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BEEMOBILE WHITEPAPER – ground control point analysis in mobile 

mapping point cloud 
 

1. Introduction 
 

BEEMOBILE is a mobile mapping system for FARO laser scanners that combines easy operation with 

fast and accurate processing of point clouds.  

BEEMOBILE is simple to use, thanks to a logical and uncomplicated workflow for recording data. 

Combined with the intuitive yet powerful in-house BEEFLEX software the solution is as accessible to 

first-time users as it is to industry specialists.  

The state-of the-art carbon fiber shell is light, compact and exceptionally strong. As such it can be 

mounted on most vehicles by a single person.  

The final point cloud can be exported in either .las or e57 format. 
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System Specifications 

 

BEEMOBILE 

Dimensions (L x W x H)   39 x 23 x 47cm 

Total mass incl. scanner   11kg 

System     click on/off  easy in use 

Mountable on    Motorcycle, car, boat, rail… 

Type of battery    NiMH battery 

Project length    >4 hours 

 

TRIMBLE APX-20 UAV GNSS-IMU  

• High-performance Direct Georeferencing (no Ground Control Points needed)     

• Survey-grade multi-freq. GNSS receiver (GPS L1/L2, GLONASS, BeiDou, Galileo,..) + dual 

MEMS IMU (200Hz data rate) 

• Fully integrated into BEEMOBILE positioning system     

• GNSS post-processing can be based on either own local or Applanix Smart base stations 

network worldwide   

 

LASER SCANNER  

 
Type                FARO Focus 3D X-series. S-series (with automation mode)  

Scanner max range  Up to 350m 

Max measurement range 967,000 pts/second 

3D positional accuracy  3.5 mm @25m distance 

Safety    Class 1, eye-safe 

Data storage   SD-card 

Mass    4.2kg to 5kg 

Scanning mode   Helical 

Vertical Field-of-View  300° 
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Applications 

BEEMOBILE is capable of large scale surveying operations over long distances and with durations. 

BEEMOBILE fits on most vehicles and can even be mounted on a motorcycle or even a bicycle, giving 

access to paths and routes where normal traffic is not allowed.  

BEEMOBILE is an invaluable tool for surveying roads, paths and railways. Industrial sites, architectural 

projects, housing developments and infrastructure can be scanned safely and quickly.  

 

2. Goal of the study 
 

This study aims to verify the georeferencing of a BEEMOBILE point cloud by means of checkerboard 

ground control points. The study area is an industrial zone south of Ghent, measuring 400 by 500 

meters. At the same time of the BEEMOBILE measurements, a ground survey with GNSS and total 

station was used to measure all the checkerboard centers. The unmodified georeferenced point 

cloud from the BEEMOBILE solution was compared with the set of surveyed coordinates of the 

checkerboards, in UTM coordinates. 
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3. Fieldwork and methodology 

Location of Ground Control Points 
 

The 50 x 50 centimeter checkerboard ground control points were placed around the road close to 

ground level and were attached to fences or utility poles.  

 

Integrated survey 
A Trimble VX total station and a Trimble R8s GNSS receiver were used to conduct the topographic 

survey with integrated survey methods. A connection with the FLEPOS RTK network ensured cm-

accuracy for the setup location of the total station, with a line of sight perpendicular to the 

checkerboard ground control points. A reflectorless measurement to the center of the checkerboard 

was then possible. 
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BEEMOBILE fieldwork 
 

Project Summary 

System       BEEMOBILE 

Scanner    FARO X330 

Date of data  9 September, 2019 

Speed passing target 15-20kmh 

Weather               Light winds, cloudy, 15-19°C  

Faro scanner settings     Resolution 1/4, Quality factor 1 

Base station              FLEPOS data (station GENT03) 

 

Test speed 

A separate test was conducted prior to the white paper data recoding to establish the optimal speed 

for scanning the ground control point targets. On the basis of these tests we decided the optimal 

speed for attaining sufficient point density was 15-20kmh. 

 

Vehicle mounting  

The BEEMOBILE mobile mapping system was mounted on a VW Golf Hatchback, at the rear left of 

the roof. Four suctions cups, screwed to the underside of the BEEMOBILE, were pumped on to the 

roof to secure the system.  

 

Data collection process 

Initialization  

The BEEMOBILE battery was connected and the System On/Off button was pressed. From this point 

GNSS data and IMU data were internally recorded in T04 format. The T04 file is the real time 

trajectory, also referred to as the POSdata. The initialization comprised of two phases.  

First, a static initialization from a stationary position for around 2 minutes. The BEEMOBILE is able to 

track the positions of satellites more accurately from a stationary position. This maximizes accuracy 

during post-processing.  

Secondly, a dynamic initialization along a route of approximately 3km. The route included 

accelerations along straight stretches of road and a number of turns, enabling the IMU to reach 

optimal orientation before the scan itself began.  
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Scanning 

A project was created on the FARO X330 scanner before initialization. The parameters were set to 

resolution 1/4, quality factor 1. These settings were determined as the ideal balance between point 

density and file size. Higher the point density reduces the likelihood of inaccuracies when picking the 

center point of the ground control point targets in the BEEMOBILE scan data.  

The scanner was started and when the mirror had reached full speed we clicked the Synchronization 

button on the BEEMOBILE to record timestamps, also referred to as events. Events are recorded in 

GPS seconds per week each time the mirror reaches a vertical position. For the FARO X330 scanner 

using the parameters of resolution 1/4, quality factor 1 the mirror pins approximately 40 times per 

second, equating to 40 approximately events per second.  

Trajectory including initialization.   

Trajectory at the GCP locations 
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The route passed all 9 GCPs in a single trajectory. The vehicle was travelling at a maximum speed of 

20kmh while passing each GCP to ensure we had sufficient point density in the BEEMOBILE point 

cloud to identify the center of the target.   

When all targets had been scanned, the vehicle was again parked in an a position with open skies. 

The synchronization button was pressed to stop recording timestamps. The scanners was then 

stopped and the scan data saved to the SD card. After standing for more than 60 seconds, the System 

On/Off button was pressed to stop recording the T04 file.  

Data download 

After completion of the route, the SD card was removed from the scanner and the raw scan data was 

downloaded as an .fls file.  

The raw POSdata containing the IMU and GNSS data) was downloaded from the BEEMOBILE using 

the FTP application Filezilla.  

We downloaded the base station data directly from the Trimble website http://ntrip.flepos.be/.

 

Postprocessing BEEMOBILE data 

The data was postprocessed using two separate applications, POSPac from Applanix and BEEFLEX, 

the in-house software supplied as part of the BEEMOBILE package.  

POSPac was used to combine the raw GNSS data with base station data. This refined trajectory was 

then synchronized automatically in BEEFLEX with the scan data to produce the point cloud. A system 

calibration file was also linked to ensure an accurate projection. 

 

 Postprocessing workflow 

 

POSPac 

The trajectory was processed using the base station downloaded from the FLEPOS data (station 

GENT03) data and T04 files downloaded from the BEEMOBILE system. The two files were simply 

dragged in to the screen of the user interface and the built-in GNSS processor was activated to 

produce the refined trajectory.  

http://www.stormbee.com/
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The result was then exported and the resulting .dat and .txt files were copied to a folder ready to be 

processed in BEEFLEX. 

Refined trajectory in POSPac

 

BEEFLEX 

The raw scan data in .fls format was then copied to same folder as the files exported from POSPac, 

along with the calibration file. BEEFLEX was then linked to the folder file path and the software 

automatically processed the files to create the point cloud.  

 

 

Refined trajectory in BEEFLEX 
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4. Relative accuracy in the BEEMOBILE point cloud 
 

A point cloud along a separate route was recorded to assess the relative accuracy of the BEEMOBILE. 

The relative accuracy is independent from the absolute accuracy in that it measures the accuracy of 

objects or specified distances within the point cloud. The global positioning of the point cloud plays 

no direct role in the accuracy of these measurements. 

 

Ex1 - Brick gate posts 

 

Ex1 - Distance measured between brick gate posts in point cloud 
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Ex2 - Clothing container 

 

Ex2 - Width of used clothing container measured in point cloud 
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Ex3 - Road at point of measurement 

 

Ex3 - Width of road between curbs measured in point cloud 
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Ex4 - Wall to be measured 

 

Ex4 - Length of wall measured in point cloud 

Summary of measurements 

    Measured distance   

  Description Actual (cm) Point cloud (cm) 
Difference 
(cm) 

Ex1 Brick gate posts 418.0 418.3 0.3 

Ex2 Clothing container 114.4 113.7 -0.7 

Ex3 Road width 707.4 706.4 -1.0 

Ex4 Wall 405.0 404.4 -0.6 

Average difference (cm) -0.50 
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The elements measured are all within 15m of the scanner during the test. The mean difference 

between the measured distances show that the relative accuracy of objects is extremely high. The 

differences are as likely to be attributable to point density than inaccuracy in the point cloud.  

The FARO scanner offers a proven relative accuracy when deployed on a tripod. There is little or no 

loss of relative accuracy when the FARO scanner is used in conjunction with the BEEMOBILE mobile 

mapping system. 

 

GCP measurement in the BEEMOBILE point cloud 
The checkerboards were then manually measured in the point cloud, independently from the ground 

survey, by first segmenting the target from the point cloud and then manually picking the scan point 

closest to the center of the checkerboard. Plane-fitting was not possible due to slightly bent 

checkerboard plates, resulting in points that were behind the actual center of the checkerboard. As a 

result the accuracy of this measurement takes into account the spatial resolution of the point cloud. 
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5. Analysis 
The difference between the point cloud coordinates and surveyed coordinates in easting, northing 

and elevation for each ground control point was calculated, as shown in the table below. The average 

diffence is sub-cm, but the standard deviations of 0.034 m (Easting),0.018 m(Northing) and 0.025 

m(elevation) shows a more realistic view as shown in the coordinate plot.  

point 
in PC  easting  northing  elevation 

100 0.001 -0.005 -0.025 

101 -0.003 -0.008 -0.018 

102 -0.018 0.011 -0.021 

103 0.082 -0.003 0.054 

104 -0.031 -0.010 -0.003 

105 -0.026 -0.024 0.013 

106 -0.023 0.001 -0.001 

107 0.002 -0.029 0.002 

108 -0.002 0.030 -0.029 

Totaal 0.034 0.018 0.025 

Table showing the difference in coordinates between point cloud and surveyed point (Point Cloud - Surveyed point ) in meters. 
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6. Conclusion 
Taking into account the accuracy of the surveyed points (at best 1 cm with RTK) and the spatial 

resolution of the point cloud, these results are promising for further feature extraction from this type 

of point cloud. The coordinate difference could be further improved by fitting a GCP-model in the 

point cloud, but the actual georeferencing is already accurate.  
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