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1. Explanation of the work carried out by the beneficiaries and Overview of the progress

1.1 Updated gecific objectives Overview of the progress

Updated specific objectives

The specific objectiveso move from a TRL 6Fbased VineRobdiGrant agreement number: 610953)
to a TRL 9targeted VineScout adirectly related to Work Packages (WP). This fact assures the work
to be aigned to the specific objectives of the project.

The specific objectives are

NoghswhE

2.

Optimization of mechanical design and external appearance
Industrialization of internal electronics

Maps validation and sensing capabilities

Software refinement, optimization,and market preparation
Construction of three prototypes with growing capabilities
Demonstration

Market introduction tactics, end-user acceptability, and dissemination

Overview of the progress

Optimization of mechanical design and external appearance

A WALL, together with the ideas proposed by UPV, designed the external cover for the first

prototype of VineScout, taking into account trersh working conditions in the figldnd the
importance of an attractive look regarding marketing moveméwesails onthis will be
commented in the paragrafil2.1 Work Package 1: Optimization of mechanical design and
external appearance.

Regardingriaction abilities and power sufficiencthere have been some reinforcement in the
mechanical torque and batteries. Thejter was increased for the current version of the robot,
and lead batteries has been replaced for Lithium ones for the second prototgoe, VS

Industrialization of internal electronics

A Fail-safe capabilities and environmental enduraareebeingachieved i designing a suite of

modular electronic blocks thhtive beerfabricated andtested. This rational designh enhasice
the seamless integration of software and electromechanical déMigedetails of the internal
electronics for V&L, VS1 ECS, are commésd on paragrapii.2.2 Work package 2:
Industrialization of internal electronics.

3. Maps validation and sensing capabilities

A Maps built by the robot need to deliver truthful data, scaitbe statistically compared to

alternative measurementSettingtruthful data means having taken data with the appropriate
sensors, thussensors were tested in field, not only integrated in the robot, but also
independently from it, to check the values given. The tests where two sensors were integrated
in the robot took lace diring VineScout Steering Weel he robot was able to get
temperature magith one of the sensors, while the images taken with the other sensor needed
to be processed afterwards the description of the paragrapt?2.3 Work package: Support
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knowedge of maps and sensing capabilitig®re detailsaregiven, andhe temperature map
is shown.

4. Software refinement, optimization, and market preparation

A Efforts were done tamprove software performanci terms of runtime velocitandfail-safe
respmse As new sensors (not only for canopy sensing, but also for navigation) have been
incorporated, modifications in programming were necessary; graogram philosophy has
turned moreclassoriented(objectoriented programming). Iparagraphl.2.4 Work pckage
4. Software refinement, optimation, and market preparatiodetails regarding the new
navigation sensors are described.

5. Construction of three prototypes with growing capabilities

A An active iterative process necessary ta@onverge to the optimasolution, which for
agricultural environments requires heavy testing in actual environmehts. specific
objective is directly related to VineScoutilestones which consider the construction of
approximately one new prototype built each year of the jaat thus, there are three
milestones, and one robot built per milestdrer the first year of the project, a prototype was
delivered on 21 Augug017 (first milestone achieved), and the second prototype is planned to
be delivered earlier than the pgstr (planned for January) in order to have time to replicate
all the internal electronics, and improve what needed, to test that version during spring and
summer field tests, and the second Steering Week (SW2, in 2018).

6. Demonstration

A Paragraph.25 Work packageé: Demonstrationdescribes the first Steering Week (SW1) of
the project, which took place from 28 August 2017 to 1 September ZB&7Agronomy Day
was on 30 August, during SW1, where the Consortium invited external people to see, touch,
and even manage the robot, whileethcould make questions abaeither the robot othe
project itself. Also, some data could be retrieved from the robot, so, in the afternoon session a
round table to talk about robot data took place.

7. Market introduction ta ctics, enduser acceptability, and dissemination

A The most important activities for the project regarding visibility is done during the Steering
Weeks. In the Agronomy Dayeople with different backgrounds can give their opinion and
tell the Consortium thir suggestions, which are extremely valuable for the success of the
project, as people can talk about their experiences with other robots (people from the
Academia, supporting with technical issues), and with their vineyard fields (as owners or work
in vineyards fields). The Agronomy Day ended with a qaesaire that covered, not only
technicalissues(robot mobility and handling, robot intelligence and automia¢icavior data
management and interpretatjpbut alsoenduser acceptance amdarketissues, which are
key for the final outcome of the projectnzarketablevineyard robot. Despite the SW1 was
considered successful in many senses, only eight people gave their questionnaire for us to be
recorded to obtain conclusions (see paragrb@b Work package5: Demonstrationwith
information about the deliverab25.6 Testimony of Agronomy DayPlans toimprove the
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presence of people in the Agronomy Dagcluding the Advisory Boardand increase
participationwith the questionnairere being carriedut.

A Attendance to trade shows on robotics and agricultural equipment shows that interest in
agricultural robotics is high, but competition is not too intense. The monitoring rate of 6
Ha/day is still an objective. As a revision of the thstgge stratggto penetrate the market,
they occur concurrently over the first year rather than sequentially. The service robot market
continues growing as well as the agricultural robots market. However, North America is
dominant in the market doubling Europe. The édxgrmy Day revealed that the main concern
is the retail price of the robot, being reliability the secdtad.more informatiorsee paragraph
1.26 Work package 6Exploitation & Market strategic plarwith information about the
deliverableD6.2 - Business mael and exploitation plan).

A Scientific dissemination has been achieved through conference research articles, eluére, on
them was published in a research journal. Moreover, several masswegdiimterested on
the project, publishing some pieces of nel@ more information see paragrapl2.7 Work
package 7: Dissemination and promotion

1.2 Explanation of the work carried per WP

1.2.1 Work Package 1Optimization of mechanical design and external appearance

WP1 consists of optimizing the mechanicakiga and external appearance of thbot where the

leader of this WP1, WALL, has also the higher workload as shown in tableelmain objectives of

WP1 are:improving the mechanical design of the initial robotic platform until it meets the
requirementsset by eneusers and potential buyers, with especial attention paidotality, safety,

and autonomy; delvingnt o robotic aesthetics to propose a
the consumer sideand buildinghree readyto-market prototyps for demonstrations and promotion.

Table 1. Highlights and personmonth for Work Package 1 in VineScout EU project
Start Date or Starting Event

Work package number

Work package title Optimization of mechanical design and external appearance
Participant number 1 3 4 5
Short name of participant UPV SUN UDLR SYM
Person/months per participant: 9 4 3 3

According to table 2, activities in WP 1 already started by the beginning of the project, in December
2016, whch would culminate with the delivery of the first prototype of the robbe delvery of the

first prototype was the first iestone MS-1, achieved on 28 August 2017, and verified through
deliverable D1.4a. For the first public demo, the external sloélthe first robot version was not used

for reasons that will be explained in the following paragraphs.

Table 2. Activities planned for Work Package 1 in VineScout EU project.

2016 2017
Dec ¥ Jan Feb Mar Apr May June July Aug  Sep _Oct , Nov
1 2 3 4 5 6 7 8 9 10 11 | 12

WP1- Optimization of mechanical design

T1.1 Mechanical evaluation & improv. act.

T1.2 Construction of 1 prototype VS-1

T1.3 Construction of 1° prototype VS-1

T1.4 Construction of final VineScout prot
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In the Description of Activities (DoA) documerfseetable 2), the delivery of the first version of the
robot was stipulated for month 10, this is, September 2017; howevesheahdor thefirst version was
deliveredin August 2017 (month 9).

After checkingall the tasks withi'WWP1 (table 2), updid infamation is given below.
Summary of work for WP1 (Lead partner: WALL)

A T1.17 Mechanical evaluation and improving actons of initial prototype (M1-M6) The
goal of the fist task of WP1 w&to rigorously detect weaknesses in the departing platform
that evoles from the VineRobot project (TRL 6/7) from the mechanical standpoint, and
propose a list of improvements to be incorporatiethg the project. WALL built the shell for
the first versionof VineScout,VS-1. UPV composed the list of the proposed improvdamen
for VS-2 afterconductinga set oftests not only static, but also dynamic oresa constant
speed of about 2.5 km/fThe static tests took plaége UPV campus, whilehe robot was
testeddynamicallyin standard vineyard rows selected by the-eser,SYM, (first field tests
in Portugal on 125 June 2017). The improvements were proposed in terms of the robot
dynamic behavior (tire-suspension systenandsteering mechanigimeffects of weight and
weighttransfer between front/rear axlebattery autoomy in flat and sloping terrajn
traversability in presence of cover crops and weand afety protocols.

A T1.27 Construction of first prototype VS-1 (M4-M10) The first prototype wadelivered on
August 21. Due to mechanical needs, the system had #absembled and, therefore, it was
not ready for the First Steering Week, using, instead, a previous prototype.

A T1.37 Construction of second prototype VS2 (M13-M22) The conclusions drawn from
Task 1.1 by WALL and UPV are being implemented by WALL in piygie VS2. Also, the
outcomes drawn from the SW1 have driven the design and construction of prototype VS
The deliveryof VS-2 (programmed for month 22yill be earlier in 2018 expected to be on
month 14) in order to be able to test ¥Sin spring andsummer to be prepared for the next
Steering Week (SW2). SUN has also been testing the electronics for implementing the second
version of the board processor in2S

Development of the work for WP1
A Related information: D1.1-a, UPV monthly report, and conference article

The deployment of prototypes is reported in the DoA as three deliverables (D1.1) in months 10, 22,
and 34. To differentiate among them, the first deliverable (M10) will be reported asaDthé
deliverable for M22 as D1y, and the lasbne as D1..t (M34). For this First Periodic Technical
Report, the D1 is reported, which is @sual report of the construction and deployment of the first
VineScout prototype. The report includes paslivery amendment®r the firstversion of therobot,

VS-1.

Design models and preliminary drawings

The following images show the first designs drawn for VineSco(WS-1). Figures 1a and 1b
provide the finished concept of the robot, and Figurestd 1-f focus on the body details built in
plastic @mposite, being-t the side view, -t and e the frontal side, andflthe rear view.
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e f
Figure 1. Design models for the first version of VineScout | (V4).

Deployment of the first prototype

The firstprototype VineScout VS-1, arrived in ValencigSpain)on 21 August 2017. Figuresa2and
2-c show the frontal view of the robot, wherddgure 2-b provides the side view of the prototype.

The robotds steering capac inttayle iagiven irBigue pc Mhei o n
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interior chamber where all the electronics will be installed is shovigure 2-e. Finally,Figure 2-f
depicts the operating controls of the robot.

4A direction motor
4A for 12V

Charging batteries

1: 24V actived, 0 24Vdesactived 1: connexion betwwen batteries actived
0: connexion between batteries desactived

f
Figure 2. Deployment of the first version of VineScout 1: VS1

Limitations and amendments to the first prototype

The prototype/S-1 could not be tested over the first Steering Week (SW1) due to the short period of
time between robot delivery (21 August) and SWrgarnzation (2831 August), taking into account,

in addition, that UPV campus is closed for vacation the entire month of August. Nevertheless, the
robot was tested upon delivdsy UPV, and the following facts were observed:
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1- Due to the reduction of weight berse of changing lead batteries by lithium batteries, the
suspension system was too stiff to absorb terrain irregularities.

2- The turning capacity of the robot was not enough for makingde8@ee turns with agility at
the headlands in vineyards spacedri82.0 m.

3- A more compact design will be beneficial for navigation, energy saving, and commercial
success.

UPV made some mechanical modifications as the new suggestions need to be cowfftered.

carrying out multiple tests Was observed that the robotescd more angle of the wheels to be able to
turn properly. For this reason, the optimizationtloé geometry of the robateering is necessary,

extending the maximum angle of the wheels. All modifications already mad& 1 are listed below:

- Steeringrodswereshortened from 200 mm to 190 mm.

- Distance between holes in the rack (supports of the steeringwadshodifiedrom 200 mm
to 233 mm.

- The useful rack length used goes from 110 mm to 160 mm.

- The rackwasadvanced 15 mm.

- The position of the steilag potentiometewas modified due to the geometric change of the
system.

- It wasdetected that one of the straps of the steering was not symmetrical to the other (angular
deviation of 0.5 ° and displacement of 7 mm). The strap has been modified, being now
symmetric.

- It was necessary to improve the transmission system of the new robot, from a direet motor
wheel connection to a bearipiate assembly to avoid overloading the motor shaft. It was
proved (in previous versions) that this system is robust aradbldur

- As previous batteries were replaced by WALL for lighter ones, new springs needed to be
mounted for increasing shock absorption and higher stability.

- A moadification of the steering system was also done to avoid excessive slack and noise,
including sé-lubricated guiding, which provides softness and durability. Also, tougher end
of-stroke sensors were added.

- New powerful fans were installed to improve ventilation flow in the computer case and extract
hot air.

Based upon the above observations, thieviehg amendments are proposed to be incorporated in the
second prototype VineScout 2, \2S

1- A more compact design, such as the concept giveigime3.

2- A softer spring for each suspension component (one per wheel), according to the specifications
of take 3.

3- A longer rack to increase turning radius, with an underlying sliding bar that makes its
movements smoother. The new gear rack is showigure4.

Table 3. Specifications of proposed suspension springs
Technical data

VineSoout 1 (VS-1) VineScout 2 (VS2) |
170 x50 x 11.5 x 6.00 170 x50 x 12 x 5.50
C=1,616 kg x mm C =1 kg x mm
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Figure 3. Compact design for VS2

Figure 4. Steering modifications to increase turning ablities of VineScout prototypes

1.2.2 Work package 2Industrialization of internal electronics

The leader of WP2 is SUN, who is in charge of the internal electronics of theanldias the higher
workload in this WP as seen on tabl@’ie main objedte for WP2 is to design, fabricate, install, and
test the complete electronics network for each of the three robots deployed

Table 4. Highlights and persorrmonth for WP2 in VineScout EU project
Work package number
Work package title
Participant number
Short name of participant
Person/months per participant:

Tasks on electronicevere stated fom the beginning of the proje¢table 5) UPV, based on the
experience from the previous EU project, VineRobot, proposed some necessities for the VineScout
platform. h the same way, SUNsed their knowledge from their acti#J project Tulipp (Gran
Agreement number688403 to build the processor for A, and continue upgrading it for the next
version, VS2, in VineScoutTable 5 shows that the first version of the board was due in month 10
with the deliverable D2.1.
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Table 5. Activities planned for WP2 in VineScout EU project

2016 2017
Dec } Jan Feb Mar  Apr May June July Aug _ Sep ,L Oct  Nov
1 2 3 4 5 6 7 8 9 10 11 | 12

WP2- Industrialization of electronics
T2.1 Electrical analys & modific prot VS-1
T2.2 Upgrade electronic system prot VS-2

T2.3 Commercially oriented modul design

Summary of work for WP2 (Lead partner: SUN)

A T2.17 Electrical analysis and proposed amendments for prototype \$ (M1-M10) Task
2.1 is the counterpart of Taskgodlistbcainooutat he r ¢
detailed analysis of all the circuitry and processing boards already mounted on the initial
prototype with the purpose of detecting important weaknesses. The following anedgsis
carried out by SUN assisted by UPV:

- Power consumjuin of every component and appropriass of its inclusion in the 12
or 24-Volt battery packs.

- Computer performance, runtime saturation, and potential fdesegning threads.

- Wiring optimization f or -bases cableredunachésl avai l
reinforcement.

- Upgraded environmental protection of electronics, especially for temperature,
moisture, and dust.

- Replacement of loweost components (sensors, Arduino boards, etc.) for industrial
based solutions.

- Selection of cosefficient touchsreen monitor with the required IP protection.

A new system architectun@as outlined by SUN, constructed, amdported on deliverable
D2.1.

A T2.27 Upgrade of electronic system for prototype V& (M12-M22) This task is the natural
continuation of Task 2. The field experience accumulated along the first steering week SW1
reveaédthe further steps to enhance reliability and performance. Important issues to deal with
arethe robust design of electronics to favour outdoors performance for long periode of t
and battery savingnechanisms. These improvements are already proposed and will be
implemented by SUNor the second prototype V& (plannedfor February 2018, month5),
and fieldtested along the second steering week $$tReduled for M22)

Develgpment of the work for WP2
A Related information: D2.1-a, SUN monthly report, UPV monthly report

The VineScout robot is the next generation of farming robots and it is being designed for providing
high flexibility enabling users to decide what sensors to Tise.robot will be equipped with a wide
range of sensors and actuaimame of the sensors and all the actuators will be used for navigation
and are considered critical, while the remaining sensors will be used for collecting data used for
inferring the &olution of thecrop (e.g. water stress, diseases propagation and quality of plants).
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UPV provided SUN an electrical schematic of an optimized version of the previous robot (VineRobot)
from which VineScout was going to stardilding. Then, SUN, made itsriprovement version.

Figure5 shows the VineScout robot sensors schemitithe Figure t h e sign ased because the

consortium is still deciding if those sensors and actuators (namely, the LIDAR sensoearthe r

potentiometers and the rear emergency stop bumpers) will be required. Nevertheless, the computing

system should provide the required flexibility for installing such devices and actuators if required.
Left

% Legend
4 A AIE 2 | |[= 1 ¢ Potentiometer

~ B § 2¢ Servemotor
3¢ Steering
- - 4 ¢ Emergency Stop Bumper

Front
Rear

4?

7¢ GP$GNSS

Sund 14

#]e[g][- L.g:z,é m-m a“° s [a
11 ¢ Battery Monitor
15¢ Power button

8 ¢ Multispectral camera
12 ¢ Emergency Stop
16 ¢ LEDRYGRdispla

AT ([ 1 5 ¢ Ultrasonic (a¢ sh bq md range$
9 ¢ Thermal Sensécamera
- - 13 ¢ Joystick
Q
g
2 1 2 1? y
[D 17 ¢ CAN Bus external connector
18 ¢ Eth external connector
19¢ USB external hu{s ports)
20¢ 10W (5V/2A) psu connector

PSU 6 ¢ Depth camera
10¢ Temperature sensor
14 ¢ Touchscreen monitor
21¢ 2D LIDAR sensor

Right
Figure 5. VineScout robot sensors map.

Power consumption is a major concern of the Vin
robot solution with an autonomy at least6 hours of continuous working. The 6 hours reference is
used because thiatthe average time that a farmer uses a tractor without having to stabuielling

the tractor. Table fists the sensors, and actuators and its power consumption, assuming the worst
case scenario (when all the parts are dmgii00% of the requiredopver). In this caseworstcase
scenarig, therobot will drain 1952W (includng the motor drive@maximum ratings and exclird)

the motor power consumption), but this is not realistic. Sensors and actuators only drain 100% of its
full power consumptiorduring the transactional state (e.g. an engine will drain 100% of its power
consumption when in the transitional regime, when is starting, and then lowers the power consumption
to 60%50% of the initial power when it reaches the steady state). A much mealistic power
consumption is considering the motors working at the steady state. Therefore, it is assumed that
VineScout robot power consumption is 272 Wh. In that case, the robot power consumption will be
1,632 W for 6 h of continuous work. The actuasin includes a solar panel capable to generate
60Wh which will generate approximately 300 W (assuming an efficiency of 80%) in 6 h of continuous
working, representing 18% of the overall VineScout robot power consumption during the 6h of
continuous workig.

Figure 6. Sensors and actuatorgweb-linked), and its power consumption

Device Active mode
MB7139-200 XL- TrashSonakVR ultrasonic sensors  9.99mWx6 sensord9.4mW
Zed Stereo camera 19w
National Instrument$ouchscreedSM-1015 96 W
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ApogeeSD-431 0.312 W
FLIR cameraAX-8 3.1W
8-Channel 5V Relay module 0.16 W
Sabertooth dual 12A motor driver 576 W (maximum power)
Sabertooth dual 25A motor driver 1200 W (maximum power)
SXBlue L1/L2GNSS 5w
Power supply 24V t&\TX DCX6-360(360W) 528 W
VineScout Embedded Cquater System 10w
12V@90W Solar Panel No efficiency details available
Emergency push buttons 3.6 Wx4 buttons=14.4 W
Joystick No power consumption availabl
LED (RYGB) display 44.64 W
Emergency Stop Bumpers N/A
2D LIDAR SensoOMD8000-R2106B16-2V15 2.88 W

First prototype of the Embedded Computer System (EC€S)I ECS

The first prototype of the VineScout Epttded Computer System (ECS)$-1 ECS, commercially
called EMC2ZU3EG (igure?), wasdesigned, assembled, aledtedby SUN

Figure 7. First prototype of the Embedded Computer Systenfior VineScout first prototype

The EMC2ZU3EG comes equipped with a powerful Xilinditrascale+ ZyndPSoC ZU3EG device
(Figure 8) as the main processing unithe Xilinx Ultrascale+ Zynq whictMPSoC devices provide
64-bit processor scalability while combining raathe control with soft and hard engines for graphics,
video, waveform, and packet processiB8gch devices where built on a common #@ak processor
and programmable logic equipped platform. The EG com#s avquad application processor GPU
and was specially designed for excelling the rgetieration wired and 5G Wireless infrastructure,
cloud computing, and Aerospace and Defence Applicdtions

! Retrieved fromhttps://www.xilinx.com/products/silicodevices/soc/zynaltrascalempsoc.htmbn the 23/12/2017

Pagel6of 71


https://www.apogeeinstruments.com/content/SI-400-manual.pdf
http://www.flir.com/marine/content/?id=71005
https://www.sainsmart.com/products/8-channel-5v-relay-module
https://www.dimensionengineering.com/products/sabertooth2x12
https://www.dimensionengineering.com/products/sabertooth2x25
http://www.sxbluegps.com/product/sxblue-l1l2-gnss/
http://www.opussolutions.com/product/161/DCX6_360__360W_.html#specifications
http://shop.industrialemart.com/index.php?route=product/product&product_id=6180
https://www.automation24.co.uk/joystick-maintained-eaton-279415-m22-wrj4?refID=adwords_shopping_UK&gclid=Cj0KCQiAus_QBRDgARIsAIRGNGgaoJZVIDSqcZTs7V3byZKRl30O2-TA9ofXWiC9f97UeK-B-D6JxAsaAuqpEALw_wcB
http://shop.industrialemart.com/index.php?route=product/product&path=59_114_460_462_126_127&product_id=71
http://shop.industrialemart.com/index.php?route=product/product&path=109_112&product_id=4056
https://www.pepperl-fuchs.com/great_britain/en/classid_53.htm?view=productdetails&prodid=68415
https://www.xilinx.com/products/silicon-devices/soc/zynq-ultrascale-mpsoc.html

VineScout

Processing System

Application Processing Unit

ARME | neon™ |
Cortex™-A53

32KE

I-Cache
wiParity |

I Floating Point Unit |

32KB
D-Cache
wiECC

Embedded

race
Macrocell

Grant Ageement 737669
PART BT Periodic Reporti Year 1

Graphics Processing Unit
ARM Mali™-400 MP2

DDR4/3/3L,
. LPDDR43
32/64-Bit wIECC

Yz |s

256KB OCM Memory Management Unit

CCISMMU

Real-Time Processing Unit

Vector Floating
Point Unit

Cortex™-R5

Memory Protection
Unit
32KB D-Cache
w/ECC

l ARM I

128KB || 32KB I-Cache
TCM WIECC WIECC

1MB L2 wECC

with ECC

64KB L2 Cache

Geometry Pixel
Processor Processor 1 2

System
Functions

I

Management Multichannel DMA

i Authentication,
Power Secure Boot
Management

Timers,

Voltage/Temp
Functional Monitor

Safety ,

WDT, Resets,
Clocking & Debug

TrustZone

Programmable Logic

Storage & Signal Processing
Block RAM !

UltraRAM

DsP

High-Speed Connectivity

Interlaken

|
System Monitor |

| ! GTH

General-Purpose /0

High-Performance HP /O
High-Density HD /O

GTY

100G EMAC

PCle Gend

Figure 8. Main processing unit ofVS-1 ECS

-

High-Speed
Connectivity

l DisplayPort v1.2a

[Useso |
e
[Feesr0iz0 |
[rser |

General Connectivity
GigE
[usBzo0 | ‘
—
T OART |
T
[TQuad SPINOR |
[T NanD |
|7 sblemmc |

VS-1 ECS is composed of three boards and cosgesppedwith a Xilinx Zyng Ultrascale ZBEG
MPSoC deviceThe VS1 Embedded Computing System (ECS) is solution composed of the following

3 boards:

1. Trenz TEO820 4x5 module (Figure 9)The Trenz Eleecbnic TE082002-03EG1EA is an
industriatgrade MPSoC module integrating a Xilinx Zynqg UltraScale+, 1 GByte DDR4 SDRAM
with 32-Bit width,128 MByte Flash memory for configuration and operation, and powerful
switchhrmode power supplies for all dyoard voltags.

2. Sundance EME& DP (Figurel0)-The EMC2S o M i s a
compatible FPGA and SoC Module andbhas pansi on
also has I/0O pingjsing a 106nvay Samtec RazorBeam connectors system;

for

P Cl e CatrierdoraOmre Ba n k E
a VI TA557. 1

3. Sundance Expansion Interface Connector (SEI&)customised board for individual applications
and bespoke connectors which connects to the EMT via a 10owvay Samtec RazorBeam

connector.

This Platform was developedy Sundance foprevious projectso was (is) well supported with
connectivity to standard interfaces, like USB, HDMI and Ethernet on the ARM CPU Processing
System(PS) of the Zyng So@System on a chipand had flexibility to interface to specific vision

interfaceg¢such adHMDI, Cam

eraLink,etton t he Zynqgos

FPGA gqRLdATee Pr ogr

expansion boards are felayer PCB, and are how the Consortium has customized it for VineScout
application. The FM&@PC connector enables to plagplay FMGLPC daughter cards (e.g. ulira
high speed/resolution cameras) following the VITA 57.1 standard. All the features and standard
interfaces in VSL ECS provide flexibility for designing a highly flexible software platform for
making VineScout robot highly complalie in case of a future interaction with other robots running
with Robotic Operating System (ROS) on the top of a standard Linux distribution
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Figure 9. TEO820-ZU4EG block diagram
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Figure 10. Sundance BMC2-DP block diagram
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Work done and future work

The first months of the project were used for capturingaaradysingthe requirements and restrictions

of the prototype, and for testing the first version of the VineScout robot. The results obtained from the

field tests helped SUN in designing MSECS.The Xilinx Ultrascale Zynq ZU4EV, which is an

optimised version of Xilinx Zyng Ultrascale ZU4EG MPSoC is prepared fo2\ECS (planned

released in the following integration week in February 2048)2 ECSis being designetbr making

the VineScout robot eadg-use, highly compatible with other robotics and autonomous systems,
reliable, safe and easy to integrate with other robots. VineScout robot is being designed to work side
by-side with humans androbotsut al ways under humansé supervi si

1.2.3 Work package 3: Support knowledge of maps and sensing capabilities

Table 6 contains the summary of work distribution for WP3, where the partner UDLR is the leader.
The objective of WP3 is centered on enhandheg informative value embodied in the nitrogen and
temperature maps. The expected outcome will be the combination of the different maps, presented in
such a way that engsers can make advantageous management decisions with them, and that the data
based rsulting wine is actually complying with the optimal requirements set by thesarg.

Table 6. Highlights and persornrmonth for Work Package 3 in VineScout EU project
Work package number Start Date or Starting Event Month 1
Work package title Support knowledge of maps and sensing capabilities
Participant number
Short name of participant
Person/months per participant:

Table 7 highlights that the work related to the first taskhefwork package, this is, the design and
implementation of field maps, is a continuous work starting from month 1 in the project.

Table 7. Activities planned for Work Package3in VineScout EU project

2016 2017
Dec | Jan  Feb Mar Apr  May June July Aug _ Sep _Oct A Nov
1 2 3 4 5 6 7 8 9 10 11 12

WP3- Support knowled. maps & sensing

T3.1 Design and implementat field maps

T3.2 Decision supp:def of operat maps I

Summary of work for WP3 (Leadpartner:UDLR)

A T3.171 Design and implementation of basic field mapgM1 - M25). The first data gathering
tests were organized by UDLR a commercial vineyard of La Rioja, the famous region
where there is a high concentration of wineries produBliga wine. The tests werstill
without the integration ofrop sensors in the robot until confirming that the sensors would be
useful.During these tests, UDLRied threedifferent sensorgwo of them with the purpose of
taking data of nitrogen from the mapy, and another sensor to measure temperature from the
canopy. The nitrogen will be useful to gatherany spectral vegetation index maps, such as
NDVI (Normalized Difference Vegetation Indexpaps or chlorophyll maps, used by
winegrowers to get a felization plan.For those purposes,raultisensor imager that allows
taking data from four different spectral bangas testedand also,a hypespectral camera
that allowstaking data from many different spectral bands.
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Afterwards, diring the First Stering Week,the multisensor imager waategraed in the
robot, so someéld tests were carried out, as well.

Development of the work for WP3
A Related information: UDLR monthly report, UPV internal notes

Tests with multisensor imager Parrot camera

Althedat a acquired during the 2017 campaigndés ex
located in Tudelilla, La Rioja, Spain (Lat. 42°84®.26 ,4d.0ng-2°7614.1% ,Alt. 515 m) throughout

six weeks from earhuly to earlyAugust, 2017. The vineyard watanted in 2002 with grapevines of

(Vitis vinifera L.) Tempranillo (Clone 776), grafted on rootstocl ). The vines were trained to a

vertically shootpositioned trellis system on a doulslerdon Royat. Vine spacing was 2.60 m between

rows and 1.20 m whiin the row in a nortisouth orientation.

In order to induce an ample variability of grapevine water status, a completely randomized block
design (Hinkelmann and Kempthorne, 2§)0&ith four blocks and three different water treatments
wasset Figurell). The three treatments were:

A TO: Full irrigation. Two water pipelines irrigating 6 L-h were installed.
A T1: Moderate irrigation. A single water pipeline irrigating half the amount in TO was installed.
A T2: No irrigation. The plants were not irrigated during the whole experiment.

Each treatment involved four replications (one per block), therefore 12 different combinations of
treatment and replication were present in the vineyard and located in three differest, paradlly
distanced vine rows. For each replication, comprising 25 plants (around 25 m of length), only the 15
middle ones were the ones in which the measurements were taken. The first and last groups of five
plants were discarded to avoid edge effe@yfe11).

Figure 11. Experimental layout following a completely randomized block design with four blocks and
three irrigation treatments (TO: full irrigation, T1: moderate irrigation, T2: no irrigation)

2 Hinkelmann, K. and Kempthoe, 0.2007.Design and Analysis of Experiments, Volume 1, Introducti&xperimental
Design, 2nd EditionWiley.
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Assessment of grapeviganopy vigor and nutritional status

Onthe-go multispectral imaging and temperature measurements were conducted on six different
dates 12 July, 18 July 25July, 1 August 7 August and 16Augusturingsummer2017.

Multispectral images were acquireunder field conditions using the multisensor imadearrot

Sequoia (Parrot Drones SAS, Paris, FraR@gure12) working in four separatesynchronizedands

with 1.2 Mpx monochrome sensors; 550 nm (Green), 660 nm (Red), 735 nm (Red Edge) and 790 nm
(Near irfrared). The Parrot Sequoia sensor incorporates a 16 MPx RGB sensnGR8IGNSS to

locate the camerimages The camera waglacedtargetng the canopy othe leftside (respect to the

driving direction)at a distance from the canopy of approximatety7Greters,and witha horizontal

and vertical field of views (FOVdf 61.9 degrees by18.5 degreesyespectively. Acquisition of the
multispectral images, at one frame per second (FPS) was performed on the east side of the canopy at
an average speed of Bk at solar noon (between 2 pm and 3 pm, local time).

Red Near
Red edge Infrared RGB

Figure 12. Parrot Sequoia multispectral sensor with 4 separate bands and a RGB sensor (credit to Parrot
websitewww.parrot.com).

The Rarrot Sequoia camera is used to get NDVI (Normalized Difference Vegetation Index) maps. The
computation of the NDVI needed a complex procesdtimgufe 13).

Figure 13.0On-the.go acqui si ti on of a Sequabchaniels anthena RBGrinmgee nt .
are taken per measurement. NDVI must be comyted from two of these channels
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As the camera is a dromeiented device, its use in a land vehicle needed sahustmentsThe use

of this multispectral camera on a lateral vieve@unters a drastic change in the target objective (~ 0.5
m, parallax errorvs. aerial acquisition (280 m),soa considerable misalignment appegigure 14)

in the four different spectral channels (specifically, in the two wavelengths involved MNCiké
calculation).

Figure 14. Misalignment between lens in the Parrot Sequoia camera

To minimize the impact of this isswapidly, it is assumed that, as there is a constant distance between
the camera and the target, the offsedsented between NIR and RED images is also constant. Thus,
an algorithm programmed in Python was developed for the correction of this misalignment (by an
automatic alignment according to the fixed offset). The NDVI is calculatedwtion 1 indicates

NI-Red

NDV IWRe d Equatlon 1

Assessment of grapevine water status by infrared radiometry

The surface canopy temperature measurements were carried out with an infliamdter sensor Sl

421 (Apogee instrument Inc., Utah, USRigure15). The St421 was targeted to the left at a distance

from the canopy just below of the Parrot Sequoia. Collection of the temperature measurements at 0.67
frames per seconds (FPS) was penied also irthe east side of the canopy.

1obae|

Average canopy temperature,
correlated with plant water status

Figure 15. Infrared radiometer sensor SF421 and optical geometry scheme (credit to Apogee website
www.apogeeinstruments.com)

To develop different canopy temperature indices, lower aperupoundary temperatureswéfand

Tary, respectively) were acquired using evaposenso(Skye Instruments, Llandrindod Wells, UK)
having two artificial leaves: a digave(dry reference) and another one covered with a black cotton
wick and receiving aatinuous water absorption for the wet reference. Reference temperatures were
acquired once per each measurement day. Additionally, two thermal iddicesp water stress index
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(CWSI; Jones 1992) and conductance index (Igones 1999) 8 were calculatedMidday stem
water p ostme wak iugedl as (rgference indicators of the plant water status and their
measurements were taken near solar n&ogufe 16). A random vine was selected from each group

of five plants (of thdifteen middle ones in eachpel i c at i 0 dnwasameasurad upon ayleaf
taken from the central part of the canopy. A Scholander pressure bomb (Model 600, PMS, Instruments
Co., Albany, USA) was used for the stem water potential determination. The selected leaves were
covered wih aluminum foil bags to drive them into dark adaptation one hour before the
measurements. A total of 36 measurements of the plant water status were performed pehday (
different replications and three selected plants per block).

Figurel6. Measur ement of plant wategmstatus referen

The data acquired were filtered and processed. The statistical summary of the water status reference
par ameter ( st e menwsa shevn inTabld 8Fable 8. &thtisticalgsummary of the
vineyard water status, using stem water potential as reference parameter (mean, minimum,
maximum and standardeviations are expressed in MPa)

Table 8. Statistical summary of the vineyard water status, using stem water potential as reference
parameter (mean, minimum, maximum and standard @viations are expressed in MPa)

Number of . . Standard
Mean Minimum Maximum .
samples deviation
251 -1.33 -1.95 -0.50 0.293

All the measurements acquired with both devices (Apogee IR sensor and Parrot Sequoia) were
georeferenced using a GPS receiver Ag Leader GPS 6500 with RTK correction at a frequency of 20
Hz (Figurel?).

3 Jones, H.G1992. Plants and Microclimate, 2nd ed. Cambridge ehsity Press,Cambridge, pp. 428
4 Jones, H.G. 1999. Use of infrared timemetry for estimation of stomatal conductance as a possible aid to irrigation
schedulingAgric. Forest Meteorol. 95,13349
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-8 —— Sensors

N

All-terrain  Industrial
Vehicle computer

GPS

Figure 171 Schematic of the @-the-go measurements

Both Apogeebdbs and GPS6é6 information was synchron
timestamp, and with it an offline match between GPS position and sensositimgwould be
perfor med. The recording of Apogeeds ther mometr

Mega 2560 connected to an industrial computer, andldke stringgransmitted by Serial Port were

received using ExtraPuTTY 0.29, withthetsne amp added. Knowing the synt
an algorithm was developed in Python to extract all the temperatures given by the sensor within each

one of the treatment blocks in the experimental vineyard. This information was prepared for its future
spatial representation in variability maps.

Results from the study of the camera and the infrared radiometer

Correlatbn analyses between the canopy temperatailtges recorded by the infrared sensor and the
reference indicatorY(«em) Were not conclusiveas the obtained determination coefficienfsdRl not
surpassed the 0.50 mark. Similar findings were observed for the determination of spectral indices
(such as the NDVI), responsive to differences in Nitrogen in the canopy vegetation.

Further steps rentato be undertaken in order to deep into the best configuration and methodology of
both devices for the ethe-go prediction of key plant traits. Several problems from the Parrot Sequoia
that appeared during the performance of the experiments were ahalym main problem was
evidenced by the difficulties in the deployment of the realtsor imagefor real scenarios when

considering its attachment to the VineScoutds p
available via WiFi (an undesirabonnection interface due to an unacceptable instability for end
users), and the camerads automatic management i

alignment issues, suggested that this specific device would not fit into the final VinaSbott
Because of this, further research on wavelengths selection for the developmertioaf sehsors

(using hyperspectral imaging) aris@ws, there is a necessity to find new ways to determine spectral
bands that are more informative and relevanth® evaluation of nutritional status in leaves of
grapevine, in order to build or choose an alternative multispectral sensor. For this reason, new data has
been acquired to explore the possibility to incorporate an innovative technology like hyperspectral
imaging to identify the nutritional composition, such as nitrogen and chlorophyll levels in leaves.

Hyperspectral imaging technology

The objective of this study was the use of hyperspectral imaging to identify the key and more
informative spectral bandsd indices about the nutritional status of thepgrane, with an especial
focus o nitrogen estimation and concentration of chlorophyll.
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A total of two-hundredsamples were collected at harvest time from five varieGesr(ache noir,

Grenache blanc, Makc, MissiorandVerdejg from the Institute of Grapevine and Wine Sciences
grapevine varigy collection (Figure 18;able9).

Table 9. Number of samples collected from 5 varieties on 26 October 2017 from the Institute of

Grapevine and Wine Sciences grapevine variety collection
Varieties

N° Samples
Grenache noir 100
Grenache blanc 25
Malbec 25
Mission 25
Verdejo 25

Institute of Grapevine
and Wine Sciences
grapevine variety

collection

For the spectral acquisition, a Hyperspectral Camera (Pika L, Resonon Inc., Bozeman, MWadSA)
used. Hyperspectral measurements were performed em6&bove the sample&igure 19), under

controlled illumination conditions in the laboratory. The main specifications of the spectral camera
are

spectral rangérom 389nmto 1030 nm
spectral redation 2.1nm

281 spectral channels

dispersion per pixel to 1.07 nm.

> > D

hyperspeciral
imaging camera

linear tfranslation

stage \

direction of motion

Figure 19. Benchtop hyperspectral imaging system pushbroom line scan diagraaredit to Resonon
website www.resonon.com)

Page250f 71



/‘:VB\— Grant Ageement 737669 7
VineScout PART BT Periodic Reporti Year 1 i

The determination of the nutritiahstatus of the samples, the nitrogen balance index (NBI) and the
leaf chlorophyll index (Chl) were obtained using the Dualex Scientifie. Bualex Scientific +mis a
chlorophyll fluorescence sensor that measures flavonol, anthocyanin and chlotiodiogs. To
calculate the nitrogen status, the Dualex Scientifie tises the nitrogen balance index (NBI), which

is the ratio Chlorophyll/Flavonols (related to Nitrogen/Carbon allocation) (FigOxeThe Dualex
sensor has been widely proved to succdlgstueasure the N and chlorophyll content in leaves
(Cerovic et al. 201%.

Figure 20. Dualex Scientific +Tm (credit to Force A website)

The study was carried out on 26 October 2017. Measurements of the leaf samples werediken u
laboratory conditions. For the calculation of the average nitrogen balance index (NBI) and the leaf
chlorophyll index (Chl) per leaf, using the Dualex Scientific +TM, three different aFégqsré21) of

the leaves were selected and their values geera

Figure 21. Three measurements per leaf to calculate the average nitrogen balance index (NBI) and leaf
chlorophyll index (Chl) with Dualex Scientific +TM

5 Cerovic, Z.G.,Ghozlen, N.B. Milhade, C, Obert, M, Debuisson, Sl.e Moigne, M.2015.Nondestructive diagnostic test
for nitrogen nutrition of grapeviné/(tis viniferaL.) based on Dualex lea&lip measurements in the field. Agric. Food
Chem., 63 (14)pp. 36693680
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For each one of these leaves, one hyperspectral image was recorgedcasded. The program used
to analyse these samples was SpectrononPro 2.1. The methodology involved the identification and the

delimitation of the region of interest (ROI) that corresed to the whole leaF{gure22).

Lneliact olect ke Mo Somctrars” st a4 2K

Figure 22. Region of interest (ROI) of a laf area using SpectrononPro 2.1

For the identification of the most indicative spectral bands, Pae&dtSquares (PLS) regression was
performed using the 300 spectral variables (in the wavelength region fromnd@® 1000 nm) as
input. The correlation plot from a #6ld venetian blind cross validation is presente&igure23a for

NBI prediction and inFigure23b, for Chl prediction. The results show a great level of correlation as
it can be seen in both plots. gression analyses yielded determination coefficients?ef ®73 for

NBI (RMSE = 1.658)and R= 0.88 for Chl (RMSE = 1.870).

25 -
[ 40/ RMSE = 18697

| RMSE = 16575 R%=0.879 s
RZ=0.730 = ) @C%%:O
- (D

35

20

30

25

NBI Predicted
Chl Predicted

20

NBI Measurad chl Measured

a b

Figure 23. Partial L eastSquaresregression for NBl(a). Partial L eastSquares Regression for Ch(b).
Red line regression line from the modefreen line regressionline for the maximum value of correlation
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VineScout

With regard tothe obtained correlation, Variable Importance in Projection (\d&jres which
estimates the importance of each variable in the modelcalaslaed for the two indices (NBI and
Chl) to identify the mstimportant variables in the obtained PLS modeigufe 24a presents the VIP
scores for Chl while Figur24b reports the VIP scores for NBI. For both nutritional indices, the VIP
scores for the wavelenghts 522.82 nm, 702 and 738.96 nm surpassed the value 1, indicating
that these spectral bands wére most informative wavelengths to explain prediction (PLS) models.

0
598,08
I“ﬁxgiz

| W|
waw 700.22nm

-

70431

700.22nm

= 2051

B TaseE

1
738.96nm

a
70881
—

522.82nm

R

fuaszr

L 02a
21 75
300

Figure 24. VIP scores for NBI (a). VIP scores for Chl(b).

The spectral meairements were compared with 62 vegetation indices (RodrRRrez et al. 2005

to find the best correlations between the spectral variations with the nitrogen balance index (NBI) and
the leaf chlorophyll index (Chl). The best correlation between theaN8IChl indices and the spectral

one was found with the family of the Vogelmann indices, for which the wavelengths used for their
calculation correspond with the wavelengths selected using the VIP scores neapeltof 2
Vogelmann indices are narrowith reflectance measurements that are sensitive to the combined
effects of foliage chlorophyll concentration, canopy leaf area, and water content. Applications include
vegetation phenology (growth) studies, precision agriculture, and vegetation produntidgling
(Vogelmann, J., Bet al 1993). The index exhibiting the strongest coatigin was the Vogl index
(equation 2)which yielded &?value of 0.52 for NBI and R?value of 0.80 for Chl (Tabl&0).

A e
Vogelmann (Vog) Vog = Rm Y;g;lmann 1993, Zarco-Tejada et al.
-

By -R Vogelmann 1993, Zarco-Tejada et al. ;
Vogelmann (Vog1) V"S’=R;+R: 1939 : ! Equation 2

R~ o
Vogelmann (Vog2) Vog2 = R734+i:47 ‘;lggslmann 1993, Zarco-Tejada et al.

5 20

Table 10. Values of the coefficient of determination (R2) corresponding to the correlations between the
Vogelmann indices and the BI and Chl, nutritional indices

Index R? Index R?
Vogelmannl 0.5247 Vogelmann1 0.7974
Vogelmann 0.5221 Vogelmann2 0.7922
Vogelmann2 0.5211 Vogelmann 0.7785

6 RodriguezPérez, J., Riera, N. and Traveset, A. 2(Efect of seed passage through birds armrtls on emergence rate
of Mediterranean species: differences between natural and controlled conditions. Functional Ecology, 1% (. 699
”Vogelmann, T.C1993. Plan{Tissue Optics. Annu. Rev. Plant Phys. gg,231i 251.
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The best wavelengths to explain models (522.82 nm, 700.22 nm38@67nm) were utilized as
variables in a Multiple linear regression (MLR) analysis for NBl and CHL. Fi@%ee (for NBI
prediction) and Figur@5b (for Chl prediction) show a large level of correlation only using these three
variables. Analyses yielded @emiretion coefficients of R= 0.6 for NBI (RMSE = 2.025) ang? =

0.74 for Chl (RMSE = 2.744).

25 7
RMSE = 2.0253 RVISE= 27441
R2 = 0.506 RZ=0.740 ® o 3
35 _ - " I
. Sl @

20
o] Q@g:{;ﬁ 30

a5

Chl Predicted

MBI Predicted
o

ol
Wy o Tt

g e 15 20 25 11'5 20 25 'J‘Z] 36 4ID 45
A MBI Measured B Chl Messured

a b

Figure 25. MLR for NBI with variables 522.82 nm, 700.22 nm and 738.96 nnfa). MLR for Chl with
variables 522.82 nm, 700.22 nm and 738.96 n().

Conclusions about the hyperspectral imaging

The work regarding hyperspectral imagipgrformed by UDLRhas shown the results of three
different methods (Variabl Importance in Projection (VIP) scores, study of the correlations with the
main spectral Vegetation Indicesnd Multiple Linear Regression analysis) to identify and evaluate

the mat informative and relevant spectral bands (in the range between 40®@nhbd) for the
assessment of the nutritional status in leaves of grapevines. All three methodologies have agreed on
the identification of the most relevant wavelength®2.82 nm, 700.22 nm and 738.96 nrhilters
corresponding to these three wavelengthddotentially be used and assembled to manufacture a
new, noninvasive, multispectral sensor to be installed in the Vinescout prototype.

Map testingduring the first Steering WedkSW1

The Apogee sensor was integrated in the robot so that UPV could bbecwas the state of the
mapping progranthat they didfor VineRobot and improved for Virgzout,but not yet checked in
field. In August 2829, the robot was tested in the field where the Agronomy was going to take place:
the field Colecaode Castag41°14'41.4" N, 7° 06'52.9" W), owned by SYM. Partners that were
present were able to see how the robot displayed the path on its screen thanks to itiiegGR&d
(SXBlue, Montreal, Canada) as showrthierrobotGraphicUserInterface (GUI) ofFigure26.
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Figure 26. Robot screen (GUI)

After retrievingthe data collected by the robot, the majigure27 wasgenerated. The map contains

the data coming from two sources: the Apogee sensor, which generated the temperature opyhe can
values, and the GPS sensor to locate each datum of temperature collected. Differences in temperature
can be seen easily. For example, the lowest canopy temperatures were rdgystenitd varieties of

vines, which are located in the middle (direct®W-NE) of the field.

Vineyard Canopy Temperature Temperatures
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=
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| ] 28
o_l i : : ; e R
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East (cell: 4 m)

Figure 27. Vineyard canopy temperature grid map

The program shows that the robot is capable of displaying the path and collecting data from sensors.
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1.2.4 Work package 4 Software refinement, optimization and market preparation

The principal objective of WP4 is to coordinate the refinement and optimization of all the software
applications embedded in the robot, in such a way that a new software framesenlk tobe
developed with the requirements of lpionglasting, and easy to protect, reproduce, commercialize,
and upgradeThe WP leader is UPV with the highest amount of worki@able 11.

Table 11. Highlights and persorrmonth for Work Package 4 in VineScout EU project
Work package number \''[.7 3 Start Date or Starting Event Month 1
Work package title Software refinement, optimiza
Participant number
Short name of participant
Person/months per participant:

Theactivities planned for this WP have the first task, T4.1, taking place the whole first year as can be
seen in the tablg&2.

Table 12. Activities planned for Work Package 4 in VineScout EU project

2016 2017
Dec ¥ Jan  Feb Mar Apr May June July Aug Sep _ Oct  Nov
1 2 13 lals e l7 135 ]9 J]w]|u|]n

WPA4- Softwre refinemnt, opt & preparat

T4.1 Analysis navigation & safeguarding

T4.2 Analysis & enhan mapping algorithm

T4.3 User-centered graphic interface

Summary of work for WP4 (Lead pamer: UPV)

A T4.171 Analysis and expansion of navigation and safeguarding algorithm@1-M24).
This task is focused on analyzing and enhancing the algorithms for navigation and
safeguarding. Special attentibas beerpaid to the comgx maneuver of headldrturning
UPV has analizethe current software and considdthe following tests:

- Enhance the modular integration of ancillary applications by introducing ebject
oriented approaches, in particular for the integration of GPS, monitoring sensors,
navigaton sensors, and processors.

- Review and meliorate the navigation algorithm, especially for complex environments.

- Expand the safeguarding capabilities.

Development of the work for WP4 UPV monthly report
A Related information: UPV monthly report

Along thisfirst year of the project, thmechanicakystem of the robot has been improvébe first
version of the prototype arrived in Valencia on 21 August, so the preceding ivamiiobot second
platform were usedrhis fact was not a delay in any case, begahbs platforms (or prototypes) are

built taking into account the previous versidinen, the philosophy for building the three prototypes
consists of improving the immediate previous one, either changing swuobanicalelements or
changing the specifisystem if the consortium finds another mechanism that works b&ties.
philosophy works with the software development especially. It has been observed that navigation
programming is closely linked to the robot mechanical system, what means that, ass |tmg
prototype changes, there will always be modifications in the software, even small adjustments
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adaptthe mechanics in the prototypeasmootifield navigation The first navigation tests took place

in June 2017. UPV was mvineyard field irQuinta do Atdde, Portugal 41°14'56.0"N, 7° 06'40.1"

W), during two weeks (from 12 June to 24 June, 201% vineyard field belongto SYM, who was
alsoassisting in the field test$hetests revealegossibilities of change in some physical systeass

well as in navigation. After those tests, UPV fixed mechanical systems and reprogrammed
navigational issues (headland turns and safeguardinigf). thé goal of improving the algorithms for
the headland turn, and also de safeguardiifterent kinds 6 ultrasonicsensorgor the robot were
studied.The ultrasonic sensoraodel HGSRO04that the previous robot carried, have besnally

used in clean and protectedvironmentshowever,in the case oé field robotlike VineScout,as it

must perform thevork in a dirty environment with high temperaturasis betterto install sensors
with higher qualityand enduranceTherefore the Arduino ultrasonic sensorthat the robot carried
(left on Figure 28), were changetb Maxbotix (MaxBotix Inc, Brainerd,MN, USA) sensors (right in
Figure 28). As in theFigure 28, both ultrasonic sensors were installed together in order to compare
measures.

i — S
Figure 28. Ultrasonic sensos: Arduino (left) and MaxBotix (right) installed togetherto betested for VS1

Maxbotix resulted in more accurate measurements for VineScout application, seémssesvere
installed,andseveral positions (and programmimnggretested to determinine best working position
Table 13 shows the differentonfiguratons, where configuration 1, for example, was the same that
there was in VineRobot.

Table 13. Several configurations for the ultrasonic sensor® check the best performance in V&
Sensors configuration

Initial configuration (ameas forArduino sensors)
Chain configuration

Front invert triangle

Three inline configuration (withdifferentseparation)
Two in-line configuration (withdifferentseparation)
n Different ground distance (ground effect)

A LIDAR -based teamology sensor(Pepperl+FuchsTwinsburg, OH USA) has beemcquired(Figure
29) as an improvemenfor the detection systermind support for headland turrdespite it has not yet
been tested in field
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Figure 29. LIDAR - based tetinology sensor

<

The related technical dath the lidar sensas displayed in table 14.

Table 14. Technical data of the LIDAR sensor

Technical data
Model: OMD8000-R2100-R2-2V15 p/n 264888 SCANNE

Measurement range 0.2mto8 m
Measuring method Pulse Ranging Technology (PRT
Scan rate 50 s1 (1 scan = 11 measurement
Scanning angle 88°
Resolution 1 mm
Operating voltage Range:10-30V DC
No-load supply current 0120 mA | 24
Time delay before availability <3s
Interfac type RS 232
Protocol P+F R2100 115k, 8N1
Degree of protection IP67
Connection 5-pin, M12x1 connector_, standart
(RS 232;greycolor; shielded)

UPV did a sudy with therobot including the MaxBotixiltrasonic sensorandthe 2DLIDAR sensoy
resultingin the sensory area of thkégure 30, which seems a very promising result for using them in
the field In the Figure 30, the robot is the black outlined box in the centke robotfront is on the
right-hand side of the pagevhich is where the biggestearmonitored, while the robot flanks are the
top-side in the~igure(left side of the robot), and the botteside in theFigure(right side in the robot).
The robot senses also on the back-fieitd side in th&igure, as it carries ultrasonic sensorcase

it needs to go back when turning in the headlabk#®/ will continue with this tests.

Figure 30. Area monitored by the robot when VS1 is using the ultrasonic sensors together with the lidar
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On the other handJPV observediuring some testghat the bumper (when activated) perfeda
continuous rebound effect due to its own slack. For that reason, a new front bumper with
programmable timing relay was designed. This issue will be positivenlyin terms of safetybut

also regardingcommercialization.Thus, Figure 31 shows the current relay to control the bumper
system in this prototype.

SELEC 600 XU

POWER
SUPPLY
RELE

EMERGENCY BUTTONS

o : j —(> (+24V TO FUSE)

NC NC NC NC

ENDSTOP#1 |—lo—{

> 0

ENDSTOP #2  —olo—

\—"> (+24V)

Figure 31. Block diagram (left) for the new design of the bumper, and its programmed relay (right)

UPV, asskted byUDLR, tested thenavigation algorithms of theobot in Logrofio, Spain, in the
experimental vineyards of the UDLRZ° 27'57.1" N, 2° 25'16.2" W), where the row space in the
vineyards is around 3 meters, considered very wide. These tests véhndiestraight guidance,
revealed the need of modifying the headland turn programming for wider vineyard rows, and tested
the safety bumper characteristics. Apart from the steering system, the suspension system was checked,
as well.

1.2.5 Work package 5Demonstration

Table 15 shows a summary of the work package 5, demonstratiomhich SYM, asthe final user
partner, is the leadeFhe mainobjective of WP5 is to set a number of demonstration actions to favour
product excellence as an active way tache@RL 9 and progress beyond. This work package has the
purpose of demonstrating on the final masnezdy prototype the capabilities of the overall support
tool in differentsettings. This WRVill prove that the maps carry valuable decision support krayele

that endusers will be able to operate the robot as any other farm equipment, and that the resulting
wines are different and related to the original field maps.

Table 15. Highlights and personmonth for Work Package 5 in VineSoout EU project
Work package number Start Date or Starting Event Month 10
Work package title
Participant number
Short name of participant
Person/months per participant:

As shown in table 16, demonstration activities can take place either in September, October, or
November(or even, sooner as happerne®017) depending on the vineyard status.
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Table 16. Activities planned for Work Package5 in VineScout EU project

2016 2017
Dec | Jan  Feb Mar Apr May June July Aug Sep  Oct  Nov
1 2 |3 Ja]ls e l7 |8 |o |1 ||
WP5- Demonstration i

T5.1 Suppor value of Nit & Anth maps

T5.2 Agronomy days

T5.3 Decision-making conseq: technowine

Summary of work for WP5 (Lead partnerSYM)

A T5.17 Support value oftemperature robot-generated maps(M10-M26). The objective is
to demonstrate the added value carried in-datacrop maps. The dataave been afady
gathered with the robot, retrieved and procedsetPV, andwill be analyzedoy UDLR in
cooperation with SYM.

Development of the work for WP5
A Related information: D5.2-a, Agronomy Day questionnaires

The Agronomy Day took place in a field call&@blegao de Casta®r Symington Grape Variety
Library. Symington established an experimental grape variety field known as the Symington Grape
Variety Library in the spring of 2014 at its Quinta do Ataide in the Vilarica Valley (Douro Superior).
There, the compay has planted 53 Vitis vinifera varieties (29 red and 24 white), comprising
indigenous varieties from the Douro, varieties from other regions of Pqoraunghlarietiesfrom other
countries. The underlying objective is to make a significant contributiciheé knowledge base of
Douro and other Portuguese grape variefd@song other aspects, the collection is also noteworthy for
the number of plants per variety200 of each occupying a total area of 2.25 hectares. This plant
population will enable realtic comparative studies in the winemaking of the corresponding wines.

In essence the goals lodiving the grape variety libragre to establish a grape variety library (red and
white grapes) in order to preserve and gain greater knowledge of the vémésdpin the Douro
(indigenous and foreign), both for their viticultural and their oenological potential; to study the
phenological aspects, viticultural parameters, dynamics of maturation and winemaking potential; to
share the findings of this study, wighview to broadening the knowledge of the most widely planted
varieties, but also to provide guidelines for the planting in the Douro of some lesknogh
varieties; to establish research and development protocols with national and foreign institutions
(universities and others) to further the Wedge of these grape varieties, which is what SUN is doing
within the VineScout context.

First Agronomy Day on a glance

The First Agronomy Day of the VineScout project took place on 30 August, 2017, in QuiAtaide
thecommercial vineyard owned [§YM. Thisevent is officially programmed to be part of the annual
steering weeks. The First Steering Week (SW1) was initially planned for month 10, i. e. September
2017, but it actually took place earlier than stiled for weaherinduced reasons, as it occurred
between 28 and 31 August, 2017. Our initial objective is to synchronize the steering weeks with the
harvesting season at the testing site. The average temperatures in the summer of 2017 were unusually
high. The climate data collected by SYM, with an automatic weather station in the field, gave a GDD
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(Growing Degree Days, which is a climdiased indicator for assessing crop development, and it is
the sum of the daily temperatures above 10 °C) of 2466 °CfDag17, respect to 2190 °C-Days in
2016, which resulted in a taweeks anticipation of the harvesting time at Quinta do Ataide.

According to the agenda set for thiist edition of agronomy dayghe activities began at 9.30 and
continued until approxmately 5 pm, with the survey to emders as the final event. Overall, there

were 28 attendees distributed as follows: eight people coming from academia, two attendees from
governmental institutions, and 18 people from private companies. The followirignseof this
document provide a visual narrative of the activities carried out during the first Agronomy Day,
analyze the results of the official surveys filled by the attendees, and propose a set of amendments to
improve the following editions of this aady successful event.

Analysis of the endiser guestionnaire

Even though the number of attendees was 28, only eight managed to fill the complete questionnaire at
the end of the day. This analysis of the results focuses on the features that avaluadnle for the

design and construction of the second prototype, which will be tested and validated during the Second
Agronomy Day. The characterization of the sample group who filled the survey is based on two
aspects: theiage and the type ofprofessbnals These are two sensitive features at the time of
studying technology adoption. In terms of robot external design, we look at how users perceive its
physical enduranceand the easiness ofaintenance During the field demonstration, the robot was
runnng in straight guidance, and we asked attendees to pay attention stalbilgy of straight
navigation, the workingspeed and thesafety systems embedded in the robot. Data processing and
handling was also explained in the Agronomy Day, but it willnhere important for the next
prototypes, and therefore it will not be analyzed in this first edition. We ended the survey with two
crucial questions for launching a commercial robot: the perception of the user about the estimated
retailpriceof 18, 000 U, and wh a imain bargeys tofadaptehss éeehnotogy b e c or
worldwide. In addition to answer the items included in the questionnaires, several attendees provided
their recommedations in a fre¢ext box. kguresfrom Figure32 to Figure35 illustrate the results
obtained in the questionnaires for these sections.

A Population statistics

Professional type Age interval

H Under41
Research- m41-50
Academia ®m51-60

62%

Over 60

M Research-Academia ® Producer-Service provider

@) (b)
Figure 32. Population statistics regarding Professional type (dp6 of participants], and Age interval (b)
[% of participants]
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A Robot external design

Physical endurance Maintenance needs

® Robust enough
u Needs improvements
m Low resistance

Too weak

(a) (b)
Figure 33. Robot design statistics regardingPhysical endurance(a) [% of participants] , and
Maintenance needgb) [% of participants]

A Robot intelligence

Safety Straight navigation and speed

Needs more speed options

m Adequate Needs higher speed

M Needs improvement
Needs improvement

Navigates well

(a) (b)

Figure 34. Robot intelligence statistics regarding Safety features (%6 of participants], and Straight
) navigation and monitoring speed (b) $6 votes
A Other aspects

Robot price Main barrier to adapt this technology

Trained staff

: Uncertain returns
38% 37% .
B Reasonable Maintenance

Low
0%
Reasonable Not sure

25%

¥ Low Reliability
Complexity

Retail price

0 10 20 30

(@) (b)

Figure 35. Statisticsof the questionnaireregarding Retail price of robot (a) [% of participants], and Main

barriers to adapt this technology(b) [% votes]
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Enduser recommendations

The following suggestions were written down by the attendees at the end of the questionnaire:

Add a multispectral camera with single lens (recommended twice).
Get 3D images with a stereoscopamera.

Compatibility with GIS systems.

The screen monitor needs higher contrast.

Improve enebf-row detection.

Contact emergency stop in manual mode.

v vy D D

Conclusionf the Agronomy Day questionnaires

Before analyzing the answers given by the attendees wimpleted the survey, it is important to
describe the characteristics of the group providing an opinion. Accordiiguoe32a only one third

of the group was formed by producers or personnel coming from companies providing data services to
agriculture.The othettwo thirds wereresearchers This trend should be inverted in upcoming events

in order to get more feedback from the final user side. It was not easy to mobilize theedneing

sector in the beginning of 2017 harvesting season (30 Augustleadresearchers and academic staff

had more flexibility at the end of the summer. As for the age of participants, the group was polarized,;
one third was under 41 years old while the rest belonged timtdgreal 51-60 (Figure 32b). These

Figures make obwus that a muclyreater group is neededo cover the whole spectrum, and as a
result, to find more significant evidences of t

A key objective for the First Agronomy Day was to extract information about a ppirotdtype of

the robot with basic functionality from a group of stakeholders with litde noné previous
experience with agricultural robots. In particular, we looked at two complementary areas of the robot
design: theexternal structure and the artifi@l intelligenceembedded in the central processor. Figure

33a evidences that approximately one third of the participants believes that the early version was
strong enough to endure the typical environmental conditions of vineyards, another third concluded
that the current design needs some improvements, and the last third thought that endurance was not
sufficient at all, and great improvements were needed. Overall, most of the participants thought that
the robot needs timprove its physical resistancebefore it can be released. In terms of maintenance,

75 % of the people believed thatexhnician should beoccasionally providing assistancewhereas

only 25 % found the system too complex for averageuesaids no literate in digital technologies,
especiallywith potential issues caused by the robot electronics and computing systgore 83h).

After running the robot in autonomous mode over several rows of approximatety E@th,Figure
34aproves that two thirds of the participants felt that shéety features of the robot amdequate
although the other third concluded that theed improvements Yet the robot did not suffer any
incident under automatic guidance along the rows. In the demonstrationstaaityht guidance
between rows was evaluateficcording toFigure 34h 62 % of those polled said that autonomous
navigationwas correct and nobody answered that it needed improvements. However, 50 % of the
surveys stated that the robot needs moving faster, and 25 % found that more speed optiens wil
necessary in the future for the practical use of robots. The prototype tested possesses a strong torque in
the wheels to climb and roam over rough terrain, but its average speed is 1 km/h, which was
consideredoo slowfor the expectations of the atidees. Figur84b alsadllustrates the opinion of the
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participants about straight navigation and monitoring speed of the prototype used in the Agronomy
Day.

Finally, we focus on two crucial aspects that affect the fugMpdoitation andcommercialization of

the robot: its final selling cost and the main barriers that may block the generalized adoption of
scouting robots for grape and wine production. Despite the fact that the targfeiegrice of the

robot, currently 18, 0 Ontentianed invttee uestianbaireetikepcbst af the rdobot
raised several questions and discussions along the field day, and therefore these discussions were the
base for answering the price question of the survey. Fighmeepresents the results, which iratie

that nobody thought that the price was low; on the contrary, 37 % of the people assured that the retail
price wastoo high and another 38 % declared they were not sure about the price, which makes sense
because most of the attendees were not familitr field robots. Interestingly, 25 % of those polled
affirmed that the price was reasonable. The discussion oprite of the robot resulted to be of

great importance. As a matter of fact, among the mabarriers to put this technology in the

market, chosen by the participants as illustratedFigure 35h the major obstacle is actually the

selling price of the robot, selected by 50 % of the surveyed. §¢wnd barrier, mentioned by 37 %

of the polls, isreliability , which wasa priori expected to be # highest.Complexity was also
considered a barrier by 25 %, as wellasertainty returns (12 %) and thdack of a trained staffin

robotics and automation. Surprisingly, nobody thought that the need of a specialist to carry out
maintenance tasks mighedome a barrier, probably because most of the attendees indiemec: (

33b) that the needs of a technician would likely be occasional.

The specific recommendations made by the attendees that filled the questionnaire also resulted
helpful for the phnning of the second year, although not all of them were aligned with the main
objectives of the project. The fact that two surveys mentioned the benefits of audirgpectral
perception is significant, because we had already arrived to such conclasidngconsequently the
second prototype A3 is expected to incorporate a multispectral camera. The collection of 3D images,
on the contrary, is not currently a priority task for the-asdr (SYM), focused on water status
assessment. Nevertheless, it wontd imply a big modification of the robot architecture because it
already implements a stereoscopic camera for straight navigation. The compatibility -bbleediflat
eastnorth maps (generated by the robot mapping engine) with conventional GIS syaisedsan
intense discussion on the round table of the afternoon session. This issue is going to be considered in
future versions of the mapping algorithm, probably for-3/Sgiven that it could improve the
marketability of the robot. The observation madethe insufficientontrast of the control screens
important from a practical standpoint, as the robot is designed and made to work in the field, and most
of the times in the summer when sun radiation is strong. Constructive comments like this that com
from external observers are very helpful, because developers somehow get so used to work with the
robot that do not realize of practical inconveniences like a weak contrast or the unfortunate location of
a switch. One of the participants realized thatritbot did not stop at the end of the row by itself. The
turning routine at the headlands is under review, and was not activated in the tests. This will be one of
the key features to evaluate in the next field event. The addition of a contact emergemeyrstnual
mode demands more thoughts, but one of the possibilities under consideratior2fds Y@ upgrade
of thejoystick with a more ergonomic grip that could additionally incorporate an emergency stop.
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Feedbacknduced actions for thsecond prototype &2

The objectived both ideological and practidabf the Agronomy Days were satisfactory met in its

first edition, as the robot was tested by a group of stakeholders who filled a survey at the end of the
day, providing feedback on tineexperience in a real environment. This feedback was intended to
power the iterating design of the robot in such a way that convergence between the solution proposed
by the consortium and the needs claimed by the actual producers is continuouslynigaretisthe
deployment of a final model, properly industrialized and ready for production. The following actions,
straightly derived from the experiences lived in the First Agronomy Day, will be taken into account
for the design of the second prototypdjieh is expected to be ready for the Mitbject meeting,
scheduled for May 2018 in Valencia.

A Theexternal coverof the robot and its design are going to improve in order to increase the
physical resistance to potential impacts and weather influence tgnegisun radiation,
overheating), and also to increase the durability. The new body will be cooneact and
the computing components will be optimally ventilated. The new suspension design with
four independent springs will includghock absorbersto paliate the effects of vertical
accelerations caused by terrain irregularities. Intense testiraydlate fatiguein the
structure, body, steering, and electronics will be conducted between May and August 2018.

A To diminish the need of regular assistanaamirmaintenance specialists, which has been
reported as an important concern by us&igure 33b), an effort will be made to make
components easily exchangeabley operators in the field. New batteries that are easily
accessed and replaced, and a novelgdesf the electronic network are intended to expand
the time between maintenance visits.

A Although 62 % of the participants in the survey declared that the safety features were good
enough, we did not challenge the robot in headland turnings or with favighty irregular
shape, and therefoafety remains an importargource of work for the coming months.

The sonar network, in particular, is currently been redesigned with the goal of enhancing
obstacle detection, and intense developments are expectexispring 2018 to improve the
routine forheadland turning.

A There was a consensus during the field tests on the needs for doubling the forward velocity
of the robot. The V& will be equipped with a different gearbox for the fadreel motors
in such away thatmore speed optionsare available without affecting the torque needed to
traverse rough terrain.

A The majority of attendees believed that a
become the principal barrier preventing the adoption of trolgrouting in commercial
vineyards. Deliverable D6-4 will analyze the possibility toeduce the selling price
significantly. One of the proposals under consideration will consist of launciwog
versions of the VineScout; @dasic robot with simple furctionality at a very competitive
cost, and @remier version with more sophisticated set of functionalities.

A A newtouchscreemonitor manufactured by National Instruments with higher contrast and
better protection options will be installed in \2Sin Janary 2018. Other options for the
joystick are being studied as well.

A The monitoring of nitrogen content in vines will be carried out witlygerspectral camera
with simultaneous perception in three spectral bands located in the green, red (edge) and
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infrared spectra. SUN and UDLR are negotiating with camera manufacturer JAl the
assembly of @ustomizedcamera for measurirgpectral vegetation indices

Visual narrative of the activities

9h30 Welcome address and purpose of Agronomy Days within the VineScout
project Francisco Rovira-Mas (Coordinator) / Symington Family Estates;
Translation by SYM team

9h45 How the VineScout robot works: hardware and software
Francisco Rovira-Mds (UPV); Simultaneous translation by SYM team

o

10h00 | Good practices and current limitations to assess vineyard status; what the
robot can measure Maria Paz Diago (UDLR) and Fernando Alves (SYM)

10h30 Coffee break
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Hands-on experience with the robot: measuring runs and data gathering.
All attendees

12h45

Lunch and wine tasting social with invited end-users

14h00

14h30

Brief introduction of all attendees: consortium, Project Officer,
Advisory Board members, and group of invited end-users who will explain
their current activities and interests

Mapping techniques and interpretation of the robot data taken in the
morning session Verdnica Saiz-Rubio (UPV); Simultaneous translation
by SYM team

15h00

15h30

16h30

Agronomical decisions based on field data: evidence versus intuition
Maria Paz Diago (UDLR); Simultaneous translation by SYM team

End-user-driven round table discussion: lessons learned and upcoming steps.
Moderated by Pedro Leal da Costa (SYM)

Official questionnaire to end-users Administered by UPV & SYM teams
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1.2.6 Work package 6: Exploitationand market strategic plan

Table 17contains the summary of work distribution for W/Rvhere the parthnaVALL is the leader.

This WPobjective & to establish the exploitation and business plan for the exploitation and use of the
project results, paving theay for a wide exploitation in Europe and boosting innovation, as well as
managing the IPR rights among consortium members.

Table 17. Highlights and personmonth for Work Package 6 in VineScout EU project
Work package number U/'[L:3 Start Date or Starting Event Month 3
Work package title Exploitation and market strategic plan
Participant number
Short name of participant
Person/months per participant:

Table 18 highlights tha the work related to thfirst task of the work package is studied during seven
months in the second part of the first reporting period.

Table 18. Activities planned for Work Package 6 in VineScout EU project
2016 2017

Dec § Jan Feb Mar Apr May June July Aug Sep L Oct  Nov
1 2 |3 Ja]s e |7 18 |9 |1 ||
WP6- Exploitat & market strategic plan D

T6.1 Product cost-efficiency

T6.2 Dynamic business mod & explot plan

T6.3 Innovation & IPR management

Summary of work for WP6 (Lead partner: WALL)

A T 6.17 Product costefficiency (M6 - M36). Task 6.1 has the goal of steadily reducing the
final cost of the robot to enhance market penetration. Partners WALL andh&uiNbeen
cooperang to iteratively select the best compote with a reasonable price and quality
standards. The idea of this task is to reduce costs along the project duration until finding the
best tradeoff at the end of the action.

A T 6.21 Dynamic business model and exploitation plar(M3 - M36). The Exploiation
Manager WALL, has supervised and completdde VineScout business plamhe
exploitation and business plan evae parallel to the development of the projezhd that
evolving exploitation plamas beemeported in D6.2, whichasbeenelaboratd by UPV, and
according to the guidelines provided by both the exploitsdALL) and innovatior(SUN)
manayers
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Development of the work for WP6
A Related information: D6.2

Update on user needs

The need for objective measurements that allow winemakersuggogremier wine consistently,
season after season, continues being the main drive behind the adoption of robotics and ICT
applications. However, the steady increment of average temperatures in combination with uncertain
water availability is reshaping uer needs. According to Symington Family States (SYM), the most
critical parameter at present for wine production is the unambiguous assessment of vine water status,
which must be monitored several times along the growing season, typically from May tmlSsEpte

The consequences of a poor assessment of the plant water status, in addition to its nitrogen content,
may result in catastrophic yields, and therefore in important losses, both from an economic point of
view and in terms of reputation.

The VineScoutmonitoring robot is being designed to provide the spatial variation of the nitrogen
content and water status of the vines in real time. This will allowuseds to track these two key
parameters as often as they deem appropriate for the management winthairds. The nitrogen
content is going to be estimated through a customized multispectral camera sensing in three spectral
bands simultaneously (green, red, and NIR), in order to calcalapectravegetaton index which

can bewell correlated withthe nitrogen content in leaves. The assessment of water status in vines,
with especial focus on the early detection of water stress, will be carried out from theneeal
recording of canopy temperature as the robot scans the vineyard every two rowsabBoeement of
canopy temperature dhefly will be practically executed with an infrared radiometer mounted
onboard the robot. The availability of nitrogen content and water status at a resolution that approaches
plantspecific precision, leads to unigqu#atasupported assistance in vital decisioaking for
common vineyard operations, such as irrigation scheduling, fertilization rating, or the strategic
sampling of grapes for optimized harvesting logistics.

New advances of the competitors

The folowing tables(from Table 19 to Table 23) describe the potential direct competitors found
during the first year of the project in conferences, tradeshows, commercialgoatlscientific
journals, and dissemination magazines in the farm machinery or wine production sectors. Every
product analyzed also includes a subjective assessment of its potential risk to the VineScout project,
together with a technical justification tife risk it represents.

Table 19. Non-contact Nitrogen estimators

Graphical information Technical information

Product 1: CropCircle ACS-470
Manufacturer: Holland Scientific
{ Country USA
¥ Product 2: Green Seeker RT 200C
Manufacturer: Trimble
Country USA
Development status ~ Commercially available
Estimated RISK LOW
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This solution is not fully
automated as it needs an
operator (walking or
driving). Only provides one
parameter (NDVI) and
acquisiton cost ranges
bet ween 7, 00!
G. These sen
different product from the
VineScout concept, thus the
are not straight competitors

Justification of Risk

Table 20. Project Romovi

Graphical information Technical information

Product: Romovi

Design & Tekever; INESC TEC;
construction: ADVID

Country Portugal

Estimated RISK

Development status Project in progress 2012020

LOW

The project only focuses on the

specific environment of terraces

with only one row, envisioning a

localization solution based upon

full-custom wireless positioning

Justification of Risk system. Romovi robot features a

off-the-shelf robotic platform
from Clearpath whose price anc
IP rights impede the

commercialization of a robot witt

Table 21. Vinobot robot

similar spes to VineScout.

Graphical information Technical information

Product:
Design &
construction:
Country

Development
status:
Estimated RISK

* Quantum

Stereo Camera * Pyronometer

Environmental
Sensors

Justification of
Risk

* Temp. sensor
* Humidity sensor
* 2 Light sensors

RFID Reader

Table 22. VitiBot robot
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Vinobot
University of Missouri,
MO
USA
Research; proof of
concept
LOW
The objective of this
project is plant
phenotyping, and they
are not looking at a
commercial solution.
The robot carries many
sensors whose
integration is far from
industrialization. They
use the platform from
Clearpathwhich limits
its potential for the
market for the same
reasons exposed in
table 2.
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Graphical information Technical information

5 Product: VitiBot
Manufacturer: Vitibot
Country France

Development stati Prototype

Estimated RISK MEDIUM

Autonomous, solar and electrit

are features that compete witt

Justification of Risk  VineScout, but the fact they sti
have no physical prototype put

them several months behind.

Table 23. TED Robot

Graphical information Technical information
Product: TED
Manufacturer: Naio Technologies
Country France
Development status: Prototype
Estimated RISK MEDIUM

Ted probably represents the
most direct competr. It is
made by a European compar
that just started selling
agricultural robots. This
platform is nice and robust to
withstand farm environments
and can operate at 4 km/h.
However, the following
features create a significant
breach between Ted and
VineScout, with clear
advantages to the second:
~ATedos weight
A It requires 12 lithium batteries
~ that already
A Guidance is achieved with RTK
GPS. That requires farmers pre
recording maps and an extra cc
) of 15,000
A The total costis 800 U
A Ted design does not seemto t
driven by endusers

Justification of Risk

Conclusions on competition risks

The fact that the robotics market is beginning to bloom together with the advent of a multiplicity of
crop sensors atompetitive cost is rising the interest of eititurist and vineyar@dwning wineries to
implement digital technologies in their management strategies. The nitrogen sensors described in
Table 19 are currently being used with bulk crops to determine the nuitistatus of plants and

apply a precise amount of fertilizer, but the advantages found bydeadg row crops are now being
claimed by specialty crops producers. At present, there is an interest to nsgmestiral vegetation
indices (such adNDVI) from terrestrial platforms, and therefore VineScout can yield the first
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autonomous solution. As far as we have investigatedhefly contactless nitrogen estimators have
rarely been used in commercial vineyards. The solutions represented by Rdimold Z0) and
Vinobot (Table 21) show a continuous interest in farm robotics, but these solutions are just proof of
concepts where the hard task of machine design and constrbasdomeen circumvented by using a
commercial aHpurpose robotic platform; these robots are tools for gathering data rather than integral
robotic solutions.

VitiBot (Table 22) and Ted Table 23) confirm the idea that for a vineyard robot to be successful, it

has to be specifically designed for the environment it is going to work on. VitiBot is not intended to
monitor the vineyard collecting relevant parameters; rather,dtiposed to remove weeds with a

tilling disk and spray, using for that only electrigaiwer. The fact that a working prototype still has

not been validated in the field for such complex tasks provides competing advantages to VineScout.
Likewise, the higwe i ght and overprice of Napgobs Ted situa
to be the first in hitting the market, with a weight around 100 kg sisggsted operational features,

and a price initially set at 18,000 4, wi th a
industrialization stage is completed.

The VineScout also introduces a unique and powerful computing platform equipped rwith a
embedded application processor (ARM Cortex A53), a-tiem processor (ARM Cortex R5), a
graphics processor (ARM Mali 400MP2), and a fipfdgrammable gate array (FPGA). All of these
units will be highly integrated in the Xilinx ZU4EV device, which h&®own evidence of high
performance in latency, safety, and power consumption when compared to conventional processor
based platforms (https://goo.gl/Aj8W2x). Recently, NVIDIA has annouhtelr NVIDIA Jetson

TK1, which is an embedded platform for accating Artificial Intelligence (Al) algorithms, and was
specially designed for RAS. However, the NVIDIA platform is only equipped with a GPU and CPU
integrated in the same chip. Despite the fact that the NVIDIA Jetson has been designed for
accelerating Alalgorithms, the NVIDIA Jetson TK1 does not have a-tea¢ unit (required for
meeting critical time goals) or a programming logic unit (for performing hardware acceleration).
Another downside of the NVIDIA Jetson TX1 is that it is not compatible withP@&#104 Type 3
architecture, or FME&PC, which are desirable for higipeed sensors such as cameras. There also
exists a wide range of alternative embedded processing solutions (e.g. Raspberry Pi, Intel NUC, etc.),
but all of these solutions lack retihe capabilities, programmable logic units, or graphic processing
units. At the time of writing this deliverable 6a2 SUN is not aware of any other commerciattbé

shelf (COTS) solution able to deliver such a flexible computing platform as the propéddd A
Cortex.

Revisiting the threstage market uptake

Monitoring efficiency under review

The monitoring of both nitrogen content and water status, according to vineyard managers, can be
achieved by collecting data every two rows, as local changes areamitado require scanning every
single row. At an average speed of 2.5 km/h and the typical row spacing of 2 m, the VineScout can
easily cover one hectare in one hour. The workload requirement for the robot was initially 6 hours of
monitoring per day, whit required batteries of-l6 autonomy. However, the flexible design we are

8 Retrieved fromhttp://www.nvidia.co.uk/object/jetsetk1-embeddedewkit-uk.htmlon the 23/12/2017
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introducing in VineScou® (VS-2) with easily exchangeable leweight lithium batteries may expand

the working day to 8 or 9 hours, and consequently the area covered by a robeaae8 or 9 ha per

day. The VineScou® (VS-3) will even try to go beyond and introduce night monitoring, which, in
addition, will provide new data insights as temperature monitoring and plant status will be quite
different between day and night. With thipdates in the agenda, it is clear that the robot does not
need to increase speed to be more efficient, which is a convenient way to lower the risks associated to
high speeds in autonomous mode.

In terms of area coverage and robot sharing, if we asswsre(dirmed by endsers) that a weekly
monitoring is more than sufficient, and the VineScout robot will at least cover 6 ha daily, one single
robot will easily cover 30 ha. As the European average vineyard has an area of 2.6 ha, ten growers
may share a tmwt for monitoring, which obviously implies dividing the cost by ten for everyused.

As the daily area grows, the robot total coverage will grow accordingly, and consequently the cost
assigned to each farmer with a robot in share will go down. In gsinadl, the \5-2 with a target
velocity of 23 km/h and a flexible procedure for battery replacement in the field is designed to
increase workload efficiency.

Threestage strategy to penetrate the market

The initial market uptake strategy througinete consecutive stages was envisioned as follows:

A Stage 1: promote the VineScout among wpneducing agents that already have links, either
commercial or technical, with project partners.

A Stage 2: sponsor the project throughout wineducing countried Europe.

A Stage 3expand the results to wigroducing countries outside Europe.

After the first year of the project, we can conclude that stage 1 only occurred with Portuguese
stakeholders related to SYM through attendance to the First AgronomydBlayer@ble D5.23).

Stage 2 occurred with the project promotion at the Global Robot Expo in Madrid (UPV) and SITEVI
in Montpellier (UPV). Stage 3 included Australia (UDLR), Argentina (UDLR) and the USA (UPV). It

is clear that these three stages did not sedusequentially, as expected, but concurrently. However,

the promotion involved in stages 2 and 3 majorly involved agents related to research and technology,
instead of the moatesired growers who could acquire the VineScout product in the near fubare. F

the second year of the project, an effort will be made to reinforce stage 1, and a measure to do so will
include a greater diversity of attendees in the Second Agronomy Day to be held in September 2018.
Based upon the robot performance and attendepsnes in this event, extra neoheduled field
demonstrations might be offered as a promotional tool to spread the word of this new technology for
the vineyard.

The robotics market

A Service robots market

There exist many information sources on econatai@ that prove that robotics is clearly a growing
economy Figure 36 is such an example provided by the Japanese Robotic Association, where the
growth of service robots is expected to sige in the next decad&he autonomous vacuum cleaner

of Figure 37a has already seen several generations over the last ten years, and their sales have been
growing since the first machine was manufactured. Its success roots in theiteenpete, which is
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comparable to regular vacuum cleaners, and the fact that it offers a technology that easily merges with
daily life. Of course, the hazard posed by a small robot like this is practically inexistent, and taking an
autonomous machine tbe outdoors where the environment is harsh, unpredictable, and typically of
large dimensions, is something radically different. Nonetheless, expectations are high, and there
already exist solutions for open spaces. Of course, these are limited, totalhlled spaces such as
private courtyards, but they imply a step ahead in automation and artificial intelligégoee 37b

shows the autonomous mower Tango, commercialized by a major manufacturer of agricultural
equipment.
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Figure 36. Sharp growth of service robots market from 1995 to 2025

a b

Figure 37. Service robots: a) vacuum cleaner Roomba by iRobot; b) Tangautonomous mower byJohn
Deere

The UK government has recently announced that it will invest £500 Bilkbon high quality
infrastructure projects by 20201 and £160 M for accelerating innovation by UK food and fartfing
Such infrastructures will have to be maintained vithbmmans and robots working side by side. The
utilization of robots is mostly desirable in resilient environments that represent health or live treats to

9 Retrieved fromhttps://www.gov.uk/government/publications/natioirdtastructureandconstructionpipeline20160n the 23/12/2017

10 Retrieved fromhttps://www.gov.uk/government/uploads/system/uploads/attachment_data/file/22725818643
UK_Agri_Tech_Strategy Accessible.palfi the 23/12/2017
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humans and animals (e.g. nuclear power plants, pipelines, high voltage power lines, etc). Also, the
European Commission created in 2016 the partnership for robotics in Europe, SPARC, with a joint

i nvest ment that is expected t otmente@mimg fran2the®&ElE wi t h
H2020

A Agricultural robots market

According to theGlobal Agricultural Robots Market Professional Survey Report 2&1the
major field robotics players in the global agriculture market are Harvest Automation Inc. (USA),
Clearpath Robotics (Canada), PrecisionHawk Inc. (USA), Naio Technologies (France), SenseFly SA
(Switzerl and) , and Shibuya Seiki (Japan) . Under
following possibilities are typically included: unmanned aerial vehicles (UAV), driverless tractors,
milking robots, automated harvesting machines, and unrdagmoeind vehicles (UGV)Figure 38
shows the global market share according to Research Nester, considering therefore all kind of robotic
platforms. However, for the VineScout project, we are only interested in W@Bkh interestingly
include half of the companies mentioned by the 2017 survey report. Following this report, automated
solutions can be classified on the basis of-esel applications as field farming, dairy management,
indoor farming, horticulture, andther applications. For this project, only field farming is to be
considered, although certain operations in horticulture could benefit from the technology developed in
the VineScout project. The market share illustratedrigure 38 shows a portion for Europe that
should be quite larger according to its scientific influence and economic development; the modest
contribution of this project will try to overturn this negative trend.

Global Agriculture Robots Market By
Share(%)- By Region-2016

B North America
® Europe

Asia Pacific
H Latin America

® Middle East & Africa

Figure 38. Agricultural robots global market (Source: Research Nester)

Investors and venture capital agencies

In spite of being within the first year of the project, the following investors and venture capital
companies have shown their interest in VineScout

A GTAI, Germany Trade & Invest
A NAGARES, Powerful Solutions
A

BLUE OCEAN ROBOTICS

11 Retrieved fronhttp://ec.europa.eu/programmes/horizon2020/en/h2@2€on/robotic23/12/2017
12 This information is extracted from a ppeirchase sample of the actual report, whose acquisition was rejected by both the
Exploitation and Dissemination Manager (SUN) and the Innovation Manager (WALL) due to its cost of $3,500.
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Future developments that could impact sales

The combined assessment of water status and nitrogen content is currently one of the major concerns
for the wineproducing sector,ral as a result, the highest priority measurements for an autonomous
monitoring robot. However, taking advantage of the agility and versatility of VineScout, there are
other applications of agronomical interest that could be implemented at a reasonabklausost
empowering the usability of the robot. Among these complementary functionalities, it is worth
mentioning:

A Soil monitoring. The availability of water in the soil, its physical properties, and the
presence of accessible nutrients are complementamniafion to the water and nutritional
status measured in the canopy. The spatial monitoring of soil conductivity (or resistivity),
in particular, can be instrumental to understand and assess water stress in a holistic way. To
achieve these measurementsnsaontactless sensors are being developed at present, and
if endrusers show a real interest in this type of maps, the addition of a soil sensor could be a
good market drive for the top version of the robot.

A Smart crop protection. The problem of removing eeds and fighting pests with a
minimum use of chemicals is especially significant in Europe. France, for instance, has
embarked in a crusade against glyphosate that other countries may follow soon. In this
context, there is a growing interest in the useréll tilling machines to remove weeds
between vines, and the s#pecific application of fungicides and insecticides. Taking
advantage of the robotdés enhanced rolling
of some of these implements wouldjorty depend on the availability of electrical power
in the robot. Each particular application will obviously require a specific energy study
before reinforcing the onboard battery pack, but a multiplicity of expanding options are in
the agenda. Autonomousgraying reduces the risk of intoxication, and therefore represents
a valuable welfare feature for field operators.

Barriers and obstacles to widespread exploitation

Feedback from the First Agronomy Day

One of the questions formulated to the First AgrapdDay attendees through the official
survey focused on the potential barriers to introduce VineScout technology in the market with a
reasonable success rakégure 35b reproduces the results found in the questare carried out in
August, where theetail price of the robot is the most important, followed bgliability and
complexity. The need of occasional maintenance by a dealership was not considered a problem at all,
and the need of users well trained iegl technologies as well as the questionability of early returns
raised some caerns among those surveyed.

According to Figure 39, available in theGlobal Agricultural Robots Market Professional Survey
Report 2017and released by KMI Agriculture Robots Research Center in September 2017, there is a
clear trend in the sales price of agricultural robots, which has significantly fallen after 2013. This trend
is well aligned with the VineScout objective of analyzing thrget retail price of the robot with the

goal of lowering its price by one third.
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Product Price Change Trend from 2012 to 2017
. Price w—Trend

2012 2013 2014 2015 2016 2017
Figure 39. Agricultural robots sales price in 20122017 (Source: KMI Ag. Robots Res. Center)

Other barriers foreseen and consortium couattion

The two main barriers identified in the questionnaires, namely the selling price and reliability, are
going to be intensely studied and improved until the end of the project, and significant progress is
therefore expected. Other difficulties not keifly mentioned in the survey are:

A Data is not relevant enough to justify investment.

- Counteractionintensify data analysis and correlation, proposing meaningful decision
making actions. Increase field work with the robot.

A Databased field actions impanot demonstrable in they&ar duration of the project. The
new field practices derived from the data collected by the robot must be noticeable in the
grapes, which will have to be transformed in wine. Even though we will try to accelerate
the processit takes some minimum time to age the wine, and therefore the complete
picture of VineScout will likely be available after the end of the project.

- Counteractionover the season 2018, the VineScout robot is going to register maps of
temperature anc spetral vegetation indexwhich will allow SYM to carry out
micro-vinification experiments leading to distinct wine options to be tasted in late
20109.

A Resistance to technology by traditional growers.

- Counteraction active intensification by ALL partners ofcommunication,
dissemination, webased, and demonstration activities.

A Regulations and standards. Nothing has been released so far regarding regulations for the
fabrication and use of farm robots, and for the time being, their commercialization is legal.
Nevertheless, things might change in the short run due to the growing interest and economy
of the robotics market.

- Counteractionperiodic review of new regulations by the Innovation Manager (SUN)
and the Exploitation Manager (WALL).
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1.2.7 Work package 7Dissemination and promotion

WP7 is focused on spreading the coneia potential of the projecgo a number of communication
and dissemination activitigsave been carried out fan optimal visibility of the project outcomes.
The ultimate objective is teeach the general public with the support of the H2020 program and taking
advantage of the massive growth that the robotics sector is having at prabéi24 highlights some
characteristics of this WP and ieader, UDLR.

Table 24. Highlights and personrmonth for Work Package 7 in VineScout EU project

Work package number Start Date or Starting Event Month 1
Work package title Dissemination and promotion
Participant number 1 2 3 :
Short name of participant UPV WALL SUN »
Person/months per participant: 5 3 4

Table25s hows t hat t asks 7.1 and 7. 4,

releases, take the whole year, while dissemination activities start later, when data begins to be ready.

Table 25. Activities planned for Work Package 7 in VineScout EU project

WP7- Dissemination and promotion

SYM

whi chssar e

2016
Dec
1

T7.1 Project info, promotion & visibility

2

3

Jan _ Feb Mar _Apr May June July Aug
8

4 5 6

2017

7 9

Sep _ Oct _ Nov
10 11 12

T7.2 Industrial dissemination

T7.3 Scientific dissemination

T7.4 Press and audiovisual releases

Summary of work for WP7 (Lead partner: UDLR)

A T7.1 1 Project information, promotion, and visibility (M1-M36). The news about the

VineScout project is intended to reach the major producers of grapes and wine, especially in

Europe. This task includethe creation and maintenance of a creative websiteéhforentire
duration of the pr@ct @nd additional years after its gnd\s a support action, schematic fliers
with the key information of the projettave already beewidespreadd due to the Agronomy
Day. Also,a roll-up has beempresenedin all official meetings and demos scheduled in the work

plan. The specific actions comprising Task 7.1 are: Creation and maintenance of the project

website or promotional naterial: fliers, rollu p ,
A T7.21 Industrial dissemination (M12-M36). Partnes identifed strategic tradeshowshere the

projectwas promotegdsuch as the Global Robot Expo, or SITEVI
A T7.31 Scientific dissemination(M6-M36). The deployment of agricultural robots commercially

produced is, by itself, a remarkable success fromsthentific standpoint. T7.3 regulat¢he

scientific publications derived from the research and development of the project. In particular, two
categories may be identified: the oral presentations, posters, and conference papers presented in

| ogoé,

among

ot her s.

scientific comgresses on one hand; and the publications in-reegwed journals on the other.

This first year the focus has been centered on conferences with oral presentations, mainly, despite

emphasis will be made to publish in open access as much as possiblartfiatgamf high impact.
Relevant conferencewhere the consortium hgsarticipatel has beenCIGR, GIESCO, and

ASABE, as norEU events.
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A T7.4 1 Press and audiovisual release§M1-M36). The velocity at which information is
exchanged through the internet, esally in audiovisual format, offers excellent ways to promote
the project and its outcomes. Task i&4ocused on thenformation released to the press, which

was first discussed withthe Management Boar(specially during the Steering Weelkgnd
approveal.

Development of the work for WP7

A Related information: logo, D7.1, roll-up, Agronomy Day flier, conference research articles, press
releases

Project information, promotion, and visibility

Logo

VineScout logo is showim Figure40. Thetwo blackorange dots want to simulate the eyes baak
while the purple part simulates the body. Tevk has a very good visiorgnd it is fast detecting
preys,the same as VineScout rob@henscouing the vineyard. Depending amhere the logo will be
located, the sentence below (Intelligent decisions fro vineyard robots) wii$jblayedor not.

/——-*wo\
VineScout

Intelligent decisions from vineyard robots
Figure 40. VineScout logo

Roll-up

The oll-up shown inFigure 41 was displayed in varioumeeting and tradeshows, where the
VineScout was present and promoted

H2020 - FTI Pilot 2016

Innovation Action

¥ VineScout §

Intelligent decisions from vineyard robots

@.—-m UNNERS!Té\T
Coordinator: [ POLITECNICA
bk 1«: DE VALENCIA

S RS

Figure 41. Roll-up for dissemination activities or meetings
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Webpage

The goal behind th¥ineScout vebpage is to keep the robotmsmmunityi especially for agricultural
application$, the farm machinery industry, researchers on automation, engineers, students,
technology lovers, and wine production stakeholders aware of the progress made in the project. The
web will narrate how obstées appear in the way, the approach to handle them, and the milestones
achieved in the complex process of transforming a prototype into a meakist product. The sections
organized in two menu bars will help to deliver all the key informatiigure 42 shows the Home

page that appears when visiting the project webpag®:.vinesout.eu

S HOME  CONSORTIUM  PUBLICINFO  NEWS&GALLERY  CONTACT
VineScout

——

VineScout: Intelligent decisions from vineyard robots

Challenge: Lab2Field Agronomy Days Press & Media News & Gallery Intranet

\
\
N
S

Figure 42. Home page of the VineScout website

Webpage General Menu

When accessinthe webpagetwo potential alternatives can be followed; a general menu placed below
the opening scene and divided into five secti@pmesented by a reference image, and a conventional
menu bar | ocated at the webds top on the right

The Webpage General Menu consists of the following sections:

Challenge: Lab2Field

This section describes some specific challenges faced in VineScout when moving from a functional
prototype to a commercial solution in less tllareeyears.The idea behind this page is to relate our
experience in overcomingertain shortcomings that turned out to be significant for the success of the
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project, even though they initially did not appear to be very relevant. In brief, this section was
conceived as &int & tips window with the purpose of helping other researsher the field of
agricultural robotics be more efficient in their designs by avoiding those solutions that eventually did
not worked out as expected, mainly after intense testing in the field.

Agronomy Days

This section gravitates around the arsr, and is devoted to cover the special event catiechomy

Days These events will be oray gatherings with actual users, potential buyers, and interested
stakeholders that express their imdjness to learn about the project and contribute to it with their
practi calasfegiroowrmnxd er i enc e . grdnbngyDag wilebe alignecdwith thef e ac h
philosophy of a usecentered desigrAgronomy Dayswill take place within the annuaHlglamed
Steering Weeks, which represent the central meeting of all the partners of the consortium with the
Advisory Board members available, and even the VineScout Project Officer. The structure of a typical
Agronomy Day will include field handson experience,classroorbased instruction, and the
administration of a voluntary questionnaire from which the consortium will retrieve ideas for
upcoming designs. As a result, the partiveiisget together every year with producers from different
origins in actual vieyards, where the robotic prototypes in progress will be explained by the project
team, and handled by future eusers, who ideally will pose operational challengessivo and
through the written questionnaires. This page also provides a link wherdigdatears of the robot

from other areas or countries can apply to participate in upcodgmgnomy Daysevents. The
Agronomy Dayare scheduled to coincide with the beginning of the harvesting season every year of
the projectThe flier prepared for therit Agronomy day is displayed Figure43.

—_—
[— Who are we?

VINESCOUT EUROPEAN PROJECT A European Union Horizon 2020 Research and Innovation program;
Grant Agreement N°737669 comprising of two Universities, two programing,
In!)ites_ym‘ toan... software and robotics companies and a wine producer.

Universitat Politdcnica de Valencia - Spain

Interaction with a Vineyard Robot Sl 2
Wall-YE Robots & Software - Prance
dance Multi hnologjes Led - UK

B
"M. ®  SYMINGTON

- 2 Symil n Family Estates - Portu
Quinta do Ataide TRE ey e
Coordinates: 41.248883,-7.111141

30th. August 2017

UNIVERSIDAD
DE LA RIOJA

————
= o‘f-b\- Our Objective
VineScout “To design a ready tket robot that ly and icall

the vineyard. Plot key and help growers monitor
their grapes to achieve the best possible results.

Our Vision

To make the first vineyard robot available in the International market
and to place Europe at the forefront of technology based viticull
Your Contribution
Participate in our field d ion, let us know your requil and give us

your feed-back and suggestions and take part in the future of viticuleure.

This project has reccived funding from the Puropean Union’s Horizon
2020 rescarch and innovation programme under gran agreement No 737669

By

Figure 43. Flier prepared for the first Agronomy Day on August 30, 2017
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Press & Media

This section is the communication area, and it will contain the main press releases derived from the
promotion of the VineScout project. The format of these articles can vary from digital to paper, or
even to short promoteiviewsal videos or partnerés 1in

News & Gallery

This area intends to keep project followers updated with all the activities related with the project. It
will consists of short articles informing about project nagdi technical conferences, field tests and
demos, attendance to tradeshows to promote the project, and every project event carried out by one or
several partners.

Intranet

The content in thentranet section is password protected. It is intended to be used by the partners of
the project and authorized European Commission mentbatsequest it Typical material posted

here will comprise projeatustomized templates for deliverables, oral pregeoons, and meeting
minutes, as well as the documents themselves, both public and confidential.

Webpage Top bar Menu

Home

This tab takes the user to the Home page showigime42.
Consortium

The Consortim section lists all partners in the project and the key personnel of every institution
involved in the project. It contains a brief description of each partner and the role played by each
member.

Public Docs
This part is divided into two subsectiom®liverablesandPublications TheDeliverablessection (

Figure44) provides a list of all the deliverables, highlighting the release date of due documents and
providing a link to download those documents labelegiuddic (PU). The sectioRublicationsentails

the dissemination area, whiefill contain all the open access technical publications released during
the project.
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Deliverable name Related Lead Dissemination Deliverydate Download

Wp Partner level

Deployment of prototypes (1/3) WALL PU 5 Dec 2017

D1.1-b Deployment of prototypes (2/3) 1 WALL PU M22 @
D1.1-c Deployment of prototypes (3/3) 1 WALL PU M34 @

Construction and assembly of the electronic systems (1/3) y 1 Dec 2017

D2.1-b Construction and assembly of the electronic systems (2/3) 2 SUN PU M22

D2.1-¢ Construction and assembly of the electronic systems (3/3) 2 SUN PU M34

D31 Mapping algorithms for basic maps 3 UDLR co M24

D32 Algorithms embedded in advanced operative maps 3 UDLR co M36

ey

®

ey

®
D41 Software generated in format of closed libraries 4 Upv PU M3e |
D4.2 Operator manual 4 upv PU e |

D5.1 Report on decision support value of robot-generated 5 UDLR co m27

maps

Testimony of Agronomy Days(1/2) 22 Dec 2017

I - A ] : POy

Figure 44. List of someDeliverables in Public Docs tab under thd®eliverables subsection

News & Gallery

This tab provides an alternative access to sedtiews & Galleryof the Webpage General Menu.
Figure45 depicts some articles already published in this section.
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FIRST VINESCOUT STEERING WEEK

Quinta do Ataide, 28-31 August, 2017

The First Steering Week took place at the end of August in
Symington’s Quinta do Ataide (Portugal). On 30 August, 2017,
VineScout partners held the first AGRONOMY DAY, where
invitees from different backgrounds enjoyed a beautiful field
day interacting with the robot, learning its basic features and
asking all they wanted to know about the project and the
robot. After the open-air lunch, technical sessions focused on
data acquisition and interpretation took place, wrapping up
this successful day with a round-table discussion and the

official survey to participants.

For more details on the first Agronomy Day, visit the special

section from the home page.

FIELD TESTING IN PORTUGAL

Quinta do Ataide, 12-24 June, 2017

UPV, SUN, and SYM teams joined in the vineyards of Quinta
do Ataide (SYM) to test the navigation algorithms of the
robot, draft the new electronic system, and challenge robot

components at temperatures around 40 ° C,

. .

Figure 45. .Artiéles puAinshed i

n the News & Gallery €ction of the VineScout website

Contact

The contact form printed iRigure46is supplied in order to contact the Project Coordinator via email.

—“g?\, HOME CONSORTIUM PUBLIC DOCS NEWS & GALLERY CONTACT
VineScout
CONTACT HOMEJ CONTACT

CONTACT

Your Name reguiredi

Your Emall (required)

Figure 46. Contact form to easily reach the Project Coordinator
Webpage bottom stripe

Figure 47 contains a static stripe that is common to all sections and subsections of the webpage,
appearing constantly regardless of the sections currently in view. This stripe comprises the European
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Commi ssion | ogo foll owed by Thémoed hak ieeived fundiagh d mar
from the European Uni on 0 sgradtagreéermentmo. 230680 Pr ogr a mme

This project has received funding

from the European Union “s Horizon

2020 Programme under grant
agreement no 737669

Figure 47. Band at the bottom of the webpage

The right side of the bottom stripe includes a worldwide map locating the geographical origin of the
visits since the website was publicly releageédure48 pops up when the map is clicked, showing the

live statistics of the webpage visits. These statistics provide the number of times the webpage is
accessed and the place from where it was accessed. When #ig rrep from Figure48is clicked,

Figure49 appears, showingatwbi mensi onal map indicating visitor

Live Statistics

Beyond the Stats: /I Play Revolversweeper

0.8

2 recent dities from 2 countries

2D Map | 3D Globe Settings
= 1.311 visits since Mar 15, 2017
Last 24 Hours end 27 Minutes =[] <]]
Aggregated Countries, Hourly Stats 3 Recent Pagewews.
o mex B 18:26:53 26:53 MYT
o
O Visits BFsges O Countries @ Cities TR Malaysia
Shah Alam, Selangor

3 18:26:19 | 01:26:18 MYT

2 -

& @ Malaysia

- L Shah Alam, Selangor

> = 18:159:02 | IFvE
_ == = Spain

" “alencia, Comunidad Valenciana
i = i

2

E = = = = = =

:

5

3

f

=|18 19 20 21 22/23 0|1 |2 3|4 5 6 T 8|9 101 12 13 14 15 16 17 18

g, B= = i N | = o i
H o=
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23|
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s
z
2
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Visits

2 o o

Min Max  Avg |M|n Max | Avg lT::tsI I CER

L astzemHous(13:00- 12:00) Il Complete |
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Figure 48. Live statistics for the VineScout webpage showing recent visits and their geographical locations
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Live Statistics

Beyond the Stats A Play Revolversweeper ~

0@
Jetzt mit Taboola starten - Mehr Umsatz >
generieren @
Zeigen Sie lhre Produkte auf Top-Webseiten. Jetzt Kampagnen erstellen!
1 recent city from 1 country
=
m El 1,311 visits since Mar 15, 2017

2 Recent Pageviews:

18:26:53 | 01:26:53 MYT
= Malaysia
s Shah Alam, Selangor
18:26:19 | 01:26:19 MYT
= Malaysia
Shah Alam, Selangor

@6 o

Figure 49. Two-dimensional map showing the places where the webpage was accessed

Webpage Conclusions

The VineScout website has beegsitined to display and inform about the progress of the project in a
dynamic and interactive way. From it, other researchers may learn what decisions will not help their
designs, endisers might register to participate in Agronomy Days, documents of shteme be

quickly downloaded, such as deliverables or journal papers, and all the news related to the project can
be easily tracked by project followers.

Industrial dissemination

The tradeshows that partners consideteategic for enhancing the visiibyl of the project were:

A Global Robot Expa: 2 - 4 February 2017,Madrid (Spain). In their webpage they announce
that there were more than 2,200 appearances in media, a total of 11,000 visitors, more than
140 brands presented, more than 8,006hexhibition, media impact of 45 million euros, and
global audience of 400 million people. Figure 50 is shown different moments in the
tradeshow when the coordinator was interviewed by different press media.
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Figure 50. VineScout coordinator being interviewed by two different press media

A SITEVI: 27-29 November 2017,Montpellier (France). SITEVI is the international
equipment and expertise exhibition for thee-wine (mainly), olive, and fruivegetable
productions. In their website they say that SITEVI has confirmed its status as the imperative
business & innovation event for all producers, with more than 1,000 companies exhibiting,
54,000 registrations/entries, and with visitors from 52 diffeceuntries.

A Other forums, where UPV members were invited to talk about the pr&ayer Digital
Farming Day (23 May 2017, Seville, Spain), organized by the company B&jeeScout:
FTI project successstory (27 September 2017, Valencia, Spaimganized by Uniersitat
Politecnica de Valencia, an@IGR Next Leaders meeting 1315 July 2017, Chicago
(lllinois, USA). The CIGR is the International Commission of Agricultural and Biosystems
Engineering. From their webpage, it is an international,-gowerrmental, norprofit
organization consisting of a network of Regional and National Societies of Agricultural
Engineering as well as private and public companies and individuals worldwide. They manage
different kinds of resources, such as the CIGR Journafepence proceedings, newsletters, a
CIGR Handbook, as well as Working Groups. The coordinator of VineScout is involved in
Section Il of CIGR, Plant Production, as the secretary. This meletogght an opportunity
to introduce the VineScout projectttwe international community represented by ISR

Scientific dissemination

Three research arte$ have been writen during 2017:

A ASABE Annual International Meeting: 167 19 July 2017, Spokane (Washington State,
USA). The American Society of Agriculturand Biological Engineers (ASABE) holds the
Annual International Meeting (AIM) every year. The ASABE conference is the most
important meeting for Agricultural Engineers worldwide. This year, the number of people
attending the conference according to ASABElpl i cati on magazine Al nsi
named Speaking of Spokane: Wrapping up the 2017 Annual International Meeting) was more
than 1,700 people, one among the highest attendance in the recent years. During this meeting,
VineScout project was presentad a parallel session called Automation and Robotics for
fruit, vegetables and other specialty cre@art 2. That session took place in a room with
about 60 people attending. The article presented Re$ormance Improvement of a
Vineyard Robot throughits Mechanical Designby Veronica SakRubio (UPV), Francisco
RoviraMéas (UPV), and Christophe Millot (WALL) - DOI: 10.13031/aim.201701120n
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