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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
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Figure 8. Main processing unit ofVS-1 ECS

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 EM&i DP (Figure1l0)-The EMC3S oM i s a PCI e Catriérdora@®rere Ba n k E
compatible FPGA and SoC Moduleandbas pansi on for a VI TA57.1 FMC
also has I/0 pingjsing a 106way Samtec RazorBeam connectors system;

3. Sundance Expansion Interface Connector (SEI&)customised board for individual applications
and bespoke connectors which connects to the EMT via a 100vay Samtec RazorBeam
connector.

This Platform was developeldy 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
interface¢such adHMDI, CameraLink, ettcon t he Zynqgqdés FPGA dRLOTee Pr ogr
expansion boards are felayer PCB, and are how the Consortium has customized it for VineScout
application. The FME@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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