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There are many interesting potential applications for dexterous and mobile 
collaborative robots, acting as robot helpers at home or as robot co-workers at 
the workplace.

1. Introduction
1.1. Motivation
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Many challenges are related to robotic manipulation, which require robots to 
have planning and execution capabilities. 

1. Introduction
1.2. Challenges and scope of the work done at IOC 

Physics‐based motion planning capabilities to allow robot‐
objects interactions in cluttered manipulation environments.

Combined Task and Motion Planning (TAMP) capabilities to 
cope with constrained manipulation problems. 

Contingent TAMP capabilities to cope with manipulation 
tasks in semi‐structured and uncertain environments.
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At IOC we have dealt with: 



The focus of our research has been on: 

1. Introduction
1.2. Challenges and scope of the work done at IOC 

Use of geometric reasoning 
in the computation of the 
heuristic

Physics‐based 
motion planning

Heuristic task 
planning in the 
state space (FF)
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The focus of our research has been on: 

1. Introduction
1.2. Challenges and scope of the work done at IOC 

How should 
objects be 
manipulated?

Use of geometric reasoning 
in the computation of the 
heuristic

Does a given 
pre‐condition hold?

Representation of 
knowledge 
using ontologies

Physics‐based 
motion planning

Heuristic task 
planning in the 
state space (FF)
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TAMP for robotic manipulation requires reasoning on:

Geometric information
• Reachability reasoning to evaluate whether an end-effector pose is reachable or not.
• Spatial reasoning to find a valid pose in a target placement region.
• Manipulation reasoning to evaluate feasible grasps for pick/place actions. 

Actions
• Reasoning on pre-conditions to evaluate if they are satisfied for a given action
• Reasoning on requirements to evaluate which is the set of actions needed to solve a task
• Reasoning for interaction to guide motion planning 
• Reasoning on recovery strategies to determine the actions required to recover from a failure

States 
• Reasoning on perception to evaluate sensing requirements to evaluate the states 
• Reasoning on geometric constraints to determine the current state
• Reasoning on failures to determine the occurrence of a failure 
• Reasoning on state similarity to exploit previous experience

1. Introduction
1.2. Challenges and scope of the work done at IOC 
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The basic framework is: 

1. Introduction
1.2. Challenges and scope of the work done at IOC 

DIFFERENT PROPOSALS FOR THIS LAYER WILL BE DISCUSSED
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1. Table-top manipulation problems with focus on:
• geometric reasoning for the integration of task and motion planning levels,
• perception,
• action feasibility (pick/push)
• interaction for motion planning.

1. Introduction
1.2. Challenges and scope of the work done at IOC 

• Knowledge‐oriented for Task and Motion Planning (KTAMP) framework uses 
the Perception and Manipulation Knowledge (PMK) ontology to integrate task 
and motion planning.

2021 CASE IEEE Workshop on Smart Robotics Systems for Advanced Manufacturing Industries 10

2. Assembly manipulation problems with focus on:
• state reasoning,
• action pre‐conditions and results,
• failure detection and recovery.

• Failure Interpretation and Recovery Ontology (FailRecOnt) framework offers a flexible 
reasoning tool that is perfectly adapted to knowledge‐driven planning schemes



3. Mobile-based every-day manipulation problems with focus on:
• state similarity (to efficiently re‐use previous known ways to execute actions),
• task requirements,
• robustness.

1. Introduction
1.2. Challenges and scope of the work done at IOC 

• A Skill‐based Robotic Manipulation Framework (SkillMaN) integrates the 
previous tools with a similarity situation evaluator and a motion adaptation tool.

• A robust behaviour tree‐based execution framework that flexibly adapts to the 
task requirements and to the current (possible unexpected) states.
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PMK: Perception and Manipulation Knowledge ontology 

2. Reasoning on manipulation actions
2.1. Framework
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PMK: Perception and Manipulation Knowledge ontology 

2. Reasoning on manipulation actions
2.1. Framework

Standard ontology frameworks

(Howard et al., 2015)

Modeling: PMK structure 
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PMK: Perception and Manipulation Knowledge ontology 

2. Reasoning on manipulation actions
2.1. Framework

Classes:
1. Feature
2. WSObject
3. Actor

4. Sensor
5. Workspace
6. Context Reasoning
7. Action

Layers:
Metaontology
Ontology schema
Ontology instance

Modeling: PMK structure 
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PMK: Perception and Manipulation Knowledge ontology 

2. Reasoning on manipulation actions
2.1. Framework

Structure of the metaontology layer of PMK fit to follow the standard IEEE‐1872. Concepts introduced are
shown in black while those that inherit from the standard are shown in colors: SUMO (blue), CORA
(white), CORAX (red), and ROA (green).

Modeling: PMK structure 
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2. Reasoning on manipulation actions
2.2. Reasoning for motion planning

Reasoning for physics-based motion planning

PMK Knowledge

Prolog Inference 
Process

Motion Planner

2021 CASE IEEE Workshop on Smart Robotics Systems for Advanced Manufacturing Industries 17



2. Reasoning on manipulation actions
2.2. Reasoning for motion planning

Reasoning for physics-based motion planning
Example: Query to the knowledge on how to push a cup.
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2. Reasoning on manipulation actions
2.2. Reasoning for motion planning

Example: Query to the knowledge on how to pick a cup.
Reasoning for motion planning for grasp actions
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2. Reasoning on manipulation actions
2.3. Reasoning for task planning

Main parts of the system: The perception module, PMK framework and TAMP planning module.
PMK asserts the perceptual data, builds the IOC-Lab knowledge, and provides the reasoning
predicates to the planning module.

KTAMP = TAMP +  PMK
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2. Reasoning on manipulation actions
2.3. Reasoning for task planning

KTAMP = TAMP +  PMK

Scenario: a two‐robot table‐top manipulation task at the IOC‐Lab
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FailRecOnt: Failure Detection and Recovery ontology 

3. Heterogeneous reasoning
3.1. Framework

Assistant (low-level) layer

Knowledge layer 

Planning and Execution layer

Sensing module

Pose estimation

Localization 

Feature extraction

Geometric module

Motion planning Inverse 
kinematics

Collision check Object placement

Recovery module

Failure knowledge

Task planning module

Problem and domain description

Task planner

Task manager module

Robot 
interface

Sensor 
interface

Human-robot 
interface

Awareness module

PMK knowledge

Recovery  knowledge

Geometric knowledge
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FailRecOnt: Failure Detection and Recovery ontology 

3. Heterogeneous reasoning
3.1. Framework

SUMO provides a conceptual structure that can be used and integrated with other specific 
ontologies developed for the robotics and automation domain

DUL makes a variety of important distinctions that are useful for upper ontologies. Moreover, 
axiomatization makes use of simple constructions

Modeling the ontologies in different foundations
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FailRecOnt: Failure Detection and Recovery ontology 

3. Heterogeneous reasoning
3.1. Framework

Task planner
Fast forward (FF) 

Approaches used:
1. Heuristic‐based Fast Forward (FF)
2. Logic‐based planner provided by KnowRob

Integration of geometric reasoning module within ontology
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FailRecOnt: Failure Detection and Recovery ontology 

3. Heterogeneous reasoning
3.1. Framework

Pickup

Move 

Putdown

Release

Sequence of 
actions

Reachability 
Test

Task 

Call IK

Sub-task  

Check
collision

Call CC

Integration of geometric reasoning module within ontology
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FailRecOnt: Failure Detection and Recovery ontology 

3. Heterogeneous reasoning
3.1. Framework

Test scenario: Battat plane assembly
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3. Heterogeneous reasoning
3.2. Geometric reasoning

What are the occluded parts required in a connection?

What action pre-conditions are not fulfilled and what 
can be done do to fix this?

What action it should be performed to dissolve the partOccludedBy relation between parts
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3. Heterogeneous reasoning
3.3. Reasoning on failures
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SkillMaN: Robotic Manipulation Framework based on Perception and Reasoning 

4. Reasoning for adaptation
4.1. Framework
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SkillMaN: Robotic Manipulation Framework based on Perception and Reasoning 

4. Reasoning for adaptation
4.1. Framework

Knowledge for planning

Situational knowledge

Provides the geometric-skills information (based on the robot’s experience, such as how to 
grasp an object? 

Provides the similarity check between the current situations with those stored in a database
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SkillMaN: Robotic Manipulation Framework based on Perception and Reasoning 

4. Reasoning for adaptation
4.1. Framework

Skill knowledge 

Assistant layer: adaptation module

Dynamic Movement Primitives (DMP)
Provides adaption of the robot paths to the actual situations

Provides the available skills in the knowledge database to be used by the planning module, 
and how to execute them
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SkillMaN: Robotic Manipulation Framework based on Perception and Reasoning 

4. Reasoning for adaptation
4.1. Framework

Implementation schema 
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SkillMaN: Robotic Manipulation Framework based on Perception and Reasoning 

4. Reasoning for adaptation
4.1. Framework

Flowchart 
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SkillMaN: Robotic Manipulation Framework based on Perception and Reasoning 

A skill, in SkillMaN, is a description of what the robot can do. It is divided into:

1.Primitive skills consist of a sequential list of atomic actions, which refers to a 
single action or gesture, including its preconditions and effects.

2.Rule-based skills consist of a set of ‘‘if A then B rules’’ toissue appropriate gestures
according to sensors outcome.

Both methods, however, cannot be executed on their own. They require a structure,     
such as a workflow, that contains the abstract steps that are usually required for task 
execution.

4. Reasoning for adaptation
4.2. Skill knowledge

2021 CASE IEEE Workshop on Smart Robotics Systems for Advanced Manufacturing Industries 39



SkillMaN: Robotic Manipulation Framework based on Perception and Reasoning 

Filtering situation is a process of finding those situations that satisfiesa skill description. 
It means the robot has to detect the situations that use a specific skill in their description.

4. Reasoning for adaptation
4.3. Reasoning on situations

which are the situations that contain a certain skill?
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4. Reasoning for adaptation
4.3. Reasoning on situations
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• Automatically generate the code to be executed in the robotic system.
• Be able to adapt to changes in the pose of the objects (geometric-level adaptation)
• Be able to adapt to changes in the location of the objects (task-level adaptation)

5. Reasoning for robustness
5.1. Framework

Combining 
planning levels

Linking of geometric 
and symbolic data

Automatic writing of XML files 
representing behavior trees 
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• Automatically generate the code to be executed in the robotic system.
• Be able to adapt to changes in the pose of the objects (geometric-level adaptation)
• Be able to adapt to changes in the location of the objects (task-level adaptation)

5. Reasoning for robustness
5.1. Framework
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1. The TAMP manger will be responsible of initially writing the XML files describing all the BTs 
needed to perform the manipulation task.

• A global task-level BT for managing the execution at task level
• A particular action-level BT per action for managing the actions of the plan

2. Recovery strategies may be called that rewrite the BTs.

All BTs will have the following general structure:

5. Reasoning for robustness
5.2. Behavior tree-based execution framework for TAMP

Control Nodes control the execution flow  
• Sequence nodes (return success only if all of 

its child nodes return success)
• Fallback nodes (return success as soon as 

one of the children returns success)

Execution Nodes: used to query the robot 
hardware (sensing / actuation)
• Condition nodes (cannot be preempted)
• Action nodes (can be preempted)
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5. Reasoning for robustness
5.2. Behavior tree-based execution framework for TAMP

Task-Level behavior: The main BT

Checks the initial state

Call again the task planner from the current state.
TASK-LEVEL ADAPTATION

Executes the task sequence
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5. Reasoning for robustness
5.2. Behavior tree-based execution framework for TAMP

Action-Level behaviors: BTs for task actions

Checks the 
object  pose

Call again the motion planner from the current state.
MOTION-LEVEL ADAPTATION

Executes the action
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5. Reasoning for robustness
5.2. Behavior tree-based execution framework for TAMP

Automatic generation and execution of XML files

1. The Task-Level Behavior BT is generated with the general structure.

2. The task planner service is called.

3. The Execute ActionPlan BT with the particular task plan is written

4. For each action:

1. The motion planner service is called and the resulting path is coded as a ROS 
trajectory as required by the ROS action service.

2. The corresponding Action-Level Behavior BT is written.
3. The action nodes are filled with the robot trajectories.

5. The BTs are passed to the BT executor.

6. BTs are rewritten if a state is detected which does not correspond to the expected one.
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5. Reasoning for robustness
5.3. Reasoning on actions 

The reasoning module of the framework will select the required actions to solve 
the task according to the task goal, the robot capabilities and the initial state.  
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5. Reasoning for robustness
5.3. Reasoning on actions 

Questions like:

1. Is there a human present in the environment? 

2. Does the robot have navigation capabilities? 

have been asked and used to filter the actions in the global PDDL file.
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6. Conclusions and future work

• This talk has presented different approaches to use reasoning to enhance TAMP 
methods for robotic manipulation.

Reasoning has improved:

1. Perception capabilities

2. Planning capabilities

3. Adaptation capabilities

4. Execution capabilities

• Reasoning has helped TAMP to make robots smarter and aware of the environment, 
of the task goals and of themselves, more adaptive to changes and more confident in 
being able to complete the task.
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Conclusions



• Broaden the set of actions used in the BT framework and experiment in real 
scenarios involving different robots (Yumi, TIAGo).

• Within the BT framework integrate:
• the failures detection and recovery ontology,
• the motion adaptation procedures.

• Use learning techniques to automatically generate manipulation knowledge.

6. Conclusions and future work
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