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Abstract. Concurrent Design Facility (CDF) is an effective and efficient manner
to implement Concurrent Engineering methodology. In aerospace engineering
education, CDF is invaluable to lecturers by enabling the entire student team to
gain cross-discipline skills and at the same time stay at the cutting edge of
technology. Establishment of CDF is always consuming much money on hardware
and software. This paper presents a low cost CDF framework which is suitable for
aerospace engineering education in class room based on cloud computing. An
important aspect of CDF is collaboration between multidisciplinary specialists or
virtual specialists in the environment of engineering education. Collaboration in
CDF requirement some dedicated hardware or software to exchange file, manage
knowledge, collaborative work on writing report, and even remote communicate
with other work teams in traditional means. Emergence and de velopment of cloud
computing have made above-mentioned requirements become very easy to be
fulfilled. Some public cloud computing servers, such as Google Drive, SkyDrive,
Dropbox, Mendeley, can be used in CDF for education to save investment on
hardware and software related to data, file, and information exchange. Google
Talk and Skype can be used to remotely communicate with work team at other
location. This CDF framework has many benefits, include low cost on hardware,
software and human, reduce preparation time, and easy to deploy in classroom
education.
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Introduction

Concurrent Design Facility (CDF) is a workspace and information system allowing
multidisciplinary experts working in a focused environment and conducting design
collaboration. The development of CDF has a history of near 20 years from the first
facility PDC was opened in 1994 [1]. Up to now, more than 20 CDFs [2]~[26] have
been established around the world and they have been implemented to design aircraft,
spacecraft and space mission.

With the rapid developing of new technologies, aerospace industry is facing the
huge challenge that how to design aircraft or spacecraft mission in a fast and low cost
manner. There are many design alternatives need to be evaluated and screened. CDF
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based on concurrent engineering methodology is an effective and efficient approach to
solve this problem. Applications of modern information systems enabled fundamental
improvements to the system engineering process through the use of real time
concurrent engineering. Many design teams have demonstrated dramatic savings in
time and money compared with the traditional process for systems conceptual design.
CDF is effective and efficient has been proven by design cases and experiences of
research team which apply CDF in their work. Many industry and academic research
institutes in the field of acrospace are implementing or are developing their own CDF.
It is obvious that more aerospace vehicle designs and flight mission assessments will be
conducted in CDF and aerospace engineering education in the CDF environment will
also be a trend in many universities.

This paper summarize some CDFs in universities for aerospace engineering
education and based on analysis of essential requirements of a general CDF a low cost
CDF framework is presented, which is suitable for aerospace engineering education in
class room based on cloud computing. An important aspect of CDF is collaboration
between multidisciplinary specialists or virtual specialists in the environment of
engineering education. Collaboration in CDF requirement some dedicated hardware or
software to exchange file, manage knowledge, collaborative work on writing report,
and even remote communicate with other work teams in traditional means. Emergence
and development of cloud computing have made above-mentioned requirements
become very easy to be fulfilled. Some public cloud computing servers, such as Google
Drive, SkyDrive, Dropbox, Mendeley, can be used in CDF for education to save
investment on hardware and software related to data, file, and information exchange.
Google Talk and skype can be used to remotely communicate with work team at other
location. This CDF framework has many benefits, include low cost on hardware,
software and human, reduce preparation time, and easy to deploy in classroom
education.

1. CDF for Aerospace Education

University as an academic research power always stands at the leading edge of new
technology. Some universities had paid attention to CDF at the beginning of it emerged,
and they also have established their own CDFs to study this new design methodology
for aircraft or spacecraft. These CDFs are also applied to aerospace engineering
education.

1.1. Design Environment for Integrated Concurrent Engineering (DE-ICE) at MIT

A teaching concurrent engineering environment can be found in the Design
Environment for Integrated Concurrent Engineering (DE-ICE) at MIT. This center is
14 design stations and two projectors. PCs are not provided in the environment as each
student receives a campus laptop upon entering the college. The facility is designed
around two modes: design mode and teaching mode [6] .

1.2. Space System Concept Center (S°C?) at Technical University of Munich

The Technical University of Munich has also developed a concurrent engineering
environment as a teaching tool. Using approximately 10 user stations, the environment
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provides students with hands on exposure with tools and methodologies used in the
aerospace industry. Excel based models are used to integrate the design and MuSSat is
used to allow the students to design as he or she finds the time [6].

1.3. Laboratory for Spacecraft and Mission Design (LSMD) at California Institute of
Technology

The Laboratory for Spacecraft and Mission Design (LSMD) at California Institute of
Technology was developed in 1999 and is modeled after JPL’s PDC. It currently
houses three Macintosh and five PCs and is primarily used as a teaching tool. The
LSMD uses self-developed tools to teach students about concurrent engineering design
over the course of a semester. Since the design is drawn out over the course of a long
period of time, little has been required in the form of automation of the processes [6].

1.4. Space Systems Analysis Laboratory (SSAL) Concurrent Engineering Facility at
Utah State University

Utah has a growing interest in space system design and has, for two reasons,
established a concurrent engineering environment. The first and foremost is to augment
the existing space research teachings at the university. The second is to perform system
level designs on space systems. They chose the PDC and CDC as models for
development of an in house center and intend to team with other centers to test
distributed concurrent design in the near future [13].

1.5. The Collabrative Design Environment(CoDE) at Georgia Institute of Technology

CoDE belongs to The Aerospace Systems Design Laboratory (ASDL) of Georgia
Institute of Technology. The objective of CoDE is to rapidly execute collaborative
design conceptualizations by fostering designers’ creativity in multidisciplinary design
teams. The environment set out with two missions: “Enhance the fidelity of simulation
models for design space exploration and robust design methodologies,” and “create a
national asset for the development of next-generation conceptual design facilities and
approaches” [14][16].

1.6. Concurrent Design Facility at International Space University

the International Space University (ISU) received its own Concurrent Design Facility
(CDF) under the continued support of the European Space Agency (ESA). This facility
comes to open the possibility to ISU’s students of getting to know the principles of
Concurrent Engineering and its means of application. During the two years of
operations of the ISU CDF, workshops and assignments for some of ISU’s programs
were devised and put into practice where technical and non-technical students are
exposed to the process of Space Mission Design applying Concurrent Engineering, in
particular to Remote Sensing and Telecommunications spacecraft design [20].
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2. Essential Requirements of a General CDF
2.1. Team, Hardware, and Software

The paper [27] compared collaborative engineering environments that are reported in
the literature with respect to three specific aspects: software, hardware, and peopleware
configurations. A taxonomy was presented in it to fully describe each of the different
environments. Using this taxonomy, an intersecting set of features from these
environments may be used to develop future environments for customized purposes.

In modern engineering, design software has taken an enormous role. These tools
are now commonplace and used to communicate business, financial, and technical
information. There is numerous software required or desired to operate a successful
concurrent engineering environment. They include software to facilitate collaboration,
support analysis, support integration, perform modeling, and to support visualization.
Further, these software packages can be commercial off the shelf (COTS) items,
modified COTS, and custom in house software tools. Different combinations of
software are found in each CEE.

Another key consideration in establishing a concurrent engineering environment is
the electronic/computational hardware. The hardware serves many different functions
within the environment including supporting the individual engineer/designer, servers
to tie the individual hardware components together, visualization hardware,
communication hardware, and individual domain specific pieces of hardware. All of
these hardware items work in concert to support the concurrent engineering activities
within the environment. Hardware for the individual engineer may include permanent
desktop systems, mobile preconfigured systems within the CEE, and support for
external mobile systems. Like the software, multiple combinations of hardware
solutions are deployed at the concurrent engineering facilities around the world and no
one solution stands out as the best.

The final key aspect is how human beings interact with each other and the design,
peopleware. Although engineering design is meant as a technical activity, it truly
functions as a social activity. It was confirmed that team introductions, pooling of
knowledge, and team maintenance accounts for 10-20% of design time. At the heart of
concurrent engineering lie five distinct decision areas when establishing a concurrent
engineering environment: the roles of the team members, definition of process, team
formation strategies, who addresses conflict, and how concurrent is the operation of the
environment.

2.2. Essential Requirements of a General CDF

A survey of concurrent engineering environments (CEE) was presented in the paper [27]
and summarized key similarities and key differences of those CEEs. The peopleware is

a key aspect for CDF, but the first step to establish CDF is to prepare software and

hardware. The bigger part of investment to establish CDF will be put on hardware and
software, thus essential requirements of a general CDF are tabulated in Table.l.

Satisfying these requirements would make CDF has basic capabilities and functions to

analyze, simulate, integrate, exchange data, visualize design status and communicate

with remote design center.
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Table 1. Essential Requirements of a General CDF

Essential Requirements of CDF

PCs
Workstation
Interface for Laptops
Server Information Server
Hardware
Projectors
Visualization
Smart Board
Communication Audio Systems
Collaboration Commercial: ~ [Novell]
Analysis Commercial: [....; in house tools]
Software Visualization Commercial: [Pro/E; CATIA; Solidworks]
Integration Commercial:  [iSight; ModelCenter]
Modeling In house tools: [Excel+VB]

3. A Collaborative Architecture based on Cloud Computing
3.1. About Cloud computing

The term ‘Cloud Computing’ emerged in publications in the year 2009. Cloud
computing is a model for enabling convenient, on-demand network access to a shared
pool of configurable computing resources (e.g., networks, servers, storage, applications,
and services) that can be rapidly provisioned and released with minimal management
effort or service provider interaction [28].

3.2. Requirements of Collaboration in CDF

An important aspect of CDF is collaboration between multidisciplinary specialists or
virtual specialists in engineering education. Collaboration in CDF require some
dedicated hardware or software to exchange file, manage knowledge, collaborative
work on writing report, and even remote communicate with other work teams in
traditional means. Requirements of collaboration in CDF can be summarized as four
items: document collaboration, file exchange, knowledge management, and remote
communication. In CDF, Spreadsheets are usually used as a simple integrated model
collecting data from each specialist and calculate performance of vehicle or system.
Many files, such as CAD file, need to be sent to other specialist for flow field
simulation or structure analysis. Some literatures related to current project need to be
managed and classified. Sometimes remote communication is also necessary to connect
with people who are at other location.
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3.3. Collaboration based on Cloud Computing

A general CDF usually are equipped with dedicated hardware and software to realize
requirements mentioned above, such as information server and communication
software, and those equipments will consume much funds. But now this problem will
be solved by cloud computing with low cost. Table 2 show a solution for collaboration
in CDF based on cloud technology.

Table 2. Collaboration based on Cloud Technology

Requirements of Collaboration in CDF Options based on Cloud Technology

Document Collaboration Google Drive (Google Docs)
File Exchange Dropbox, or SkyDrive

Knowledge Management MENDELEY

Remote Communication Google talk, or skype

Google Drive is a file storage and synchronization service provided by Google,
released on April 24, 2012, which enables user cloud storage, file sharing and
collaborative editing. Google Drive is now the home of Google Docs, a suite of
productivity applications, that offer collaborative editing on documents, spreadsheets,
presentations, and more [29][30].

Dropbox is a file hosting service operated by Dropbox, Inc., that offers cloud
storage, file synchronization, and client software. Dropbox allows users to create a
special folder on each of their computers, which Dropbox then synchronizes so that it
appears to be the same folder (with the same contents) regardless of which computer is
used to view it. Files placed in this folder also are accessible through a website and
mobile phone applications [31]. SkyDrive is also a file hosting service and has some
similar function with Dropbox, but It can integrated with Microsoft Office [32].

Mendeley is a desktop and web program for managing and sharing research papers,
discovering research data and collaborating online. It combines Mendeley Desktop, a
PDF and reference management application (available for Windows, Mac and Linux)
with Mendeley Web, an online social network for researchers. Mendeley requires the
user to store all basic citation data on its servers - storing copies of documents is at the
user's discretion. Upon registration, Mendeley provides the user with 2 GB of free web
storage space, which is upgradeable at a very low cost [33].

Google Talk is an instant messaging service that provides both text and voice
communication [34]. Skype allows users to communicate with peers by voice using a
microphone, video by using a webcam, and instant messaging over the Internet. Phone
calls may be placed to recipients on the traditional telephone networks. Calls to other
users within the Skype service are free of charge, while calls to landline telephones and
mobile phones are charged via a debit-based user account system. Skype has also
become popular for its additional features, including file transfer, and
videoconferencing [35] .

3.4. Benefits

Applications of cloud technology in CDF environment will bring some benefits. First,
the costs on hardware, software, and human are reduced, as dedicated equipment and
software are not needed to purchase and there is no need to employ persons to maintain
computer system. Secondly, preparation time is saved then project of establishing CDF
will be completed in advance. Third, all these cloud technologies are familiar to almost
everyone, thus they are very easy to use and to realize collaboration in CDF without
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any special training. If a classroom has equipped projector and large screen, and Wi-Fi
is provided in campus, CDF education environment will be built easily and quickly in
classroom by using those cloud servers that mentioned above.

4. Conclusion

CDF is effective and efficient has been proven by design cases and experiences of
many research teams in past twenty years. Some universities have also established their
own CDF for academic research and aerospace engineering education. Essential
requirements of a general CDF are analyzed by comparing collaborative engineering
environments that are reported in the literature with respect to three specific aspects:
software, hardware, and peopleware configurations. Some cloud computing
technologies, include Google Drive, Dropbox, SkyDrive, MENDELEY, Google Talk
and skype, are presented to realize collaboration in CDF environment, with many
benefits, such as reducing cost on hardware, software and human, reducing prepare
time and easy to use. This simple and low cost CDF framework is adaptable to be
implemented in classroom education of acrospace engineering.
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