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1) Background 
Robot learning from demonstration (LfD) addresses the challenge of scaling up robot learning to a 

wider audience. It provides a user-friendly setup for non-robotics experts to interact and teach 

robots how to perform new tasks without needing any background in computer programming or 

robotics technology. This approach therefore allows a wider range of users to teach robots based on 

their own requirements and easily adapt the robots’ capabilities to new situations. However, there is 

not always a straightforward access to the robot to perform this kind of approach. Accessing the 

robot in person could be dangerous, time consuming or costly, for example when the robot is in 

space or underwater. These problems can be avoided by creating a virtual reality (VR) environment 

which replicates the real robot and its operating environment. In the virtual environment, the user 

could then freely collect demonstrations and subsequently transfer them to the real robot, or 

teleoperate the real robot from this virtual environment. This kind of virtual reality learning from 

demonstration setup could enable easy, cost-effective, and more flexible and open approach to 

programming robots. 

 

2) Expected output 
Expected output is a VR user interface designed for a behavior collection for robot learning in Unity 

game engine. It will assist a user to make the robot system learn the motion concept, which includes 

motion patterns. Sensors will continuously acquire information regarding robot’s configuration 

allowing an up-to-date representation of the robot and the state of each of its links. This, as well as 

other relevant information, e.g., robot trajectory representations, will be displayed in a virtual 

environment and presented to the user in an unobtrusive way. 

 

The first objective is to set up a VR environment to simulate the robot. The motions of the virtual 

robot are saved, for example to a USB, and transferred to the real robot. The real robot is then 

expected to follow the same trajectory that was demonstrated with the virtual robot. When the 

transferring works from VR to the real robot, the opposite direction will be implemented. 

Movements of the real robot will be saved and transferred to the virtual robot, which similarly 

follows the same trajectory. This is the first expected output and is planned to be as simple as 

possible. This feature is then expanded so that transferring different trajectories, which are 

expressed in robot joint angles, can be done through ROS (Robot Operating System). 

 

The second objective is to set up a real time teleoperation between the VR and the real robot. When 

moving the virtual robot, the real robot should follow the same movement at the same time and vice 

versa; when moving the real robot, the virtual robot should follow the same movement at the same 

time. 

Expected user: 

Users are robot teleoperators with a basic technical knowledge, who do not need any programming 

skills or other IT specializations. 

Expected requirements: 

Simple and easy to use without any education and minimal training. 

Expected performance: 

Minimum delay in the interactions between the virtual and real environment. The system will be 

used to collect motion data in various situations within a short time. 

Demonstration: 

The system is going to be operated live in front of the audience using the VR tools and showing the 

actual robot at the same time.  
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Figure 1. ROS-Unity communication: the communication between Unity and ROS network of the robot is 

planned to be done with two component repositories from GitHub: ROS TCP Endpoint and ROS TCP 

Connector. ROS TCP Endpoint will run as a ROS node (Server Endpoint), and it will allow 

sending/receiving messages from Unity. ROS TCP Connector is a Unity package, and it will enable 

sending/receiving messages from ROS.1 

3) Phases of project 
P0 – Planning 

Weeks 4-5 

Writing this document, discussing the scope of the project and requirements, handing out 

responsibilities and forming the group. 

Learning new skills 

Weeks 4-> 

Learning new skills that are found to be required. Some of the learning goals of this project are for 

example knowledge about robotic manipulation with Franka Emika, sufficient skills in ROS and 

Unity environments and understanding of VR application development. 

Feature listing and feasibility 

Weeks 5-6 

Listing out all the core functionality of the project required for a sufficient project and deciding on 

less critical ideas and if they are worth implementing or feasible in the scope of the project and 

given time. 

P1 - Prototypes of individual parts, Milestone 1 (Week 10) 

Weeks 6-10 

The basic functionality of the VR environment, robot communication and virtual robot 

manipulation should be in a state where they can be integrated into a complete system. The goal of 

this stage is to be able to record a path in VR, which can then be transferred to the real robot 

manually (Objective 1). 

 

B1 – Business Aspects 

Weeks 9-11 

Business Aspects, which will take most of the effort during these weeks. 

 

 
1 https://github.com/Unity-Technologies/Unity-Robotics-

Hub/blob/main/tutorials/ros_unity_integration/README.md 
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P2 - Prototype of a working system, Milestone 2 (Week 15) 

Weeks 10-15 

The system should be in a state where most of the features agreed upon in the design phase are 

functional. This means that a real time teleoperation between the VR robot and the real robot is also 

possible (Objective 2). 

Evaluation of prototype and possible changes 

Weeks 15-16 

Testing the prototype, to find any areas that require more work, and implementing those before 

finalizing the design. 

Polishing the project (Bug fixing, reliability tests) 

Week 16-18 

Making sure the system works properly in all cases, along with bringing the quality up from the 

prototype, for example by improving the feel for the end-user. 

D – Delivery, Milestone 3 (Week 19) 

Week 19 

Returning the completed system for evaluation. No changes should be required after this, but 

critical flaws that slipped the evaluation phases can still be fixed. 

Presentations 

Week 20 

Presenting the project. 

Final report, Milestone 4 (Week 20) 

Week 20 

Reporting the project and how it works in detail, so further maintenance can be handled by others 

without excessive effort. 

 

4) Work packages and Tasks of the project and Schedule 

4.1) Work packages and responsible persons 
 

WP 1 (VR interface and application development): Sampo 

The goal here is to create the basic environment where the project can be tested and eventually 

used. It also includes anything related to the user experience and interface, both in VR and on a 

computer. 

 

WP 2 (VR Robot and LfD): Nico 

The goal of WP 2 is to set up a Franka Emika robot model in Unity and to utilize it in the VR 

environment the same way as the real-world Franka Emika robot works. Implementing the same 

kinematics and using the joint angles, to simulate it to the real-world robot. 

 

WP 3 (Unity/ROS communication): Emrehan 

The goal of WP 3 is to set up a bidirectional communication between the Unity Scene and the ROS 

Network of the Franka Emika robot through ROS serialized messages. ROS messages mainly 

consists of the robot joint angles because they can be used to express the trajectory and 

configurations of the robot. Because of the limited access to the robot laboratory, it is also necessary 
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to create a simulation environment for the Franka Emika robot. It would also make testing of the 

Unity VR application much easier and speed up the development. 

    

WP 4 (General management): Eetu 

WP 4 consists of tasks related to project management, course assignments and communication to 

course organizers/teachers. The goal of WP 4 is to have clear, organized plans/goals and 

communication for every week, increase team effectiveness and achieve overall consistent progress 

throughout the project. 

 

WP 5 (Software management): Sampo 

WP 5 is about managing and testing the software. It also focuses on software integration and Git 

related work (e.g. merge conflicts).   

 

4.2) Tasks 
WP 1 (VR user interface and application): 

1.1. Setting up the VR environment with Unity. (2 h) 

1.2. Implement basic interaction with the model using the VR controllers. (4 h) 

1.3. Expose internal Unity parameters to be easily accessed using ROS. (2 h) 

1.4. Implement ROS integration. (4 h) 

1.5. Implement recording and saving a trajectory of an object to be either played back in the 

simulation or exported out of Unity. (4 h) 

1.6. Implement basic interface for showing robot statistics, ROS status and settings. (3 h) 

1.7. Allow different modes of operation for the robot: Continuous tracking, both VR -> Real and 

Real -> VR, pure VR simulation, real-world driven and trajectory saving. (6 h) 

1.8. Extra features and polish. (0-10h) 

 

Sum of estimated hours in WP 1 Tasks: 25 h 

 

WP 2 (VR Robot and LfD):  

2.1 Import Franka Emika robot model to Unity (8 h) 
2.2 Set up the robot to be on top of the office desk (2 h) 

2.3 Prototype basic movement with a dummy robot (16 h) 

2.4 Implement the robot kinematics to match the real-world robot. (16 h) 

2.5 Expose the joint angles from the robot to the environment. (4 h) 

2.6 Implement giving Unity a configuration of the robot in the form of joint angles to allow   

simulating the position of the real robot. (16h) 

2.7 Allow continuous simulation of the robot location in VR through the joint angles retrieved from 

the real robot. (16h) 

2.8 Allow continuous movement of the real robot by moving the robot in VR. (16h) 

 

Sum of estimated hours in WP 2 Tasks: 94 h 
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WP 3 (Unity/ROS communication): 

3.1 Getting familiarized with ROS, Franka Emika robot and Ubuntu (6 h) 

3.2 Creating a simulation environment for the Franka Emika robot (4 h) 

3.3 Learning to control the simulated robot with ROS and getting measurements out of it to Unity. 

ROS-Unity: Subscriber script. (8 h) 

3.4 Learning to control the real robot with ROS and getting measurements out of it. (6 h) 

3.5 Tracking and saving the motion with respect to robot joint angles and transferring the 

configurations to real robot. ROS-Unity: Publisher script. (8 h) 

3.6 Testing the saved trajectory on real robot. (6 h)  

3.7 Bidirectional communication between the Unity Scene and the ROS Network for learning from 
demonstration set up. (12 h) 

3.8 Bidirectional communication (Teleoperation) (20 h) 

 

Sum of estimated hours in WP 3 Tasks: 70 h 

 

WP 4 (General management): 1h/week 

4.1 Project/Course task delegation and scheduling  

4.2 Progress tracking 

4.3 Resource planning 

4.4 Meeting/workshop arrangements and agenda 

4.5 Meeting memos 

4.6 Course communication 

 

WP 5 (Software management): 1h/week 

5.1 GitLab setup and management  

5.2 Software testing 

5.3 Quality assurance 

 

WP 6 (Coursework): 

6.1 Project plan (20 h) 

6.2 Business aspects (20 h) 

6.3 Preparation for final gala (10 h) 

6.4 Project report (40 h) 

 

Sum of estimated hours in WP 6 Tasks: 90 h 

 

4.3) Detailed schedule 
Week assignments are not hard deadlines, but a guideline of what to work on each specific week. 

Week WP 1 Tasks WP 2 Tasks WP 3 Tasks WP 6 Tasks 

4 - - - - 

5 1  1 1 

6 2, 3, 4 1, 2 1, 2 1 

7 5 3 3,5  
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8 6 4 3,4,5  

9 7 4, 5 6 2 

10 8 6 7 2 

11  7 7 2 

12  7, 8 8  

13  8 8  

14     

15     

16     

17     

18     

19    3, 

20    3,4 

21    4 

22    4 

 

4.4) Logical links of the tasks 
 

Logical links describe what kind of dependencies there are between the different tasks. So, some of 

the tasks cannot be started until one or more tasks are first completed. 

 

Example: Task 1 → Task 2 & Task 3, means that Task 1 must be completed before Tasks 2 and 3 

can be even started.  

 

Logical links WP 1:  

1.1 → WP 1 

2.5 → 1.4 & 1.5. 

3.7 → 1.6. & 1.7 

Logical links WP 2: 

1.1 → 2.1 → 2.2 →2.3 → 2.4 → 2.5 → 2.6  

2.6 & 3.7 → 2.7 

2.6 & 3.8 → 2.8 

Logical links WP 3: 

3.1 → 3.2 → 3.3 → 3.4 

3.2 → 3.5 → 3.6 → 3.7 → 3.8 
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5) Work resources 

5.1) Personal availability during the project 
Table 1. Number of hours available for the project (excluding lectures and seminars) per week.  

 Eetu Sampo Nico Emrehan Sum 

Week 4 10 10 10 10 40 

Week 5 10 10 10 10 40 

Week 6 10 10 10 8 38 

Week 7 10 10 10 8 38 

Week 8 10 10 10 6 36 

Week 9 8 10 10 8 36 

Week 10 8 10 10 8 36 

Week 11 8 10 10 8 36 

Week 12 8 10 10 8 36 

Week 13 8 10 10 8 36 

Week 14 8 10 10 8 36 

Week 15 8 10 10 8 36 

Week 16 8 10 10 8 36 

Week 17 10 10 10 8 38 

Week 18 10 10 10 8 38 

Week 19 10 10 10 8 38 

Week 20 10 10 10 8 38 

Week 21 10 10 10 8 38 

Total 164 180 180 146 670 

 

6) Cost plan and materials 

The project does not require any purchases and therefore no monetary budget is required. We do not 

need any material apart from what we already have access to. 

 

7) Other resources 
A working place is available in TUAS house at Maarintie 8. This lab provides access to a Franka 

Emika robot and a computer connected to this robot. Access to the lab will have to be scheduled on 

a weekly basis, as multiple courses are using the same lab. No access will likely be possible on 

Week 9. After booking the lab, it can be utilized for a half day and all of us will be provided with 

our own keycards to access the lab. The lab can also be used for a full day if it is necessary and 

there are no other deadlines for any other users. 

Before testing on the real Franka Emika, tests should be performed on a simulated robot to get used 

to the framework. 
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Devices available for the project are a couple of virtual reality headsets (HTC Vives). The project 

will use the Unity game engine, which supports Virtual Reality development using the OpenXR 

standard. 

8) Project management 
Project manager is responsible for project planning and ensuring that work packages and course 

assignments are on time and progressing. He will make sure that the final product is delivered on 

time, and it matches that what is planned and discussed with the instructor. Project manager also 

keeps knowledge and information flowing seamlessly within the team (e.g. meetings, memos) and 

also to the instructor and course staff.  

Work package leaders are responsible for work package planning and execution while ensuring 

that tasks within the work package are on time and progressing. Work package leader is also 

responsible for delegating and scheduling tasks to all persons working on the package and keeping 

information flowing between them. 

Instructor is responsible for reviewing the project plan and project deliverables.  

 

9) Project Meetings 
Project meetings and their frequency: 

• Weekly internal project meetings on Teams (Wednesday at 14.00) 

• Meetings on Teams/Lab with project instructor and advisor when needed, perhaps every 2-3 

weeks. These meetings could be combined with weekly internal meetings. 

• Visiting the lab, when necessary, first introduction to the lab 1.2  

Default agenda for internal project meetings: 

• The progress/results since the last meeting 

• Discussing about technical stuff and possible challenges, giving advice, and helping each 

other → Making decisions based on the discussion 

• Analyzing the progress on the planned schedule, possible changes to the project plan 

• Tasks for the next week  

Responsible person for preparing the agenda: 

• Eetu (Project manager) 

Meeting memos:  

• Short memos (bullet lists) about decisions and plans made  

• Done by Eetu (Project manager) 

Meeting documents: 

• Teams-group 

10) Communication plan 
Internal communication: 

• Telegram (urgent) 

• Teams (detailed information, non-urgent) 
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Instructor/Advisor communication: 

• Telegram (non-urgent) 

• Teams (detailed information, documents, urgent) 

• Email (detailed information, official) 

11) Risk management 

Risk Severity Treatment 

Project purpose and need is 

not well-defined 

High Defining the scope in detail via design workshops 

with input from the instructor and the advisor  

Project schedule is not clearly 

defined or understood 

Medium Scheduling workshops with the project team, sharing 

the schedule and going through upcoming tasks at 

each weekly meeting  

  

No control over priorities Medium Reminding about equal workload and back-ups for 

each person on the project 

Time estimating or scheduling 

errors 

High Using two methods of estimation, tracking schedules 

daily, including schedule review in the weekly 

meetings and requesting changes if necessary 

Unplanned work that must be 

accommodated 

Medium Communicate to the instructor before project kick off 

and plan a new action if necessary, including impact 

on time, cost and quality 

Lack of communication, 

causing lack of clarity and 

confusion 

Medium Correcting misunderstandings immediately and 

clarifying areas that are not clear 

Delay in earlier project phases 

jeopardizes ability to meet 

fixed date 

High Scheduling workshops and a backup plan 

Added workload or time 

requirements because of new 

direction, policy, or statute 

Medium Getting advance notice if possible 

Acts of God for example, 

extreme weather or covid, 

leads to loss of resources, 

materials, premises etc. 

High Notifying appropriate persons and following health 

and safety procedures 

 

12) Quality 
Quality of completed work will be reviewed weekly withing the project meetings and finished work 

packages and prototypes will be shown to the instructor/advisors for review. The project members 

will be responsible for their own work packages, but the project manager will be responsible for the 

quality of the final product and that it meets all the set requirements.    

The codebase of the project should be kept clean and well documented, so all members are able to 

contribute to the best of their ability. 
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The system should be designed to be usable also with different robots, if possible. This essentially 

means modularity should be important with the code implementation. 

13) Changes to the project plan 
If there is something in the project plan that needs to be changed, it is first informed in Teams, 

Telegram, or weekly meetings and if all team members agree to the change, then it will be written 

into the project plan. If the decision to change the plan is made in weekly meetings while some 

group members are absent, then the decision is also informed in Teams/Telegram. The changes are 

documented in a version history table in page 2 of this document so that changes can be tracked. If 

the change is large, a new version of the plan should also be created.  

14) Measures for successful project 
Criteria for successful project: 

• Good feedback from the instructor, the advisors, and the audience 
• Team satisfaction and learning 
• Meeting project specifications and schedule requirements 

Project evaluation: 

In case of software evaluation, simple commands are run, connections followed, and the responses 

of the other end analyzed (from UI to robot and vice versa). In case of hardware, gears are tested 

simply by trying different use cases. Project is evaluated in the lab and demonstrated in the final 

workshop. 

Milestones and deliverables are discussed actively in the weekly meetings and reported further for 

the instructor and the advisor when a milestone is reached or if any problem occurs. Quality of 

deliverables is also discussed in the weekly meetings and documented if needed. 

 


