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1. EXECUTIVE SUMMARY 

The content of this document is to provide information for the X-act project final Demonstrators from 

Automotive and Rework of Electrical Appliances Industry.  

 The main purpose of this document is to: 

 Provide updated information regarding the latest layout of the three demonstrators  

 Provide information regarding the latest software developments and their application in  the 

project demonstrators  

 Provide information for the validation approach and the results for each demonstrator  

 

The main technologies/practises identified include: 

 Mechatronics final integration/ modifications 

 Final layout and setup for the demonstrators  

 Improve technical characteristics of the demonstrators (e.g. improve cycle time) 

 Validation approach, questionnaires and metrics  

 

More specifically, the document is structured as follows: 

 Section 2 provides the Automotive Industry-Hydraulic pump pre-assembly demonstrator 

details and the validation results 

 Section 3 provides the Automotive Industry-Dashboard pre-assembly demonstrator details 

and the validation results 

 Section 4 provides the Rework of Electrical Appliances Industry-Sewing machine 

disassembly demonstrator details and the validation results 

 Section 5 provides the conclusion of this document 

 

Primary conclusions/results include the following: 

 The X-act project demonstrator were successfully completed by integrating sophisticated 

solutions in an industrial dual arm robot  

 Human based assembly processes were successfully automated (partially or fully) 

 Human robot collaboration was achieved in automotive industry and rework of electrical 

appliances industry under a fenceless supervision system 

 Risk assessment was completed for all the cases and is reported in the Annex of this document.  

 

The progress beyond state of the art in this document can be summarized as follows: 

 Enablement of seamless human robot cooperation in real environment  

 Integration of sophisticated technologies in human based assembly scenarios and increase 

automation level  

 Improvements in the layout design for human robot collaboration  
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2. AUTOMOTIVE INDUSTRY DEMONSTRATOR- DASHBOARD PRE-ASSEMBLY  

2.1. Final layout, HW & SW implementation  

2.1.1. Final layout and Hardware implementation 

The components of the final layout in Dashboard assembly case were described in D2.3. The final 

layout of the cell is illustrated in Figure 1.  

  

Figure 1. Dashboard assembly layout- overview 

The HRI area was added in this layout, by integrating a touch screen for the intuitive interfaces for 

programming and interaction. The HRI area is illustrated in Figure 2. The intuitive interfaces for 

programming and execution are supported by the integrated sensors for interaction, the robot teach 

pendant (see in D2.3), as well as the graphical interfaces themselves (virtual teach pendant, 

hierarchical modelling of tasks etc.) 

 

Figure 2. HRI area in Dashboard assembly scenario 

The pending step for the final integration in the dashboard assembly cell was the safetyEYE 

integration. The safetyEYE camera was placed on the top of the working area, about 5.5metres in 

height. The markers were placed around the cell, as it is visualized in Figure 3.  
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Figure 3. SafetyEYE system- top view 

The SafetyEYE system allows to define different zones arrangement easily through the safetyEYE 

configurator tool. In each zone configuration, warning (yellow) and danger (red) zones can be 

defined. A warning zone indicates that a human or an obstacle is present in the background that the 

user has defined and the output signals can be used for modifying the robot behavior (e.g. speed 

reduction), but not for power-off the robot. A danger zone indicates that a human or an obstacle is 

present and can drive off the robot in real time (certified for real time performance). The danger 

zones are defined by the user and are taken into consideration in the risk assessment by the experts 

(PILZ).  

In the dashboard assembly scenario, three different zones has been defined, depending on the type of 

the task that is executed at the moment: 

1. Robot task arrangement: The human and robot in separate workspaces.  

2. Cooperative task arrangement: The human and the robot in common workspace.  

3. Programming mode arrangement: Programming mode, the human coexists with the robot.  

Robot task arrangement: 

 During a robot task execution, if a human or a moving obstacle cross the red zone, the robot 

motor drivers will switched off.  

 The Red Zone shown in the following figure is called a Detection Zone, and stops in real 

time the robot motions or actions.  

 The Yellow Zone is called Warning Zone, and is used just for making aware the cell 

supervisor that someone or something is present in this area. 
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Figure 4. Robot task arrangement  

Cooperative task arrangement: 

1. During a cooperative task execution between the human and the robot, the Detection Zones 

are less present, and a walkway of Warning Zones is designed to allow the operator to 

approach the robot, without automatically switching off the current in the motors’ drivers. 

The detection zone in this case is the area where human robot cooperation is allowed with 

both actors (human and robot) being active.  
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Figure 5. Cooperative task arrangement  

Programming mode arrangement:  

2. The programming mode allows the human and the user to work at the same area during the 

programming of a new task. This zone arrangement in this case includes only a shape as the 

warning zone, where the supervisor is aware of the human and robot coexistence during 

programming. This zone arrangement is illustrated in Figure 6.   

 

 



X-act  314355 

-9- 

 

Figure 6. Programming zone arrangement 

2.1.2. Applied Exploitable results-overview 

The exploitable results that are related to this demonstrator are documented in this section. These 

results are explained in more detail in D6.2. Technical details of the subparts can be found in D2.3, 

D3.3 and D4.4 (Month 30).  

1) Exploitable result 1: Simulation of Dual arm robots 

The simulation of the Dashboard assembly demonstrator was done in the Process Simulate 

suite that is offered by SIEMENS. All the steps of this scenario were simulated using single, 

synchronized and cooperative (type of “Load Sharing”) motions. Additionally, the 

ergonomics analysis of the Human tasks were performed in the same suite. Figures and some 

detail can be found in sections 2.2 and 2.3.1, where the simulation results of the Dashboard 

assembly is presented, together with some other scenarios for possible improvements.  

2) Exploitable result 4: OLP-XML exporter 

The OLP-XML exporter result refers to a development that allows the generation of robot 

programs in neutral XML format. This data are loaded in the H-R station controller 

application and stored in X-act database. The robot is able to execute these data online using 

the stored data in the database.  

3) Exploitable result 6: On site motion planner  

Using the onsite planner, the user is able through the H-R station controller to program 

through RVIZ environment the Smart COMAU Dual Arm Robot. The user selects in the 

RVIZ the target position for each robot arm and a path is automatically generated using the 

available MoveIt! Motion planning algorithms. More details can be found in D3.2 and D3.3. 

4) Exploitable result 7: Dual arm robot platform & mechatronics  
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This exploitable result refers to the Dual arm robot platform and the integration of grippers, 

tools, sensors etc on the C5G controller. This result has been documented in D2.3 and is 

summarized in section 2.1.1. 

5) Exploitable result 8: Fenceless supervision system 

The software tools that are related to the fenceless supervision systems include: 

o The zones arrangement through the safetyEYE configurator that allows the easy 

definition and re-design of the zones around the human-robot workspace. This tool 

was used to define the different zones in the dashboard assembly cell and for 

developing the logic diagram.  

o The PDL program that manages the switching between the 3 selected zones 

arrangement by three buttons in the teach pendant. For this reason the PDL program 

enabled and dissembled the digital outputs: DOUT[16], DOUT[17] and DOUT[18], 

according to which zone is going to be enabled. The logic of this program is 

documented in D2.3 (page 23-24) 

6) Exploitable result 9: H-R station controller  

The development of the H-R station controller refers to the Service Oriented architecture that 

was documented in D4.4 in detail. This controller allows to programming of Dual arm robot 

tasks and monitoring of Human Robot tasks execution. The communication framework that 

has been used is based on ROS. More information of this result can be found in D4.4 and 

D6.2.  

7) Exploitable result 10: Intuitive HMIs 

The development of the Human Robot Interaction Interfaces for programming are 

documented in D4.4 in detail, including also a manual of this tool. Nevertheless, new minor 

functionalities has been added for controlling through ROS the speed of the robot arms 

separately during the single, synchronized and cooperative motions. The new operation is 

called “Speed_Adjustmnent” and allows to the user to select from 0 to 100% of the final 

speed that the robot can reach during execution. The new operation is similar to the existing 

ones and directs the messages to the robot through the available ROS nodes.  

2.2. Dashboard assembly demonstrator-step by step 

The Dashboard assembly demonstrator has been model in a hierarchical tree of 3 levels and is 

summarized as follows: 

Level 1: Program (high level actions) 

1. Dashboard assembly  

Level 2: Tasks (high level actions) 

1.1. Pick up Traverse (Dual Arm Robot task) 

1.2. Place Traverse (Dual Arm Robot task) 

1.3. Pick up Fuse box  (Dual Arm Robot task) 

1.4. Place Fuse box (Dual Arm Robot task) 

1.5. Fasten Fuse box (Dual Arm Robot task) 

1.6. Install cable pack (Human task) 

Level 3: Operations (low level actions) 

Includes the elementary data that a robot or a human does for a specific motion or action. A library 

has been used for that reason including: ROTATE, APPROACH, SYNC_APPROACH, BI-
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APPROACH, MOVE_AWAY, SYNC_MOVE-AWAY, BI-MOVE-AWAY, INSERT, EXTRACT, 

OPEN/CLOSE GRIPPER operations.  

The above sequence of tasks has been implemented both in Process Simulate suite, as well as in the 

hybrid assembly cell in LMS premises (using the H-R station controller development).  

2.2.1. Simulation in PS suite  

The Simulation of the Dual arm robot tasks in the Process Simulate suite will be reported in this 

section. The estimated simulation time is 158 seconds. The outcome of the simulation and the 

estimated time for each separate task can be found in the following figures.  

Total time: 158 sec 

 

Figure 7. Pick up Traverse- Simulation Model 1 

Estimated time1 = 16 sec 

 

Figure 2. Place Traverse- Simulation Model 1 

Estimated time2 = 15 sec 

 

Figure 3. Pick up Fuse box - Simulation Model 1 

Estimated time3 = 30 sec 

 

Figure 4. Place Fuse box - Simulation Model 1 

Estimated time4 = 30 sec 
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Figure 5. Fasten Fuse box - Simulation Model 1 

Estimated time5 = 67 sec 

 

2.2.2. Hybrid Assembly Cell-LMS premises 

The latest layout and the steps in the hybrid assembly cell are visualized in this section. The dual arm 

robot picks up the traverse using cooperative motions (Figure 8).  

 

Figure 8. Pick up Traverse (Dual Arm Robot task) 

The placement of the traverse again with cooperative motions is visualized in the next figure. After 

the end of this task, the arms are prepared for the next tasks.  
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Figure 9. Place Traverse (Dual Arm Robot task) 

Picking up the fuse box is the next step of this process (using cooperative arms motions), as shown in 

Figure 10.  

 

Figure 10. Pick up Fuse box (Dual Arm Robot task) 

The placement of the fuse box in the vehicle traverse slot is the next task.  
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Figure 11. Place Fuse box (Dual Arm Robot task) 

Fastening the fuse box using screws is the ast task for the dual arm robot, where arm 2 hold the fuse 

box and arm 1 picks up the screw driver and the screws.  

 

Figure 12. Fasten Fuse box (Dual Arm Robot task) 

The human is able to enter in the robot workspace for executing the cable installation task as shown 

in the figure below. A graphical interface has been used for informing that the human has started and 

finished a task that is assigned to execute.  
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Figure 13. Install cable pack (Human task) 

The time per task in the final demonstrator are demonstrated in the following table. 

Tasks Time  

Pick up traverse 16 sec 

Place traverse 15 sec 

Pick up fuse box 30 sec 

Place fuse box 30 sec 

Fasten fuse box 67 sec 

Total time 158 sec 

 

The results of this demonstration and the metrics are summarized in section 8.1.2.  

2.3. Validation Approach, metrics evaluation and results  

The validation approach for the Dashboard assembly scenario was decided TOFAS and LMS and 

focused on the definition of questions and metrics that would help in validating the project 

developments. For this reason, two phases has been followed: 

 1st phase validation: The end user and LMS proposed methodologies that would help in the 

validation of the results and a short questionnaire was prepared. After this step, 

demonstration of the developments that are applied in Dashboard assembly case were 

demonstrated to the end user for discussing on the results and getting feedback for the final 

approval. The last step of this phase was the training and testing of these developments in 

order to answer the short questions that were decided. 

 2nd phase validation: Both TOFAS and LMS worked on the improvement of demonstrators 

and the expansion of the questions and the discussed methodology in the 1st phase. A new 

questionnaire is prepared and similar approach have been established for this phase. 

The questions that have been selected, as well as the results and the metrics are summarized in 

the annex of Dashboard assembly Demonstrator.  
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2.3.1. Potential improvements  

1st potential improvement: 

The potential improvements on Dashboard assembly cell would help in reducing the cycle time of the 

process, but without keeping the cost of tooling low, as in the proposed layout. Such improvements 

include the replacement of the commercial screw driver and the 3D printed screw feeder with a new 

screw driver that already includes a feeder for the screws. This replacement would surely reduce the 

cycle time of the process, but the cost of the tool itself would be at least around 10 times more than 

the conventional solution. The potential improvement on the cycle time was measured in simulation 

environment and the results are summarized in the following figures. 

Total time: 138 sec 

 
Figure 6. Pick up Traverse- Simulation Model 2 

Estimated time = 16 sec 

 
Figure 7. Place Traverse- Simulation Model 2 

Estimated time = 15 sec 

 

Figure 8. Pick up Fuse box - Simulation Model 2 

Estimated time = 30 sec 

 
Figure 9. Place Fuse box - Simulation Model 2 

Estimated time = 30 sec 

 

Figure 10. Fasten Fuse box - Simulation Model 2- Estimated time = 47 sec 
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2nd potential improvement: 

While placing the fuse box to the dashboard, robots loose time for rotating and adjusting the 

positioning angle of the fuse box. This process can be cancelled by rotating the dashboard at the in 

front of the. At loading table, small modification is necessary to ensure the angle of fuse box on the 

dashboard being parallel to slot that will be placed. The potential improvement on the cycle time was 

measured in simulation environment and the results are summarized in the following figures. 

Total time: 135 sec 

 

Figure 11. Pick up Traverse- Simulation Model 3 

Estimated time = 16 sec 

 

 

Figure 12. Place Traverse- Simulation Model 3 

Estimated time = 15 sec 

 

Figure 13. Pick up Fuse box - Simulation Model 3 

Estimated time = 18 sec 

 

 

Figure 14. Place Fuse box - Simulation Model 3 

Estimated time = 19 sec 

 

 

Figure 15. Fasten Fuse box - Simulation Model 3 

Estimated time = 67 sec 
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3rd potential improvement:  

This includes to gather together the two previous improvements. In this case the total estimated time 

is decreased more. A table presents analytically the estimated times from the simulations.  

Tasks 
Simulation without 

improvements 

1st potential 

improvement 

simulation 

2nd potential 

improvement 

simulation 

3rd potential 

improvement 

simulation 

Pick up 

traverse 
16 sec 16 sec 16 sec 16 sec 

Place traverse 15 sec 15 sec 15 sec 15 sec 

Pick up fuse 

box 
30 sec 30 sec 18 sec 18 sec 

Place fuse box 30 sec 30 sec 19 sec 19 sec 

Fasten fuse 

box 

67 sec 47 sec 67 sec 62 sec 

Total time 158 sec 138 sec 135 sec 130 sec 

 

2.3.2. Ergonomics analysis and improvements  

The ergonomics analysis in simulation environment helps to validate the project results from an 

ergonomic point of view. For this purpose, the current manual assembly line was quantified using the 

embedded Process Simulate Ergonomics analysis for the human tasks. The results of this analysis 

include: 

 Total score of the ergonomics for a task 

 Estimated recovery time for the human given a task (related to fatigue measure) 

 Muscle strain time history during a task (related to fatigue measure) 

Given the above, the ergonomic results for the dashboard pre-assembly station are summarized in 

the following figures.  

 

Figure 14. Traverse pick and place-manual task 

 Traverse pick and place 

 Task time=15sec  

 Weight of part=12kg  

 Ergonomics total score=21 

(without units) 

The figures related to human fatigue on this task are illustrated as follows: 
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The muscle straing for the human increase linerly and descrase for the different muscles as 

presented in the following figure for the traverse pick and place task.  

 

       

Figure 15. Body computer pick, place and fasten-manual task 

 Body computer pick, place 

and fasten 

 Task time=37sec  

 Weight of part=0.5kg  

 Ergonomics total score=18 

(without units) 

The figures relates to the fatigue are illustrated as follows: 

 

The recovery time was estimated 0 in this task. 
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Figure 16. Cable pick and installation-manual task 

 Cable pick and installation 

 Task time=58sec  

 Weight of part=0.5kg  

 Ergonomics total score=16 

(without units) 

 

 

The recovery time was estimated 0 in this task. 

The X-act project improved this station from the ergonomics point of view since with the hybrid 

solution that is proposed. In this way, the human ergonomics problems have been improved as only 

the cable pick and installation is still assigned to the human. The fatigue of the human has been 

reduced approximately about 61.53% and the risky tasks for human have been reduced by 71.2%.  

An approximate analysis for the performance of the human in the hybrid cell shows that the assembly 

errors will be reduced. The following table summarizes data coming from the end users regarding the 

estimated time for rework in the specific assembly station in case that assembly faults occur.  

Table 1. Rework time in Dashboard manual assembly processes  

Manual Process 
Rework 

Time(minutes) 
Possibilities/month 

Rework Total 

(minutes) 

Dashboard Cover Change 400 min 2 800 

Dashboard Cable Pack 

Change 
600 min 0,2 120 

Minor fixings 1000 min 1 1000 

 TOTAL 1920 

The estimation for the rework time improvement is about 95% and according to the end users 

analysis aspires to reduce the costs for rework on 100€/month (1200€/year).  

A preliminary analysis on the Human error probability (HEP) and a literature search [4] has shown 

that: 
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• Final product quality ↑ as the Human error probability (HEP) ↓ 

• The increase of the HEP is relative to the: 

• Increase of operator fatigue  

• Increase of tasks’ repetitiveness 

• The HEP is calculated through the following equation: 

 

• Where U is a function expressing the human fatigue and the repetitiveness of a task, 

including weighting factors for each measure  

 Given the above data for the rework time that is needed for assembly faults and the HEP 

methodology, the human error probability is expected to be decreased from 20% to 7.64% per 

month in the hybrid assembly cell regarding the cable installation. In this way the final product 

quality and the productivity of the overall assembly line will be improved.  

 

 

 

 

 

 

 

 

log10(HEP) =6×log10(U) 
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3. AUTOMOTIVE INDUSTRY DEMONSTRATOR- HYDRAULIC PUMP PRE-

ASSEMBLY 

3.1. Final layout, HW & SW implementation  

3.1.1. Final implemented layout  

The final layout of Hydraulic pump assembly case has been reported in D2.3 with a detailed 

description of all devices and components used in the scenario. Final layout is showed in the figure 1: 

 

  

Figure 17: layout of Dual arm cell 

 

HRI interaction foresees for this scenario presents a solution based on PILZ Safety Eyes device for 

management of safety zones around the robot. It allows creating danger zones around the robot 

(which stop directly the robot) as well as warning areas (that can be used for example to modify the 

robot behaviour). In addition to Safety eyes a Kinect has been integrated in order to create a 

redundant system with safety eyes that allows the worker to cooperate with the robot in a safe way 

and changing dynamically the behavior of the system. 

 

 

Figure 18: HRI mechanism 

 

3.1.2. Experimental setup –Force and impedance control application- IPK premises  

The hydraulic pump assembly experiments at IPK (Figure 19) have been focussed on novel 

algorithms for dual-arm-robot assembly operations based on force and impedance control. The main 

goal was to demonstrate the flexibility of the assembly processes in an uncertain (non-perfectly 
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structured) and variable environment, such as in the manufacture with several product variants or 

small batches. The aim was also to demonstrate the advantages of the new task-oriented programming 

approach and efficient usage of implemented generalized tasks and action libraries for the dual arm 

robot assembly.  

For this purpose a set-up with the RML robot, articulated 3-finger grippers (Robotiq), 6 DOF F/T 

sensors (K6D68 ME-Messsystemen), screw-driver (Bosch and Arduino), tool changers (ATI-Schunk) 

and an assembly facility with all pump components has been build, integrated into Comau C5GOpen 

Control system (Linux RT controller based on pre-emption patch and Mint distribution provided by 

COMAU) and utilized in the experiments. 

 

 

Figure 19 Water-pump assembly set-up at IPK 

3.1.3. Setup in IPK premises, Berlin 

 

The main advances of the approach implemented at IPK in comparison to the state of the art single 

and multi-arm robot systems concern: 

 

 Considerably simplified and more efficient programming  - based on CURL++ language 

(C++ based universal robot programming language) and MONGO-DB (data base 

management system) both developed and published as ROS packages, as well as TASK and 

ACTION libraries (programs) implementing generalized robot activities also supporting 

contact single-arm and bi-manual operations (tasks). The water pump assembly has been 

implemented using the following TASKS (Fig. Figure 20-Figure 30): 

- LAY ON HOLD – place the pump cover on the body with one robot arm (right) and 

hold the cover. This task consists on: MOVE_ALONG, APPROACH, GRASP, 

RETRACT and PLACE actions, some of them are illustrated in (Figure 21-Figure 

23).  

- BI_INSTALL_SCREW_HOLD_ADJUST – connect the cover and body by screwing 

(screw driver in the left arm), while adjusting the holes on cover and body by the 

right arm. The task is decomposed into following actions: MOVE_ALONG, 
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APPROACH, ATTACH_SCREW, INSERT_SCREW, SCREWING, RETRACT etc. 

(see Figure 25-Figure 26). 

- INSTALL_IN_HOLD – install the pulley on the cover and hold including: 

MOVE_ALONG, APPROACH, EXTRACT, RETRACT, INSERT, HOLD 

sequences (Figure 27-Figure 30). 

- BI_INSTALL_SCREW_HOLD_ADJUST – connect the cover by screws (see Figure 

29-Figure 30). 

 Implementing force/impedance control based novel SCREWING tasks with relatively simple 

and low cost screw-drivers (sensing, process monitoring and testing have be done using 

installed F/T sensors) 

 Improved robustness against tolerances and misalignments by applying compliant control on 

both arm by using compliance control for contact tasks. Implementation of understandable  

human-like robust assembly (“gears meshing” type) algorithms  

 Consequently implementing off-line programming at the higher task-layer based on the 

developed innovative bi-manual libraries. None of position has been teached and all required 

poses have been generated based on CAD models. 

 Considerably reducing the programming time and system costs for structuring the 

environment optimally utilizing the advantages of the dual-robot arms; 

 Reducing the programming and change-over times (for more than 500 %); 

 Increasing the assembly performance by controlling and monitoring the forces in all relevant 

assembly phases. 

 

 

Figure 20 WATER-PUMP assembly – LAY_ON_HOLD Task and ATTACH cover Ation (Left-

Arm). At the same time right-arm is performing synchronous (synchronisation is programmed and 

managed by CURL++) MOVE_ALONG to the approach_pose of the screw. 
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Figure 21 ATTACH vover (right-arm) and screw (left-arm) 

 

Figure 22 EXTRACT screw (by “unscrewing”) 
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Figure 23 MOVE_ALONG of both arms (with attached cover and screw) 

  

 

 

Figure 24 Place cover  
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Figure 25 Bi-manual Screwing together cover and body (right-arm performs HOLD_ADJUST while 

left arm accomplishes SCREWING action) 

 

 

Figure 26 Bi-manual Screwing together (zoom) 
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Figure 27 ATTACH pulley (right arm) and MOVE-ALONG (left arm to pick-up the upper screws) 
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Figure 28 Bi-manual arms synchronous operations: right arm installing pulley on the cover and left-

arm preparing screwing 
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Figure 29 BI_INSTALL_HOLD_ADJUST pulley by screwing bi-manual action after 

INSTALLATION i.e. INSERTION (inverse INSERT hole on peg) of the pulley on the cover 

 

 

Figure 30 Completed pulley installation (bi-manual INSTALL with right-arm performing 

HOLD_ADJUST and left arm SCREWING together actions) 

 

A special benefit of task-libraries and CURL++/MONGO-DB ROS packages were demonstrated by 

automatized multi-modal programming and commissioning, i.e., switch of the robot orders 

(applications), using novel SCRATCH based graphical programming (it will be further developed 

within EU FP7 ROBO-PARTNER project), as well simple speech and gesture-based programming 

(using leap motion). Multi-modal interfaces: speech based on CMU Sphinx open-source library) and 
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gestures commands (based on LEAP-MOTION) were easy and fast integrated in the CURL++ using 

ready-to use libraries.  

The SCRATCH programming interfaces (Figure 31-Figure 33) has be proven to be very efficient to 

define subjects and parameters (poses etc.) to facilitate CURL++/MONGO-DB specification, as well 

as task decomposition and flow. Speech programming (Figure 34) was very useful for the both arms 

synchronization (by novel bi-manual jogging) and configurations programming/testing, while the 

LEAP-MOTION gests (Figure 35) were very promising for the grasping patterns programming. A 

multi-modal interface approach, in conjuction with advantages from standard C++ robot 

programming and data management (ROS CURL++ and MONGO-DB) has been proven to be a 

promising method for realistic industrial applications, providing most suitable and robust 

methodology for specific applications. 

 

 

Figure 31 Graphical programming – subjects parameter specification 
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Figure 32 Graphical programming – actors, tasks actions and tasks parameters definition 

 

Figure 33 Graphical programming: Task program example (LAY_ON) 
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Figure 34 Speech based programming (using CURL++ and task/action libraries) 

 

Figure 35 Gesture programming of grasping patterns 
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3.2. Hydraulic pump assembly demonstrator- Advances   

The major advances for COMAU are related to enhancement of Dual arm platform and robot 

Dexterity and the creation of a new generation of dual arm standard robot for industrial projects as 

well as new application using the new approaches developed within the X-Act consortium. Below a 

list of major benefits in the dual arm robot in this scenario: 

 Ability to program easier  bi-manual tasks using cooperative and sync functionalities of 

PDL2 

 Use of simpler grippers and tools by using two arms instead of on 

 Space saving when integrating a dual arm robot in the shop floor instead of two single arms 

  Easier integration of dual arm instead of two single arms  

 Easier design and integration of automation solutions in a dual arm robot cell 

 Easier programming using cooperative and sync arm functionalities  taking advantage form 

the dual arm configuration 

 OLP tools for dual arm robots, enhancing the capabilities of the software (Process simulate). 

Export data tool will make the data available to be used for online programming 

 Open approach using the Open C5G and Sensors integration 

        

Figure 36: OPEN architecture 

 

 HRI: Fenceless and fixtureless approach. The architecture for safety chain foresees a 

combined use of different sensors as showed below: Safety eyes and Kinect are used in 

parallel in order make more robust and flexible the cooperation between human and robot 

enhancing the functionality of safety system as well permitting to minimize or avoid the use 

of physical fences or barriers  
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Figure 37: fenceless layout 

 

 New potential market and application as well as the Integration of several type of process 

taking advantage from dual arm technology (e.g. arc welding + handling) 

 

3.3. Validation Approach, metrics evaluation and results 

The approach that was presented in section 2.3 was followed also in this scenario. The result can be 

found in the Annex of the Document.  
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4. REWORK OF ELECTRICAL APPLIANCES INDUSTRY DEMONSTRATOR- 

SEWING MACHINE DISASSEMBLY  

4.1. Final layout, HW & SW implementation  

The fenceless cell setup at TEKNIKER facilities was designed according to the features that could be 

demanded in the near future in a real deployment in an industrial setup. The two main features of the 

cell are: 

 Based on a dual arm robot  

 Completely free of physical safeguards or barriers 

 Safety strategy implemented to guarantee a safe human-robot collaboration environment 

 Design of tools and auxiliary devices to allow an efficient production 

 Multichannel interaction 

These features have been achieved thanks to the layout and elements described in next sections. 

The control of the cell is based on an external controller (implemented on a PC) that is in charge of 

the coordination of all actions, sending commands to the robot based on the information provided by 

the vision system and implements the Speed and Separation monitoring strategy. 

It generates as well the information displayed on the screen and the variable frequency beep to warn 

operators approaching the robot. 

4.1.1. Final Layout 

 

 

Figure 38. Cell overview 

The footprint of the cell is around 30 m2, free of safeguarding barriers.  

It includes a shared collaboration working space in front of the robot, a tool exchanger station, a 

conveyor on the right hand used as input mechanism of the parts that have to be disassembled and an 

auxiliary table on the left hand that could be substituted by an output conveyor in a real 

implementation. 

4.1.2. Elements of the cell: production means 

4.1.2.1. Disassembly station 

The robot disassembles the parts on top of a workbench in front of it. Even if at the beginning it was 

a fix metallic table, in the final implementation it has been introduced a rotating mechanism that 

allows reducing the time needed in the process. In fact, in the initial implementation, the two arms of 
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the robot were used to rotate the sewing machine used as validation part during the project. It 

demonstrated one of the benefits of this kind of robots, that reduced the need of auxiliary mechanisms 

and fixtures to hold and manipulated the part. However after the initial validation process it was 

decided to include this modification to make the process more efficient. 

It has been included an electrical motor that rotates the table and orientates the part on it to the most 

convenient pose for the robot to work on the part. 

The savings in time are significant: 

 Rotating operation without tool change: 20s 

 Rotating operation needing a tool change: 40s 

 Rotating operation needing two tool changes: 60s 

Depending on the machine that is processed, several of these rotations may been needed. 

 

  

Figure 39. Workbench: Initial implementation Figure 40. Workbench: Final implementation 

with rotating plate 

    

Figure 41. Easier access to parts thanks to the rotating mechanism 

4.1.2.2. Tools 

For the validation of the cell 4 tools have been designed and manufactured. Due to the characteristics 

of the parts manufactured by ALFA, most of them in plastic, suction technology was selected. 

  

Figure 42. 50+50 mm suction cups tool Figure 43. 35+50 mm suction cups tool 
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Figure 44. 10 mm suction cup tool Figure 45. Screw driver tool 

In collaboration with the SMERobotics, other tools have been included in the setup, i.e. three finger 

grasping tools. They are available but have not been used in the validation of X-ACT. 

All tools are mounted with a fast-automatic tool exchanger device. 

4.1.2.3. Tool exchanger mechanism 

Each arm includes a fast-automatic tool exchanger device on the wrist. 

 

Figure 46. Tool exchanger device on the robot and the tools 

The device allows both pneumatic and electrical interfaces between the tool and the robot. 

4.1.2.4. Tool magazine 

A tool magazine with 6 positions has been designed and implemented. All positions included a sensor 

to monitor the presence of a tool. The tool exchange is done by the robot automatically by executing 

a predefined routines. 
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Figure 47. Tool magazine 

4.1.2.5. Vision system 

Two vision systems have been included to cope with the uncertainties on part position (there are not 

fixtures to guarantee a fix and known position of the parts). 

 A depth camera is mounted on top of the robot (attached to the torso axis) and allows a rough 

estimation of the pose of the objects. 

 A second camera is mounted in an eye-in-hand configuration and allows a fine positioning of 

the tools. In the current implementation, only one of the arms has this camera, but in the 

future a second camera could be installed on the second arm.  

  

Figure 48. Depth-camera (left) and eye-in-hand camera (right) 

4.1.3. Elements of the cell: Interaction 

Besides the mechanisms already described for gestures and voice based interaction, the ALFA setup 

includes a big screen in front of the collaborative area. 

This screen is used to provide two types of information to the worker: 

 Task to be done during the collaboration 

 Safety information: distance and position with respect to the robot and maximum speed of the 

robot 

Besides that, there is a sound feedback as part of the safety strategy: a beep that changes its frequency 

as the worker approaches the robot. 

 

Figure 49. Big screen on the frame of the robot 
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4.1.4. Elements of the cell: Safety strategy 

The safety strategy in X-ACT has been possible thanks to the inclusion of the following elements: 

4.1.4.1. SafetyEye 

This 3D vision system is placed above the working area that needs to be monitored and allows 

defining different protection areas around the robot: 

 Warning area. Those zones close to the robot where presence of humans or moving parts is 

allowed but reduced robot speed is recommended. Whenever any object or person is in this 

area the SafetyEye activates a digital signal. This signal is wired to a standard input in the 

robot controller that limits the velocity to 250 mm/s. 

 Alarm area. It is not admissible the presence of humans or other moving elements in this area. 

Whenever any object or person is in this area the SafetyEye activates a digital output signal. 

This signal is wired to an auto-stop safety input in the controller that can trigger an E-STOP. 

 Exclusion/cut area. It is an area inside the warning or the alarm area that is not monitored by 

the sensor. 

This area presents a potential risk if somebody resumes the movements of the robot when 

there is a person inside this area. To avoid or reduce this risk the distance and velocity 

monitoring system described below has been implemented. 

Zone arrangement. It is a group of detection areas (alarm or warning) that are activated at the same 

time. The areas are defined according to the maximum speed and deceleration of the robot to 

guarantee that it will be able to stop in time, before any collision happens. The zones defined in the 

cell are presented in next figure. 

  

Figure 50. SafetyEye monitoring volume definition 

 



X-act  314355 

-41- 

 

Figure 51. Details of the SafetyEye in the cell 

 

4.1.4.2. Person and object detection and tracking 

SafetyEye outputs digital signals but it cannot provide information about the position of the detected 

intruders. So, it can be used only to provide discrete security behaviour to the robot (safe, warning 

and danger). The distance and velocity monitoring system (DVM) overcomes this gap, creating a 

redundant security system with enhanced capabilities. It is used to implement the SSM safety concept 

although, instead of speed, the velocity and trajectory is monitored. By using this mechanism, it is 

possible to monitor the presence (position and velocity) of any operator or object inside the warning 

zone and modify the robot speed accordingly. 

The system is based on the fusion of two different sources of information: 

 Two laser rangefinders measurement systems placed at different heights on the base of the 

workbench, facing opposite sides of the robotic cell. Each of them operates in a range 

between 0.5 and 20 meters, 270º field of view and 0.25º angular resolution, with a 50 Hz 

scanning frequency. For human position detection and tracking, a two-step algorithm has 

been designed and implemented. Initially a pattern based detection algorithm detects the 

obstacles around the robotic cell. The detected obstacles are then used to feed a multiple 

objective tracking algorithm based on Joint Probability Data Association (JPDA) and Particle 

Filtering (PF). Further details of the algorithm can be found in ([1]. 

 A depth vision system allows distinguishing between objects and human beings. The 

developed system has the following main characteristics: 

o It is a standalone application, working as an independent surveillance module. 

o The system uses OpenNI 1.5.7.10 and NiTE 1.5.2.23. It uses Kinect as the sensor for 

depth data acquisition. 

o The results of the people or object detection are sent through UDP communications 

to the main system. 
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Figure 52. Laser system (left) and image obtained with the depth camera (right) 

4.1.4.3. Other safety elements 

Besides the red-button available in the robot pendant, two additional elements have been included: 

 A red-button on the table. It was included after the experimentation done with a group of 

workers. Some of them stated the convenience of having this emergency mechanism at 

hand when working inside the collaboration area. 

 An interlock key is at the disposal of operators. The signal provided by this device is 

included in the stop chain of the robot. It is up to the operator to use it or not when 

entering the area reachable by the robot 

 

  

Figure 53. Red-button on the table Figure 54. Interlock key and robot pendant 

4.2. Sewing machine disassembly demonstrator 

The demonstrator has facilitated the development of some technological innovations and to validate 

the overall X-ACT concept in a real application: disassembly of electrical appliances. 

4.2.1. Assembly / Disassembly process 

It is the core result and has been validated through the complete implementation of a disassembly 

procedure for one of the sewing machines commercialized by ALFA. 

Obviously, disassembly of goods is not the core business of ALFA but it is part of the Technical 

Assistance Service day-to-day activities for repairing and/or reworking of goods. The same 

technological approach used and validated for disassembly is possible for assembly; in fact, in a 

parallel project, SMERobotics, this layout, with some new tools, has been used to assemble 

Aeronautic components. 

The process of disassembly consists on the following steps: 

Product entrance and unpacking 
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Products to be processed are placed on a conveyor by the technician. The pose of the box is obtained 

thanks to the information provided by the depth camera on the torso of the robot. 

  

Figure 55. Box on the conveyor is taken by the dual-arm robot 

Taking the sewing machine out the box is done by the robot. Inside the box the sewing machine is 

protected by means of a poliespane cover. The carton box is placed on the auxiliary table in front of 

the workbench. 

As in the rest of the manipulation tasks, suction technology is used to hold the box. 

  

Figure 56. Taking the sewing machine out the box 

Before removing the poliespane cover, the robot needs to rotate it.  

  

Figure 57. Manipulation of the poliespane cover 

The robot is able to remove one half cover. However the second one demands the dexterity of a 

human being. In this step, the robot presents the machine with half poliespane cover in an ergonomic 

position for the worker to remove it. 

A message in the screen requests the collaboration of the human worker. 
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Figure 58. Removal of half cover and pose for human collaboration 

During the collaborative task, the SafetyEye zone arrangement is changed, so the worker can enter in 

the collaborative spaced without triggering and alarm. However the maximum velocity of the robot is 

reduced below safe limits. The pose of the robot with the arms forehead, contributes to safety 

perception. 

Once removed the poliespane, the operator takes the carton box and the poliespane covers and leaves 

the working area, so the robot can continue with the disassembly process. 

  

Figure 59. Human-robot collaboration for cover removal 

Before the disassembly process, a tray is placed on the auxiliary table. All parts that are removed 

from the sewing machine are placed on this tray in specific positions, so the final assembly once the 

machine has been repaired is easier for the human operator. 

  

Figure 60. Positioning the tray before the disassembly starts 
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Disassembly 

The disassembly consist of a serie of operations in which the robot identifies the accurate position of 

a part using the eye-in-hand camera on one of the arms and uses the suction cups to remove it. 

The removed part is placed inside the right position on the tray. 

  

Figure 61. Identification of the roulette position 

 

  

Figure 62. Roulette is removed and placed on the tray 

Several screws are used during the assembly process of the sewing machine. For aesthetic reason, 

they are hidden with small plastic covers. They are removed using the 10mm suction cup once the 

accurate position of the cover is identified using the vision system. 

  

Figure 63. Small plastic cover identification and removal 

Once the plastic covers are removed, the screws are removed using an electrical screwdriver 

developed in the project. 
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Figure 64. Screw identification and unscrewing 

For some operations the robot needs to rotate the sewing machine. In the first implementation, all 

rotations had to be done using the two arms. Once the workbench has been modified and a motor 

included, the rotations in the horizontal plane are done by the robot, saving a significant working time 

for the robot. 

  

Figure 65. Rotating the machine in the vertical plane 

The handle of the machine has to be manipulated to access the screws of the top cover. 

  

Figure 66. Accessing the screws under the handle 

The top cover is removed and placed on the tray. One of the arms is used to hold the machine 

meanwhile the second one exerts the needed force to remove the cover. 

  

Figure 67. Top cover removal 
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The process continues with the removal of other plastic elements. Due to the accessibility constraints 

of both arms, sometimes the part is passed from one arm to the other one before leaving on the tray. 

  

Figure 68. Exchanging a part from one arm to the other to leave on the tray 

Once all parts are removed and placed on the tray (including the sewing machine itself), the tray is 

placed on the output area to be processed by the technician who repairs and assembles back again. 

4.2.2. Safety strategy 

The safety strategy is based on the combination of different sensors and sources of information and 

appropriate interaction and working procedures. Next figure represents the architecture implemented: 

 

Figure 69: X-ACT Safety scheme 

The hardware elements in this architecture are commercial-off-the-shelf products: SafetyEye, Lasers, 

vision system, or interlock key. 

The innovation developed in X-ACT is twofold: 

 The strategy itself. It has been validated with a group of 17 workers and has obtained a 

successful acceptation rate (see next chapter). 

 The SSM system developed, fusing different sources of information as described in section  

4.1.4.2 



X-act  314355 

-48- 

4.2.3. Other results 

For the disassembly of the electrical appliances, it has been necessary to design and build a set of 

elements that could be exploited for similar applications: 

 The suction tools. They have been designed in such a way that can be adapted to different 

configurations: distance between cups and diameter of them. 

 The screwdriver. Using a standard manual screwdriver, this ad-hoc cheap solution offers the 

needed mechanical compliance for screwing and unscrewing operations.  

 The Tool magazine. It can be adopted as a general solution whenever a tool magazine ready 

for automatic tool exchange operations is required. 

 

4.3. Validation Approach, metrics evaluation and results- 

ALFA scenario has been used to validate the general concept applied for disassembly operations and 

for the validation of some technical developments of the project. 

4.3.1. Industrial application of the X-ACT concept in ALFA 

As it has been already said, part repairing is not the core business of ALFA, but a fast and good post-

sales service plays a key role in maintaining the loyalty of customers. 

The process of disassembly has been validated using the setup installed at TEKNIKER’s facilities 

and using one of the sewing machine models commercialized by ALFA. Furthermore, the concept has 

been validated in simulation using the results provided by SIEMENS using a different product. 

In the analysis of this Use Case the following criteria has been followed in order to have some 

quantitative data: 

 2 employees perform repairing activities on sewing machines.  

 The cost of this activity has been estimated (considering full time dedication to it) 

 Three hypothesis have been considered and the ROI calculated for each of them: 

o 1st Hypothesis: the current disassembly process using the dual arm and the robotic 

cell layout. 

o 2nd Hypothesis: an improvement of the disassembly process done by the robot, 

which is achievable with a new design including a double tool instead of the single 

one, i.e. the robot can reduce the number of tool exchange operations. This factor has 

been identified as a key element to reduce the time needed by the robot to 

disassemble the parts. 

o 3rd Hypothesis: besides the previous improvement, the robot is able to assemble the 

product once it is repaired (this repairing operation remains being done by the 

worker). 

After the analysis, only the third hypothesis lead to a reasonable payback in the 4th year after 

deployment.  

The potential impact of the technology and concept developed is however more relevant if we 

consider two additional uses of them: 

 Assembly of parts. Nowadays all products commercialized by ALFA are manufactured in 

Asian countries. Once the concept has been validated, it is possible to consider that part of 

this production can be done in Spain again. It makes sense in particular for those high added 

value products that are produced in small batches. 
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For instance, the HORIZON 8200 model is one of this products, with a cost above 2.000€ 

that is produced for the professional sector in small quantities (around 30 units in the case of 

ALFA geographical market). A hard automation is not feasible, but the collaborative and 

flexible approach developed in X-ACT can be worth considering. 

 

 Product customization. This is a new offer for those customers purchasing sewing machines 

via ALFA website. Currently, users can select among a set of predefined stickers that are 

delivered with the machine. An enhanced customization service, exploiting the X-ACT 

approach, could be as follows: 

o The customer orders the sewing machine via ALFA website 

o The customer personalizes the sewing machine using drawing tools in the website, 

uploading images, logos, etc. 

o The order is automatically received in the production site 

o The dual arm robot executes the following operations: 

 Takes a box with a sewing machine inside 

 Unpacks the sewing machine from the box 

 Places the sewing machine in the “customization production line” (laser 

marking, serigraphy…) 

 Packs the customized sewing machine  

 The box is returned to the warehouse ready for delivery 

 

 

Figure 70: Professional sewing machine (left) and customization of product (right) 

4.3.2. ALFA scenario for partial results validation 

The results that have been validated in this scenario are: 

o Safety strategy and SSM. Two types of validation have been done.  

o Simulation and off-line programming 

4.3.2.1. Simulation and off-line programming 

The tool developed by SIEMENS in the project has been used for the development of the scenario.  

MODEL HORIZON 8200 

Professional machine 

Price: 1.969 € 

Yearly production: 30 units 
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Figure 71. Use of Process Simulate tool in Alfa scenario 

 

4.3.2.2. Safety strategy 

Two types of validations have been done. The first one is related with the safety level achieve and 

has been conducted through a post-measures risk assessment that took place on July 2015. The 

assessment was done by PILZ based on the standard procedures and evaluation tools they use in real 

industrial applications.  

The assessment was successful and has been reported in the Annex of this document.  

The second assessment aimed to measure the acceptance by workers of the proposed safety strategy 

and interaction mechanisms. 

Seventeen workers took part in the validation experiment that consist on a subjective and objective 

evaluation using questionnaires, interviews and observation techniques.  

The summary of the experiment design is as follows: 

o Each participant had to attend two sessions, with a difference of several days between then. 

During the experiment, one of the experimenters guided the participant in the sequence of 

actions to perform and observing the behaviour of the participants. 

o After each session a questionnaire was fulfilled by the participants. Finally, after the second 

session, experimenters and participant met in a short meeting. The participants were 

interviewed about the more relevant aspects that have been observed in the experiments and 

the analysis of the answers to the first questionnaire. 

o A simply task demanding human-robot collaboration and interaction was designed. The robot 

grasped a cubic part and moved it at high speed describing a predefined path. 
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Figure 72. Part used in the collaborative task 

o When the collaboration of the worker was needed, the robot placed the box in the 

collaborative position (with both arms ahead). The participant was requested by the robot 

(using a message on the screen) to do the collaboration task. 

 

  

Figure 73. Robot waiting for the worker in 

the collaborative pose 

Figure 74. Message on the screen 

requesting the worker to perform the task 

o Once in the collaboration area, the participant had to screw a bolt in each of the three sides of 

the cubic part. In order to make the process faster, the fastening had to be manually done, 

without using a screwdriver. 

o Only the screw in the front side could be screwed. So, after screwing each bolt, the 

participant had to request the robot to rotate the box (to make the next side of the cube 

accessible). The participant had to use different interaction mechanisms to request this 

rotation. 

o Once the third bolt was fastened, the participant had to leave the collaboration area and the 

robot resumed the high speed movement. 

o The same sequence was repeated to unscrew the bolts. The sequence of screwing/unscrewing 

had to be performed several times. 

o When the participant was out the collaboration area, i.e. the robot was moving the box at high 

speed, the experimenter requested the worker to take an object from the table, place inside 

the working area of the robot. The participant had the possibility to use two different 

approaches: To use the interlock key or to trust the safety mechanisms implemented and enter 

in the working area of the robot without using the key. 

o Four different interaction mechanisms were available by the participants: 
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o Button. A single button was placed on the table placed in the collaboration area. The 

participants pushed the button to request the box to be turned by the robot and to 

signal the end of the operation (once the 3rd bolt was screwed or unscrewed). 

 Voice commands. Two voice commands were available (in Spanish): ‘Girar’ 

(meaning ‘Turn’) and ‘Fin’ (meaning ‘End’) 

o Gestures. Two simple gestures were available: 

 Rising a hand: to request the box to be turned by the robot 

 Rising both hands: to signal that the operation had been completed (once the 

3rd bolt was screwed or unscrewed) 

o Implicit. The robot detected that the operations were finished, so no explicit 

interaction was needed, i.e. the robot rotated the box automatically each time the bolt 

was screwed/unscrewed. 

The results of the experiment have been reported in D4.4. The most relevant outcomes are the 

following: 

 When asked to rank the 4 interaction mechanisms, the well-known and standard button 

mechanism was selected by 7 as first choice and 6 as second choice. Voice (4+3) and 

gestures have similar acceptance (4+5). Implicit interaction was the last choice. 

 In the experiment only two voice commands and two gestures were at the disposal of the 

participants. However, when they were asked about the possibility of using a higher number 

of commands (20 commands), only 6 participants thought it would be possible in the case of 

voice commands and 4 in the case of gestures. 

  

Figure 75. Capacity to remember 20 Voice 

commands 

Figure 76. Capacity to remember 20 gestures 

 Button was the mechanism with a higher consensus: 100% of participants did not doubt how 

to use it, and only 1 complained about its position on the table (he explained that it was a 

little bit far). 

 53% of participants doubted whether the robot had detected the end of the task or not during 

the implicit interaction 

 Only 5 of the participants would like to use almost always implicit interaction 
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Figure 77. Have you felt losing control using 

Implicit interaction?. 1: Never, 5 Always 

Figure 78. Would you like to interact with 

equipment and machines this way?. 1: Never, 5 

Always 

 When asked about how easy to use the system was, 100% of the participants answered that it 

was easy (35%) or very easy (65%). 

 None of the participants felt unsafe during the experiment. In fact 11 felt completely safe and 

6 safe with some minor objections. 

 This helps understanding the answer to the question on a future working environment without 

physical fences. Only 1 participant would never accept it. 

  

Figure 79. Have you feel safe with the safety 

strategy setup? 

Figure 80. To work without physical fences 

around a robot 

 The use of the interlock key to enter into the working space of the robot was a way to 

measure the participants trust on the safety strategy and mechanisms implemented. Only 3 

out of the 17 would always use it. 

 There was a great agreement on the convenience of having an emergency button close to the 

worker in the collaborative space: 9 considered it mandatory and 7 convenient. 

 

 

Figure 81. The use of the interlock key Figure 82. An emergency button in the 

collaborative working space 

 At the end of the experiment 53% of participants thought that their perception about safety 

had changed positively. 



X-act  314355 

-54- 

 When the workers were requested to enter in the working space meanwhile the robot was 

moving at high speed, they could choose entering directly or using the interlock key. The 

behaviour is shown in the following figure. There is a slight signal of improving trust. 

 

Figure 83. Use of the interlock key. First session (left) vs second session (right) 

In summary: the perception of trust using the X-ACT safety strategy approach is very positive. It 

seems that no special objections can be expected. In fact, the 3 participants in the experiment that are 

members of the Labour Health and Safety Committee answered that they would accept this working 

procedure. 

Moreover, 88% of the workers thought that in the future the collaboration between robots and 

workers will be possible and they would accept working in this way. The other 12% would not accept 

this working mode even if they think that it would be feasible. 

On the other hand, voice and gesture based interaction mechanisms have been positively valuated by 

the workers. Implicit interaction seems not to be a widely accepted by users. 
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5. DISCUSSION  

X-act has investigated the benefits of Dual arm robots in the assembly of mechanical parts as well as 

the disassembly of fragile plastic parts. During the project a number of objectives has been 

investigated from research point of view that are summarized as follows: 

 Dual arm robots enhancement modules involving sensors, visual servoing and flexible tools 

to enable dexterous operation 

 Motion planning algorithms for synchronizing the motion of the dual arms combined - 

execution of bimanual operations 

 Dual arm robot instructions libraries to simplify programming, robot program to be 

incrementally and automatically created 

 Simulation modules to realistically simulate the dual arm robot 

 Sensor guided programming involving voice recognition, visual programming, force sensing 

 Highly intuitive interfaces for human-robot cooperation during operation with control 

algorithms to regulate manipulation of parts 

 Fenceless human robot supervision system adjust speed of the robots upon detection of 

humans automatically re-plan robot trajectory 

Based on the above objectives and the project developments, the consortium has identified the main 

benefits of Dual arm robots in different aspects and presents them as follows.  

5.1. Human Robot Cooperation and Interaction 

Dual arm robots anthropomorphic structure helps in the human robot cooperation and interaction 

concepts in the following aspects: 

 The HRI framework design is implemented easier such as for example the interpretation of 

human gestures in the dual arm robot arms motions (e.g. hands_left, hands_up etc.). The mapping 

between the gestures that human uses to command a dual arm robot is easier compared to 

mapping with single arm robots. An example of interaction between human and dual arm robot 

based on gestures is illustrated in the following figure. The mapping design for dual arm robots 

movement was similar to the human motion (up, down, left, right etc.). The mapping of the same 

gestures for single arm robots would be rather complex and would require more effort especially 

in the direction of matching the frames of human body to the single arm robot frames. The 

interaction framework might be not so clear to the user in the case of single arm robot due to 

these facts.  
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Figure 84. An example of gesture based interaction with Dual arm robot [2],[3] 

 The robot structure allows cooperative and synchronized motions that are relevant to the human 

motions. In this direction, experiments during X-act project has shown that the user “trusts” such 

robot motions and poses from safety point of view.  

5.2. Dual arm robots compared to using multiple robots  

The performance of Dual arm robots compared to more than one single arm robots has shown a 

number of advantages such as: 

 Complexity reduction for gripping devices and tools  

 Complexity reduction for fixtures, assembly tables etc. 

 Space saving and increase workspace for the same processes  

The Smart COMAU dual arm robot concept is visualized in the following figure, when a comparison 

with three single arm robots in cooperation with the same payload is illustrated in Figure 85 b. An 

example of using a larger robot for the Dashboard assembly scenario is presented in Figure 85 c. The 

complexity of gripping devices is evident, as well as the fact that more than 2 grippes are required.  

 

Figure 85. Dual arm robot vs single arm robots  

The possibility of using two single arm robots with similar to the two arm of the Dual arm robot 

payload was not possible as it is illustrated in the next figure. 
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Figure 86. Dual arm robot vs single arm robots  

The use of two single arms is not feasible in this case as the right single arm robot doesn’t access the 

loading area besides the left robot and the opposite. For this reason, the cooperation of these two 

robots is feasible only in the space that they share in front of them. 

Given the same assembly process, the workspace of a Dual arm robot is visualized in Figure 87 a. 

For the same layout structure, the use of three single arm robots with the same payload in pairs would 

require increased space but also 6 different robot arms (Figure 87 b). A single arm robot with more 

complex gripping devices, tool changer system and increased payload would be a third possible 

solution (Figure 87 c).  

a b c

 

Figure 87. Different robot workspaces for the same assembly process  

The above advantages of dual arm robots conclude also to cost reduction for setup a new working 

cell. 
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5.3. Dual arm robots for assembly and disassembly processes  

The Smart COMAU dual arm robot has been tested in assembly and disassembly processes successfully with a variety of tasks such as pick and place, 

screwing and unscrewing process. The design of the assembly and disassembly station were based on the setup of the human based assembly lines that are 

running in industrial environment. The tools that were used are similar (in functionality and cost) with the tools that the human uses.  

An example of the human and dual arm robot performance in the assembly processes is presented in the following figure. This figures illustrates how the 

same product is assembled in the human based assembly line and how the product is assembled in the Dual arm robot assembly line. The workspaces the 

human needs are the same as the dual arm robot needs. Comparison in the process step by step shows also that similar tools are used for the process such as 

screw drivers (step 5). 

 

 

Figure 88. Human VS Dual arm robot assembly process-an example  
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5.4. Dual arm robots VS programming 

The programming of dual arm robots is similar to the single arm robots, with the addition of 

important commands for synchronized and cooperative arm motions. These functionalities have been 

implemented in the same controller and it is easy enough for a specialist to program such motions. X-

act has worked on the improvement of the programming methods in dual arm robots, by developing 

Intuitive Human machine for easier Human Robot interaction. These interfaces allow to the user to 

command an industrial robot using the natural language (voice commands) or even simple body and 

finger gestures. User friendly interfaces have been also developed with the following main 

advantages: 

 Hierarchical structure of Robot and human programs. Three levels of hierarchy have been used 

namely Order, Task and Operation. A number of global operations are offered to the user such as 

Approach, Move_away, bi-Approach, sync-Approach, grasp, close_Gripper etc.  

 A graphical interfaces for the selection of arms, user, base and tool frames is offered  

 A virtual teach pendant has been developed also for moving the dual arm robot in Cartesian and 

configuration space  

This platform can be also adapted in single arm robots without restrictions.  

5.5. Dual arm robots and safety  

The structure of Dual arm robot as well as the Human Robot Cooperation concept enables towards a 

fenceless supervision concept. The Smart COMAU dual arm robot was enhanced with safety related 

sensors such as laser scanners and the SafetyEYE (PILZ) that is certified for safety. Risk assessment 

was performed also for the three different cases (assembly and disassembly). The safety features of 

the working cell was ensured by the SafetyEYE and the laser scanners and allowed real time 

performance under “Virtual fences” monitoring.  

The fenceless supervision concept allows also easy reconfigurability of the cells compared to the 

physical fences, as when there is need for changing the station, the safety zones change through 

software easily.  

5.6. Dual arm robots with respect to tools, fixtures, grippers 

The use of Dual arm robots allows to simplify the design of the tools, fixtures and grippers that have 

been used in the layout. This is outcome of the dual arm robot dexterity and the combination of more 

degrees of freedom in the same robot. The cooperative and synchronized motions in the workspace of 

the dual arm robot structures help in simplified the tools that are used as the pick and place of a part 

for example could be done easier with 2 arms instead of 1.  

5.7. Dual arm robots and its impact on space saving in the shop floor  

The structure of the dual arm robots allow space saving in the shop floor compared to the single arm 

robots. The Smart COMAU dual arm robot for example, enables the use of 3 different workspaces 

with the external rotary axis that it has. This allows the possible design of cells that allow more than 

one assembly operations in more than one products at the same cell.  

The dimensions of the cells that were presented in previous section are visualized in the following 

figure. The Figure 89 a shows the space that a Dual arm robot needs for the Dashboard assembly 

process, when in b the same case three single arm robots in cooperation have been proposed. In this 

alternative the area that is needed in the shop floor is at least 9.12 m2, that is around 1.5 times more 

than the single arm robot. The use of a single arm robot with higher payload is proposed in c and 

requires around 17.1m2 (around 2.88 times more than the dual arm). 
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Figure 89. Different Layout space for different robot cells  

 

The cell dimension measurements have been done in 3D simulation environment for the different 

cases. The results (width, length and area) are described in the following table.  

 
Dual arm robot 

layout 

3 single 

cooperative 

robots layout 

Big Payload Single arm robot 

layout 

Width (m) 2.2 2.4 3.8 

Length (m) 2.7 3.8 4.5 

Area (m2) 5.94 9.12 17.1 

 

It is evident that the Dual arm robot layout saves space in the shop-floor compared with the other two 

possible solutions.  

5.8. Ergonomics improvement  

An analysis on the ergonomics improvement in the dashboard pre-assembly scenario (see section 

2.3.2) showed that: 

 The fatigue of the human has been reduced approximately about 61.53% 

 The risky tasks for human have been reduced by 71.2%. 

 The estimation for the rework time improvement is about 95% and according to the end users 

analysis aspires to reduce the costs for rework on 100€/month (1200€/year).  

 The human error probability is expected to be decreased from 20% to 7.64% per month in 

the hybrid assembly cell regarding the cable installation. In this way the final product quality 

and the productivity of the overall assembly line will be improved.  
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6. CONCLUSIONS 

The output of this document includes the final demonstrators’ setup and results that were achieved. 

Significant time saving in the three demonstrators was achieved after modifications in the layout and 

the robot motions. More specifically, the final demonstrators’ documentation includes: 

 Automotive Industry- Hydraulic pump pre-assembly scenario 

 Automotive Industry- Dashboard pre-assembly scenario 

 Rework of Electrical Appliances Industry- Sewing machine disassembly scenario  

 Validation approach and metrics for the above scenarios took place, as well as their results. 

It is worth-saying that the following results and benefits were achieved in the above demonstrators: 

 Dual arm robot were integrated in different industrial scenarios for assembly and disassembly 

of small and big parts, as well as plastic and delicate parts  

 Different gripping technologies were used in these scenarios, as well as tool changer systems  

 The complexity of gripping devices was reduced compared with the grippers that are used in 

single arm robots  

 Significant Reduction in the number of fixtures in the final layout  

 Possibility to handle big and small parts event with the same grippers  

 Significant reduction in the number and the complexity of tools/grippers  

 Space saving in the shop floor is also feasible using dual arm robots  

 Cost saving due to the reduction of tools, grippers and fixtures complexity  

 HRC coordination was also achieved based on ROS platform   

 Fenceless supervision system was successfully integrated in the three cases and allowed safe 

Human robot coexistence, interaction during programming and collaboration  

 Simulation of dual arm robots was achieved and successfully demonstrated for single, 

synchronized and cooperative motions execution 

 X-act exploitable results were successfully applied in the different industrial  cases and 

validated  
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8. AUTOMOTIVE INDUSTRY DEMONSTRATORS- ANNEX 

8.1. Dashboard Assembly Demonstrator  

8.1.1. SafetyEYE logic  

The logic of the zones arrangement is illustrated in Figure 90. The inputs are representing the zones 

that has been defined in the safetyEYE controller side and are enabled depending on the output of the 

robot controller (Dout[16], Dout[17], Dout[18]), where the outputs represent physical output 

functionalities and the lightning indicators.   

 

Figure 90. I/O logic of zone arrangement  

The architecture that bridges the safetyEYE fenceless supervision system and the robot controller is 

similar to the architecture that was followed in the other 2 demonstrator of the project (see in D2.2-

D2.3). A robot program is running in the robot controller side and manages the digital outputs 

enablement for changing a zone arrangement in the robot controller. Briefly, the output from the 

safetyEYE PSS are directed to the SDM board of the robot controller (X311) and the output to the 

motors is achieved through the X310 module on the SDM board (see D2.3, Figure 67. System 

Architecture).   
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8.1.2. Validation approach  

8.1.2.1. Questionnaire and results 

1st phase validation 

The steps that were followed in the first phase was described above. The initial questionnaire was 

defined with the help of the end user based on the exploitable results that are applied in the dashboard 

assembly case. Demonstrators and training followed to the end user participants before answering the 

questionnaire (can be found in section 8.1.1). This questionnaire included information regarding: 

 Demographics 

 Process execution 

 Programming tools  

 Safety related issues  

The end user answered to these questions in the first phase of evaluation and the results are 

summarized as follows: 

1) Demographic Questions  

Age 20-28 

 

29-37 

 

38-45 

x 

Gender Male 

x 

Female 

 

Your experience in robot programming Expert 

 

Non-expert 

x 

Academic Background Academia 

 

Industry 

x 

Other 

 

Your experience in industrial 

environment 

None 

 

Novice 

 

Expert 

x 

 

2) Evaluation of the process execution  

Bad (0) to Excellent (5) 

 

Process time 
Sequence of 

operations 

Comparison 

with human 

performance 

Level of 

automation 

Traverse load & place 2 4 4 4 

Body computer load & 

place 
2 4 4 4 

Fasten body computer 2 4 4 4 

Cable installation 1 1 0 1 

 

3) Evaluation of the Programming Tools  

Closed-ended questions 

Please rate the following aspects using numbers between 0 (Bad) and 5 (Excellent).  

Bad (0) to Excellent (5) 
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 Easy to 

use 

Easy to remember  

steps 

Easy to make  

mistakes 

Easy to create/ 

structure/edit a 

program 

Graphical Interfaces 4 4 3 3 

Body & Finger Gestures 5 4 2 4 

Standard TP 2 2 4 2 

Virtual TP 5 4 5 5 

 

Bad (0) to Excellent (5) 

 Easy to monitor Help Provided Easy to understand 

Graphical Interfaces 5 4 5 

Standard TP 3 3 2 

Open-ended questions  

Did you find the instructions provided in the Graphical Interfaces helpful enough? Was there some 

point with not clear or not enough instructions for you to follow? 

Yes, they are enough helpful.  

How comfortable did you feel using the body and finger gestures for programming and controlling 

the robot? 

It is very comfortable using the programming tool.  

4) Evaluation of the Safety in Fenceless Supervision Systems 

Closed-ended questions 

Please rate the following aspects using numbers between 0 (Completely Unsafe) and 5 (Absolutely 

Safe).  

Completely Unsafe (0) to Absolutely Safe (5) 

 Fenceless Cell Graphical Interfaces Gestures Standard TP Virtual TP 

How Safe did 

you feel? 
4 4 5 3 4 

 

Open-ended questions  

Would you accept to work in a fenceless robotic cell? 

Yes, I can work on a fenceless robotic cell.  

Do you think the PILZ Safety Eye is enough to protect a fenceless robotic cell? 

Yes it is good enough, but my colleagues should be very careful in case of reset the safetyEYE when 

someone is inside the cell that is not indicated with a zone.  

2nd phase validation 

The new questionnaire that was prepared for the end user for validating all the exploitable results that 

are applied in the demonstrator is presented here. Taking into account the feedback from the previous 

phase of validation, new questions were added for evaluating the Dashboard assembly scenario. 

These questions were classified according to the major exploitable results of the project such as: 

 Dual arm robot programming & mechatronics  

 Fenceless supervision system 
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 PS- OLP tools (simulation of dual arm robots, XML exporter function, etc.) 

 Motion planning tools  

 HRI mechanisms  

The answers of the end user to this questions are summarized in the following table.  

Related to Dual arm robot programming & mechatronics 

Functionality 

E
X

C
E

L
L

E
N

T
 

(5
) 

V
E

R
Y

 G
O

O
D

 

(4
) 

G
O

O
D

 (
3

) 

A
V

E
R

A
G

E
 (

2
) 

P
O

O
R

 (
1

) 

B
A

D
(0

) 

Easiness of programming a new single robot motions 

(Teach pendant) 
  X    

Easiness of programming a new cooperative robot 

motions (Teach pendant) 
    X  

Easiness of programming a new coordinated robot 

motions (Teach pendant) 
   X   

Easiness of using the interfaces of teach pendant    X    

Easiness of integrating new components in the control 

system 
   X   

Level of training needed for programming a new task     X  

Related to fenceless supervision system 

Safety in fenceless working environment   X     

Preference on physical rather than virtual barriers     X   

Easy to configure different zones arrangement   X     

Use of safetyEYE in real production environment 

(convenience)  
 X     

Related to PS-OLP tools 

Easy to export a new program in XML format   X     

Easiness of exporting new programs for different robot 

platforms  
 X     

Easiness of simulating coordinated motions    X    

Easiness of simulating cooperative motions    X    

Level of training that is needed for using simulation tools  X     

Related to motion planning tools 

Easiness of generating single arm motions   X     

Easiness of generating synchronized motions  X     

Easiness of generating cooperative motions    X    

Easiness of the graphical interface of onsite motion 

planner  
  X    

Related to HRI mechanisms 

Easiness of programming new single motions   X     

Easiness of programming new synchronized motions  X     

Easiness of programming new cooperative motions    X    

Easiness of using the graphical interfaces- simplicity of 

graphical interfaces  
 X     

Response time of graphical interfaces   X     

Modern design of graphical interfaces   X     

Control logic of graphical interfaces   X     
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Easiness of remembering body gestures, finger gestures, 

voice commands 
X      

Easiness of using the virtual Teach Pendant application  X     

Easiness of developing a new module  X     

 

8.1.2.2. Metrics and results  

Based on the exploitable results that the Dashboard assembly scenario demonstrated, as well as the 

feedback from the end user, a number of metrics were identified for measuring the results of the 

project. Such metrics are summarized in the following table. The metrics were measured 

experimentally and the measured values are summarized in this table.  

Metric  Value  

Related to the process 

Cycle time (fully automated assembly station) 2 minutes 36 sec 

Cycle time (manual assembly station) 1 minute 50 sec 

Traverse pick up & placement- operational time (robot) Pick up=16sec 

Placement=15 sec  

Traverse pick up & placement- operational time (human) 15 sec 

Body computer pick up, placement and fastening- operational time (robot) Pick up=30sec 

Placement=30sec 

Fastening=65 sec  

Body computer placement and fastening- operational time (human) 37 sec 

Cable installation- operational time (human) 58 sec 

Percentage time of human tasks in the total cycle time (hybrid assembly 

station) 
25.4%  

Percentage time of human tasks in the total cycle time (manual assembly 

station) 
100% 

Number of human operators (hybrid assembly station) 1 

Number of human operators (manual assembly station) 1 

Related to robot programming and execution 

Detection time of body gesture, finger gesture, voice commands ~0.5sec 

Recognition rate of gestures (%) 92%  

Installation time of Intuitive User Interfaces and sensors in new PC ~ 1 hour 

Related to safety issues 

Cost of fenceless supervision system (hybrid assembly station) ~20.000 € 

Cost of physical barriers (manual assembly station)  (80 €/m)*( 20 m) 

= 1.600 € 

 

8.1.3. Questionnaire- evaluation phase 1 

1) Demographic Questions  
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Age 20-28 

 

29-37 

 

38-45 

 

Gender Male 

 

Female 

 

Your experience in robot 

programming 

Expert 

 

Non-expert 

 

Academic background Academia 

 

 

Industry 

 

Other 

 

 

Your experience in industrial 

environment 

None 

 

Novice 

 

Expert 

 

 

2) Evaluation of the process execution  

Bad (0) to Excellent (5) 

 

Process time 
Sequence of 

operations 

Comparison 

with human 

performance 

Level of 

automation 

Traverse load & place     

Body computer load & 

place 

    

Fasten body computer     

Cable installation     

 

3) Evaluation of the Programming Tools  

Closed-ended questions 

Please rate the following aspects using numbers between 0 (Bad) and 5 (Excellent).  

Bad (0) to Excellent (5) 

 Easy to use Easy to remember  

steps 

Easy to 

make  

mistakes 

Easy to create/ 

structure/edit a 

program 

Graphical Interfaces     

Body & Finger Gestures     

Vocal Commands     

Standard TP     

Virtual TP     

 

Bad (0) to Excellent (5) 

 Easy to monitor Help Provided Easy to understand 

Graphical Interfaces 

 

   

Standard TP    

Open-ended questions  
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Did you find the instructions provided in the Graphical Interfaces helpful enough? Was there some 

point with not clear or not enough instructions for you to follow? 

--------------------------------------------------------------------------------------------------------------------------------- 

--------------------------------------------------------------------------------------------------------------------------------- 

--------------------------------------------------------------------------------------------------------------------------------- 

How comfortable did you feel using the body and finger gestures for programming and controlling 

the robot? 

--------------------------------------------------------------------------------------------------------------------------------- 

--------------------------------------------------------------------------------------------------------------------------------- 

--------------------------------------------------------------------------------------------------------------------------------- 

4) Evaluation of the Safety in Fenceless Supervision Systems 

Closed-ended questions 

Please rate the following aspects using numbers between 0 (Completely Unsafe) and 5 (Absolutely 

Safe).  

Completely Unsafe (0) to Absolutely Safe (5) 

 Fenceless 

Cell 

Graphical 

Interfaces 

Gestures Vocal 

Commands 

Standard 

TP 

Virtual TP 

How Safe did 

you feel? 

      

 

Open-ended questions  

Would you accept to work in a fenceless robotic cell? 

---------------------------------------------------------------------------------------------------------------------------------

--------------------------------------------------------------------------------------------------------------------------------- 

--------------------------------------------------------------------------------------------------------------------------------- 

Do you think the PILZ Safety Eye is enough to protect a fenceless robotic cell? 

--------------------------------------------------------------------------------------------------------------------------------- 

--------------------------------------------------------------------------------------------------------------------------------- 

--------------------------------------------------------------------------------------------------------------------------------- 

5) Additional feedback  

--------------------------------------------------------------------------------------------------------------------------------- 

--------------------------------------------------------------------------------------------------------------------------------- 

--------------------------------------------------------------------------------------------------------------------------------- 

 

6) Appendix 
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Figure 91. Gesture based programming functionalities 

  

 

Figure 92. Virtual teach pendant application for industrial robot programming 

8.1.4. Questionnaire evaluation phase 2 

The second phase of validation includes: 

 The questionnaire that is presented in section 8.1 

 One table related to the exploitable results of the Dashboard assembly case 

Table 2.  

Related to Dual arm robot programming & mechatronics 
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Functionality 

E
X

C
E

L
L

E
N

T
 (

5
) 

V
E

R
Y

 G
O

O
D

 (
4

) 

G
O

O
D

 (
3

) 

A
V

E
R

A
G

E
 (

2
) 

P
O

O
R

 (
1

) 

B
A

D
(0

) 

Easiness of programming a new single robot motions 

(Teach pendant) 
      

Easiness of programming a new cooperative robot 

motions (Teach pendant) 
      

Easiness of programming a new coordinated robot 

motions (Teach pendant) 
      

Easiness of using the interfaces of teach pendant        

Easiness of integrating new components in the control 

system 
      

Level of training needed for programming a new task       

Related to fenceless supervision system 

Safety in fenceless working environment        

Preference on physical rather than virtual barriers        

Easy to configure different zones arrangement        

Use of safetyEYE in real production environment 

(convenience)  
      

Related to PS-OLP tools 

Easy to export a new program in XML format        

Easiness of exporting new programs for different robot 

platforms  
      

Easiness of simulating coordinated motions        

Easiness of simulating cooperative motions        

Level of training that is needed for using simulation tools       

Related to motion planning tools 

Easiness of generating single arm motions        

Easiness of generating synchronized motions       

Easiness of generating cooperative motions        

Easiness of the graphical interface of onsite motion 

planner  
      

Related to HRI mechanisms 

Easiness of programming new single motions        

Easiness of programming new synchronized motions       

Easiness of programming new cooperative motions        

Easiness of using the graphical interfaces- simplicity of 

graphical interfaces  
      

Response time of graphical interfaces        

Modern design of graphical interfaces        

Control logic of graphical interfaces        

Easiness of remembering body gestures, finger gestures, 

voice commands 
      

Easiness of using the virtual Teach Pendant application       

Easiness of developing a new module       
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8.2. Hydraulic pump Assembly Demonstrator  

The hydraulic pump assembly scenario follows then same approach used in Dashboard assembly 

scenario and similar question and metrics has been asked to TOFAS for the validation (see section 

2.3 for further details): 

The questionnaire was defined with the help of the end user based on the exploitable results that are 

applied in the dashboard assembly case. Demonstrators and training followed to the end user 

participants before answering the questionnaire (can be found in section 8.1.1). This questionnaire 

included information regarding: 

 Demographics 

 Process execution 

 Safety related issues  

The end user answered to these questions in the first phase of evaluation and the results are 

summarized as follows: 

1) Demographic Questions  

Age 20-28 

 

29-37 

 

38-45 

x 

Gender Male 

x 

Female 

 

Your experience in robot programming Expert 

 

Non-expert 

x 

Academic Background Academia 

 

Industry 

x 

Other 

 

Your experience in industrial 

environment 

None 

 

Novice 

 

Expert 

x 

 

2) Evaluation of the Safety in Fenceless Supervision Systems 

Closed-ended questions 

Please rate the following aspects using numbers between 0 (Completely Unsafe) and 5 (Absolutely 

Safe).  

 Fenceless Cell Graphical Interfaces Standard TP Virtual TP 

How Safe did 

you feel? 
4 4 3 4 

 

Open-ended questions  

Would you accept to work in a fenceless robotic cell? 

Yes, I can work on a fenceless robotic cell.  

Do you think the PILZ Safety Eye is enough to protect a fenceless robotic cell? 

Yes it is good enough, but my colleagues should be very careful in case of reset the safetyEYE when 

someone is inside the cell that is not indicated with a zone. 
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Related to Dual arm robot programming & mechatronics 

Functionality 

E
X

C
E

L
L

E
N

T
 (

5
) 

V
E

R
Y

 G
O

O
D

 (
4

) 

G
O

O
D

 (
3

) 

A
V

E
R

A
G

E
 (

2
) 

P
O

O
R

 (
1

) 

B
A

D
(0

) 

Related to fenceless supervision system 

Safety in fenceless working environment   X     

Preference on physical rather than virtual barriers    X    

Easy to configure different zones arrangement   X     

Use of safetyEYE in real production environment 

(convenience)  
 X     

Related to HRI mechanisms and layout 

Use of device (as Kinect) to change dynamically the 

speed of the robot according to human actions 
 X     

Solution of layout an  X     

Workflow evaluation for a real production 

environment  
 X     

Easiness of using the virtual Teach Pendant 

application 
  X    

 

 

 


