TECHNICAL SPECIFICATIONS

Article 1 — AUTOMATED CONTROLLED-CONDITION PLANT PH ENOTYPING SYSTEM

General technical description - scope of use

AUTOMATED CONTROLLED-CONDITION PHENOTYPING SYSTEM dr measuring the
architecture, biomass, leaf damage, growth rat¢hefepigeal part and, preferably, photosynthetic
efficiency in both the presence and absence ofalbed light, humidity and temperature stress ctiods
for plants with different architectures and heigbtdetween 0 and 130 cm. The system must be fitted
with at least two supplementary measurement modolesibsequent functional extension (fluorometers
for kinetic chlorophyll fluorescence and hyperspaaneasurements).

System composition and minimum technical charactestics required:

The growth chamber must allow a high-throughput badully
integrated with the phenotyping system it housesh® growth of
at least 45 plants with maximum dimensions of 1830(leight) x
50 cm (canopy diameter) with accurate and homogenéght,
temperature and relative humidity control. The tigé required
must be within the 400-700 nm spectral range pexvidy LEDs
with at least 3 wavelengths (blue, red, far-red)ose relative an
absolute intensities must guarantee the optimunwiraf a
number of plant species. The minimum guaranteedtifig
intensity must be 250 micromoles?ns! of photons with 3
maximum variation of +/-10% in relation to effeaidirect light
(excluding reflection) at the maximum distance lesw work
bench and lighting source. The maximum variatiawben the set
lighting values and those measured in a numbepipitp that areg
representative of the growth area must be spedifiethe bidder
together with the experimental protocol used ferrtteasurements.

The growth chamber must guarantee, at full capauitly plants
130 cm tall, the constant maintenance of relatiumidity (RH)
values set by the user within a minimum range @50 0%, with
a maximum tolerated variation of +/- 5% from thd salue.
Relative humidity (RH) control ranges that are ggeébut include
the minimum range) and that meet the above spatidits will be
rated more favourably. The maximum variation betwibe set RH
values and those measured in a number of points dha
representative of the growth area must be spedifiethe bidder
together with the experimental protocol used ferrtteasurements.

The growth chamber must guarantee, at full capaditly plants
130 cm tall, the constant maintenance of tempezatalues set by
the user within a minimum range of 18°C - 30°C hvatmaximum
tolerated variation of +/- 5% from the set valueniperaturs
control ranges that are greater (but include thermim range) and
that meet the above specifications will be ratedenfavourably.
The maximum variation between the set temperataleeg and
those measured in a number of points that are septative of the
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1) GROWTH CHAMBER
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growth area must be specified by the bidder togettith the
experimental protocol used for the measurements.

It must be possible to house the growth chambea iroom
measuring 6.5 m x 7.25 m with a height of 3 m, wlith possibility|
of housing certain parts in an adjacent room méagdc7 m x 2.27,
m with a height of 3 m. It must be possible toiiféee the growth
chamber with the ethylene glycol cooling systemspnt at the
installation site.

2) AUTOMATED PLANT
TRANSPORTATION
SYSTEM

The automated plant transportation system musibedd inside
the growth chamber and will be used to transpartpilants from
the growth area to the measurement area. The aigdnpdant
transportation system must be compatible with oiffié pot types
suited to holding plants with heights of betweerr (rosette
plants in the vegetative phase, égabidopsis thaliana) and 130
cm (including arboreal plants with canopy diametsrsip to 50
cm, e.g. vines, apple trees or beech trees). ¥termymust be abl
to manage and allow the randomisation of at le&sindividual
pots of sizes suited to plants with a height of @80or at least 45
pots (including in trays) for smaller plants. Th&amated plant
transportation system must be provided with a fileader for
the automatic randomised design recognition of/pais that is
connected to the irrigation, weighing and physiaab
measurement systems. Bidders must specify the nuaxinumber
of individual pots, trays and pots/tray, indicatitige system’s
maximum capacity for each type.
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3)

AUTOMATED
IRRIGATION AND
WEIGHING
SYSTEM

The automated irrigation and weighing system mestdnnected
to the plant transportation system. It must be dblelispense
variable controlled and exact volumes of water andither
aqueous solutions (e.qg. fertiliser, saline or osimsblutions, etc.)
The system must be provided with a reservoir comaeby a tap
to a running water supply in order to guaranteepthesibility of
automatic filling or manual filling with aqueouslstions other
than water. The system must be flexible enougheionj the
automatic irrigation of plants with heights of betm 0 cm (rosett
plants in the vegetative phase, égabidopsis thaliana) and 130
cm (arboreal plants with foliage diameters of up@cm, e.g
vines, apple trees or beech trees). The system baustble tg
manage at least 45 individual pots of sizes suitgulants with a
height of up to 130 cm or 450 pots for smaller tdaihe irrigation
system must be connected with a weighing systemtabihonitor
the irrigation process for gravimetric analysest thlow the
application of controlled water stress. The weighsystem(s
must be able to perform weighing in the 10g +/-140000g +/-
1% range, in order to be suitable for use witttal plant and pot
types indicated above.
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4)
VISIBLE LIGHT (RGB)

MEASUREMENT
MODULE

The visible light imaging measurement module mesiuitable for
automatic data acquisition from plants with a hemgfhbetween Q
cm (rosette plants in the vegetative phase, Argbidopsis
thaliana) and 130 cm (including arboreal plants with adgé
diameter of up to 50 cm, e.g. vines, apple tredwech trees). Th
system must be able to perform 3D reconstructiohsthe
architecture of the aerial part of the plants (bntidel plants, suc
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asArabidopsis, and non-model plants, such as vines, apples, trees

woodland species). For this purpose, the systent beuprovided

with three digital cameras (in order to acquire gem on three

planes: from above, from the front and from thee}idr,
preferably, with at least two digital cameras (imagrquisition
from above and from the side) connected to a coatia plant
rotation system. Each of the digital cameras masela definition
of at least 5 megapixels and a suitable lens atwkiog system. |
must be possible for the user to programme the tilmenage
acquisition, so that it can be adjusted to suit ghecies being
analysed (in order to avoid acquisition from takiplgce when
parts of the plant are still moving after they etltee measuremer
module). The system must guarantee the possibiliydependen
use of the images acquired, and be able to conthimelata of
multiple images. The measurement module must baded with
a lighting system for the acquisition of RGB imagésa quality
that is consistent with the processing of the dadécated above
and in point (8).
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5)

FUNCTION
EXTENDIBILITY
(KINETIC
CHLOROPHYLL
FLUORESCENCE
IMAGING,
HYPERSPECTRAL
IMAGING)

Two modules with no fluorometers must make it galssio extend
the functions of the phenotyping system with thditah of i) a
PAM system for measuring the kinetics of chloropf
fluorescence fitted with a pre-adaptation tunneld ai) a
hyperspectral imaging system. The modules mustutiabde for
automatic data acquisition from plants with a hemfhbetween Q
cm (rosette plants in the vegetative phase, Argbidopss
thaliana) and 130 cm (including arboreal plants with adgé
diameter of up to 50 cm, e.g. vines, apple tredmech trees). Th
modules must be provided with actinic light with adjustable
intensity of between 0 and at least 1000 micromatess?® of
photons. The modules must be arranged for conmegtiihn PAM
and hyperspectral fluorometers.

6)

DATA ACQUISITION
AND STORAGE
SYSTEM

The data acquisition and storage system must bgratted with al
the modules (environmental control, transportatiotgation and
weighing and image acquisition) listed in this pbiyper
configuration and any future extension resultiranfrthe addition

of further fluorometers (more specifically, PAM amgperspectral

fluorometers). The system must allow graphicallynmy and
efficiently, the remote management of system stimlert ang
malfunction messages by text messages and e-mdildata-
logging of the growth chamber, fluorometers, phgpioty,
irrigation, weighing and transportation systems, &t must alsg
allow, by means of a user-specific authenticationl @access
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system, (1) experiment planning, consultation arshaggement
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(2) the definition of experimental protocols; (gcass to raw dat
and data at various stages of processing and twaiplete
exportation (database dumping) in open-source ftnag well ag
any proprietary formats whose specifications shbalprovided by
the bidder. The data acquisition and storage systast be able to
collect and integrate with the measurements ofttadl other
modules and data regarding the experimental de€lgnthe
environmental data (T, RH, lighting and be arranded any
environmental fluorometers that may be added infaigre, for
example, for C®@ concentration, etc.); (2) the irrigation and
weighing data (and be arranged for any other ghets may be
added in the future, such as control of the mixang dispensin
of irrigation solutions, additional scales, etapd (3) the RG

imaging data. The data acquisition and storageesystnust
guarantee the storage of both raw data and datayahg stages o
processing, in a dedicated database with publiop@n-sourc
format specifications that make it possible to aiga and expo
in open-source format and any proprietary formathe (
specifications of which must be provided by thediid all the dat

relating to each individual plant for each expemmand from

different experiments. The system must be fitteth wystems that
guarantee data storage and integrity, even in thse cof
malfunctions, such as blackouts, hardware failuresdden
software closure, absence of network connection, Bie data
must be accessible from remote locations usingregatotocols
that permit simultaneous access to multiple usérowt multiuser
license costs.
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7
DATA ANALYSIS
SOFTWARE

Phenotyping data analysis software must allow thplgc, simple
and efficient processing and exportation of the dddtained from
each experiment and contained in the databaseatedidn the
previous point. The software must make it possibleonsult the
acquired images and to automate series of basigeipeocessing
operations such as pre-processing, segmentatioracéegn and
feature classification with state-of-the-art method

For each analysis/ operation performed, it wilpbssible to expor]
the intermediate data into individual csv, tsv ami&r non-
proprietary format files. The software must be ablgerform RGB
image analysis by calculating/ estimating, for eaglant,
parameters such as leaf surface area, perimetierstal leaf
growth rate (including comparative data), greemnugx, biomass
architecture, growth and foliage development. Toférsire must
also be arranged for the measurement of fluorescpaameter
(R/Fm, RIFy, ®psi, NPQ, @, &, Ra, ETR) and reflectanc
parameters (NDVI, PRI, OSAVI, MCARI1 indices), aagtomatic
RGB/fluorescence data integration (in 2D: top vieW)e software
must allow unlimited multiuser access, includingnfr remote
locations using secure protocols that permit thmukBneous
access of multiple users without multiuser liceossts, according
to user-specific access permits using an autheiaicaystem.
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8)
SAFETY SYSTEM

The phenotyper must be fitted with safety systeimas meet CH
standards. A remote monitoring and alarm systert (tessages
e-mail) and malfunction system for all system saftv and
hardware components (growth chamber, transportatiogation,
weighing and imaging systems, hardware and softasseciated
with raw and processed data acquisition, storagdébank-up, etc.
must guarantee full control of all situations tlasé potentially
hazardous for the system and/or users. In thetefea risk of
damage to data, experiments, hardware componensystem
users, the system must have an immediate and atitogtaut-
down and cut-off feature.

The system must also allow immediate user shut-¢mwvtHoff in
the event of necessity and/or a hazard, for exatnptaeans of af

immediate shut-down sensor or button in the eveait & user i$

confined to an area with moving parts.
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9)
BEFORE- AND AFTER-
SALES ASSISTANCE

The successful bidder must guarantee an efficiahd-inclusive

before- and after-sales service for the phenotygiygiem. Once

the contract has been concluded, the successfulebichust
perform a preliminary inspection of the site whtére phenotype
is to be installed, following the designing of thgstem by the
company’s experts in order to verify with the FEKgaeering
department the space, water, electrical and coo$iystems
internet connection, etc. The pre-assembly and desioming of
the phenotyper can be performed by the vendor éeletivery.
The installation and commissioning on FEM premisasst be
performed by the successful bidder’s techniciarth dbcumented
experience in the sector. The company must inditegeproject
manager with whom the FEM may liaise when necessadymust
provide a plan of the various stages of the projeod
corresponding time-line, indicating the deadlirasgfach phase.

also undertakes to provide a progress report ®wr#rious stage
of the project at regular (monthly) intervals. Th# warranty for
the whole phenotyping system (hardware and softy
components) must have a duration of at least 24tmpuluring
which the company must provide remote advice a&xti@ cost for
issues regarding phenotyping activities within Ikireg day from
the time the user sends a query/assistance redquesicompany
must specify and justify the maximum interventionéd following

an after-sales assistance request that cannot fiegesh remotely
having agreed with the client on the trouble-shapfirocedure an
any related costs. With the exception of casderck majeur, the
problem must be resolved within 10 days of therdiédin with the
customer of the trouble-shooting procedure andralayed costs.
The deadline for complete system delivery and lledian and
commissioning with a positive outcome on FEM presisnust
take place within 5 months of the conclusion of¢batract.

The bidder must guarantee the free and indefinitdirited over
time) upgrading/ replacement of all system managermaed dats
analysis software and the correction of any sofmmrgs.

It must also provide a detailed plan (with cleadl ancurate servic
explications and characteristic specifications) @) warranty
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extension; (2) routine maintenance not covered larramty
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(maintenance of moving and/or airtight parts, calion of
fluorometers, scales, etc.); and (3) extraordimagntenance ng

type of costs.

users/supervisors in the post-installation phaser (#-10
participants). It will also repeat the post-insitiin basic training

user requirements; for 4 - 10 participants). Fothbtypes of
training, the company will provide a detailed planth clear and

10) exhaustive service explications and character
TRAINING specificationfA2]). The bidder shall guarantee the client will
provided with all the information material availabegarding the
phenotyping system and all its hardware and soéwamponents
and will issue and regularly update an advanced os&ntenance
troubleshooting, etc. manual at no additional charg
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covered by guarantee. Conditions and will consitut essential
part of the bid assessment prodesq. Please do not specify any

The bidder must provide flexible on-site basicritag courses for

course for users/ supervisors (timing to be esthbtl according to

stic
be



		2020-01-07T11:58:33+0000
	Fabio Calliari




