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1. Introduction

In recent years, the management trend of enterprises has shifted from an age of monopoly by
conglomerates to an age of collaboration among enterprises with different areas of expertise. Small
and medium manufacturing enterprises (SMMEs) are making multifaceted efforts to survive the
change in the manufacturing paradigm, but they face many difficulties due to changes of manpower,
lack of capital, poor technology, and other factors. In particular, as the manufacturing business areas
and roles which were held by large enterprises are being transferred to partner SMMEs, the problems
caused by a lack of collaboration among SMMEs directly affect quality. Thus, a joint goal is to
strengthen the competitiveness of a value chain through collaboration among enterprises [Kim et al.
2010].

Against this background, Korea Institute of Industrial Technology (KITECH) has been receiving
support from the Government of the Republic of Korea since 2005 and operating to establish an
Online Collaboration-Hub (OCH) for SMMEs to perform collaborative product development. The
OCH is designed to vitalize internal and business-to-business technology and combined information
technology in order to innovate manufacturing operations such as product development, design,
procurement, and production. The OCH enables decision to be made quickly and accurately by
allowing participants to collect, analyze, and share production related data in real time [MKE 2012].
This study examines the definition and classification of collaboration in various aspects and describes
how collaboration types to affect collaboration activity. It also introduces the coverage and functions
of the OCH mainly supporting the collaboration among SMMEs.

2. Collaboration among small and medium manufacturing enterprises

Most manufacturing enteprises collaborate with other enterprises in different ways in order to survive
in rapid competition environment. However, they conduct collaboration activities at their own style
because of the different situations they confronted. This section classifies the level and kind of
collaboration with criteria and describes them in detail with respect to the collaboration among
enterprises.

2.1 Classification of collaboration

First of all in this study, the collaboration is defined as the business activity that a person, department,
or enterprise shares specific objects and cooperates with other ones in order to achieve common goals.
According to the objects shared, the collaboration is classified into four levels as shown in Table 1.
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Here, the main agents of the collaboration are able to perform higer level of collaboration as the range
of shared objects enlarges. As described in Table 1, information level collaboration (ILC) enalbes
enterprises to share simple data or processed data, and system level collaboration (SLC) expands the
sharing range to applications, middlewares, and databases treating data and information. Process level
collaboration (PLC) is able to share or connect business processes among departments or enterprieses.
Lastly, strategic relation level collaboration (RLC) enables to expand the sharing range to operation
stragegy and core capability of enterpreses [Mathew 2002], [Ryu et al. 2010].

Table 1. Levels of collaboration

Targets of sharing for collaboration

Level of collaboration Data, Application, Business process | Operation stargegy,
information middle, DB (partial/overall) core capability
Information level v

collaboration (ILC)

System level
collaboration (SLC)

v
Process level v v v
v

v

collaboration (PLC)

Strategic Relation level
collaboration (RLC)

v v v

Even though the collaboration is able to be classified in various points of view, this study only treats
the collaboration related to enterprises according to the scope of collaboration, the relation among
enterprieses, and the duration of collaboration. Figure 1 and Table 2 shows meaning and collaboration
types in those three criteria respectively.
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Figure 1. Meaning of collaboration criteria

Table 2. Collaboration type

Criteria Collaboration type

Internal collaboration (IC)
External collaboration (EC)
Vertical collaboration (VC)
Relationship between main agents Horizontal collaboration (HC)
Network type collaboration (NC)

Synchronous collaboration (SC)

Scope of collaboration

Duration of collaboration

Asynchronous collaboration (AC)

Firstly, the collaboration is divided into internal collaboration (IC) and external collaboration (EC)
according to the scope of collaboration. The IC is the collaboration among individuals or departments
in an enterprise, while the EC is the business activities among enterprises. There is more realistic
difficulties to establish higher level of the EC due to interests conflicted with enterprises. Secondly,
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according to the authority among main agents of the collaboration, the collaboration is divided into the
vertical collaboration (VC) implying the relationship between subordinates and superiors, the
horizontal collaboration (HC) having equal rights, and the network type collaboration (NC) including
vertical and horizontal collaboration. Thirdly, the collaboration is also consisted of the synchronous
collaboration (SC) and asynchronous collaboration (AC) depending on the duration of collaboration
activity. The SC is interactive collaboration activity performed in real time, while the AC is
collaboration activity performed sequentially or with a time difference [Camarinha-Matos et al. 2009],
[Bahinipati et al. 2009], [Ryu et al. 2010].

2.2 Collaboration among enterprises

Collaboration among enterprises is carried out for tasks or work-related functions or processes, since
the main agents of collaboration are enterprises. It is able to be divided into strategic collaboration and
tactical collaboration based on each enterprise’s strategic aspects. While strategic collaboration refers
to the activities of enterprises formulating competitive barriers and differentiating their businesses
from other enterprises to create long-term profit, tactical collaboration refers to the improvement of
operation and business efficiency for short-term profit in the business.

In general, entrprises are very negative to share data and information for collaboration because of the
security of technical information and knowhow. The inter-enterprise collaboration is the EC in the
scope of collaboration and is able to perform the SC and AC theoretically in the duraciton of
collaboration. Here, enterprises prefer to the SC to reduce the time of business activity because the AC
causes to delay the collaboration activity. Because it is not easy to carry out the SC in practice, an
information system like the OCH is required to support systematically [Zhan et al. 2003].

2.3 Collaboration among manufacturing enterprises

Collaboration among manufacturing enterprises focuses on market research, product planning, sales,
R&D, and post-sales services initiated by manufacturing enterprises as the main agents of
collaboration to create value in the manufacturing process. In general, manufacturing enterprises
participated in value chains play their own roles independently and take part in the collaboration
activity at the same time to increase common goals. Manufacturing enterprises have used to organize
vertical value chains in manufacturing activities such as product development and production. The
demanding enterprise has usually more right than supplying enterprises in a vertical value chain
organized by them.

2.4 Collaboration among small and medium manufacturing enterprises

Manufacturing value chanis consist mostly of SMEs which locate on their lower section. Especially in
Korea, the SMMEs less than 300 employees or capital of 8 million US dallors take 98.8 percentage of
the total manufacturing enterprises. It is very hard for Korea SMMEs to conduct the collaboration
activity with information systems because of the difficulty of workforce securement and low
investment. To overcome those problems, this study have developed the OCH supporting the SC
among SMMEs systematically [MKE 2012].

3. Online collaboration system

3.1 Online collaboration-hub

An Online Collaboration-Hub (OCH) is a virtual space and tool to help enterprises to increase
productivity with the collaboration. Enterprises participating in value chains are able to utilize the
OCH with no constraints of time and space. The distinct feature of the OCH comparing to other
collaboration systems is very fair to support the collaboration activity of each SMME. Existing
information systems organized and developed collaboration functions centred on the enterprises
located on the upper section of value chains.

Because those enterprises manage the information systems by themselves, they have more rights than
the SMMEs which located on the lower section of value chains and usually confront with
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unfavourable situation in the collaboration. To overcome those problems, the OCH is positioned at a
neutral zone and allocates an independent collaboration space to each enterprise. Futhermore the OCH
accords all enterprises equal right, and the modification or change of the right given is conducted only
by the consensus of the value chain.

3.2 Features of online collaboration-hub

Table 3 shows the main features of OCH covering five areas and consisting of major ten functions and
describes the collaboration level and type of each function.

Table 3. Features of online collaboration-hub

No Supporting area Major functions Level | Category

1 Collaborative management of |BOM based collaborative design SLC | EC/NC/AC
product information Design change management among enterprises SLC | EC/VC/AC

, g;c;hange and usage of product z;n;rlr;; It;agasz)rmln g/weigh lightening/viewing SLC | BC/NC/AC
Realtime conference of document/drawings SLC | EC/NC/SC

3 Collaborative management of  |Project management of product development PLC | EC/VC/AC
product development stage Process management of product development PLC | EC/VC/AC

4 Collaborative management of  |[History trace and management of material flow PLC | EC/VC/SC
product production stage Monitoring of procution records and schedule PLC | EC/VC/SC

5 Management of quality Quality criteria based quality control RLC | EC/VC/AC
informaiton FMEA based quality control RLC | EC/VC/AC

3.2.1 Collaborative management of product information

Major functions of this area are BOM-based collaborative design and the design change management
among enterprises. BOM based collaborative deisgn which helps several SMMEs with creating a new
BOM collaborately supports the VC between a demanding entperise and supplying enterprises, the HC
among specialized enteprises or organizations, and the NC. Design change and history arising
inevitabley in product development are also managed by the function of the design change
ménagement. Those two functions are the SLC and the AC in the collaboration level and type [Kim et
al. 2009].

3.2.2 Exchange and usage of product data

Exchange and usage area of production data provides the functions of format transforming, weight
lightening, and viewing of 2D/3D data and the realtime conference of document/drawings. Figure 2-a)
shows an image of the viewing function which displays the CAD model of a part transformed, and
Figure 2-b) depicts the online conference function that two more enterprises conduct talks about
technical problems over checking the CAD model lightened synchronously. Those two functions are
also the SLC and the NC.

(a) 2D/3D CAD data viewer (b) Online conference

Figure 2. Functions of product data exchange and usage area
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3.2.3 Collaborative management of product development stage

Project management of product development is similar to existing project management system (PMS)
and has the differentiation which manages product information, schedule information, and output
information among SMMEs organizationally. Figure 3-a) displays the progress state of on-going
projects with colors. Process management of product development mainly focuses on the EC while the
existing business process management (BPM) treats mostly the IC. Figure 3-b) shows an example of
defining a collaborative process among SMMEs. Those functions are PLC because of that SMMEs
share business process partially.

k&l

a) Collaborative project management b) Collaborative process management

Figure 3. Functions of collaborative management in product development stage

3.2.4 Collaborative management of product production stage

This area supports the history trace and management of material flow and the monitoring of procution
records and schedule. With those two functions the demanding enterprise monitors the production
information of supplying enterprises partially according to the right assigned. The technical issues
arising in monitoring process are resolved by the consensus of enterprises. The functions are also PLC
because of the permission to monitor their production process each other partialy.

3.2.5 Management of quality informaiton

Product quality as the knowhow of enterprises and the result of their core capability is an important
control point in manufacturing. Emerging the importance of quality control again in manufacturing
recently, the enterprises making end products are expanding the scope of quality control to their
subcontractors. To take into account that situation, this study provides quality control functions based
on quality critera such as advanced product quality planning (APQP), process sign-off (PSO), ISO
9001, etc. and based on failure mode effect analysis (FMEA). Those functions are RLC because of
sharing with business strategy like the level and method of quality control among enterprises.

4. Summary

Our daily living environment has been changing rapidly, and the business environment of enterprises
is also transforming as a result. Since the state of the art technology is developing at a fast speed, the
product life cycle is shortening day by day. As SMMEs face constraints in terms of their ability to
catch up with this speed of change, it seems necessary to reinforce competitiveness of value chains
through the collaboration among enterprises. Already, a great number of enterprises have collaborated
via the OCH portal described in this study, in which they utilize for real-time information gathering
and simultaneous multiple decision-making. Although cultures, traditions, and manufacturing
environments are different in different countries, it is expected that the principles, functions, and tools
of the OCH are shared and utilized by all SMMEs.
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