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1. INTRODUCTION 
 
The main aim of this deliverable is to give a final update on the reconfigurable tooling and the various 
perception tasks involved in the ODIN project. 

The reconfigurable tooling section goes into detail over the different grippers and dynamic gripper switching 
technologies, developed since the last deliverable. As objects of greatly varying size, weight, and nature need 
to be gripped, the resulting grippers vary in their focus. 

The detection tasks range from object detection and pose estimation, over quality checking, to human behavior 
estimation and tracking. The involved sensors encompass laser scanners, industrial RGB and RGB-D cameras, 
as well as off-the-shelve consumer electronics. Several improvements are demonstrated across the board for 
more robustness and accuracy. 
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2.3. AIC mobile manipulator 
In order to combine the existing mobile robot in the Autonomous Smart Factory (ASF), and thus demonstrate 
flexibility in advanced manufacturing processes, both the inspection process and the manufacturing processes 
will be realized by configuring the gripper's performance. 

A 3D camera is added to the manipulator gripper of the mobile robot to perform further inspections. This 
creates a challenge of location and space for this camera on the manipulator gripper for subsequent 
manufacturing processes. 

  

Figure 8: Gripper design and 3D camera installation of the AIC mobile manipulator 

After installing the conveyor belt that moves the motor when carrying out the inspection, the problem of the 
safety distances of the roto scanners of the mobile platform arises. In this aspect, both the safety systems of 
the platform and the programming of the PLCs have to be configured. This is necessary to maintain safety and 
keep the operation fully automated. 

  

Figure 9: Set up of the safety scanner and relation to the conveyor of the AIC mobile manipulator 

Finally, the configuration of the scheduling of the complete process is required. That is to say, the possibility 
of a conditioner that makes it possible to carry out the inspection when it obtains the inspection need input 
must be unified in the same programming of the manufacturing process. For this reason, the programming of 
the PLC that manages the entire pilot plant is modified, adding communication and the possibility of carrying 
out this inspection. 
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Figure 18: Pneumatical valves with manifold 

Based on the risk assessment conducted under WP5 by PILZ, it was suggested to cover the magnetic and the 
flexible grippers of the White Goods demonstrator with extra aluminium cylindrical covers with soft material 
pads on their outer surface. For the vacuum gripper, its complex geometry did not allow the installation of 
safety covers. In this case, a magnetic safety switch is installed on each side of a tool change system enabling 
the safety validation of a tool change operation to inform the system when the vacuum gripper is equipped on 
the robot arm. If this tool is attached on the robot, a different safety concept is applied by the PLC in case of 
human presence in the shared HRC area. More information on the safety concept applied in each ODIN pilot 
line in terms of the Reconfigurable Robot Tooling are presented in deliverable D5.4. 

 
Figure 19: Magnetic safety switches integration on White Goods vacuum gripper 

The integration of safety electrical magnetic grippers increases also the overall safety of the framework. 
Magnetic grippers may be characterized as safety ones as they ensure reliable process operation even in 
scenarios with emergency stop functionality or electrical power loss. 
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4. ROBOTIC PERCEPTION OF THE ENVIRONMENT, PROCESS AND HUMAN 
 
This chapter provides an overview of the current developments in the robotic perception modules of the 
environment, process and human. The integration of the modules in each ODIN pilot is presented in the 
respective pilot chapter in [1]. 

4.1. Object pose estimation using CAD models 
As documented in the previous deliverables, a major perception task is the localization and pose estimation of 
objects, such that the robots can interact with them. This ranges from cooktops, transformers and knobs in the 
White Goods pilot to the drilling templates for the Aeronautic pilot, as well as the motor and gearbox for the 
Automotive pilot. 

For the automotive pilot, we need to localize a motor, to subsequently grip it using the robot. This detection is 
performed using the ROBOCEPTION CADMatch [5] module as a baseline and extensions developed in this 
project. As the motor itself is an assembly of hundreds of parts, not all of which are mounted rigidly, it does 
not match the CAD model perfectly. And as the motor is very heavy, the gripper needs a tight fit, and cannot 
be designed with a lot of play, requiring a very precise localization, with deviations of less than approximately 
1mm. To achieve this accuracy requirement, ODIN investigated detecting the rigid mounting points, instead 
of the full motor. These mounting points are simple parts that do not change and fit the CAD perfectly. 

 
Figure 20: The motor, which will be grasped at the two mount points 

The detection of the cooktop burner cups has undergone a robustification period, where the template provided 
by ROBOCEPTION was improved to deal with empty blister spots. As these spots are the same colour, 
reflectance, and shape as the cooktops themselves, these were sometimes recognized as such. To prevent these 
false detections, the synthetic training data generation pipeline was extended to automatically generate such 
data. This is done by indenting the simulated floor in a manner similar to real world blisters. Additionally, as 
this data is available, both in the demonstrator, as well as in the real-world, real sensor images were used for 
the retraining. 

 










































