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This project has received funding from the European Union’s Horizon 2020 research under grant agreement No 952197

Disclaimer
This document may contain material that is copyright of certain VOJEXT beneficiaries and may not be
reproduced or copied without permission. All VOJEXT consortium partners have agreed to the full
publication of this document. The commercial use of any information contained in this document may
require a license from the proprietor of that information.
The information in this document is provided “as is” and no guarantee or warranty is given that the
information is fit for any particular purpose. The user thereof uses the information at its sole risk and
liability.
Moreover, it is clearly stated that the VOJEXT consortium reserves the right to update, amend or
modify any part, section or detail of the document at any point in time without prior information.
Updates will be widely communicated using all project communication channels. Additionally, should
an update be required during the open call application period, pending and completed applications
will be notified through the F6S portal so that they can act if required. Updates will not be detrimental
to anterior decisions that were made in line with previous versions of the documents.
The VOJEXT project, co-funded from the European Union’s Horizon 2020 research and innovation
programme under grant agreement No 952197, foresees as an eligible activity the provision of
financial support to third parties, as a mean to achieve its own objectives.
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1. INTRODUCTION
This document provides information regarding the VOJEXT framework and associated Open Call for
Tech (also referred as Open Call #1). All associated Annexes must be additionally considered for the
submission of a Proposal.
With Open Call #1, the VOJEXT consortium aims to engage European SMEs and Mid-Caps to present
solutions addressing specific technical challenges, which will address the following areas:
1. Construction Robotic Toolset: A robotic solution designed for accomplishing plastering tasks
with a robotic arm and 1 or more different end-effectors. Such solution should be able to
work on top of an existing mobile wheeled robot part of the VOJEXT environment.
2. Navigation: Secure and autonomous robot navigation in highly dynamic environments
3. Visualization of point cloud in a VR headset: Scene and improve system’s usability, allowing
user to navigate around the generate pointcloud using VR equipment.
4. Integrate two leap motion devices to improve user’s hand mapping: Synchronize two leap
motion devices to allow precise but cheap hand mapping.
5. Investigate new method of hand mapping and integrate it to the teleop pipeline:
Reproduce a method concerning hand movements tracking. If applicable, the method will be
integrated into the teleop pipeline.

2. VOJEXT in a brief
The increased consumers’ demand for customised, new and innovative or continuously improved
products is paving the way for collaborative robotics. This kind of production requires flexibility in
order to cope with rapidly changing consumer preferences. Advanced digital technologies can help
improve manufacturing processes, especially when referring to small-scale production.
However, not all manufacturing companies, and in particular SMEs or crafting companies (usually small
organisations with less than 10 employees), have access to smarter means of production, due to costs
and efforts in the integration and implementation, possible aversion or readiness to ICT technologies,
lack of knowledge, investment, time or close providers [DIH_WG1, 2018]. Consequently, advances
technologies such as AI, robotics and CPS are usually underexploited.
In this context, the VOJEXT project aims at providing a favourable business and technological
framework to enable matchmaking and encourage producers and adopters (mainly SMEs including
small crafters and Mid-Caps) of Cognitive autonomous systems for human- robot interaction, specially
“cobots”, dynamizing science-driven industry approaches for the European industry. For this
purpose, VOJEXT will design, develop, validate and demonstrate affordable, market-oriented, agile,
multipurpose and easy- to-repurpose, autonomous, mobile and dexterous robotic systems as the main
component of a smart, agile and scalable cognitive CPS for industry; under the vision of providing Value
Of Joint EXperimentation (VOJEXT) in digital technologies to manufacturing and construction industry;
while having DIHs as drivers of innovation based economic development in Europe.
VOJEXT will demonstrate its value by deploying the solution through a 42-months work plan scaling
the project to at least 5 additional different markets; starting with 5 experimental pilots (and 9 SMEs)
in the plastic textile, electronics, automotive, construction and creative architecture for urban
regeneration, VOJEXT cover traditional and non-traditional areas for AI- robotics and cognitive ICT
developments; aiming to extend to 15 experimental pilots, integrating 20 more SMEs or Mid-Caps
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through open calls. The open calls will foster scientific and business driven innovation together Digital
Innovation Hubs led by UPM- AIR4S (Spain), together with other 3 DIHs – Fortiss (Germany), PIAP
(Poland) and EMC2 (France). These Open Calls will gather the most innovative SMEs and Mid-Caps,
that will bring new challenges into project’s pilots and propose alternative scenarios. Moreover, the
project will carry out with 2 S+T+ARTS residencies, that will allow artists stimulate the creation of new
product in different contexts and support creative craft experimental pilots in Italy. DIHs will create a
new niched oriented offering based on VOJEXT technical areas and for crafting sector.

2.1 Framework
VOJEXT concept comprises seven pillars, following a modular development approach that matches
technical areas of interest for adopters and suppliers of cognitive and autonomous management, as
well as a new niche-oriented offering of services for DIHs, which will be driven by manufacturing SMEs
needs and driven by large enterprises complex needs. VOJEXT will build on the principles: Modular
development, flexible integration, decentralisation, interoperability, collaboration, adaptability and
product personalisation, and teaching by demonstration is the core that will enable the learning of
new tasks and strategies.
VOJEXT concept will deploy up to 15 experimental pilots that provide challenges and opportunities for
producers and adopters (mainly SMEs including small crafters) of cognitive autonomous systems for
human-robot interaction under a modular approach, while building and developing a favourable
framework for the companies to develop capabilities, and in turn learn from this deployment to
generate new niche specific supporting services for this modules or areas for the DIHs. This means, we
have divided VOJEXT Cognitive control and autonomous management which comprises the CyberPhysical System (CPS) encompassing sensors for logistics, coordination and management processes
and supporting run time in the following technical modules/ sub-modules (design time):
• Advanced CPS high-level modules rely on a common semantic description language for representing
and interpreting the three major entity types of the PPR model: product, process, manufacturing
resources. These are stored in a shared knowledge base (SKB). The semantic Planning, Execution and
Management Knowledge Reasoning Engine (PEMKRE) matches formally represented requirements of
individual tasks of a manufacturing process and the capabilities of available resources. The High-level
Control Engine Module (HICEM) acts as an interface between the high-level PEMKRE module and the
low- level modules.
• Cognitive robotic system low-level modules: the cognitive robotic systems consist of a digital brain
that represents an integrated ecosystem (suite of services) using existing middleware to control the
movement of all parts of the robotic system or capture the surrounding information of the system.
This includes the Physical Interface Module (PIM), the Interactive and Sensory Interface Module (ISIM),
the Low-level Control Engine Module (LOCEM), the Perceptual Engine Module (PEM), the Safety
Ergonomic Module (SEM), the Social Interaction Manager (SIM) and links with the High-level Control
Engine Module (HICEM).
• Reduction of waste, energy and resource consumption and efficient logistic processes.
• Physical approach of the VOJEXT’s robotic system (hardware): VOJEXT’s robotic system is based
on the combination of different current commercial products. It consists of five basic components:
processing and sensing sub-systems, hand/gripper, robotic arm and mobile platform, assembled to
achieve the stated objectives.
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In turn for the DIHs this four big modules and their corresponding sub-modules become “areas” of
research and opportunities for industry providers of AI and robotic technologies, where the industry
can provide challenges (as it has been done in the first 5 VOJEXT experimental pilots) and the DIH can
develop new and niche competitive services to strengthen the current DIH offering.
Figure 1 shows the vis how VOJEXT integrates technically the above modules as a favourable business
and technological framework to support agile manufacturing in the 4.0 manufacturing space and
technological developments, which will be matched by DIH as business- oriented services.
Figure 1: VOJEXT Concept

c

3. VOJEXT Open Call #1
3.1 Scope
Open Call #1 aims to extend the capacity and technology outreach of VOJEXT demonstrators by
engaging tech SMEs and Mid-Caps in solving proposed technological challenges. For Call#1, the
consortium deems that at least technical challenges addressing the following areas (both hardware
and software) should be explored: (1) The integration and use of different grippers and robotic hands;
(2) skilful manipulation of complex objects in a human-like manner: (3) development of an automatic
tool changer; (4) design of new and complementary training approaches; (5) navigation in highly
dynamic, crowded, narrow and/or dusted indoor environments; and (6) integration of wearables as
part of the CPS to name a few.
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3.1.1 Challenge 1 - Construction Robotic Toolset
Table 1: Challenge 1

ID

OC1_C1

Objectives

•
•
•
•

Context/
environment

To provide an automated mobile robotic solution to evaluate and reconstruct
the work area, prepare the plasterboard wall by tapping the join patch and
applying skim coats of material.
To provide greater efficiency in time and resource consumption
Incorporate robots in changing construction environments
To provide a high-level API in order to allow a seamless integration of the
robotic solution with the VOJEXT Cyber-Physical System (CPS).

An automated mobile robotic solution designed for accomplishing plastering tasks
and consisting of a mobile platform, a robotic arm, and one or more different endeffectors and related control software.
According to Wikipedia, “Drywall (also known as plasterboard, wallboard, sheet
rock, gypsum board, buster board, custard board, or gypsum panel) is a panel
made of calcium sulfate dihydrate (gypsum), with or without additives, typically
extruded between thick sheets of facer and backer paper, used in the construction
of interior walls and ceilings. A wallboard panel consists of a layer of gypsum
plaster sandwiched between two layers of paper”
This is a dry construction system that allows walls to be built using metal structures
and plaster panels, which are quick to install.
The execution of interior plasterboard wall finishing work is carried out when the
building facades have already been built, so they are not affected by the weather
conditions (it is advisable to carry out this type of work at temperatures above
10ºC and preferably at temperatures close to those the building will have when
being used). On the other hand, the floor surfaces are usually either finished or in
their final stages, so they are either flat or have the inclination established by the
architectural design.
The environment in which plasterboard wall-finishing work is carried out could
change depending on the type of project. However, noise, dust and lack of lightare
common (dust can also be generated by some of the wall finishing work).
In order to carry out finishing work, the site must be clean. The area available for
work must allow storing the tool and materials, and have enough space to both
carry out the process and allow workers to move around.
In this type of work, heights of between 6 and 10 meters are considered great and
the length of the walls could change depending on the type of project.
Bearing in mind that the main objective is to achieve uniform surfaces, the
activities usually consist of applying tapes and coating layers to cover joints and
gaps, plastering, sanding and painting.
According to EUROGYPSUM there are four types of finishing:
Q1. The basic filling of plasterboard join patches (Q1) is sufficient for surfaces that
do not have any decorative finish requirements.

VOJEXT– 952197 | Deliverable D8.3 Annex 1.0 v0.4 | PUBLIC

7/15

Q2. Jointing and finishing according to Quality Level 2 (Q2) fulfils the basic
requirements for wall and ceiling surfaces. The main objective of this quality level
is to align the joint area with a continuous transition to the board surface. The
same objective also applies to fixings, corners, and abutments/connections with
jointing materials.
Q3. If higher demands are made on quality addition to Q2, then additional
procedures are necessary. Wider finishing of the joint and a tight coat of joint
compound to the entire plasterboard surface, filling the pores.
Q4. If high-end drywall surface is required, then the entire drywall surface must
be fully covered with either a layer of jointing compound or a skim coat of plaster.
Specifications/ The solution should propose a combination of mobile platform, sensor, robotic
arm, and end-effectors that is programmed for identifying the join patches of
integration
plasterboard walls and autonomously execute the arm trajectories for applying
the finery (including coating, aligning uneven surfaces, etc.). The solution should
achieve autonomously a Q4 finish, reducing the time and resources applied.
The solution should cover the entire wall from the bottom to the top edge. It shall
further identify the join patches of the walls to be treated in an automatic fashion
based on sensory input.
The system should work at first in a standalone way throughout a set of given
positions inside a given map, facing the area of interest. The automated mobile
robotic solution must provide a middleware interface (either through ROS or a
high-level equivalent in OPC-UA or REST interfaces) for accepting parameters
related to the plastering of a target wall. The robotic solution must provide a
semantic self-description to the VOJEXT CPS, e.g., regarding its skills, skill
parameters, geometry, kinematics, sensors, internal states.
A full kinematic chain together with the mobile base could be considered in order
to approach the walls/joints/points of interest.
The solution should be able to operate in construction environments and ensure
worker safety and good quality and accuracy.
Expected
Results

A demonstration of the system should be provided, where the construction set
is capable of performing the plastering operations. Different iterations can be
provided where a first demonstrator does not require the system to be mounted
in a mobile vehicle but always providing an integration plan with the proposed
mobile robot. A final demonstrator will perform several plastering operations
while moving along a wall, once the system is integrated on top of the mobile
robot being controlled by the CPS. Successful incorporation of robots into
changing construction environments is expected.
A number of KPI’s of the system will be gathered
The KPI's in relation to plasterboard wall finishes are aesthetic, so the next table
describes the expected qualities in each of the quality ranges. This table is from
the EUROGYPSUN publication - Drywall Jointing & Finishing - SURFACE QUALITY
LEVEL CLASSIFICATIONS. On the other hand, the execution times will have to be
adjusted to the current ones, which vary depending on the manufacturer you are
working with.
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Table of Drywall Jointing & Finishing - SURFACE QUALITY LEVEL CLASSIFICATIONS 1

Indicative
budget

€100.000

Indicative
duration

12 months

Contact
for
clarification

opencall@vojext.eu

3.1.2 Challenge 2 – Navigation
Table 2: Challenge 2

ID

OC1_C2

Objectives

•

•

1

To develop a combination of software system/algorithm for localization,
mapping, and navigation that is compatible with the available VOJEXT robot
hardware pool or own devices brought in by the solution provider. The
solution must support dynamic environments and wheeled holonomic robotic
platforms.
The solution shall provide means for precise localization and assessing the
quality of the localization, both based on a predefined static map and a
dynamically updated map during runtime (SLAM).

-http://www.eurogypsum.org/wp-content/uploads/2015/04/EUROGYPSUMFINSHINGUK.pdf
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•

Context/
environment

The solution shall speed up the deployment times of the robotic platform,
addressing problems such as generating new maps and initializing the robot
localization.

Development of safe and autonomous robot navigation in highly dynamic
environments.
Navigation and localization problems are widely studied issues when it comes to
robotic challenges. More specifically, in relation with the most advanced and
commonly used approaches relying on matching maps with sensor data, there is
a lot of research focusing on increasing robustness. In addition, the problem of
kidnapped robots is well known in the literature, but a robust solution is still being
pursued.
Open spaces with few geometries to be identified introduce a constraint on the
localization means for robotic vehicles. The localization is critical for navigation
purposes, as much as the path planning is. Given a map and an objective location,
it involves getting the trajectory that the robot must follow to reach the target
location. Path planning us a very important issue in robotics in general, when the
robot must choose what to do in the long run to achieve its goals.
If the robot has a determined uncertainty on the matchmaking towards the prerecorded map, navigation will most likely fail or at least require a big effort in
reactive behaviors. Not only the robot needs to know its location, but also how
good this estimation is. A robot that does not know its location will not be able to
function as expected and may pose a danger towards the environment and the
people surrounding the robot. In that case, a re-localization process must be
triggered which can be time-consuming and require human intervention. Another
of the skills needed for robot navigation is to avoid obstacles. Sensor data can
modulate the robot's trajectory to avoid collisions. There is a wide variety of
techniques have proven effective in avoiding obstacles. The calculated movement
of the robot is a function of both the robot sensor readings and its target position
and location relative to the target position. Generally, obstacle-avoiding
algorithms are based on the existence of a global map and the robot's accurate
knowledge of its location relative to the map.
The elements/geometry that a recorded map has could be studied, even offline,
to provide an estimation on the future performance of the localization. Also, the
recording of a first map and the configuration of the system could be automated
in a way that an on-site startup is boosted to just few minutes. The proposed
offline analysis can be used to determine the paths where the robot should
operate to reduce the number of localization errors, as well as providing an
estimation of the expected uptime of the system in a certain environment.

Specifications/ At first, a standalone system either accepting specific sensor input coming from
the existing robot, or its own full dedicated sensors should be put in place for
integration
addressing the mentioned challenges.
The solution will need to provide a localization for the robot together with the
quality of such localization. Another tool for estimating offline the quality of the
localization and mapping will be delivered, keeping in mind the target of 5cm max
deviation but most importantly the ability of recover from uncertainty in that
localization
To address the mapping, localization, and navigation problems, it is necessary that
the robot has some relevant information about the environment where it
moves, which is a priori unknown in most applications. The necessary information
from the environment to be able to carry out the tasks autonomously will be either
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extracted from the different sensors or done by fetching previous recordings from
a database. The list of sensors used in the solution will be either provided by the
outcomer or relying on the ones already delivered in the VOJEXT mobile platform
(including 2d lidars, rgbd camera and IMU). Every new algorithm and/or
capabilities of perception and computation will be benchmarked as part of the
work in order to define the best solution.
The input/output should be either realized through individual software packages
providing the different features, which can communicate via ROS or other well
established middlewares/protocols (OPC-UA, REST) or a full-stack
localization/mapping/navigation package that publishes low-level motion
commands and localization messages to be fed to the robot. The solution must
provide a semantic self-description to the VOJEXT CPS, e.g., regarding its skills,
skill parameters, geometry, kinematics, sensors, internal states.
The localization/mapping/navigation solution must be compatible with the
existing VOJEXT robot platforms, e.g., regarding required computational capacity
or mounting of additional sensors. A dedicated study on the integration of the
solution shall be provided, taking into account mounting positions, holders and
wiring/powering diagrams for any additional hardware that has to be used in
combination with the software components.
Expected
Results

New capabilities beyond SotA should be demonstrated with the solution
proposed. A first iteration could be demonstrating those capabilities with any
robotic vehicle or simulation, together with an integration plan on the specified
robotic vehicle for VOJEXT. A second iteration will include an integration phase
with the robot, together with a real demonstration.

Indicative
budget

€ 40.000

Indicative
duration

6 months

Contact
for
clarification

opencall@vojext.eu

3.1.3 Challenge 3 – Visualization of point cloud in a VR headset
Table 3: Challenge 3

ID
Objectives

OC1_C3
• Visualizing point cloud improves teleoperation system usability
compared to 2D video
• Allow user to navigate around the generated point cloud using VR
equipment
• Ideally whole system should be implemented using only Linux machines
• Point cloud should be streamed via ROS topic in real-time to make it
usable not only for visualization but also for other uses in the future
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(for example collision detection using octo-map). This might require
point cloud specific compression techniques.
Context/
environment

This technology would be useful to visualize the remote scene for the
operator and allow him to more easily manipulate the objects and orient in
the environment. The idea is to take a point cloud message as an input and
visualize it in the headset of a VR equipment. Further, ideally it would be
possible to move the point cloud around using the VR wand or some other
device in order to have more accurate view of the scene at any time.

Specifications/
integration

Hardware needed:
• machine running ubuntu/ROS (preferably melodic/18.04)
• 3D camera generating a point cloud
• HTC VIVE
Interfacing:
Via ROS, a topic with the point cloud data should be piped into the VR
headset with the use of OpenVR API software.

Expected Results

3D data generated by camera visualized in the VR headset

Indicative budget

€ 30.000

Indicative duration

6 months

Contact
clarification

for opencall@vojext.eu

3.1.4 Challenge 4 – Integrate two leap motion devices to improve user’s mapping
Table 4: Challenge 4

ID

OC1_C4

Objectives

•
•
•

Context/
environment

Synchronize two leap motion devices to allow precise but cheap hand
mapping.
Performance/stability improvements compared to single device because of
occlusion elimination
Integrate output with the teleoperation pipeline (see integration section
below).

Two leap motions pointed at the same user/hand workspace from two different
angles, then combine the reported hand data with some sort of filter.
Relevant papers:
•
•

Specifications/
integration

https://www.scitepress.org/papers/2017/61978/61978.pdf
https://www.sciencedirect.com/science/article/pii/S2468232216000111

Hardware needed:
• computer with Ubuntu/ROS
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• 2 x leap motion device
Objective:
Enhance following package: so that instead of one leap motion, data from two is
taken into consideration. Follow the instructions in the repository in order to
run the hand using a leap motion with a hand tracking.
Expected
Results

Hand being controlled accurately using two leap motion devices

Indicative
budget

€ 30.000

Indicative
duration

6 months

Contact
for opencall@vojext.eu
clarification

3.1.5 Challenge 5 – Investigate new method hand mapping and integrate it to the teleop
pipeline
Table 5: Challenge 5

ID

OC1_C5

Objectives

•
•

Investigate and reproduce method used in this paper
https://research.fb.com/publications/megatrack-monochromeegocentric-articulated-hand-tracking-for-virtual-reality/
Publish fingertip transforms to ROS topic

Context/
environment

This method concerns hand movements tracking, which is an important
problem in teleoperation, i.e., it allows the user to translate his movements
to the movements of the robot. This possibly cheap solution is a desired tool
for development of the system or even as a part of a deployed problem.

Specifications/
integration

Hardware needed:
•
•

computer running Ubuntu/ROS
2d camera

Objective:
Objective would be to reproduce the results described in the paper in the
link
above
(seen
also
in
the
following
video):
https://www.youtube.com/watch?v=vfJz7WlRNk4
After the result is replicated, the code should be integrated into ROS so that
the output data is available as a ROS topic.
Expected Results

Hand being controller using only 2D camera technology

Indicative budget

€ 30.000

VOJEXT– 952197 | Deliverable D8.3 Annex 1.0 v0.4 | PUBLIC

13/15

Indicative duration
Contact
clarification

6 months

for opencall@vojext.eu

3.2 Announcement at EC Portal
Table 6: Announcement at EC Portal

Announcement at EC Portal
Call Title

Open Call #1 - Challenge

Value Of Joint EXperimentation in digital Technologies for
Full name of the EU Funded
manufacturing and construction
Project
Project acronym

VOJEXT

Grant agreement number

952197

Call publication date

1/03/2021 at 12:00 PM CET

Call deadline

30/04/2021 at 5:00 PM CET

Expected
duration
participation

of

9-12 months

Total EU funding Available

€230.000

Task description

VOJEXT is launching a set of challenges for which European Robotic
driven SMEs and Mid-Caps are defied to propose solutions.
Once selected and engaged, SMEs and Mid-Caps will get access to the
VOJEXT platform and technological support (through mentors),
besides the funding that will enable to develop and demonstrate the
proposed solution. An indicative budget is presented in the
description of each challenge.

The submission will be done through the F6S platform
Submission & evaluation
(https://www.f6s.com/vojext/apply) which is directly linked with the
process:
VOJEXT Programme. The applicants are required to register a profile
at FS6 to be able to submit a proposal.
The following activities will be performed as the following process
and methodology: eligibility filter, remote evaluation, Interview,
Consensus meeting, final selection.
Further information:

Details available at: https://vojext.eu
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4. Support to Applicants & Kit for Application
4.1 Support to applicant
The VOJEXT consortium will provide information to the applicants only via OpenCall@vojext.eu. No
binding information will be provided via any other means (e.g. telephone or other email).
•
•
•

More info at: https://vojext.eu/open-calls/
Apply via: https://www.f6s.com/vojext/apply
Support team: OpenCall@vojext.eu

4.2 Kit for Application
The VOJEXT Open Call #1 supported material is the following:
•

The VOJEXT Open Call #1 Text (Annex 1)

The present document.
•

The VOJEXT Guide for Applicant (Annex 2)

This document provides in detail the information to help apply to the VOJEXT Open Call#1-Challenge
such as an abstract of the VOJEXT action, a description of the open-call 1, eligibility criteria, the
modalities for application, the evaluation process, the scheme of the funding support, and how to
prepare and submit a proposal.
It is available at: https://vojext.eu/open-calls/
•

The VOJEXT Application Material (Annex 3.1, 4, 5, 6, 7).

The Administrative forms templates and proposal supplement
It is available at: https://vojext.eu/open-calls/
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