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3. EXECUTIVE SUMMARY
This deliverable reports the development status of the initial prototypes of two modules of
SHERLOCK that will allow the indirect interaction between humans and robots and vice versa, as the
outcome of two tasks: i) T3.2 “Indirect interaction and human coordinated production using AR and
smart devices” and ii) T3.3 “Robot to human communication for active awareness”.
Two modules where developed. The first one is called Operator Support Module (OSM) and is the
outcome of T3.2. The second one is called Robot to Human Communication Module (RHCM) and is
the outcome of T3.3.
The developed prototypes are applied to the various use cases of SHERLOCK. This document reports
the design and the steps towards the implementation of the first prototypes.
The document is structured as follows: Section 4 will provide and introduction to the aforementioned
modules. Section 5 describes the design and implementation of the indirect human to robot interaction
mechanisms while Section 6 describes the design and implementation of the robot to human
communication mechanisms. Finally, Section 7 concluded the work done and presents some future
steps related to the development of the final prototype of the modules.
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4. INTRODUCTION
4.1. Scope of T3.2
Task T3.2 focuses on achieving indirect Human-Robot interaction (HRI) for the operator in the
production station by using wearable and smart devices. Moreover, T3.2 deals with the provision to
the human operator of valuable information about the status of the shopfloor, detailed step by step
instruction on tasks and actions that he/she should perform next and the state of the robots in the
production station. Lastly, it focuses on the interfaces that will facilitate the easy programming of
robotic resources in new product variants.
The above-described functionalities were wrapped up into the module called Operator Support
Module (OSM). The first development steps were focused on definition of the devices that are going
to be used in each of the SHERLOCK use cases, as well as the design of the interfaces that will be
used as a basis for the development of the different functionalities described above. Work has been
also done towards the integration of OSM to the SHERLOCK architecture.

4.2. Scope of T3.3
The aim of this task T3.3 is to provide tools and mechanisms for robot to human communication. This
communication channel will allow the operator to anticipate robot motions and activities, increasing
the safety perception of users and operators. Based on the use of a video projector, the system will
provide visual feedback about the task performed by the robot, the status of the robot and the planned
robot path. This features are especially interesting in the force based guiding developments of task
T3.1 as usually this kind of applications do not include any visual feedback, removing one important
source of information for a satisfactory user experience (D3.1 – PHRIM module – SOFITEC case).
In this initial stage of the developments, a HMTL5 based graphical user interface has been developed.
This interface contains a human avatar able to perform movements and show and reproduce messages.
It has been integrated in ROS, allowing the use of ROS topics to send information to the interface to
be displayed through the video project.
To test the suitability of this development, the web-based user interface has been integrated with the
demonstrator of Physical Human Robot Interaction Module (PHRIM) described in D3.1.
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5. INDIRECT INTERACTION
AR AND SMART DEVICES

AND HUMAN COORDINATED PRODUCTION USING

5.1. Approach and Architecture
5.1.1. Approach
The proposed methodology aims to support the human operator in a Human-Robot collaborative
environment. The main goal is to provide the operator with the appropriate tools that will give him the
sense that he/she is the coordinator of the workstation, facilitating his collaboration with the robot.
OSM will allow the operator to be further integrated into the manufacturing system, exchange
information with the robot and the systems that exist in the workstation he/she operates. This
exchange of information will happen with the use of various technologies, such as wearable devices
as smartwatches, and AR glasses, based on the requirements of each use case and the operator
preferences (Figure 1).

Figure 1: Operator Support Module concept
In summary, the main functionalities of OSM revolve around:
•

Present to the operator detailed information about the next product variant that is going to be
processed, in the form of step-by-step Augmented Reality instructions

•

Allow the operator to provide feedback to the SHERLOCK production station regarding the
on-going activities in the workstation.

•

User configurable level of support

•

Provide a hassle-free tool for the operator to introduce new product variants into the
production line.

•

Provide an easy-to-use robot programming environment.

The functionalities of OSM are classified in two main categories (Figure 2):
•

The Process Execution Support category, which is the part of OSM that includes all the
components related to the cognitive support to the operator. Through the selected interaction
hardware, the system will display notifications in the form of assembly instructions, that assist
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the operator in the various procedures he/she executes. Moreover, the operator will provide
input/feedback to the system about actions that he performs or his intentions.
•

The Indirect Human Robot Interaction category, hosting all the tools that enable the indirect
interaction of the operator with the robot. This category also includes all the tools related to
easy robot programming.

Figure 2: Main categories and functionalities of OSM

5.1.2. Selection of appropriate hardware
An evaluation of hardware devices has been carried out, to conclude to a set of hardware equipment
that will be used in each of the use cases of SHERLOCK. The focus of the evaluation was at the
devices that will allow the visualization of information, will host the paperless instructions and will
support indirect human robot interaction.
This evaluation was performed in two stages. First the devices that can support Augmented Reality
(AR) technology were classified based on their nature in five categories: i) Head-Mounted Displays
(HMD), ii) Hand-Held Displays (HHD), iii) Monitors, iv) Projectors, v) 2D smart glasses. Each type
of hardware has its own benefits and limitations. This classification divides the capabilities of the
different kind of AR hardware into 3 categories: Mobility, Spatial Registration, and Hands free
operation (Table 1).
Mobility: stands for the ability of the AR hardware to be mobile
Spatial Registration: stands for the ability of the AR hardware to report its position inside the
shopfloor
Hands free operation: stands for the ability of the AR hardware to provide a hands free operation
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Table 1: Classification of Augmented Reality h/w

Mobility
Spatial
Registration
Hands Free
Operation

HMD

HHD

X

X

X

X

Monitors

Projector

2D Smart
glasses
X

X

X

X

X

X

X

With the use of this classification and by examining the requirements of each one of the SHERLOCK
use cases, the type of the hardware devices for each one of those can be selected.

5.1.2.1. OTIS case
➢ Scenario description
OTIS use case involves a collaborative assembly of two variants of a metal hangers with the
utilization of a high payload collaborative manipulator (D1.1 and D1.2). The size of the hangers
varies from about 40x40cm to 70x40cm. Hangers are being manipulated by a high payload
collaborative robot. Operator installs various parts on top of the hangers, using his bare hands and
some handheld tools. Moreover, operator has to move from one worktable to another.
➢ Use case requirements analysis result
Based on the scenario described above, the requirements with respect of Mobility, Spatial registration
and Hands-free operation can be found at Table 2. Thus, an AR HMD could facilitate the projection
of AR instructions as it is a portable device. Two types of AR glasses exist, differentiating mainly on
the way they provide visualization of the various information (3D or 2D). 2D smart glasses were
rejected, as most of the commercially available 3D HMDs are superior to the 2D smart glasses in
terms of visualization technology and sensors integrated to the device.

5.1.2.2. VDL case
➢ Scenario description
VDL use case involves a collaborative assembly of large metal panels with the utilization of a low
payload collaborative manipulator mounted upside down on a linear rail (D1.1 and D1.2). The size of
the panels is around 80x200cm. The whole assembly takes place at a working table placed below the
linear rail. The low payload robot performs the repetitive riveting task while the operator installs
various smaller parts on top of the panel, using handheld tools.
➢ Use case requirements analysis result
Based on the scenario described above, the requirements with respect of Mobility, Spatial registration
and Hands-free operation can be found at Table 2. The large panel area in conjunction with the
stationary nature of the procedure enable the use of an alternative method of visualizing the
information. For that case a projector was selected as means of visualization of the information. The
projector will be set to display information directly onto the panel. The linear robot rail also provides
the necessary real estate to mount the projector in place. Input devices such as wearables and
microphones will enhance the capabilities of the system.

5.1.2.3. FIDIA case
➢ Scenario description
FIDIA use case deals with the manual assembly of large CNC machines (D1.1 and D1.2). Smart
exoskeleton devices will provide physical support to the operators while they lift heavy parts or work
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in non-ergonomic positions. Operators use handheld tools to perform the various operations.
Moreover, they have to move around the shopfloor in order to have access the various parts that need
to be assembled.
➢ Use case requirements analysis result
Based on the scenario described above, the requirements with respect of Mobility, Spatial registration
and Hands-free operation can be found at Table 2. The nature of this use case let us lean towards the
selection of AR HMDs as the means of visualization of information. Moreover, the state-of-the-art
AR HMDs have built-in spatial registration technology that could prove to be beneficial at the
indication of where the parts and tools are placed in the workplace.

5.1.2.4. SOFITEC case
➢ Scenario description
SOFITEC use case deals with collaborative handling of large composite parts using a human operator
and a mobile robot (D1.1 and D1.2). The operator will have to coordinate with the mobile robot while
moving around the various composite parts. Operator has to constantly move around the shopfloor.
This use case is the only one out of the four that does not involve assembly processes.
➢ Use case requirements analysis result
Based on the scenario described above, the requirements with respect of Mobility, Spatial registration
and Hands free operation can be found at Table 2. After analysis of the scenario and requirements of
the SOFITEC use case, it came clear that the focus of OSM will be aimed at establishing an intuitive
way of coordinating the actions of human operator with the mobile robot. For that reason, the OSM
interface and robot controls for SOFITEC case will be mainly driven from voice commands. To host
the robot programming interface an HHD tablet device will be placed on top of the mobile robot. This
tablet will act as a user friendly teach pendant. The operator will use the tablet in order to apply more
complex controls that could not been applied from voice commands.

Table 2: Use case requirements in Mobility, Spatial registration and Hand-free operation (scale
0-5)

Mobility
Spatial
Registration
Hands Free
Operation

OTIS case

VDL case

FIDIA case

SOFITEC
case

5

2

5

5

4

1

4

2

5

5

5

5

After concluding to the main hardware devices for every SHERLOCK use case, a second more
detailed evaluation took place focusing on selecting the specific devices to be used. AR HMDs are the
only devices in the list that deviate a lot in terms of capabilities and functionalities, as smart devices
and projector models have similar characteristics. As a result, the second stage of the evaluation was a
dedicated market research to define the model of the AR HMD that will be used, summarized at Table
3.
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Table 3: AR HMDs, market analysis

Weight

Field of view

Battery life

Epson
Moverio BT2000

ODG R-7

Laster wave

VUZIX
M100

Magic leap 1

HoloLens v1

HoloLens v2

290g

170g

100g

72g

316g

579g

566g

Binocular

Binocular

Monocular

Monocular

Binocular

Binocular

Binocular

20o horizontal

26o horizontal

18o horizontal

13o horizontal

40o horizontal

30o horizontal

45o horizontal

10o vertical

15o vertical

11o vertical

7.3o vertical

30o vertical

20o vertical

30o vertical

23o diagonal

30o diagonal

21o diagonal

15o diagonal

50o diagonal

34o diagonal

54o diagonal

4h

1-6h

5h

1-6h

3.5h

2-3h

2-3

Video seethrough HD
displays

See-through
holographic
lenses

Video seethrough 5megapixel
stills

Optical seethrough

See-through
holographic
lenses

See-through
holographic
lenses

1280x720 per
eye

2048x1080
per eye

2MP
photo/HD
video

8MP/FHD
video

Build in
speakers

Spatial audio

Optical seethrough
Optics

5-megapixel
stills
3D side by
side Depth
sensing

Camera

Audio

5 MP RGB
1080p
3.5mm
headphone
jack
Microphone

3-axis
gyroscopic
sensor
3-axis
magneto
compass
Sensors

3-axis
accelerometer
IMU sensors
Ambient light
sensor
GPS

1080p video
1080p 60 FPS

8MP 720p

Autofocus

30FPS

Magnetic
stereo audio
ports with ear
buds

Integrated
speaker

Microphone

Microphone

5-MP 1080p

-

Ear speaker

Spatial audio

Microphone

Microphone

3-axis
gyroscopic
sensor

3-axis
gyroscopic
sensor

Controls

Programmable
control
buttons
Voice control

3-axis
magneto
compass

3-axis
magneto
compass

3-axis
gyroscopic
sensor

3-axis
gyroscopic
sensor

3-axis
gyroscopic
sensor

3-axis
accelerometer

3-axis
magneto
compass

3-axis
magneto
compass

3-axis
magneto
compass

3-axis
accelerometer

3-axis
accelerometer

3-axis
accelerometer

1 Depth
camera

Eye-tracking

4 environment
understanding
cameras

GPS
Barometric
pressure
Humidity
sensor
Ambient light

Touch pad

4Microphones

IMU-sensor

Ambient light
sensor
4 buttons

Buttons

3-axis
accelerometer

Track pad

5 control
buttons

Voice control

Touchpad

Remote
control app
Gesture
control
Voice control

Remote 6DOF
controller
Gesture
control

Gesture
control

5Microphones
3-axis
gyroscopic
sensor
3-axis
magneto
compass
3-axis
accelerometer
IMU-sensor
1 Depth
camera
4 environment
understanding
cameras
Ambient light
sensor
Eye-Tracking
Gesture
control
Hand tracking

Voice control

Voice
commands

Voice control

Processor

1.2GHz dualcore 32-bit

2.7GHz quadcore

1.2GHz

1.2GHz dualcore

1.75GHz 64bit

1Ghz 32-bit

2.96Ghz

Storage

8GB flash

64GB flash

8GB

4GB

128GB

64GB

64GB

Memory

1GB RAM

3GB RAM

512MB

1GB RAM

8GB RAM

2GB

4GB

Connectivity

Wi-Fi

Wi-Fi

Wi-Fi

Wi-Fi

Wi-Fi

Wi-Fi

Wi-Fi
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Epson
Moverio BT2000

Dust/Water
resistance

Laster wave

VUZIX
M100

Magic leap 1

HoloLens v1

HoloLens v2

Bluetooth 4.1

Bluetooth 4.0

Bluetooth 4.0

Bluetooth 4.2

Bluetooth 4.1

Bluetooth 5.0

Micro-USB

Micro-USB

Micro-USB

USB-C

Micro USB

USB-C

No/No

No/No

No/No

No/No

No/No

IP54/IP54

ODG R-7

No/No

From the data presented on Table 3,we narrowed down our options to the following: i) ODG-R7 as a
lightweight solution with enough computational power and wide variety of sensors equipped, ii)
Magic leap 1 as the HMD with most computational power and one of the HMDs that enable eyetracking technology and iii) HoloLens v1/2 which has been a fully inclusive standalone system that
offers high quality holograms.
The ODG-R7 HMD is the first to be dropped out. Even with its lightweight design that could provide
beneficial during extensive use, it is lacking a variety of sensors in comparison with the other two
HMD. The last comparison would come down to the Magic leap and HoloLens 2 with both having
similar specs and features. Between the two, HoloLens 2 was chosen due to the advanced spatial and
gesture recognition with extend to hand tracking. Another important point is the support Microsoft
provides for development of HoloLens applications, that will facilitate the development process.

5.1.3. OSM graphical user interfaces and interaction
The interfaces of OSM were designed focusing on being user-friendly and as less destructive as
possible. The two main categories of OSM mentioned at section 5.1.1 (Process Execution Support and
Indirect Human Robot Interaction) must be clearly separated.

5.1.3.1. Adjustable level of support
OSM will allow the operator to select the provided level of supprort. Unexperienced or untrained
workers may utilize the maximum level of support which involves detailed step by step instructions,
3d graphics and visualizations. On the other hand, experienced users may utilize the minimum level of
support, which presents only basic instructions. OSM will keep track of the preferences of each user,
store them in the Knowledge Repository (KR) (D1.4) and retrieve them at the beginning of operator’s
shift.

5.1.3.2. OSM input methods
Operator’s input to OSM must be intuitive and spontaneous to ensure a seamless and hassle-free
interaction. To achieve that, the development of the controls focuses on voice commands and
gestures, with preference to voice commands that will not occupy the operators' hands. The main idea
is that all the voice commands for OSM can be selected with the use of keywords. Gestures and touch
screen buttons will act as supplementary input to the system in case the operator would like to use
them.

5.1.4. OSM Controller
OSM needs to exchange information with the Production Orchestration Module (POM) (D1.4), the
Knowledge Repository (KR) (D1.4) and the rest of the SHERLOCK modules through ROS nodes. To
establish such connection, the development of an OSM central processing unit, named OSM
Controller, was decided. OSM Controller will handle the communication of OSM with the rest of the
modules through ROS. It will gather and process all the information retrieved, and then distribute it to
the different wearable and smart devices. This configuration will prove beneficial in many aspects: i)
the integration with the ROS nodes will happen through a central PC, resulting in a more stable
connection, ii) the development time will be reduced as the ROS communication would not have to be
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rebuilt for every platform of the different devices utilized, iii) will serve as the means of
synchronization between the various devices used, iv) will allow the utilization of devices with
minimal processing power, as resource intensive operations will be executed directly by the OSM
Controller.

5.1.5. OSM Architecture
Figure 3 shows the overall OSM architecture.

Figure 3: Overall OSM architecture

5.1.5.1. OTIS case hardware and architecture
For the Otis case, the wearable device that was selected is the HoloLens v1/2, as a state-of-the-art AR
device that also supports gesture recognition and voice commands. HoloLens cover all the needs of
the OTIS case in terms of OSM, as it can display various information all around the production station
with superimposition of 3d graphics over the real environment. Intuitive instructions, as well as
virtual panels for text information will be used to support the operator during the assembly process.
Moreover, holographic representations of the robot can help the operator to manipulate it with
precision. Finally, Hololens can serve as a means of visualization of robot intension and path.
HoloLens will be connected to the OSM Controller that will feed all the information required (Figure
4).

Figure 4: OTIS case architecture
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5.1.5.2. VDL case hardware and architecture
The envisaged production station for the VDL case utilizes a linear rail portal and an upside down
overhead mounted robot assisting the operator assembling a panel over a table existing right below the
linear rail (D1.2). In that case, a 2D projector is planned to be mounted on the top of the linear rail
projecting instructions directly to the assembly table placed below. User input to OSM will be
provided in two ways: i) by utilizing a smartwatch1, ii) by utilizing voice commands via a head
mounted industrial grade Bluetooth headphone. The selected headphone2 has double microphones and
noise cancelling properties and is tested to work in loud environments. Both devices will be connected
to the OSM Controller, either through a WiFi network and Bluetooth. At this case, the OSM
Controller will also drive the projector device, as the projector will be connected to it HDMI (Figure
5).

Figure 5: VDL case architecture

5.1.5.3. FIDIA case hardware and architecture
In the FIDIA case, the operators will be equipped with the Enhanced Exoskeleton Device (EED) to
assist him in the assembly of FIDIA CNC machines. The machines are large in volume and as a
result, the assembly station is vast. Thus, for this use case the HoloLens AR headset is also selected.
The AR glasses solution fits in large assembly stations, as they can project holograms and
notifications in different areas of the workstation. OSM will provide two main functionalities: i)
cognitive support via the means of AR instructions overlaid over the real world, ii) provide the ability
to modify the level of support that the EED will provide. Regarding the assembly instructions, all the
functionalities described for the OTIS case (Section 5.1.5.1) will apply here too, with the additional
challenge of tracking of large parts/spaces. Figure 6 summarizes the proposed OSM architecture for
the FIDIA case.

LG Urban 2, https://www.lg.com/us/smart-watches/lg-W200V-lg-watch-urbane-2nd-edition-verizon, last
accessed on 31/3/2020
1

2

Jabra Steel, https://www.emea.jabra.com/bluetooth-headsets/jabra-steel, last accessed on 31/3/2020
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Figure 6: Fidia case architecture

5.1.5.4. SOFITEC case hardware and architecture
The use case of SOFITEC utilizes a mobile dual arm manipulator (MDAM) that helps a human
operator to carry large composite parts around the shopfloor and place them at specific locations. The
operator will be equipped with an NFC smart-band, along with a headphone, so it can dictate over the
MDAM mainly by using voice commands or scanning dedicated NFC tags installed at specific areas
of the shopfloor. Furthermore, a tablet device is planned to be placed on top of the MDAM as a means
of visualization of various parameters. OSM Controller will manage the communication with the rest
of the SHERLOCK modules (Figure 7).

Figure 7: SOFITEC case architecture

5.2. Implementation
5.2.1. Generation of assembly instructions
One of the main challenges identified for OSM is the extensive amount of assembly instructions that
need to be modelled. Three out of the four use cases involve assembly procedures, with the main
challenge to be the FIDIA case where the assembled products have a large number of parts and
assembly steps. For that reason, an easy way of generation of assembly instructions had to be
implemented. A system like this would prove beneficial also for the case of introduction of new
variants of products in the SHERLOCK system as with small modification and the minimum user
input the system could understand the characteristics of the product assembly and generate the
assembly steps required. The method followed is to extract the relations of the parts from a CAD file.
The creation of assembly instruction from 3D CAD models is a complex research topic requiring to
analyse the semantics and structure of the design files to infer possible assembly sequences and
instructions. The approach that we chose for the OSM was to let the end-user (expert) define the
assembly sequences for the worker. The process relies on a semi-automatic analysis of the CAD
hierarchy and possible fine tuning by the user with intuitive interfaces requiring no coding skills.
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5.2.1.1. Concept
OSM offers a logical, efficient and simple scenario creation process. The developments are based on
the 3D engine Unity and the Light and Shadows framework INTERACT3.
First, the user imports the CAD model of the assembly into Unity software4. Importing the CAD
model allows to keep the structure and hierarchy intact. If the CAD model has been designed
appropriately, each Unity object will have a suitable name, and the whole assembly will be logically
structured.
From this imported model, it is possible to configure the assembly sequence with a specific
configuration window displayed below (Figure 8).

Figure 8: Assembly window (1: treeview; 2: viewer; 3: timeline; 4: operation)
The assembly window is divided into several sub-windows:
1. The window that exposes a view on the data tree of the assembly (which we will call treeview
window).
2. The window used to view the assembly (which we will call the viewer window).
3. The window which allows you to view the timeline of the assembly (which we will call the timeline
window).
4. The window used to configure the operations (which will be called the operations window).
First, the assembly obtained from the CAD model may not meet the requirements (e.g. nodes are
incorrectly named). Using the assembly window, the user can modify the model structure. He can
rename the assembly nodes in the treeview, reparent the assembly or merge nodes, as to form only
one node.

3

INTERACT framework, https://light-and-shadows.com/projet/interact/, last accessed on 31/3/2020

4

Unity Game Engine, https://unity.com/, last accessed on 31/3/2020
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The user can then add operations to each assembly node. An operation corresponds to an action which
will be carried out during the scenario (ex: displacement, mounting, screwing, validation, etc). The
operation thus created appears next to the assembly node in the treeview. The operations can then be
ordered by specifying for each its order of execution (Figure 9). The sequence of operations in the
scenario will be described later.

Figure 9 "Operation" GUI tab
By clicking on an operation, its parameters are displayed in the operations window. For example, for a
placement operation (an operation that requires the user to place a share on a target), the user can
specify the target. You can also, for example, modify the message displayed when the operation is in
progress.
The user can, at his convenience, get an idea of the scenario obtained using the timeline. By
manipulating the timeline cursor, he sees all the stages of the scenario, as well as the progressive
construction of the assembly in the viewer.
Once all the steps are configured, the user can generate a scenario graph from his assembly (Figure
10). He can open this graph, which represents the whole scenario, step by step. He can change the
order of the stages and their connections, and he can also delete or add other stages. Each step is in
fact an operation, which he can configure from the graph.

Figure 10 Scenario graph
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The logic for generating the scenario from an assembly is as follows: before carrying out operations
on an assembly, we start by carrying out all the operations on its sub-assemblies. The user has given
an execution number for each operation in the treeview, this number corresponds to the order of
execution within the sub-assembly.
The aim of this creation process is to translate the user’s view of the assembly procedure in an
intuitive way. The resulting assembly scenario description can then be exported to an Operator
Support module (AR) so that the generation of instructions from CAD models requires no software
development skills. The end-user can directly create and modify assembly instructions at will.
NB making this technology accessible to the end-users directly for authoring was not initially planned
in the Description of Work but we found out that this represents an interesting project achievement.

5.2.2. OSM Controller Implementation
As mentioned in the previous sections, all the OSM interface devices will be connected to the OSM
Controller, which exists at the central processing unit of the workstation. The OSM Controller as well
as the interfaces were developed using Unity. The main purpose of the OSM Controller is to
communicate with the ROS nodes through ROS bridge, process all the information and then feed it to
the other OSM interfaces. The connection between the client interfaces and the OSM controller was
developed with Mirror5, a Unity plug-in that enables network communication. The Mirror networking
was configured to work with Web-socket communication protocol.

5.2.3. OSM Interfaces Implementation
5.2.3.1. HoloLens interface
In this section the HoloLens AR glasses interface is described, focusing on the OTIS case. During the
initialization of the application a holographic panel is displayed that acts as the main menu (Figure
11). From this panel the operator can login to the system and select between the different
functionalities of OSM.

Figure 11 Main menu holographic panel 1) Login panel 2) Functionality selection

5

Mirror plugin, https://assetstore.unity.com/packages/tools/network/mirror-129321, last accessed on 31/3/2020
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Immersive assembly instructions are offered to the operator, by means of animated 3D models of the
parts that he/she has to assemble. Also, auxiliary panels are displayed with information about the
name of the part to be assembled as well as the required tool needed to execute each task. There is the
option to select the preferred level of assistance between two levels: i) maximum level of assistance:
3d graphics and detailed instructions are displayed (Figure 12b), ii) minimum level of assistance: only
the outline of the part is displayed (Figure 12a).

Figure 12: a) Highlighted outline of the part a) Animated parts and toolbox panel
Regarding the virtual robot control, two ways of interaction have been implemented. The first method
makes use of HoloLens 3D object anchoring technology. The operator can manipulate a virtual griper
and indicate a point in space for end effector to move to. The OSM server receives the coordinates of
the point in space and translates it to robot movement. Before the robot executes the new trajectory,
the operator can enable a preview of the robot motion to this new position. This feature can provide a
feeling of safety to the operators that are not used to collaborate with robots in their workplace
environment, as well as avoid potential injuries or damage (Figure 13).

Figure 13: Robot virtual control a) The operator sets a new position for the robot end-effector
b) Virtual robot (yellow) showcases the planed trajectory c) Real robot moves to the new
position
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5.2.3.2. Smartwatch interface
The main purpose of the smartwatch interface is to act as the input device for robot control and
feedback from the operator to OSM regarding the status of the assembly. The operator can enable the
various functionalities from a scroll menu (Figure 14).

Figure 14: Smartwatch interface main menu (a) Assembly instructions (b) Reposition robot (c)
Program robot
For robot control the operator can again choose to use the virtual control interface or enable the
manual guidance. The virtual control interface displays arrow buttons which can move and rotate the
robot end effector around its 6 axes (Figure 15).

Figure 15: Smartwatch interface for robot control
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Moreover, the PHRIM developed in T3.1 (D3.1) can be enabled by tapping the smartwatch interface.
Then the operator will have to use the force sensor installed at the robot to change its position in a
direct way. The operator has the option to save this new position for later usage (Figure 16).

Figure 16: PHRIM enabling panel

5.2.3.3. Projector interface – Assembly instructions
The VDL case utilizes a projector that will be installed on a linear rail and display instructions along
with information about the robot directly to the panel that is been assembled. The purpose of the
projector is to display AR information (Figure 17) without the need for the operator to wear AR
headset or some other device that maybe feel uncomfortable in long hours of use. The first prototype
of the projector interface was developed with a commercial LCD projector, but for the second
prototype setup a laser projector will be selected, so that the projected images are clearly visible in the
intensive lighting existing at the VDL’s shopfloor.

Figure 17: 2D AR instructions
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The AR instructions provision is implemented by direct projection of text on top of the panel to be
assembled, along with an illustration of the parts/procedure that the operator has to execute. In
addition, arrows and highlighted images of the parts indicate the positions where the different
components need to be placed. In this implementation the smartwatch can be used to irritate through
the assembly steps. In its interface (Figure 18) the text description of the task is presented. Also, a
round progress bar indicates how many steps have been completed from the total amount of the
assembly steps.

Figure 18: Smartwatch interface during assembly
Operator can move on to the next task either by taping to the “Next step” button of the smartwatch
GUI, or using voice commands with the use of an industrial grade headphone (see section 5.2.4).

5.2.3.4. Projector interface – Robot Control
To support the robot control and programming functionality of OSM, the projector displays feedback
from the robot regarding the commands it receives from the operator (Figure 19).

Figure 19: Projector interface for robot control
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The coordinate system of the end effector of the robot is displayed along with text received from ROS
regarding the status of the robot and the planning of the new trajectory set from the operator. In Figure
20 the actions of the robot after the operator has indicated a new position are displayed along with the
presented messages from the projector.

Figure 20: Controlling robot at Gazebo from OSM 1) Planning completed successfully 2)
Executing planned trajectory 3) New trajectory completed

5.2.4. Voice commands implementation
One of the main goals during the development of OSM was to create an application that could be
mainly controlled by voice commands. The reason for that, is that operators mainly deal with labour
intensive operations and have their hands occupied most of the time. The implementation for the use
cases that utilize HoloLens AR glasses as a means of visualization was achieved by using the
Microsoft Speech recognition library6, which is integrated to HoloLens Unity package. For the use
cases that utilize a smartwatch or projector as a means of visualization, an industrial grade headphone
with noise cancellation technology is utilized, together with the same speech recognition library
mentioned above. Table 4 summarizes the keywords currently implemented. Those will have to be
tested at an industrial environment to ensure their correct selection.
Table 4: Voice commands - Keywords
Keyword

Action

Next step

Current task completed

Increase assistance

Increase the provided level of support

Reduce assistance

Reduce the provided level of support

Plan pose

Command robot to plan trajectory for target
position

Execute pose

Command robot to execute the planned
trajectory

Close panel

Close the main menu panel

Open panel

Open main menu panel

Open outline

Highlight the main part

Microsoft
Speech
recognition
library,
https://docs.microsoft.com/en-us/archive/msdnmagazine/2014/december/voice-recognition-speech-recognition-with-net-desktop-applications, last accessed on
31/3/2020
6
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Keyword

Action

Close outline

Close the highlight of the main part

5.2.5. OSM integration with Shopfloor Digital Representation (SDR)
As mentioned earlier, OSM will be utilized in order to control the position of the robots in an indirect
way, facilitating the easy programming concept that SHERLOCK introduces. OSM will receive
information about the current pose of the robot inside the workcell and allow the operator to
command a new target position. This position will be transferred to the Shopfloor Digital
Representation (SDR) module, which is the digital twin of the real shopfloor (D4.2). SDR will
generate the robot path in order to achieve the commanded by OSM position of the robot, checking
for feasibility and collision with the various elements of the shopfloor. Then, SDR will provide
feedback to the operator regarding the feasibility of the command as well as the generated robot path.
Figure 21 shows the SDR environment for the VDL use case.

Figure 21: Gazebo simulation environment of VDL case
The first step was to establish communication of Unity with ROS so that the OSM interface will be
able to send messages about new positions to the robot. The connection between ROS-Unity was
achieved by using ROS bridge, which allows the connection of Unity with ROS by JSON API
through web sockets (Figure 22). With the use of ROS bridge the URDF files that describe the robot
kinematic and dynamic properties were imported into Unity along with its 3D models.

Figure 22: ROS Bridge architecture
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The current prototype of indirect robot control utilizes the MoveIt open-source software for
manipulation, motion planning and analysis of robot interaction with the environment, along with
RVIZ (Figure 23), where the planning and execution of the new robot positions are visualized.

Figure 23: Path planning visualization at RVIZ
For Unity to be able to provide new robot positions at MoveIt, a python script was developed in ROS
to publish several ROS topics where information about the robot pose and status could be accessed.
Respectively the relevant subscribers to the published topics were developed at Unity side to provide
the new robot poses at MoveIt. MoveIt, after receiving a new pose, runs an analysis to plan the
trajectory for this pose. After a successful plan, it executes the new trajectory applying it at Gazebo
simulation environment. The topics developed to allow the communication of Unity and Gazebo are
described in more detail at Figure 24:
/pose_stamped_listener a topic used to provide the target robot pose from Unity to ROS, this topic
receives a JointState array with the data of the new pose.
/display_planned_path topic provides to OSM the planed trajectory to the new pose. With this set of
data, OSM visualizes the trajectory the robot will follow, informing the user about the new trajectory
before the actual execution.
/joint_states topic provides to OSM the joint states of the robot from Gazebo and in further extend
the physical robot.
/planning_outcome topic informs OSM about the result of the planning outcome, for example
“Succeeded” if a plan for the new trajectory was found or “Failed” if the new pose provided from the
user does not have a viable plan to execute.
/robot_current_status topic informs OSM about the status of the robot e.g. Executing, Planning new
pose etc.
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Figure 24: ROS topics used for connection of SDR with OSM Controller
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6. ROBOT TO HUMAN COMMUNICATION FOR ACTIVE AWARENESS
The aim of T3.3 is to provide tools and mechanisms for robot to human communication. This
communication channel will allow to anticipate robot motions and activities, increasing the safety
perception of users and operators and enhancing the user experience.
The outcome of this task is the Robot to Human Communication Module (RHCM).
RHCM uses the hardware of OSM in order to achieve the robot to human communication.
While the detailed design of this module for of the use cases is done and will be found bellow, the
initial prototype developed for the first period of the project focuses on the SOFITEC use case. The
principles behind its development can be utilized to the other use cases too.

6.1. Approach and Architecture
6.1.1. Approach
6.1.1.1. OTIS case
HoloLens HMD, used by OSM in OTIS case, is packed with all the appropriate functionalities to
enable robot to human communication. The robot will send notifications in the form of popups. Robot
trajectory will be visualized overlaying 3d graphics on the real environment, prior the execution of the
relevant movement. Moreover, safety zone volumes will be visualized when the operator approached
close to those. The build in speakers of HoloLens will be used so as the robot can send prerecorded
audio messages to the operator. Figure 25 illustrates the approach described above.

Figure 25: OTIS case - RHCM approach

-28-

SHERLOCK

820689

6.1.1.2. VDL case
The RHCM is a very important aspect of the VDL case as the operator will work in close distance
with the robot most of the times. Also, the robot is equipped with the riveting tool which can be very
harmful if the operator gets in the way of the robot. Due to that the operator is equipped with a
smartwatch and an earphone that can both be utilized in order to provide him valuable info notifying
him for the future actions of the robot (hardware used in OSM).
This channel of communication is enabled through three different methods. Visual feedback displayed
from the projector that is installed on top of the linear rail, audio instructions from the earphone and
haptic notifications from the smartwatch. Some examples/future implementations on these categories
are: Visual information that can display the robot trajectory as well as safety zone volumes. Audio
instructions could enable a form of constant communication of the robot with the operator.
Finally, vibrating notification can act as a reminder for the operator. These small vibrations can be
combined with prerecorded messages if it is a message of high importance. Continuous vibrations
along with some visual message on the screen can be implemented when the operator is in a position
of high risk, or the robot is moving onto his direction.
Figure 26 illustrated the approach described above.

Figure 26: VDL case – RHCM approach

6.1.1.3. FIDIA case
Fidia use case does not involve any robotic resources. Thus, RHCM will not be implemented for this
use case.

6.1.1.4. SOFITEC case
The main idea of the work carried out within T3.3 is to provide a user interface able to display useful
information about the intentions of the robot in a clear and understandable way. Taking in mind the
different use cases where the robots act as assistants of operators, it was decided to use a human-like
avatar to provide information about the actions of the robot. This decision is motivated by the fact that
operators not used to interact with robots will be the main users of the developments of SHERLOCK
project. Therefore, the use of a human-like avatar can facilitate the acceptance of these new
technologies, increasing also the understandability of the shown information.
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Regarding the technology for visualization, there are quite a few factors that determine how to select
the best approach. Traditionally, native applications have been used for this purpose. Native
applications have a specific development environment and generally provide a simplified environment
for development functions such as debugging and project management, but they present a few
drawbacks, as for example:
•
•

They are restricted to a particular platform
As they are restricted to a particular platform, they require more investment to design,
develop and maintain

That’s why in this project a HTML5 based UI approach has been followed, which has some
advantages:
•
•
•
•

Reduced cost and time for development
A very active community
Easier to maintain
Multiplatform

For this HTML5 based approach, the next libraries and tools have been used:
•
•

Bootstrap7 and jQuery8 for the user interface
ThreeJS 9for the 3D visualization

ThreeJS is a very interesting library, as it is a cross-browser JavaScript library and Application
Programming Interface (API) used to create and display animated 3D computer graphics in a web
browser (it uses WebGL). Its main architecture is as follows (Figure 27):

Figure 27: ThreeJS architecture
7

Bootstrap, https://getbootstrap.com/, last accessed on 31/3/2020

8

jQuery, https://jquery.com/, last accessed on 31/3/2020

9

ThreeJS, https://threejs.org/, last accessed on 31/3/2020
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In this demonstrator, a gLTF10 loader has been used, in order to load and visualize the avatar’s model.
glTF (GL Transmission Format) is a 3D file format that stores 3D model information in JSON format.
The use of JSON minimizes both the size of 3D assets and the runtime processing needed to unpack
and use those assets. It was adopted for the efficient transmission and loading of 3D scenes and
models by applications. glTF was developed by the Khronos Group 3D Formats Working Group and
is also described as JPEG of 3D by its creators. The format defines an extensible, common publishing
format for 3D content tools and services that streamlines authoring workflows and enables
interoperable use of content across the industry. The format is shown below (Figure 28):

Figure 28: glTF format

6.1.2. Developed Architecture
As stated in the previous section, the core element of the RHCM interface is a human-like avatar that
will provide information about the current robot task. Additionally, an HTML5 based approach has
been presented in order to develop a multiplatform solution. The following schema shows the
architecture of RCHM (Figure 29):

Figure 29: Architecture for human to robot interaction interface

10

glTF loader, https://en.wikipedia.org/wiki/GlTF, last accessed on 31/3/2020
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This architecture includes a main PC which provides all the information to be displayed in the GUI.
The architecture allows the inclusion of several external PCs able to display the GUI using any web
browser. Specifically, this is the flow followed for the GUI visualization:
1. A web browser (from an external PC) asks for the static content of the GUI to a HTTP server
running in the robot PC.
2. Once the static content is in the web browser, it accesses the dynamic content of the GUI
(pose of the avatar, state of the task…) that is available in ROS. This information is reached
through ROS bridge, a websocket based solution to access ROS information from non-ROS
applications.
3. This dynamic information modifies the GUI in real time, providing instant feedback about the
status of the task.
This information summarizes the approach followed for human to robot interaction, as well as
presents the general architecture followed.

6.2. Implementation
Next sections provide further information about the implementation of the first prototype of the
RHCM module, as well as the developments carried out in order to integrate the first prototype of the
RHCM module (T3.3) with the PHRIM module (T3.1), focusing on the SOFITEC use case and dual
arm guidance demonstrator described on D3.1.

6.2.1. Robot to human communication mechanisms
The key hardware element for the robot to human interaction at this phase of the project is a video
projector. This projector will display information about the task, as well as the status of the current
activity. Due to the space limitations of the mobile platform of SOFITEC use case, it has been decided
to include a small size projector, specifically an Anker Nebula Capsule11 (Figure 30).

Figure 30: Anker Nebula projector used in task T3.3
11

Anker Nebula Capsule, https://www.anker.com/store/capsule-projector/D4111111, last accessed on 31/3/2020
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The projector also includes a 360º speaker, which allows to use audio signals to enhance the visual
information.
Regarding the setup, the projector has been placed near the two Kuka LBR iiwa robots used for the
developments of T3.1 of SOFITEC use case, mimicking its placement in the final dual arm mobile
robotic platform. To ensure a proper visualization a white plate of 800x600mm has been placed in
front of the projector in a distance of 1 meter. Figure 31 shows the setup with the projector in robot’s
workspace.

Figure 31: Video projector of dual arm robot setup
An additional PC is also used which is attached to the projector and executes the HTTP server of the
GUI as well as the ROS framework for communication with the: i) KUKA robots and ii) PHRIM
module.

6.2.2. User Interface Implementation
As stated previously, it was decided to include a human-like avatar as central element of the GUI.
This decision is motivated by the fact that the potential users of the technologies developed within
SHERLOCK project are operators not used to work with robots. Figure 32 shows the GUI developed
for human to robot interaction.

Figure 32: UI for human to robot interaction
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The GUI can be modified dynamically, allowing the next actions:
•

Display and reproduce (through Text-To-Speech) messages,

•

Modification of the direction of the gaze of the avatar, allowing to look upwards/downwards
and to both sides of the screen.

•

Modification of the colour of the circle in the background. The background colour ranges
from green to red, indicating how well the current action is being performed.

The GUI listens to three different topics to modify the previously presented features:
•

/robot_state: String indicating the text to be displayed and reproduced,

•

/trajectory_deviation: Deviation from the nominal path (XYZ values), expressed in the
frame of the visualization avatar. Indicates in which direction should look the avatar. The
value is normalized between [-1.0, 1.0], where 0.0 indicates that there is not deviation in one
axis (the avatar looks to the front) and 1.0/-1.0 indicates the maximum deviation in one or the
opposite direction.

•

/robot_status_value: Value between 0 and 1 indicating the "correctness" of the task. Value 0
is displayed as a green colour and the greater the value, the closest to red colour.

These three elements allow the projection of the status of the task, as well as specific messages that
will be displayed and reproduced for an implicit communication between the robot and operators.

6.2.3. Integration with Demonstrator
Additionally, the presented GUI has been integrated with the PHRIM demonstrator of task T3.1
(D3.1). This demonstrator allows using a dual arm robot to manage large fibre carbon parts of 2m
long and place them in shelfs and fixtures based on the force applied by the operators. During this
guidance process, the operator is able to deform the nominal trajectory, which may lead to unexpected
behaviours in the nominal guidance process (further information about the demonstrator in deliverable
D3.1).
In order to enhance this demonstrator of task T3.1, it was decided to integrate this avatar as it can
provide information about the guiding as:
•

The start and finish moment.

•

How well the nominal trajectory is followed and the degree of coordination between both
arms.

•

Indicate the direction of the deviation using the avatar’s gaze.

Thus, it was necessary to develop an additional ROS node that processes the information generated
during the guiding process and outputs meaningful information for the RHCM. Figure 33 shows the
flow of information managed by this node:
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Figure 33: Dual arm guidance information manager
This is the list of topics that are received by the Dual arm guidance information manager node:
•

/dual_arm_trajectory_start: Topic to indicate that a new guidance has started
o

•

/dual_arm_trajectory_finish: Topic to indicate that the guidance has finished.
o

•

Type: std_msgs::Float64

/robot_2_trajectory_pose: Nominal trajectory pose of the guiding for robot 2 (not
necessarily the current robot pose).
o

•

Type: geometry_msgs::Pose

/robot_2_trajectory_percentage: Topic to indicate the percentage of trajectory covered by
robot 2.
o

•

Type: geometry_msgs::Pose

/robot_1_current_pose: Current pose of robot 1.
o

•

Type: std_msgs::Float64

/robot_1_trajectory_pose: Nominal trajectory pose of the guiding for robot 1 (not
necessarily the current robot pose).
o

•

Type: std_msgs::Empty

/robot_1_trajectory_percentage: Topic to indicate the percentage of trajectory covered by
robot 1.
o

•

Type: std_msgs::Empty

Type: geometry_msgs::Pose

/robot_2_current_pose: Current pose of robot 2.
o

Type: geometry_msgs::Pose
-35-

SHERLOCK

820689

These topics are processed in order to provide high level information about the guidance status.
Specifically, these are the topics published by the node:
•

/robot_status_value: Value indicating the "correctness" of the guidance taking into account
the deviations from the nominal path and the coordination of both arms.
o

•

•

Type: std_msgs::Float64

/robot_state: Status of the robot which can take the next values:
o

WAITING_FOR_OPERATOR

o

EXECUTING_GUIDANCE

o

GUIDANCE_FINISHED

o

Type: std_msgs::String

/trajectory_deviation: Deviation from the nominal path (XYZ values), expressed in the
frame of the visualization avatar
o

Type: geometry_msgs::Point

Finally, Figure 34 shows the integrated version of the dual arm guiding demonstrator with real time
feedback through the GUI.

Figure 34: Integrated version of HRCM and PHRIM demonstrators
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7. CONCLUSION & NEXT STEPS
7.1. Operator Support Module (OSM)
This document summarizes the work carried out in T3.2 towards the development of the first
prototype of the Operator Support Module (OSM), which was driven from the analysis of the
scenarios and requirements of the use cases of SHERLOCK (D1.2 and D1.3). Four instances of OSM
have been designed to fulfil the different needs of the use cases. Initially, a selection of relevant
technologies has been carried out based on a human-centred evaluation. Later on, two working
prototypes have been developed, one for the OTIS and one for the VDL use cases. These prototypes
provide functionalities such as intuitive step by step instructions to the operators as well as easy and
hassle-free indirect HR interaction. Finally, steps towards the integration of this module with other
modules of SHERLOCK, such as POM, KR and SDR have been carried out.
Next steps in the development of OSM will involve:
•

Integration of OSM with the other modules of SHERLOCK (OSAM, TAPS, HPCM, LPCM,
RHCM) (M24).

•

Evaluation of first prototype of OSM at the end user premises.

•

Development of working prototype of OSM for FIDIA and SOFITEC cases (M36).

•

Enhancement of OSM, driven by feedback of operators (M36).

7.2. Robot to Human Communication Module (RHCM)
This deliverable has summarized the work carried out in task T3.3, towards the development of the
first prototype of the RHCM module. The proposed approach is focused on the SOFITEC case and
includes an HMTL5 based UI that can be displayed in any PC, offering a cross platform solution. The
central element of this UI is a human-like avatar able to display and reproduce messages, as well as
modify the movements of the avatar to provide feedback about the status of the robot’s actions.
This development has been integrated with the work carried out in task T3.1, a demonstrator centred
in the dual arm guidance of large fiber carbon parts. The inclusion of the UI has enhanced this
demonstrator, providing a real time feedback about the status of the guiding process.
There are still several aspects of the robot to human interaction that will be tackled in the next phases
of the project, specifically:
•

SOFITEC case:
o

Integration of the projection h/w on the mobile robot (M24).

o

Test the use of a different design of the UI, for example a dashboard-like interface. It
can be interesting to test the validity of a “traditional” interface with technical data
displayed on it (M36).

•

OTIS case: Utilization of the interfaces of the OSM module to provide information about the
robot intention-trajectory – integration with HPCM (M36).

•

VDL case: Utilization of the interfaces of the OSM module to provide information about the
robot intention-trajectory – integration with LPCM (M36).

•

Perform user centred tests to assess the different UI designs and rate their usefulness (M36).
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8. GLOSSARY
AR
OSM
RHCM
HRI
HRC
PHRIM
HMD
HHD
KR
ROS
EED
MDAM
GUI
NFC
CAD
SDR
URDF
CNC
UI
JSON
API
glTF
HTML
POM
OSAM
TAPS
HPCM
LPCM

Augmented reality
Operator support module
Robot to Human Communication Module
Human Robot Interaction
Human Robot Collaboration/Collaborative
Physical Human Robot Interaction Module
Head mounted display
Handheld display
Knowledge Repository
Robot Operating System
Enhanced Exoskeleton Device
Mobile Dual Arm Manipulator
Graphical user interface
Near-field communication
Computer-aided design
Shop floor Digital Representation
Universal Robotic Description Format
Computer numerical control
User interface
JavaScript Object Notation
Application Programming Interface
GL Transmission Format
Hypertext Markup Language
Process Orchestration Module
Online Safety Assessment Module
Task and Action Planning Software
High Payload Collaborative Manipulator
Low Payload Collaborative Manipulator
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