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Abstract— This paper presents a mobile agricultural robot
specifically designed for phenotyping tasks. The robot is a
modified version of the Thorvald II agricultural robot. It uses
the same modules as the standard robot, but is re-designed
to have a higher ground clearance, narrower wheels, and more
protective covers to protect the plants than the standard version.
The robot can move autonomously in the field and collects
data for plant phenotyping. This type of system will be a
game changer when it comes to efficient and high-throughput
phenotyping and will be an important factor in increasing the
worlds food production over the next decades.

I. INTRODUCTION
Plant phenotyping refers to a quantitative description of
the plants anatomical, ontogenetical, physiological and biochemical properties [1], which is used to breed more resilient
plants with higher yields. Phenotyping of plants is thus one
of the main tools available to plant breeders to increase
productivity, and therefore important in increasing the worlds
food production as well as the quality and reliability of food
production throughout the world.
Phenotyping currently depends on manual labor to perform in-field measurements [2]. The work is tedious and
traits like plant coverage are commonly still determined by
visual inspection. High-throughput phenotyping will increase
genetic gains in plant breeding, but this requires systems for
collecting vast amounts of accurate and relevant data from
the fields. These fields are normally huge areas with several
hundreds or thousands of plots with varieties of plants.
Robotic solution in the form of drones or ground robots thus
arise as a natural tool for collecting this information in a costefficient and reliable manner. Collecting data with specified
intervals in time and space can be performed efficiently with
robots. In this paper we thus propose to use ground robots
that can be programmed to autonomously collect this data
from the fields, save the data, and finally analyze the data
and present it in a format useful to plant breeders.
Some robots that have been designed for phenotyping
tasks can be found in literature. On the larger end of
the scale, huge gantry cranes are used to carry advanced
sensory systems over relatively large areas. These systems
are extremely costly and can only cover the area defined by
the workspace of the robot. An examples of such systems
is the 30-tonns LemnaTec Field Scanalyzer at the University
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of Arizona’s Maricopa Agricultural Center used to monitor
1.5 acres. On the other end of the scale, we have smaller
mobile robots like the TERRA-MEPP robot developed by
the University of Illinois, which is a small light-weight
robot that can move between rows of sorghum plants. Other
concepts closer to the one presented in this paper are the
Bonirob developed by Bosch [3] and TED developed by Nao
Technologies.
In this paper we will present the phenotyping robot
including mechanical design, control and navigation. The
robot is assembled from modules from the Thorvald II
modular robotic system and has been specially configured
for phenotyping tasks. This is done in close collaboration
with researchers on plant breeding to satisfy all requirements,
such as ground clearance, wheel width, weight, accuracy, and
so on.
The paper is structures as follows: First we discuss robotic
platforms and describe the robot especially assembled for
phenotyping. We then briefly describe the camera setup
before we go through the current system for setting up and
running automatic data gathering with the robot. We finish
the paper with some concluding remarks.
II. ROBOTIC PLATFORMS
In our previous work [4] we have investigated the positive
and negative sides of unmanned aereal vehicles (UAVs) and
unmanned ground vehicles (UGVs) for wheat phenotyping.
In short, UAVs are good for covering large areas quickly
as the images are well suited for calculating key spectral
indices like the NDVI (normalized differential vegetation
index) and EVI (enhanced vegetation index). However, the
images captured by the UAV lack the level of detail that
we get from images captured by the ground vehicle. In fact
we used the images from the UGV as ground truth when
trying to determine key events in the plant’s life, like heading
date, from the UAV images. The UGV can also carry a far
greater payload than the UAV, which is important for certain
sensors, especially hyper spectral cameras which tends to be
rather large. We will therefore continue to use both UAVs
and UGVs in future works.
In the aforementioned previous endeavors we also concluded that our then robot, Thorvald I, was unsuited for the
task of wheat phenotyping, and that a more specialized robot
was needed.
A. Thorvald I
Thorvald I was developed to be used as a multipurpose
tool carrier [5]. The all electric robot has four-wheel drive

and four-wheel steering, and is designed for payloads of up
to 150 kg.
The reason for the robot being deemed unsuited for wheat
phenotyping is the robot’s fixed height of 59 cm. It could
only operate as long as the plants were shorter than this, or
else the robot may have damaged the plants. As wheat plants
grow far higher than 59 cm, the robot’s limited height was in
some cases a considerable problem, and one of the reasons
for developing Thorvald II. Fig. 1 shows Thorvald I in a field
of wheat. Here the plants have clearly outgrown the robot.

Fig. 2: Examples of a few different robots made from
Thorvald II modules. The standard configuration is on the
far left.

II robot is also too small for driving over fully grown wheat
plants. For these reason a different configuration was chosen.

Fig. 1: Thorvald I in a field of wheat. Here the plants are so
high that they may be damaged by the robot.

B. Thorvald II
Thorvald II is Thorvald I’s successor, but instead of being
one single robot, Thorvald II is a family of an infinite number
of different robots [6]. The robotic concept is based on
modules and the idea is that a handful standard modules
can be assembled in different configurations to create robots
with widely different properties for different agricultural
environments. The modules connect through standardized
mechanical and electrical interfaces. Assembling or reconfiguring a robot is done with basic tools, and can in
many cases be achieved in less than one hour. An example
of such a module is the drive module. This module contains
a motor with transmission connected to a wheel and is used
to propel the robot. Other examples of a modules are the
battery enclosure, which contains batteries, computers and
other electronics, and the steering module, which is used to
turn a drive modules in the horizontal plane. Examples of
different robot configurations are shown in Fig. 2.
Although several different robots have been built using
the Thorvald II modules, the standard configuration is the
four-wheel drive, four-wheel steering version with passive
suspension modules in all corners shown in Fig. 3. The
standard configuration is good for hard work in rough terrain.
It can carry heavy payloads and has great pulling power.
A robot for phenotyping does not need the power of
the standard Thorvald II robot. By reducing the number
of motors and gears, the total cost of the robot will drop
significantly. The ground clearance of the standard Thorvald

Fig. 3: The standard configuration of the Thorvald II agricultural robot
III. T HORVALD II C ONFIGURED FOR P HENOTYPING
As we wish to keep the costs of the robot to a minimum,
a two-wheel differential drive robot design is chosen. Two
drive modules are connected directly to the front of the robots
frame, with caster wheels at the rear. A tall custom arch
connects the sides of the platform together. The resulting
robot is tall enough for driving over fully grown wheat plants
without harming them, and it also has six less motors and
gears than the standard Thorvald II configuration, which
means that it is less costly to make. The presented robot
is shown in Fig. 4.
A. Task Specific Modifications
Wheat plants tend to lean over when they grow tall,
effectively covering the wheel tracks in between plots. It
is therefore important that the robot is able to separate the

Fig. 5: The robot in the wheat field. The narrow spacing
between the plots require precise navigation

Fig. 4: A Thorvald II robot configured for wheat phenotyping

plants in neighboring plots by gently pushing them to either
side when it is drives through the field. This is important so
that the plants do not get run over or tangled in the robot’s
wheels or frame. To deal with this problem the robot’s front
wheels and lower frame are fitted with custom covers. The
wheel covers stick out in front of the robot and tapers at an
angle of 60◦ from the horizontal plane. This helps separate
plants from neighboring plots so that the robot can pass
through without causing damage.
As the spacing betweens the plots in this particular research field is small, about 15 cm, the 16 cm wide standard
Thorvald II wheels are replaced by 10 cm narrow wheels.
Fig. 5 shows the the robot in the field.
B. Configuration Review
The main disadvantage with the selected configuration
compared to the standard Thorvald II configuration is the
considerable loss off traction that results from having two
less drive modules and no modules for suspension. If one
of the drive wheels loses traction, the robot may turn unexpectedly. The robot’s control system will try to compensate
for this, but if the problem remains, the robot is effectively
stuck. However, as the arch that makes up the upper part of
the robot’s frame is not completely stiff, it will allow some
flex. This helps in keeping the drive wheels in contact with
the ground.
Another disadvantage of the proposed robot design is the

loss of maneuverability which results from omitting steering
modules and opting for differential drive. On the standard
Thorvald II robot, steering modules allow 360◦ independent
rotation of each drive module about the vertical axis. This
makes the standard configuration far more maneuverable than
the presented phenotyping robot. When the presented robot
turns, the rear will sling out to the side. If the robot decides
to adjust it’s heading too vividly in between plots, it can
potentially harm plants.
A fortunate consequence of using the Thorvald II system
is that the Thorvald platform easily can be fitted with
more drive modules, suspension modules or modules for
independent steering of each drive module. If the somewhat
sparse original design turns out not to be suited for the task,
the robot can easily be upgraded with the needed modules.
Fig. 6 shows a tall Thorvald II configuration with four-wheel
drive and four-wheel steering that was assembled before
the authors decided on the presented design. This particular
robot was created by reconfiguring the initial Thorvald II
prototype, a robot that has seen several configuration since
the one shown here.
IV. CAMERA SETUP
Two pairs of cameras are mounted to the top of the
robot’s frame. One camera pair is facing directly down,
while the other pair is mounted to the side at a 55 degree
angle. Each camera pair consists of one RGB camera and
one monochromatic IR-camera. The cameras connect to the
robot’s Ethernet network and are triggered from the robots
main computer. All four cameras fire simultaneously when
triggered and the captured images are stored locally on

Fig. 6: A tall Thorvald II configuration with four-wheel drive
and four-wheel steering. This robot is not fitted with row
dividing covers.

the robot. A rectangular piece of polytetrafluoroethylene
(PTFE) is mounted in the field of view of both camera
pairs as a universal white reference present in all images.
In our aforementioned previous work, using only cameras
positioned vertically towards the ground, we noticed that the
images suffered from a few very exposed points at the top of
the plants and shadowed parts underneath. With our current
configuration the cameras facing down are reliable as long
as the crop is short while the angled cameras improve the
measurement’s reliability as the crop grows tall, as shown in
Fig. 7.
The cameras used are from Teledyne Dalsa’s Genie Nano
Series GigE Vision. The models are two Genie Nano-M2420
and two Genie Nano-C2420. The specifications are:
• Resolution of 2448 × 2048;
• Maximum frame rate of 35 f ps;
• Pixel size of 3.45 µm;
• Output format GigE Vision;
• Size of 21 × 29 × 44 mm;
• Mass of 46 g;
V. NAVIGATION AND AUTONOMOUS DATA
GATHERING
Whenever the presented robot is turning, each of the two
drive wheels will be tangent to the circle on which each
wheel is driving. As the drive wheels are in the front of
the robot, this means that the rear will sling out to the
side. If the robot decides to turn too aggressively whilst
driving in between the plots, it may run over and damage
plants. Damaging plants in the research plots is of course
not acceptable. This means that the robot needs to have a
precise navigation system.

Fig. 7: The pictures from the downward facing camera pair
(top) suffer from high exposure concentrated at the apex of
the plants, and strong shadows in between plants. The angled
cameras improve the reliability of the NDVI measurements
where this is the case.

A. Sensors For Navigation
For this setup the the robot runs ROS (Robot Operatig
System) and is fitted with a few different sensors. The
robot has an Xsens MTi-30 IMU and a Septentrio APSNR2 RTK-GNSS receiver, and the robot’s motors are fitted
with encoders. The GNSS system receives correction signals through CPOS, a service provided by the Norwegian
Mapping Authority. At the location of testing we obtained
stable positions and had accuracy on a centimeter level.
The robot also calculates its absolute heading from GNSS
position readings over time whenever driving in a straight
line. The heading estimate is maintained by the IMU when
turning. Translational velocity calculated from the encoders
and rotational velocity (about the vertical axis) from the IMU
are fused with GNSS positions and absolute heading estimate
calculated from the GNSS readings to produce a accurate
pose estimate.
In the future, the robot will be equipped with a LIDAR for
obstacle detection, similar to what is used on other Thorvald
II robots.
B. Running the Robot
The seeds in the research plots were seeded by a manually
driven research seeder. As a result the rows are not straight
and the exact position of the rows are not known.
The robot rely on GNSS for localization, and navigates by
means of waypoints. The waypoints are recorded manually
by driving the robot across the field. In more detail, the robot
is programmed to run at constant speed, with an operator
manually adjusting the steering. For safety, the operator

also has the possibility of pausing the robot, or switching
it to fully teleoperated mode. The robot records its pose
for every 10 cm of travel. Whenever the robot comes to
a position selected for data collection, the operator presses
a button to record the robot’s pose. The recorded poses are
ordered in sets corresponding to the different rows in the
field, and are used as waypoints by the robots navigation
system. The full path can be created by combining sets
of waypoints made from different recordings, and different
speeds can be selected for each sub-path. After the path
has been established, each time the robot is scheduled to
take pictures, the operator will bring the robot to the correct
field and start the program. The robot will then automatically
follow the predetermined path and record data at the correct
locations.
C. System Verification
A path was recorded in one of the wheat fields at the
NMBU research farm, Vollebekk. Points for image capturing
were selected by the operator during the recording. The robot
was able to replicate the path and record pictures at the
selected locations. All system worked as intended, which
means that the robot soon will be transfered to its permanent
location at the NMBU research farm, where it will be put to
good use in phenotyping projects.
VI. CONCLUDING REMARKS
In this paper we have illustrated how robots made from
modules help us in quickly adapting to new environments.
Here, only a few custom parts were needed to create a
robot completely different from the standard design. The
fact that the robot can be reconfigured decreases the level
of risk involved when designing a task specific robot such
as the one presented here. If the robot does not behave as
intended, the design can easily be tweaked or even changed
beyond recognition with only basic tools. It is our firm belief
that modular robots significantly speed up the process of
determining the best design for a given application.
A. Future Work
In the future the robot will be equipped with more sensors
for data collection. Effort will be put into making the robot
user friendly, as most users of the robot will be plant
researchers, not roboticists. The robot will also be fitted
with other equipment. A sprayer for automated application
of pesticides on research plots has already been developed
and is ready for field trials.
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