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Executive summary 

ARISTOS is a custom Autonomous Ground Vehicle performing grass cutting, surveillance and monitoring in an 
automated manner for preventive maintenance in PV parks. Currently, the coverage cutting paths are generated 
manually based on the workspace limitations fed by a 2D occupancy grid map during the commissioning phase. These 
analytical developed algorithms for path planning result in, from our extensive experience during testing, robot’s 
trajectories with square moves full of turns (energy consuming moves) and do not handle the localization constraints 
(under the solar panels GNSS RTK is not available). 

Our goal is two fold: a) to deliver a scalable, adaptable, time and cost-efficient solution for integrating an ΑΙ algorithm 
for task & motion planning (TAMP) in order to design automated trajectories of the robot in the field, to be used during 
commissioning and b) to develop  an algorithm for enabling the robot to decide on the best trajectories to follow on 
each mission based on actual external data, to be used during operations. AI will enable the minimization of robot’s 
turns in the field, time operating without RTΚ, while optimizing the cutting coverage and contributing to the avoidance 
of unmapped field obstacles. The automation and optimization of robot’s decision in the field as regards the trajectories 
it should follow will result in significant time and cost savings.  

The proposed use-case, AI planning for autonomous driving optimization in intricate and unstructured fields, will bring 
tangible value for the end users/adopters/practitioners increasing the customer experience, as well as for the 
innovators encouraging business innovation. AI4ARISTOS is in line with AIPlan4EU objectives adopting the use of a 
planner agnostic API, while boosting the research in AI planning to address the challenges of real-life industrial 
scenarios.  

2 Context  
 

ARISΤΟS is a custom designed Autonomous Ground Vehicle (AGV) operating as a robotic brush mower that can perform 
the task of grass cutting, surveillance and monitoring in an automated manner for preventive maintenance purposes. 
The specific challenge of the solution was to create a robotic platform able to operate without human intervention for 
large time intervals (in the range of weeks), while also coping with the rough and ever-changing terrain of the PV parks. 
The existing autonomous mower to its current version, as depicted below. 
 

  
Figure 1 Current view of the autonomous mowing robot ARISTOS 

The PV plants environments place many challenges for robotic operations (localization, navigation, coverage planning). 
Unlike indoor environments, these fields are intricate and unstructured. Moreover, the large and complex operating 
workspace in combination with the required mowing time interval imposes constraints on the optimization of the 
developed solution regarding the mechanical design, autonomy and dexterity of the robot. Let consider the case that 
this robot should be able to perform grass cutting operation in a PV plant of 10 hectares size every 3 weeks. This 
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generates the need of developing optimal paths and sequences of tasks to achieve the required performance with 
minimum cost and commissioning effort.  

Towards the autonomous and intelligence of the system a multi-layer architecture has been developed. The main 
modules of this architecture are following: 
 

• Mapping of the environment: A 2D occupancy grid map is generated using the CAD drawing of the field, the 
obstacles dimensions and the robot geometry as depicted in Erro! A origem da referência não foi encontrada. 
(optional document) 

• Coverage path planning: A manual process to generate paths for field coverage considering the generated 2D 
map, the localization limitations, and the time optimality. 

• Localization: Robot should be able to localize itself inside its workspace by fusing sensors data (IMU, GNSS-RTK, 
odometry) with kinematics capabilities via an extended Kalman filter. 

• 2D Navigation: the robot should follow the generated coverage path while avoiding dynamic obstacles 
(obstacles not included in the generated map) to provide a safe and reliable navigation procedure. 

• Docking for charging: If the battery level is in a critical level, the robot should interrupt its mission in order to 
perform a charging procedure. 

• Task planner: A high level task planner is responsible for coordinating the process by monitoring and triggering 
submodules (battery, user commands, etc) 

• Graphical User Interface: A user friendly graphical user interface is provided to the end-user to monitor and 
control the system by sending high-level commands. 

 
The coverage path and task planning is crucial for this application. During the commissioning phase our technical team 
should generate manually the coverage cutting paths for each area based on the workspace limitations. This is not only 
a time and cost consuming procedure, but it also lacks scalability and adaptability. On the other hand, the existing 
analytical automated algorithms for path planning are not suitable for this application because they generate 
trajectories with square moves full of turns, that are energy-inefficient moves for a skid steering robot, and do not 
handle the localization constraints (under the solar panels GNSS RTK is not available). 
 
Considering the constraints described above, the development and integration of an efficient Task and Motion Planning 
(TAMP) algorithm is of utmost importance as it optimizes the robot operation with respect to efficiency, robustness, 
and flexibility. To be more specific, an efficient AI-based task and motion planning scheme will be able to generate 
optimal paths and sequences of actions considering the workspace limitations (areas with rough localization, obstacles, 
charging station location), maximum field coverage, autonomy and user defined tasks.  

3 Planning Application  

The current solution regarding the high-level task planning has been developed using a preemptive state machine 
which has the architecture described in the following figure. 
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Figure 2 Simplified high level task planner 

The states are the following: 
• Idle state: The robot is waiting for a new mission. 
• Loading: The robot is moving towards a pre-defined position in order to be loaded. 
• Grass cutting: The user sends the areas for grass mowing to the robot and the grass cutting procedure starts. 
• P2P Navigation: The robot is trying to reach a user defined pose applying autonomous navigation. 
• Charging: If a low battery detected, the robot performs docking and charging. 

 
The grass cutting state is the most essential for the described solution. This should be performed in an optimal way with 
respect to execution time, area coverage and safety (obstacle avoidance). The discretization of the workspace should 
be performed based on the above criteria: a) Obstacles, b) GNSS/RTK availability (accuracy on localization). Our current 
proposal will optimize this state and introduce in the overall TAMP procedures the results of the AI trajectory planning. 

Considering the above discretization, it can be decided which area is obstacle free with precise GNSS/RTK localization. 
Navigating in areas with limited GNSS/RTK availability is able to generate unsafe and unpredicted robot behaviors. 
Therefore, the time operating the robot inside no GNSS/RTK areas should be minimized to enhance the reliability and 
the efficiency of the system. Furthermore, the full coverage of the field should be achieved minimizing the execution 
time and energy consumption. In general, the more straight lines trajectories generated, the more time and energy 
consumption efficiency it is achieved.  
 
The described constraints make the trajectory generation for grass cutting field coverage quite complex and the 
traditional methods unsuitable to provide an optimal solution. The AIPlan4EU could provide us with a planner able to 
handle those constraints and provide a safe, reliable and efficient path for grass cutting taking as input the robot 
footprint and the augmented 2D map of the workspace with information about obstacles and no GNSS/RTK areas.  
 
The developed planner should be invoked: 

• every time the 2D map is updated with user defined “no-go” areas or obstacles detected. 
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• during the robot commissioning phase (new workspace). 
 
The quality of the generated plans will be evaluated by measuring: 

• full coverage of the field, 
• the length of the generated path 
• number of the turns in the path 

 
The generated path should consider the obstacle free and maximum distance with no GNSS/RTK as hard constraints 
for the optimization. 

4 Impact  
 

4.1 Business Impacts 

The proposed solution suggests the development of an ΑΙ algorithm for motion & task planning to design automated 
trajectories of the robot in the field. In contrast to the manually developed trajectories during the commission phase of 
the robot, it is expected that the integration of AI will enable the minimization of robot’s turns in the field, time operating 
without RTΚ – common situation underneath the PV panels, while optimizing the cutting coverage and contributing to 
the avoidance of unmapped field obstacles. The automation and optimization of robot’s decision in the field as regards 
the trajectories it should follow, creates a number of business impacts in terms of cost reduction and improved 
customer experience while encouraging business innovation.  
 
Prior to the robot’s deployment in the park and delivery to customer for cutting operation, the commissioning phase 
should be completed.  Having received the field’s map as built by the topographer, a human defines the path that the 
robot should follow taking into consideration the robot’s capabilities and mapped obstacles. This task is labour intensive, 
taking around 5 days of commissioning for a field of 20 ha. As a result, the integration of an AI algorithm to complete 
this task, will eliminate human efforts needed to manually generate robot’s trajectories around the field. This in turn 
leads to the reduction of commissioning costs by 1k€ per 20ha and delivery time by 60%.  
 
On top of the impact on the commissioning phase, the proposed AI solution is expected to create significant benefits 
during the operational phase of the robot. Emphasis will be given so as the algorithms to optimize robot’s coverage 
around the field; based on the cutting tools’ footprint, robot’s turning capabilities, obstacles, panels,other field’s 
geometrical characteristics and external data sources (e.g. weather report/forecast) an optimal path for reducing 
robot’s time to complete the mowing of a certain field is feasible. Operational costs will be curtailed due to less 
operational time of the robot, as well as the minimization of accessories requiring replacement. Cutting tools mainly, 
and electronics parts secondly, are subject to damages during operation, thus needing replacement. With the 
minimization of operational time, parts’ damage is expected to be lessen. What is more, less distances to be covered 
lead to fewer times the robot should visit the energy recharging station. Less charging cycles of the battery pack reduce 
operational time by 20%, thus further minimizing operational costs.  Based on our calculations we will double robot’s 
lifetime from 5 years to 10 years saving a total of 120k€ within these 10 years per robot. On a large PV with 1000ha – 
22 robots – we can save approximately 2.5m€ in 10 years.  
 
A typical requirement from end-users – PV owners – is to mown each park at least once a month. Reducing 
operational time of the robot to complete the grass cutting of a certain field, creates the opportunity to use the same 
robot in another field. This shared model – deploying the same robot in nearly distanced parks – reduce the 
acquisition costs by 50%, and also halve the operational costs for the customers.  
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4.2 Other Impacts 

Currently, the solution itself – a robot purposed for PV parks’ mowing following manually designed trajectories– is 
sustainable. Spraying with chemicals for drying and workers using machineries powered by diesel or other fuels are 
the only alternative solutions adopted up to date. The integration of AI algorithms for optimization of robot’s task and 
motion planning is anticipated to upsurge the sustainability of our solution. Performance optimization helps achieve 
less damage of robot’s accessories i.e. cutting, electronics, thus waste parts will be reduced compared to the current 
state of the solution. Robot’s autonomy will be surged as the AI algorithms shall suggest trajectories requiring 
minimum energy, i.e. fewer turns around the field, while increasing system’s coverage. Charging cycles of the battery 
pack will be reduced, thereby increasing its lifecycle.  
 
Societal impact is also created, as with our solution no human is needed to work in dangerous – high voltages, and 
dull, labour intensive environment with hard weather conditions – rainy, windy, sunny, cold days. During the 
commissioning phase, a human would typically be needed to survey the park based on the robot’s trajectories he/she 
has designed for possible omissions or failures prior to the deployment. Thanks to the integration of AI, the 
commissioning phase can be skipped.  

5 Measures of Success  
 
In order to measure the efficiency, robustness and flexibility of the developed planner a set of key performance 
indicators (KPIs) should be set. The following table analytically describes these indicators. 
 

Success Indicators 
Measurement 

Technique  
Indicator Current 

value 
Indicator Target 

value  
Ratio of obstacle 

free coverage given 
a workspace 2D 

map 

Measure the path 
coverage area with 
respect to obstacle 

free area 

70%  85%  

Reduction on 
Commissioning time 

needed 

Measure and 
compare the time 

needed for 
generating a path 
given a new map 
with the current 

practice  

-  60%  

Increase the cutting 
area given the 

battery capacity 

Measure the m2 of 
the area cut with a 
single charge and 
compare with the 
current generated 

path 

- 20% 

Reduction on the 
time needed for 

grass cutting 
operation 

Measure the time 
needed for the 

robot to execute 
grass cutting for 1 
ha area size and 

compare with the 
current solution. 

- 30% 

 


