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1. Executive summary 
This document presents an overview of the demonstrators for CHEMLAB and IASSES at the end of month 
38 of the project. Agreed with the Commission, submission of this deliverable comes at the end of the pro-
ject duration (and not at month 36 – as originally planned), due to the fact that this better reflects the sta-
tus of the demonstrators as planned for the third year review of ACAT because the demonstrators became 
consolidated with the end of the Hanover Fair (April 29).  

Note, some text of the WP5 in the PPR of Year 3 is largely recompiled for this deliverable (which is 
explicitly indicated in the PPR). This is done for the sake of consistency between the two documents.  

Our main demonstrator in year 3 is the one for the CHEMLAB scenario which we show on a real robot 
and three variations of chemical experiments will take place. The demonstrator for the IASSES scenario will 
be shown as a video where inputs from five partners of the consortium have been successfully integrated. 
 
Note: This deliverable is kept short because demonstrators are best presented by ways of the life demos 
and the resulting video material, which will be put on the ACAT webpage after the final review. 

2 Introduction – The ACAT Approach to Integration 
As we had described in other deliverables, ACAT does not integrate at the execution level. We advocate this 
as a major strength of the ACAT approach because ADTs allow bridging between different execution en-
gines, for example using “Compilation Processes” (as shown in WP3) to create a new ADT, which then “just” 
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needs to be interpreted locally by the used execution engine. ADTs as means of robot-to-robot information 
transfer provide, thus, the main unifying structures which are (to a reasonable degree) embodiment-free. 
The actual embodiment and its constraints enter only at the level of the execution engine(s).  

The main argument for this approach is the potential use of ADTs by the community that will have a 
far higher threshold if you demand that users need to change their complete robotic execution setup as 
compared to the need to write just an “ADT interpreter” which translates ADT information into their robot-
ic execution framework as needed. Hence, not everyone has to use everything from the given ADTs. ADTs 
provide “information on demand”, but do not force the user! 

The strength of this attitude is currently demonstrated by the four partners (UGOE, AAU, JSI, and UoB) who 
are concerned with robotic integration aspects and are making use of ADTs in this way. All of them use ADT 
information differently to feed their execution engines. Figure 1 below (also included in PPR3) shows the 
different processes and how we integrate them. 

 
Figure 1. Integration based on ADTs 

3 Final demonstrator for the IASSES Scenario 
During the last year of the project the consortium focused its efforts on integrating all the sub-systems to-
gether in order to perform non-trivial demonstrations in both scenarios. Specifically, in the IASSES scenario 
(i) the vision system was updated with the latest, refined algorithms for pose estimation of all the available 
assembly parts, (ii) the precision of the calibration of the robot in relation to the camera system and the 
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press, significantly improved, (iii) new 3D-printed fingers for the gripper were produced by an automated 
simulation-based geometry optimization method and applied to the end-effector for robust grasping (iv) 
Peg-in-Hole (PiH) skills were developed that involved adaptation of the motion due to gripping and vision 
uncertainties and (v) ROS communication interfaces between the Skill-based System of LH4 and the ADT 
database with were created and integrated successfully. 

3.1 Demo storyline for final IASSES demo 
In the IASSES demonstrator we execute an instruction sheet for the assembly of an industrial rotor. The 
twelve instructions involved in the demonstration are:  

1. Press button to release pressure ring from ring dispenser.  
2. Pick up pressure ring and drop it in press tube.  
3. Take rotor axle from trolley and insert it into press tube.  
4. Move slider to release magnet from magnet dispenser.  
5. Do step 4 for 7 more times.  
6. Pick magnet and insert into press between axel and rim of press tube.  
7. Turn axel by 45 deg.  
8. Repeat steps 6 and 7 for 7 more times.  
9. Take rotor cap from fixture and put over the rotor axel.  
10. Slide cover down to closed position.  
11. Slide cover up to open it.  
12. Take (finished) rotor and put it into box.  

Not all of them were executed all the time.  

3.2 Hardware setup 
In the area of hardware integration, AAU’s Little Helper remained the same as in the second year where the 
most significant addition in the hardware system is the optimized fingers for the gripper that offer special 
sockets for individual grasping of different parts of the assembly. Three slightly different setups used for 
benchmarking of the KPIs where variations on the positions of the press replica (Fig. 2a), the mockup con-
veyor (Fig. 2b) and the fixtures (Fig. 2c) were used.   

 

 
(a) used in M24 demonstration of the 

project 

 
(b) used in IROS exhibition in M30 

 
(c) used for HRI tests in M36 

Figure 2. Different versions of the Rotor Cap Collection benchmark. 
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3.3 Software architecture 
As described in D5.5, the exchange of the robot manipulator provided us with enhanced functionalities to 
develop better teaching interfaces via the Skill-based System. During the last year of the project, we pro-
gressed significantly towards the initial scope of the project to “give a human instruction sheet to the robot 
and then we see the robot execute the task "without time-consuming programming procedures improving 
the efficiency of industrial processes.". As we presented in D4.4 we have now created a streamlined inter-
face for users so they can simply provide an instruction to the ACAT system and get a list of skills without 
having to make decisions for complicated procedures. Moreover, to achieve this simplicity and efficiency in 
execution, great amount of integration effort took place in the core of the system. 

 
Figure 3. Software Architecture for IASSES 

3.3.1 ADT Translator  

The interface for exchanging ROS messages enables the communication between symbolic information 
compiler and robotic system. It consists of two ROS services designed to perform different tasks: first one 
for transmitting required information (ADTs) from the compiler, second one for updating the ADT database 
with new (modified or corrected) ADTs. The compiler was modified to post required data (ADTs) to ROS 
service through a rosbridge package (that enables to invoke ROS service directly from JavaScript code). 
When an instruction is interpreted by the symbolic information compiler, compilation results are sent to 
the robot platform via the first ROS service. When the robot platform executes first chosen ADT, it can be 
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recompiled and again uploaded to the ADT repository. Then the compiler knowledge base is updated by 
calling the ADT updating (second) service, which extracts basic information from the ADT and saves it to the 
ADT database. After this, the symbolic information compiler is able to provide more informative action 
execution instruction. The aforementioned process is described in Fig. 4: the main compilation data (main 
action, main object, primary object and secondary object) are sent to the robot platform together with the 
links with ADT‘s links and theirs ranks.  

 
Figure 4. Symbolic information compiler and conceptual model of information exchange with robot platform 

3.3.2 Force/torque based adaptation module 
In the final IASSES demonstration our main focus was to implement the force/torque based adaptation 
skills for object assembly. The low level assembly algorithms were developed and tested on the JSI platform 
that consists of KUKA LWR-4 robots, and later integrated on the Little Helper platform at Aalborg university, 
where a Universal Robot UR-5 is used. In the final demonstration we focused primarily on different skills 
that involve adaptation of the motion due to gripping and vision uncertainties. The other aspect is learning 
from previous actions for generating new assembly skills and application of force based exception assembly 
strategies. In this scope we focused on assembling the following objects, which are all part of the demo 
assembly:  

Rotor shaft: after the pick action, the object was placed in the assembly holder using the PiH skill 
with adaptation. The demonstrated trajectory was on-line adapted in order to reduce the impact of vision 
and grasping uncertainties and consequently to increase the robustness of the skill.  

Magnets: in total 8 magnets had to be assembled. Note that during the assembly process, the toler-
ances and friction between the assembly holder and rotor shaft change, as a consequence of magnets in-
sertion. Therefore, we performed one demonstration and learned the 7 other needed trajectories sequen-
tially. The initial demonstrated trajectory was refined to the different condition (different number of al-
ready inserted magnets and therefore different friction and force profiles) with ILC (Iterative Learning Con-
trol) to acquire optimal position and force/torque trajectories. Thus, the initial and 7 sequentially learned 
trajectories were used for the 8 magnets. These 8 executions were stored as ADTs and integrated into the 
AAU skill system.  
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Rotor cap: the rotor cap assembly can by understood as an Inverted Peg in Hole (iPiH), meaning that 
the hole is actually inserted on the rotor shaft. While this works with the same skill as the PiH, the shape of 
the rotorcap around the hole would often get stuck with no information on the direction of needed motion 
to place it. Therefore, a force based exception strategy has been developed. The exception strategy con-
sists of these steps: Contact search, to find the contact between the rotor cap and rotor shaft. Force based 
hole search, the rotor cap was moved randomly inside a circle with a specific radius, while maintaining the 
contact force. When the shaft was found, the contact force and the position dropped.  

All these tasks were stored as ADTs and integrated as separate skills in the Skill Based System of AAU, used 
by the Little Helper platform. Figure 5 shows all three operations on the Little Helper platform. 

 

 
Figure 5. Rotor shaft (left), magnet (middle) and rotor cap placement using the Little Helper platform. 

3.3.3 IASSES Vision Software 

During the integration period, we have implemented three ROS nodes for the SDU vision system. The first 
node is PoseEstimation, which waits for a detection request from the AAU Skill Based system (Fig. 6). When 
a request to detect a specific object is received, the PoseEstimation node activates the pan-tilt unit and 
moves it to a predefined position. The PoseEstimation node also activates the projector if needed. The 
PoseEstimation node creates a message for another node – ObjectDetection. The message contains an 
object that needs to be detected, a scene in which the object needs to be detected and the scenario en-
coded as a string, which indicates the location of the specific object that needs to be detected (it could be 
in a fixture, on a table etc.). The object and the scene are sent as point clouds, where the object is the 
saved CAD model and the scene is the point cloud captured from the cameras (stereo or carmine). The Ob-
jectDetection node contains the implementation of the used algorithms for pose estimation. The magnet 
and ring objects are detected using the Cat3DEdge feature descriptor, as described in [R3] and rotorcap 
objects are detected using the novel TriPoD algorithm, as described in [R2]. The last node is PoseVisualiza-
tion. It receives an object, a scene and a number of found poses. Then the objects (CAD models) are trans-
formed using the found poses and displayed in the scene. The node also saves the screenshot of the view 
with the shown poses. The screenshot is loaded in the AAU Skill Based System and displayed in their graph-
ical user interface. 
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Figure 6. Diagram over the ros nodes of the SDU vision module 

 

 
Figure 7. The finger design developed for the objects in the ACAT scenario. 

 

 
Figure 8. Testing the gripper on rotor caps (a) and magnets (b) 

3.3.4 Simulation platform 

The ACAT scenario involves performing an assembly of electrical motor rotor, which consists of following 
parts: the rotorshaft, the rotorcap, a ring and 8 magnets. The individual parts have to be grasped and lifted 
from respective fixtures and placed together in the press cage, where the rotor is pressed together. The 
crucial part of this process was developing a set of gripper fingers that would be suited to grasp all of the 
differing parts optimally, while compensating for uncertainty due to vision system pose estimation errors. 
The fingers were computed using the methods of automatic gripper optimization developed in the course 
of preceding research [R7, R6]. The optimal finger design calculated for ACAT objects is presented in Fig. 7. 
The developed fingers were subsequently tested in a real-world setup located in AAU (Fig. 8). The testing 
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involved performing a qualitative analysis of gripper-object interaction in the context of the assembly task 
of the final product (see Figs. 2). 

4 Final demonstrator for the CHEMLAB Scenario 

4.1 Demo storyline for final CHEMLAB demonstrator 
For the final demonstrator of the ACAT project in the context of the CHEMLAB scenario, the PR2 robot (cf. 
Figure 9) will perform three chemical experiments:  

• The computation of the pH value of a given substance.  
• The neutralization of a given substance.  
• The study of the effects of dry ice on a solution of dishwasher soap. 

 

 
Figure 9. PR2 robot making the new experiments described in 5.1 

In the first experiment, the PR2 robot is provided with two containers and a pipette. The first container 
holds the substance for which the pH value must be computed and the second container holds the indica-
tor solution. The PR2 robot pipets a small quantity of the substance to be tested into the indicator solution 
and checks how the color of the indicator solution changed. If it is unable to successfully convert the color 
of the indicator solution to a pH value then it repeats the pipetting - checking cycle until it successfully con-
verts the color of the indicator solution into a pH value. Knowing the pH value of the substance the robot 
recognizes whether it is a base or an acid. In the second experiment, the PR2 robot neutralizes the sub-
stance for which it previously computed the pH value. This consists of the PR2 robot pouring a base or an 
acid substance according to the type of the given substance over it. In the third experiment the PR2 robot is 
provided with a container holding dry ice, a container holding water and a container holding dishwasher 
soap. In order to study the effects of dry ice on the solution of dishwasher soap the PR2 robot puts the con-
tainer holding dry ice on the mixer and starts the mixer. Further it pours the water over the dry ice and 
then it pours the soap solution over the dry ice with water. 
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4.2 Hardware setup 
In order to perform the three chemical experiments described in the previous section 5.1 the CHEMLAB 
scenario is enriched with new objects and new chemical compounds: dry ice, sodium hydroxide, fenolfta-
leine and other acids. 

4.3 Software architecture 
The PR2 robot runs multiple software components while it is performing the chemical experiments de-
scribed. The three chemical experiments are stated in natural language. The PRAC system [R4] processes 
the natural language instructions, infers the structured reactive controller which the PR2 robot must run 
and their parameters and a subset of the fields of the ADTs related to the action cores which inferred the 
structured reactive controller. In the last step, the PRAC system triggers the execution of the inferred struc-
tured reactive controller inside the CRAM system [R1]. The structured reactive controllers which run inside 
the CRAM system are called simpler: plans.  

While the CRAM system executes a given plan, it interacts with different ADTs through the knowledge pro-
cessing system KnowRob system [R5] and generates execution logs. The execution logs are stored in 
openEASE (http://open-ease.org) as episodic memories. openEASE is the web-based knowledge source for 
robots. Through openEASE the robots can state different queries about the events which happen at the 
execution time. For humans openEASE offers rich answers about the insights of the successive states 
through which CRAM’s execution engine goes. 

5 Conclusions 
In this deliverable, we have provided a brief summary of the software and hardware architecture of the 
final demonstrators. All platforms are operational and have been adjusted based on the experience made 
throughout the project. 
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