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To make this workshop as interactive as possible, so to answer all your 
doubts/questions, we need to set some simple rules

• All attendants can switch on their microphone & camera

• Keep you microphone muted until Q&A breaks

• You can use the Chat to ask questions to be answered in Q&A

• In Q&A please switch on your microphone/camera and speak

• The workshop is live streamed on YouTube and it is recorded

Workshop starts at 10:00 +/- 5 minutes
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• 10:00 – 10:05 Workshop Rules & Agenda

• 10:05 – 10:20 The ACRE Competition (M. Matteucci – POLIMI)

• 10:20 – 10:30 The ACRE 2021 Dry-run (P. Hanappe – SONY CSL)

• 10:30 – 10:50 ACRE 2022 Field Campaign (D. Boffety, M. Boulet - INRAE)

• 10:50– 11:10 Questions and Answers (All Participants)

• 11:10 – 11:15 ACRE 2022 Cascade Campaign (M. Matteucci - POLIMI)

• 11:15 – 11:20 Next ACRE Initiatives (M. Matteucci - POLIMI)

• 11:20 – 11:30 Question & Answers (All Participants)
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The ACRE Competition
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Agri-Food Competition for Robot Evaluation focuses on autonomous 
weeding robots as an alternative to the use of chemical products

• Politecnico di Milano

• Institut national de recherche pour
l'agriculture, l'alimentation et l'environnement

• Università degli Studi di Milano

• Laboratoire national de métrologie et d'essais
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Automatic weed recognition for:

• Precise pesticides treatments

• Mechanical or electrical or ...
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BIPBIP team
« Bloc-outil et Imagerie de Précision 
pour le Binage Intra-rang Précoce »

PEAD team
«Perception Et binage Autonome des 

cultures en agriculture Durable»

ROSEAU team
« RObotics SEnsorimotor loops to 

weed Autonomously »

WeedElec team
«High voltage electric weeding by 

robot localized»
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• Robot perception

• Plant / weed discrimination (FBM)

• Leaf area / biomass estimation (FBM)

• Robot navigation
• Field Navigation (FBM)

• Crop Mapping  (TBM)

• Robot actuation
• Weed Destruction (FBM)

• Autonomous Weeding (TBM)

ACRE Evaluation Plan (https://metricsproject.eu/agri-food/)
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Hypothesis: Mask returnManual annotation

Crops & weeds markers

ACRE 
Evaluation Plan

https://metricsproject.eu/agri-food/


ACRE organizes 1+1 dry-run campaigns, 2 field campaigns, 3 cascade 
campaigns (based on the field campaign data)

• Field campaigns are performed physically, open to public, and will involve robots

• Cascade campaigns are data-based AI/Robotics competitions happening online
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The 2020 Agri-food Challenge for Robot Evaluation (ACRE) dry-run has 
taken place in Oct ’20, in Montoldre (France), run by INRAE and LNE
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Crops & weeds markers

MaizeGreen bean

Two main crops (bean and maize)

Chenopodium MatricariaRay-grass Mustard

Six main weeds plants

Hypothesis : Mask returnManual annotation

FBM: Weed 
Destruction

FBM: Plant 
Discrimination



The 2020 Agri-food Challenge for Robot Evaluation (ACRE) dry-run has 
taken place in Oct ’20, in Montoldre (France), run by INRAE and LNE
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ACRE organizes 1+1 dry-run campaigns, 2 field campaigns, 3 cascade 
campaigns (based on the field campaign data)

• Field campaigns are performed physically, open to public, and will involve robots

• Cascade campaigns are data-based AI/Robotics competitions happening online
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June 2022 @ Montoldre (France) 
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June 2022 @ Montoldre (France) 

MaizeGreen bean

Two main crops (bean and maize)

Chenopodium

Ray-grass 

Matricaria

Mustard

Six main weeds plants
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May 2023 @ Cornaredo (Italy) 
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May 2023 @ Cornaredo (Italy) 

New main crops (bean, maize, and …)

New main weeds plants
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ACRE organizes 1+1 dry-run campaigns, 2 field campaigns, 3 cascade 
campaigns (based on the field campaign data)

• Field campaigns are performed physically, open to public, and will involve robots

• Cascade campaigns are data-based AI/Robotics competitions happening online
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Online Competitions based on Dataset from the field campaigns

• Targeted to Robotics and AI communities

• Based on field benchmarks and datasets
• Plant discrimination (1st Cascade Campaign)

• Crop mapping (To be confirmed)

• …

• 1st Cascade Campaign (Dry-run) launched
in October 2020 and based on Rose dataset 

• 1st Cascade Campaign launched today!!
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ACRE organizes 1+1 dry-run campaigns, 2 field campaigns, 3 cascade 
campaigns (based on the field campaign data)

• Field campaigns are performed physically, open to public, and will involve robots

• Cascade campaigns are data-based AI/Robotics competitions happening online
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• 10:00 – 10:05 Workshop Rules & Agenda

• 10:05 – 10:20 The ACRE Competition (M. Matteucci – POLIMI)

• 10:20 – 10:30 The ACRE 2021 Dry-run (P. Hanappe – SONY CSL)

• 10:30 – 10:50 ACRE 2022 Field Campaign (D. Boffety, M. Boulet - INRAE)

• 10:50– 11:10 Questions and Answers (All Participants)

• 11:10 – 11:15 ACRE 2022 Cascade Campaign (M. Matteucci - POLIMI)

• 11:15 – 11:20 Next ACRE Initiatives (M. Matteucci - POLIMI)

• 11:20 – 11:30 Question & Answers (All Participants)
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… and how to find it

www.metricsproject.eu
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Open to teams from all around the world. 

Focused on autonomous weeding robots to reduce or eliminate the use of pesticides.

Largest potential for environmental, societal and economic benefits. 

Performance evaluation is based on objective benchmarks.

A Field Campaign in June 2022

(from June 6th to 10th) 

More details and information on the benchmarks' execution in the Evaluation Plan online: 
https://metricsproject.eu/agri-food/
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Organized from June 6th to 10th, 2022 (week 23)

Aerial view of INRAE experimental field.

- An experimental field (4 ha)
- conditions: sandy soil without stone
- suitable for evaluation experiments in real conditions
(testing new autonomous solutions: navigation, weeding, … )

- Several technical buildings and halls
to welcome the participants with their equipment 
(prototype, autonomous solution, smart implement, robots, ...)

On “AgroTechnoPôle” site of INRAE 
Montoldre (France)
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The core: the experimental field   

Preparation: a step with several important agricultural works
to obtain optimal experimental conditions

Sowing of crops and 
weeds at the same time

Seedbed preparation with 
heat treatment

Watering of the sown plots
(Emergence regularity of crops and weeds)

Inter-rows weeding
(Intra row width adjust)

Taking into account: agronomics and technical elements, weather conditions
for a regularity, homogeneity and repeatability in the test plots

Soil work of the plot
(Homogeneity, aeration )

Plot leveling after sowing
(Surface uniformity) 



A network of observation sensors: 
information about the actual 

conditions in the experimental field…
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Weather 
stations

Observation 
measure point 

(Copeeks) 
Scheduled image capture

(Timelapses, growing crops)
In the field 
(Sencrop)

INRAE site (Davis)
Raspberry case (INRAE) 
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An experimental field with crops and weeds sown 
- Two main crops: 

• Maize: (field great crop)  

- inter-row spacing : 75 cm, 

- intra row spacing between plant : 15 cm

• Bean: (field vegetable crop)

- inter-rows : 37,5 cm

- intra row spacing between plant : 7 cm

- Four main weeds:
• With horizontal development (spread out)

o Model weed: mustard
o Natural weed: matricaria

• With vertical development (erected port)
o Model weed: ryegrass 
o Natural weed: chenopodium

Sowing density: - Model: take into account thousand grain weight, 27 seeds/ml

- Natural: preconisation of Arbiotech/100 ml or 10 m2 

MaizeGreen bean

Two main crops

ChenopodiumRyegrass

MatricariaMustard

Four main weeds



• Functionality Benchmarks (FBMs): focused on specific capabilities of
a robot and designed to make the benchmark as independent as
possible from other features of the robot

• Task Benchmarks (TBMs): evaluating the execution of complex tasks
involving multiple functionalities

→ These functionalities and tasks could be tested and evaluated
according to the possibilities and the wishes of each participant.
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• Selected Functionality Benchmarks for the field campaign:

• Plant discrimination

• Weed destruction

• Field navigation

30www.metricsproject.eu



31www.metricsproject.eu

• Goal: Detect which plants of an intra-row are
weeds and which are crops

• Execution:

• Using sensors to perceive the plants on a prepared
row with crops and weeds

• Output: classification of the crops and weeds
present in the intra-row area

• During image acquisition, robot not required to
move autonomously

• Evaluation: Performance metrics compare plant
classification produced by the robot with ground
truth or reference labelled images.

Plant discrimination, crop annotation of the 

reference images

Mustard

Maize
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• Goal: Using intelligent weeding robots or smart
implements to destroy in intra-row the weeds while
not damaging the crops

• Execution:
• On the intra-row area of a prepared plot with

crops and weeds
• Comparison between before and after weeding
• Visual color markers used to identify crops and

weeds

• Evaluation:
• Crops and weeds count before and after the

weeding action
• Assessment of the weed destruction’s

effectiveness

Color-coded markers indicate weeds to be weeded 

(yellow) and crops to be preserved (blue)
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Goal: being able to navigate through rows of crops in a 
field, or other cultivated area without causing damage to 
the crop

Execution: Robot under test:
Assigned one of the predefined destination locations
Has to reach it within a timeout respecting the crop
Full autonomous mode (absolute localization–navigation-guidance system or/and

relative localization-guidance system)
Common paths for all participants after appreciation width of each robot

Evaluation:
Performance metrics take into consideration the accuracy of the final location and the amount of damage to the crops caused by the robot.

75 

cm 75 

cm

14 cm75 

cm

14 cm

14 cm

Second part starting in straight line, with a change of direction and finishing in straight line on A, B and C areas 

75 

cm

First part in straight line on A, B and C areas 

Half-turn

37,5 

cm
37,5 

cm

37,5 
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37,5 
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14 cm

37,5 
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37,5 
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Start

End

7 cm

7 cm

A area
Maize plot

C area
Bean plot

B area 
Transition

D area   
Half-
turn

GPS reference points

3D Laser Tracker 
(Tracking robots in the field)  

Legend
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• Selected Task Benchmarks for the field campaign:

• Intra-row weeding

• Crop mapping
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• Goal: Using intelligent weeding robots or smart
implements, perform fully autonomous intra-row
weeding to eliminate the weeds located among the
crop plants of a row while not damaging the crop

• Execution:

• Intra-row area, of prepared plot with crops and weeds

• Fully autonomous robot navigation required

• No constraints imposed to the method used to destroy
weeds

• Evaluation:

• Number of weeds destroyed and crops plants
uprooted assessed by counting before and after
weeding

• Assessment of the weed destruction’s effectiveness

Delimited intra-row area 

Delimited 
intra row 

area
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• Goal: Produce a map of a multi-row cultivated
plot autonomously, which gives information on
plant localization

• Execution:

• To recognize single plants and provide their
positions

• (x,y) relative coordinates to the participant’s
reference frame

• Evaluation:

• Map produced: compared to a ground truth
map created by human experts

• A software automatically finds the best rigid
alignment between the two maps and then
computes a mapping error

75 cm

37,5 cm

37,5 cm

Maize plot with variable density  

Bean plot with variable density

Plot length 46,5 m



37www.metricsproject.eu

• Participants must pick among 5 selected Benchmarks to be evaluated on: 
• Functionality Benchmark (FBM): Plant discrimination, Weed destruction, Field navigation

• Task Benchmark (TBM): Intra row weeding, Crop mapping

• Participating teams will provide datasets for the campaigns and are evaluated 
performance-wise

•Campaign participation deadline:
April 1st, 2022



• 10:00 – 10:05 Workshop Rules & Agenda

• 10:05 – 10:20 The ACRE Competition (M. Matteucci – POLIMI)

• 10:20 – 10:30 The ACRE 2021 Dry-run (P. Hanappe – SONY CSL)

• 10:30 – 10:50 ACRE 2022 Field Campaign (D. Boffety, M. Boulet - INRAE)

• 10:50– 11:10 Questions and Answers (All Participants)

• 11:10 – 11:15 ACRE 2022 Cascade Campaign (M. Matteucci - POLIMI)

• 11:15 – 11:20 Next ACRE Initiatives (M. Matteucci - POLIMI)

• 11:20 – 11:30 Question & Answers (All Participants)
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2022 ACRE Cascade Campaign
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ACRE organizes 1+1 dry-run campaigns, 2 field campaigns, 3 cascade 
campaigns (based on the field campaign data)

• Field campaigns are performed physically, open to public, and will involve robots

• Cascade campaigns are data-based AI/Robotics competitions happening online
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• Launched during 2020 dry run
in the 1st ACRE Workshop
streamed on YouTube/Facebook

• The competition was meant as dry run
• Run via the CodaLab website

• Open to Students and Researchers 
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Zunhu Guo - Southwest University (China)

Riccardo Ughi – Politecnico di Milano (Italy)

Alessio Mazzucchelli, Francesca Pietrobon, 
Matteo Pazzaglia – Politecnico di Milano (Italy)
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https://codalab.lisn.upsaclay.fr/competitions/2197

https://codalab.lisn.upsaclay.fr/competitions/2197


Next Steps
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• As Competing Team you could:
• Participate with a Robot to the Field Campaigns

• Participate online to Cascade Campaigns

• As Sponsor you could:
• Support the organization of specific benchmark

• Support team participation and travels

• Sponsor prizes and collateral events

• As Dataset Provider you could:
• Help us designing new online Cascade Campaign

• As Stakeholder you could …
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Some ACRE activities are already planned

• February 23rd : Online Cascade Competition starts

• February 23rd : ACRE Field Campaign registration opens 

• April 1st: 2022 ACRE Field Campaign registration closes 

• May 16th : Online Cascade Competition ends

• June 6th-10th :  2022 ACRE Field Campaign @ Montoldre

Register for field campaign: https://forms.gle/HATncmkeMV8KBy4eA

Drop us an email to get info and updates: acre@metricsproject.eu

Check METRICS website: https://metricsproject.eu/agri-food/
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