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EXECUTIVE SUMMARY 

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

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

Research and innovation program (H2020).  

D6.5 provides the update on the state of delivery and deployment of the CoLLaboratE use-cases. 

The purpose of the deliverable is the description at current state on the developments of the Use-

Cases of the project. 

The state of the deployment of the challenges may be referred to previous deliverable D2.2 

describing the design and planning status of the Use-Cases at M24.  

For each use-case a list of reference KPIs is listed. The reference KPIs are referred to the KPIs 

listed and analyzed in D6.7–CoLLaboratE consolidated evaluation and lessons learned 

(preliminary) (@M36). Finally in Chapter 2, the updated dynamic analysis (activity and sequence 

diagrams) of the CoLLaboratE use cases are presented. The contents are the updated versions of 

the analysis reported previously in the deliverable “D2.4- CoLLaboratE Detailed Architecture & 

System Specifications” at M24, containing any changes made after M24. 
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1 COLLABORATE USE CASES – PILOTS STATE OF DEVELOPMENT 

The CoLLaboratE project applies the results of its scientific developments to four different use-

cases that have been described and detailed in D2.2 (M24).  

In this section, the four use-cases will be analyzed according to their state of development; For 

each Use-Case, initial paragraphs will remind the use case description (see https://collaborate-

project.eu/cases/) and the main KPI that each use-case defined for the validation and 

performance evaluation. 

1.1 CHALLENGE 1: PERFORMING CAR STARTER ASSEMBLY  
The subject of the collaborative process in Challenge 1 is 

the assembly of a part of the car starter, part of the process 

which comprises the insertion of copper sliding rings into 

metal pallets, which are then transferred to the molding 

machine. Currently, the process of inserting sliding rings 

into the pallet is performed manually and is considered 
hard to automate. The process is demanding due to the 

high flexibility and elasticity of the sliding rings. The vision of the project is to develop a robotic 

system that will assist the worker or even replace the worker when he will not be present. Thus, 

the worker and the robot will be both capable of executing the same operations, and the work-

sharing will be assigned dynamically. 

 Main KPIs for Challenge 1 

 Cycle Time of Production within Collaborative Cell: KPI13: The total time from the 

beginning to the end of the production process of the work cell 

o target value 58 seconds or lower 

 Ease of Collaborative Operation: KPI15: How easy it is to operate the collaborative robot 

system 

o actual target value depends on the scales used in the corresponding 

questionnaires, assuming a Likert scale of 1 to 5, with 1 denoting very hard and 5 

denoting very easy, target value should be greater than 3 

 Robot’s Acceptance by Human Collaborators: KPI16: How well do the workers that use 

the collaborative system really accept the new “co-worker” 

o actual target value depends on the scales used in the corresponding 

questionnaires, assuming a Likert scale of 1 to 5, with 1 denoting greatly rejected 

and 5 denoting greatly accepted, target value should be greater than 3 

 Demonstrator set-up 
JSI and Kolektor integrated a flexible, reconfigurable work cell for performing sliding ring 

insertion into machine tending fixtures, which is the subject of T6.3. The unique feature of the 

developed cell is that it can function in two modes:  

a) entirely autonomously or  

b) in cooperation with a human,  

where the operation of the robot dynamically adapts to human actions. In this cell there are 

multiple technologies implemented developed in Collaborate project presented below. 

 

https://collaborate-project.eu/cases/
https://collaborate-project.eu/cases/
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Figure 1: Demonstrator set-up based on actual work cell environment 

 

 Incremental kinesthetic teaching 

 Autonomous task improvement 

 Collaborative learning of exception strategies 

 Dynamic task-sharing in human-robot collaboration using human intention recognition  

 Application of reconfigurable fixtures and optimal placement regarding human 
ergonomics 

 
To facilitate implementation, the proposed collaborative learning and adaptation strategies were 

integrated into a modular software architecture based on Robot Operating System (ROS). The cell 

is currently in testing and validation phase.  Current proceedings include tests and optimization 

of the process with the goal of a high success rate of inserting sliding ring copper semi-finished 

products into the machine tending fixtures, which is the critical part of the manufacturing process 

that has been until now deemed unsolvable. Exception strategy learning is also a part of this 

procedure. 
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Figure 2: Modular collaborative assembly cell is composed of 1) motion tracker, 2) overhead human 
surveillance camera, 3) linear drive with assembly control camera, 4) casting molds, 5) Collaborative robot 

with an end-effector with a camera system, and 6) passive reconfigurable fixture for ring pallets. 

Due to the limitations during the project, it was decided that the demonstrator will be built and 

tested in the JSI laboratory mimicking the real-world work cell as closely as possible including 

physical limitations and work cell ergonomics. By using a collaborative robot and regarding 

current safety procedures on the production line, no additional safety components and 

procedures were needed to assure a safe working environment for collaborative use of the 

system. 

1.1.2.1 ROBOT 

Physical limitations of the work cell environment directed the choice of an appropriate 

collaborative robot for implementation on the challenge. Since the implementation area is quite 

small because of the neighboring manufacturing lines and cannot be enlarged due to space 

limitations, a smaller robot can be used which unfortunately also limits the payload of the robot. 

JSI’s Franka Emika robot is available for testing and implementation on the demonstrator, 

therefore this collaborative robot is used on Kolektor’s Challenge. 
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Figure 3: Franka Emika Panda used in the Demonstrator setup 

1.1.2.2 End Effector and the RGB Sensor 

Gripper fingers of the end effector have been specially designed and implemented on the use case 

with which stable gripping and insertion is enabled. They function as a reference thru which the 

height of the insertion into the molding machine tending fixtures is measured, by which a certain 

level of accuracy and success rate is achieved. 

 

Figure 4: End effector with specially designed gripper fingers and the RGB embedded camera system 
integrated on the end effector 

The end effector is also equipped with an RGB camera by which copper sliding ring orientation is 

defined after picking up from the reconfigurable fixture and final inspection of the insertion 

correctness is evaluated. This functionality is currently being integrated into the demonstrator as 

well. 

 Task sequences 
The challenge of the insertion procedure can be broken down further to specific sub-challenges: 

1. Picking the part from the tray 
In current manufacturing process the worker picks up the copper parts by hand from the 

tray, and checks orientation before proceeding to the next task. For this purpose, the RGB 

camera is integrated on to the robot end-effector and after picking up the part from the 

tray on a reconfigurable fixture this is placed on the back light station to determine its 

orientation. 

2. Placing the part into fixtures 
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The workers place the copper parts into the fixture in correct orientation with special care 

on the correct insertion of the connection rods. In the collaborative demonstrator setup 

this is achieved in two working regimes, completely autonomously or by working in 

cooperation with the human worker. 

3. Picking up the finished part and placing them into the box 
Once the parts have been injection molded with plastic and have cooled down enough, 

they are placed into a box by the human worker. Since this part does not present a special 

challenge and is basically a classical automation procedure it is considered as solved and 

therefore not a part of this challenge. 

Final goal of the challenge is to eliminate worker intervention to a minimum and assure 

production independent of human intervention by means of cooperation by the human worker 

and the robot. For this purpose, a new task sequence was designed: 

Table 1: Updated task sequence for Challenge1 

Step n° Action for robot Action for operator  

1 Pick up the copper sliding ring from the 

tray. 

Can perform this action in parallel by 

picking up the copper sliding ring from a 

separate tray or not at all. 

2 Define orientation on the backlight 

station and re-grasp if needed. 

/ 

3 Move into insertion position. Operator can perform insertion task in 

parallel with the robot 

4 Insert the copper sliding ring. Operator can perform insertion task in 

parallel with the robot. 

5 Inspect for correct insertion of the 

sliding ring part (bottom) with an RGBD 

camera. 

/ 

6 Move to pick position and repeat step 

no. 1-5 until the fixture is full. 

Operator can perform insertion task in 

parallel with the robot. 

7 Inspect the insertion correctness of the 

copper contacts  

/ 

8 Repeat steps 1-7 until there are no more 

parts on the input tray  

 

10 If the tray is empty at this point and 

there are no other tasks the robot waits 

for user confirmation that the tray is 

ready. 

Preparing a full tray for the collaborative 

system to use.  

Modification of the task sequence by integrating a collaborative robot with the necessary 

periphery and assuming the insertion process has a 100% success rate which by nature of the 

task is desirable since the production line has a continuous production cycle the autonomy of the 

production. It can be increased from approximately 15,5 minutes to 120 minutes which is an 

increase by a factor of more than seven. Increase of autonomy also saves time that the worker 

must be present at the production line from 65 minutes per 8-hour shift to 2 minutes per 8-hour 

shift (only performing step no. 10 four times per 8-hour shift). Insertion success rate is the main 
factor by which the need for operator presence can be calculated. In the final testing phase this is 

one of the KPIs that need to be evaluated during the testing and validation of the system.   
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1.2 CHALLENGE 2: WINDSHIELD VISUAL QUALITY CHECK AND PREASSEMBLY 
Challenge 2 addresses Human- Robot Collaboration (HRC) 

for a windshield assembly on a car chassis. The robot 

automatically picks and aids in the cooperative assembly 

with the operator, to mount customized sensors and a rear 

view mirror on the windshield. The robot then performs 

the assembly of the windshield on the car chassis, replacing 

human involvement in the manual assembly. The proposed 

system eliminates many passive components, minimizes work cell area, reduces lead time and 

specifically learns to personalize operator preferences based on good ergonomics. All key aspects 

of collision detection, collision avoidance, and ergonomics to ensure safe HRC are carefully 

addressed 

 Main KPIs for Challenge 2 

 Cycle Time of Production within Collaborative Cell: KPI13: The total time from the 

beginning to the end of the production process of the work cell (target value is greater 

than 20% reduction with respect to existing solution) 

 Quality of Collaborative Execution: KPI14: Number of errors/quality issues generated 

during the operations (target value is less than existing solution) 

 Ease of Collaborative Operation: KPI15: How easy it is to operate the collaborative robot 

system 

o actual target value depends on the scales used in the corresponding 

questionnaires, assuming a Likert scale of 1 to 5, with 1 denoting very hard and 5 

denoting very easy, target value should be greater than 3 

 Robot’s Acceptance by Human Collaborators: KPI16: How well do the workers that use 

the collaborative system really accept the new “co-worker” 

o actual target value depends on the scales used in the corresponding 

questionnaires, assuming a Likert scale of 1 to 5, with 1 denoting greatly rejected 

and 5 denoting greatly accepted, target value should be greater than 3 

 

 Demonstrator’s expected set-up – State update 
The setup is designed in CRF premises 

according to the set-up declared in 

D2.2 §3.2.4 – Demonstrator’s set-up. 

A base layout of the intervention was 

defined according and depending on 

the functions to be demonstrated see 

Figure 5. This layout have been 

respected in general terms and only 

minor adjustment have been 

necessary due to constraints in 

positioning the equipment in reference to existing infrastructure. 

Figure 6 shows the position of the most relevant elements and actors of the expected implemented 

system.  

 

 

Figure 5: Final CRF Layout in laboratory demonstrator 
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Due to delays in the cell set-up that were not expectable at M24, the workcell setup have been delayed 

and some content simplification became necessary. In particular, with respect to Figure 6, in the final 

CRF demonstrator the presence of AGV was removed. This decision is due to a series of facts:  

 the main objective in CRF use-case has strong requirements related to the development of safety 

tools for the use of heavy load robots 

 the presence of AGV shows an interesting simplification of the interaction with logistics, but it 

is not core in challenge2 

 The potential of AGV is tested in other challenges. 

As such, and considering the delays in 

the deployment of Challenge 2 use-

case, it was decided to reduce the use 

of resources in non-core 

developments. A Similar 

consideration can be done for the 

active-real time recognition of the 

operator’s posture and position. The 

core development of Challenge 2 will 

be focused on the Hand Guiding 

operations enabled by the interaction 

between the robot, the advanced 

gripper by UNIGE and taking into 

consideration the safety logics 

beyond the application. For the installation in the set-up a simplified version of the windshields 

logistics rack was necessary. The simplification was due to the fact that in the demonstrator, no 

conveyor to simulate the final assembly was possible. Because of this, there is no possibility to 

drop the windshield in a location which is different from the pickup zone. It was thus decided to 

pick the parts from the rack; perform a manipulation with all the CoLLaboratE features, and drop 

again in the same position in order to be able to restart the cycle again. This part of the cycle is 

implemented in the CRF demonstrator to show the timing in the task analysis of the CRF Scenario. 

1.2.2.1 ROBOT 

The current application scenario involves heavy industrial size workpieces to be handled by the 

collaborative robot. The application requires thus a robot with the physical capability to handle 

heavy loads and allow the operator to exert forces during the assembly phases on top of the 

gripper. Considering the weight of the windshield to be on the order of 15 kg, a first hypothetical 

design of the gripper end-effector was made with a preliminary weight evaluation of 60-80kg. For 

this reason the robot was requested to be able to handle a payload > 130kg. The identified Robot 

was the KUKA KR 150 R2700-2, with in-built safety feature.  The robot was selected according to 

its payload, reach and the integrated safety (required PLd Category 3 ensuring thus a safe control 

and stop capability and equipped with safety management SW) 

1.2.2.2 End-Effector 

A customized gripper is designed to pick and manipulated the windshield and to host the touch 

sensitive handles for the enhanced Hand Guiding. The final design of the gripper to be used in 

Challenge n° 2 has been achieved starting from the end effector used in the plant reference 

application with the addition of CoLLaboratE requested functional requirements and with the 

parallel simplification of unneeded features in the original design. The following Figure defines 

the main features installed on the gripper. 

 

Figure 6: Main Actors in Challenge 2 workcell  
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a. Gripper Controller 

b. Suction cups for inherently flexible Actuation 

c. Retractable Rods Actuation 

d. Sensitized Handle Rods 

e. Torque sensor for additional safety 

f. Safety holding jigs 

g. Lightweight structures 

 

Figure 7: sub-systems representation of the gripper 

 

The tactile sensor modules act as the major 

interface for human-robot interaction. But the 

sensor modules are placed in limited location 

where the major human-intent for contact is 
required. A Force-Torque sensor is introduced 

into the collaborative system as added safety 

unit. Based on the total maximum estimated 

payload of 120-130 kg, and robot accelerating 

mostly at 1G (since human-robot collaborative 

application) and at-most 2G acceleration and 

humans exerting torques of around 350Nm, 

model FTN-Omega 191.  

Figure 9 shows a detailed picture 

of the fully assembled gripper 

with all the necessary components 

for the use-case integrated 

(Windshield, Gripper with tactile 

handles, deployable mechanism, 

suction cups -including patented 

CRF & UNIGE vacuum cup- and 

load cell). The electro-mechanical 

integration has been completed 

with ROS communication between 

a Jetson nano processor and a 

main master ROS which provides 

joint level positioning of the 

collaborative robot.  

 Safety System and tasks sequences 
In the workcell the Safety EYE system from PILZ is included for a safe monitoring of the workcell. 

The System will monitor the accesses to a series of safety zones defined in the cell. This system 

will run “above” the CoLLaboratE system and together with the Robot’s Safe operations zones in 

order to monitor and ensure the safe coordination of the robots and the logic of the interlocked 

doors. 

 
Figure 8: Force-Torque Sensor FTN – Omega 191 on 

the gripper before final assembly 

 

Figure 9: Fully assembled gripper by UNIGE 
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Starting from the Safety zones, preliminary defined at the ground in four levels (yellow, orange 

red and violet – See Figure 10) a task sequence will be defines. With reference to the figure, it is 

important to consider that: 

1) In the demo the windshield container will be a slim stand with only one windshield.  

2) The floor signs will be customized  

3) The colored areas in the background are virtual and indicative; the horizontal signs for the 

operator will be made with adhesive tapes on the ground; eventually they could be 
projected to the ground  

4) The operating speed in the absence of risks is called V; V> V1> V2. The values of speeds 

are based on ISO/TS 150661 calculation in SSM mode; indicatively V = 500mm / s; V1 = 

350mm / s; V2 = 250mm / s  

Suggested Safety Zones and interfacing logics between the “robot X11/X13 safety input options” 

and the “Safety Eye output”: 

 Yellow area. If violated it slows the robot to speed V1; when the operator enters this area, 

the Safety Eye sets an output, input to the robot (IN_1), which activates an override reduction 

below the reduced speed. This override is set in the job program 

 Orange area. If violated it slows the robot to speed V2; when the operator enters this area 

''AND'' the robot exceeds the maximum reduced speed, the robot stops in Stop 0. The Safety 

Eye sets pin 1 of X13 to 0: the VRED. In operator program I have to program the stop of the 

robot. In practice, the robot slows down and stops. 

 Red area. Forbidden to the operator; Standstill active (pin 7 -SBH1). The robot must be 

already stopped (as requested by the yellow zone) otherwise, activating the stand still it will 

stop in stop 0.  

 Purple Area: space within which the robot moves. Always prohibited to the operator (it 

cannot reach it without violating the red zone) but logically green from the robot point of 

view otherwise it would generate false alarms with the movements of the robot; the robot at 

this stage cannot get out of it. The safe tool can only move in this area. If the operator is in 

this area, the Safety Eye sets pin 8 -SBH2 or the according to Stand Still. 

With the operator in the windshield loading / unloading area (the rack), the robot is stopped in 

STAND STILL from Red area. 

From the initial tasks sequence previously defined a graphical sequence of the main robot-human 

interaction phases is designed. 

                                                             

1 ISO/TS 15066:2016 Robots and robotic devices - Collaborative robots 
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Figure 10: Virtual Safety area in the workcell and Main robot tasks sequence (Explanations in Table 2). 

The following tables describes and comments the phases depicted in the figure above. 

Table 2: Main robot/operator tasks sequence (sequence referred to Figure 10) 

Step n° Action for robot Action for operator  

1 
a) Pick up windshield  

b) It moves into a grouped position  

c) Rotates towards the operator's work area  

Performs other operations in the cell while 

remaining outside the "risk" areas  

2 
d) From the grouped position the robot  

stretches up to the operational area of the 

operator 

Approaches the direction gripper front without 

violating the red zone 

3 

e) The main axes of the robot must stop or limit 

to the maximum. The operator has three 

types of interaction: Hand Guiding with 

gripper orientation a few degrees; Assembly 

of sensors and rear-view mirrors a stationary 

robot that acts as a "table" Other operations 

away from the robot. The robot must only 

move in Hand Guiding 

The operator performs a series of assembly 

operations on the windscreen. Between one 

and the other it goes to take components from 

logistics container; between one and the other 

can perform a repositioning in HG of gripper. 

4 

f) The robot performs cycles 2 and 1 in reverse 

going to put the windshield on the stand (in 

the real application it would go to glue on the 

chassis and then take one other) 

The operator does the opposite cycles 2 and 1 

returning to logistics 

 

 Workcell setup, and 1st functional and reachability testing 
The cell have been constructed according to the description above as visible from the series of 

pictures below. 
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Figure 11: Assembly of the robot and rack at the CRF premises. 

After a first installation phase, the flange of the gripper required a modification to improve the 

programmability since the range of the 4th axis was at the limit introducing singularities in the HG 

phases. After the modification, the set-up and installation required different phases: 

1) Construction of the workcell, robots positioning 

2) Rack positioning 1st assembly of the gripper tests of reachability 

3) Adaptation of the gripper for better reachability 

4) Testing of the new gripper positioning, programming of the safe zones 

5) Adjusting of the position of the Safety eye 

6) Programming of the safety eye safe zones in dialog with the X13 safety zones of the robot 

7) Complete setup of the safe operations of the robot. 

 

Figure 12: Definition of the floor of the safety zones 

The safe operation programming is made in a specific Kuka programming and commissioning 

environment (KUKA Workvisual 6.0) in order to set up internal safe limits and brakes. The Safe 

operation module for the KUKA safe robots requires the construction of two virtual spheres of a 

given diameter (defined according to the application safety requirements – see robot’s detail in 

Figure 10 from1 to 4) on top of the tool and of any extruding part of the assembly. This sphere, 

together with the definition of static safety zones (corresponding to the zones defined in the Safety 

eye control) define Safe stops of the robot. During the robot’s motion the sphere cannot ever enter 

in collision with virtual static zones defined as free and safe. This logic, together with the PLd-Cat3 
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control allow the robot to mode safely without physical blocks on the joints according to safety 

standards. This constraint required a heavy amount of programming efforts and testing on the 

layout. This activity has been performed with the final gripper from UNIGE (though not yet 

definitive) assembled on the robot in order to validate weight deformations and overall 

encumbrances. 

 

Figure 13: UNIGE gripper assembled on the KUKA robot 

The deployment of the workcell in CRF premises took place till the complete realization of the 

workcell.  After a first test phase and with the aim to overcome limitations introduced by the 

COVID19 restrictions, the setup have been moved to UNIGE in order to finalize the use-case 

deployment.  

The following figures represent the layout in the UNIGE set-up. It is important to note that all the 

core development expected at CRF’s premises will be implemented at UNIGE set-up 

demonstrator.  

   

Figure 14: UNIGE designed layout for the final challenge set-up 
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1.3 CHALLENGE 3: PERFORMING LCD TV ASSEMBLY  
Challenge 3 refers to the complex and rapidly changing 

assembly tasks of LED TVs. Picking & placing of the 

electronic cards and screwing of these cards will be 

completed by the collaborative robot system developed in 

CoLLaboratE. The robot and the human operator will share 

the same workspace while the robot brings the cards and 

the operator screws them on the TV. Continuous 

production line requires accurate conveyor tracking and part locating algorithms. Thus, advanced 

vision systems will be developed for these purposes. The entire interface will be flexible, thus 

whenever a new TV model is produced, operators will easily teach the new positions and 

orientations by demonstration. 

 Main KPIs for Challenge 3 

 Cycle Time of Production within Collaborative Cell: KPI13: The total time from the 

beginning to the end of the production process of the work cell (target value is less than 

17.4 seconds) 

 Quality of Collaborative Execution: KPI14: Number of errors/quality issues generated 

during the operations (target value is less than existing solution) 

 Ease of Collaborative Operation: KPI15: How easy it is to operate the collaborative robot 

system 

o actual target value depends on the scales used in the corresponding 

questionnaires, assuming a Likert scale of 1 to 5, with 1 denoting very hard and 5 

denoting very easy, target value should be greater than 3 

 Robot’s Acceptance by Human Collaborators: KPI16: How well do the workers that use 

the collaborative system really accept the new “co-worker” 

o actual target value depends on the scales used in the corresponding 

questionnaires, assuming a Likert scale of 1 to 5, with 1 denoting greatly rejected 

and 5 denoting greatly accepted, target value should be greater than 3 

 Use Case Setup 
Challenge 3 aims to develop reconfigurable and easy to teach collaborative assembly cell to 

increase both the efficiency and the ergonomics of the assembly task, which is done by two 

operators at the moment, totally manually. The challenge involves the placing of 2 electronic cards 

on the TV chassis. The current process involves 2 operators, when the challenge is complete it will 

consist of one operator and one collaborative robot working together.  

The primary purpose of this challenge to improve workspace and job sharing between the 

collaborative robot and the operator. Therefore, the communication between the collaborative 

robot and the operator should be seamless and as natural as possible. To have such 

communication visual modules are designed and the robot movements are programmed to be as 
smooth as possible. For a high-level interaction gesture usage is integrated into system. With this 

collaborative cell a positive outlook on the impact of industrial robots on employment will be 

created on the shop floor.  

The assembly process involves picking and placing 2 different electronic cards, one yellow and 

one green, onto their designated places. The cards need to be screwed from 4 sides to fix them on 

the LCD TV chassis. Since picking, placing, and screwing takes a lot of time, two operators work 

together in this station to reduce the cycle time.  For this challenge, a KUKA Iwaa R800 

collaborative robot will be used.  
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The electronic cards will be taken from boxes next to the collaborative 

robot. When the boxes are empty operator will call an AGV robot to 

take the empty box and bring a loaded box. AGVs will be controlled 

through the operator’s gestures. 

The initial plan for demonstration of challenge 3 in Arcelik Advanced 

Robotics Lab was to have it on month 36. Due to COVID-19 and travel 

restrictions it has brought the demonstration was postponed to 

month 42. 

In Figure 16, demonstrator’s setup is shown. The setup will be a 

replica of the system that is used in the factory. A conveyor belt will 

bring the LCD TV in front of the operator and the collaborative robot. 

Then the assembly process will begin according to table 3.1 below.  

 

Table 3: LCD TV assembly analysis, steps for human operator and for robotic system  

Step n° Action for robot Action for operator  

1 

Takes the screwdriver. 

Grasps a PSU (yellow) card inside the 

box. 

Bring the card towards the TV. 

2 
 

Places the PSU on its dedicated place 

on the TV. 

3 
Starts to screw 4 screws on the PSU card. 

Grasps the TV chassis (green) card 

inside the box. 

 Continues the screwing process. Brings the PSU towards the TV. 

4 
Continues the screwing process. 

Places the PSU on its dedicated place 

on the TV. 

5 Starts screwing as soon as the previous 

one finishes. 
 

 

If the operator sees a problem with the 

electronic card that is placed on the TV 

and puts the card aside, the robot adjusts 

accordingly. Collaborative robot goes 

back and takes another card that is the 

same as the previous one instead of 

taking the other card and replaces the 

defective card. After this the process 

continues regularly. This way the 

production process is not interrupted to replace cards, the Kuka robot 

handles this problem smoothly. The cards used in the assembly are shown in 

figure Figure 17. A special gripper that can grasp both of the cards is designed and produced by 

Arcelik for the robot to perform tasks comfortably. Figure 16 shows the gripper. 

 

 

Figure 16: Gripper 
designed for 

electronic cards 

 

Figure 17: Chassis and PSU cards 
used at the assembly. 

Figure 15: Demonstrator's 
setup 
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As stated before, the demonstration will take place in 

Arcelik Advanced Robotics Lab also known as Atolye 4.0. 

Figure 18 shows the current layout of the lab. The 

demonstration setup will be towards the left corner. A 

conveyor belt will be placed in the middle, the robot and the 

operator will be on either side of the operator. The box that 

contains the electronic cards will be placed next to the 
collaborative robot. To load the AGV another operator will 

be waiting on the other side of the lab. AGV will take the 

empty box and take it to the loading station then bring a 

loaded box to the assembly station. AGV will be using the 

way marked with dashed arrows in Figure 18. For safety, 

only operators will be present in the area. Spectators will 

be able watch the process on the office side of the lab which 

is just next to the working station and sees the 

demonstration area clearly. 

1.3.2.1 ROBOT 

The current application scenario involves a collaborative KUKA LBR IIWA 7 robot in the middle, 

responsible for picking and placing PSU cards; an AGV robot responsible for taking empty PSU 

boxes and bringing new boxes to feed the system.  

The Kuka Iwaa R800 will have the modules with versions listed below. These modules are 

important for the application to work properly. 

1) Sunrise OS v1.16 

2) Sunrise. Application Toolbox v1.3 

3) FRI v1.15 
4) HRC v1.0 

5) Sunrise. Gripper Toolbox 

This robot has been chosen for this challenge because it is torque controlled and therefore has the 

ability to demonstrate the developed adaptive control modules. 

A module to teach the robot 

designated spaces and paths 

have been developed by CERTH 

and AUTH. After the movement is 

taught to the robot by picking and 

placing cards with it once, the 

robot will be able to do the tasks 

by itself. In Figure 21, the 

teaching program is shown. 

 Safety System 
From the beginning, ARCELİK has shared its safety standards with the consortium and the robot 

modules were planned according to these standards. Operators are also been consulted while 

defining safety procedures to be able to understand the needs of the field clearly. 

 

Figure 18: Demonstration area setup 
in Arcelik Advanced Robotics Lab 

Figure 20: Screenshot of the 
teaching module 

Figure 19: Placement of electronic cards 
on LCD TV 
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Through the visual demonstration the 

system can  locate the designated areas of 

the cards on top of the TV frame. When 

the location is determined robot 

calculates the optimal path and starts its 

movement, according to the kinesthetic 

demonstration. During this movement 
the robot also analyzes the operator’s 

movements and calculates the risk of 

collision with active constraints 

construction and enforcement. If the 

operator’s hand is on the previously 

calculated path the robot follows, the robot changes its path simultaneously with a safer path to 

avoid collision. In the figure above, the systems used to perceive the operator and adjust its path 

is shown. As a redundancy to the vision-based safety system, the robot remains compliant 

throughout the autonomous execution, while accurately following the learned trajectory and 

reaching the targets. 

The AGV robot is controlled by gestures and extra modules have been added to optimize this 

gesture recognition process. AGV’s have also been programmed according to the safety 

requirements and necessary precautions. The methodology for robot perception in AGVs has been 

evaluated thoroughly by ARMINES in the Center of Robotics. 

To increase safety the demonstration will be watched from a distance where everything is clearly 

seen. To decrease the risk of COVID-19, masks will be worn all the time and social distance 

between participants will be 1.5m at all times during and after the demonstration. 

  

Figure 21: Graphic representation of robot perception 
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1.4 CHALLENGE 4: COLLABORATIVE RIVETING FOR AIRCRAFT PARTS ASSEMBLY 
Challenge 4 is related to the assembly of aeronautical 

structures by riveting. The percussive riveting is a truly 

collaborative process involving two human operators. 

Although different robotic solutions have been proposed 

for the automatization of this type of riveting, it mostly 

remains a manual process, given the complexity of the 

technology and of the associated geometry on which it is 

applied. By replacing one human operator with a collaborative robot, the process becomes more 

efficient and ergonomic. As opposed to fully automated riveting processes, the collaborative 

riveting will also rely on a human operator for the decision making and quality assessment that 

can be difficult to automate. 

 Main KPIs for Challenge 4 

 Quality of Collaborative Execution: KPI14: Number of errors/quality issues generated 

during the operations (target value is less than existing solution, standard deviations of 

H/D and A/D riveting parameters less than 90% wrt existing solution) 

 Ease of Collaborative Operation: KPI15: How easy it is to operate the collaborative robot 

system 

o actual target value depends on the scales used in the corresponding 

questionnaires, assuming a Likert scale of 1 to 5, with 1 denoting very hard and 5 

denoting very easy, target value should be greater than 3 

 Robot’s Acceptance by Human Collaborators: KPI16: How well do the workers that use 

the collaborative system really accept the new “co-worker” 

o actual target value depends on the scales used in the corresponding 

questionnaires, assuming a Likert scale of 1 to 5, with 1 denoting greatly rejected 

and 5 denoting greatly accepted, target value should be greater than 3 

 Use case actual setup  
The Challenge 4 aims to implement a collaborative process for the assembly by riveting of aircraft 

components. The part to be assembled, very similar to a float from Bombardier CL-410 aircraft, 

which is currently assembled by two operators working together, will be assembled by a human 

operator with the help of a collaborative robotic system. The modification is intended to assign to 

the robot a series of activities performed by one operator which are physically demanding, non-

ergonomic and with a low added value. 

Riveting is the process of gradually deforming a rivet by repeated mechanical shocks (hits) 

applied with a pneumatically operated riveting gun. The mechanical shocks are applied at the 

head of the rivet, since at the opposite end a counteractive force must be applied for the rivet to 
be deformed, otherwise it would simply move as result of the hit. Therefore, riveting is an 

operation that, for the most cases, needs two operators, one to do the riveting with the riveting 

gun, the other one to apply the counteractive force with a dedicated metal piece called bucking 

bar.  

An analysis of the riveting steps has been made at the beginning of the use case development and 

revised as the robotic system design evolved. A current version looks as in the table below. 
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Table 4: Riveting task analysis – actions for human operator and for robotic system 

Step. n° Action for operator  Action for robot 

1 Approaches the structure to be riveted Waits in the parking spot 

2 Gives vocal command “follow me” Approaches the structure on the other side 

3 Inserts rivet in rivet hole and puts the 

riveting gun in contact with the rivet 

Moves arm to put bucking bar in contact 

with the rivet pin 

4 Activates the riveting gun and 

performs the riveting 

Exerts counteractive force on the rivet pin 

5 Stops the riveting gun Moves arm back and capture an image of 

the rivet; the operator sees it on a tablet 

screen 

6 If the rivet needs more riveting, gives 

vocal command “continue” and place 

rivet gun in contact with the rivet, 

repeats steps 4 and 5 until the rivet is 

adequately formed 

If the rivet is adequate, operator does 

step 7  

Moves arm to the rivet location and put 

bucking bar in contact with the rivet pin; 

repeats steps 4 and 5 until different input 

from operator 

7 Inserts the next rivet  Moves arm to the location of next rivet and 

to puts bucking bar in contact with the rivet 

pin 

8 Repeats steps 4 and 5 as needed Repeats steps 4 and 5 until different input 

from operator  

9 Repeats steps 3, 4 and 5 until end of 

session 

Repeats steps 3, 4 and 5 until different input 

from operator 

10 To end the session, gives vocal 

command “go back” 

Goes to parking spot 

The float to be assembled is an aeronautical structure with an ellipsoid shape, composed of a 

number of skins that assemble together and give the elliptical shape and of a series of parallel 

frames situated inside the elliptical shell, for the purpose of stiffening the structure.  The structure 

is rather complex and more difficult to assemble than other aircraft riveted assemblies, such as 

the wing or the large sections of fuselage, because of the narrow shape and the small distance 

between frames that results in tight spaces that need to be accessed for riveting. The area of access 

inside the float also gets narrower with every of the five skins that is assembled. For that reason, 

the accessibility was a restrictive criterion for selecting a suitable robotic arm. An accessibility 

analysis has been made before selection of the robot. Concluding that none of the considered 

collaborative robots would be able to fit inside the float, it was decided that the float will be 

adapted by removing a number of frames. The capability of the use case to demonstrate the 

envisaged characteristics of the collaborative process was not impaired, as it can still be 

demonstrated that the robotic system is able to perform riveting assembly on an aeronautical 

structure.  
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Figure 22: Float to be assembled by riveting  

 

The riveting task is complex and presumes several targets to be achieved simultaneously: 

identifying the hole where the rivet is to be inserted, obstacle avoidance during the movement of 

robotic arm between different frames, adapting the pressing force to the human worker’s pushing 

force, correct orientation of end-effector for every rivet location, perpendicular on the float’s 

surface which is curved on two directions. Therefore, in order to gradually increase the degree of 

complexity of robotic system task, two other structures were designed and manufactured:  

- a rectangular structure, with a number of delimitations similar to the float’s frames, on 

which the robotic system will have to achieve identifying the rivet hole, obstacles 

(delimitations) avoidance and adaptive force. The riveting areas are easily reachable, 

and this structure does not pose accessibility issues for the robotic arm; 

- a cylindrical structure, also with delimitations, on which the robotic system must achieve 

correct orientation of end-effector on the interior surface by rotation of end-effector on  

one axis; 

After the riveting is performed on the two above-mentioned structures and the assigned targets 

achieved, the robotic system will perform riveting on the final structure, the float, where the 

additional targets to be achieved are: correct orientation by rotation of end-effector on the two 

axes of the float’s curvature and an optimized trajectory for reaching in the tight riveting areas, 

especially at the two ends of the float.    

For sustaining these structures during riveting, a support fixture has been designed and 

manufactured in ROMAERO. This structure has reconfigurable features, such as variable height of 

the riveted structure and a 360° rotation of the structure on its long axis (in steps of 30°), meant 

to improve the work ergonomics for the human operator and the accessibility for the robotic 

system.   
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Figure 23:  Use case 4 workspace layout 

A working space for the use case demonstrator has been arranged in ROMAERO’s premises. The 

configuration of this working space was designed to allow easy access for the robotic system all 

around the riveted structure and a comfortably large work area for the human operator.  The floor 

was refurbished to meet the requirements for AGV navigation. The support of the riveted 

structure was fixed on the floor for stability. Regarding the safety of operations, since the human 

operator and the robotic system are most of the time separated by the riveted structure, it was 

concluded that the riveting process that was going to take place in the workspace is situated 

within safety limits.  

 

Figure 24: Use case 4 workspace configuration 
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Considering the characteristics of the riveting process and the requirements of the use case, a 

robotic system was designed, consisting of a number of hardware components as well as a number 

of software modules. The hardware components will be described in forward paragraphs. 

The collaborative robotic arm Yaskawa HC10 was selected for the use case after analysis of a few 

important criteria: overall dimensions in relation with the workspace setup, final segments 

accessibility inside the structures prepared for riveting, especially the prepared float, and last but 

not least, the payload, which had to be sufficient to obtain a reliable counteractive force in all 

possible instances of riveting. In addition, Yaskawa HC10 has a high flexibility due to its 6 axes, 

which is very important for the desired versatility of the robotic system. The YRC1000 controller 

has a mobile keypad that is easy to use and is expected to enhance operators’ acceptance of 

working with the robotic system. 

The AGV model EBOT 350 was included in the robotic system to give it mobility in the way that 

the robotic system can move as needed along one side of the riveted structure or around it. The 

AGV can change direction on the spot and move safely in small spaces, making the robotic system 

versatile enough to be used also for other applications in various work areas.  These features, 

together with the sufficient payload, have been found very helpful for the use case’s needs. 

In order to make possible the AGV’s navigation within the workspace, an array of QR code tags 

was adapted to the workspace’s layout and attached to the floor. Through its navigation module, 

going from one tag to another, the AGV can move around the riveted structure. 

 

Figure 25: QR code tags arrangement 

A vertical actuator model Thomson DMD24-10A5-12PO has been added to the system, mounted 

between the AGV and the robotic arm, to offer a supplemental versatility and accessibility on 

vertical direction.  
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To be able to perform the riveting, the robotic arm needs a customized end-effector to be attached 

to the final segment.  The end-effector includes a dedicated metal piece that comes in contact with 

the rivet during the riveting operation, a piece called bucking bar.  This end-effector has been 

designed in ROMAERO, based on functional requirements and accessibility criteria, in two 

versions, compliant to different geometry of the riveted structures. The version for the first two 

structures, the rectangular and the cylindrical one, has a simple geometry; the bucking bar is 

located on the axis of robotic arm’s end allowing maximum force use from the robotic arm and 
contains a fixture for the Lucid Helios 2 camera. This end-effector permits the attachment and use 

of an off-the-shelf damped bucking bar. 

                             

                      

Figure 26: End-effectors (corresponding riveting areas are pictured below) 

The second version is designed for the float’s geometry, having a sinuous shape that can reach in 

the tight riveting space where the skin joins with the frame. The bucking bar device for this 

version, also with a damping block, is designed in ROMAERO. 

To estimate the robotic arm and end-effector ability to properly reach in the riveting areas, 

reachability tests were also made in ROMAERO with the virtual representation of the robotic 

system and of the riveted structures. It was found that the riveting areas were reachable for the 

majority of the rivets. 
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Figure 27: The environment for accessibility tests 

As the robotic system needs information on the environment it works in, this information will be 

collected by video cameras. In this sense, according to system’s requirements, a camera model 

Lucid Helios 2 was selected to provide visual data for obstacle avoidance, as well as for 

identification of the in-work rivet location. This camera is assembled on the end-effector and gets 

close to the riveting area, being also used for the quality control of the processed rivet. After the 

riveting is done by the human operator, the camera can capture images of the rivet from the 

back/inner side of the structure, which the operator can see and decide if the rivet is adequately 

deformed or not.  

A second camera, model Intel RealSense D435, situated at a distance from the riveting structure, 

will help the robotic system to receive visual data from the rest of the workspace environment, 

for the detection of human operator’s current location, as well as for gesture commands.  

The components described above are assembled and integrated in a robotic system, coordinated 

by a ROS interface controlled by a NUC computer.   

Figure 28: The robotic system 
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3.4.3.  Software modules integration stage  
Presently, the software modules that compose the system’s software architecture designed for 

this use case are being integrated on the hardware system described above, using the ROS 

platform. This process is coordinated by partner CERTH and is sustained by partners ASTI, IDIAP, 

JSI and ARMINES.  

The hardware components’ integration was successfully completed at ASTI’s premises and the 

robotic system has reached to ROMAERO for testing and further integration of software 

components. The AGV navigation module is operational, the robotic arm has been tested and 

succeeded to apply the correct level of counteractive force for an adequate quality of the rivets; 

the gesture recognition module and the voice command module are being tested at the current 

time.    
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2 DYNAMIC ANALYSIS 

In this section, the updated activity and sequence diagrams of the CoLLaboratE use cases are 

presented. This section has been originally submitted in deliverable D2.4 at M24, here we present 

the changes made after M24. A brief use case description is also included, based on the detailed 

description in deliverable D2.1. The Performing LCD TV assembly use case is presented in two 

parts for simplicity. First, the TV assembly part is presented and then the full task is presented 

with the TV assembly as one “Action Node”. 

 

Scenario title Challenge 

Performing Car Starter 

Assembly 

Performing Car Starter 

Assembly 

Windshield visual quality 

check and preassembly 

Windshield visual quality check 

and preassembly 

LCD TV Assembly (only the 

assembly procedure of a 

single TV) 

Performing LCD TV Assembly 

Production management of 

LCD TV Assembly (full use-

case) 

Performing LCD TV Assembly 

Collaborative riveting for 

aircraft parts assembly 

Collaborative riveting for 

aircraft parts assembly 

Visual Teaching Applicable on all challenges 

 

Performing Car Starter Assembly  
The car starter assembly takes place on a conveyor belt, the robot’s task is to fill in a pallet with 

copper inserts. The task of filling the pallet is considered an assembly task because the pallet has 

8 custom designed molds for the copper inserts. The conveyor belt carries empty pallets towards 

the robot and full pallets towards an open area accessible to workers. The CoLLaboratE system 

should be able to pick up a copper insert from a tray full of inserts and place it in the pallet, this 

should be done until the pallet is full. A worker will supervise the robot’s task at regular time 

intervals and will bring the trays with copper inserts in the robot’s workspace. 
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Figure 29: Activity Diagram for Performing a Car Starter Assembly 



D6.5 – CoLLaboratE challenging scenarios deployment and execution (Preliminary) 
Version: 1.0 

CoLLaboratE  34 

 

 

Figure 30: SysML Sequence Diagram for Performing a Car Starter Assembly 
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Windshield Visual Quality Check and Preassembly 
The windshield visual quality check and preassembly takes place in an enclosed area and the 

worker safely moves in an area close to the robot, the interactive zone. The robotic manipulator 

picks a windshield and brings it to a convenient position for the worker. The worker can start the 

visual check and the robotic manipulator is set to hand guiding mode. Once the visual check is 

finished the robot changes to stationary mode for the sensor assembly. At each sensor the robotic 

manipulator changes to hand guiding mode while the assembly is being performed. When the 

windshield preassembly is complete the robotic manipulator leaves the interactive zone and 

retracts the windshield to the production line for the next step. 

 

Figure 31: Activity Diagram of Windshield Visual Check and Preassembly 
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Figure 32: SysML Sequence Diagram of Windshield Visual Check and Preassembly 
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Performing LCD TV Assembly (only assembly) 
In this section, only the assembly part of the use-case Performing LCD TV Assembly is presented. 

The robotic manipulator and one worker perform together the assembly of the PCB and PSU part 

on the TV. Once the production is initiated, the robotic manipulator picks a PCB and places it on 

the TV frame that lies on the conveyor belt. The worker secures the card with four screws, while 

the robotic manipulator picks and places a PSU card on the TV frame. The worker then secures 

the PSU card with four screws. The assembly is complete when both cards are secured. 

 

 

Figure 33: Activity Diagram of Performing single LCD TV assembly is presented 
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Figure 34: SysML Sequence Diagram for single LCD TV assembly 

 

Performing LCD TV Assembly (full use-case) 
In this section, Performing LCD TV Assembly is presented with the assembly as one action node. 

Error! Reference source not found.Performing LCD TV assembly takes place in two areas, the 

assembly area and the market area (a.k.a. warehouse). An AGV transports the assembly parts from 

the market area to the assembly area when requested from the system. The robotic manipulator 

and one worker perform together the assembly of the PCB and PSU part on the TV frames in the 

assembly area. Once the production is initiated, the system checks if there are enough assembly 

parts in the box next to the robotic manipulator. If there are enough the assembly starts, otherwise 

an AGV is summoned to bring a new box of cards from the market area. Once there are sufficient 

cards in the box, the system initiates the assembly, which is complete when both cards are 

secured. After that a new TV frame arrives in the workspace of the robotic manipulator and the 

process of the assembly is repeated until the production line is stopped. 
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Figure 35: Activity Diagram of Performing LCD TV Assembly, with production management 
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Figure 36: SysML Sequence Diagram for Performing LCD TV Assembly, with materials transport. (full use-case) 

Collaborative Riveting for Aircraft Parts Assembly 
The collaborative riveting for aircraft parts assembly takes place in the float assembly area. The 

robotic manipulator is on the one side of the float and the worker is on the other side of the float. 

Once the assembly is initiated the AGV that carries the manipulator navigates at an area that it can 

reach the float. The worker is right across the float. After the rivet for riveting is identified, the 

manipulator places the bucking bar on the rivet. The worker senses the force change, while she 

applies a small constant force on the rivet with a pneumatic hammer, then the worker starts the 

hammer and the manipulator detects the change in the force and applies the opposite force. This 

process will complete the riveting. After almost one second the worker stops hammering and the 

manipulator detects again the change in the force and retracts the bucking bar. A picture is taken 

which is sent to the worker The worker can verify visually if the riveting is done correctly, if 
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unsuccessful the process is continued by repeating the same sequence, otherwise they can move 

on to the next rivet. This pipeline is repeated until all rivets are in place. 

  

 

Figure 37: Activity Diagram (Part 1) for Collaborative Riveting for Aircraft Parts assembly 
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Figure 38: Activity Diagram (Part 2) for Collaborative Riveting for Aircraft Parts Assembly 
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Figure 39: SysML Sequence Diagram for Collaborative Riveting for Aircraft Parts Assembly, completed with two 
successfully placed rivets (Part 1) 
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Figure 40: SysML Sequence Diagram for Collaborative Riveting for Aircraft Parts Assembly, completed with two 
successfully placed rivets (Part 2) 
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Figure 41: SysML Sequence Diagram for Collaborative Riveting for Aircraft Parts Assembly, completed with one failed 
rivet (Part 1) 
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Figure 42: SysML Sequence Diagram for Collaborative Riveting for Aircraft Parts Assembly, completed with one failed 
rivet (Part 2) 
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Visual Teaching 
Visual Teaching takes place in the preparation of the system and it does not require a robotic 

manipulator. One or two people perform the assembly task while sensors collect data. In 

particular, one of the users with the use of the HMI creates a new demonstration of the assembly 

type that they want to demonstrate and the desired name. The system prepares the sensors and 

creates a description folder for the demo data. When the users are ready they can press the button 

for the recording to begin and demonstrate the assembly process. Once the demonstration is 

finished one of the users should notify the system to stop recording through the HMI and initiate 

the data processing. After the processing is complete the system displays the extracted 

information from the demonstrated process. The user can verify that the system had correctly 

identified all key tasks of the assembly or correct the identified task sequence if necessary. After 

an acceptable task sequence is in place the user can notify the system that the demonstration has 

been completed successfully and the extracted robot program can be used in the production line. 
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Figure 43: Activity Diagram for Visual Teaching 

 

Figure 44: SysML Sequence Diagram for Visual Teaching 
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3 CONCLUSIONS 

The deliverable describes the updated state of deployment of the CoLLaboratE use-cases at M35. 

It is a preliminary version of the Deliverable D6.10 expected at M41. 

The CoLLaboratE project has been extended due to the difficulties in performing laboratory and 

“in presence” activities in the COVID 19 pandemic period characterized by diffused lockdown all 

over Europe. 

Because of this situation the project had the necessity to extend the duration of the project in 

order to achieve the deployment of the use-cases. 

At the current stage different issues are still existing all over Europe and most of the scenarios are 

affected. For three scenarios challenges of four the location of the final challenge and scenario 

required to be shifted to an alternative location. This affected Challenges 1, 2 and 3. The transfer 

of the challenge premises had the consequence to redefine and resize partially the overall 

scenario. In all scenarios the core development have been maintained with the aim to demonstrate 

each CoLLaboratE development, but on the other hand repetition of concepts or developments 

not part of the main concept have been simplified. This deliverable shows the level of 

development at month 35 with the definition of the alternative scenarios that will be developed 

within month 41 of the project. 

The deliverable show also the updated dynamic analysis for all the use-cases. 

 


