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AUTONOMOUS PLATFORM for DATA ACQUISITION and MAPPING of tree 
parameters
Claes Jaeger-Hansen1, Vincent Meiser2, Jörn Selbeck3, Michael Heisig3

CONCLUSIONS

It was possible to create a meaningful application, which could be accomplished by an autonomous platform. The protocol 
which was developed is scalable so it is possible to implement more sensors and actuators. Therefore the protocol can be 
used to control the platform under several applications.  Both the images and LiDAR data was collected in a satisfactory 
resolution and quality. The image capture process can be optimized so it is possible to make the images while the platform 
is moving. This would save a lot of time during execution. The software developed for this application was prototype 
software. It worked, but it lacked the ability to handle errors. The programs have to stable if the platform should be able to 
operate without supervision. 
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Results
The entire system ran autonomously in a plum orchard at the Bundessortenamt in Marquardt (Potsdam, Germany). The 
navigation software failed twice during the field trial, the logs from the navigations software did not show any errors, but the
log from the operating system indicated a system failure. Which means the navigation failed due to hardware errors not 
software errors. The LiDAR data was recorded while the platform was moving and the sensor tower took pictures when the 
platform stopped in front of a tree, this strategy worked well, and ensured the quality of both LiDAR data and images. The 
average speed of the platform was 0.3 m/s approximately 1 km/h. The low speed was selected to ensure a high spatial 
resolution for the vertical scanning of the trees. At this speed it took two days (about 15 hours, 160 trees) to drive through 
the entire orchard. The reason it took 15 hours to drive through the orchard was that the platform had to stop at each tree. 
The communication between the navigation software and the sensor software worked as planned. There were no 
occurrences of timing problems in the communication.  The communication between the Server program and the client 
programs failed 3 times during the field trial. The failures occurred because the communication was not implemented in a 
robust manner in both the Server Program and the clients. The data storage worked without any errors for both clients 
during the field trial. At the end of the field trial the platform had driven autonomously through the orchard and collected the
data.
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2Institute of Mechatronic Systems, Zurich University of Applied Sciences, Technikumstrasse 5, CH-8401 Winterthur, Switzerland
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Materials and methods
System Overview 
The complete system consists of the platform with sensors and software for navigation, 
a LiDAR for scanning the trees vertically, and a program for controlling the sensor and 
storing the tree scannings, a sensor tower with cameras for 3D-images and infrared 
images along with software for controlling the sensor and storing the images. The 
navigation software executes a predefined mission, which were driving the robot 
through the orchard. During the mission the “Server Program” could send continue 
commands to the navigation software, which pauses by each waypoint. The Server 
Program also communicates with the clients (the programs who were controlling the 
sensors), the status of the clients determined when the mission was paused and when 
it was continued. All components of the system are shown in figure 1. The status of the 
clients changes when they are collecting/not collecting data. This means it was 
possible to control the platform based on the status of the sensors. 

Autonomous Platform
The platform used for this project was the Armadillo Scout, it is an electrical powered 
robot for agricultural application. The hardware on the platform was described in 
Griepentrog et al (2012) or can be found on the platform webpage, https://mpt.uni-
hohenheim.de/armadillo. The sensors used for navigation were described in 
Griepentrog et al (2011). The platform equipped with the sensors for navigation and 
data acquisition is shown in figure 2. The autonomous navigation is done with the 
software framework MobotWare (Beck et al, 2010). It is a framework for controlling 
mobile robots, it is currently implemented on several machines ranging from small robot 
for education to a Claas Axion 840(Beck et al, 2010). For navigation and localization 
MobotWare used an a priori map, a LiDAR, odometry, Inertial Measurement Unit (IMU) 
and Global Navigation Satellite System (GNSS).  If the GNSS signal was lost while the 
platform was driving in the orchard or if an obstacle appeared the software was still 
capable of continuing (Andersen et al, 2010).

Introduction
The assignment for the platform was to collect LiDAR (Light detection and 
ranging) data of the tree canopies and 3D-images containing only a part of 
the canopy. The LiDAR data will be used to estimate the Leaf Area (LA) of 
each tree similar to the work done by Walklate et al (2002), Rosell et al 
(2009a) and Planas et al (2012). The images will also be used to estimate 
the LA. Methods for LA exist (Can et al, 2012), (Jin & Tamura 2012) but they 
use do not use stereo cameras. At the time of writing the collected data is still 
being analyzed therefor it is not possible to present any result. The sensors 
had to be able to control the navigation of the platform, because it was not 
possible to make the images while the platform was moving. For this purpose 
a software program called “Server Program” was developed. “Server” 
handled the communication between the sensors and the navigation 
software, and thereby enabled sensor-based control of the platform. The 
sensor-based control is a simple version of the solutions presented in 
Freimann (2007).
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Figure 1. System Overview.

Materials and methods
Sensors For Data Acquisition
1) LiDAR – The ALASCA XT LiDAR system (ibeo Automotive Systems GmbH, Hamburg, Germany) is mounted in a side view 
manner, to such an extent that the LiDAR scanned the trees vertically while the autonomous platform moved through the 
orchard rows, as shown in figure 3.
2) Sensor Tower – The Sensor Tower was built with three different sensors, a Point Grey BumbleBee XB3 FireWire stereo 
vision camera, two Point Grey Mono GigE CCD cameras with infrared filter on top of the lens and a Sick LMS511 laser range 
measurement sensor. The Sensor Tower is shown in figure 4. The BumbleBee XB3 is a stereo vision camera with two different 
base lines, 3 color channels (RGB) and a resolution of 1280 by 960 pixels. This camera enables 3-dimensional object 
acquisition with an accuracy of several millimeters in depth. The two GigE CCD cameras are stocked with an infrared filter 
(800nm). Due to the filter chlorophyll-containing regions are much more reverberating and separable than chlorophyll-poor or -
less regions. Plants (characterized by high chlorophyll percentage) can be separated very well. The sensor resolution counts 
1600 by 1200 pixels whereby a wide angle lens (FOV: 70 degrees) is mounted to the camera sensor.
3) LiDAR – The Sick LMS511 was measuring the distance from the stereo camera to the tree. For a time-saving stereo image 
processing of the BumbleBee stereo camera images, the distance to the acquired object is the most important parameter. If 
the distance interval is known, the search area for the stereo matching can be limited to a small-sized region. Using a 2D 
LiDAR (Sick LMS511-10100 PRO SR, laser: 905 nm, FOV: 190 degrees, resolution: max. 1/6 degree, frequency: max. 25 Hz) 
the distance to a tree can be determined with a relative accuracy of less than a centimeter. The alignment of the sensor are 
very important, if they are not aligned correct the distance measurement cannot be used for the calibration of the 
imageprocessing.

Software
Communication on the platform. In order to ensure simple and reliable data 
exchange between the navigation software and the sensor-control software 
(clients), a server-program was developed. The purpose of the Server 
Program was to commands back and forth between the programs. Since the 
programs were distributed over several computers the communication 
between the software had to be network-based. The programs were 
connected to each other over a stream socket using TCP. The commands 
which were transmitted were constructed in accordance with a protocol 
designed specifically for this assignment. The structure of the protocol is 
based on XML, attributes and data were wrapped in XML-tags and 
transmitted. The protocol follows the recommended guidelines1,2 for XML data 
transfer.  An example of the protocol is the timestap which were transmitted 
with each command.

<timestamp>
<server-time>[hh:mm:ss.ss]</server-time><!-- server time-->
<gnss-time>[hh:mm:ss.ss]</gnss-time><!-- sensor time-->

</timestamp>
The protocol could be extended to include other sensors and actuators, 
besides the ones used in this project. The command exchange and data flow 
between the programs is shown in figure 5. It illustrates how Server Program 
can start and stop the mission currently being executed by the navigation 
software. It also shows how GNSS data and commands are exchanged 
between the Server Program and the clients.

1) http://www.w3.org/TR/REC-xml/#sec-well-formed
2) http://www.ibm.com/developerworks/xml/library/x-eleatt/index.html

Figure 5. Command exchange and data flow of entire acquisition platform.

Figure 2. Armadillo Scout.

Figure 3. LiDAR mounting on the 

autonomous platform.
Figure 4. Sensor tower with 

Point Grey BumbleBee XB3, 

Point Grey GigE Mono 

cameras and Sick LMS511 

laser measurement sensor.
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