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Abstract – The main goal of knowledge management is to
improve the management of information and knowledge within
and across enterprises. Enterprise knowledge is embedded in
enterprise’s data managed in a wide range of information
systems (e.g., product data management, enterprise resource
planning systems). These enterprise data can correspond to
textual, numerical or multimedia. In the past, several search
systems have been developed to provide access to primarily
text-based enterprise content like web pages, data stored in
database systems or emails. Similarly, dedicated search
systems exist for searching information from multimedia data.
As these search systems focus on particular enterprise content
(e.g., textual data), they lack in providing a holistic view on
available enterprise’s knowledge. Therefore in the current
contribution, architecture for integrated content-based
enterprise search encompassing various enterprise data
sources is elaborated. This architecture supports the
exploitation of embedded enterprise knowledge. Further, the
architecture is validated in an industrial scenario.
Keywords – enterprise search; knowledge management;
information retrieval; shape matching; image-based retrieval.

I.

INTRODUCTION

Alaavi and Leidner define “data as raw numbers and
facts, information as processed data, and knowledge as
authenticated information” [1]. Knowledge is embedded into
enterprise processes by enterprise members and described
through various data types as illustrated in Fig. 1 (e.g.,
documents, 3D models, emails). This knowledge is enriched
and enlarged as the enterprise process moves from upstream
to downstream processes. Hence, necessitates for organizing
and managing enterprise data in a manner that it can be
identified quickly and assimilated by enterprise members for
design and execution of enterprise processes.
In engineering, 3D computer-aided design (CAD)
models, 2D drawings and design patterns have to be created
during product development process [2]. Information and
library sciences are managing text-based documents like
books, journals and magazines. Order information and its
corresponding offer documents, bill of material (BOM),
email interaction and minutes of meeting have to be
managed by sales department. Patient records have to be
managed by hospitals. Due to the aforementioned diversity
of applications, specialized IT-systems have been developed
to manage different types of enterprise data (e.g., enterprise
resource planning (ERP), customer relationship management
(CRM), product data management (PDM) or clinical
information systems (CIS)). Each of these IT-systems
contains a large amount of enterprise data related to different
enterprise entity types (e.g., products, customers, patients).
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Many of the enterprises utilize aforesaid IT-systems in
various combinations. Therefore, the IT landscape of an
enterprise is often scattered and inadequately integrated i.e.,
enterprises often need to address data interoperability issues.
As a consequence, enterprise members have to perform
multiple searches for information and corresponding
knowledge related to an enterprise entity in various ITsystems. In majority of the research, search system
functionality is achieved by means of organising and
retrieving structured and unstructured textual data from a
certain IT-system [3]. Also, multimedia data (e.g., images,
videos, sounds) is rarely considered, and only special
research areas deal with organizing and retrieving of
multimedia objects [4][5].
Overall, lack of integrated data from different IT-systems
hinders establishing holistic view about the requested
enterprise entity. To overcome these restrictions and
drawbacks, enterprise search (ES) has emerged as a
promising research area. ES is the practice of making
enterprise content from numerous IT-systems, such as
databases and intranets, searchable to certain stakeholders
[3][6]. The vision is that an enterprise member is capable to
request all necessary information and associated knowledge
with minimum effort from various IT-systems, which is
required to effectively design and execute enterprise
processes. Therefore, an ES engine has to be provided to
enterprise member incorporating enterprise data from
different IT-systems.

Figure 1. Different data sources and document types available to
enterprise members
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To address the aforementioned requirements of ES,
architecture for integrated content-based enterprise search
(CBES) is presented. The contribution is structured as
follows. An overview of current research trends in ES and
content-based retrieval is presented in section II. Section III
motivates CBES, and defines challenges and requirements
associated with CBES. The envisaged architecture and its
components are elaborated in section IV. To validate the
envisaged architecture, Section V describes an industrial case
study. Finally, conclusion is presented in Section VI.
II. RELATED WORK
The main task of ES is to improve information and
knowledge management, and facilitate information access
within and across enterprises [7]. ES allows enterprise
members to search through documents, emails and other data
sources available in an enterprise to identify information and
associated knowledge [7]. Enterprise members spend one
third of their work time searching for information necessary
for designing and executing enterprise processes [8].
Therefore, it is not surprising that the investment in
development of comprehensive ES during the last years has
increased and major companies like Google, Microsoft, IBM
or SAP have developed specific and proprietary ES-systems
[9][10].
Data in an enterprise is primarily textual, in the form of
(intranet) web pages, emails, orders details, bills, reports, and
so forth (s. Fig. 1). Hence, majority of the ES
implementations are focused on textual data [3][4][8]. An
early approach of ES has been named as an enterprise
intelligent system [11]. This system tries to integrate data
from intranet servers, web servers and web search services.
The usage of different search techniques (e.g., keyword
search, semantic search) were analysed, and utilized in
search of information from integrated vehicle health
management data [12]. Similarly, ontologies were used to
overcome the limitations of textual retrieval [13]. Further, an
engineering information retrieval system has been elaborated
which attempts to integrate data from various engineering
data sources into a centralized dataset and make it accessible
via ontology-based retrieval [14].
A search system for identifying information from huge
collection of documents from digital libraries was presented
[15]. The effectiveness of this search system was increased
by exploiting techniques like full text search, collaborative
filtering and multifaceted browsing. A search architecture
was elaborated which employed the search functionalities of
the source systems to locate relevant information [16].
Retrieved results are combined together in a global result list
using case-based reasoning (CBR). Further, CBR was used
for ranking the results in a result list.
Apart from textual data, nowadays multimedia data is
widely used in enterprises. Multimedia data include images,
photos, videos and sound recordings, among other. For
instance, meeting involving enterprise members from
multiple sites are recorded. Most of the available search
systems have not integrated multimedia data along with the
textual data. However, research has been carried out in
isolation to search various multimedia data.
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A survey of image retrieval techniques and systems were
presented [17]. Image retrieval techniques were classified
into two groups: text-based and content-based retrieval. Both
groups deal with the same issue to overcome the gap
between what is really experienced by the enterprise member
when viewing the content on screen and what is really stored
(e.g., in a database). This challenge is not only relevant for
image retrieval but also for other kinds of multimedia data
retrieval.
Several IT-systems have been developed for 3D model
retrieval based on textual annotations, content, features and
ontologies, and so forth [14][18][19]. All the presented
approaches show that it is possible to search 3D content in
large repositories. Another field in the context of multimedia
data retrieval is face recognition. This field is relevant for
identification of faces displayed on an image or in a video,
and it has become more important from (public) security
point of view. The state-of-the-art of face recognition
techniques was carried out [20]. Besides images and photos,
retrieval for other multimedia data is available (e.g., video,
sound). Retrieval systems for these kinds of data have been
developed and encouraging results have been achieved. A
summary of video retrieval techniques can be found in [21]
and survey of sound retrieval techniques is presented in [22].
The review of the related work has shown that effective
techniques for content-based retrieval exist and dedicated
systems for specific scenarios have been developed.
However, an architecture which allows the incorporation of
all aforementioned enterprise data types from different data
sources could not be identified.
III. CHALLENGES AND REQUIREMENTS FOR AN
ARCHITECTURE FOR INTEGRATED CBES
As already mentioned, most data in an enterprise is textbased like reports, emails, order details, and bills (s. Fig. 1).
This obviously raises the question: why is it necessary to
consider multimedia data and integrate it into an ESstrategy? The main reason is the increasing relevance for
utilizing multimedia data during enterprise process design
and execution. For example, design engineers and architects
use 3D models to store information about design and
construction of products or buildings. Respectively, images
and drawings are used to identify and describe products, and
voice recordings and videos are used to protocol meetings.
In current search environments, collections of multimedia
data are managed by assigning textual annotations (i.e.,
textual metadata) which can be employed for retrieval [4].
Usually, enterprise members from different departments
contribute during design and execution of enterprise
processes. Different annotations are assigned to the same
multimedia data depending on the executed process step and
enterprise members’ background. Therefore, knowledge
managed using aforementioned metadata-based techniques
places limitations during ES. In contrary to this metadata
approach and to ensure that relevant product-related
information and knowledge (e.g., embedded in a bill or 3D
models) can be retrieved from different departments of an
enterprise, it is mandatory to integrate different annotations,
attributes from various IT-systems as well as content from
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Figure 2. Architecture of integrated content-based enterprise search (CBES)

multimedia data. The overall goal is to create an integrated
descriptor for retrieving relevant enterprise process entities
(e.g., orders, bills, 3D models). In addition, the envisaged ES
has to fulfill certain requirements which can be classified
into four groups: (i) coverage, (ii) security, (iii) query
support, and (iv) presentation of results.
Coverage in the context of a holistic ES means that all
relevant IT-systems and data sources are included into the
enterprise search. The challenge is to integrate information
and knowledge which is scattered across an enterprise.
Besides information in IT-systems like CRM or ERP
systems, information and knowledge can also be available in
emails, text documents, 3D models and images, and so forth.
Security has gained considerable attention in the context
of ES due to tightened legal requirements and enterprise’s
policies related to data privacy and confidentiality.
Obviously, only privileged enterprise members should have
access to enterprise data. An enterprise member should have
access grants to relevant data, information and knowledge
depending upon his position within a department and the
activities he/she has to fulfill.
Apart from the scope of the ES and its security concepts,
user-friendly and convenient search interfaces have to be
provided to the enterprise members. The search interfaces
have to respect an enterprise member’s roles and privileges.
For instance, an engineer will demand a dedicated search
interface to search for 3D models where as sales department
personnel will have a graphical user interface (GUI) to
explore previous offers and orders. In either case, a search
interface assists an enterprise member to input suitable
number of search attributes. Based on these search attributes,
appropriate similarity search techniques will be employed to
construct the result list (e.g., containing 3D models or
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orders). In case of multimedia data, this can mean that
functionality need to be provided where user can submit a
template (e.g., 2D drawing of a product) to the search engine
for requesting product related information and knowledge.
Last but not least, adequate presentation of the search
result plays a prominent role. The retrieval system has to
provide appropriate interfaces to display the result list,
especially in case of multimedia data. For example, the ESsystem provides a preview window for visualizing a 3D
model of a selected result item. In addition, access to
information and knowledge associated with the selected
result item has to be implemented. Hence, the ES-system
establishes links to the original data managed in one of the
enterprise IT-systems.
IV. ARCHITECTURE FOR INTEGRATED CBES
As mentioned before, enterprise data is stored in different
IT-systems (e.g., PDM system, ERP system). In addition,
each data source has its own specialized data structures. For
instance, a PDM system is used to manage product-related
data created or modified along a product’s life cycle [2]. The
proposed process model for an integrated ES is composed of
the following steps: (i) analysis of enterprise processes
concerning their status and requirements regarding ES, (ii)
create a centralized search index database with attributes and
content-based descriptors revealed from enterprise data, (iii)
engage search index to retrieve enterprise members’
requested information, and (iv) evaluate, update and
optimize the integrated ES system (i.e., especially the search
index database).
Before implementing an ES system, it is mandatory to
identify enterprise knowledge required by the enterprise
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members. Enterprise knowledge is used and shared by
enterprise members along enterprise process execution. The
knowledge flows within a certain enterprise process can be
(re-)designed and analyzed employing the modeling and
description language (KMDL) [23]. The identified
characteristics of knowledge creation and assimilation assist
the establishment of an appropriate search index database. In
addition, the data sources required to execute enterprise
processes have to be documented (e.g., with unified
modeling language (UML)).
Based on the aforementioned (process) analysis, an
appropriate index database has to be defined. This index
database contains attributes and content-based descriptors
related to enterprise process entities (e.g., orders, offers).
Data mining techniques and structured interviews can be
employed to determine relevant attributes and required
content-based descriptors. The attributes and descriptors are
derived from enterprise data which is managed in different
enterprise IT-systems. Each entry in the index database
points to the data sources.
Analysis of enterprise processes and setup of index
database guides in definition of GUI and implementation of
ES engine. GUI is utilized to submit search request to ES
engine and display the search result list. Today’s enterprise
processes are agile which requires periodical evaluation,
refinement and optimization of index database and the
corresponding ES-system. Therefore, enterprise process
analysis has to be performed systematically to reflect the
actual situation of an enterprise. Based on the envisaged
process model for an integrated ES, architecture is elaborated
in the following sub-sections.
The architectural overview of integrated CBES is
illustrated in Fig. 2. The architecture is composed of four
components: (i) data aggregation interfaces for indexing data
sources and file types available in an enterprise, (ii) index
database for textual and numerical attributes from the ITsystems and extract descriptors from multimedia data, (iii)
ES engine to support integrated CBES, and (iv) GUI to the
enterprise members based on their roles and privileges.
A. Data Aggregation
The data aggregation component provides functionalities
to index and map enterprise data from different IT-systems,
as depicted in Fig. 2. This component consists of two subcomponents: (i) mapping and indexing of attributes from
different IT-systems like ERP-, PDM- or CRM- systems to
the columns of the predefined index database, and (ii)
services for deriving content-based descriptors for
multimedia data (e.g., images, 3D CAD models).

Mapping is used to establish a link between data fields of
a source system (e.g., managed in a database or XMLstructured files) to corresponding columns of the index
database. Depending upon the data type of a source field
(e.g., numerical, alphanumerical) dedicated indexing
methods are employed to optimize the efficiency of the
subsequent retrieval process. For instance, a text analysis and
text aggregation component is available to extract the content
from text documents. If a new value gets stored or an
existing value gets updated in a certain source IT-system, the
mapping functionality transfers this value to the appropriate
column in the index database.
In the case of multimedia data, services are provided to
extract relevant metadata from the corresponding file. The
retrieved metadata or the calculated content-based descriptor
is also stored in the index database. For each file type, a
dedicated service is available which extracts the metadata
and / or creates a content-based descriptor. For instance, a
3D model of a product is represented as a triangulated
surface and stored as a stereolithography (STL) file. This file
can be transformed into a content-based descriptor that
describes the shape and dimensions of the product. This
transformation process can be delineated in three steps (s.
Fig. 3): (i) normalisation of the 3D shape essential to avoid
problems resulting from translation, rotation and scaling
invariance, (ii) creation of images from different perspectives
of the normalized 3D model, and (iii) employ various
algorithms on the taken images to create image-based
descriptors (e.g., edge histogram).
B.

Index Database
The index database contains an entry for each enterprise
process entity of interest (e.g., order). The entries in the
index database represent the enterprise process entities with a
number of (alpha-) numerical attributes and if required,
geometrical descriptors (s. Fig. 3). These attributes and
descriptors are generated by the data aggregation component.
The stored data in the index database has to be indexed
for efficient retrieval of enterprise process entities.
Therefore, simple numerical and alphanumerical data types
are indexed using the available indexing capabilities of
relational databases. However, these indexing capabilities are
not applicable for complex shape descriptors. Hence, feature
space indexing structures (e.g., R*-tree) or metric indexing
structures (e.g., M-tree) are available for indexing
geometrical (shape-based) descriptors [24][25][26]. These
indexing structures have been successfully used for retrieval
of complex sheet metal components [27].
Obviously, index database and the available data sources

Figure 3. Illustration of image-based descriptor creation process for 3D models
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of the enterprise’s IT-systems (e.g., PDM system) have to be
synchronised. Different methodologies are applicable to
guarantee that data sources and index database are in
synchronous state. Based on the enterprise’s IT strategy,
these methodologies can be classified as following: (i)
update the index database just-in-time, i.e., when the original
data in an enterprise’s IT-system has been modified, (ii)
employ a batch process to update the index database (e.g.,
update every night), and (iii) combination of (i) and (ii).
C. Search Engine
The search engine of integrated CBES implements core
functionality to compare and retrieve stored enterprise
process entities from the index database. Hence, an
enterprise member specifies a request by defining necessary
(alpha-) numerical attributes. In addition to these attributes,
the enterprise member might provide template objects like
3D models or 2D sketches to describe the desired enterprise
process entity (e.g., product). In short, the enterprise member
submits the aforementioned information to the search engine
for retrieving most similar enterprise process entities.
For retrieving most similar enterprise process entities,
different similarity and distance metrics for various data
types and content-based descriptors have been developed.
Levenshtein distance and Smith-Waterman similarity
measures are used for comparing alphanumerical data [28].
Minkowski distance or its special form i.e., Euclidean
distance are used to evaluate the distance between numerical
data. In addition, Hamming distance can be used to estimate
the distance between two input values of equal length for
numerical, binary, or string. To assess structural similarities
(e.g., BOM), a graph-based distance measure has been
applied [29]. To retrieve multimedia items like 3D shapes or
2D drawings, special techniques are employed. For instance,
to measure shape similarity various techniques are available
which can be classified into feature-based, graph-based and
geometry-/image-based [18]. For content-based image
retrieval, techniques from the MPEG-7 standard are utilized
to detect color; texture and 2D shape similarities [30].
Enterprise process entities in the index database are
added to the search result list if their calculated similarity or
distance fulfills a predefined similarity threshold. The
threshold value is defined by the enterprise member. This
threshold value specifies the accuracy of the retrieval
process. The search result list is ordered by the similarity
values and returned to the enterprise member. To improve
the performance of the retrieval process, the search process
starts with simple attributes and descriptors, and proceeds
with complex ones. For example, a user searches for a
product by providing product name, 3D model and product
BOM. Initially, product name and 3D model are utilized to
determine a relevant subset of the data available in index
database. Next, the subset of the data is revised with the
structure based (e.g., BOM) search.
D. Graphical User Interfaces
The graphical user interfaces (GUI) functionality is
twofold: (i) provide necessary forms for specification and
submission of search requests (s. Fig. 4) and (ii) visualization
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Figure 4. Illustration of an search interface for sales personnel
searching for products using metadata and 3D model

of search results (s. Fig. 5). The aforementioned functionality
of the GUI has to consider the roles and privileges of the
enterprise members. Overall, this ensures the adherence of
enterprise’s IT policies and the filtering of the information
and knowledge according to the enterprise members’ needs.
V. CASE STUDY – INTEGRATED CBES FOR COST
ESTIMATION IN AUTOMOTIVE SUPPLIER INDUSTRY
The proposed architecture has been validated in industrial
scenarios with emphasis on cost estimation processes of
automotive suppliers [31][32]. Usually, cost estimation
process starts with a request by the customer for information
from the supplier about cost, manufacturing techniques and
delivery date of the requested component as illustrated in
Fig. 6. At supplier’s side, experts have to check the
component feasibility and determine the requested
information (e.g., production cost). Hence, knowledge about

Figure 5. Result page for sales personnel showing similar products
corresponding to search request submitted as shown in Fig. 4
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enterprise processes can be increased significantly and at the
same time, the quality of the enterprise processes’ output can
be strengthened.
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manufacturing techniques, materials and logistics are
essential to perform the aforesaid tasks. Traditionally,
experts from different departments support to determine the
information. The data generated and used during the cost
estimation process is not only textual but also multimediabased. For example, a customer request often contains 2D
drawings and / or 3D models of the requested component to
be manufactured.
In the aforementioned scenario, it was determined that
the existing search capabilities provided by the enterprises’
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expert to identify information relevant to the cost estimation
process (e.g., previously stored orders, process plans). To
overcome these shortcomings, integrated CBES was
developed which incorporates data from various IT-systems
for previously executed offers, orders, 2D drawings and 3D
models. Textual and numerical information along with
multimedia information extracted from 3D models and 2D
drawings were stored in the index database of the integrated
CES. This provides access to a search space containing
data from various enterprise’s IT-systems. To support
different phases of the cost estimation process, several search
interfaces have been designed. According to an enterprise
member’s roles and privileges, the interfaces grant access to
different areas of the search space.
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