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Abstract 

The main objective of this task is to design and develop a system that allows to store, query and manage all 

required data related to the human-robot exchange process. This information include the object attributes 

required for the object recognition, grasp and deliver postures for several exchange situations, depending on 

the scenario and its specific configuration. 

This system will act as a bridge between the perception and the control systems. The first one will provide 

information related to the exchange environment, such as object identification and its current pose. These 

data will serve as input for the knowledgebase system, which offers a set of predefined queries to the control 

system in order to provide it with the required data for execution of a fluent object exchange. 

In order to achieve these goals, a Semantic-Ontological approach has been selected in the wake of the 

systemôs interoperability and extensibility, complemented with a set of utilities developed ad-hoc for easing 

the query and management actions. 
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Executive summary 

This document describes the data model developed to store, manage and provide information about the 

objects included in the scenarios defined within the CogLaboration project. The document describes the 

designed data architecture in a bottom-up approach, beginning with a brief introduction of the innovative 

aspects of the proposed solution, which is based on the semantic-ontological approach [19] that has not 

usually been chosen for structured data representation. For this reason, we have considered the opportunity 

of going further in this field, while making the most of the advantages of these systems, such as flexible 

concept modelling, grammar expressivity, extensibility, ease of relationship management between concepts 

and subsequent inference capabilities. 

After introducing the basic concepts of semantic applications in the task, the knowledgebase modelling 

approach is presented. 

Initially, we started with the development of an ontology conceived with the aim of classifying the objects in 

an organized way, while looking for the expected outcomes from the projectôs related modules. Once the 

object ontology was defined, this has been exploited to develop the model of entities representing an object 

handling model, built over Cutkoskyôs grasp taxonomy [16] and keeping the restrictions imposed by the 

robotic hand capabilities in use within the project [23]. 

Once the required data model for the knowledgebase was outlined, we split the information to be stored in 

two main groups: 

 Object features: in this section, the whole set of descriptive features are modelled and its 

acquisition is fully automated. Mainly, the vision subsystem is fed with the extracted particular 

features for each object in the earlier stages of object recognition. A part from these perceptive 

properties, several properties related to the specific object are described, such as restrictions to be 

applied during the handling and other specific attributes. 

 Exchange process: as core of the developed knowledgebase, we have designed and implemented a 

complete model for representing the whole set of entities, properties and relationships involved in 

the description of the object handling process. This model has been based on the specifications 

provided within the WP4 architecture, aligning our developments with the expected results from the 

cognitive controller in an iterative process that allowed us to extend and improve our work on the 

knowledgebase. 

Once the objectsô properties and exchange attributes were modelled and implemented within the ontology, 

we have developed a service interface for providing these stored data to the cognitive controller, which will 

be taking advantage of the stored information. Due to the strong dependencies between the knowledgebase 

and other projectôs components, such as the cognitive controller or the perception module, we have worked 

in close collaboration with partners in charge of developing the cognitive controller with the aim to define 

the requirements of these services, stating which information was expected and how our knowledgebase 

should provide it. 

Again, in an iterative and collaborative process, we have tested and fine-tuned these services in several 

phases, within some integration meetings that served us to test and validate the contributions of the 

knowledgebase to the project. 

As a result of one of these collaborations, we have identified the possibility of extending the initial 

composition of the object handling model, proposing to include the delivery sub-phase conceptualization for 

covering the object handover action representation by means of its inclusion within the concept model, 

increasing the knowledgebaseôs value and extending its capabilities. This decision represented a significant 

improvement for the whole project and particularly for this task, because it provides us with an extra point on 

completeness within the objective of fluent object exchange. 

Finally, extra utilities were developed from the issues identified during this task, such as: i) tools for 

automating the objectôs data acquisition, when possible, and ii) task-specific implementations, like the web 

application developed for exchange properties population provided from the studies and trials performed by 

our partners.  



CogLaboration Deliverable D3.40 

FP7 - 287888 Page 4 of 59  

 

Document Information 

IST Project 

Number 

FP7 - 287888 Acronym CogLaboration 

Full Title  Successful Real World Human-Robot Collaboration: From the Cognition of 

Human-Human Collaboration to the Cognition of Fluent Human-Robot 

Collaboration 

Project URL http://www.coglaboration.eu/ 

Document URL  

EU Project Officer Juha Heikkilä 

 

Deliverable Number D3.40 Title  Knowledgebase for Object Features Storage 

and Management 

Work Package  Number WP3 Title   

 

Date of Delivery Contractual M30 Actual M31 

Status Version 1.0 final ƴ 

Nature prototype  Ǐ  report ƴdemonstrator  Ǐ  other Ǐ 

Dissemination level public ƴrestricted  Ǐ  
 

Authors (Partner) Treelogic 

Responsible Author 
Name David Cabañeros E-mail david.cabaneros@treelogic.com 

Partner Treelogic Phone  

 

Abstract  

(for dissemination) 

The main objective of this task is to design and develop a system that allows to 

store, query and manage all required data related to the human-robot exchange 

process. This information includes from object attributes involved in object 

recognition to grasping and delivering features for particular exchange 

situations, depending on the scenario and its specific configuration.  

This system will act as a bridge between perception and control systems. The 

first one will provide information related to the exchange environment, such as 

object identification and its current pose. This data will serve as input for the 

knowledgebase system, which offers a set of predefined queries to the control 

system in order to provide it with the required data for executing the actions 

involved in a fluent object exchange.  

In order to achieve these goals, a Semantic-Ontological approach has been 

selected in the wake of the systemôs interoperability and extensibility, 

complemented with a set of utilities developed ad-hoc for easing the query and 

management actions. 

Keywords Knowledgebase, Semantic-Ontological Systems, Description Logic, Modelling, 

SPARQL, Queries, ROS, Interface 

 

Version Log 

Issue Date Rev. No. Author  Change 

15/11/2012 0.1 Javier Collado Initial version 

15/04/2013 0.2 Javier Collado MS3 status 

14/11/2013 0.3 Víctor Fernández-

Carbajales 

Revision 

03/12/2013 0.4 David Cabañeros Included current developments on 

knowledge representation and 

management 

08/05/2014 0.5 David Cabañeros Knowledge representation revision 

and completion, 

KB design revisited according to the 



Deliverable D3.40 CogLaboration 

FP7 - 287888 Page 5 of 59 

 

current developments and extensions 

on exchange modelling 

08/05/2014 0.6 Ana Belén Rodríguez Added description for the last 

developments on the management 

interface  

09/05/2014 0.7 David Cabañeros Executive summary and conclusions 

revision 

12/05/2014 0.71 Víctor Fernández-

Carbajales, David 

Cabañeros 

Revision and minor corrections 

28/05/2014 0.72 David Cabañeros Management interface description 

update 

30/05/2014 0.8 Marco Controzzi Revision and comments 

30/05/2014 0.81 Federico Montagnani Revision 

30/05/2014 1.00 David Cabañeros Final corrections and improvements 

 

 

 



CogLaboration Deliverable D3.40 

FP7 - 287888 Page 6 of 59  

 

Table of Contents 

Executive summary ........................................................................................................................................... 3 
Document Information ...................................................................................................................................... 4 
Table of Contents .............................................................................................................................................. 6 
List of Figures.................................................................................................................................................... 8 
List of Tables ..................................................................................................................................................... 9 
Abbreviations .................................................................................................................................................. 10 
Definitions ....................................................................................................................................................... 11 
1 Introduction .............................................................................................................................................. 12 
2 Knowledge representation ........................................................................................................................ 13 

2.1 Description Logic .............................................................................................................................. 14 
2.2 Resource Description Framework ..................................................................................................... 15 
2.3 RDF Schema ..................................................................................................................................... 17 
2.4 Web Ontology Language .................................................................................................................. 17 
2.5 SPARQL ........................................................................................................................................... 18 

2.5.1 QUERY Forms .......................................................................................................................... 18 
2.5.2 INSERT Action ......................................................................................................................... 18 
2.5.3 DELETE Action ........................................................................................................................ 18 
2.5.4 UPDATE Action ........................................................................................................................ 19 

3 Technologies ............................................................................................................................................ 20 
3.1 Openlink Virtuoso ............................................................................................................................. 20 
3.2 Protégé .............................................................................................................................................. 20 
3.3 ROS ................................................................................................................................................... 20 
3.4 Flask Micro-Framework ................................................................................................................... 20 

4 Design of the Knowledgebase .................................................................................................................. 21 
4.1 Object affordances ............................................................................................................................ 21 
4.2 Object taxonomy ............................................................................................................................... 21 

4.2.1 Object Grasp Area ..................................................................................................................... 21 
4.2.2 Object Shape .............................................................................................................................. 22 

4.3 Object model ..................................................................................................................................... 23 
4.3.1 Object proprieties related to its perceptional properties ............................................................ 23 
4.3.2 Object proprieties related to the exchange process .................................................................... 24 

4.4 Grasp taxonomy ................................................................................................................................ 26 
4.5 Exchange model ................................................................................................................................ 27 

4.5.1 Grasp conceptualization ............................................................................................................. 27 
4.5.2 Delivery conceptualization ........................................................................................................ 31 

5 Interface with the state machine for data consumption ............................................................................ 35 
5.1 System overview ............................................................................................................................... 35 
5.2 Listing services ................................................................................................................................. 37 

5.2.1 LIST_OBJECTS Service ........................................................................................................... 37 
5.2.2 LIST_OBJECT_GRASPS Service ............................................................................................ 37 
5.2.3 LIST_OBJECT_DELIVERIES Service .................................................................................... 38 

5.3 Exchange-related services ................................................................................................................. 39 
5.3.1 QUERY_GRASP Service .......................................................................................................... 39 
5.3.2 QUERY_DELIVERY Service ................................................................................................... 40 
5.3.3 QUERY_GRASP_ORIENTATION_BASED Service .............................................................. 41 
5.3.4 QUERY_OBJECT_SYMMETRY Service ............................................................................... 42 
5.3.5 QUERY_OBJECT_CONSTRAINT Service ............................................................................. 42 
5.3.6 EXCHANGE_FEEDBACK Service ......................................................................................... 43 

5.4 Perception-related services ............................................................................................................... 43 
5.4.1 QUERY_OBJECT_CLASS Service .......................................................................................... 43 
5.4.2 QUERY_OBJECT_MODEL Service ........................................................................................ 44 
5.4.3 QUERY_VIEWS Service .......................................................................................................... 44 
5.4.4 QUERY_OBJECT_DATA_FROM_VIEW Service ................................................................. 44 

6 Interface for knowledgebase data management ....................................................................................... 46 



Deliverable D3.40 CogLaboration 

FP7 - 287888 Page 7 of 59 

 

6.1 Object listing ..................................................................................................................................... 46 
6.2 Creation of a new Object .................................................................................................................. 47 

6.2.1 Creation of a new Grasp Strategy .............................................................................................. 48 
6.2.2 Creation of a new Delivery Strategy .......................................................................................... 49 
6.2.3 Definition of Transport Constraints ........................................................................................... 50 

6.3 Object details .................................................................................................................................... 51 
6.3.1 Grasp Strategies view ................................................................................................................ 53 
6.3.2 Delivery Strategies view ............................................................................................................ 54 
6.3.3 Motion Constraints view ............................................................................................................ 55 

6.4 Object related data edition ................................................................................................................ 55 
6.5 Delete existing Object ....................................................................................................................... 56 

7 Conclusions .............................................................................................................................................. 57 
References ....................................................................................................................................................... 58 
 

 

 



CogLaboration Deliverable D3.40 

FP7 - 287888 Page 8 of 59  

 

List of Figures 

Figure 1. Main types of knowledge representation models ............................................................................. 13 
Figure 2. Layers in the Semantic Web stack (Djuriĺ et al. - 2006) ................................................................. 14 
Figure 3. Function composition for TBox and ABox within the knowledge base .......................................... 15 
Figure 4. RDF triple example .......................................................................................................................... 15 
Figure 5. RDF triple example with compound object description ................................................................... 16 
Figure 6. Sets of RDF serialization formats .................................................................................................... 16 
Figure 7. Grasp Area hierarchy (reduced object set) ....................................................................................... 22 
Figure 8. Object Primitve Shapes hierarchy (reduced object set).................................................................... 22 
Figure 9. Object Model and partial views. ...................................................................................................... 23 
Figure 10. Object proprities related to the perception ..................................................................................... 24 
Figure 11. Object exchangerelated properties ................................................................................................. 25 
Figure 12. Cutkosky's grasp taxonomy and the established grouping of the related grasp modes of the 

artificial hand ........................................................................................................................................... 26 
Figure 13. Top-level Object-Exchange relationship model ............................................................................. 27 
Figure 14. Grasp model conceptualization ...................................................................................................... 28 
Figure 15. Grasp strategy selection based on perceived object orientation ..................................................... 29 
Figure 16. Grasp postures used for each object ............................................................................................... 30 
Figure 17. Grasp  instance  representing a grasp strategy for a torch .............................................................. 31 
Figure 18. Delivery model conceptualization .................................................................................................. 32 
Figure 19. Static hand poses to be recognized a) Palm Up, b) Palm Down, c) Stop, d) Front, e) Side. .......... 33 
Figure 20 . Delivery instance representing a delivery strategy for a torch ...................................................... 34 
Figure 21. Knowledgebase system architecture and  interfaces with related subsystems ............................... 36 
Figure 22. Object listing operation at the knowledgebase management interface .......................................... 46 
Figure 23. Object instance creation ................................................................................................................. 47 
Figure 24 . New object category definition ..................................................................................................... 47 
Figure 25. Exchange strategy and properties management through the interface ........................................... 48 
Figure 26. Addinga new grasp strategy for an object ...................................................................................... 49 
Figure 27. Adding a new delivery strategy for an object ................................................................................ 50 
Figure 28. Transport restriction definition for an object's instance ................................................................. 50 
Figure 29. Notfication about validation errors during data input .................................................................... 51 
Figure 30. Notification of successfull execution ............................................................................................. 51 
Figure 31. Object details view ......................................................................................................................... 52 
Figure 32. Set of grasping strategies defined for an object ............................................................................. 53 
Figure 33. Set of delivery strategies defined for an object .............................................................................. 54 
Figure 34. Linked grasp strategy detail view .................................................................................................. 54 
Figure 35. Motion constraints defined for an object........................................................................................ 55 
Figure 36. Object data edition view................................................................................................................. 55 
Figure 37. Removing an object from the knowledgebase ............................................................................... 56 
Figure 38. Removing a specific grasp strategy ................................................................................................ 56 
 



Deliverable D3.40 CogLaboration 

FP7 - 287888 Page 9 of 59 

 

List of Tables 

Table 1. Main RDFS elements 17 
Table 2. Description of the object perception properties 24 
Table 3. Description of the object exchange properties 25 
Table 4. Hand poses and approach direction 33 
Table 5. LIST_OBJECTS service interface 37 
Table 6. LIST_OBJECT_GRASPS service interface 37 
Table 7. LIST_OBJECT_DELIVERIES service interface 39 
Table 8. QUERY_GRASP service interface 39 
Table 9. QUERY_DELIVERY service interface 40 
Table 10. QUERY_GRASP_ORIENTATION_BASED service interface 41 
Table 11. QUERY_OBJECT_SYMMETRY service interface 42 
Table 12. QUERY_OBJECT_CONSTRAINT service interface 43 
Table 13. EXCHANGE_FEEDBACK service interface 43 
Table 14. QUERY_OBJECT_CLASS service interface 44 
Table 15. QUERY_OBJECT_MODEL service interface 44 
Table 16. QUERY_VIEWS service interface 44 
Table 17. QUERY_OBJECT_DATA_FROM_VIEW service interface 45 
 

 



CogLaboration Deliverable D3.40 

FP7 - 287888 Page 10 of 59  

 

Abbreviations 

DL : Description Logic 

HTML : Hyper Text Markup Language 

N3: Notation3 

ORDBMS: Object-Relational Database Management System 

OWL: Web Ontology Language 

PCD: Pointcloud 

PDF: Portable Document Format 

RDBMS: Relational Database Management System 

RDF: Resource Description Framework 

RDFS: Resource Description Framework Schema 

ROS: Robot Operating System 

SPARQL: SPARQL Protocol and RDF Query Language 

SPO: Subject-Predicate-Object 

Turtle : Terse RDF Triple Language 

URI: Uniform Resource Identifier 

W3C: World Wide Web Consortium 

WSGI: Web Server Gateway Interface 

XML : eXtensible Mark-up Language 

 



Deliverable D3.40 CogLaboration 

FP7 - 287888 Page 11 of 59 

 

Definitions 

ABox: Assertional component representing a fact associated with a terminological vocabulary within a 

knowledge base. 

Auto-RDF: Utility set of scripts developed to be used as middleware between vision data and the 

knowledgebase triple store. 

Axial Symmetry: Symmetry of an object in relation to one or more of its axis. 

Axiom (Logic): Statement taken to be true within the system of logic they define. 

Conceptual Graph: Logical formalism based on semantic networks, including classes, relations, individuals 

and quantifiers. 

Flask: Web-oriented micro-framework for Python based on Werkzeug and Jinja2. Provided under BSD 

License. 

Jinja2: Templating language for Python with secure sandboxed execution environment. 

Pointcloud: A set of data points in a coordinate system (usually three-dimensional) representing the external 

surface of an object. 

Python: Multi-paradigm, general-purpose and high-level programming language. 

ROS Node: Executable file within a ROS package. 

ROS Service: Method for allowing ROS Nodes to communicate by sending requests and receiving 

responses. 

TBox: Terminological component representing a conceptualization associated with a set of facts, namely 

ABox. 

Triple : Set of three URIs used to name the relationship between things as well as the two ends of the link. 

Werkzeug: Python library containing a set of utilities for WSGI applications. 
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1 Introduction  

The aim of this task is to design and develop a knowledgebase about the domain elements involved in the 

task of fluent exchange of a set of objects between a human and a robot. Our approach requires an in-depth 

study of the proposed scenarios, inputs from perception module and the required outputs expected by the 

control architecture. 

For this purpose, the initial specification of the problem has been divided into two main branches, according 

to the knowledge modelling needs: 

 The object model contains data about the objects defined in the proposed scenarios, as output of the 

task 2.10. This knowledge comprises objectsô attributes, such as name, 3D model, views, 

geometrical properties and related exchange strategies. 

 The exchange model is based on the actions required for the exchange process as a whole. This 

process can be described as a set of attributes which describes an exchange strategy. Each strategy is 

composed by specific grasp and handover methods that can be combined in several ways, providing 

different behavioural options for the object manipulation phase to the robotic system control layer 

based on the perceived situation. 

This data-representation model has been designed taking into account scalability issues, in order to provide 

not only a complete knowledge base, but also an extensible and adaptable database of objects and their 

exchange process. Thanks to the adopted hierarchical classification of the knowledgebase model itôs feasible 

to upgrade the existing set of model entities, such as objects, grasps and deliveries according to new 

challenges in the robotics field. 

The main purpose of this knowledgebase is to model and transfer the acquired knowledge on human-human 

exchange experiments to the robotic system to achieve a fluent exchange between the human and robotic 

agents. 
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2 Knowledge representation 

Specific-domain knowledge is defined as the information about a particular field that may be used as 

approach to solve problems defined in that domain [9]. Ontological representations are intended to model a 

formal representation of the knowledge of any specific domain by means of concepts and relations between 

them as basic building blocks [21]. These systems are described by a computational model, composed by a 

set of entities corresponding to real word items, such as agents, objects or events connected by a relationship 

defined by domain-specific rules. The final purpose of this representation is to retrieve understanding 

detached from experience, represented as statements about the domain and stored into a computational 

model. In this way, applications may use this model to perform reasoning and get answers to questions on 

the domain entities and the way they are related. 

Semantic-Ontological model representation previously introduced requires an approach far from the classical 

relational database. In this case, we are talking about the concept of graph database. Graph databases are 

based on concepts of graph theory, composed of three basic elements: 

 Nodes, symbolizing specific entities of the domain model. 

 Properties, representing features that belong to entities. 

 Edges, connecting nodes. This connection represents the relationship between two entities. 

 

 

 

Figure 1. Main types of knowledge representation models 

 

The main advantage of this representation is the flexibility that provides when linking related entities, 

attributes and properties, which allow to make the most of the data, while reduces the inherent complexity of 

the traditional databases. 

For representing data within this approach, while extending its usefulness, Semantic Web [6], intended to 

provide a common framework for sharing and reusing data across application, enterprise and community 

boundaries, defines a standardized set of technologies, arranged in a hierarchical architecture where each 

layer makes use of the layers below. 
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Figure 2. Layers in the Semantic Web stack (Djuriĺ et al. - 2006) 

 

2.1 Description Logic 

As an approach of improving the expressiveness of the traditional propositional logic, Description Logic 

(DL) languages were introduced as a knowledge representation methods [4], applied mainly in the fields of 

artificial intelligence and biomedical informatics. Focusing on the first one, the DL, as essential part of the 

Semantic Web, provides a logical formalism for ontology design, useful for representation and reasoning on 

the concepts of domain-centred terminological knowledge. 

The axiom is the fundamental modelling concept of a DL. Each axiom is defined by a logical statement 

composed by a set of concepts, individuals and their relationships. A terminological axiom definition has the 

following form: 

 

where  and  are concepts. A finite set of terminological axioms is known as TBox  and is defined using 

the following descriptions. Note that stands for ô, where is an interpretation function 

and is a concept: 

 

 

An assertional axiom, representing concepts positively stated, is composed by a set of statements 

representing basic knowledge about individuals classified within the TBox hierarchy. As with TBox, an 

ABox  is composed by a set of assertional axioms, according to these definitions: 

 

 

 

where  and  are individuals and  is a particular role. 

Given these formal definitions, a knowledgebase is an ordered pair of TBox and ABox, defined as 

follows: 

 

 

The following diagram reflects the roles assumed by both TBox and ABox when constituting a 

knowledgebase: 
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Figure 3. Function composition for TBox and ABox within the knowledge base 

 

2.2 Resource Description Framework 

Also known as RDF, the Resource Description Framework [7] was designed as a method to split knowledge 

into small pieces of data, complemented with a set of rules defining the semantics of these individual 

fragments of isolated information. 

The purpose of the RDF specification was the creation of a generic way of representing human knowledge, 

allowing to state any fact in a highly-structured form, in order to make it machine-readable. For this reason, 

triples were introduced as the way for declaring subject-predicate-object statements, which allows to 

describe and relate entities with values through properties, in the same way as humans represent their 

knowledge. 

Figure 4 shows a simple representation of this data model. In this case, a resource called 

hand_torch_view_0001 is associated with the object representing the value0.123456f by means of the 

property hasEntropy. 

 

 

Figure 4. RDF triple example 

 

In this example, the object represents a literal value. However, itôs possible to have an object which requires 

more descriptive information about it. In order to represent this information, the object could be another 

resource with a set of properties regarding it, as shown in Figure 5. 
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Figure 5. RDF triple example with compound object description 

 

The W3C defined RDF/XML as the normative syntax for writing RDF. This format is more intended for 

machine-reading than for human-reading, so the following formats were defined in order to ease the reading 

of RDF documents for humans: 

 Notation3 or N3 is a compact alternative to RDF/XML syntax, focused on human readability. It also 

extends RDF/XML to allow more expressiveness by means of inclusion of RDF rules. 

 Turtle  is a particular syntax defined as a subset of the N3 language. As opposed to RDF/XML, 

Turtle does not depend on XML. Although it isnôt recognized as standard, Turtle is highly adopted 

for writing and parsing RDF data. 

 N-Triples is as a subset of the Turtle format. Itsô goal is to serialize RDF data into plain text in order 

to simplify its transmission. 

 

 

Figure 6. Sets of RDF serialization formats 
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2.3 RDF Schema 

RDF Schema (RDFS) provides a set of basic elements for the description of RDF vocabularies [8]. RDF 

Schema defines a group of generic classes and properties that can be used to describe new resources on 

particular domains. For this purpose, the RDF Schema describes properties relating to the classes of the 

resource to which will be applied. 

The following table contains a listing of the main RDFS classes and properties. 

 

Table 1. Main RDFS elements 

Classes 

Name Description 

rdfs:Resource Represents all concepts described by RDF. 

rdfs:Class Class of resources that are RDF classes. 

rdfs:Literal  Class of literal values. These values may be plain or typed. 

rdfs:Datatype Class of datatypes. A rdfs:Datatype instance is a subclass of rdfs:Literal. 

rdf:XMLLiteral  Class of XMLLiteral values. A XMLLiteral is an instance of rdfs:Datatype and 

a subclass of rdfs:Literal. 

rdf:Property  Class of RDF properties. Each rdf:Property is an instance of rdf:Class. 

Properties 

Name Description 

rdfs:domain States that any resource that has a given property is an instance of one or more 

classes. 

rdfs:range States that the values of a property are instances of one or more classes. 

rdf:type  States that a resource is an instance of a class. 

rdfs:subClassOf States that all the instances of a given class are instances of another. 

rdfs:subPropertyOf States that all resources related by one property are also related by another. 

rdfs:label Provides a resource name in a human-readable format. 

rdfs:comment Provides a description for a resource in a human-readable format. 

 

2.4 Web Ontology Language 

Data model representation previously introduced requires an approach far from the ñclassicalò relational 

database, composed by a collection of tables hosting data items and organized according to the relational 

model [10]. In order to achieve this data model the Web Ontology Language, also known as OWL, was 

selected [17]. OWL allows the use of hierarchical classes and relations among them, these relations are 

called properties within the language. 

Using OWL the development could be divided into small pieces which will make easier the task. On one 

hand, the model is developed using OWL, describing the classes and the properties regarding those classes, 

on the other hand the data is stored using that model but in an independent file or graph. This approach will 

allow the creation of different sets of data for different tests or scenarios. 

OWL could be represented using different notations, i.e. RDF/XML, OWL/XML, Turtle, N3, and so on. 

Some of these notations are more human-friendly than others but, for representing the model, this feature is 

not very relevant, because the development would be done using tools like Protégé [18], on the other hand 
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when talking about the data populating the knowledge base notations like Turtle are better to let do 

modifications with a simple text editor. 

2.5 SPARQL 

An SPARQL endpoint is a conformant SPARQL protocol service which enables users, either humans or 

machines, to query a knowledge base using SPARQL language and receiving the results in machine-readable 

formats. Usually both the query and the presentation are made using a software component that presents the 

results in a human-readable format, e.g. web page or PDF file. The query is enunciated using SPARQL 

language, which is a standardised language to query RDF graphs. 

2.5.1 QUERY Forms 

There are four different query types, depending on the purpose of the query. 

 SELECT ï Extracts raw data as a list of URIs satisfying the pattern-matching requirements 

specified in the WHERE section of the query. 

 CONSTRUCT ï Extracts data from the endpoint and transforms it into valid RDF. The result of this 

query is a complete RDF graph composed by i) a sequence of each solution, ii)  substituting the 

variables in the graph template and iii)  joining the triples into a single RDF graph using set union. 

 ASK ï Useful for binary queries, where the output may be a true/false value instead of a query-

pattern solution. 

 DESCRIBE ï Returns a RDF graph containing data about stored resources. This data is returned as 

is physically stored, not applying inference rules or dependencies between triples, so the query client 

does not previously knowledge about the structure of the RDF stored in the data source. 

SPARQL 1.1 provides, in addition to query language, constructions and protocols for manipulating RDF 

data. The SPARQL 1.1 Update language uses a syntax derived from SPARQL Query Language, providing 

operations to create, update and remove triples from RDF graphs as atomic (i.e. undividable) requests. 

2.5.2 INSERT Action 

This statement adds some triples to the specified graph. These triples are given as particular statements in the 

body of the command. 

INSERT DATA  

{  

  GRAPH <http://coglaboration.eu/knowledgebase/model>  

  {  

<http://coglaboration.eu/subject><http://coglaboration.eu/predicate><http

://coglaboration.eu/object>  

  }  

 }  

2.5.3 DELETE Action 

Data deletion is managed in the same way as presented for insert operations. In this case, the triple set 

specified in the body of the statement has to be matched with some existing triples in the graph to be 

updated. 

DELETE DATA  

{  

  GRAPH <http://coglaborati on.eu/knowledgebase/model>  

  {  
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<http://coglaboration.eu/subject><http://coglaboration.eu/predicate><http

://coglaboration.eu/object>  

  }  

 }  

2.5.4 UPDATE Action 

SPARQL UPDATE operations are composed by DELETE/INSERT command pairs, being strictly necessary 

to remove the triples to be updated and adding then to the graph. The W3C Recommendation issued on 

March, 2013 has not been implemented by the majority of triple store systems, so this operation is executed 

in this way. 

# UPDATE outline syntax : general form:  

[ W ITH <uri> ]  

DELETE { modify_template [ modify_template ]* }  

INSERT { modify_template [ modify_template ]* }  

WHERE GroupGraphPattern  

 

CogLaboration uses a dedicated SPARQL endpoint to store and provide the data about objects properties and 

their handling and exchange information. This data is accessed by perception and cognitive controller layers, 

as described in the following sections. 
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3 Technologies 

3.1 Openlink Virtuoso 

Developed by Openlink Software, Openlink Virtuoso is the open source edition of the commercial product 

named Virtuoso Universal Server [20]. Virtuoso combines different types of functionalities, such as 

traditional RDBMS, ORDBMS, web application and file server, RDF/XML triple store and SPARQL 

conformant endpoint. 

For CogLaboration project concerns, Virtuoso will mainly serve as RDF triple store and SPARQL endpoint, 

using its web server capabilities for query and update stored RDF graphs. 

3.2 Protégé 

Developed by the Stanford University in collaboration with the University of Manchester, Protégé is an 

open-source ontology editor and knowledge acquisition and management system. Protégé is written in Java 

and uses a Swing-based GUI, allowing extensibility within plugin-development based on its framework. 

According to its website, Protégé is used by over 200,000 users and itôs considered as the most popular 

ontological engineering tool, chosen as core tool by biomedical institutions in the US, such as The National 

Institute of General Medical Sciences or the National Center for Biomedical Ontology. 

3.3 ROS 

In order to request the data the perception module and the cognitive layer require an interface to query the 

SPARQL endpoint. This module provides an interface integrated in ROS and written in Python which 

publish several services. These services will receive the request from the other modules and execute the 

queries and transformations needed to return the data using the formats required by the perception module or 

the cognitive layer. 

3.4 Flask Micro-Framework 

Flask is a micro-framework for the Python programming language. It is based on Werkzeug and Jinja2 and 

provides the following features: 

 Built-in development and debugging server 

 Jinja2 templating 

 RESTful request dispatching 

 Python Web-Server Gateway Interface (WSGI) compliance 

 Integrated unit testing support 

Jinja2 is a library for Python based on concepts of simplicity and flexibility. Itôs used for templating HTML 

documents from text, variables and tags. Werkzeug is a simple collection of utilities focused on WSGI 

applications. 

Flask has been selected for the development of the web application utility provided for knowledgebase 

population. 
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4 Design of the Knowledgebase 

When designing the data model for the knowledgebase, it has been taken into account the nature of the 

entities to classify. On one hand, there are some data regarding the selected objects for each scenario. On the 

other hand, is necessary to store data about the object exchange process executed between the robotic and the 

human agent. 

As stated earlier, we have implemented the ontology taking into account some extensibility and reusability 

issues. This approach is taken with the purpose of having a fixed model of concepts, defining the class 

structure. On the other side, the scenario-specific entities and relationships are stored as instances of the 

model concepts. In this way, itôs possible to extend the potential uses of this knowledge applying it to 

forthcoming scenarios and new purposes. 

 

4.1 Object affordances 

We have also explored the concept of object affordances within the task of modelling the ontology. As stated 

in [25], classical approaches are based on visual properties of the instances for categorizing them. The taken 

approach is related to the concept of affordances is based on the idea of categorizing objects based on how 

are they used. According to Gibsonôs theory of affordances [13], affordances can be seen as the sum of 

properties of a situation, including agents, environment and objects, especially those that describe how they 

can be used to do something. 

For this reason, we have classified the objectôs classes according to their grasp area, taking into account the 

common way in which humans grasp them, looking for a more comprehensive taxonomy that allow us to 

establish a clear model of relationship between objects and their actions on the exchange process. 

Although this classification is intended to symbolize the organization of domain specific elements, itôs also 

necessary to complement it with more specific information, describing attributes of these affordances that 

will contribute to a better situation understanding while providing a more accurate response to the control 

system, so that we have worked on the knowledgebase in close collaboration with the responsible of the 

control system (WP4), working with their specifications and expectations in mind, by means of an iterative 

process approach, performing continuous integration and validation during the whole development phase. 

 

4.2 Object taxonomy 

Due to the nature of CogLaboration project there is a need of classify the objects involved in the project. The 

selection of objects is defined in deliverable D2.10. Once the selection is made, the next step is to develop a 

model for arranging these objects according to the projectôs specific requirements, while allowing its future 

growth. 

Instead of using a traditional relational database systems, the decision of model the taxonomy of objects 

using semantic web technologies provides the project the ability of modify and expand the model without 

making any modifications to the previous developments. The taxonomy was developed using OWL and the 

data is stored as triples using RDF. 

The hierarchy of objects starts with a generic class called Object, and then each level is more specific, 

reaching the deepest level that represents the object itself. This kind of classification should help with the 

task of group objects and the relation with their exchange properties.  

The ontology characterization is developed on basis that will be described in the followings paragraphs. 

4.2.1 Object Grasp Area 

Stands for the region of the object where it will be held at the moment of grasping it. Due to the variety of 

objects included in each scenario, this property has been selected as a suitable discriminator for arranging 

them, while adds semantics to the model. 
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Figure 7. Grasp Area hierarchy (reduced object set) 

 

4.2.2 Object Shape 

A finite set of primitive shapes have been used to evaluate object recognition methods based on the point 

clouds extracted from solid object models. According to this classification, each object belongs to the nearest 

geometric class. 

 

 

Figure 8. Object Primitve Shapes hierarchy (reduced object set) 
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4.3 Object model 

The designed data model allows us to represent the set of relevant properties related to the objects handled 

by the robot. For this task, data requirements of the perception and cognitive controller subsystems  have 

been taken into account in order to generate a properties catalogue that contains all data involved directly or 

indirectly in the queries to be executed during the situation understanding process and the object handling 

phase. 

4.3.1 Object proprieties related to its perceptional properties 

An object representation is composed of multiple views which are essential for the identification and 

classification of the object by the perception module. The data acquired by the Kinect sensor has been 

processed to find the possible location of the object to be recognized, performing the object classification 

over a set of partial views of the models. As first step, a whole 3D model of the object has been captured and 

processed using both automated and manual methods. Once the model acquisition has been performed, the 

following phase consists on executing the model training process, which has been made over a set of partial 

views extracted from the complete object model. Since descriptors used for the classification are dependent 

on the specific viewpoint we decided to generate a rich set of views of each object from different 

perspectives. 

 

 

Figure 9. Object Model and partial views. 

 

When generating partial views from each object, a tessellated sphere, built from an icosahedron by 

subsequently splitting its faces upon getting a polyhedron with triangular surfaces, is used. The number of 

vertices composing the polyhedron is given by the tessellation level parameter, set to 2 in our 

implementation. This level of tessellation generates 161 partial views for each object, taking about 30MB of 

disk space for storing these views for a single object. This amount of data makes unfeasible to store these 

views in a serialized form inside the knowledgebase, because the transmission and deserialization time is not 

acceptable by the perception subsystem for real-time operation. Thus, the knowledgebase will store the path 

into the file system where the object model and partial view point clouds are stored. This process will be 

automated using the developed utility called Auto-RDF. This service will perform a scan within the folders 

containing these models and views adding the paths for each of them to the knowledgebase. This utility is 

described in detail in the Section 5.2 of this document. 

A serialized form of the matrix that encodes the transformation between the objectôs model view and the 

coordinates of the camera for the viewpoint has to be stored together with the PCDôs data. A value in the 

range [0, 1] is also stored for representing the percentage of the whole model shown from the current 

viewpoint. 

Using this description from the work performed within the task T3.1 of the project, we are able to identify 

the set of properties that have to be considered for the object contextualization by the perception subsystem. 

The following diagram shows the object-perception-related features to be managed by the knowledgebase 

and a brief description of each field is provided. 
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Figure 10. Object proprities related to the perception 

 

Table 2. Description of the object perception properties 

Item Description Example 

Object An entity representing the object 

itself 

A rubber mallet intended for generic industrial use 

Internal ID An unique identifier used for 

internal representation of the 

object 

rubber_mallet 

Common name Most common name used when 

referring to the object 

Rubber Mallet 

3D whole model path Relative path into the file system 

where the object model pointcloud 

is stored 

Hammer/rubber_mallet/rubber_mallet.pcd 

3D partial view [0-160] Upper-level property containing 

the entropy, transformation matrix 

and 3D view path sub-properties 

rubber_mallet_view_0000 

Entropy Percentage of model shown in the 

view 

0.195751 

Transformation matrix Serialized transformation matrix 

containing the transformation 

between the objectôs view and the 

coordinates of the camera 

[[ -0.315575, -0.809041, -0.495847, 0.522458], 

[0.843634, 0.0, -0.536919, 0.355458], [0.434389, -

0.587752, 0.682535, 0.315012], [0.0, 0.0, 0.0, 1.0]] 

3D view path [0-160] Relative path into the file system 

where the partial object view point 

cloud is stored 

Hammer/rubber_mallet/rubber_mallet_view_0000.pcd 

 

4.3.2 Object proprieties related to the exchange process 

Besides the object visual properties representation, itôs also crucial to store and manage the set of features 

describing the way in which each object has to be handled during the handover. We have modelled the whole 

set of properties required within the knowledgebase, according to the requirements provided during the 

development of the cognitive control layer, regarding grasp and delivery characterization properties in order 

to afford valuable information to this layer and achieving a fluent exchange process. 

Each object is associated to a set of grasp postures and delivery strategies, defining different ways to handle 

it by the robot. Features of these entities are described in the following sections. Moreover, in order to ensure 

a proper manipulation process for all objects, we have introduced the concepts of Motion Constraint and 

Symmetry Axis. 

Motion Constraint stands for the restrictions to be applied to certain object during the handling. For example, 

when a mug has some liquid inside, itôs necessary to keep it on a vertical plane, in order to avoid spilling its 

contents. For this reason, when having some motion constraints for the object to be handled, we are allowed 
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to establish its preferred orientation and the tolerance between which the rotation of the object must be 

contained. 

 

 

Figure 11. Object exchangerelated properties 

 

Furthermore, the Symmetry Axis represents the axial symmetry of the object if there are any. This simple 

concept provides some useful information at the moment of grasping the object, so the control layer will 

know that the object appearance will be the same at any position rotated around its symmetry axis, easing the 

hand-to-object approaching phase. 

 

Table 3. Description of the object exchange properties 

Item Description Example 

Object An entity representing the object 

itself 

A rubber mallet intended for general industrial use 

Motion constraint Upper-level property standing for 

the transport restrictions when 

handling the object. It is 

composed by a preferred 

orientation and a maximum 

allowed deviation.  

motion_constraint_0001 

Preferred orientation Desirable object orientation to be 

kept when holding the object, 

encoded as a quaternion [x, y, z, 

w] 

[0.0, 0.0, 0.0, 1.0] 

Maximum deviation Angle (expressed in radians) 

indicating the maximum allowed 

deviation with respect to the 

preferred orientation 

0.523598776 

Symmetry axis Indicates that the object is axially 

symmetric when rotated around 

the specified axis or axes 

{x, y,  z}  

Grasp Strategies Set of grasp strategies associated 

to the object 

{rubber_mallet_grasp_0001, 

rubber_mallet_grasp_0002, 

rubber_mallet_grasp_0003} 
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Delivery Strategies Set of delivery strategies 

associated to the object 

{rubber_mallet_delivery_0001, 

rubber_mallet_delivery_0002, 

rubber_mallet_delivery_0003} 

4.4 Grasp taxonomy 

Automatic grasps are executed by the local controller of the IH2 Azzurra robotic hand, as described in 

D5.20. These grasps are based on the taxonomy developed by Cutkosky [16] and modelled under the class 

GraspType. As far as the work developed by Cutkosky is the grasp taxonomy, the modelling process using 

OWL is made straight from that one to the CogLaboration model, thanks to the hierarchical shape and the 

classification-oriented vocabulary, respectively. 

At first, the whole grasping modes defined by Cutkosky were considered to be included in the design of our 

knowledgebase, but, according to the robotic hand design and improvements made during the project, we 

agreed on reducing the whole set of grasping modes to a set of primitives covering a wide range of them. 

 

 

Figure 12. Cutkosky's grasp taxonomy and the established grouping of the related grasp modes of the 

artificial hand  

 

Each grasp is represented by a named individual and classified under a global class encompassing all of 

them. Although each individual grasp represents an object-specific configuration, the self-adaptability of the 

IH2 Azzurra hand allows to execute different grasp configurations for objects with similar shape. For 

example, two different objects having cylindrical shape and similar physical properties could be grasped 

using the same grasp mode. 

Figure 12 shows a representation of the restricted grasping modes, built on the original taxonomy and 

adapted to the project specific requirements. 
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4.5 Exchange model 

Using concepts of the object affordances and the flexibility provided by the semantic approach taken, we 

have modelled the concepts included in the problemôs domain and we were allowed to establish relationships 

between them, giving the semantic meaning expected for the characterization of the objects and their 

exchange properties. 

 

 

Figure 13. Top-level Object-Exchange relationship model 

 

Figure 13 represents an example using the conceptualization of our approach. As previously stated, each 

object can be linked to many exchange actions, such as for objects X and Z, as shown in Figure 13. Both of 

them could be exchanged using the same grasp methods (Grasp_1, Grasp_2) and the Delivery_1 method for 

the handover action. Additionally, Object_Z is bonded with the Delivery_2 action, so itôs able to be delivered 

in this way. 

In the simplest case, Object_Y is associated with the exchange method composed by Grasp_2 and 

Delivery_2 actions. 

With this dual classification, is mandatory to assign each new object to, at least, one grasp and one delivery 

mode. However, itôs possible to assign an object to multiple grasp and/or delivery options, because the more 

options, the more flexibility and versatility in a wider range of exchange situations. 

 

4.5.1 Grasp conceptualization 

With the aim of properly model the concept of grasping action for the projectôs particular environment, we 

have studied the reports provided by RUR and UOB from their work in D2.10, describing the scenarios, 

objects to be handled and tasks to be undertaken for reaching the desired goals. 

Based on these studies, we have extracted the initial set of concepts that could help us to design and develop 

the grasping action modelling, listed as follows: 

 Object involved in the action. We have to determine which kind of object is going to be handled in 

the exchange process. This property will be the main entity of each grasp model in which the whole 

set of related properties will be linked. 
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 Suitable grasp posture. According to the previously introduced taxonomy, as defined by Cutkosky 

and adjusted to the set of grasping primitives capable to be executed by the robotic hand. 

 Grasp Force level. When grasping the object, the robotic hand controller has to recognize the 

instant when the object has been enclosed as expected. For this purpose, the level of force to be 

reached by the fingers is defined for each grasp posture. 

 Object approaching. Before executing the grasping action itself, the robotic hand has to reach the 

object location. In this pre-grasping phase, the hand has to get close to the object, so, for instance, 

objects hanged on a wall will not be reachable from behind and this context would discard some 

grasp options. To tackle this situation, the model assigns an approach direction to each grasp strategy 

in order to establish the proper way of approaching the object. 

 Robotic hand wrist pose. Taking into account each objectôs shape, size, position and orientation, 

we have defined a desirable wrist pose for the hand when grasping each object. Using this 

information, the cognitive controller will be able to orient the wrist joint in the right posture in order 

to execute the grasp at the right region over the objectôs surface. 

 

 

Figure 14. Grasp model conceptualization 

 

Within the development and during the integration phase of the knowledgebase subsystem with the cognitive 

controller, we have identified the necessity of distinguishing different grasp strategies for the same object in 

order to fit the best suitable one for each situation. For this reason, we have introduced two concepts facing 

the adaptive capabilities of the knowledgebase, using reasoning concepts based on the feedback provided by 

previous exchange processes and real-time perception properties. 

 Grasp strategy priority . Feeding the knowledgebase with the output generated during the execution 

of grasp actions for each object, we can use this feedback for prioritizing the best strategies to be 

used when grasping the object. For each object, a proper set of grasping strategies is sorted using this 

learnt priority. The cognitive controller starts assessing a grasp strategy using the preferred one. If 

this does not fit the exchange, the following one is selected and so on. 

 Expected object orientation. We have represented the objectôs expected orientation when using 

each grasp strategy. Using the objectôs position gathered by perception system as input, the 

knowledgebase is able to provide the cognitive controller with grasp strategies whose expected 

orientation fits better with the perceived one, filtering the ones which are considered invalid 

according to the current positioning of the object to be grasped. Figure 15 shows this concept in a 

more visual way. 
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Figure 15. Grasp strategy selection based on perceived object orientation 

 

A more detailed description of the selection strategy implementation, integration and usage can be found in 

Section 5 of this document. 

In order to populate the knowledgebase with real data about different grasping strategies for the objects 

involved, SSSA designed and executed an experiment based on performing a task of pick-and-lift 30 times 

for each object using the robotic hand mounted on an able-bodied splint fixed to the arm of the experiment 

operator. Orientation, distance of the hand from the target object and the grasp type performed were varied 

and recorded at the instant of grasp using the Vicon Motion Capture System and each trial was considered 

successful if the object is lifted at the correct distance, without object movement respect to the hand and no 

slippage of the object was observed. 

Figure 16shows a set of grasping postures tested for each object during the experiment execution. 
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Figure 16. Grasp postures used for each object 


