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Executive summary

ACREAgrifood Competition for 6bot Evaluatioh is one of the robot competitions designed and
organised by the METRICS project. AGREgs the idea of benchmarking competitiorto the
applications of robotics in agridure. Among theseACRE devotes particular attention to autonomous
weeding: in fact, by providing an alternative to the massive use of chemical prodieeidingrobots

have the potential tdoring environmental, societabnd economic benefit to Europe.

A benchmarking competition evaluatesbots according toscientificaly soundprotocols, employing
guantitative andobjectiveperformancemetrics. This document describes these elements of the ACRE
competition. To maximiseheir impact on stakeholderd / w fiefdl&vents takeplace in realvorld
agricultural environments ated both in France and in Italy, and involve live crops and weeds chosen
for their agricultural relevance. These elements are described by this document as well.

Compliance with METRICS methodology

Work Package 2 of METRICS provides the methodologickbioaind to the whole project. This
document has been prepared in accordance with the guidelines set by WP2, and especially with
a9¢wL/ {Q /2YY2Yy 9a®dulinedh Defivergble DSIVheJollowir table is provided

to help the reader in ideriflying the elements ofhe Templatein the ACRE evaluation plan.

Topic Taken into| Detail
account
Organization of the evaluation
The first occurrence of the competition is a don Yes The dry run will take place in October 2026
described in Sectiod.1.1.1
The evaluation plan is formalized Yes The evaluation plan is presented in Section
Evaluation tasks
Each evaluation task is relevant for industry Yes Relevance to industry has been ensur

leveraging the extensive experience a
contacts thattwo of the partners of WP8.e.,
INRAE and UNIMI) have with industry; furth
contacts with stakeholders are foreseen
fine-tune the benchmark suite of ACRE

The dependent and independent variable of eg Yes They are describeith Section 4
evaluation are identified
The evaluation is modular (FBM+TBM) Yes A highlevel description of TBMs and FBMs

available in Section 3, while Section
provides further details

The constraints are adapted to the objective of t Yes Section 4 provides infmation about how

evaluation this has been done

Testing environments

Repeatability and reproducibility of the observatio Yes Benchmarking procedures (concerning bg

are maximized setup and execution) are aimed at promotir
repeatability and reproducibility

Theaccessibility of the test beds is maximized Yes Details are available iBection 2

A qualification procedure is defined and implemente| Yes Benchmarking procedures are designed
support this, as explained in Section 4

Scoring

Measurements and estimatns are clearly identified Yes Details are provided iBection 4

Subjectivity is addressed in an appropriate way Yes Details are provided in Section 4

Metrics are properly designed Yes Details are provided in Section 4

Thi s project has received funding fr
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1 Introduction

The goal of this Deigrable is to provide complete and preciggformation aboutthe ACRE
competition The document is structured as followSection 2 presents the structure of the
competition its timeline (including the changes imposed by the 2020 E¥idandemicland the
facilities where the field campaigns will take place; Section 3 presents the ACRE benchmarks; finally,
Section 4 is devoted to the implementation of the ACRE field campaigns.

While Section 3 provides a hidgvel description of the benchmarksighlighting their main features

and the reasons for their relevanc®ection 4 contaisa preliminary version of the information needed

to actually set up and execute the benchmarks, including: how the test environment is prepared; what
is the protocol for benchm&r execution; whatdata are used for performance evaluatiowhat
evaluation metrics are applied to such data. Sittee benchmarks for thé\CRE cascade campaigns
are directly derived from those of the ACRE field campaigns, the contents of Section 4 faekecee

to the second but are relevant fdoth.

2 Outline of the ACRE competition

The purpose of this Section is to provide an outline of the way the ACRE competition is structured, and
to describe the features of the ACRE benchmarks. Details about thal act)ianisation and execution

of the ACRE campaigns (such as how the test environments are prepared, or how participating teams
are managed) can be found in other parts of this document.

¢tKS (1Se S@gSyida Ay evduaionQcampaighsyAB fevalisfion kamBaigni is &
benchmarking competitian.e., a competition where the participating teams are evaluated and ranked
according to the results of the application of scientific benchmarks to their performance.

ACRE (as other MEICS competitions) comprises two kinds of evaluation campaigns:

1. field evaluation campaignswhich take place in realorld environments representative of the
agrifood domain;

2. cascade evaluation campaignsvhich are datébased competitions that teams paripate
remotely to.

The datasets that the cascade campaigns are based upon are collected during the field campaigns.
Thus, when the same benchmark is used by both, it is possible to directly compare the performance of
teams patrticipating to field campaigasd cascade campaigns.

The campaigns that ACRE will organise, and their (provisional for the time being) location in time are
described below. ACRE will also benefit from interaction with French national project ROSE. In ROSE,
state-funded industrial plagrs have worked on the development of robot systems for weeding, with
2LISNF GA2y Il f OFLIOAfAGASE GKIFG LI NIALFEE@& adzZJSNR YL
to ROSE is provided by METRICS partners INRAE and LNE, who are also amongstre of (ROSE.

¢tKS F2tft26Ay3 2F (KA& &aSO0A2y RSaAONROGSE oO0Ay OKNE

Note: acomplete report on the activities and the results of this campaign is avaifable
the form of Deliverable D5.2 of project METRICS.

Thegoal of thefirst dry-run campaigrhas beerto validate the evaluation plaff.he campaigmas co
f20G6SR Ay aLI OS IyR GAYS gAGK (KS -axistifgROEER 02 YL
Challeng,i I {Ay3 LI IFOS G Lbw!9Qa FlLOAtAGE Ay az2yiz2fR
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The activities of the®Ldry-run field campaign have been heavily impacted by the Cb9igandemic

of 2020 and 2021Nonetheless, it has been possible to validate the setup of the ACRE benshmark
and to enlist some of the ROSE teams to validate their execution. In particuldfiedeNavigation
Functionality Benchmark has besuaccessfly executed.

During and after the sl dry-run field campaigrcontactshave been successfully establishatith
stakeholders to raise interest towards ACRE, promote the competition to possible participants, and
collect feedback on the ACRE benchmarks and methodology.

Note: acomplete report on the activities anié results of this campaign is available in
the form of Deliverable D5.3 of project METRICS.

The competition took place from October 17th 2020, to January 22nd 2B&ihg an online event,

suffered from the Covid 9 pandemic in a limited way. In pragjdhe only change with respect to the
original plan has been to use datasets generated during previous editions of the ROSE Challenge
instead of new datasets collected during th& ACRE field campaigApart from this, the cascade
campaign has been aseess, with a large and geographically diverse participation of teams and a good
quality of the final outcomeslhe competition was joined by 57 teams accounting for 457 individuals.

This evaluation gapaign takes the form of an infield competition among participating teams recruited

by METRICS partners (particularly those involved in ACRE). It will provide a performance evaluation
and a ranking for the participants, as well as datasets for the upcoiingascade campaign. This
campaign will beo-locatedintimel y R aLJ OS gAGK GKS flaid FASER S@Sy
facility in Montoldre (France)t is expected (and indeed this is an actively sought result) that some of
wh{9Qa fifSI K2 BAS (2 LI Midfield sdandpaigSaswedl. ! / w9 Q4 RNE
While originally planned as a fidledged field campaign, this event has been repurposed as a second
dry-run due to the lingering disruptions due to Co¥il, while maintaining at 2 the mober of fult

fledged field campaigns as originally planned. In this way, the field campaigns will be able to take place
in periods when (hopefully) the effects of the pandemic are exhausted. The inclusion of a second dry
run field campaign will let ACREganisers gairfurther insight on the benchmarks, their setup and
execution, and obtain additional feedback from teams and stakeholders in general.

In order to cater with the necessities caused by Cd@da request for an extension of 12 months of

the duration of the METRICS project has been submitted to the European Commission. The extension
will also allow METRICS to accommodate the planned additional field campaign (see Section 2.1.1.7).

As the dryrun ore, the F' cascade campaign will be datased and involve remotely participating
teams. It will be based on datasets collected during2¥edry-run field campaign.

Though this evaluation campaign will besar to thedry-runsin features, structure and outcomes, it
may benefit from improvements introduced thanks to that experience.

The 29cascade campaign will be datased and involve remotely participatj teams. It will be based
on datasets collected during thé*%ield campaign.

Thi s project has received funding fr
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This field campaign will be the final activity of ACRE within METRICS. Its details will be defined
according to the experience drfeedback collected during previous activities, and particularly the 1
field campaignd KS OF YLI A3y gAfft GF1S LIIFIOS G | bLalLQa

The timing of ACRE evaluation campaigns is illustrated by the chart below.
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The test environments for ACRE are experimental plots presenting combinations of crops and weeds.
Different weeds will be selected, which will represent some different growth patterns of weeds.

The crops considered for the competition will belected among those that can be successfully
cultivated in both France and lItaly, to provide consistency between the field evaluation campaigns.
Initial choices include maize and bean. Weeds will be selected to provide different patterns and shapes.
ACRERvill maintain the same crops of ROSE, at the same time expanding on the number and types of
weeds. Differently from ROSE, in ACRE multiple weeds can be present in the same row at the same
time.

221

T

The ACRE experimental field is locatedioK S Lbw! 9 a! ANRP¢SOKy 2t 2f S¢  &AA

department in the centre of France. On this research and experimental site of Montoldre, a field of 4
hectares is already available for the participants of ROSE Challenge and additional areasasélg be e
available near in accordance with the experimental needs of ACRE. Some devices and developments
have been installed for the management and the maintenance of the experimental field and its
surroundings and of access areas (Data capture, electricpgwpply, crops and environment remote
monitoring by wireless sensors, field meteorological station) and are carried out by INRAE people.
Several technics buildings and halls can welcome the participants with their robots and this INRAE
experimental site s an experience in the organization of field meetings.

Thi s project has received funding fr
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‘\Montoldre INRAE site

ERAERR s SR A S0 -
o g I FERE TS T ERTTOENY
f?,u 33

FLE e LT EL

i

The sou of this expenmental f|eId isa sandy soil without stone swtable for Weedlng test and
evaluation experiments with the news small prototgolutions.

Crops:
1 Maize (Zea Mays) (1stand 29 dry-runs +15t field campaign)
1 Bean Phaseolus vulgaris) (1stand 29 dry-runs +1%tfield campaigh
Crop plantsbean(left), and maize(right)
Weeds:
1 Ryegrass (Lolium perenne) (1stand 2 dry-runs +1° field campaigh
1 Mustard (Sinapis arvensis) (1stand 29 dry-runs +1° field campaigh

T [ YOQ& |jdzl NI SNJ o0/ KS 12 dni? 2R dndahs +1% fielcdizahndpaigh
f  Matricaria ChamomiléMatricaria Chamomillgls and 2 dry-runs +1% field campaigh

This project has received funding fr
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9 Hairy crabgrass (Digitaria sanguinalis) (possibly used in"2 dry-run)
(possibly used in"2 dry-run)

1 Green foxtail (Setaria viridis)

f

% =
- -4

- 5 ’i‘/ xc ARGl it - A
From left to right: Model Weeds (Wild mustar&inapis arvensis, Ryegrasolium perenne, Hairy
crabgrasg; Digitaria sanguinalis, Green foxtaBetaria viridis)

2.2.2 Cornaredo facility
The fam is in the municipality of Cornaredo (Milan) and occupies an area of about 23 Ha (see image

below). The exact address \4a Cascina Bacioce€ornaredo (MI} ITALY

Cornaredo is close to the area where Expo 2015 took place; there are many accotiomogéons
in hotels located nearby. The farm is completely fenced, and in it there are numerous buildings
equipped with surveillance cameras and alarm systems which will also be made available for the

temporary storage of robots.
The typical soil presétin the farm is medium mixture with a high percentage of stones.

This project has received funding fr
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The test plots, suitably divided, will be sown with the two crops mentioned above according to
conventional techniques. In addition to corn and beans, a horticultural crop (Lactuca sativ
Cucurbita pepo) will also be used, cultivated in rows 50 cm apart.

Crops:
1 Maize (Zea Mays) (2" field campaign, as iNontoldre)
1 Bean Phaseolus vulgaris) (2" field campaignas inMontoldre)

{1 Lettuce [actuca sativa) or Zucchini (Cucurbiégp@) (2" field campaigrg new)

Weeds will be transplanted into plots in abundant numbers and subsequently selected in order to
homogenize thdest areas. The weeds proposark typical of the Po Valley and include:

1 Mustard (Sinapis arvensis) (2" field campaign, as iMontoldre)
T [FYOQ& |jdzr NI SNJ 6/ KSy 2 LI ket ampdign, davitontoldre)
1 Ryegrass (Lolium perenne) (2" field campaignas inMontoldre)
1 Johnson grass (Sorghum halepense) (2" field campaigrg new)
1 Slender foxtail (Alopecurus myosuroides) (2" field campaigrg new)
1 Sterile Oat (Avena sterilis) (2 field campaigrg new)

This project has received funding fr
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From left to right: Johnson gragsSorghum halepenséamb's quarter Chenopodium album,
RyegrassLolium perenne, Slender foxtajlAlopecurus myosuroides, Wild mustar8inapis
arvensis, Sterile OatAvena sterilis.

3 ACRE benchmarks

a9¢wlL/ { Ay OBakhimaiking BraughiGopetitiagns Y S (i K @lRranie@dikidevised

by European project RoCKIn and further developed by European projects RockEU2 and SciRoc. This is
the same framework underpinning tieuropean Robotics Leagruabot competitions. In a nutshell, it

is based on the definition of two t@s of benchmarks:

Functionality Benchmark§~BM9, focused on specific capabilities of a robot and designed to
make the benchmark as independent as possible from other features of the robot not directly
involved in the functionality under examination.

Task Benchmarks(TBMg, evaluating the execution of complex tasks involving multiple
functionalities, where the final result depends both on these individually and on sylstezh
properties of the robot such as integration between functionalities.

3.1 Benchmarks for the field evaluation campaigns
Field campaigns of the ACRE competition will invaiVeast two FBMs and one TBMliscussion about
what benchmarks will be chosen for ACRE is ongoing and will also incorporate feedback from
stakeholders, e.g., sponsaad possible participants to the competition. This choice will be subjected
to revision after every campaign, and possibly changed during the life of the METRICS project.
Participating teams will have the possibility to execute a subset of the availahdimarks.
Candidate Functionality and Task Benchmarks for ACRE are listed below. For each one, a brief
description is provided, subdivided into parts as follows:

Goal the objective of the robot in executing the benchmark

Rationale the reason why the bemenark is relevant to stakeholders

Execution a synthesis of the benchmark protocol

Evaluation a brief summary of the process to assess robot performance

Caveats aspects of the benchmark that may make it difficult to execute (e.g., cost), if any

Notes adlitional observations, if any
The reader is invited to read Section 4 of this document (preliminary Rulebook for the ACRE field
campaigns) for additional information about the execution of the benchmarks. The reader is invited to
note that-if needed addtional TBMs can be defined by adding the requirement of fully autonomous
navigation to several of the Functionality Benchmarks.

3.1.1 Plant discrimination FBM

Goal decide which plants of a row are weeds and which are crops {iotvedetection).

Rationale being able todifferentiate crops from weeds is essential to the task of autonomous
weeding; more generally, the ability to distinguish one type of plant from another is important in many
agricultural applications.

Thi s project has received funding fr
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Execution the robot is required to make a pa over a prepared row containing both useful crops and
weed plants, using its senso(s.g., vision)to perceive the plants. The output of the robot is a
classification of the crops and weeds present in the field. To decouple the plant discrimination
functionality from others, during image acquisition the robot is not required to move autonomously.
Evaluation performance metrics compare plant classification produced by the robot with ground truth
provided by qualified human.

Caveatsrequires labouintensive human classification.

Notes n/a

Goal move through a cultivation without damaging the crop

Rationale being able to navigate through a field, rows, or other cultivated area without causing
damage to the crop is a key functioitalfor an agricultural robot.

Execution predefined destination locations are identified by the organisers within a cultivated area.
The robot under test is assigned one of these locations and required to reach it within a timeout.
Evaluation Performane metrics consider the amount of damage caused by the robot to the crops
and the time to complete the task.

Caveats areas damaged by a robot cannot be reused for other benchmarks, so special (additional)
areas should be used, which increases the necefsifgrepared cultivated areas.

Notes n/a

Goal estimate the leaf area of the plants along a cultivated row.

Rationale while applying treatments to a crop, knowing how much leaf surface must be treated would
allow modulation ofthe treatment, lowering cost and pollutigralso, some treatment requires that

(or are most effective when) leaves are at a specific growth stage.

Execution the test environment for this FBM is a linear row in which there is a cultivation of
approximately30cm50cm high plants. Leaf area is variable along the row. The robot under test is
required to move along the row and use its own perception to estimate leaf area along the length of
the row. The resulting estimate will be adimensional function of laation along the row.

Evaluation performance metrics are based on a comparison between the ground truth leaf area
function estimated by human experts with a measurement tool.

Caveats generating precise leaf area ground truth requires much labour; siewblifiethodologies

can probably be adopted (e.g., subdividing leaves in classes and counting the items in each class) but
they must be developed and validated.

Notes The robot devices and ground truth acquisition systems might be different or might be the
same, e.g., cameras. We need to certify the accuracy of the instrument used for the evaluation.
Artificial plant preliminary scanned could be used in case we want a highly accurate measurement, but
this might hinder the sensing device of the robot-ost destruction possible, but tests should be
done in the same day for all the teams. A decision will be made according to the registered participant
GSIFHYaQ aASyaz2NaR®

Goal destroy unwanted plants (weeds) in intraw without damaging wantg ones (crops).

Rationale being able to destroy specific plants in intra row while not damaging other in the vicinity is
necessary to intelligent weeding robots.

Execution evaluation takes place in a prepared plot containing crops and weeds in the ralvs a
consists of a comparison of the state of the intra row area in the plot before and after the weeding. In
order to make this evaluation as independent as possible from other functionalities, visual markers
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will be used to identify crop and weed plantstire prepared plot; additionally, the robot is not
required to drive autonomously along the row.

Evaluation scoring relies on crop and weed count before and after the weeding action. To assess the
effectiveness of the weed destruction and the impauwtthe surrounding crops, the observation of the

plot is not performed just immediately after the benchmark. Instead, robot performance is assessed
according to the results of one or more delayed observations of wéetieh may show regrowth)

and crops (whicimay suffer from not immediately obvious damage)

Caveats each prepared row can be used only once. Assessing weed and crop quantities in the row,
both before and after weeding, is laboimensive.

Notes: Evaluating the field plots over a prolonged peifodecessary to assess the robot's capability

to kill the weed (instead of the mere destruction of its upper part) and not causing harm to the crop.
No constraints are imposed to the method used to destroy weeds, provided that they do not pose any
risk topeople, both during and after the execution of the benchmark. In particular, the use of chemicals
with any level of toxicity is strictly forbidden. In case the weeding unit of a robot is based on a sprayer
or other system for the distribution of chemicathe chemical is replaced by a nbarmful water

based solution provided by the organizers. Additional information is provided in Section 4.

Goal estimate aboveground crop biomass

Rationale the aboveground biomass of a cropaggood indicator of the nutritional status and nitrogen
utilization of a plant. Moreover, this indicator of the crop development can permit to evaluate the level
of the competition between weeds and crops in intra row and the effectiveness of previousngeed
actions.

Execution the robot is required to make a pass over a prepared field composed of one or more rows,
using its sensors to perceive the plants. The robot must provide an estimate of the fresh weight of the
aboveground parts of the plants (withut distinguishing between types of plant). To decouple the
biomass estimation functionality from others, the robot is not required to move autonomously.
Evaluation the estimate provided by the robot is compared with the ground truth obtained by
destroyirg the cultivation (after all participating robots have executed the benchmark) and weighing
the plants.

Caveats since the crop is destroyed for the evaluation, each (possibly involving multiple robots,
since benchmark execution itself is nrdastrucive) of this benchmark requires a new row.

Notes n/a

Goal perform fully autonomous intraow weeding of a row (i.e., eliminate the weeds located among
the crop plants of a row without damaging the crop).

Rationale weeding is crucldo cultivations. However, the best methaide., manual weedings very
labourintensive, while currently available weeding machines lack accuracy and performance and are
very expensive. Whileotlay the main weeding pract is the useof chemical prodats, UE plans to
reducethe use otthemical$(whichcan causenvironmental pollution and sanitary iss)e$terefore,

the availability of accurate autonomous weeding machines would bring great advantages to
agriculture.

Execution the robot is placed athe beginning of a cultivated row containing a crop and one or more
species of weeds and must proceed autonomously to weeding the row. There are no markers on the

I An example of thisype ofaction is the Ecophyto Il plan in Frardén://www.dextrainternational.com/french
governmentlaunchesecophytaii-consultationto-reducerelianceon-pesticides/
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plants to facilitate their detection and identification. Thus, the task involves the detestistem and

the weeding effector, and all the intervention decisions. For this task, robot navigation is required to
be fully autonomous.

Evaluation the criterion for the evaluationis the number of weeds destroyed and crops plants
uprooted during the itervention of the weeding system being assesdgath crop plants and weeds

are precisely counted before the execution of the task. To assess the effectiveness of the weed
destruction and the impact on the surrounding crops, the observation of the phattiserformed just
immediately after the benchmark. Instead, robot performance is assessed according to the results of
one or more delayed observations of wedadich may show regrowth) and crops (which may suffer
from not immediately obvious damage)

Cawats each prepared row can be used only once. Assessing weed and crop quantities in the row,
both before and after weeding, is laboimtensive.

Notes no constraints are imposed to the method used to destroy weeds. Evaluation over a prolonged
period is cessary to assess the capability of the robot of actually killing the weed (as opposed to the
mere destruction of its upper part) and of not causing harm to the crop.

Goal produce a map of an entire cultivation by exploring it autononiypus

Rationale variations in plants spacing can affect the canopy density and this leads to an uneven
distribution of moisture and light that in turn results to lower yields. Thus, plant localization can be
exploited to measure the iplant space. Also, aht localization allows to count the crop plantsis
interesting to establish the relation between the final crop yield and the number of crop plasmts or
plant density mappingThe experiments could be repeated after various harvaststudy several
agronomic contextsThus, Crop mapping gives to researches a useful information to be studied.
Execution the robot is required to explore a multbw cultivated plot autonomously and to provide a
map of crop plants. The robot will have to recognize sipig@ts and provide their positions. Plant
positions will be a set of points on a Cartesian coordinate systmh plant will be uniquely
determined by itdJTMcoordinates

Evaluation the map produced by the robot is compared (by suitable software)gwand truth map
created by human experts. The softwardlwompute a mapping error as the discrepancy between
the two.

Caveatstime consuming ground truth reconstructi@md crop plants removal.

Notes we do not put any limitation on the robot to berestrial in this case, so unmanned aerial
vehicles can participat&Ve will remove part of the crop plants thus to have a variable plant density.

ACRE cascade campaigns will invalvikeast one benchmarkoreferably selected among those also
implemented in field campaigns. The main features of such benchmarks have been already described
in Section 3.1; details will be provided by Section 4.

The key limitation of cascade evaluation campaigns is that thelyyanecessity based on precorded
datasets. For this reason, the only robot activities that can be benchmarked by a cascade campaign are
those where decisions taken by the robot during the execution of the benchmark cannot influence the
data collected bythe robot during the remaining part of the activity. In other terntépsedioop
benchmarks are not suitable for the cascade campaigns.

Considering this constraint, the following benchmarks are being considered for ACRE cascade
campaigns, all of which beig to the set of candidate benchmarks for the field campaigns.

9 Plant discrimination FBMidentical to the version described in Section 3.1. Input data is a
dataset collected during an ACRE field campaign, provided to participants by the organisers.
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1 Leaf aea estimation FBMidentical to the version described in Section 3.1. Input data is a
dataset collected during an ACRE field campaign, provided to participants by the organisers.

I Biomass estimation FBMdentical to the version described in Section 3.1.

1 CGop mapping TBMto be used for the cascade campaign, this TBM must be transformed into
anopenloopdo SYOKYI N] o6& O2yaARSNAy3I GKS NRoz2GQa OGN

For all the benchmarks above, input data is composed of one or more datasets collected derivfg o

the ACRE field campaign, provided to participants by the organisers.

For the dryrun cascade campaign, ACRE will focus on the Plant discrimination FBM, especially in case
the campaign will be based on data collected during the ROSE 2019 avyextlained in Section 2.1).

4 Execution of ACRE benchmarks

The following is a description of the way that the ACRE benchmarks are planned to be organised and
executed in practice. As suchrépresents the first draft of the ACRE field campaign rulebdbis

draft will be presented to relevant stakeholders prior and during to therdryfield campaigaand
discussed as widely as possible, to identify possible issues and make the benchmarks maximally
relevant. Since ACRE cascade campaigns are based on thebsactemarks of the field campaigns,

most of the contents of this sections are also applicable to cascade campaign benchmarks.

The test fields used for the competition will be prepared by INRAfdalry-run and 'field campaign
and by UNIMI for the @ field campaign in such a way as to make the characteristics almost
homogeneous with each other.

The dmension of each experimental plot is.Bf of length and from 2m of width (2 rows for maize
and 3 for beans). The distance between sowing rie¥&cm for maize and 3%cm for beans. Four to

six weeds are sown on the row of crops simultaneously with thp sowing. These specifications are

in line with the ROSE challenge to promote an initial synergy between the ACRE and ROSE teams.

The dimension of each test field will be agreed well in advance and Willesfrom 3 to 15 m of width

and from 50 to 100 m of length. The distance between the sowing rows will be agreed well in advance
and will still be between 50 and 70 cm. The width will be agreed with prospector participants to allow
the largest participatin possible.

The field will be subjected to preventive chemical weeding techniques, which will be followed by
manual weeding carried out2 days before the competition, to make it almost free of any visible form

of weeds. In this campaign, "normalized" egs will be manually transplanted immediately after
manual weeding. By operating in this way, it will be possible to be sure that the number of weeds for
each one of the selected species will be exactly the same for each test field but if in theorytthosl me
appears as very well, some difficulties can maybe to be met to set up on the field in real conditions
(several manual operations of work, a lot of labour and some difficulties with a dry and hot weather
for weeds transplanted)Otherwise,will be alsopossible to put the same number of weeds on the
sown row and between the sown row, always to ensure the same conditions for everyone. Also, the
age of the transplanted weeds, and their dimensional class, will be the same in every test field.
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In the casef maize, the condition of the crop at the time of the tests will be between the case shown
on the right and the one on the left of the following photo. The medium seeding distance on the row
will be agreed in advance and will be selected from 8 to 15 cm.

In the case of beans, the condition of the crop at thme of the tests will belike the one on the
following photo. The medium seeding distance on the row will be agreed in advance and will be

selected from 3 to 5 cm.

In the case of the horticultral crop, e.g., lettuce or zucchini, it is necessary to take an agreement in
advance among the kind of the crop. Depending on the choice, we will also take another agreement
later about the correct age of the crop necessary for carrying out the tests.

4.1.2 Benchmarking protocol
For this task the different steps are:
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1) Collecting picturetakeng A G K S| OK (S YQAa NRo2G aSyaz2zNJ aegadsSy
autonomously. It can be set up on other vector than the weed control system to collect data

2) Labelly 3 Y| ydzZ t & o6& KdzYly SELISNI& SHOK GSIYQa LA«
by METRICS partner LNE

3y taaSaairy3a GSryQa OflaaAFAOFIGAZ2Y aedaidusSy |3rAayai

4) Collecting results according to EGER methods

5) Analysis the origmof mistakes or differences: which type of plants is correctly or badly classified?
Provide score and synthesis of evaluation.

Teams are required to provide the ACRE organisation with the complete dataset covering the row
where the benchmark takes pladeg. to provide images covering the whole row. However, to allow a
quick evaluation of results, only a small subset (not known in advance) of these images will be used for
performance evaluationAlongside each image, the team must provide the clasdificadf the plants
identified by the robot in the image.

To support the selection of the images used for performance evaluation, markers (e.g.,

QR codesor ARUCO or APRIL Tagsll be putwithin the row (e.g..every 1550cn),

elevated relative to thedil, at a heightike that of the plantsso that they are visible from

above The markers will be glued to the top of stakes like the one in the image. The height
of the stakes could be easily adjusted by choosing how deep they are hammered in
ground. Theposition and orientation of the marker at the top of the stakes should be
studied to provide the best visibility.

Just lefore the execution of the benchmark, the organisers will randashiyosea small
subset of the marker® OF f f SR & &St S @ doforRingy Andidy Breldataset bfffnageésk
LINE JARSR o6& | NRo2G>X (GK2aS O2yaARSNBR FT2NJ LISNF 21
following) will be those that includim full at least one of the selected markers.

The evaluation of the performae of each teanin the Plant Discrimination FBMill be done using
one image for each selected mark&uchimage will be picked from the candidate onesdhposing
the onewhere the markeis closer to the geometricentre of the image.

It may happen tha due to a particularly narrow field of view of the camera used to collect the images
provided to the organisers, the overalumber of plants visible itmagespickedfor performance
evaluation is considered tdow by the organiserto be representativef the performance of a robot
When tis happes, the organisers will add other images from the set of candidate images to
supplement those initially selected for performance evaluation. If even by using all the candidate
images the number of featured pits will still be considered too low, other images will be picked
randomly from the datasgbroduced by the robot.

Database with images labetl by the robot vision system and the human labelled ground tritch
image should contain one or momarkers to ease the proper referencing of results to ground truth.

Compare classification performance intiav with EGEREstimated Global Error Rat®letrics

Mol 400 QQAL QMG ¢ Ma Qi idRNMNd Qi | 6ATNQ

000y MGl £ A0 Q00
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The test fields used for the competition wathmpriseseveralrows. Each row can Istraight,or it can
include aoshifté i2e.,an offsetthat shitts the median axis dhe row (see image below).

The specific number, type and relative position of the rows, as well as the type of plants in the rows,
will change from one campaign to the other. For instance, for tHelB-run field campaign of June
2021 the arrangement will be the one depicted below.

N EEENERENERES N NE/
nee2see28TCEISITLELEGETTS
¢e0e2¢sC¢29TC2I3I3TCSCS
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The conditions of distance between the real sowing rows or simulated sowing rows will be between
37.5 and 75cm in the dryrun and the # field campaign while it will be revised for th&2ampaign.

In the figure above, an example of field navigation test possibility with two rows of crop (example of
two maize rows) per pass. In these conditions, it is possible to have the same number of crop plants in
each row and the same spacing between the rowsetisure the same conditions f@veryone.
Distance in the figure and number of rows are preliminary and will be discussed in advance with
relevant stakeholders including the distance between the passes after the half turn.

For thisbenchmark, robotganuse both local and absolute (e.g., GN8&lisation systems. The robot

is asked to navigate along a trajectory involving multiple rows, from a starting location to a destination
location. The trajectory is specified via waypointtids/n as red crossed circles in the image above),
provided both in terms of GPS coordinates and of physical positions in the field (thus leaving teams
free to use any localisation systerfRpreach row where a shift takes place, the shift is described via a
couple ofwaypoints located in theinflection points flexes) of the central line of the row when
considered as a 2D curve.

The robot is free to choose the best trajectory that passes, in order, through the specified waypoints.
Such trajectory will usuly include the necessity to invert the direction of motiom,, to perform U
turns, as illustrated in the image above.

Time/speed of the robot in performing the task, number of plants destroyed, total length of the robot
trajectory as measwed by the number of plants the robot has been able to surpass.

Teams are evaluated by the length of the trajectory they have been able to perform without damaging
any plant. If the robot touches a plant, we consider it damaged. A distpanalty is subtracted from
the total distance traveled based on the number of damaged plants: number of damaged plant times
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