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Introduction
Cultivated lowland soils in Denmark make up 17% of the agricultural area, of which 108,000 ha are
peat soils with more than 6% organic carbon. There are both agricultural and socio-economic
perspectives in changing the operation of the wettest lowland soils for at least three reasons: 1)
many fields are now so wet and soft that traffic on the areas with ordinary agricultural machinery
has become a major challenge partly because carbon-rich lowland soils sink slowly when they is
drained and partly because climate change has resulted in more rainfall, 2) structural changes in
agriculture gradually remove the possibility of rational grazing with cattle, 3) agriculture needs new
measures that can solve environmental and climate challenges, where high water levels are an
important tool against greenhouse gas emissions and emissions of nutrients to the aquatic
environment.

Figure 1: Wetland area in Denmark

New productive grass species that can tolerate high water levels for large parts of the year can be
the solution for these areas (Kandel, et al. 2016, 2017). In several places, meadow grass is already
being harvested for biogas production, but it is difficult to develop a sustainable business model in
this area, partly because biogas companies will rarely pay more than 50 øre per kg dry biomass,
and partly because the costs of harvesting biomass on soft soil are very large when existing
technology is used (Hyttel, 2015, Lundegrén et al., 2012). With the existing machine technology,
you can either only harvest in a very small, time window of the year or you can at best harvest in
an extended period of time with very expensive and heavy machines on belts that load the soil
heavily and destroy the turf's bearing capacity.
Wetland areas can be difficult to farm or use as grassland, as conventional equipment is too heavy
and tends to get caught in the water holes, see figure 1. Implements can cut the soil and root layer,
opening a hole to the water below the soil.
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Figure 2: A tractor and implement stuck in a wetland area.

The main objective of the GrassBot2 project was to design and develop an automated lightweight
biomass harvesting system, with an integrated safety system designed for the challenges that arise
especially in wetland areas. In addition, the focus was on optimizing the production, harvesting and
transport of green biomass, in particular on maximizing the yield and quality of green protein
extracted from moisture-tolerant grass species / varieties grown on low soil. The grasses grown in
GrassBot2 at different fertilizer levels and harvest times were be analyzed for protein content and
extractability under laboratory conditions (Solati et al., 2016).

Effect of harvest frequency of perennial grasses on annual protein yield
and extractability when cultivated on a poorly drained fen peatland
Poul Erik Lærke and Claudia Kalla Nielsen, Department of Agroecology, Aarhus University.

Introduction
Cultivation of perennial grasses as biomass feedstock for green biorefineries, may be an economic
and environmentally sustainable option for wet agricultural peatlands in temperate regions.
However, the optimal biomass quality for protein extraction from flood-tolerant grasses is largely
unknown. The aim of this study was to define the effect of harvest frequency (one up to five times
annually) on protein yield and its extractability for the perennial grasses reed canary grass (RCG)
and tall fescue (TF), cultivated on a poorly drained agricultural fen peatland.

Methods
Experimental field plots were established in the Nørreå stream valley close to the village Vejrumbro
situated 10 km to the east of Viborg, see Figure 3. 120 samples from 40 subplots with the species
Reed Canary Grass (Lipaula) and Tall Fescue (Swaj) were harvested with one cut and up to five
cuts in 2019 receiving nitrogen (N) and potassium (K) fertilisation for each cut with rates as shown
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in Figure 4. Biomass yields of dry matter and crude protein were determined at each harvest, and
the potential protein extractability was determined by the Cornell Net Carbohydrate and Protein
System (CNCPS) based on the extractability of different types of biomass fibre fractions. In
addition, 1 kg of the fresh biomass was separated by a lab screw press resulting in a juice and a
pulp fraction, see Figure 6, as described by Stødkilde et al. (2019). In this experiment, the grass
was not chopped before screw pressing. Protein in the juice was precipitated by lowering the pH by
acid addition and the protein rich precipitate could then be isolated from the brown juice following
centrifugation and decantation.

Figure 3: Overview of the experimental field plots on a poorly drained peatland in the Nørreå stream valley close to the
village Vejrumbro situated 10 km to the east of Viborg.

Cuts
One
Two
Three
Four
Five

Harvest weeks
32
24, 36
20, 32, 42
20, 24, 36, 42
20, 24, 32, 36, 42

Figure 4: Example of a grass plot with different treatments of
harvest and fertilisation given as NPK-18:0:16. Each grass
species had four replicated plots with randomised treatments.
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Figure 5: Outline of the different biomass fractions separated by the Cornell Net Carbohydrate and Protein System
(CNCPS; Van Soest, 1991).

Figure 6: The harvested biomass was treated in a lab screw-press (a) resulting in a green juice and a pulp fraction.
Protein in the juice was precipitated by addition of acid and the protein rich precipitate (b) could then be isolated from the
brown juice following centrifugation and decantation.

Results and discussion
Maximum annual harvested biomass yields of dry matter (DM) and crude protein (CP) were
obtained when the 2-cut strategy was applied for RCG with 15.6±2.1 t DM ha-1 yr-1 and 3.4±0.5 t
CP ha-1 yr-1, see Figure 7. The highest yield of neutral-extractable true protein (CNCPS fractions
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B1 and B2) was also found for the 2-cut strategy of RCG with 1.5±0.2 t ha-1 yr-1, see Figure 8.
When the protein was extracted with the screw press and isolated after precipitation, 0.61± 0.07 t
ha-1 yr-1 was achieved from the 2-cut RCG. No significant improvement of annual biomass and
protein yields as well as extracted protein yields were observed with more than two annual cuts.
Protein extracted and precipitated after screw pressing of the 2-cut RCG comprised only 38 % and
25 % of the neutral (B1+B2) and acid (B1+B2+B3) soluble protein determined by the CNCPS. This
indicated options for further improvement of the screw press method.

Biomass (t DM ha-1 yr-1)

The results indicate that protein extraction from reed canary grass grown on wet peatland may be
an alternative future market option adding value to the biomass in comparison with direct
processing of the biomass in a biogas plant. In the current experiment, RCG seemed more
productive than TF, but the main reason for this was a very poorly established TF crop in 2018 and
high degrees of invaded velvet grass. In a previous experiment carried out in 2015 on a wet
peatland further down the same stream valley, a well-established TF produced annual yields of
more than 18 t DM ha-1 yr-1 in two cuts during the second production year (Kandel et al., 2016).
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Figure 7: Yields of dry matter and crude protein in reed canary grass (RCG) harvested with increasing numbers of cuts
per year in the week numbers (Wxx) specified on the graph.
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Figure 8: Yields of extractable protein in reed canary grass (RCG) harvested with increasing numbers of cuts per year in
the week numbers (Wxx) specified on the graph.

Conclusions
•
•
•
•
•
•

15.6 t dry matter and 3.4 t crude protein were harvested per ha. in RCG on a poorly drained
peatland using a two cut strategy (cuts in weeks 24 and 36 during 2019)
Dry matter and protein yields were not increased by the more frequent harvest strategies
RCG was more productive than tall fescue for the Vejrumbro location, probably because tall
fescue was not well established and highly invaded by nature grass such as velvet grass
The 2-cut strategy in RCG resulted in 1.5 t soluble leaf protein (B1 + B2) per ha
With the specific screw press method 0.61 tonnes protein could be isolated per ha of RCG
No significant additional yields of neither neutral soluble protein nor screw press isolated
protein were obtained by increasing numbers of cuts beyond two.

Logistics and operations of Grassbot2
Claus G. Sørensen, Henrik Mortensen, Institut for Ingeniørvidenskab, Århus Universitet

Introduction
AU-ENG contribution has involved operational technology assessment, system analysis, and
feasibility study as part of introducing autonomous technologies into the harvesting and transport of
biomass. It has included 1) Design and configuration of usage scenarios for simulations of
performance evaluation (capability, energy, etc.), 2) Performance quantification of the robotic
system, including evaluating key operational performance metrics, and 3) Overall operational system
analysis and benchmarking against current farming practices.
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Overall initial System Design
Initial concepts
It was elaborated, whether to focus on a robot solution combining a grass mower and a grass
collector, or on the use of two robots in sequence, one operation with a grass mower and one
operation with a grass collector. Advantages and disadvantages of the concept robot were studied
in terms of operational performance metrics.
Model 1: The mower is mounted in front of the Robotti when mowing the grass. When the
grass has “been breathing” for a while in the swath, the Robotti and a drawn collecting unit
collect the grass. After finishing a load, the unit drives to the field border for unloading.
Model 2: The mower mounted in front of the Robotti and the collecting unit are moving and
collecting the grass in one workflow. After finishing a load, the unit drives to the field border
for unloading.

•
•
•
•
•
•
•
•

Technical specifications of the concept robot:
3 (m) working width
Engine with 74 (kw)
Unit fuel consumption 18.1 (L/hr.)
6 (km/hr.) working speed (mowing and collecting)
Transport speed to field borders 8 (km/hr.)
Load weight = 700 kg = 3.06 (m^3)
Cutting length = 40 (mm)
Yield = 10 (tone green mass/ ha), 20% dry matter and 2 (tone dry matter/ha)

The results showed considerable differences between performance metrics for the two machine
configurations. The simulations were performed based on norm data derived from logging machine
operations as driven in the field (Figure 9), as well as based on norm data for machine operations
driven with an optimized routing plan.

Figure 9: Performance metrics (non-optimised routing)
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Figure 10: Performance metrics (optimized routing)

The result showed that the capacity are highest and the fuel consumption lowest when the harvest
and collection are executed in one workflow, both for the non-optimized and optimized routing. The
capacity increases by 29-33%, and the fuel reduction in the range of 11-16%. The specific difference
between the non-optimized and optimized routing simulations show a 2.9% increase in capacity for
the optimized one workflow model, while show an 8.9% increase in capacity for the optimized two
work flow model – see Figure 11.

Average pratice

Optimised routing

Figure 11: Non-optimised routing (average norm for practice) versus optimised routing
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Simulations 1st and 2nd version of Robotti/GrassBot
Over the course of the project, Agrointelli developed different robotic configurations, which cut and
collect the grass in one workflow. It was designed after the Park Land concept, (”green harvesting
concept with box”) which cut the grass vertically and collect the grass in a box. The specifications
included:

•
•
•
•
•
•
•
•
•

•
•
•
•
•
•
•
•
•

Technical characteristics (1st version Grassbot)
1.3 (m) working width
Engine with 74 (kw)
Fuel consumption 18.1 (L/hr.)
6 (km/hr.) working speed (mowing and collecting)
Transport speed to field borders 8 (km/hr.)
Load weight = 295 kg = 1.29 (m^3)
Cutting length = 40 (mm)
Yield = 10 (tonne green mass/ ha), 20% DM, 2 (tone dry matter/ha)
3 field shapes selected: polygon, 1:2 og triangle. 5 field seizes on 2, 5, 10, 20 and 50 ha.
Technical characteristics (2nd version Grassbot)
2 engines with 19.8 kw, in total 39.6 kw (instead of 1 engine 74 kw)
One engine for driving hydraulics/chopping system and the other for driving the torque
system
2.7 meter working width
9.8 (L/hr.) fuel consumption for each engine
4 (km/hr.) operating speed
6 (km/hr.) travel speed
weight load 548 (kg) = 2.40 (m^3)
40 mm theoretical cutting length
Yield 10 (tonne green Mass/ha), 20% DM and 2 (tonne dry matter/ha)

Using norm data for task times, the operations of the different version were simulated and the effect
of varying field size, field shape, and working width were evaluated.
Table 1: Results simulations different field sizes
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Table 2: Results simulations different field shapes

Table 3: Results simulations different working widths
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As seen, the highest capacity is achieved for triangular fields, regardless of field size. This is due to
shorter in-field transport distances for this field shape. The overall capacity is increased by 23,3 %
as compared with polygon field shape and 31% increase for the 1 : 2. field shape.
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Simulations based on real-world low-land fields
In order to simulate near-practice conditions, 66 fields from Nørreådalen was used. Data on the fields
included GIS data, field shapes, area and crop profile. The total area amounted 102,7 ha with fields
varying between 0,23 and 8,81 ha. The outline of the fields is shown in Figure 12.
The simulations were carried out for: 1) the Robotti GrassBot for varying load capacities, 2) for a
system of traditional tractor plus chopper, 3) for a system of a customized harvesting and transport
system adapted to a grass protein facility.

Figure 12: Outline of low-land fields in Nørreådalen

Simulation results
The calculations and simulations were based on the following prerequisites:
Robotti GrassBot: cutting, collection, and transport to the field border for unloading
•

Yield, 10 tonne green mass/ha, 20 % DM = 2 tonne dry matter/ha

•
•

40 mm theoretical cutting length
Working speed 4 km/h, transport speed in field 6 km/h

•

2 engines (55 kW), norm fuel consumption 3,64 l/h: Engine 1: propulsion when cutting and infield transport, Engine2: hydraulic functions (cutting and unloading).
Fuel consumption divided into two parts: Part 1: includes cutting/collection and unloading, 2
engines running simultaneously -> 2 x 3,64 l/h = 7,28 l/h. Part 2: includes in-field transport to
unloading at field border, 1 engine active -> 1 x 3,64 l/h.

•
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Tractor + chopper: cutting, collection, and transport to field border for unloading
Yield, 10 tonne green mass/ha, 20% DM = 2 tonne drymatter/ha
1,3 m working width, 10 m3 load capacity = 2283 kg, 40 mm theoretical cutting length
Working speed 4 km/h, transport speed in-field 6 km/h
Tractor + customized grass trailer: cutting, collection, and transport to field border
for unloading
Yield, 10 tonne green mass/ha, 20% DM = 2 tonne drymatter/ha
2,1 m working width, 22 m3 load capacity = 5023 kg, 40 mm theoretical cutting length
Working speed 4 km/h, transport speed in-field 6 km/h

Table 4 shows the simulation results between the different systems.
Table 4: Simulation results and comparison between systems

Load
(kg)

Working
width

Capacity

Capacity

Fuel

(h/ha)

(ha/h)

(l/ha)

Robotti GrassBot
295

1,3

4,36

0,22

29,9

548

1,3

3,87

0,25

26,6

548

2,5

2,40

0,40

16,6

0,34

42,6

Tractor + chopper
2283

1,3

2,98

Tractor + customized grass trailer
5023

2,1

1,11

0.91

15,9

The results indicate load capacity and working width as important variables affecting the overall
system capacity and fuel consumption. Higher load weight means more time in the cutting mode and
fewer transports to the unloading location. Comparing the tractor system with the Robotti system
with low load capacity, time savings amounted to 31,7 % and the fuel savings amounted to 47,1 %.
In the case of the Robotti with the big high load capacity, the time saving was 23,0 % and the fuel
savings was 40,4 %.
The tractor and trailer system (2,1 m working width, 5023 kg load) adapted to the grass protein
facility, had a capacity of 1,11 h/ha and the fuel consumption was 15,9 l/h. This gives 62,8 % saving
of time and a fuel saving of 62,6 % compared to the tractor model with 1,3 m working width and
weight load of 2283 kg.
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Demonstration and test
In October 2020, the Robotti was demonstrated and tested in Foulum at a 1,11 ha triangle grass
field. As part of this test, task and operations times were measured together with logging of machine
data (e.g. position, fuel level). The driving was connected to a route planning system embedded in
the robot, and there was 3 unloading locations at the field border. Figure 13 gives the outline of the
test field together with the logging of driving positions/paths for different operations modes:

Figure 13: Test field for the Robotti GrassBot

The specifications of the tested Robotti included 2 engines with 55 kW each. The working width was
2,7 m, but for testing purposes, the set up with the route-planning tool was only using the 1,3 m
working width. The test shoved a capacity of 5,22 h/ha and a fuel consumption of 6,28 l/hours (fuel
consumption for each engine was 3,64 l/hour). These fuel consumption observations have been
used as norm fuel consumption in the simulations in Section 3.1.

Modifed Robotti system with “one workflow” concept
The latest modifications of the Robotti system include a new concept for the grass harvest in “one
workflow. The specifications included:
•
•
•
•
•
•

Robotti mounted with a 2,5 m mower in the front and a self-loading wagon in the rear
Self-loading wagon with a load capacity of 11,5 m3 = 2626 kg
40 mm theoretical cutting length
Engine size: 2 engines with 55 kW each
Fuel consumption: 3,64 l/h for each engine
Working speed: 6 km/h/ In-field transport speed: 8 km/h

The simulations included 5 different field sizes ranging from 2 to 50 ha, 3 different field shapes
(polygon, 1 : 2 and triangle). Results indicate that the average capacity was increased from 2,40
h/ha to 1,35 h/ha by using “one workflow”. This is a task time saving of 43,8 %, and the fuel
consumption was decreased from 16,56 l/ha to 8,89 l/ha, indicating a fuel reduction of 43,3 %, when
using a weight load of 2626 kg compared to 548 kg.
Additional, simulations were carried out for “one-workflow” configuration involving varying yields (2
– 10 ton DM/ha) and averaged over 5 field sizes (2, 5, 10, 20, 50 ha) and 3 field shapes (polygon, 1
: 2 and triangle). It is evident how the yield affect the performance metrics in terms of increasing task
times, amount of biomass handled per hour, and fuel consumption.
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Figure 14: Effect of varying yield levels

Conclusions
-

-

-

-

-

Performance metrics (capability, energy, etc.) for robotic system and benchmarking against
current farming practices
Significant differences between performance metrics for two machine configurations: combo
solution of a grass mower and a grass collector, or the use of two robots in sequence, one
operation with a grass mower and one operation with a grass collector
The capacity are highest and the fuel consumption lowest when the harvest and collection
are executed in one workflow, both for the non-optimized and optimized routing. The capacity
increases by 29-33%, and the fuel reduction in the range of 11-16%. The specific difference
between the non-optimized and optimized routing simulations show a 2.9% increase in
capacity for the optimized one workflow model, while show an 8.9% increase in capacity for
the optimized two work flow model
Highest capacity is obtained for triangular fields, regardless of field size, caused by shorter
in-field transport distances for this field shape. The overall capacity is increased by 23,3% as
compared with polygon field shape and 31% increase for the 1 : 2. field shape
In order to simulate near-practice conditions, data from 66 fields in Nørreådalen was used
(GIS data, field shapes, area, total area 102,7 ha with fields varying between 0,23 and 8,81
ha. The simulations were carried out for: 1) the Robotti GrassBot for varying load capacities,
2) for a system of traditional tractor plus chopper, 3) for a system of a customized harvesting
and transport system adapted to a grass protein facility
Load capacity and working width are key performance variables affecting the overall system
capacity and fuel consumption. Comparing the tractor system with the Robotti system with
low load capacity, time savings amounted to 31,7 % and the fuel savings amounted to 47,1
%. In the case of the Robotti with the big high load capacity, the time saving was 23,0 % and
the fuel savings was 40,4 %.
The tractor and trailer system (2,1 m working width, 5023 kg load) adapted to the grass
protein facility, had a capacity of 1,11 h/ha and the fuel consumption was 15,9 l/h. This gives
62,8 % saving of time and a fuel saving of 62,6 % compared to the tractor model with 1,3 m
working width and weight load of 2283 kg
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Latest modifications of the Robotti system include a new concept for the grass harvest in
“one workflow. Simulations included 5 different field sizes ranging from 2 to 50 ha, 3 different
field shapes (polygon, 1 : 2 and triangle). Results indicate that the average capacity was
increased from 2,40 h/ha to 1,35 h/ha by using “one workflow”. This is a task time saving of
43,8 %, and the fuel consumption was decreased from 16,56 l/ha to 8,89 l/ha, indicating a
fuel reduction of 43,3 %, when using a weight load of 2626 kg compared to 548 kg
Yield levels affect the performance metrics in terms of increasing task times, amount of
biomass handled per hour, and fuel consumption.

Robotti and the harvester unit
Improvements to Robotti
During the Grassbot2 project, major improvements were made to the hydraulics, electronics,
mechanics of Robotti. The safety system was partially upgraded and redesigned.
Robotti’s chassis, the dimensions of the main modules, and the engines were changed. The
chassis was updated to be able to drive in taller grasses and also in taller crops without damaging
the top. The engine size was increased from 25 hp to 75 hp which required the main left and right
modules to be increased slightly in size. The engine size increase was because it was barely
possible to drive the mower and harvester unit with the smaller engine size. As part of the
redesign, it was necessary to get approval from Kubota to use their engine, which was achieved in
winter 2019. The new engine has been highly optimized by Kubota over many years and the diesel
consumption increase was minimal despite a large increase of horse power. The new design of the
chassis and main modules was used on all new versions of Robotti and has been kept the same
size since 2019.
A new hydraulic system was designed as the old system was experiencing over heating issues. An
analysis was completed as to why the current system was over heating and changes were
proposed and implemented. The system was designed to use max pressure, causing the
overheating problems. In addition, because the system was almost always at maximum pressure, it
wasn’t possible to add more pressure if the steering system or another system needed the extra
pressure.
Designs and diagrams of the new system were made. While updating the hydraulics system,
outlets to attach to the implements were added, see Figure 15. The horizontal piping is mounted on
the center of the boom this means that it is at the same height as the safety bumper, which means
that no solid object should be able to reach the pipes. The mechanism for lifting the implement was
updated and the lifting abilities were increased and optimized. Significant improvements in steering
robustness were made. All changes were tested before implementing in production.
By the end of the Grassbot2 project, a considerable gain in robustness and precision of Robotti
was achieved.
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Figure 15: The external hydraulic outlets.

Robotti safety system improvements
Originally the 2d lidar system when detecting an obstacle in front would stop suddenly about 20 cm
in front of the obstacle. This behavior was seen as scary. To increase the user experience and
satisfaction of the customer, after the obstacle is detected, Robotti will slow gradually as it
approaches the obstacle and then stop.
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Figure 16: When the Robotti detects an obstacle in the 4m safety box, it will immediately begin to slow. At the 1 m box,
the Robotti is moving very slowly.

The safety components at the end of the Grassbot2 project on Robotti are: bumpers, e-stop
buttons, remote control mode switch, remote control stop button, remote control joysticks, remote
control hitch control switch, ignition key switch, engine start/stop push button, control console
(robot-mounted). Geofencing has been added so if the robot drives over the boundary line, the
Robotti will automatically stop.
In addition to the safety components, a light tower is mounted on Robotti to give feedback to the
user and others that the Robotti is operating. The controllers on Robotti are the bumper controller,
remote control receiver, safety PLC, X-90 controller, vision controller, row detection controller,
engine ECUs. Future development will include a front camera with an object detection algorithm
running in order to be able to detect humans at distances greater than 4 m.

Figure 17: High level infrastructure of the Robotti as of 2020.

Headlands have been marked as safety zones, so they are driven at 4km/hr to reduce the risk that
there might be a human in the field. The speed of the Robotti is currently limited to 6km/hr to meet
legislation requirements in EU.

Robotti and grass harvester
To reduce the soil compaction pressure, belts and wide tires were tested.
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Figure 18: Robotti was tested with belts, but soil movement was considered too great.

The updates to the design of the chassis and hp caused an increase of weight to the robot. To
compensate, larger tires option was added in 2019 with commercial release in 2020. A new design
of the wheel bracket was made so that the smaller tires and the larger tires could be changed with
minimal service time.
The extra wide tires’ pressure can be reduced to 0,6 bar, allowing for even less soil compaction.
The actual soil compaction will be tested in 2021 by Aarhus University.
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Figure 19: Wide tire that was chosen for Robotti.

Several tests were performed with Robotti and mowers and mower grass harvesters.

Figure 20: Robotti with the grass cutter and harvester implements.

The first test that was performed, the PTO was not strong enough to be able to power the grass
harvester. The test was performed on a 2019 Robotti with 25 hp and double engine. Therefore, the
Robotti was designed with a larger 75 hp engine.
A test on wetland area with the new chassis and new 75hp engines was performed. The Robotti
was too heavy and was stuck in the mud. A new wheel bracket design was started to fit both the
narrow, normal and wider tires.
A test with belts was also performed on the 2019 Robotti, see figure18.
Tests with a grass mower was done in Foulum with the 2020 version with the larger chassis and
the normal tires.
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Figure 21: Robotti cutting grass in Foulum

Safety controller development

Work was conducted on the robotic safety controller. High-level system management activities
related to the safety-controller architecture and design were made. Basic software for testing the
hardware interfaces present on the safety controller, and debugging the hardware/software.
Several small errors identified and the hardware prototypes reworked to correct them.
Prototyping software for driving the needed hardware interfaces:
• digital I/Os - for connecting the safety controller with the Robotti’s controller
• i2c - used as an internal bus for communication with the on-board IMU
• SPI - used as an interchannel communication
• serial interface - used for connection with the GNSS
• CAN interface - used as a redundant interchannel communication
Those interfaces are the basic building blocks for implementing the safety speed supervision and
the operational space limits (geofencing).
Foundation-like software was developed including a task scheduler for the safety controller using a
deterministic scheduling algorithm (no preemption used) designed and implemented. In addition,
an ethernet-based bootloader implemented for channel A of the safety controller.
Work on the design and implementation of the different blocks required by the operational space
limits (geofencing) safety function
• Serial interface drivers designed and implemented for the main and the auxiliary serial
ports. Possible to use both the main and the auxiliary serial interfaces for debugging (via
printf)
• Designed and implemented parsers for NovAtel-proprietary GNSS messages as well as for
NMEA GNSS messages.
• Analyzed and implemented an algorithm to check for a point being inside of a polygon needed for the GNSS-based implementation of the operational space limits
The first internal demo of a prototype implementation of the operational space limits (geofencing)
safety function
• debugging the implementation of the NovAtel-proprietary GNSS message parsing and
testing it
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a debugging the implementation of checking if a point is situated inside or outside of a
polygon
• hardware interfacing a stack light used to demonstrate internally at Conpleks the prototype
implementation of the geofencing functionality
The prototype implementation demo used a mobile robot from Conpleks (the RangeSweeper
robot) as a carrying platform for a NovAtel GNSS receiver connected to the safety controller. The
demo was performed at the Business Park Struer Conpleks test site, and demonstrated that if the
robot left a predefined geographic area an output (a red light of a stack light) is triggered to signal
the event. The prototype implementation was limited to a single channel/single GNSS type of
receiver (NovAtel).
•

Conpleks has prepared the integration of the new safety-controller concept that makes it possible
to add tilt, roll and speed supervision and operational space limitations (geofencing). By adding the
Conpleks Safety Controller to the safety circuits of an outdoor mobile robot, e.g. the Robotti, these
valuable safety functions can be made available, in addition to other safety functions already
present, e.g. Lidar based virtual bumpers, remote emergency stop etc.

Figure 22: Conpleks Safety Controller

User interface app development
The objective of the user interface app development was to take an existing robotic management
app and update the GUI, in order to make it easier to use. The current GUI had a lot of information
that made it somewhat difficult to get an overview.
An attempt was made with a new wire-frame design approach of the app graphics and layout,
making it more appealing and easier to view, read and understand by the user.
As part of the design considerations, the color scheme was optimized for the color blind, the design
was icon based, there was a clear split of elements and reduced the amount of information per
area. The colors throughout the entire GUI were kept consistent to give a branding feel. The focus
was on a ‘clinical’ layout to increase the understanding of the user.
The colors were chosen so that the contrast was high for the user to easily be able to understand
the information displayed, see Figure 24.
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Figure 23: App design considerations. Color contrast should allow the text to be easy to read. Design is best kept simple.

User journeys and use cases were created to describe the process of the user. Mockups were
created in order to be able to get a ‘real’ feeling of what the GUI was like for the user. Information
flows of the GUI was taken into consideration. A draft design concept was created with graphical
identity and icons, giving it a brand look.

Figure 24: Box/table format was used to give the GUI a formal, ‘clinical’ feeling.
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Figure 25: Design considerations of the GUI.

The navigation structure was mapped and optimized for the new GUI, see Figure 27.

Figure 26: Navigation structure of the GUI.
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Figure 27: Views of the various screens of the GUI.
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The scope was to evaluate 2-3 app concept designs, based on current app implementations. The
app design workshops focused on user-friendly design, usability, graphical layout etc. for robot
management apps for grass cutting.
Three different designs for the UI app were created and a total of 4 UI/UX app design workshops
were planned or executed. The workshops took place at Conpleks in BusinessPark Struer.
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