Kukko et al., 2012). Unfortunately, there 

is no universally accepted methodology, which was 

recently also stated in (Hauser et al., 2016). In our 

approach, the system performance was examined by 

comparing kinematic point clouds to high-precision 

reference point clouds of a terrestrial laser scanner 

(TLS). This was done by computing point-to-mesh 

distances between the point clouds. As a result, the 

accuracy of the system is the order of cm to dm, thus 

making it an attractice option for many applications 

that do not require the highest possible accuracy. 

This paper is structured as follows: In Section 2 

the portable laser scanning system will be described. 

Section 3 will focus on the calibration of the system, 

including results on real and simulated data. The 

system evaluation will be addressed in Section 4. 

Section 5 will conclude with an outlook. 

2 SYSTEM DESIGN  

The setup of the developed mobile laser scanning 

system is shown in Figure 1. The system consists of 

a small, lightweight direct georeferencing unit (GPS, 

IMU and magnetometer) as well as a compact, low-

cost 2D laser scanner. The system has a size of some 

decimeters (GPS baseline on top measures 90 cm) 

and a weight of 8.5 kg (without power supply) due 

to the heavy metal frame. The design was meant to 

be highly flexible not to be ultra-light. The 2D laser 

scanner, the direct georeferencing unit and the GPS 

antennas weigh less than 1.5 kg. This allows for a 

lighter setup and improves the mobility. Moreover, 

the use of many low-cost elements is advantageous 

compared to other portable laser scanning systems, 

see e.g. (Kukko et al., 2012; Frei et al., 2013; Leica 

Geosystems, 2016). The system components will be 

described in the following subsections. More details 

on the system design can be found in (Eling et al., 

2014; Eling et al. 2015) and (Heinz et al., 2015). 

 

 

Figure 1: Portable mobile laser scanning system composed 

of a small, lightweight unit for direct georeferencing and a 

compact, low-cost 2D laser scanner (Heinz et al., 2015). 

2.1 Direct Georeferencing Unit 

The direct georeferencing unit (Figure 2) constantly 

determines the position and attitude of the platform. 

The unit’s characteristics are that it is very small 

(11.0 cm x 10.2 cm x 4.5 cm), lightweight (240 g, 

without GPS antennas and power supply) and real-

time capable. The unit includes a geodetic grade 

L1/L2 frequency GPS receiver (Novatel OEM 615), 

and a low-cost L1 frequency GPS receiver (u-blox 

LEA6T), both connected to a geodetic grade L1/L2 

frequency GPS antenna (Leica AS10). Moreover, 

the unit contains a tactical grade MEMS-IMU with 

three-axis gyroscopes, accelerometers, a barometer 

and a magnetometer (Analog Devices ADIS 16488).  
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Unfortunately, the magnetometer, which is intended 

to provide yaw information, is affected by magnetic 

interfering fields in the close proximity of the IMU. 

Therefore, an extra magnetometer (Honeywell HMC 

5883L) was added to a side arm, where the influence 

is less significant (Figure 1).  

 

 

Figure 2: Small, lightweight, in-house developed unit for 

direct georeferencing, without HMC magnetometer, GPS 

antennas and power supply. The L1 GPS receiver u-blox 

LEA6T is not visible (Eling et al., 2014/2015).  

The determination of the position and attitude of the 

platform can be split up in three steps that are part of 

an in-house developed software package: (1) RTK-

GPS position (L1+L2), (2) GPS compass (L1 only), 

(3) GPS/IMU integration. First, the observations of 

the Novatel OEM 615 and a master station (received 

via a radio link Xbee Pro 868) are used to calculate a 

precise RTK-GPS position (σ < 5 cm). This is done 

in an Extended Kalman Filter with a rate of 10 Hz. 

In a second step, the L1 frequency GPS baseline on 

top of the system is used as a GPS compass since the 

HMC magnetometer does not allow for a sub-degree 

yaw determination. To instantaneously fix the phase 

ambiguities of the baseline, the readings of the HMC 

magnetometer and the IMU are used to determine an 

approximate attitude. This shrinks the search space 

for the ambiguity resolution (Eling et al., 2015). 

Finally, the exact position and attitude estimation 

is executed in a quaternion-based Extended Kalman 

Filter. The observations of the HMC magnetometer 

and the IMU are combined loosely-coupled with the 

RTK-GPS positions and baseline parameters of the 

GPS compass. This GPS/IMU integration results in 

a georeferencing at 100 Hz with a smoothed position 

and an attitude with an accuracy of < 0.5° – 1°. Note 

that the roll and pitch angles can be determined more 

accurately than the yaw angle. An NI sbRIO 9606 

unit is run on the platform for real-time processing.  

2.2 2D Laser Scanner 

The 2D laser scanner is a Hokuyo UTM-30LX-EW, 

which is a small (62 mm x 62 mm x 87.5 mm), low-

weight (210 g, without cable) and low-cost device 

(Figure 1). The sensor operates on the time-of-flight 

principle and has a maximum guaranteed range of 

30 m. It is able to record scan profiles with a rate of 

40 Hz and an angular resolution of 0.25° in a 270° 

field of view. In the present case the scan profiles 

are vertically oriented. The accuracy of the device is 

specified to be in the mm to cm range. This could be 

confirmed by test measurements. The precision of 

the device was quantified with σ ≈ 5 mm (d < 10 m) 

and σ ≈ 5 mm + 0.5 mm/m (d = 10 m – 30 m). 

However, some systematic deviations were detected, 

too. The measured distances show a drift of several 

millimeters over time, which is probably due to the 

increasing temperature inside the device. Moreover, 

the distances appear to be systematically too short at 

regular angular steps (Heinz et al., 2015). 

2.3 Time Synchronization 

For the time synchronization of the sensors electrical 

trigger pulses are used. As can be seen in Figure 3, 

all onboard sensors are connected to an FPGA (Field 

Programmable Gate Array) that receives the sensor 

observations via distinct serial interfaces. Moreover, 

the FPGA receives a PPS (Pulse per Second) from 

the Novatel OEM 615 that serves as the timekeeping 

element of the internal platform clock. This clock 

starts several tasks on the processor that request the 

observations from the FPGA, which are instantly 

transferred via DMA (Direct Memory Access). After 

that, the position and attitude of the platform are 

estimated and tagged with a time stamp. The FPGA 

also receives an SCS (Scanner Control Signal) from  

  

 

Figure 3: System architecture (ETH = Ethernet, I²C = 

Inter-Integrated Circuit, SPI = Serial Peripheral Interface, 

UART = Universal Asynchronous Receiver Transmitter, 

PPS = Pulse per Second, SCS = Scanner Control Signal, 

FPGA = Field Programmable Gate Array, DMA = Direct 

Memory Access, ISR = Interrupt Service Routine). 
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the Hokuyo UTM-30LX-EW. This pulse is triggered 

for each turn of the sensor head. When receiving this 

signal, the FPGA starts a task on the processor that 

requests and stores the next scan profile with a time 

stamp. By interpolating the platform’s position and 

attitude, the scan points are finally georeferenced. 

3 SYSTEM CALIBRATION 

3.1 Calibration Procedure 

Beside the precise time synchronization, the intrinsic 

and extrinsic calibration of the system is crucial. The 

intrinsic calibration includes e.g. biases of the IMU, 

a range offset of the 2D laser scanner or phase center 

deviations of the GPS antennas. However, the focus 

of this paper will be on the extrinsic calibration that 

describes the position and orientation between the 

direct georeferencing unit (b-frame) and the 2D laser 

scanner (s-frame) on the platform (Figure 4).  

 

 

Figure 4: Extrinsic calibration, i.e. the transformation 

between the coordinate frames of the 2D laser scanner  

(s-frame) and the platform (b-frame): Δx, Δy, Δz (lever 

arms) and α, β, γ (boresight angles) (Heinz et al., 2015). 

The 2D laser scanner measures slope distances d 

at discrete angular steps a in the coordinate frame of 

the sensor (s-frame). The position and attitude of the 

direct georeferencing unit, however, are referred to 

the platform’s coordinate frame (b-frame). Between 

s-frame and b-frame a six parameter transformation 

exists, i.e. three lever arms Δx, Δy and Δz as well as 

three boresight angles α, β and γ, where R denotes 

the associated rotation matrix. These parameters are 

assumed to be constant, but have to be calibrated. 
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Using the attitude of the platform (roll ϕ, pitch θ, 

yaw ψ), the points are transformed to the n-frame 

that is aligned with the north, east and up direction. 

The ellipsoidal latitude B, longitude L as well as the 

estimated position tx, ty and tz of the platform are 

finally utilized to transform the points to the target 

coordinate frame, e.g. WGS84 (e-frame). 
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To estimate the extrinsic calibration parameters, the 

basic idea of an approach introduced by (Strübing & 

Neumann, 2013), which was recently also applied in 

(Hartmann et al., 2015), was adapted and modified. 

Our calibration procedure is based on the use of 

differently oriented georeferenced planes (Figure 5) 

that serve as reference structure. The georeferencing 

of the planes was conducted with a terrestrial laser 

scanner (TLS) that was localized in the WGS84 by 

using ground control points. As a result, the planes 

in g1 are represented by a quantity of georeferenced 

polar point coordinates (distance se, vertical angle ze 

and horizontal angle re), where nx, ny and nz denote 

the components of the associated plane normal. 
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Following this, the georeferenced planar surfaces 

are scanned with the mobile laser scanning system. 

This leads to the constraint g2 that the georeferenced 

points of the system in Equation (2) must satisfy the 

plane equations defined in Equation (3). 
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The constraints g1 and g2 can be adjusted using a 

total least squares approach, leading to estimates and 

covariances for the extrinsic calibration parameters. 

In the adjustment the normals of the reference planes 

are treated as auxiliary parameters, whereas all other 

quantities are treated as observations. The ellipsoidal 

latitude and longitude have a small influence on the 

error propagation. Therefore, approximate values are 

sufficient. One has (Mikhail & Ackermann, 1976) 
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The design matrices A and B contain the partial 

derivatives of g1, 2 with respect to the parameters and 

observations. The matrix Σll is the covariance matrix 

of the observations and the item w is the vector of 

discrepancies. Parameter updates Δx are calculated 

for the approximate parameters x0. This leads to the 

estimated parameters x with associated accuracy Σxx. 

3.2 Results on Real Data 

The calibration method presented in Section 3.1 was 

applied to the portable laser scanning system. To this 

end, a calibration field was installed that consisted of 

eight planes with distinct orientation in an area with 

excellent GPS conditions, i.e. almost no multipath or 

obstructions. Each plane had a size of 0.6 m x 0.9 m 

and provided excellent reflection properties for laser 

scanners due to their white surface (Figure 5). The 

field was designed in such a way that the system is 

able to scan between two and six planes at once. 

 

Figure 5: Calibration field with the reference planes Pi and 

the portable laser scanning system (MSS). The terrestrial 

laser scanner (TLS) for the georeferencing of the planes 

can also be seen (GPS control points are not visible). 

For the georeferencing of the planes a high-precision 

TLS Leica ScanStation P20 was used that had been 

localized in the e-frame (WGS84) using five control 

points. After the registration, the discrepancies at the 

control points were below 2 mm. Finally, the planes 

were scanned statically with the mobile system from 

ten stations, each one with a different position and 

attitude of the platform. Each scan took ~ 5 min to 

eliminate potential errors in the time synchronization 

and reduce noise. The distance between the portable 

system and the planes was kept between 2.5 m and 

7.5 m to ensure both a sufficient point density on the 

planes and accurate 2D laser scanner measurements.  

Table 1: Results of the extrinsic calibration of the system: 

estimated lever arms (Δx, Δy and Δz) and boresight angles 

(α, β and γ) with associated accuracies (1σ) as well as the 

estimated variance components of the observation groups. 

Parameter Accuracy (1σ) VCE (1σ) 

Δx 0.2563m σΔx 0.0043m σd 0.0008m 

Δy -0.0957m σΔy 0.0039m σa 0.1073° 

Δz -0.0653m σΔz 0.0041m σse 0.0011m 

α 89.5296° σα 0.0892° σre 0.0051° 

β -0.6338° σβ 0.0545° σze 0.0032° 

γ 119.4931° σγ 0.1132° σxyz 0.0105m 

 σϕθψ 0.1595° 

 

The results of the extrinsic system calibration can be 

seen in Table 1. The accuracies of the lever arms are 

all about 4 mm and those of the boresight angles are 

in the order of a decidegree or better. The stochastic 

model Σll of the observations needs discussion to 

adequately assess these results. 

In the stochastic model Σll for every observation 

group an individual variance factor was estimated by 

variance component estimation (VCE). The variance 

factors of the portable system (σd, σa, σxyz and σϕθψ) 

are better than one would priorly expect. This is 

because the planes were scanned statically and the 

averaged observations used in the adjustment are 

less noisy. The variance factors of the TLS (σse, σre 

and σze) are consistent with its specification.  

By applying the VCE, the stochastic model Σll is 

adapted to the actual accuracy of the data, leading to 

a reasonable estimation. For lack of information all 

observations were supposed to be uncorrelated with 

equal weight, except for the yaw angle ψ (σψ = 

2·σϕθψ) due to the characteristics of the utilized direct 

georeferencing unit. This is why the angle γ is 

estimated with the lowest accuracy since the z-axes 

of the b-frame and the n-frame are typically almost 

aligned. As a result, the inaccuracy of ψ impacts on 

γ. Table 1 also shows that β is more accurate than α, 

which arises from the network configuration in the 

calibration field. The key role of the network 

configuration will be discussed in more detail in 

Section 3.3. Nonetheless, the results of the extrinsic 

system calibration are quite satisfactory because the 

parameter correlations are smaller than 15 % and the 

achieved accuracies are adequate, when having a 

look at the quality of the observations. Note that the 

estimated accuracies are probably too optimistic due 

to neglected correlations between the observations. 
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3.3 Results on Simulated Data 

To analyze and optimize the calibration process, we 

started to implement a simulation environment that 

allows for a comprehensive examination of arbitrary 

network configurations, i.e. position and attitude of 

the mobile laser scanning system as well as number, 

size, position and orientation of the reference planes. 

In the current status the calibration field is designed 

by using the simulation program V-REP (Coppelia 

Robotics, 2016) and then imported into MATLAB
®
, 

where the observations are simulated and the system 

calibration is executed. The assessment of the results 

is based on distinct criteria: (1) parameter accuracies 

and correlations, (2) reliability (partial redundancies 

of the observations), (3) sensitivity of the planes 

towards the parameters, (4) efficiency, i.e. minimal 

number of planes and scans. The importance of the 

network configuration will be shown by the example 

of an exemplary mobile system: [σxyz σϕθ σψ σd σa]  = 

[0.01 m 0.05° 0.1° 0.002 m 0.02°]. 

 

 

Figure 6: Two simulated calibration fields with differently 

oriented reference planes Pi in V-REP. In each calibration 

field the planes were scanned from four stations STj of the 

mobile laser scanning system (red: scanning lines). 

 

 

 

 

 

 

 

 

 

 

 

 

 

Two calibration fields were simulated, each one with 

seven reference planes Pi and four stations STj of the 

mobile system (Figure 6). The accuracy of the field, 

i.e. planes, was in the order of the 2D laser scanner 

of the mobile system. Figure 7 shows the results.  

Although in both fields the correlations between 

the parameters are small, the accuracy of the angle α 

is clearly poorer in the first field. Here also a slightly 

increased correlation of -10 % between α and Δx as 

well as a high correlation of 76 % between α and the 

normals of P2 and P6 (not shown in Figure 7) exists. 

The small partial redundancies ri of the pitch angles 

θi provide a good explanation for this because in the 

present case the pitch angles θi and the angle α are 

almost perfectly aligned. Small partial redundancies 

mean that deviations in the observations spread to 

the parameters rather than to the residuals. Thus, the 

reliability and accuracy of the angle α worsens. The 

pitch angles θi are weakly controlled by the planes 

because their rotation turns about the axis parallel to 

the scanning plane. Hence, only the planes P2 and P6 

are sensitive towards this rotation. The refinement of 

the network configuration in the second field solves 

this problem because now also the planes P1 and P7 

are sensitive towards this rotation. In general, the 

accuracies σlev,bor of the calibration parameters and 

the partial redundancies ratt,pos of the position and 

attitude depend on the accuracy of the position and 

attitude σatt,pos and the number of stations ST in the 

field: σlev,bor ≈ σatt,pos / √#ST,  ratt,pos ≈ 1 – (1 / #ST). 

The simulation is a powerful tool to optimize the 

quality criteria listed at the beginning. In the future, 

the simulation tool will be upgraded. The final goal 

is to design a calibration field that is applicable to all 

mobile laser scanning systems, independent from its 

particular setup, e.g. mounting of the laser scanner. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

Figure 7: Simulation results for two different network configurations (Field 1: top, Field 2: down). The accuracies and 

correlations of the calibration parameters (left) as well as the partial redundancies of the observations (right) are shown.  
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4 SYSTEM EVALUATION 

Initially, the performance of the portable system was 

evaluated by comparing two kinematic scans of an 

identical object. The test object was a barn gable that 

was scanned twice with opposite direction of motion 

of the system (Figure 8). The point cloud of the first 

scan was meshed and point-to-mesh deviations δ for 

the second scan were calculated. The histogram of 

the deviations δ is almost normally distributed. The 

mean of -0.15 cm and the median of -0.12 cm prove 

that there is no significant offset between the point 

clouds. The largest deviations are due to vegetation 

or at the edge, where the point clouds do not overlap 

(Figure 8). The good precision of the system can be 

quantified by the RMS of the histogram and the 

assumption that the point clouds have equal quality: 

3.44 cm / √2 ≈ 2.43 cm. The accuracy of a mobile 

laser scanning system also depends on the measuring 

distance (Glennie, 2007). The mean distance was 

about 3.6 m at this test object. 

Moreover, kinematic scans were compared with 

TLS reference point clouds at two test sites. At both 

test sites the reference point cloud was meshed and 

point-to-mesh deviations δ for the kinematic point 

cloud were calculated. The results of the first test 

site in Klein-Altendorf are visualized in Figure 9. 

Although the parameters of the histogram are similar 

to those in Figure 8, the histogram is skew and not 

normally distributed. Systematic deviations can be 

seen in the point cloud, e.g. at the barn gable on the 

left. Please note that these deviations are not visible 

in Figure 8, where the two passes at the barn gable 

were already examined. The two scans at the barn 

gable were recorded in quick succession so that the 

GPS conditions (multipath, obstructions) basically 

did not change. This might explain the repeatability 

of the measurement, though having an offset. The 

mean distance was about 5.4 m at this test site. 

The second test site in Bonn shows systematic 

deviations, too (Figure 10). The mean of -1.22 cm 

and the median of -0.80 cm prove this. The peak at  

-10 cm is due to a shift of the building façade. The 

reason for this could not be clearly identified, but 

most likely the shift is caused by inaccurate GPS 

observations that affect the position and attitude 

determination. The RMS of 8.21 cm can also be 

explained by the longer mean distance to the object 

of about 11.7 m. Please note that this test site is only 

accessible by foot and not for vehicles. This factor 

emphasizes the benefits of our portable system. 

All in all, the accuracy of the system is in the 

order of cm to dm. The precision of the system is 

satisfactory because point clouds can be reproduced 

in good accordance. However, systematic effects are 

evident, most probably caused by GPS.  

 

 

Figure 8: Deviations δ between two kinematic scans of a 

barn gable in Klein-Altendorf derived from a cloud-to-

mesh comparison. The scans were executed with opposite 

direction of motion of the system (green arrows).  

 

Figure 9: Deviations δ between a kinematic scan (green 

arrow) and a static reference scan (Leica ScanStation P20) 

derived from a cloud-to-mesh comparison. The test objects 

were a barn and a machine hall located in Klein-Altendorf. 

 

Figure 10: Deviations δ between a kinematic scan (green 

arrow) and a static reference scan (Leica ScanStation P20) 

derived from a cloud-to-mesh comparison. The test object 

was the Poppelsdorfer Schloss located in Bonn.  
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5 CONCLUSION AND OUTLOOK  

Nowadays, a flexible and efficient acquisition of 3D 

data of the environment is demanded for a variety of 

applications. As solution to this highly topical issue, 

a portable laser scanning system has been developed 

at the Institute of Geodesy and Geoinformation in 

Bonn. The system contradicts existing portable laser 

scanning systems in such a way that it is lightweight 

and mainly low-cost. Although sometimes showing 

systematic deviations, which are basically caused by 

the GPS measurement conditions, the accuracy of 

the system is in the order of cm to dm. Hence, the 

system is an attractive option for many applications 

that do not require the highest possible accuracy and 

where the use of wheeled systems is not possible. 

A key subject of this paper has been the extrinsic 

calibration of the system. By using reference planes, 

the lever arms and boresight angles between the 2D 

laser scanner and the direct georeferencing unit were 

estimated with an accuracy of mm and decidegree. 

All extrinsic calibration parameters were estimated 

reliably without needing a physical realization of the 

platform’s reference frame (b-frame). Moreover, the 

approach is applicable to 2D laser scanners. 

In the future, we will concentrate on the analysis  

and optimization of the calibration approach in terms 

of accuracy, reliability, sensitivity and efficiency by 

assessing the network configuration with geodetic 

quality criteria. This will be realized by using and 

further developing the simulation environment. The 

final goal is to setup a permanent test field, in which 

any mobile laser scanning system can be calibrated 

as well as tested for its accuracy and performance. 
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