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Introduction

In order to present a comprehensive and robust methodological approach of reverse engineering, a first exploration of different methodologies was made. [START_REF] Ouamer-Ali | Toward a methodological knowledge based approach for partial automation of reverse engineering[END_REF] We find in the literature, different definitions and methods of reverse engineering, however, the dependence of these methods to contexts of use, and the lack of knowledge use (other than topological and geometrical) makes methods and tools local, and non-robust. We are aiming to fill these gaps through the integration of knowledge of different types, and the use of heterogeneous data that can be found on the analysed products. It is therefore natural that one of the main issues is knowledge management in overall, from its capture to its use in the process. In this article, we will focus more on the aspect of knowledge and information structuring, implementation and use. The structuring part will concern the implementation of a knowledge base for the identification of different products. This knowledge base will be based on an adequate product model that will allow us to take into account all knowledge and information in a product. As for the use, it will concern the final reconstitution of the product. At first, a presentation of the state of the art required to build our approach will be made in section 2, and the definition of reverse engineering in our perspective and what will help us develop our approach to offer a global methodology will be discussed in section 3. Finally we conclude the results and future work.

2

State of the art

Reverse Engineering

Definitions

Reverse engineering was developed as an alternative to set or reset objects or products [START_REF] Bernard | Reverse engineering for rapid product development: a state of the art[END_REF]. It is the reverse of the design process. It consists of the rebuilt of a design model based on an actual product. [START_REF] Benko | Segmentation methods for smooth point regions of conventional engineering objects[END_REF] The main goal of reverse engineering is going back to the results of the original design process of a part or an assembly in order to create a copy of it, as shown in Fig. 1. According to Chikofsky [START_REF] Chikofsky | Reverse engineering and design recovery: A taxonomy[END_REF] the Reverse Engineering process can also be defined as a process for analysing a system to:

• Identify system components and their relationships.

• Create representations of the system in another form or another level of abstraction.

Phases of reverse engineering

Reverse engineering has a strong presence in mechanical design. There are several solutions that have been developed in this area. However, these solutions are often very contextualised, partial and incomplete [5] [6]. Generally in the literature, four main actions are identified in the reverse engineering process and which are:

1. Scan Product and Data Acquisition 2. Segmentation of the data acquired during the scan 3. Knowledge Extraction (i.e. Manufacturing features recognition -geometric and topologic knowledge in most cases). It is worthy to note that knowledge used in these solutions (if so) is restricted to only topological and geometric shapes, and therefore, these reverse engineering methods could restrict the scope of the designer, whereas other types of knowledge [START_REF] Troussier | A knowledge-based reverse engineering process for CAD models management[END_REF] integrated in the process could have made it semantically richer allow the user to have more freedom in it.

Reconstruction of the 3D model updated

Knowledge

Definitions

In order to define knowledge, several authors propose to highlight the differences between data, information, and knowledge. Data is gross figures and facts, while information is processed data. Finally, knowledge is authenticated and contextualized information [START_REF] Alavi | Review: Knowledge management and knowledge management systems: Conceptual foundations and research issues[END_REF]. Knowledge exists outside of an intelligent system only as information (Knowledge is personalized information on facts, procedures, concepts, interpretations, ideas, observations, and judgments [START_REF] Alavi | Review: Knowledge management and knowledge management systems: Conceptual foundations and research issues[END_REF]), since they are the result of a cognitive process that leads to the binding of different pieces of information to others by means of semantic links, creating a global information schema. Still according to [START_REF] Alavi | Review: Knowledge management and knowledge management systems: Conceptual foundations and research issues[END_REF], if we were to establish a hierarchy among these three concepts, two approaches are identified:

1. The first is where the existence of knowledge is conditioned by the existence of information, which itself is conditioned by the existence of data, so: data (low level) and information (Average level) and knowledge (high level).

2.

The second is where knowledge allows us to formulate the information, and therefore to measure the data. What one can declare, is that the three concepts are related and condition the existence of each other where without data there is no information (and therefore no knowledge), and without knowledge there is no sense to data.

Knowledge typology

In order to address knowledge in the best way and represent it, it is necessary to make a classification by type of knowledge, and thus define the domain of definition of each type of knowledge. As shown in Fig. 2, knowledge types can be classified in three different dimensions. Therefore, each classification has its own axis [START_REF] Chandrasegaran | The evolution, challenges, and future of knowledge representation in product design systems[END_REF]:

1. Formal / Tacit: Formal knowledge is integrated in the documents of the product, the structure and functions description of the product, etc. And tacit knowledge is knowledge related to experience, implicit rules, intuition, etc.

[10]. 2. Product / Process: Product knowledge takes into account the information and knowledge about the evolution of the product throughout its life cycle. The process knowledge can be classified as follows: knowledge of the design process, project knowledge, and knowledge of the manufacturing process.

Compiled / Dynamic:

The compiled knowledge is mainly obtained from the experience that can be compiled into rules, plans, scripts, etc. The solutions are explicit. Dynamic knowledge uses knowledge that can generate additional knowledge structures, which are not taken into account by the compiled knowledge.

Knowledge representation

The collaborative engineering implies sharing knowledge between actors from different working groups of the same project. Sharing this knowledge follows mechanisms where knowledge should be made explicit. Hence, the need to represent knowledge in order to facilitate communication between actors.

In [START_REF] Davis | What is a knowledge representation?[END_REF] knowledge representation is described as having 5 roles:

1. Substitution of an external entity (real world) which is carried out by an internal process. 2. A set of ontological commitments.

3.

A fragmentary theory (partial view) of an intelligent reasoning.

4. An effective way of reasoning (artificial intelligence).

A means of human expression (communication).

It is also important to note that the existence of different types of knowledge implies a difference in the representation of these types in different modes and tools.

Knowledge representation modes

Knowledge representation can be classified. In [START_REF] Owen | Towards product-related knowledge asset warehousing in enterprises[END_REF], one proposes 5 categories of knowledge representation: pictorial, symbolic, linguistic, virtual, and algorithmic.

In [START_REF] Chandrasegaran | The evolution, challenges, and future of knowledge representation in product design systems[END_REF] Based on the above categories of representation, we propose a scheme of knowledge representation in product design.

In fig. 3 different tools of product design used in the different phases of the design process are matched with knowledge representation modes. This match is more detailed in fig. 4. The implementation of an approach based on knowledge management requires a good comprehension of the concepts. Thus, defining the right knowledge typology with the right knowledge representation modes would put a basis for structuring knowledge through a complete product model taking into account all information and knowledge covered in the case of reverse engineering, and maybe conventional design.

Product models

A product model is a model that is used to structure the product of a specific vision. There are several models 'product' in the scientific literature.

For purposes of exemplification, we chose the FBS model shown in fig. 5.

1) The FBS model This model categorizes the object in 3 aspects: [START_REF] Gero | A conceptual framework for knowledge-based design research at Sydney University's Design Computing Unit[END_REF] • Function: Or, What is the purpose?

• Behaviour: Or, as the subject?

• Structure: Or, what is the object? Fig. 5. A view of the FBS product model [START_REF] Gero | A conceptual framework for knowledge-based design research at Sydney University's Design Computing Unit[END_REF].

The definitions presented by Gero in this model are not clear. We note the absence of a stable definition of the function, and the double objective description of the current design and prescription of improved design. [START_REF] Vermaas | On the conceptual framework of John Gero's FBSmodel and the prescriptive aims of design methodology[END_REF] The contribution of a model produced in our approach is a comprehensive organization of information to facilitate its use, and the establishment of a solid foundation on which is based our work for a global reverse engineering methodology. This is one of the most important parts in the elaboration of our approach, and the product model that will be implemented will depend on the types of knowledge and information taken into account and their representation modes.

New approach of reverse engineering

Considering the definition of Chikofsky [START_REF] Chikofsky | Reverse engineering and design recovery: A taxonomy[END_REF], we can give the following proposition: "Reverse engineering is a process of moving from one level of abstraction to another," from a low level to a higher one, and therefore, we can move from the concrete to the abstract product produced and have the results of the design. This definition is consistent with the fact that reverse engineering is the reverse process of design. Indeed, the design allows us to start from the idea (most abstract form of the product) to the product itself (the most concrete form of the product). We can see in fig. 6 the qualitative representation of the correlation between levels of abstraction and product development cycle. The green arrow represents the reverse engineering process. We could also put an arrow in the opposite direction relative to the normal design cycle. Fig. 6. Relationship between product lifecycle and abstraction levels [START_REF] Gero | A conceptual framework for knowledge-based design research at Sydney University's Design Computing Unit[END_REF].

It would be interesting to consider the abstraction of information as an important aspect in the implementation of a reverse engineering process to track its status.

Information abstraction levels

This concept has recently been introduced in the field of mechanical engineering in general, and has never been used in reverse engineering. It is in the field of IT that we tried to identify the levels of abstractions of information: we find for example in [START_REF] Rasmussen | The role of hierarchical knowledge representation in decision making and system management[END_REF] the following levels:

• Objective level: represents the context in which the product is placed and its objective. For example for a gear, the objective is the transmission of motion between two coaxial shafts. • Conceptual level: represents a first definition of the product through information deduced from its objective (goal). For example, the input and output parameters in the process of motion transmission. • Functional level: represents the functions that would be accomplished by the product. For example, the gear transmits power through its cogs, follows the movement of the shaft through a spline, etc. • Logical level: represents information related to the product's behaviour. For example, the relationship between the geometry of a cog in a gear, the material used and the torque limit.. • Physical level: represents the most concrete level with topological and geometrical information. For example the shape of a gear's cogs in a CAD model. Based on the levels defined above, we can identify a first correspondence between the abstraction levels and different aspects of product models. For example there are the aspects of the FBS model in the last 3 levels of abstraction: functional level (Function in FBS), logical level (Behaviour in FBS), and Physical level (Structure in FBS). However, we find the limit of the FBS model that does not take into account other levels of abstraction (Such as objective and conceptual levels) that are just as important in defining a product. Indeed, the objective level takes into account the context in which emerged the idea of the product, and in which is defined the objective to which it should respond. And the conceptual level sets up a first segmentation that will determine the rest of the product development.

Representation modes

The inclusion of representation modes in reverse engineering allows to not only to communicate information related to knowledge represented differently, but also provides a classification of different knowledge according to their representation. One could imagine the combination of knowledge representation with the levels of abstraction to define the state of knowledge at a time T of the product lifecycle. So, this would define a space in which each point represents a state of knowledge with as characteristics, level of abstraction and representation mode. This would allow the establishment of a methodological approach to reverse engineering, which would take into account all possible aspects of knowledge related to the product by implementing a product model that corresponds to the levels of abstraction.

Knowledge state

The definition that could be given to the state of knowledge is that it represents knowledge at a certain point in time (represented by the product lifecycle), and a specific level of abstraction. One could imagine as in fig. 7 where the points P, Q and R represent different states of knowledge on a product, where P is a representation of the product technical specifications, Q is its behaviour and R its functions . Reverse engineering by definition is the transition from an abstraction level to another, so we can say that this is a change of state of knowledge, which would mean that reverse engineering is a process which allows us to move from one point to another as shown in fig. 8 Fig. 7. Knowledge states in the states space represented by abstraction levels, representation Finally, the space in which the states of knowledge are located could be used to map all the activities that contribute in the reverse engineering process.

Conclusion and future work

To establish a comprehensive methodology of reverse engineering, a new definition was proposed: reverse engineering is the process of knowledge state transformation that allows us to move from a state 'A' where knowledge is represented in a representation mode and level of abstraction at a certain point of time 'T', to a state B where one or more of the three aspects of the status changes (ie, the time, the level abstraction, and the mode of representation).

A clarification should be made regarding the different states of knowledge and the various state changes to be considered in the reverse engineering process.

Concerning the possible implementation of this new approach, an adequate product model should be proposed in order to take into account all aspects of information and knowledge required for reverse engineering process. It will also identify the correspondence between the different types of knowledge initially defined, and the state of knowledge.

Fig. 1 .

 1 Fig. 1. The link between product lifecycle and the reverse engineering process.

Fig. 2 .

 2 Fig. 2. Knowledge Typology by Nonaka [9].

Fig. 3 .

 3 Fig. 3. Knowledge representation modes in product lifecycle [].

Fig. 4 .

 4 Fig. 4. Design tools according to knowledge representation modes [].

Fig. 7 .

 7 Fig. 7. Knowledge states in the states space represented by abstraction levels, representation modes and product lifecycle.