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Deliverable D2.1 - Construction and assembly of the electronic systems

Abstract
The VineScout project aims for deploying a ready-to-market (TRL8/9) solution designed according to a usercentered approach, practically achieved by the permanent feedback from, and interaction with, end-users through
intense field testing and the realization of Agronomy Days (Task 5.2). The VineScout advances beyond the State of
Art by implementing real-time non-invasive monitoring technology in a robot adapted to field conditions
(Vinescout, 2016). The strategic relationship between work packages and benchmarks is shown in Figure 1.

Figure 1: The strategic relationship between work packages and benchmarks.

The D2.1 is a brief overview of the components that constitute the Sundance VS-1 Embedded Computing System
and gives background details of the choice of components.
In this deliverable, the result of the electrical and proposed amendments to the first VineScout prototype VS-1 is
also reported. The analysis was conducted by Sundance (SUN) in close collaboration with the other consortium
members, namely, UPV, UDLR, and WALL. Specific details regarding the project can be found at the VineScout
project official website1.

1

The VineScout project http://VineScout.eu/web/
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1. Introduction
In this section the following subjects are discussed:
a.
b.
c.
d.
e.

Document structure.
Overview of work package 2.
List of tasks.
Requirements and restrictions.
Assumptions and Limitations.

1.1. Deliverable structure
The deliverable D2.1 layout is as follows:
Section 1: Introduction – This section gives an overview of WP2, including the tasks carried out, the
requirements set, and the restrictions found.
Section 2: Hardware platform – all the details of the Hardware platform are presented in this section.
Section 3: Conclusions and future work.

1.2.

Work Package overview

The main objective for Work Package 2 (WP2) is to design, fabricate, install, and test the complete electronics
network for each of the three robots deployed at the end of the action. It will assure the seamless integration of
software and electromechanical devices. WP2 will also include an advantageous negotiation with component and
software providers, very especially with the sensors that will comprise the navigation and monitoring engines of
the robots. Previous prototypes with handcrafted electronics for the developing stages are difficult to replicate at
a commercial level, and fail-safe capabilities plus environmental endurance must be granted for the long-life
expectancy of the VineScout project [1].

1.3.

List of tasks

The WP2 includes the following tasks [1]:
T1.1 – Mechanical evaluation and improving actions of initial prototype (M1-M6)
T1.2 – Construction of first prototype VS-1 (M4-M10)
T1.3 – Construction of second prototype VS-2 (M13-M22)
T1.4 – Construction of final version of VineScout (M25-M36)

1.4.

Requirements and restrictions

The list of requirements and restrictions that have a direct or indirect impact on the development of the Sundance
VS-1 Embedded Computing System (ECS) Table 1.
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Table 1: List of requirements and restrictions
Designation

Description

Type

R1

VineScout robot must be power sufficient

Functional

R2

The robot must be able to adapt to
different types of landscapes and weather
conditions

Functional

R3

Fail-safe electronics and response

Functional

R4

Improve the overall performance of the
Embedded computer platform

Performance

R5

Increase the Runtime velocity

Performance

R6

Commercially-oriented solution

Functional

R7

The robot will have to collect a wide range
of data for a post-processing phase.

Functional

R8

Provide flexibility to incorporate new
sensors to the robot.

Functional

R9

Produce the robot at the best possible
retail price

Non-functional

R10

Budget

Restriction

H2020 - FTI Pilot - 2016 - Grant agreement nº 737669

Implications
1. Use solar panels for charging the robot
while is being used.
2. The User should be able to monitor the
robot power consumption
3. The user should be able to monitor
power being generated by the solar
panel(s).
1. The robot design must take into
consideration a wide range of landscapes.
2. The selection of enclosures with IP65.
3. Select components with
Industrial/Automotive grade.
1. Selection of high-quality
devices/sensors.
2. Redundancy of sensors/actuators.
3. The sensors/actuators will be
connected to a critical or non-critical
network.
4. The critical network will be routed to a
custom programable logic for real-time
response.
5. The non-critical network will be routed
to a processor running an Operating
System.
6. The communication with the robot will
be made using encryption for preventing
hacker’s attacks.
7. Each robot will have unique credentials
and users cannot operate robots if the
credentials are not valid.
1. Select a powerful Multi-Processor
System-on-a-Chip (MPSoC).
2. The MPSoC must include a Processor
System (PS), Graphical Processing Unit
(GPU), Real-Time Unit (RTU) and freely
Programmable Logic (PL).
1. The Software must be re-written for
reflecting the MPSoC architecture.
1. The Robot will be compatible with the
Robotic Operating System (ROS)
2. The Robot will have up to 2 CAN buses
for facilitating the interface with
automotive/sensors with ISOBUS certified.
1. Provide 1TB SSD storage for storing the
data collected.
2. Provide Internet connectivity through
Ethernet and Wi-Fi for secure upload of the
data collected into the cloud.
1. Provide different connections options
following the industrial standards, including
DisplayPort, SATA, HDMI, USB, 1000/100
Mbps Ethernet, WiFi, FMC-LPC, BLE,
PCIe/104 ‘Type 3’, etc.
1. The price of the parts will be
negotiated with suppliers to get the best
possible quantity discounts.
2. The parts selection will be made based
on the relation of the price and quality
1. Sundance has an overall of €89,000.00
for delivering a fully-functional solution.
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1.5.

Assumptions and Limitations:

The following assumptions were made:
1) A wide range of sensors will be connected to the robot.
2) The typical users will be non-experts and therefore the robot must be highly flexible, robust and fail-safe.
3) One Terabyte of space will provide for storing data, nevertheless, the user can increase the space by
upgrading the storage device.
4) The robot must be able to operate without GPS and/or Internet coverage.
5) The robot will stop working if any of the sensors/actuators from the critical network stops working.
6) The user must have easy access to the stop buttons and the robot must stop if at least one emergency stop
button is pressed.
7) The robot power consumption is 980Wh (check section 2.1 for further details about this assumption)

The following limitations were identified:
1) The final version of the VineScout robot is not guarantee to be ISOBUS2 certified due a lack of time. Despite
not being ISOBUS certified, efforts will be made for making the robot compatible with ISOBUS. The final
version of the VineScout Embedded Computer System is thought to have two CAN Buses interfaces. Further
details about the CAN Bus and prototypes are given in section 2.

2

ISOBUS seeks to establish and maintain transparency regarding the functionalities supported by specific products and their compatibility with others.
Retrieved from http://www.aef-online.org/products/aef-isobus-database.html#/About on the 13/11/2017
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2. Hardware platform
Details about the hardware platform are described in this section.

2.1.

The VineScout Robot

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 use. Moreover, the VineScout robot will be compatible with industry
standards (such as ISOBUS and OPC-UA).
The VineScout robot will be equipped with a wide range of sensors and actuators. Some 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 evolution of the plantation (e.g. water stress, diseases propagation and quality
of plants). Figure 2 shows the VineScout robot sensors map.
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Figure 2: VineScout robot sensors map

In the figure above the sensors and actuators are shown. In some cases, the “?” is used because the consortium is
still deciding if those sensors and actuators (namely, the LIDAR sensor, the rear 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.
Power consumption is a major concern of the VineScout project’s consortium as we aim to deliver a robot solution
with an autonomy of at least 6 hours of continuous working. The 6 hours reference is used because that is the
average time that a farmer uses a tractor without having to stop for refueling the tractor. Table 2 lists the sensors,
and actuators and its power consumption, assuming the worst-case scenario (when all the parts are draining 100%
of the required power):
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Table 2: Sensors and actuators, and its power consumption

Device

Active mode

MB7139-200 XL- TrashSonar-WR ultrasonic sensors.

9.99mW×6 sensors=59.4mW

Zed Stereo camera

1.9 W

National Instruments Touchscreen TSM-1015

96 W

Apogee SD-431

0.312 W

FLIR camera AX-8

3.1 W

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/L2 GNSS

5W

Power supply 24V to ATX DCX6-360 (360W)

5.28 W

VineScout Embedded Computer System

10 W

12V@90W Solar Panel

No efficiency details available.

Emergency push buttons

3.6 W×4 buttons=14.4 W

Joystick

No power consumption available.

LED (RYGB) display

44.64 W

Emergency Stop Bumpers

N/A

2D LiDAR Sensor OMD8000-R2100-B16-2V15

2.88 W

From the table above is concluded that, in the worst-case scenario, VineScout robot will drain 1952W (includes the
motor drivers maximum ratings and excludes the motor power consumption), but this is not realistic. Sensors and
actuators only drain 100% of its full power consumption during 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 more realistic 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 VineScout robot power consumption
will be 1.632 kW for 6 h of continuous work. The actual design 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 working.

2.2.

First prototype of the Embedded Computer System (ECS)

The first prototype of the VineScout Embedded Computer System (ECS), also called EMC2-ZU3EG (Figure 3), is
now being tested and comes equipped with a powerful Xilinx MPSoC ZU3EG device (Figure 4) as the main
processing unit. This module will be soon installed and tested in the VineScout VS-1 prototype.
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Figure 3: EMC2-ZU3EG computer board

Figure 4: Xilinx ZU3EG block diagram

This EMC2-ZU3EG ECS was developed by Sundance for the H2020 TULIPP Project, so is well supported with
connectivity to standard interfaces, like USB, HDMI and Ethernet on the ARM CPU (Processing System = PS) of the
Xilinx Zynq SoC and has flexibility to interface to specific vision interfaces (e.g. HMDI, CameraLink, etc) on the Zynq’s
FPGA side (Programmable Logic = PL). The EMC2-ZU3EG computer board (Figure 1) will be used for starting the
migration/design/testing and updating of the support for the latest version of the Xilinx tools.
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2.3.

Final prototype of the ECS

The work on the final platform is progressing and the release date will be in early 2018. By that time Sundance will
have this development completed and will be able to provide our Partners with a fully debugged platform. The final
version of the ECS is composed of three boards and comes with a Xilinx Zynq Ultrascale ZU4EV MPSoC device. The
Xilinx Ultrascale Zynq ZU4EV device was highly optimised for automotive/ADAS (further details about this device
are given below in this section).
The final prototype of the ECS will allow users to connect a big variety of devices to the VineScout robot. The ZU4EV
device will allow high performance, because it includes a Quad 64-bit CPUs, GPU, RTU and an FPGA on the same
chip. The CPUs are required for running a standard operating system (OS) for delivering the specific services (e.g.
Ethernet standard services, Databases, etc), the GPU will be used for accelerating the Graphics processing, the RTU
will be used for handling Real Time event and execute real-time tasks (e.g. Emergency stop) and the FPGA will be
used for accelerating the image processing (e.g. autonomous navigation) and control the critical sensors/actuators
(e.g. ultrasonic sensors and control the motor drivers).
The main board of the ECS will be a PCIe/104 standard form-factor (90mm x 96mm) and it will then have an
expansion piggy-back board that is connected to a board that provide high-speed GigE and USB3 Video Connectors
for standard cameras and via a cable to ‘break-out’ board that will provide low-speed (such as RS232, CAN, SPI, I2C,
etc) I/O connectivity. Both expansion boards are four-layer PCBs (low-cost) and are how a User might customize for
their application. An FMC-LPC connector enabling users to plug-n-play FMC-LPC daughter cards (e.g. ultra-high
speed/resolution cameras) following the VITA 57.1 standard.
All the features and standard interfaces provide flexibility for designing a highly flexible software platform for the
VineScout robot for making the VineScout robot highly compatible with other Robots running the Robotic Operating
System (ROS) on the top of a standard Linux distribution; the OPC-UA standard will be used for making the robot
compatible with the Industry 4.0, increasing the compatibility with IoT devices and facilitating the connection of
the robot to external devices. Two CAN channels are available for making the VinesScout Robot compatible with
other automotive such as farming tractors. These features will make the VineScout robot a highly compatible,
reliable and easy to use robotic platform to work side-by-side with humans and other collaborative robots.
The VineScout ECS will be composed of three (3) boards:
1. Mainboard – The main board is a generic board that compatible with industrial standards FMC-LPC and
PCIe/104 ‘Type 3’ and also has a MiniPCIe card slot for expansion.
2. PCIe/104 ‘Type 3’ expansion board (Figure 6)– This board makes available a 2x SATA and 3x USB and 2x
1000/100 Mbps Ethernet, 2x FBUS, 1x LPC bus and provides ATX (power supply) connectivity.
3. Sundance Expansion Interconnect Card (SEIC, Figure 7) – This is custom design card for providing all the
interfaces required by all the cameras, sensors and actuators installed on the robot.
An extra commercial off-the-shelf (COTS) FMC-LPC daughter card can be plugged into the FMC-LPC connector on
the main board, but this is not going to be required for the current VineScout robot.
Figure 5 shows a block diagram showing the connectivity made available via the main board, expansion boards and
the FMC-LPC connector.
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Figure 7: Sundance Expansion Interconnect Card (SEIC) block diagram

The Zynq SoC is going to be a high-density PCB with 14-18 layers and mounted on a solid piece of aluminium to
avoid any thermal issues and remove the need for a fan. The bottom of the board also has the expansion possibility
to expand with an FMC Module, as the current EMC2-ZU3EG has, but not used by VineScout robot.
The Zynq ZU4-EV SoC has the same I/O resources as the current Zynq ZU3-U3-EG and a few more. The main addition
is four extra SerDes to allow high-speed connection (Figure 8) with SEIC board directly between FPGA (PL) section
and/or used for USB3. It has extra I/O pins that will allow a Dual GigE interface for high-speed cameras, etc.
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Figure 8: The Zynq EV family with integrated Video CODEC

The Video CODECs [bottom right corner] are what really makes a difference as will provide compression of video
instantly and without the use of PS (ARM CPU resources) or PL (FPGA resources) and should not interfere
significantly with the overall power consumption.
Figure 9 shows the VineScout main board block diagram following the standard PCIe/104 (90mm x 96mm) formfactor populated with a Xilinx ZU4EV device (Figure 8).
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Figure 9: The VineScout main board block diagram

A Cypress PSoC-4 chip will be added to the VineScout main board for wireless communications over Bluetooth 4.0.
The BLE will enable users to wireless connect to the VineScout robot. The mainboard has also available a mini-PCIe
card socket for installing, for example, a WiFi mini-PCIe card.
The FMC-LPC enables users to easily plug-N-play new devices compatibles with the FMC-LPC standard (e.g. new
generation of ultra-high definition cameras or other expansion cards).
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3. Conclusions and Future Work
The first 11 months of the project were used for capturing and analysing the requirements and restrictions of the
prototype, and for testing the first version of the VineScout robot. The results obtained from the field tests helped
Sundance in designing the final version of Sundance VS-1 ECS. This version is an improvement of the EMC2-ZU3EG
platform currently being tested (by Sundance) in another ongoing European project, namely, the Tulipp European
Project and the first revision of the VineScout ECS is planned for February of 2018.
The final version of the VS-1 ECS is being designed for making the VineScout robot easy-to-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 and robots, but always under humans’ supervision.
The initial field tests carried out in the last week of August 2017 at Quinta do Ataíde, in Portugal, exposed some
weaknesses of the first VineScout prototype. These weaknesses are currently being addressed and solved by all the
partners. The new Sundance VS-1 ECS will be widely tested in the second year of the project, and the outcome of
those tests will be used for implementing minor changes on the final version of the Sundance VS-1 ECS.
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