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EXECUTIVE SUMMARY 

The present document is a deliverable of the CoLLaboratE project, funded by the European Commission’s 

Directorate-General for Research and Innovation (DG RTD), under its Horizon 2020 Research and innovation 

programme (H2020). This deliverable aims at presenting the results of Task T5.1 “Advanced HRI inspired by 

Human-In-The-Loop (HITL) Experimentation”. It is developed within the scope of WP5 responsible for 

determining the “Interaction, Monitoring, and Planning for increased Safety and Efficiency”. This deliverable 

provides a preliminary view of the CoLLaboratE HRI system, its components, and their interdependencies, as 

well as the employed methodology for developing the architecture. It was originally submitted on March 31st 

2020. However, it is resubmitted with updates according to the reviewers’ comments after the project’s 1st 
reviewing period evaluation. In this updated version we have added Section 1.2, Section 1.3, Section 3.2, and 

Chapter 4. 

 

HRI Architecture 

After a brief introduction about the purpose of this deliverable and the CoLLaboratE’s HRI interface in Chapter 

1, we analyze the architecture of the overall system from a technical standpoint and emphasize on the 

technologies employed for each module. The system is developed with a client-server methodology and the 

frameworks for both sides are described in detail. 

 

HRI Stages 

CoLLaboratE HRI is based on many modules that constitute the interface to allow smooth interaction with the 

user. The interaction spans three stages, the Visual Teaching stage, the Kinesthetic Teaching stage and the 

Supervision/Execution stage. The first two stages are described in detail with illustrations in Chapter 3, 

whereas the third stage will be presented in the final version of this deliverable in M30.
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1 INTRODUCTION 

This deliverable (D5.1 “Design of the Human-Robot Interaction Interface (preliminary)”) provides the 

description of the CoLLaboratE HRI interface, addressing the design of the Human-Robot Interaction toolkit 

for supporting the visual and kinesthetic teaching process of the robot in a new assembly task, as well as the 

supervision and execution of the learned task in the factory shopfloor. 

This deliverable documents the steps and actions performed in T5.1 and will also provide valuable input for 

WPs 2 and 6. 

1.1 PURPOSE 

The purpose of this deliverable (D5.1 “Design of the Human-Robot Interaction Interface (preliminary)”) is to 

provide an overview of the CoLLaboratE HRI interface, summarizing the technical and functional design. It 

describes the basic functionality of the CoLLaboratE HRI. 

The main goals of this deliverable are: 

• Presentation of the design methodology for CoLLaboratE HRI 

• Definition of high-level functionalities of the CoLLaboratE HRI 

• Overview of the adopted development and deployment framework 

The inputs used for the specification of the above are first of all the CoLLaboratE DoA, Grant Agreement Annex 

I – “Description of Action” (DoA) [1], as well as user requirements and CoLLaboratE use cases specified in 

Deliverable D2.1. 

 

1.2 HUMAN IN THE LOOP EXPERIMENTATION 
The developed HRI interface is designed for facilitating human-in–the-loop experimentation. More 

specifically, human in the loop experimentation is enabled by the two main functionalities of the CoLLaboratE 

system that are supported by the HRI, namely, teaching the robot from human demonstrations, and the 

kinesthetic teaching of the robotic manipulators for performing collaborative assembly tasks. Every step of 

the teaching process, whether visual or kinesthetic, is controlled by the instructor and the proposed HRI 

interface provides the necessary tools to complete it successfully. 

 

1.3 HUMAN-CENTRIC DESIGN METHODOLOGY 
Regarding the design methodology that we followed for the HRI interface we follow a human centric approach 

which is based on the Volere methodology. According to this approach, the user requirements elicited in T2.1 

have been used for extracting the functional and non-functional requirements of the system components in 

T2.2, including those of the HRI component. The details are in the corresponding deliverable D2.4 [6]. A short 

summary of the functional requirements for the HRI component where the human centric design is evident is 

presented below. 
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F-Req-07 Keyframe Confirmation (in 

tablet) 
Keyframes will be displayed on the tablet and the 

instructor is able to accept, reject, or modify them.  

F-Req-08 Assembly Sequence 

Confirmation in tablet virtual execution 
The Assembly sequence will be displayed in a virtual 

environment on the tablet for further modifications, 

acceptance or rejection.  

F-Req-10 Final Assembly Task 

Confirmation 
The instructor will check the simulated assembly 

process on the tablet where she can confirm or modify 

certain parts of the process. 

F-Req-12 Train Assembly Phase 

Initialization 
After confirming the successful simulation, the system 

will provide the proper option on the tablet, and read the 

instructor's input. 

F-Req-18 Assembly Confirmation The instructor is provided with a button on the tablet to 

confirm each stage of the assembly process.  

F-Req-20 User-friendly HRI interface for 

the communication of the workers with the 

system 

The interface achieves high usability score during testing 

by the workers  

 

1.4 DOCUMENT OVERVIEW 

This preliminary report begins with an overall description of the system’s architecture with technical details 

and analysis of the interconnections between modules. In Chapter 3 we provide details of the operation of 

each module in the teaching stages, in Chapter 4 we present our evaluation methodology, while in Chapter 5 

we conclude the report with a compact rundown of what has been presented in this deliverable and the future 

plans for development. 
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2 OVERALL ARCHITECTURE 

2.1 INTRODUCTION 
This section presents the CoLLaboratE HRI overall architecture. The section is divided in two subsections with 

the first elaborating on the conceptual architecture of the developed HRI interface, while the second elaborates 

on the detailed architecture, providing descriptions of the frameworks and protocols that were employed. 

2.2 SYSTEM ARCHITECTURE 
The CoLLaboratE system is built around the concept of a system capable of learning and executing assembly 

tasks demonstrated by a human, either through computer vision or kinesthetically. The system learns 

assembly tasks, such as grasp and place, by observing the task being performed by a human instructor. Then, 

the system will analyze the task and generate a corresponding assembly program. Aided by the human 

instructor, the robotic system will finally learn to perform the actual assembly task, relying on sensory 

feedback from the sense and perception module, as well as physical Human-Robot Interaction. 

All the above work heavily relies on smooth and robust user interaction with the CoLLaboratE’s system using 

the HRI module. The HRI module consists of a graphical user interface with which the user (client) interacts 

through a web browser, allowing deployment on portable devices, such as a tablet. In the back end of the 

system, a web server responds to the user requests from the web browser and performs the required actions 

using a state machine and the Robot Operating System (ROS) to communicate with the robotic system. 

 

Figure 1. The client-server architecture 

As seen in Figure 1, the interface is built using a server-client architecture for increased portability and 

centralized control. Different technologies in both the client and the server have to work in unison to create 

an integrated environment. The client side has to be intuitive and lightweight so it can run on a mobile device 

like a tablet in our case. On the other hand, the server side should be able to handle the heavy work of analyzing 

and simulating, while handling the requests made by the user through the tablet. Last but not least, the client 

has to be in constant communication with the server to enable the continuous interaction with the user that 

is required. 

2.3 DETAILED DESCRIPTION 
As described in the previous subsection the architecture of CoLLaboratE’s HRI is based on a client-server 

model with specific requirements for each side. As seen on Figure 2, the client side employs the latest 

technologies to allow us the best user experience with our interface. Some of them include HTML5 and CSS3, 

used to build the graphical user interface, mainly with the use of buttons and frames, JavaScript (JS) that is 

used to provide dynamic functionality and reduce the amount of different pages the client has to load, the 
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Angular 6 framework, used for the client-server asynchronous communication and building advanced 

interaction features and, Gzweb that is used to provide the user web visualization tools for viewing and 

interacting with the 3D simulation in Gazebo. 

On the sever side we make use of popular technologies with robustness in mind to create a capable and fully 

operating server. Some of the utilized technologies are: Node.JS, a common and easy to use Javascript 

framework that is used for developing the RESTful API and calling system or ROS services, MySQL, a common 

and lightweight database that is used for storing all the information needed for the assembly details, and 

ROS/Gazebo, the environment used for implementing the simulation with many useful modules. In the 

following paragraphs we are going to elaborate on the specifics of each aforementioned technology. 

 

 

Figure 2. The technical elements of the architecture 

Angular 6 

Angular [2] is a platform and framework for building single-page client applications using HTML and 

JavaScript. It provides easy to use functions and structures for fast and intuitive development of light-weight 

web graphical interfaces. It also provides a well-defined file structure for the web application which greatly 
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accommodates error free development and debugging. By providing many libraries like “Angular Material”, 

which in turn has features such as auto-complete, navigation, toolbar, menus, etc. that facilitate development 

of beautiful and intuitive interfaces. 

Node.JS 

Node.js [3] is an open source, cross-platform runtime environment for developing server-side and networking 

applications. Node.js applications are written in JavaScript and can be run within the Node.js runtime on OS X, 

Microsoft Windows, and Linux. Node.js also provides a rich library of various JavaScript modules which 

simplifies the development of web applications using Node.js to a great extent. Following are some of the 

important features that make Node.js the first choice of software architects: 

• Asynchronous and Event Driven All APIs of Node.js library are asynchronous, that is, non-blocking. 

It essentially means a Node.js based server never waits for an API to return data. The server moves to 
the next API after calling it and a notification mechanism of Node.js Events helps the server to get a 

response from the previous API call. 

• Very Fast − Being built on Google Chrome's V8 JavaScript Engine, Node.js library is very fast in code 

execution. 

• Single Threaded but Highly Scalable − Node.js uses a single threaded model with event looping. 

Event mechanism helps the server to respond in a non-blocking way and makes the server highly 

scalable as opposed to traditional servers which create limited threads to handle requests. Node.js 

uses a single threaded program and the same program can provide service to a much larger number 

of requests than traditional servers like Apache HTTP Server. 

• No Buffering − Node.js applications never buffer any data. These types of applications output the data 

in chunks, instead. 

ROS 

The CoLLaboratE platform comprises of the main robot and many modules that have to work in conjunction 

with the HRI interface for the user to interact with it. Therefore, an operating system is needed for the 

integration of asynchronous modules and algorithms with the robot planning for these tasks. The role of such 

an operating system is fulfilled by the widely used open source software platform ROS (Robot Operating 

System). Since ROS is the main integration platform, we will briefly describe its main components such as the 

nodes, messages, topics, and services. 

A ROS node is a process that performs some kind of computation and posts its results. The whole setup usually 

comprises many nodes, such as a node responsible for the object recognition, one for object tracking and 

posting the results of the object pose, one for posting the tactile feedback, etc. The use of nodes in ROS provides 

several benefits to the overall system. Code and logic are isolated which helps in maintenance and fault 

tolerance as crashes are isolated to individual nodes. All running nodes have a uniquely defined name that 

makes them visible to the rest of the system. Nodes also have a node type, which simplifies the process of 

referring to a node executable on the file system. Nodes communicate with each other by passing messages, 

which are predefined data structures supporting all common data types (integer, floating point, boolean, etc.). 

A node sends a message by publishing it to a specific topic, again identified by a unique name. Nodes have 

subscribers, which listen to their messages, adhering to the known "observer" design pattern. 

Apart from this type of communication, ROS also contains services for RPCs (Remote Procedure Calls) when 

request / reply interactions are required. A service is defined by a string name and a pair of strictly typed 

messages: one for the request and one for the reply. Note that, unlike topics, only one node can advertise a 

service of any particular name. 

RosLibJS 

Another useful tool that ROS provides is roslibJS [4], which is a library built in Javascript that provides easy to 

use interfaces with ROS through a web browser. In our case, connecting the HRI graphical interface with ROS 

is really important and this tool offered significant help in that direction. In most cases, the communication 
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between the HRI interface and the ROS environment with roslibJS works through simple messages. For this 

purpose, we created a node in ROS that’s only responsible for communicating with the HRI. Using simple 

messages, the HRI interface can interact with any ROS node, so the user has control over the robot and the 

system modules. Using the same library, we were also able to facilitate the interaction between the GUI and 

the assembly simulation through Gazebo, given that the latter employs ROS communication interfaces like 

services and topics. 

Gazebo 

Gazebo is a simulation module that offers the ability to accurately and efficiently simulate robots in complex 

environments. It makes possible the rapid testing of algorithms, robot designing and simulate robotic systems 

in realistic scenarios. Some of its advantages are a robust physics engine, high-quality graphics and convenient 

programming and graphical interfaces. It is also open source with a variety of online resources. A screenshot 

of the Gazebo interface can be seen on Figure 3. 

 

Figure 3. The Gazebo Interface 

Gzweb 

Gzweb [5] is a WebGL client for Gazebo. Like Gazebo’s graphical interface, it is a front-end graphical interface 

to Gazebo’s server and provides visualization of the simulation. However, Gzweb is a thin client in comparison, 

and lets you interact with the simulation from the comfort of a web browser. This means cross-platform 



D5.1 – Design of the Human-Robot Interaction Interface (preliminary) 
Version: 1.1 

CoLLaboratE   13 

 

support, minimal client-side installation, and support for portable devices. Gzweb allowed us to visualize and 

interact with the simulation through our HRI interface that operates on a web browser. A big advantage of 

Gzweb is that it can operate on portable devices using touch interface controls, so we can use it on our 

graphical interface on the PC tablet. 

 

Figure 4. The Gzweb Interface 

Interrelation with other system components 

The backend of the HRI interface is connected to a large number of components of the CoLLaboratE system 
(Figure 5). During Visual and Kinesthetic Teaching stages HRI communicates with the Teaching from 

Demonstration Module, whereas in the case of Kinesthetic Teaching there is additional communication 

between HRI and Adaptive Robot Control Module. During Supervision/Execution stage, HRI communicates 

with the Production Planner, the AGV Configuration/Deployment and the Safety Constraints Module. 

Ergonomic Performance Monitor includes a separate HMI graphical web interface that is also connected to the 

HRI Module. 

 

Figure 5. HRI connectivity to other components  
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3 HRI INTERFACE DESCRIPTION 

3.1 INTRODUCTION 
In this chapter we provide an overview of the interface when used for teaching from demonstration. The 

teaching from demonstration phase is the first phase of the CoLLaboratE HRI interface and consists of the 

visual teaching stage and the kinesthetic teaching stage. 

In the visual teaching stage, the user-instructor defines and demonstrates the assembly to the system. To do 

that, she first enters the assembly’s info, then proceeds to demonstrating the assembly in front of the visual 

sensors and then refines the key-frames extracted by the system. The end of the first phase reaches the point 

of simulating the assembly in 3D space so the instructor can have a clear understanding of whether the system 

has everything it needs to perform the assembly or not. 

In the kinesthetic stage the user/instructor loads an already demonstrated assembly and can edit the 

trajectory of the robot’s arm indicating the new trajectory via physical Human-Robot Interaction (pHRI). A 

detailed description of each stage is provided below. 

3.2 USE CASE SPECIFICS 
The interface aims to enable quick and intuitive teaching of different kinds of assemblies based on the four 

use cases of the CoLLaboratE project. It is developed in such a way that the main components and 

functionalities are similar for each kind of assembly so there is no need for a separate interface for every use 

case scenario. The interface’s elements are generalized and can be easily removed or enhanced for additional 

functionalities. This way, the interface can be easily modified and re-used for broader types of assemblies, 

providing a strong dissemination and exploitation advantage for the project. 

In order to allow the teaching of multiple assemblies, we have set up a MySQL database with case-specific 

information for each use case. Information includes the assembly type, the assembly part’s and robot’s files, 

keyframe semantic information and any other details that differentiate the particular assembly from the rest. 

We have also developed different world files in ROS, each one having the specific URDF files for the robots, 

CAD files for the assembly parts and environment elements for the simulation of the assembly.  

Within the starting screen of the interface, the user can easily select through a drop-down menu a different 

assembly to teach to the system. The specifics of the selected assembly are automatically loaded and ready to 

use. In this preliminary version of the deliverable we provide details and screenshots for the ARCELIK use 

case concerning the LCD TV assembly. For the remaining use cases the elements that will be employed are 

listed in detail in D2.4 [6] and summarized below. 

3.2.1 Car Starter Assembly 

The car starter assembly will require the Franka Emika Panda robotic manipulator (Figure 6), will employ a 

video stream through an RGB camera, CAD files of the starter assembly pieces, and the URDF file of the robot. 

 

Figure 6. Franka Emika Panda 
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3.2.2 Windshield Visual Quality Check and Preassembly 

This use case will require the KUKA KR 150 r2700-2 robotic manipulator (Figure 7a), or similar, will employ 

a video stream through an RGB camera, CAD files of the windshield and sensors, as well as URDF files for the 

robot and the custom-made gripper (Figure 7b). 

 

  

(a) (b) 

Figure 7. KUKA KR 150 r2700-2 

 

3.2.3 Collaborative Riveting for Aircraft Parts Assembly 

This use case will require the Yaskawa HC10 robotic manipulator integrated with an ASTI AGV (Figure 8). It 

will employ a video stream through an RGB camera, URDF files for the robot and its custom made gripper 

(Figure 9), as well as, CAD files of the employed float and support (Figure 10. Float and support used in the 

CoLLaboratE project. 

 

 

Figure 8. Yaskawa HC10 
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Figure 9. Custom Gripper 

 

 

 

 

Figure 10. Float and support used in the CoLLaboratE project 
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3.3 VISUAL TEACHING STAGE 
The first part of the procedure addresses the demonstration of the assembly by the user. After logging into the 

system, the user is presented with the first screen of the HRI where a new assembly entry can be created, or 

an existing one can be loaded. If the user desires to create a new assembly, she first has to choose between the 

four CoLLaboratE use cases which have the required models and tools preloaded. After selecting the teaching 

mode (visual or kinesthetic), a new name should be inserted for the assembly for saving purposes in case of 
visual teaching or the user can select a demonstration that has been visually demonstrated in the past in case 

of kinesthetic teaching. In any case, Visual Teaching requires the creation of a new assembly whereas 

Kinesthetic Teaching requires the loading of an existing assembly program for editing. After submitting the 

aforementioned information, the system creates the appropriate fields in the MySQL database and sets up the 

simulation world with the required parts. The initial screen of the HRI is presented in Figure 11, where an LCD 

TV Assembly (one of the four available use cases) is created. Notice however, that the user is free to select a 

different type of assembly using the corresponding drop-down menu. 

 

 

Figure 11. Assembly Creation in the HRI 

After the system has identified the loaded required models, the user proceeds to the demonstration of the 

assembly in front of the RGBD camera, which in our case requires two people. For this task we use a camera 

with both an RGB and a Depth sensor and employ a ROS node to stream the feed to the web. The system detects 

the skeletons of the users and if the detection is accurate, the user can record the demonstration of the 

assembly task and then review it by playing it back and choose to save it or discard it (Figure 12). If she chooses 

to save it, the system will later use the frames of the demonstration to extract the placement and movement 

of the parts to perform the assembly. 
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Figure 12. Demonstration Recording in the HRI 

The next part of the process is the key-frame extraction that’s interconnected with the Key-frame Extraction 

Module. After the assembly task has been demonstrated and the system has captured the frames of the 

process, it has to extract the most significant frames that demonstrate the movement of the parts during the 

assembly. A loading circle informs the user for the preparation of the frame processing by the system. The 

user can control the extraction process by adding or removing key-frames if she feels that the system's 

extraction doesn't meet the assembly's needs (Figure 13). Semantic information can also be added to every 

key-frame for later use, when constructing the assembly program. The semantic information is related to the 

assembly parts’ state in relation to the assembly process. Currently for the LCD TV Assembly case the main 

states are the following: 

• Initial position (objects in the initial position, usually the first frame) 

• Grasping Pa (where the user grasps the first part) 

• Picking up Pa (where the user picks up the first part) 

• Moving (the default state, where the parts are generally moving) 

• Place Pa (where the user places the first part on the TV) 

• Secure Pa (where the other user screws the first part on the TV) 

• Grasping Pb (where the user grasps the second part) 

• Picking up Pb (where the user picks up the second part) 

• Place Pb (where the user places the second part on the TV) 

• Secure Pb (where the other user screws the second part on the TV) 

The system automatically identifies the interactions between the assembly parts in order to provide some 

feedback to the instructor. After the Key-frame selection is saved, the system can create the trajectory of the 

movement of the parts to perform the assembly task. 
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Figure 13. Key-frame editing in the HRI 

The visual teaching stage is concluded with the system simulating the assembly process in the 3D simulation 

environment (Gazebo). Using the trajectory path of the parts' movement from the Key-frame extraction 

process the movement of the 3D objects is simulated and displayed as a preview of the actual physical 

assembly task (Figure 14). If the user is not satisfied with the result, she can go back and change the Key-frame 

selection, until the result looks applicable to the real objects. A successful 3D animation of the assembly parts 

marks the end of the visual teaching stage and the instructor can proceed to the kinesthetic teaching of the 

assembly, or the execution of the assembly program by the robot. 

The computationally intensive work of the object detection, Key-frame extraction and assembly simulation 

takes place on the server of the system and not the client's machine, making the graphical interface really 

lightweight and easy to use for the inexperienced user. 

 

Figure 14. Assembly Simulation in the HRI 
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3.4 KINESTHETIC TEACHING STAGE 

3.4.1 Introduction 

Teaching with kineshetic guidance is used to demonstrate typical object handling trajectories. This form of 

demonstration developed in T4.2 is an alternative way of teaching a robot task with respect to the visual 

demonstration (T4.1) and the mobile interface demonstration (T4.3). The main benefit of kinesthetic 

teaching compared to the other approaches is that the robot task can be demonstrated and encode with 

greater accuracy (direct feedback through physical coupling between human-robot-environment, and no 

errors from vision and accurate measurements from robot joint sensors).  

This stage consists of two phases. The first phase is the teaching, where the operator initially demonstrates 

the task kinesthetically and the trajectory is encoded as segments between keyframes. Once this is completed, 

the second phase is the inspection of the learned task, where the operator repeats the task by guiding the 

robot and having direct haptic feedback of the encoded trajectory with virtual fixtures. After the operator 

finishes the inspection, the robot can then execute the demonstrated task with the ability to generalize to 

different keyframes provided by the vision system. The detailed procedure for kinesthetic teaching along with 

the interconnection with the HRI is provided below. 

3.4.2 Kinesthetic Teaching 

The kinesthetic teaching stage addresses a complementary teaching module, providing a user-friendly 

interface for allowing non robotic-expert users to edit the trajectories between consecutive robot movements. 

After loading a visually demonstrated assembly through the Home Page, the user is presented with an easy to 

use interface, where she first selects the assembly part for which the trajectory will be demonstrated. Then, 

the user moves the robot physically to the initial “Grasp” pose, as instructed by the interface (Figure 15). When 

the robot is at the required pose, driven physically by the user, the user starts the kinesthetic teaching by 

pushing the Start Teaching button. Afterwards, the user demonstrates the motion (by physically interacting 

with the robot) from the “Grasp” pose to the next pose (based on the extracted Key-frames by the visual 

demonstration) as instructed by the interface. When the next pose is reached, the user clicks the Completed 

Movement check button in the HRI. The interface informs the user for the next trajectory to be taught and the 

user moves the arm before clicking the Completed Movement button and repeating the process until the final 

position is reached. Finally, the interface informs the user to move the arm to the starting position of the 

teaching in order to complete the teaching cycle and click the Completed Movement button. 

 

Figure 15. Kinesthetic Teaching in the HRI 
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3.4.3 Inspection 

After completing the teaching stage the user should click on the Trajectory Inspection button. This 

will autonomously move the robot’s arm to the initial grasping position that was demonstrated. When the 

robot reaches the initial position, the HRI informs the user that she should inspect the demonstrated trajectory 

sequence. The user can haptically (via pHRI) inspect the sequence of motion. During the inspection the user 

can physically modify any segment of the motion. When the whole motion sequence is inspected, a message 

will appear at the HRI asking the user if she wants to inspect again the motion sequence. The procedure will 

be repeated until the user selects that she does not wish to inspect the motion sequence again. The same 

process involving the teaching and inspection stage can be repeated for the teaching of additional assembly 

parts. 
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4 EVALUATION METHODOLOGY 

For the usability evaluation of the interface we plan to perform usability studies once an initial integrated 

version of the HRI interface is available. We will select appropriate users with little experience in relevant 

applications and they will be asked to use the interface to teach an assembly to a simulated robot. Afterwards 

the users will be required to complete standard GUI related questionnaires, as well as custom made ones 

targeting the specific functionalities addressed by CoLLaboratE’s HRI. There will also be interviews in order 

to assess the general look and feel of the HRI and rate the overall user experience, in order to improve or 

modify the interface based on the end-user feedback.  

The first questionnaire that the users will be requested to complete is the Questionnaire for User Interface 

Satisfaction that was introduced in [7], where the not applicable questions will be removed. All the questions 

will be rated on a 0 to 9 scale where 0 represents the lowest score and 9 represents the highest. Furthermore, 

the second questionnaire that will be provided is custom made for the specific functionalities of the 

CoLLaboratE HRI and the users will have to answer using the five-point Likert scale (strongly disagree (=1), 

disagree, no opinion, agree, and strongly agree (=5)). This questionnaire will include the following questions. 

 

1 Αn inexperienced user can easily teach visually an assembly task to the CoLLaboratE system 

2 Αn inexperienced user can easily teach kinesthetically an assembly task to the CoLLaboratE system 

3 I understood what buttons I needed to press to perform each action 

4 I found the interface easy to use 

5 The interface was pleasant to use 

6 The interface would be helpful in the teaching of an assembly task 

7 The information was clearly arranged on the screen 

8 The interface guided me clearly through the teaching process 

9 I felt involved during the teaching process and the interface was human-centered 
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5 CONCLUSION 

This report has presented the CoLLaboratE HRI interface, describing the interaction’s main building blocks, 

providing a comprehensive overview of the main components that have been developed so far, illustrating 

their high-level functionality and interdependencies, as well as, its usefulness for human-in-the-loop 

experimentation. 

A holistic view of the HRI system has been presented, along with the main architectural components that 

constitute it and were a product of the human-centric design methodology we have employed, as well as their 

interrelationships including important technical details. We also presented the main phases of the Teaching 

process that include the Visual Teaching stage and the Kinesthetic Teaching stage, providing detailed 

descriptions for each interaction, from demonstrating the assembly (visually or kinesthetically), to extracting 

the key-frames and simulating the assembly. The descriptions were accompanied by screenshots from the 

interface that illustrated a real scenario for the LCD TV Assembly use case. 

The developed HRI so far has provided a preliminary integrated view of the whole CoLLaboratE system and it 

achieved to implement some of the necessary interfaces needed to interact with the co-production cell. In this 

regard, the work is progressing as planned with no deviations for the first half of the project’s timeline. 

In the future, we plan to add more functionalities to the existing modules to increase the usability of the 

interface, while providing the user with more options for advanced assembly teaching. We also plan to add 

the Supervision and Execution stages, where the user (supervisor or assembly worker) can supervise the 

assembly line by creating tasks for the AGVs and order the execution of the assembly by the factory’s robots 

using the assembly programs that have been already demonstrated. The aforementioned developments and 

improvements will be presented in the final version of this deliverable, which is due on M28 of the project, 

along with the evaluation results, based on the users’ experience with the system. 

  



D5.1 – Design of the Human-Robot Interaction Interface (preliminary) 
Version: 1.1 

CoLLaboratE   24 

 

 

6 REFERENCES 

[1] CoLLaboratE DoA, Grant Agreement Annex I – “Description of Action” (DoA) 

[2] https://angular.io/ 

[3] https://nodejs.org/en/ 

[4] http://wiki.ros.org/roslibjs 

[5] http://gazebosim.org/gzweb.html 

[6] CoLLaboratE Consortium (2020). Deliverable D2.4 ”CoLLaboratE Detailed Architecture & System 

Specifications” 
[7] Chin, J. P., Diehl, V. A., &amp; Norman, K. L. (1988, May). Development of an instrument measuring user 

satisfaction of the human-computer interface. In Proceedings of the SIGCHI conference on Human factors 

in computing systems (pp. 213-218). ACM. 

https://angular.io/
https://nodejs.org/en/
http://wiki.ros.org/roslibjs
http://gazebosim.org/gzweb.html

